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Abstract.1Enzymatic destruction of film materials on the 
basis of chitosan and antibiotics was analyzed. It was 
established that presence of drugs in a film sample caused 
a decrease in the rate of destruction of chitosan and led to 
a potentially longer service life of film material on the 
wound surface. 
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1. Introduction 

One of the promising directions in modern 
medicine is associated with the creation of polymeric 
films for a temporary protection of the skin, for example, 
in the treatment of burns and surgical wounds [1-3]. The 
most suitable polymer for this purpose is chitosan [3-7]. 
The film materials on the basis of chitosan have a good 
ability to sorption of wound discharges, are biocompatible 
with body tissues and bacteriostatic [8-12]. In addition, 
chitosan is able to process of destruction, which can be 
carried out under the influence of chemical and physical 
factors, and also under the action of biologically active 
environments of the human body, which eliminates an 
extremely painful process of changing a protective 
dressing [13-15]. The ability of biodestruction, for 
example under the influence of the enzymes which are 
present at a wound surface, is certainly one of the main 
advantages of chitosan. But, unfortunately, if this process 
happens quickly enough, service life of a protective 
wound film will not be long. In this regard, in the process 
of creation a film material, designed to protect the skin, it 
is necessary to carry out modification of chitosan, the 
purpose of which is to reduce the rate of enzymatic 
destruction of a polymer. As it was already shown, 
medicinal substances-antibiotics which are presented as 
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low molecular weight salts can play the role of chitosan 
modifiers [16, 17]. For example, it was found that the 
addition of antibiotics of aminoglycoside series (amikacin 
and gentamicin) in the amount of 0.01–0.1 mol/mol of a 
polymer in the process of formation of the film caused a 
significant reduction in the rate of enzymatic destruction 
of chitosan [17]. In this work the possibility to use of 
antibiotics cephalosporin series – Cefazolin and Cefo-
taxime as chitosan modifiers is considered and their influ-
ence on the process of enzymatic destruction is studied. 

2. Experimental  

2.1. Materials 

In our research we used chitosan (ChT) (produced 
by JSC “Bioprogress”, Shchelkovo, Russia) with 
molecular weight Mη = 113000, [η] = 6.10 dl/g with the 
solvent in the acetate buffer with 4.5 pH, the degree of 
deacetylation 84 % as well as antibiotics of cephalosporin 
series – Cefazolin sodium salt (CFS) and Cefotaxime 
sodium salt (CFT) (produced by JSC “Sintez”, Russia, 
Fig. 1). As the enzyme preparation testicular 
hyaluronidase isolated from the testes of cattle was used 
(trade “Liraz”, Microgen company, Moscow, Russia). 

2.2. Investigation Procedures 

Studying of enzymatic destruction of chitosan in the 
solution. To determine the values of ChT intrinsic 
viscosity during enzymatic destruction [η]t, the solution 
of ChT in 1 % acetic acid with concentration C together 
with the enzyme preparation were mixed at 309 K for a 
certain period of time (concentration of ChT in the 
solution varied from 0.1 to 5 g/dl, time  – from 10 to 
180 min). Concentration of the enzyme preparation in all 
experiments was 0.1 g/l. After that, the process was 
stopped by boiling the initial solution for 30 min in a 
water bath. Then solution for determination of intrinsic 
viscosity with concentration C = 0.15 g/dl was prepared 
by dilution of the solution with the initial concentration C. 
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Fig. 1. Structure of the investigated substances: chitosan (a); Cefazolin (b) and Cefotaxime (c) 
 
Definition of intrinsic viscosity. Intrinsic viscosity 

of ChT [η] in solution of acetic acid was determined by 
Baranov’s method according to the tangent of the slope at 
the initial part of the curve lnηr – C (Fig. 2), where ηr – 
relative viscosity [18]. The solution with concentration  
C = 0.15 g/dl was used to determine the values of initial 
intrinsic viscosity ChT [η]0. 

 

 
 

Fig. 2. Dependence of lnηr on C of the sample. 
The slopes of the tangents to the dependence of lnηr on C 
correspond to the values of “current intrinsic viscosity” 

 
Determination of initial rate of enzymatic 

destruction. The value of the initial rate of enzymatic 
destruction V0 was calculated by the formula: 

1/ 1/
1/ 0

0
[ ] [ ]V С К

t

α α
α τη η− −−

= ⋅ ⋅   (1) 

where C is the concentration of ChT exposed to process of 
enzymatic destruction in the solution, g/dl; t is time of 
hydrolysis, min; K and α are constants in the equation of 
Mark-Kuhn-Houwink determined according to the 
methodology [19].  

In case of carrying out destruction of film samples 
the concentration of ChT which is exposed to process of 
enzymatic destruction was designated as cs – a surface 
concentration of ChT links which are available for 
interaction with the enzyme preparation. 

Preparation of polymeric films. For preparation of 
a film of initial ChT the sample of polymer (0.8 g) was 
dissolved in 40 ml of 1% acetic acid (2% solution of 
polymer). Full dissolution of polymer happened within 2 
days at hashing. Films were formed by a watering method 
on a glass surface (Petri dish). 

To prepare ChT-CFS and ChT-CFT films, ChT 
solution (0.8 g in 40 ml of 1% acetic acid) was added to 
aqueous solution of CFS or CFT (2 ml) with a molar ratio 
LV:ChT = 0.01:1, 0.05:1 or 0.1:1 at hashing. Hashing was 
carried out within 15 min. Films were formed by a 
watering method on a glass surface (Petri dish). 

Definition of superficial concentration of units. The 
following ideas were used for determination of the surface 
concentration of сs  units (g/dl) in the volume of enzyme 
solution. If we know mass of a film sample mf, we can 
calculate the number of monomer units of ChT nv for the 
whole volume of the film: 

А
f

u

Nn m
Mν = ⋅      (2) 

where Mu – the molecular weight of ChT unit; NA – 
Avogadro number. 

Further we assume that a monomer unit of ChT is 
inscribed in a cube with d edge. Then the volume 
occupied by the monomer unit in the film amount is equal 
to: 

f
u

V
V

nν

=       (3) 

where Vf is the volume of the film sample. Hence, the size 
of the side d = (Vu)1/3.  

Now it is possible to estimate a number of 
monomeric units nu on a film surface with a total area of 
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Sf; the surface contacts with the solution of enzyme 
preparation. It should be mentioned that each monomeric 
unit occupies space Su = d2. 

f
u

u

S
n

S
=        (4) 

The exact area of a film sample, which is necessary 
for calculation of сs was determined on the data basis of 
an electronic scanning microscopy [20, 21]. 

Studying of enzymatic destruction of film samples. 
Some patterns were cut out from film samples with certain 
linear size for studying the process of enzymatic 
destruction. The film thickness was equal to 100 µm.  

The film sample of ChT was placed on the 
substrate, moistened with the solution of enzyme 
preparation in 1% acetic acid and kept for a certain time at 
the constant temperature (309 K) for carrying out the 
experiment, modeling the process of enzymatic 
destruction of ChT on the wound surface. The volume of 
the solution of enzyme preparation (0.1 ml) was chosen in 
such a case that the entire film surface was covered with 
the enzyme solution. The amount of enzyme contacting 
with the film was equal to its quantity when conducting 
degradation in the solution. After aging, the process of 
enzymatic destruction was stopped by enzyme 
deactivation in the process of boiling for 30 min in a water 
bath. Next, the film was dissolved in 1% acetic acid to 
determine the current value of the intrinsic viscosity of the 
polymer [η]t. 

Definition of glycosidase activity. Glycosidase 
activity of the enzyme preparation was determined by 
ferricyanide method, which consisted of determining the 
concentration of regenerative sugars [22]. 

3. Results and Discussion 

3.1. Study of Enzymatic Destruction  
of Chitosan Solution 

Previously [23, 24] it was shown that exposure of 
ChT solution in the presence of the enzyme was 
accompanied by a gradual decrease in the values of its 
intrinsic viscosity, indicating the decrease of a molecular 
weight of the polymer as a result of the process of 
enzymatic destruction (Fig. 3, curve 1). The change in 
ChT intrinsic viscosity in the presence of CFS and CFT 
has a similar character (Fig. 3, curves 2-3): in case of a 
little time of destruction, curves of changes of viscosity in 
time have got a linear character, similar to how it was 
shown in the system of ChT-antibiotic of aminoglycoside 
series [16], further the rate of process decreases. This 
course of a kinetic curve is typical for most enzymatic 

reactions [23]. The value of the initial rate of enzymatic 
destruction V0 was determined in the initial linear range. 

According to the studies, the observed dependence 
of the initial rate of enzymatic destruction of ChT in the 
presence of CFZ and CFT on concentration of the 
substrate (ChT) (Fig. 4) can be described in terms of 
Michaelis-Menten, as well as in case of enzymatic 
destruction of ChT in the absence of the drug [24]. The 
values of Michaelis’s constant defined graphically by 
method of Leinweber Berka are presented in Table 1. 

 

 
 

Fig. 3. The dependence of ChT intrinsic  
viscosity in the absence (1) and presence  

of CFS (2) and CFT (3) in the amount  
of 0.01 mol/mol ChT on the time of contacting  

with a solution of enzyme preparation 
 

 
 

Fig. 4. The dependence of the initial rate of enzymatic 
destruction of ChT (1), ChT-CFS (2) and ChT-CFT (3)  

on ChT concentration in the solution. The content of CFS  
and CFT is 0.1 mol/mol ChT 
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Table 1 

The values of constants in the Michaelis-Menten equation for the systems of ChT-CFS and  
ChT-CFT in 1% acetic acid 

Research system Molar ratio of the components ChT: antibiotic Кm, g/dl Vmax·106, min-1  (Vmax/Кm)·106, g/dl·min 
ChT 1:0 3.37 0.50 0.15 

1:0.01 3.80 0.48 0.13 
1:0.05 3.86 0.42 0.11 ChT-CFS 
1:0.10 3.92 0.36 0.09 
1:0.01 3.77 0.50 0.13 
1:0.05 3.84 0.45 0.12 ChT-CFT 
1:0.10 3.89 0.38 0.10 

 
Тable 2 

The values of constants α and K in Mark-Kuhn-Houwink’s equation  
and an intrinsic viscosity of chitosan 

Research system Molar ratio of the components ChT: antibiotic α К·104 [η] 
ChT 1:0 1.02 0.56 7.80 

1:0.01 0.93 1.53 7.50 
1:0.05 0.92 1.61 6.24 ChT-CFS 
1:0.10 0.90 1.68 5.67 
1:0.01 0.94 1.50 7.47 
1:0.05 0.93 1.59 6.13 ChT-CFT 
1:0.10 0.91 1.66 5.72 

 
Table 3 

The values of enzymatic destruction rate of ChT, ChT-CFS and ChT-CFT films 

Research system Molar ratio of the components ChT: antibiotic сs·104, 
g/dl 

V0·1011, 
min−1 

V5
0·1011, 

min−1 
1.62 2.36 2.40 
1.96 2.86 2.90 ChT 

 1:0 
2.33 3.47 3.50 
1.67 2.19 2.17 
2.06 2.66 2.68 1:0.01 
2.40 3.10 3.12 
1.72 1.91 1.89 
2.06 2.24 2.27 1:0.05 
2.48 2.76 2.73 
1.70 1.51 1.53 
2.11 1.92 1.90 

ChT-CFS 
 

1:0.10 
2.47 2.19 2.22 
1.66 2.14 2.16 
2.05 2.69 2.66 1:0.01 
2.41 3.11 3.13 
1.74 2.08 2.09 
2.04 2.48 2.45 1:0.05 
2.46 2.93 2.95 
1.71 1.74 1.71 
2.13 2.10 2.13 

ChT-CFT 

1:0.10 
2.46 2.44 2.46 

 
Note: V5

0 – the value of the initial rate of enzymatic hydrolysis is calculated according to Eq. (5) 
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Due to the fact that the addition of CFS and CFT to 
the solution of enzyme preparation does not reduce its 
glycosidase activity (the value of hyaluronidase activity in 
the absence and the presence of antibiotics is 70 E/g), the 
only reason for decreasing the rate of enzymatic 
destruction of ChT, from our point of view, is the change 
in a conformational state of the polymer in the solution in 
the presence of CFS and CFT. Such a change takes place 
according to the values of the constants of Mark-Kuhn-
Houwink defined for ChT in the absence and the presence 
of CFS and CFT (Table 2). It is also proved by the 
decrease in intrinsic viscosity of the initial ChT when 
adding antibiotics (not subjected to the process of 
enzymatic destruction). A similar effect of CFS and CFT 
can be explained if you consider the fact that these 
antibiotics represent low molecular weight electrolytes. 
Being in ChT solution and representing polycation, they 
cause an increase in ionic strength of the solution and the 
suppression of polyelectrolyte swelling effect. 

Thus, reduced size of a macromolecular coil and, 
consequently, some increase in the density lead to the 
changes in the availability of ChT units for interaction 
with the enzyme preparation, resulting in the decrease in 
the rate of enzymatic destruction. 

It is important that regularities of CFS and CFT 
influence the rate of enzymatic destruction of ChT in the 
solution are preserved during transition to film samples. 

3.2. Study of Enzymatic Destruction of 
Film Samples on the Basis of Chitosan 

By varying the geometry of film samples of 
chitosan films, we obtained samples with different surface 
concentration of ChT сs units. Then, we carried out a 
process of destruction of films, determined changes in the 
values of intrinsic viscosity and calculated values of rate 
V0 of enzymatic destruction of  film samples according to 
Eq. (1) (Table 3). 

But V0 value can be calculated in another way, 
using the value of Vmax/Кm during enzymatic destruction 
in the solution. In this case, V0 value at the initial (linear) 
plot of the rate dependence of enzymatic hydrolysis on 
concentrations of substrate (ChT), i.e. at low 
concentrations of the substrate corresponding to the area 
of concentration, which characterizes the film samples, 
can be calculated as: 

0
max

s
m

VV c
K

= ⋅           (5) 

Table 3 shows the values of the initial rate of 
enzymatic hydrolysis of V0 film samples defined by the 
Eqs. (1) and (5). They are in good correspondence with 
each other. This fact suggests that enzymatic destruction 
of ChT-CFS and ChT-CFT drug films is governed by the 

same kinetic laws as the destruction of a polymer in the 
solution and is satisfactorily described in the framework 
of Michaelis-Menten’s mechanism. Fundamentally 
important is the fact that the introduction of the protective 
film material on the basis of ChT-cephalosporin 
antibiotics leads to a significant reduction in the rate of 
enzymatic destruction of films, which should result in a 
longer service life of such material on the wound surface. 

4. Conclusions 

Thus, the study of kinetic peculiarities of the 
process of enzymatic hydrolysis of chitosan in the 
presence of drugs of cephalosporin series antibiotics under 
the action of nonspecific enzyme hyaluronidase on the 
wound surface of the human body is characterized by β-
glycoside activity in chitosan. It also revealed some 
general physico-chemical (kinetic) patterns. 

1. Polyelectrolyte nature of chitosan leads to the 
fact that the increase in ionic strength of the solution is 
achieved by addition of drug compounds which affects the 
conformational state of the macromolecules of chitosan, 
namely, reducing the size of the equilibrium coils and 
increases the packing density of the links. This is 
characterized by the decrease in the values of intrinsic 
viscosity of chitosan solutions and constants in the 
equation of Mark-Kuhn-Houwink defined in the presence 
of drug compounds. It is important that the change in the 
conformational state of ChT caused by the presence of 
drugs, has a crucial influence on the kinetic process of the 
enzymatic hydrolysis of chitosan, because it reduces the 
availability of chitosan units to interact with the enzyme. 

2. It is established that enzymatic hydrolysis of 
chitosan under the action of hyaluronidase can be 
described in the framework of Michaelis-Menten’s 
mechanism. The change in the kinetic parameters of the 
process caused by the presence of medicinal compounds-
antibiotics in all investigated cases resulted in Vmax 
decrease and in Km increase and it also led to Vmax/Km 
decrease, which is characterized by the physical meaning 
of a reaction rate constant. The increase of Km indicates a 
deterioration of the affinity between enzyme and substrate 
apparently caused by the contraction of the 
macromolecular ball. It should be noted that the decrease 
of the rate of the enzymatic hydrolysis occurs on the 
background of the fact that the selected compounds do not 
affect a total activity of hyaluronidase. 

3. The developed approach to the study of 
enzymatic hydrolysis of chitosan film samples in mixtures 
with drugs-antibiotics, which are low molecular weight 
organic salts, with surface concentration units of chitosan 
revealed the identity of the kinetic parameters of the 
enzymatic hydrolysis of chitosan films and parameters of 
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the hydrolysis of similar systems in the solution at low 
concentrations of substrate. This fact allows to obtain 
reliable results on the kinetic parameters of the process of 
biodegradation of polymeric material by analyzing only 
the process of enzymatic hydrolysis of the films without 
the study of the process of enzymatic hydrolysis in the 
solution.  

Thus, it can be proved that the introduction of drug 
compounds into the film material on the basis of CHTZ 
causes the suppression of the effect of polyelectrolyte 
swelling. A corresponding decrease in availability of 
CHTZ links for interaction with the enzyme may be 
considered as a method aimed at a speed reduction of 
HCTZ enzymatic hydrolysis with the purpose of the 
potential increase in service life of the film material on the 
wound surface. 
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ФЕРМЕНТАТИВНА ДЕСТРУКЦІЯ ПЛІВКОВИХ 

МАТЕРІАЛІВ НА ОСНОВІ ХІТОЗАНУ  
В ПРИСУТНОСТІ АНТИБІОТИКІВ 
ЦЕФАЛОСПОРИНОВОГО РЯДУ 

 
Анотація. Досліджено ферментативну деструкцію лі-

карських плівкових матеріалів на основі хітозану та анти-
біотиків цефалоспоринового ряду. Встановлено, що наявність 
цефазоліну і цефатоксиму у плівкових зразках зменшує 
швидкість деструкції хітозану і приводить до потенційно 
довшого терміну служби захисного плівкового матеріалу на 
рановій поверхні. 

  
Ключові слова: хітохан, лікарський препарат, 

ферментативна деструкція, плівкові матеріали.  
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