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Abstract: This research is devoted to create and investigate the wound healing medical materials that contain proteolytic
enzymes. The aim of the study is to propose a new wound dressing design “Multiferm”TM, that is based on modified cellulose,
chitosan gel and proteolytic enzymes, and represent the interaction between all of the drug components for the wound
treatment such as: chitosan, modified cellulose (dialdehyde cellulose, cellulose phosphor ester) and different polyenzyme
complexes (proteolytic complex from hepatopancreas of crab and bromelain). The research will also propose the scheme of the
obtained materials and the components interaction mechanism. This scheme is supposed to create new materials with the
special properties such as: minimal loss of biological activity during the process of dressings', obtaining, and using; minimal
doze of therapeutic agent; and controlled drug release. The article and the results might be useful for everyone who is
interested in cellulose chemistry, properties of proteolytic enzymes and drug development for wound healing.
Keywords: Chitosan, Dialdehyde Cellulose, Proteolytic Enzymes, Wound Healing, Drug Design, Controlled Release

1. Introduction
The problem of creation of the new multipurpose wound
healing drug is still relevant for the modern medicine. There
are a large number of requirements for the new products as it
should be non-allergenicity, non-toxicity, biocompatibility
and biodegrability, should have an ability to remove a wound
exudate and to prevent a microbial contamination,
mechanical injuries, over drying and other. It is also
important to note that those drugs should keep its activity
during the whole term of storing [1]. Nowadays, none of the
existent wound healing materials can respond to all the stated
requirements, which makes the creation of a new would care
drug one of the most challenging issue of the modern
medicine and science [1, 2].
The drugs based on enzymes for the wound treatment have
been used for a long time. Proteolytic enzymes could clean
the wound of exudate, provide a normal blood circulation in
injured tissues and also decrease the number of pathogenic
microorganisms on the wound surface, however those factors
can lead to a secondary infection [2, 3]. Nowadays, there is a

trend towards multi-enzyme preparations rather than highly
pure enzymes. Multi-enzyme drugs contain a complex of
different enzymes to hydrolyze a wound exudate by affecting
different chemical bonds and destroying them. Moreover the
cost of multi-enzyme preparations is far lower than the one of
highly pure enzymes since the absence of purification stage
in the wound care products production [3-5].
Immobilization of physiologically active compounds
promotes a longer preservation of biological properties of the
systems. It is also allowing the drug action to spread in the
wound to provide a controlled and prolonged drug release.
All of these factors result in minimizing the healing term,
making the whole process more comfortable for the patients
[3, 6]. The immobilization of enzymes on different carriers is
commonly used for creation of the wound treatment
products. Pharmaceutical market today is full of various
forms of wound care drugs: gels, powders, ointments,
sponges, films and combinations of different materials [7, 8].
So developing a new product and considering a desirable
form of preparation. The developers should always look for
an optimal carrier, which is the one that meets all of the listed
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criteria, while maintaining all of the necessary properties
during the enzymes immobilization process [3, 7, 8]. One of
the most common types of wound healing materials is
dressing based on cellulose or its derivatives [3, 6, 9]. The
cellulose materials are modified in order to impart new
chemical properties such as new specific functional groups.
Appearance of these groups makes the immobilization
process less complicated to perform due to the chemical
interaction between groups on modified cellulose matrix and
the active compound [3, 10].
One more substance that is also commonly used in modern
medicine for wound care is chitosan. There are lots of studies
available where chitosan is employed as a carrier for various
therapeutic agents [3, 11] or as an active compound with
antibacterial properties against Escherichia coli and
Staphylococcus aureus (microorganisms that make up the
largest percentage of the pathogenic microflora on the wound
surface) [11-13]. Chitosan is a biodegradable and
biocompatible polymer; Figure 1 shows the structural forms
of chitin and chitosan. Biopolymer is called chitin when the
deacetilation degree is less than 50%. Deacetilation degree is
a ratio of a glucosamine links (m) to the total amount of
monomer units in a polysaccharide molecule (Fig. 1).
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Figure 1. Chitin (n) and chitosan (m) structural forms.

The chitin monomer N-acetylglucosamine is similar to
hyaluronic acid by its structure. Hyaluronic acid is known to
be a biocompatible compound, which can form a specific
bonds between different growth factors cells, receptors and
adhesive proteins that facilitates the optimal orientation of
the cells in connective tissue of the body [14]. Chitosan is
known to be biodegradable: different enzymes in human
body such as lysozyme or some of the bacterial enzymes can
partly destroy it [15, 16].
The purpose of this research was to propose and to study
the structural scheme of the designed systems and to
understand the interaction mechanism of all of the
components. Although similar systems are already
successfully used in medicine, they still need to be improved
and modified in order to create smart materials with specific
properties for wound treatment.

2. Materials and Methods
2.1. Materials
In this study we used chitosan (Ct) from a crab shell
(“Bioprogress”, Schelkovo, RF) (humidity 10%, TC 9289067-00472124-03, deacetilation degree 80,0%, kinematic
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viscosity 383,7cSt; MW 500kDa); proteolytic complex from
a hepatopancreas of crab (PC) (TC 9281-00411734126-00,
proteolytic activity (caseine) 0,9PU/mg, (BApNA)
43nMol/mg*min, (azocoll) 28U/mg) (“Bioprogress”,
Schelkovo, RF); bromelain (Brm) (2400GDU/g China)
(proteolytic activity (caseine) 0,4PU/mg, (azocoll) 7,7U/mg);
3,5-dinitrosalicylic acid (DNSA); caseine Hammersten
(Sigma-Aldrich, USA).
2.2. Methods
2.2.1. Cellulose Activation and Determination of Aldehyde
Groups
The activation of the cellulose carrier in form of woven
fabric (medical gauze) was carried out by sodium periodate
to obtain dialdehyde cellulose (DAC) of the required
modification degree of secondary hydroxyl groups [3, 18].
The number of aldehyde groups was determined similarly to
[3, 19] or by the oxidation of aldehyde groups with the iodine
solution in an alkaline medium (0,1n Na2B4O7) or by
reaction with the DNSA and expressed in mM/g (taking into
account the carriers humidity) [19].
2.2.2. Study of Kinetics of Interaction Between Chitosan
and Cellulose Carriers
The kinetics of interaction between chitosan and cellulose
carriers was studied spectrophotometrically. The carriers
were treated with the chitosan solution (0,5 mass.%) at a
water duty of 10. The study was carried out
spectrophotometrically by the subsidence of a chitosan
concentration from the impregnation solution with the
adjustments on the carriers interfering effect [20-22].
2.2.3. Determination of Enzymatic Activity
The enzymatic activity was determined similarly [3] using
caseine [22, 23] as a substrate in 1/15M phosphate buffer
(PB) pH 8,0.
For determination of the inactivation effect of different
substances we dissolved an inactivating agent in 1/15M
phosphate buffer solution with the desirable pH in adjusted
ratio. Solution of inactivating agent in PB was added to
required volume of the enzyme solution and after 15 minutes
at room temperature (or adjusted time and temperature)
enzymatic activity was determined. 100% of activity is the
activity before the addition of inactivation agent or
temperature affection (if temperature is an inactivation factor
that is studied).
The study of interaction between chitosan solution and
enzymes was carried out in two different ways: interaction
between equal volumes of chitosan (1 mass%) and enzyme
(solution in 0,1M NaCl) or interaction between chitosan
solution (0,5 mass%) and enzyme powder. After the complete
enzyme dissolving an enzymatic activity was determined.
100% of enzymatic activity is the enzyme activity without
chitosan.
2.3. Measurements
UV-Vis spectra

were

measured

on the

recording
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spectrophotometer Shimadzu UV-2600 (Japan).
IR spectra were obtained using a spectrometer Nicolet 380
with the FTIR (frustrated total internal reflection) (thermo
Scientific, USA).
Zeta potential and the average particles diameter were
measured on a Zetasizer Nano ZS, Malvern Instruments, UK.
Elemental analysis (C, N, O and H) was conducted with
the CHNS/O analyzer “Thermo Flash 2000” (Thermo
Scientific, Italy, UK).
2.4. Statistical Analysis
All the experiments of this study were performed in
triplicate when not specifically noted. Analysis of variance
(ANOVA) was performed with the Matlab program version
8.4 (USA). The results are expressed as a mean ± standard
deviation (SD) and the least significant differences for

comparison of means were computed at p>0,95.

3. Results and Discussion
3.1. Preparation of the Cellulose Carriers with Active
Groups
In this study was used various cellulose materials: medical
gauze (cellulose (C)) (RF Standart GOST 9412-93), cellulose
phosphor ester (CPE) (RF Standart 42-1726-81) and
dialdehyde cellulose (RF Standart 17-09-14-350-91) obtained
by the periodate oxidation of cellulose with different
modification degrees (shown in Figure 2). All of the used
materials were tested for the toxicology in scientific research
institutes (Moscow, Russian Federation) and were proved to
be safe and available for medical application (Figure 2).

Figure 2. The cellulose materials schemes: a) cellulose; b) dialdehyde cellulose (DAC); c) cellulose phosphor ester (CPE).

Cellulose was activated by periodate oxidation [3] (Figure 3):

Figure 3. DAC obtaining scheme.

The CPE obtaining scheme is shown in Figure 4.

Figure 4. The CPE obtaining scheme.

3.2. Elemental Analysis
For determination of the amount of chitosan and enzymes
(PC) that were immobilized it was applied the elemental
analysis of the obtained materials: cellulose and oxidized

cellulose (DAC) with the different oxidation degree,
cellulose carriers coated with chitosan, materials with
immobilized enzymes (DAC-Chitosan-PC). Results are
shown in table 1.
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Table 1. Elemental composition of obtained systems and materials (CHNS).
Sample
Cellulose
Chitosan (Ct)
Cellulose-Ct
DAC(0,23)
DAC(0,65)
DAC90,23)-Ct
DAC(0,65)-Ct
PC
DAC(0,23)-Ct-PC
DAC(0,65)-Ct-PC

N
0,30±0,02
7,75±0,08
0,33±0,02
0,30±0,04
0,28±0,02
0,34±0,03
0,36±0,03
10,15±0,10
0,46±0,02
0,40±0,04

C
42,22±0,13
40,51±0,14
42,54±0,14
42,06±0,08
42,24±0,09
41,99±0,12
42,18±0,13
44,24±0,13
41,24±0,08
41,25±0,09

H
6,24±0,02
6,87±0,02
6,25±0,04
6,22±0,02
6,20±0,03
6,26±0,04
6,15±0,04
6,57±0,05
6,15±0,05
6,09±0,03

S
1,22±0,08
-

For aldehyde-containing materials the number of aldehyde groups (mM/g) is given in brackets.

The obtained results are similar to the ones obtained by other researches [24]. The amount of chitosan and PC immobilized
on cellulose carriers (calculated according to the amount of nitrogen, recorded in CHNS analysis) is similar to the results
obtained using other methods in this research.
3.3. Spectral Characteristics of Obtained Materials
FT-IR spectra of the obtained materials were measured. The results are shown in Figures 5, 7-8.

Figure 5. FT-IR spectra of 1 – cellulose(0,008), 2 - diahdehyde cellulose DAC(0,23), 3 – dialdehyde cellulose DAC(0,65).

The comparison of the FT-IR spectra of cellulose and
oxidized cellulose (DAC) is shown in Figure 5. The analysis
of the results shows the absence of absorbance at 1610 cm-1
and 1740 cm-1 – characteristic wavelengths of the carbonyl
groups, but appearance of the peak at 900 cm-1 instead. This
could be explained by the formation of the cyclic hemiacetal
bonds as a result of an interaction between one of the
aldehyde groups with the primary hydroxyl group of the

same elementary unit, while the hydration of the second
aldehyde groups also takes place (Figure 6).
The FT-IR spectra of DAC obtained in this work and other
researches [10, 18, 25-27] are characterized by the absence of
absorbance of double bonds C – O, by less clear absorbance
at 1370, 1360, 1340 and 1320 cm-1, by disappearing of
absorbance at 1200 cm-1 and by increasing of absorbance
intensity at 900 cm-1 (Figure 6).

CH2
....

O

H
O
....

O
HC
HO

CH
HO

H
OH

Figure 6. The result of interaction between one of the aldehyde groups with the primary hydroxyl group of the same unit with the hydration of the second
aldehyde group at the same time.
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Chemical binding, hydration of aldehyde groups, formation of hemiacetal or hemialdal bonds can explain the absence of
absorbance at 1740 cm-1. The absorbance that is increasing at 900 cm-1 could also be attributed to the processes noted above
(Figures 7, 8).

2

3

Figure 7. FR-IR spectra of 1 – dialdehyde cellulose DAC(0,23), 2 – dialdehyde cellulose DAC(0,23) coated with chitosan, 3 – chitosan.

3

Figure 8. FT-IR spectra of 1 - proteolytic complex from a hepatopancreas of crab (PC), 2 – chitosan-PC, 3 – dialdehyde cellulose DAC(0,23) coated with
chitosan and PC, 4 – chitosan.

The differences between the FT-IR spectra of diadehyde
cellulose (or cellulose) coated with chitosan and chitosan
solution (Figures 7, 8) are negligible. The characteristic
analytical signal, free from the spectral superposition was not
determined. As well as the C-N bond vibration was not
detected on the FT-IR spectra of DAC coated with chitosan
(Figures 7, 8). This could be explained by the little
concentration of chitosan immobilized on cellulose carriers
and on enzymes-containing materials (less than 5mass.%).

3.4. Interaction Between Chitosan and Cellulose Materials
On the first stage of this research it was important to
understand how cellulose carriers interact with chitosan and
the interaction was studied spectraphotometrically. The
results can be seen in Table 2.
Typical spectra of chitosan and cellulose carriers’
interaction are shown in Figures 9-10 [20-22].

Table 2. The kinetics of interaction between chitosan and different cellulose carriers. The ratio С(t)/C0 of chitosan is shown in the table.
Sample
Cellulose(0,008)
Cellulose (glycerin 2%)
Cellulose (glycerin 5%)

Time
15 min
0,52±0,01
0,54±0,06
0,49±0,04

30 min
0,59±0,06
─
─

60 min
0,53±0,01
─
0,47±0,02

120 min
0,52±0,02
0,52±0,04
0,47±0,02

4 hours
0,53±0,01
0,51±0,03
0,46±0,03

7 hours
─
─
─
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Sample
DAC(0,46)
DAC(0,50)
DAC(0,50) (glycerin 2%)
DAC(0,50) (glycerin 5%)
DAC(2,445)
CPE(H-form)
CPE(Na-form)

Time
15 min
0,50±0,04
0,64±0,01
0,88±0,08
0,64±0,05
0,63±0,08
0,58±0,03
0,24±0,11

30 min
─
0,65±0,02
─
─
0,63±0,07
─
─

60 min
0,48±0,02
0,65±0,02
─
0,65±0,04
0,61±0,05
0,58±0,02
─

120 min
0,48±0,02
0,65±0,02
0,88±0,07
0,65±0,04
0,61±0,05
0,59±0,04
0,31±0,04
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4 hours
0,46±0,01
0,64±0,01
0,91±0,05
0,66±0,03
0,60±0,04
0,57±0,05
0,36±0,01

7 hours
─
─
─
─
─
0,57±0,04
─

For aldehyde-containing materials the number of aldehyde groups (mM/g) is given in brackets. Exchange capacity on Na+ is 2mgEq/g of CPE.
С(t)- chitosan concentration at the point of time (t); C0- chitosan initial concentration.

Figure 9. UV-Vis spectra of chitosan solution and cellulose materials
matured in distillate water for 1 hour, the number of aldehyde groups
(mM/g) is given in brackets.

Figure 10. UV-Vis spectra of solutions after chitosan (Ct) and cellulose (C)
materials interaction.

The provided results demonstrate that interaction between
chitosan and all of the selected cellulose carriers can be
completed in 1 hour and can be independent from the number

of aldehyde groups on the carrier’s matrix [21-22].
Cellulose contains a large number of pores that can be
permeable for chitosan, especially for one with low
molecular weight [28]. The researches [18] show that cotton
fibrils (100-1400 nm diameter) and micro fibrils (10-25 nm
diameter) are full of empty spaces – micropores (10 nm
diameter inside of micro fibrils and 10-100 nm diameter
inside fibrils). Due to macroporosity cotton fibers exhibit
good sorption properties. Swollen cotton has a large inner
surface (up to 100 m2/g), what makes it perfect material for
the medical purposes. According to several studies [29],
proteins (MW up to 100 kD) have a diameter about 2-10 nm,
when chitosan particles diameters can vary from 0,515 nm
(of a structural unit – glucosamine) to 90 nm (MW chitosan
about 500 kD) for single molecules [30] and more than 250
nm for the chitosan associates [31]. Periodate oxidation not
only leads to the disruption of glucopiranose circle and break
of the cellulose structure [18], but also can appear in extra
canals and holes of the cellulose matrix. As a result it could
increase the amount of chitosan and proteins (enzymes) that
can be immobilized. The researches [28] shown that even
1mass% chitosan solution (MW 150kD) can penetrate into
cellulose pores with a diameter of 30nm, when chitosan (MW
400kD) cannot.
The schemes of interaction between proteins’ amino
groups and cellulose matrix are shown in [32]. The
conclusion of this study demonstrates that amino groups of
chitosan and cellulose materials interact the same way,
according to these schemes (Figure 11).

Figure 11. Schemes of possible interaction between amino groups of
chitosan (or protein molecule) and aldehyde groups of cellulose (Scheme 1),
carboxyl groups of cellulose (Scheme 2) and hydroxyl groups of cellulose
(Scheme 3). There can be DAC instead of cellulose
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3.5. Interaction Between Chitosan and Enzymes
A lot of the researches are dedicated to the study of
interaction between chitosan and different proteins (enzymes)
[33, 34]. The studies show that interaction of protein
molecule with chitosan can take place both on the
polysaccharide surface and inside of the polysaccharide
matrix [35].
This research also analysed the interaction between
chitosan and enzymes (PC and bromelain) as a system that
can be immobilized on the cellulose carriers. On the basis of
oxidized cellulose, chitosan and hydrolases from
hepatopancreas of crab [3, 17] was created and developed
medical healing layer of the polyenzymatic wound dressing
“Multiferm”TM (Russian Federation) that is available in
specialized pharmacies. Bromelain or rather its immobilized
modifications can also be used as a therapeutic agent in
biomedicine e.g. in wound treatment [36].
Chitosan molecules have a positive charge because of the
amino groups. Zeta potential of chitosan solutions (5mass.%)
that was measured in this research is +73,9mV. The
molecular weights of collagenlytic enzymes of different
crustaceans are much smaller than ones of the vertebrate and

microorganisms. Results of electrophoretic analysis
demonstrated that MW can vary from 23 to 30 kD, and also
showed that in the studied samples carbohydrates are absent.
The feature that unites molecular properties of different
enzymes is low isoelectric point (lower than 3,5) [37, 38],
what leads to a fast interaction between proteins and chitosan
molecules. PC is an enzymatic complex and contains a lot of
various enzymes that can partly depolymerize chitosan
molecules [39].
Bromelain isolated from stem or from a pineapple pulp are
known to have different structure and properties [4].
Isoelectric point of stem bromelain is about 9,55 and for
bromelain isolated from pineapple pulp pI = 4,60 [1].
Bromelain is a high molecular glycoproteid [41]. This
enzymatic complex consists of 4 cysteine proteinases with
the similar amino acid sequence with a little difference for
every protease. This difference results in particular
proteolytic specificity and responsiveness to inactivation.
Bromelain used in this research is the one isolated from a
pineapple stem.
Results of the study of chitosan and enzymes interaction
are shown in Table 3.

Table 3. Chitosan and different enzymes interaction.
a) Proteolytic complex from hepatopancreas of crab (PC).
PC:Ct*
Ai/Ao

1:00
1,00

1:0,008
0,93±0,11

1:0,1
0,74±0,15

1:(0,24-2,5)
0,79±0,16

1:(5-26)
0,84±0,11

1:38
1,07±0,12

1:55
1,62±0,18

b) Bromelain.
Brm:Ct
Ai/Ao

1:0
1,0

1: 0,074
0,86±0,05

1:0,244
0,80±0,03

Results show that addition of chitosan does not have
dramatic effect on the proteolytic activity of our enzymes.
Appearing of associations of proteins and polysaccharides
molecules that are connected by Coulomb and non-Coulomb
interactions leads to the formation of polyelectrolyte complex
[42]. Proteins can react as polyacids or as polybases
depending on the conditions. It is clear that protein should
react as an acid to form a complex with chitosan. The
interaction between chitosan and other biopolymers can
occur by formation of the different bonds: electrostatic
interaction, hydrogen bonds and intermolecular hydrophobic
interaction.

1:0,854
0,80±0,04

1:2,56
0,99±0,05

1:2,58
1,07±0,08

1:4,975
0,92±0,12

Figure 12. The effect of glucose, glucosamine and N-acetylglucosamine on
the enzymatic activity of non-modified PC (caseine was used as a substrate).

3.6. Interaction Between Enzymes and the Monomers of
Cellulose and Chitosan
In order to explain the chitosan affection on enzymatic
activity of PC and bromelain, this research studied how
monomers of cellulose (glucose) and chitosan (glucosamine
and N-acetylglucosamine as a monomer of chitin) affect the
enzymes. During the process of exploitation our materials for
wound healing could undergo a hydrolytic destruction, what
leads to the formation of monomers. Results are shown in
Figures 12-13.

Figure 13. The effect of glucose, glucosamine and N-acetylglucosamine on
the enzymatic activity of non-modified bromelain (caseine was used as a
substrate).
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The results show that glucosamine could decrease
enzymatic activity of both PC and bromelain, what can be
caused by modification of the enzymes active sites. As we
noted earlier, size of glucosamine molecules is about 0,5 nm
and the chitosan molecules are about 100nm, so glucosamine
could penetrate right into enzymatic complex and bind with
the catalytic site. The addition of glucose and Nacetylglucosamine does not affect the enzymatic activity of
the systems.
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We believe that it is essential not only to know how to
product our materials but also to completely understand their
structure, to have a scientifically based possibility to improve
these materials in future and design some new ones. So the
study and analysis of all of the interactions between single
compounds and complexes lead us to understanding of the
possible structural scheme of obtained materials immobilized
on modified cellulose (Figure 14).

3.7. Wound Healing Materials Structural Scheme
Based on understanding of how all components (cellulose
carrier, chitosan and enzymes) interact with each other, we
designed a new material for wound healing “Multiferm” and
a new way of its industrial production [18].
The first step of this process is activation of cellulose
carrier. As we mentioned before (3.1.), cellulose is activated
by periodate oxidation with the formation of dialdehyde
cellulose.
After we immobilize all necessary therapeutic components
such as enzymes, antioxidants, antibiotic etc. on activated
material. It should be also noted that different compounds
could be immobilized in one stage or in so-called layer-bylayer immobilization process. To choose between those two
different ways 3 different materials were designed, changing
the way of production:
Multiferm 1 – solutions of chitosan and enzyme (PC) were
mixed together, and this composition was immobilized on
activated cellulose;
Multiferm 2 - enzyme (PC) powder was dissolved in
solution of chitosan, and this composition was immobilized
on activated cellulose;
Multiferm 3 – solution of chitosan was immobilized on
activated cellulose, than obtained material was air-dried and
after that solution of enzyme (PC) was immobilized on dried
material (Table 4).
Table 4. The effective constants of inactivation rate of obtained immobilized
materials.
Samples
Multiferm 1
Multiferm 2
Multiferm 3

Effective constants of inactivation rate, month-1
k1
k2
0,54±0,15
0,10±0,08
0,32±0,11
0,11±0,08
0,44±0,18
0,06±0,04

The analysis of effective constants of inactivation rate
shows that the production way does not affect inactivation
rate significantly, so immobilized material can be obtained in
one stage without any loss of biological activity.
The obtained materials are air-dried at room temperature to
avoid denaturation of immobilized enzymes.
Then they are packed in special polyethylene package.
All materials for the medical purposes should be carefully
sterilized. Our products are sterilized by radiation with a
standard doze of 25kGr.
We designed and elaborated all necessary technical
specifications for industrial production of immobilized
materials for wound healing [1].

Figure 14. Structural scheme of obtained immobilized materials.

4. Conclusions
In this research we offered a structural scheme of
immobilized materials for a wound healing, studied the
mechanism of interaction of all of the components of the
system, created the optimal way of producing medical
materials based on oxidized cellulose, chitosan and enzymes
for wound healing. Obtained material is a perfect base for
any drug that can be immobilized on cellulose coated with
chitosan.
We studied an interaction between all of the components of
designed wound dressing: cellulose carriers, chitosan and
enzymes. It was stated that interaction between chitosan and
all of the selected cellulose derivatives can be completed in 1
hour and does not depend on the number of aldehyde groups
on the carrier’s matrix. This research also provides
mechanisms of 3 possible chemical interactions between
active groups of chitosan and modified cellulose. The
analysis of chitosan effect on different enzymes (PC and
bromelain) revealed the fact that chitosan does not cause a
decrease of proteolytic activity of both studied enzyme
complexes. Considering the degradation of designed material
during exploitation, we explored the effect of monomers
units of cellulose (glucose) and chitosan (glucosamine and Nacetylglucosamine). It appeared that only glucosamine
significantly reduce proteolytic activity of enzymes possibly
due to chemical interactions with active site.
In this paper we also elaborated technological
specifications for industrial production of designed wound
dressing material. It was proved that essential properties
(biological activity) do not depend on chosen production
method.
The scheme that was proposed and studied in this paper
has a lot of advantages such as: possibility of coimmobilization of the compounds that are incompatible
because of the “co-annihilation” (proteins and enzymes);
controlled release of therapeutic agent because of the
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irregular destruction of a complex carrier (cellulose and
chitosan gel); prolonged action of therapeutic agent because
of the constant drug flow in wound.
The scheme meets all of the requirements for a wound
dressing material and can be successfully used in medicine in
future.
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