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Abstract: 
One of modern approaches in the development of new-generation drugs is the design of original dosage forms based on substances of a known 
spectrum of action using modern innovative technologies that make it possible to obtain drugs with high therapeutic efficiency and with 
minimal side effects. 
The invention relates to the pharmaceutical industry and is an innovative pharmaceutical substance, which can be used both independently and 
in combination with enzymes of the hydrolase class, that are capable of breaking down peptides and proteins, and anesthetic agents for the 
treatment of infected wounds of various genesis. 
The chitosan-miramistin complex has multiresistance to antibiotics, enhances functional activity of immune cells by stimulating local 
nonspecific immunity, promotes antigen capturing by macrophages and its accumulation in the lysosomal fraction, and does not have a local 
irritant effect. 
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INTRODUCTION 
In surgical practice, there is often a complicated course 

of the wound process, with the suppuration of the wound taking 
the first place among all possible complications. Suppuration 
occurs as a result of the development and progression of infection 
in damaged tissues – after a trauma, in postoperative wounds, 
which is associated with both external and internal causes, as well 
as in wounds formed after the drainage of various abscesses. Is by 
the interaction of macro- and microorganisms determines the 
development of purulent infection. The critical level of 
microorganisms that contribute to the development of infection is 
105 – 106 bacteria per 1 g of tissue. In wounds with damaged local 
tissue protection, the infectious process can develop at a lower 
level of microorganisms [1-3]. 

The formation of resistance of microorganisms to 
obsolete drugs widely used in clinics dictates the need to develop 
new drugs with wide range of activity against both aerobic and 
anaerobic components, and strictly corresponding to the phase of 
the wound process. 

One of the modern approaches in the development of 
new generation drugs is the design of original dosage forms based 
on substances of known spectrum of action using modern 
innovative technologies that allow to obtain drugs with high 
therapeutic efficiency and, importantly, with minimal side effects. 
Such approach allows developing an innovative drug in a shorter 
time and with significantly lower economic costs [2, 4, 5]. 

There are many known technological concepts of a 
compound, active pharmaceutical substance or biologically active 
substance with matrix. But regardless of the type of interaction, 
active center of the substance should be free and the drug should 
be able to leave the carrier to affect the substrate, in our case – to 
enter the wound [3-6]. 

The use of drugs that have powerful antimicrobial action 
and at the same time are free from side effects, that are caused by 
antibiotics, plays an important role in solving the problem of 
wound healing. In addition to antibiotics antiseptics or 
bacteriolytic enzymes can be used, i.e. drugs that have bactericidal 
or bacteriostatic effects by lysing the cell wall of microorganisms 
[7, 8]. 

Miramistin and chlorhexidine are the most widely used 
antiseptics; lysozyme is a common representative of bacteriolytic 
enzymes. At the technology development stage for the innovative 

substance, it was decided to compare these drugs and choose the 
most suitable antimicrobial component for the new substance. 

The choice of the antimicrobial component was made 
experimentally. For this purpose, polymer compositions based on 
acid-soluble chitosan were prepared: chitosan-miramistin; 
chitosan-lysozyme and chitosan-chlorhexidine. Antimicrobial 
preparations of lysozyme, chlorhexidine and miramistine in 
different concentrations were immobilized on the chitosan carrier. 

Chlorhexidine bigluconate is used in the form of 
solutions of various concentrations and is a local antiseptic with 
predominantly bactericidal effect. Chlorhexidine bigluconate is 
close to proguanil by chemical structure and is a dichloride-
containing biguanide derivative. The mechanism of action is 
based on its ability to change the properties of cell membrane of 
microorganism. After dissociation of chlorhexidine salts, the 
cations formed react with membranes of bacteria that have a 
negative charge. Lipophilic groups of the drug contribute to the 
disaggregation of lipoprotein membrane of bacteria, resulting in 
disturbance of osmotic equilibrium and loss of potassium and 
phosphorus from the bacterial cell. Under the influence of the 
drug, cytoplasmic membrane of the bacterium breaks down and its 
osmotic equilibrium is disturbed, resulting in the death of the 
bacterium. 

The drug is effective against strains of the following 
microorganisms: Trichomonas vaginalis, Neisseria gonorrhoeae, 
Chlamidia spp., Bacteroides fragilis, Treponema pallidum, 
Gardnerella vaginalis. In addition, chlorhexidine bigluconate is 
active against Ureaplasma spp. and moderately active against 
some strains of Proteus spp. and Pseudomonas.spp. Viruses 
(except herpes virus) and spores of fungi are resistant to the action 
of the drug. 

Miramistin – benzyldimethyl-[3-myristoilamine)-
propyl]ammonium chloride monohydrate has a pronounced 
bactericidal action against aerobic and anaerobic bacteria, Gram-
positive bacteria (Staphylococcus, Streptococcus, Bacillus 
subtilis, Bacillus anthracoides) and Gram-negative organisms 
(Shigella, Pseudomonas aeruginosa, Escherichia coli, 
Salmonella), both in monocultures and in the form of associations 
– pseudomonas aeruginosa and staphylococcus aureus,
escherichia and staphylococci, including hospital strains with
multidrug resistance to antibiotics. Molecules of the drug affect
the outer membrane of the microbial cell, which leads to its
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destruction and death. Its biological effect is based on a direct 
effect on the cell membrane of microorganisms. Miramistin is 
able to inhibit the enzymatic activity of cells of pathogenic 
microorganisms, which is good for antibacterial activity, but it can 
significantly affect the enzymatic activity of drugs, since the 
chemical modification of the protein globule can affect the 
stability of enzymes. The results of experiments showed that 
miramistin does not lead to a drop in the enzymatic activity of the 
enzymes used, both native and immobilized in the chitosan gel. 

Lysozyme is an enzyme of the hydrolase class, which 
functions as an antibacterial agent, catalyzing the hydrolysis of the 
polysaccharide in the cell walls of a number of bacteria. This 
polysaccharide is formed by alternating residues of N-
acetylglucosamine and N-acetylmuramic acid, connected by a β-1, 
4-glycosidic bond. 

The bacteriolytic effect of lysozyme is well known and 
confirmed by long-term clinical application. Studies show that 
Gram-positive bacteria can be completely destroyed, while Gram-
negative bacteria undergo bacteriolysis only when their cell wall 
is additionally destroyed. 

Selective action of lysozyme on the cell walls of 
predominantly Gram-positive bacteria is associated with 
differences in the composition of the cell membranes of Gram-
positive and Gram-negative microorganisms: Gram-positive 
microorganisms, unlike Gram-negative bacteria, do not contain 
aromatic amino acids - proline, histidine, arginine. Membrane of 
gram-negative bacteria contains more lipopolysaccharides. 
Biological role of lysozyme is not limited only to antibacterial 
action, it takes part in the protective, immune reactions of the 
body, in the processes of regeneration and healing of wounds. 

In addition to the choice of antimicrobial component, as 
the main active substance in this composition, the choice of 
chitosan concentration was carried out. For this purpose, a series 
of solutions of chitosan with concentration of 0,5 to 1,5 wt% was 
prepared. Miramistine solutions, selected for the experiment, were 
also prepared at various concentrations from 0,01 to 0,05%. 
Reaction time and temperature were taken into account. The main 
goal of the experiment is to find the right ratio of carrier and 
active substance [9]. 

Thus, the task of preparing for development of the 
composition and formulation of a new pharmaceutical substance 
based on chitosan and miramistin, namely the substance with 
complex antimicrobial and regenerating activity for local therapy 
of infected wounds of various origins, was solved. 

The object of this study is to develop a composition and 
formulation of a new pharmaceutical substance – chitosan-
miramistin complex (CMC) to expand the assortment of drugs for 
treatment of infected wounds of different genesis. 
 

RESULTS 
To solve the problem we developed formulation of a 

pharmaceutical substance, which consists of active antimicrobial 
components and has a therapeutic effect on the wound. 

The substance is an innovative complex of chitosan - 
miramistin (CMC). The complex is original in its composition and 
method of production. In available patent and literature sources no 
data was found on production of other similar compositions with 
myramistin based on glucosamine derivatives [10-13]. 

To improve stability and provide prolonged action of 
miramistin, it is expedient to immobilize it onto a carrier with 
formation of nonvalently bound complexes. Taking into account 
specific aspects of application, the following requirements are 
imposed on the proposed complex: biocompatibility with human 
tissues; absence of allergic reactions, pyrogenic and toxic effects 
on healthy tissues. 

Chitosan was selected as an optimal carrier for the 
preparation of complexes with miramistin. Wound healing effect 

of chitosan can be explained by activation of the immune response 
through macrophage stimulation and the use of acetylglucosamine 
as a precursor of mucopolysaccharides, which directly participate 
in creation of biostructures, stimulate proliferation of fibroblasts 
and increase the release of mediators of immune response [13-17]. 

The resulting compositions in the form of a gel were 
subjected to freeze drying. After obtaining lyophilizate, 
antibacterial effect of the complexes was evaluated. The study of 
the antibacterial effect of chitosan - lysozyme, chitosan - 
chlorhexidine, chitosan - miramistin was carried out on strains of 
Esherichia coli and Staphylococcus aureus. 

We used chitosan 1,0% solution. The solution was 
prepared by constant stirring at room temperature. After complete 
dissolution of chitosan, the solution was left for 24 hours at room 
temperature for further structuring. 

The next stage was immobilization of antimicrobial 
preparations in different concentrations on chitosan carrier – 
lysozyme, chlorhexidine, miramistin. 

Antiseptics miramistin and chlorhexidine and 
bacteriolytic enzyme lysozyme in different quantities: 0,1 mg/ml, 
0,5 mg/ml and 1,0 mg/ml were dissolved in 1,0% chitosan 
solution (pH 5,5), then stirred on magnetic stirrer at room 
temperature for two hours. 

During the experiment freeze drying was chosen as an 
adequate drying method, as it is most gentle with respect to 
biologically active substances included in the composition.  

After obtaining lyophilizate, antibacterial effect of the 
complexes was evaluated. The study of the antibacterial effect of 
chitosan - lysozyme, chitosan - chlorhexidine, chitosan - 
miramistin was carried out on strains of Esherichia coli and 
Staphylococcus aureus. 

Antibacterial activity of the studied objects was 
investigated by the agar diffusion test. Bacteria were cultured on 
L-broth at 37 °C for 20 hours. Then, using the methods of 
quantitative estimation of the number of viable microorganisms 
(Koch's method), the number of cells in 1 ml of the initial 
suspension was determined. For further study dilutions were used, 
which gave a medium contamination on a petri dish 104 and 106 

CFU/ml, which corresponds to contamination of a wound at initial 
and final stages of disease. 

The obtained and thoroughly premixed dilutions were 
inoculated on the surface of agar plate in Petri dishes with a sterile 
pipette in amount of 0,1 ml. The volume of inoculated suspension 
was distributed over the surface of the medium with a sterile 
spatula. 

In addition to surface growth on agar plate, we also used 
method of growth of microorganisms in agar layer. To implement 
this method we prepared flasks with molten L-agar with 
temperature not higher than 40 °С (pre-autoclaved), into which an 
inoculum of a given concentration was introduced. Then poured 
the contents of flasks into Petri dishes by 25-30 ml. 

According to the results of experimental work 
miramistin is the optimal antimicrobial component of the 
complex. The choice of miramistin, which can be considered as a 
new generation antiseptic of wide spectrum of action, is due to the 
fact that its therapeutic effect will be more effective and complete 
in comparison with other drugs under study. In addition, 
preformulation studies show that miramistin and chemopsin in gel 
composition have an additive effect in the treatment of 
experimental purulent wounds. 

CMC is a lyophilized mass in the form of lumps or 
plates of white or light yellow color, produced from acid-soluble 
chitosan. 

The first stage of technological process is preparation of 
1,0% solution of chitosan in 0,5% acetic acid. Process parameters: 
room temperature; concentration of acetic acid – 0,5 wt%; 
concentration of chitosan – 1,0 wt%. 
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At the second stage of technological process, the anti-
microbial drug miramistin is immobilized onto high-molecular 
chitosan polysaccharide to form the chitosan-miramistin complex 
(CMC). Miramistin and chitosan molecules have functional 
groups, which form hydrogen bonds and hydrophobic contacts, 
resulting in the formation of polysaccharide conjugates of 
chitosan with miramistin. Process parameters: room temperature; 
immobilization time – 2 hours; miramistin concentration – 0,05 
wt% (0,5 mg/ml); pH 4,5 – 5,5. 

DISCUSSION 
Thus, as a result of the experiments, the properties of the 

claimed pharmaceutical substance, its qualitative and quantitative 
composition were recorded and confirmed and technology of its 
production was established. 

The optimal method of preparation of the composition 
with miramistin is the physical immobilization followed by 
freeze-drying. The optimal polymer for preparation of the 
composition is chitosan. 

Resulting preferred composition of chitosan-miramistin 
complex (amount, in wt%): 
 Miramistin - 0,05, Chitosan - 1,0, Acetic acid - 0,6, Purified 
water - up to 100,0. 

CONCLUSION 
The preferred composition and formulation of the 

developed innovative substance indicate that its production does 
not require high costs and is suitable for industrial manufacturing. 
This possibility determines the availability, prolonged action and 
application flexibility of the substance and conduces to the 
expansion of range of wound healing and antimicrobial agents. 
CMC has multiresistance to antibiotics, enhances functional 
activity of immune cells, stimulates local nonspecific immunity, 
promotes antigen capturing by macrophages and its accumulation 
in the lysosomal fraction, does not have local irritating effect and 
allergenic properties. 
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