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OF RARE-STITCHED ACRYLIC POLYMERS WITH NATURAL ANTIMICROBIAL
PEPTIDES IN THE TREATMENT OF BORDERLINE SKIN BURNS
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Abstract. The use of natural antimicrobial peptides with high antibacterial activity against most microorganisms, including antibio-
tic-resistant strains and polymicrobial associates (biological films), can be attributed to new methods of management of patients
with burns. The experiment included 40 rats weighing 220-240 g, distributed into 4 groups depending on the treatment method:
control (without treatment), wet-drying dressings with an antiseptic solution (iodopyron), “Levomekol” ointment, gel of rare acrylic
polymers with natural antimicrobial peptides. The results were evaluated on the 4, 71, 14 and 28" days. The gel of rare-stitched
acrylic polymers with natural antimicrobial peptides had the highest efficiency: the area of the experimental wound by the 28" day
was reduced to 0.3+0.1 cm? (12.6 times less than in the control group), the growth retardation zone of Staphylococcus aureus
209P was 34.9 mm, which is only 3.9 mm less than when using iodopyron, and the frequency of infectious complications and
mortality were minimal — 10 and 5%, respectively.

Key words: deep burns; reparative regeneration; natural antimicrobial peptides; carbopol; rare-sewn acrylic polymers.
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Pestome. anIMeHeHMe NPNPOAHbLIX aHTMMMKp06HbIX NenTuaoB C BbICOKOM aHTM6aKTepMaJ’IbHOI7I aKTUBHOCTbIO B OT-
HOLLEHMN BONbLIMHCTBA MWUKPOOpraHn3moBs, B TOM 4Yucne aHTM6VIOTI/IKOpe3MCTeHTHbIX LTaMMOB 1" I'IOJ'IMMMKpO6HbIX
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accouunaroB (buonornyeckne NNeHKM), MOXXHO OTHECTU K HOBbIM METOAAM BEAEHUS BONbHbIX C 0xoramu. B akcnepumeHT
BkMtoYeHbl 40 KpbiC Maccomn 220-240 r, pacnpedeneHHbiX B 4 rpynnbl B 3aBUCUMOCTM OT METOAMKM NEYEHUS: KOHTPOSb
(6e3 neyeHms), BNaxHoO-BbICbIXakoLLMe NOBA3KM C paCTBOPOM aHTUCENTMKA (MOA0NMUPOH), Ma3b «JleBOMeKONbY, refb
PEAKOCLINTBIX aKpUMOBbLIX MOANMEPOB C NPUPOAHBIMU aHTUMUKPOBHBIMKU NenTuaamu. PesynbtaThbl OLeHWBanuCh
Ha 4,7, 14 n 28-e cyTku. [enb PeAKOCWIMNTBLIX aKPUMIOBLIX MOMMMEPOB C NPUPOAHLIMU @HTUMUKPOOHEIMY NENTMAAMM
obnaaan Hanbonblueil 3hHeKTUBHOCTLIO: NNOLLaAb SKCNEPUMEHTANbHOI paHbl k 28-M cyTkam cokpaTunack ¢ 200 cm?
00 0,3+0,1 cm? (B 12,6 pasa MeHbLUe, YeM B rpynmne KOHTPONs), 30Ha 3afepxKn pocTa Staphylococcus aureus 209P
coctaBuna 34,9 MM (4To Nnwb Ha 3,9 MM MeHbLLEe, YEM MPY UCTIONb30BaHNN 10A0NMPOHA), @ YacToTa MHPEKLMOHHBIX
OCMOXHEHWUN N NeTanbHOCTKN ObINN CHXeHbl 40 10 1 5% coOTBETCTBEHHO.

KnioueBble cnosa: FJ'Iy60KI/1€ 0XOru; penapatBHas pereHepauns; npupoaHbie aHTVIMI/IKp06HbIe nenTnabl; Kap6or|on;

penKoCLlwunTblie akpuIoBbie NOJINMEPBI.

INTRODUCTION

Today, domestic or industrial burns are one of the most
serious public health problems. According to available sourc-
es, about 265,000 fatal burn injuries are registered annually
in the world [12]. In the Russian Federation, burns occupy
the 6th place (2.4 %) in the structure of traumatism, accoun-
ting for 2.1 cases per 1 thousand adults [2]. According to the
Central Research Institute of Health Care Organisation and
Informatisation, in 2014 more than 287 thousand people suf-
fered from burns [7], 30% of them had extensive superficial
burns and/or deep lesions and required hospital treatment [5].

Provision of care to victims with skin burns is a complex
that must take into account all the features of pathophysio-
logical processes characteristic of this type of injury [3]. The
current wide range of wound healing agents available to
specialists often does not meet these requirements. Annual
statistical data show that the effectiveness of standard treat-
ment of superficial and borderline burns remains low. This is
due to the growing resistance of wound microflora to modern
antibacterial drugs and, as a consequence, the reduction of
available methods of treatment of the burned patients [11].

One of the possible solutions to this problem is the use
of hydrogels with natural antimicrobial peptides (NAPs).
NAPs are a heterogeneous population of molecules that
actively participate in the processes of innate and acquired
immune response. They have different physical, chemical
and biological characteristics that allow them to effectively
destroy cell membrane, leading to its necrobiosis [9]. This
is done by selective accumulation of NAPs on the surface
of microorganism with its subsequent death [1]. The results
of studies indicate a pronounced bactericidal effect of this
group of peptides compared to traditional antibiotics, as well
as their ability to neutralise toxic cellular decay products
formed during necrosis [10]. These molecules have great
potential despite the limited knowledge about mechanisms
of the effect of NAPs and the resistance of various micro-
organisms to them. Their combined use with hydrogels that

form a moist environment in the wound area allows to crea-
te a complex product that optimises the wound process [4].
The introduction of these technologies into the practical
activity of surgical hospitals providing care to patients with
skin burns will improve the results of treatment of this cate-
gory of patients.

AIM

To experimentally evaluate the efficacy of rare cros-
slinked acrylic polymer gel with natural antimicrobial pep-
tides in the treatment of skin burns.

MATERIALS AND METHODS

The experimental study was carried out in the research
laboratory of experimental surgery of the St. Petersburg
State Pediatric Medical University. 40 small laboratory
animals (rats) of both sexes of the Wistar line weighing
220-240 g were included in the experiment. Depending
on the treatment used method, the animals were divided
into 4 equal groups: the control group (without treatment),
wet-drying dressings with antiseptic (iodopyron), levomekol
ointment, rare cross-linked acrylic polymer gel with NAPs
(Department of Insect Biopharmacology and Immunology
of the Saint-Petersburg State University). All manipulations
with animals were performed with general anaesthesia (Zo-
letil 100 drug) and complied with the requirements of ethi-
cal standards approved by legislative acts and international
conventions. Modelling of skin burns was performed accor-
ding to our own original method [8]. The total area of the ex-
perimental burn wound was 16 cm? (10 % of the rat's body
surface). To control skin temperature, an electrothermocou-
ple sensor of a multimeter was placed on the depilated skin
of the animal’s back, which was used to determine the tem-
perature of the skin and the metal heating plate. Exposure
time was 10 s at the skin surface temperature of 95-97 °C.
Dressings of experimental burn wounds were performed
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every day. To assess the effectiveness of wound-healing
preparations, the appearance of wounds was evaluated
daily, the nature of the discharge, the presence and type
of granulation were noted, and the terms of scab rejection
and wound healing were recorded. The effect of drugs on
wound healing was assessed using the planimetric method
of L.N. Popova with determination of the wound area and
calculation of the healing index according to the formula:

(S-5,)-100
ST

where S — the wound area at the previous measurement,
mm?, S, — the wound area at this measurement, mm?, T —
the interval between measurements, days.

In normal wound process, the rate of wound healing is quite
stable and averages about 4% per day. Slowdown of the hea-
ling rate may indicate the development of complications [6].

Biopsy specimens for histological examination were ta-
ken on the 3rd, 13th and 18th day. The study of antibacterial
activity was performed using the disc-diffusion method on
Staphylococcus aureus 209P culture.

The obtained data were processed using conventional
methods of variation statistics. The parametric Student’s
t-test was used to assess the reliability of the obtained re-
sults. The alternative hypothesis was accepted at p <0.05.

RESULTS

The main goal of the local treatment of burns is to opti-
mise the course of reparative processes and, consequently,
to reduce the duration of skin integrity restoration. The re-
sults of planimetric analysis of the dynamics of burn wound
regeneration are presented in Table 1.

According to the data presented in Table 1, the treatment
method based on the application of rare cross-linked acrylic
polymer gel with NAPs showed the highest efficiency on the
developed burn model. This method reduced the wound area to
0.3 cm? by the 28th day of the study, which is 92.1 % (p<0.01)
less compared to the control group. A similar trend was ob-
served when evaluating the effectiveness of hydrogel in relation
to traditional methods of burn wound management. Compared
to the results of using wet-drying dressings with antiseptic solu-
tion (iodopyron) and Levomekol ointment, application of hydro-
gel with NAPs accelerated the intensity of reparative regenera-
tion by 86.9 (p<0.05) and 81.2% (p<0.05), respectively.

For an in-depth evaluation of the healing process of the
experimental burn wound, a comparative analysis of the
healing index was additionally performed (Fig. 1).

It was found that during the whole period of treatment,
except for the 14th day, the gel of rare cross-linked acrylic
polymers with NAPs was the most effective. By the end of the

2nd week of hydrogel application the index of wound healing
was 3.5 %/day, which is 10.3 times (18.6 %) less compared
to the results of using wet-drying dressings with antiseptic
solution (iodopyron) and Levomekol ointment. The maximum
value of this index (5.6 %/day) among all observations was
recorded on the 28th day of the study in the group of animals
treated by the application of hydrogel with NAPs.

It is known that burn wounds are characterised by a high
frequency of infectious complications due to contamination
by pathogenic microflora. This necessitates the mandatory

Table 1

Dynamics of burn wound healing
in experimental groups

The An average wound area, cm? (M £m)
experimental The The The The
group 7thday | 14thday | 21stday 28th day
The control 14+£19 | 83+20 57+16 38+12
group (without
treatment)
Wet-drying 127£19' | 5721 | 4,6£22 2,3+16'
dressings
“Levomekol” 121+£18' | 46+17" | 3,615 1,6+0,9'
ointment
Hydrogel with 11,8£2,7" | 371,02 | 1,5+0,7'23 | 0,3+0,3"2°
NAPs
Notes. ' — differences with the control group are significant (p <0.05);

2 — differences with the “Wet-drying dressings” group are significant
(p<0.05); 3 —differences with the “Levomekol ointment” group are
significant (p <0.05)

Healing index, %/day
7,0

6,0 |
5,0
4,01
3,01
2,0 1

1,01

0,0
7th day

| Control

14th day

21th day
B Wet-dry dressings

28th day

@ Ointment “Levomekol” @ Gel “Entomix”

Fig. 1. Dynamics of the healing index taking into account the tac-

tics of treatment of the experimental wound
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inclusion of a local antibacterial component in the system of
treatment of this type of trauma. The results of bactericidal acti-
vity evaluation of rare cross-linked acrylic polymer gel with NAPs
against Staphylococcus aureus 209P are shown in Figure 2.

The results demonstrate that rare crosslinked acrylic
polymer gel with NAPs was less effective against Staphy-
lococcus aureus 209P than iodine-containing antiseptic
drugs (iodopyron), 34.9 and 38.6 mm, respectively. The
least antibacterial effect was demonstrated by “Levomekol”
multicomponent ointment — 15.8 mm. Despite the less pro-
nounced bactericidal effect of hydrogel with NAPs relative
to the most frequently used antiseptic agent, the latter does
not allow providing optimal conditions for the course of the
wound process throughout the entire period of treatment,
which causes its low wound-healing potential.

During the experiment, the frequency of infectious com-
plications and mortality rates in the experimental groups
were assessed (Table 2).

The data of Table 2 show that in the group of animals trea-
ted with rare cross-linked acrylic polymer gel with NAPs the
frequency of infectious complications was minimal — 10% of
cases (2 observations). At the same time, one lethal outcome
was noted. The use of wet-drying dressings and “Levomekol”
ointment was less effective. Purulent inflammation was ob-
served in 30 and 25% of cases, respectively. In the control
group (without treatment), the incidence of complications of the
wound process was 55 %, the mortality rate was 20 %.

CONCLUSION

The use of rare cross-linked acrylic polymer gel with NAPs
(entomix) in the treatment of experimental skin burns allowed
to accelerate reparative regeneration in the area of soft tissue
defect by 86.9 % (p<0.05). Minimal incidence of infectious
complications and lethality were also noted with its use. Thus,
hydrogel with NAPs complex allows not only to effectively pro-
tect the wound from bacterial flora, but also to create optimal
conditions for stimulation of reparative properties of the orga-
nism itself. The development of an algorithm for the treatment
of borderline skin burns using this wound-healing agent will im-
prove the result of treatment for this category of patients.

ADDITIONAL INFORMATION

Width of crop growth delay, mm

45 -
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Fig. 2. Results of comparative evaluation of antibacterial activity
of the investigated treatment methods against Staphylo-

coccus aureus 209P

Table 2

The frequency of infectious complications and mortality
in the experimental groups

Frequency
The experimental group of infectious Mortality, %
complications, %

The control group (without 55,0 20,0
treatment)

Wet-drying dressings 30,0 10,0
“Levomekol” ointment 25,0 5,0
Hydrogel with NAPs 10,0 5,0
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