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CLINICAL EVALUATION OF THE EFFECTIVENESS S
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ABSTRACT. The effectiveness of the treatment of borderline skin burns using a gel of rare-sewn acrylic polymers with
natural antimicrobial peptides FLIP-7 was evaluated. A total of 60 burned patients hospitalized in the Burn Center of Saint Pe-
tersburg Scientific Research Institute for First Aid named after .I. Janelidze were examined during the period from 2019-2021.
The following were evaluated: the general condition of patients, planimetric indicators, as well as the results of microscopic
examination of smears-prints from the wound surface. This drug was established to be effective in the treatment of border-
line skin burns from the first day of use. The burn wound areas upon use of FLIP-7 gel compared to wet-drying dressings
and water-soluble ointment levomekol decreased by 6.25% and 8.6%, respectively. A complete restoration of the integrity of
the skin was noted by the 7th treatment day, against the background FLIP-7 gel use. A complete restoration of skin integrity
was noted by the 7th day of treatment, against the background of FLIP-7 gel use. The application of a hydrogel with a complex
of natural antimicrobial peptides was demonstrated to have a pronounced antibacterial effect against most pathogenic micro-
organisms. Hence, the number of burn wound infection decreased by 35% by the 4th day from the treatment initiation. There
was a possibility of reducing the analyzed indicator to 10% by the end of the week of local treatment with FLIP-7 gel, which
indicates almost complete elimination of pathogenic microflora from the burn wound. It was proven that the humid environ-
ment conditions formed by hydrogel can stimulate the reparative regeneration processes. This was confirmed by the results
of microscopic examination of smear prints, indicating a statistically significant increase in the concentration of fibroblasts on
the wound surface by the 4™ day of observation compared with the results obtained before treatment initiation with FLIP-7 gel.
Not a single case of side effect or undesirable phenomenon was recorded during course of the clinical study. The gel of rare-
stitched acrylic polymers with natural antimicrobial peptides FLIP-7 is an effective means of local treatment of borderline
skin burns, which provides not only optimal conditions for the course of reparative regeneration processes, but also actively
eliminates pathogenic microflora, including polyresistant microorganisms strains.
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KNIMHUYECKAA OLLEHKA 3OO®EKTUBHOCTH
KOMMNNEKCA NPUPOAHBIX AHTUMUKPOBHbIX
NENTUOOB FLIP-7 NPU IEYEHUU NOTPAHUYHbBIX
0XOroB KOXH

E.B. 3unosbes', [1.B. Koctaros' 2, A.B. Cemurnasos’, M.K. Kpbinos', B.A. ManyKosckuiA'

! CaHKT-TeTepbyprckuin HayuHo-MCCNIEA0BATENBCKUN MHCTUTYT CKOpoM nomolum uM. W.W. Danenuase, Cankr-MNetepbypr, Poccua

2 CaHKT-IeTepbyprcKkumin rocynapcTBeHHIin yHusepcutet, CaHkT-lMetepbypr, Poccua

Pe3iome. OueHvBaetca 3dpeKTUBHOCTb NEYEHWA NOrPaHWUYHBIX 0XKOMOB KOXW C UCMOMb30BAHWEM efif PeAKOCLUMTBIX
aKpWUOBLIX MOSIMMEPOB C MPUPOAHBIMY aHTUMUMKPOOHLIMM nenTugamu FLIP-7. 06cnenoBaHbl 60 060MMKEHHBIX, rocnu-
TaNM3MPOBaHHbIX B 0XOroBbIA LEeHTp CaHKT-MleTepbyprcKoro Hay4Ho-McCnef0BaTeNbCKOr0 MHCTUTYTa CKOPOM MOMOLLM
um. .U, Dxkanenngse B nepuog ¢ 2019 no 2021 r. B xoze paboTbl oLeHMBanuch obLuee COCTOAHMUE NaLMEHTOB, NiaHUMe-
TPUYECKUE NOKA3aTeNM, @ TaKHKe pe3ynbTaTbl MUKPOCKOMMUYECKOr0 UCCeA0BaHWUA Ma3KOB-0TNEYATKOB C PaHEBOW NOBEPX-
HOCTW. YCTaHOB/EHO, YTO [aHHOE NIEKapCTBEHHOE CPEACTBO NPU NIEYEHUM MOTPAHUYHBIX 0XOTOB KOXM IPDEKTUBHO YyHKe
B NepBble CYTKM NpuMeHeHus. lpy 3TOM nnowab 0oroBoi paHbl Npu Ucnonb3oBaHum rena FLIP-7 no cpaeHeHuio ¢ uc-
M0/b30BaHNEM B/aXHO-BbICHIXAlOLLMX MOBA3OK M Ma3W Ha BOLOPACTBOPMMOM OCHOBE /IEBOMEKO/b COKpaTUniach Ha 6,25
u 8,6% cootBetcTBeHHO. K 7-M cyTKaM neveHust Ha goHe npuMeHeHua renda FLIP-7 oTMeuaeTcA nosHoOe BOCCTaHOBJEHME
LLeNIOCTHOCTM KOXHOM0 MOKpOoBa. [poAeMOHCTPMpOBaHO, YTO annavMKauMA TMApOrens C KOMMIEKCOM NPUPOSHBIX aHTU-
MWKPOBHBIX NenTUAoB 0613aeT BbIPaXEHHBIM aHTMOaKTEpPUabHBIM 3PGEKTOM B OTHOLLEHUM HOMBLUMHCTBA NATOreHHbIX
MWKPOOPraHU3MOB. TaK, YKe K 4-M CYTKaM 0T MOMEHTa Hava/na NeYeHWUA KOSIMUYECTBO OBOMMEHHBIX C MHPULMPOBAHHOM
paHoit cHuamnock Ha 35%. K ncxopy Hegenm MectHoro nevenus reneM FLIP-7 yaanoch yMeHbLIMTL aHanW3MpyeMblin no-
Kasatenb fo 10%, 4to cBMOETENbCTBYET O MPAKTUYECKU MOHOM 3/IMMUHALMWM NATOreHHOM MUKpOhIopbl U3 0XOr0BOW
paHbl. [lokasaHo, 4To YCnoBMA BRarKHOM cpedbl, GopMUpyeMble rMaporeneM, No3BoONAIOT CTUMYIMPOBATh MPOLIECCh pe-
napaTVBHOW pereHepauuu. 3T0 NOATBEPHKAAETCA pe3ybTaTaMy MUKPOCKOMMYECKOr0 UCCNIeA0BaHWA Ma3KoB-0TNEYaTKOB,
CBUIETENbCTBYIOLLMX O CTAaTUCTUYECKM 3HAYMMOM YBEIUYEHUM KOHLLEHTpaumu ¢ubpobnactoB Ha paHeBOW MOBEPXHOCTM
K 4-M CyTKaM HabniAeHWA No CPaBHEHMIO C pesynbTaTaMu, NOMyvyeHHbIMW [0 Havana nevexus renem FLIP-7. B xope
KNMHUYECKOr0 UccneoBaHNA He 3adMKCMpOBaHO HW OJHOMO ciy4as noboyHOro apGeKTa MM HewenaTenbHoOro ABNEHUA.
leNb peaKOCLUMTBIX aKPWUIOBbLIX MOMMEPOB C NPUPOAHBIMUA aHTUMUKPOOHbIMK nenTuaamu FLIP-7 aBnsaetca a¢dekTmB-
HbIM CPeACTBOM MECTHOI0 /Ie4EeHUA NOTPAHUYHBIX 0XOMOB KOMM, KOTOPOE HE TO/IbKO 0becneynBaeT onTMMarbHble YCI0BUA
[J1A TEYEHMA NPOLIECCOB penapaTUBHOM pereHepaLym, HO M aKTUBHO 3/IMMUHUPYET NaToreHHy MUKpoIopy, B TOM YMcne
MOIMPE3UCTEHTHBIE LUTaMMbl MAKPOOPraHW3MOB.

KnioueBble cnoBa: 0XOr KOXW; [epMalbHble NopaxeHuA; BNaXHaA cpena; naTtoreHHaA MMKpO(I)ﬂOpa; OMONNEeHKY;
npupoaHbie aHTVIMMI-(p06HbIe nenTuabl; penapaTtnuBHan pereHepauuna; noaMpe3ncTeHTHble lWTaMMbl MUKPOOPraHU3MOB.
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ORIGINAL STUDIES

BACKGROUND

In the treatment of borderline skin burns, major
tasks include the optimization of the wound process and
the provision of effective treatment of wound infection
[1, 2]. The latter is of particular importance because burns
have a high risk of purulent and inflammatory complications
and systemic infectious process caused by multiresistant
strains of microorganisms [3, 4].

The main component of the conservative management
of borderline skin burns is a local treatment strategy
based on the current phase of the wound process [5, 6].
In accordance with the International Classification of
Diseases, 10th Edition of 2014, medical institutions in
the Russian Federation use a three-degree classification of
burns, where degree | implies epidermal burns; degree II,
dermal burns; and degree lll, deep necrosis of all layers of
the skin and underlying tissues. Wet-to-dry dressings with
antiseptic solutions (1% solution of iodopyrone, iodinol,
chlorhexidine, etc.), detergents (miramistin), and ointments
on a water-soluble polyethylene glycol base (levosin,
levomekol, etc.) are used for treatment. However, this
technique causes excessive traumatization of the wound
surface during dressings and increases the risk of an
allergic reaction. Moreover, the frequent use of one type
of antiseptics leads to a gradual decrease in their efficiency
because microorganisms form protective biofilms. This
necessitates a detailed and individual approach when
choosing a local treatment strategy [7-9].

This problem can be solved by employing biosurgical
innovations. The development of this field enabled
the isolation of a complex of natural antimicrobial peptide
fly larvae immune peptide 7 (FLIP-7), which includes
defensins, cecropins, diptericins, and proline-rich peptides
[10, 11]. The interaction of these peptides ensures total
destruction of the matrix and various types of pathogenic
bacteria. Moreover, it is not toxic to the host cells and
immune system. The effective application of this complex
in suppressing biofilm formation by gram-positive and
gram-negative bacteria at various stages of their life
cycle was confirmed in laboratory studies on microbial
cultures conducted at the Entomology Department of St.
Petershurg State University. The FLIP-7 gel can be used
not only to eliminate actively pathogenic microorganisms
from the wound but also to act as a synergist of
antibiotics, increasing their bioavailability. Experimental
studies have demonstrated the high efficiency of FLIP-7
peptides against most opportunistic gram-positive and
gram-negative microorganisms, including multiresistant
strains. This complex destroys actively biological films,
overcoming collective and individual resistance, and slows
down their formation [12]. The optimization of the wound
process is achieved by adding a gel of lightly cross-
linked acrylic polymers to the formula, which functions
as a FLIP-7 carrier, providing favorable conditions for
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reparative regeneration. The application of the resulting
hydrogel wound dressing based on FLIP-7, a complex of
natural antimicrobial peptides, in skin burns will increase
the treatment efficiency.

The study aimed to evaluate the efficiency of
the treatment of borderline skin burns using the FLIP-7
gel of lightly cross-linked acrylic polymers with natural
antimicrobial peptides.

MATERIALS AND METHODS

This clinical study enrolled 60 patients with burns
hospitalized at the Burn Center of the I.I. Dzhanelidze Saint
Petersburg Research Institute of Emergency Medicine
between 2019 and 2021. All patients provided informed
consent voluntarily before the start of treatment. Patients
aged 19-60 (mean age, 42.2) years and had a burn duration
of no more than 4 days were included. Hydrogel coating with
FLIP-7 (State Registration Certificate for a Medical Product:
No. RZN 2020/12585 dated October 17, 2020) is approved
for use in clinical practice. This product complies with
the requirements of GOST R 50444-92, GOST 33756-2016,
TU 32.50.50-006-72500079-2020, and a set of design
documentation AFM.72500079.

The gel of lightly cross-linked acrylic polymers with
natural antimicrobial peptides (entomix) was applied on
the wound surface, which has a dermal injury nature and
an area of approximately 200 cm?. To assess the resistance
ability of the tissue to this medicinal product, a daily
planimetric assessment of this area was performed.
The treatment strategy of using this drug included pretreating
the wound with a neutral solution (physiological saline
solution), drying it with a sterile wipe, and then applying
a thin layer of the hydrogel. The study was performed for 7
days, during which the general condition of the patients and
microbiological and planimetric indicators were evaluated.
For 7 days, the patient’s general condition (temperature
and blood pressure), results of laboratory tests (general
blood test), local status of the wound process (according to
a specially developed rating scale), and planimetric indicators
were analyzed. The dynamics of reparative regeneration
was assessed by the healing index, which was calculated
according to a special equation:

(S—Sp) x 100

M) =——%"7

where S is the wound area during the previous measurement
(mm2), Sn is the wound area for a given measurement
(mm?), and T is the interval between measurements (days).

Research materials were analyzed using Microsoft Excel
and SPSS Statistics version 17.0. To analyze the veracity of
the results, a non-parametric Mann - Whitney U-test was
used for unrelated samples. The alternative hypothesis was
confirmed at p < 0.05.
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RESULTS AND DISCUSSION

The management of wounds in a humid environment
using the FLIP-7 gel of lightly cross-linked acrylic polymers
containing natural antimicrobial peptides, has been
established to significantly accelerate the healing time,
which indicates its high efficiency. Thus, on day 1 of using
the FLIP-7 gel, the burn surface area reduced to 180 cm?,
which was 6.25% and 8.6% less compared with the results
of using wet-to-dry dressings (1% iodopyrone solution) and
levomekol ointment (Table 1). This tendency continued on
days 2, 3, and 4. By day 7, the highest intensity of reparation
was noted, which ensured complete restoration of the skin in
most cases. In the comparison groups, where wounds were
treated with wet-to-dry dressings and levomekol ointment,
these indicators were 44 (34; 51) cm? and 19 (16; 33) cm? at
the end of the study,

The FLIP-7 gel of lightly cross-linked acrylic polymers
with a complex of natural antimicrobial peptides has

Table 1. Dynamics of borderline skin burns healing
Ta6nuua 1. [JuHaM1Ka 3aHMUBNEHWUA NOFPAHNYHBIX OXKOr0B KOMU
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pronounced antibacterial effects against most gram-positive
and gram-negative microorganisms and enables the active
destruction of biological films, which is the main factor of
protection against antimicrobial therapy.

Before the application of the FLIP-7 gel, 19 (95%)
patients with burns were found to have wound infections.
In total, six species of pathogenic microorganisms were
detected, the most common of which was Staphylococcus
aureus (n = 12, 60%; Table 2). By day 4, the analyzed
indicator decreased in 12 (60%) patients. At this control point,
the microbiological presentation indicated a uniform species
distribution of microorganisms. By the end of the study,
burn wounds were almost completely epithelialized, and
the results of microbiological studies indicated the nearly
complete absence of pathogenic strains.

Microscopic examinations of the cellular composition on
the wound surface enabled an in-depth study of the wound
process characteristics. The cytological examination results
of imprint smears indicated the efficiency of the FLIP-7 gel

Burn wound area, cm?, Me (Q25; Q75)

Parameter Day
1 2 3 4 5 6 7
. 197 141 102 78 57 b
Wet-to-dry dressing (194 199) 188 8H 19D 391500 s 112 G090 @570 @45
Levomekol ointment 192 167 Hé 78 5 38 19
(188;198) (154177 (00,125 (493  (1;75) (1945  (1633)
180 145 91 57 2 4 0
Hydrogel FLIP-7 (162,191) (162,191 (66 128) (3280 (1238 (&89 (0; 2)

Table 2. Effectiveness of the complex of natural antimicrobial peptides FLIP-7 in relation to pathogenic strains of microorganisms
Tabnuua 2. Ip¢PpeKTMBHOCTL KOMNNIEKCA NPUPOHBIX AHTUMUKPOBHBIX NenTuaoB FLIP-7 no 0THOLLEHWIO K NaToreHHbIM LUTaMMaM MUKpo-

OpraHv3MoB
Number of cases
Parameter

Day 0 Day 4 Day 7
Staphylococcus aureus 12 3 2
Coagulase negative staphylococcus 7 3 0
Enterococcus spp. 3 2 0
Klebsiella pneumoniae 1 2 0
Corynebacterium spp 1 2 0
Streptococcus pyogenes 0 1 0

Number of patients with infected burn wounds, n (%) 19 (95) 12 (60) 2(10)

DOl https://doi.org/10.17816/brmma108128
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Table 3. Dynamics of the number of leukocytes and fibroblasts in smears, taking into account the chosen treatment method
Ta6bnuua 3. [JuHamMuKa KonnyecTsa NEMKOLMTOB U ¢p1bpobNacToB B Ma3Kax-0TneyaTKax ¢ y4eToM BbibpaHHOM METOLMKM NeveHus

Number of cells in the field of view, units, Me (Q25; Q75)

Parameter leukocytes fibroblasts
Day 0 Day 4 Day 7 Day 0 Day 4 Day 7
Wet-to-dry dressing o ori 09 o @ 012
Levomekol ointment (3;44) (3;33) (1 ;1 2) (U;ﬂ 1 a ;1 2) Qa ;22)
Hydrogel FLIP-7 o0 2 @0 o o 00

in the treatment of borderline skin burns. Thus, if before
the start of the treatment all patients had a high leukocyte
count, then by day 4, the leukocyte count in the FLIP-7 gel
group would have decreased. In the comparison groups
(wet-to-dry dressings and levomekol ointment) at this
control point, the changes were insignificant. By the end of
day 7 of treatment with the FLIP-7 gel, the burn wounds
were completely epithelialized (Table 3).

The quantitative analysis of the fibroblast population
showed a similar tendency. For illustrative purposes,
a clinical case is presented below.

Clinical case. Patient A., aged 55, was admitted to
the Burn Center of the LI. Dzhanelidze Saint Petershurg
Research Institute of Emergency Medicine with a diagnosis
of degree 16%/Il hot water burn of the trunk, limbs, and

a

external genitalia. The provision of specialized medical care
was delayed for 3 days. Status localis showed burn wounds
on an area of approximately 16% of the body surface,
represented by a de-epithelialized dermis with a coating of
fibrin, exfoliated fixed epidermis, and areas of a thin light-
brown scab. After signing an informed consent, the patient
was included in the clinical study.

Status localis on day 1 of hospitalization in a dressing
room showed moderate serous, purulent discharge from
the wounds. No necrotic sites and signs of perifocal
inflammation were noted. Moderate edema and wound
bleeding were observed. The pain syndrome severity was
significant. Epithelialization was sluggish and marginal
(Fig. 1). The burn wound was washed with physiological
saline solution and dried with a sterile wipe. The FLIP-7 gel

c

Fig. 1. Patient A., 55 years old. Results of treatment with gel of rare-stitched acrylic polymers with a complex of natural antimicrobial
peptides FLIP-7: @ — appearance of the wound-1% day; b — appearance of the wound — 4™ day; ¢ — appearance of the wound — 7™ day

of treatment, complete epithelization of the burn

Puc. 1. Maument A., 55 neT. PesynbTaThbl feYeHWA refieM peAKoCLUMTBIX aKpUIOBbIX MOSMMEPOB C KOMMIEKCOM MPUPOAHLIX aHTU-
MUKpPOObHbIX nentugoB FLIP-7: @ — BHeLWHWIA BUA, paHbl — 1-€ CyTKW; b — BHELUHWUI BUL PaHbl — 4-€ CYTKU; C — BHELUHWUI BUL paHbl —

7-e CYTKU NnevyeHun, NosHaA anuTenn3auma oxora

DOl https://doi.org/10.17816/brmma108128
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was applied to the wound surface. In addition, a general blood
test was performed, and inoculation from the wound surface
and an imprint smear were taken. In a previous study, no
clinically significant deviations in the parameter analyzed
were noted. Staphylococcus aureus and Streptococcus
pyogenes strains were verified in the wound discharge,
with a concentration of 10° and 10* colony-forming units
(CFU), respectively. Microscopic examination revealed an
inflammatory cytogram with high counts of leukocytes,
single eosinophils, and cellular detritus.

On day 2, the FLIP-7 gel was repeatedly applied.
A moderate amount of serous discharge from the wound
was noted. No edema was registered. The pain syndrome
intensity decreased. The wound bleeding was moderate.
Epithelialization was active and mixed. On day 3 of FLIP-7
gel application on the wound defect area, minor soreness
persisted during mechanical impact. The discharge was
serous, with moderate bleeding. Active mixed epithelialization
continued. On day 4, the wound was actively epithelialized.
The discharge was mild and serous. No bleeding or
soreness was noted. Control analysis of the general clinical
blood test and microbiological inoculation of the wound
discharge was performed. An imprint smear was taken from
the wound surface for cytological examination. The results
of the control analysis indicated the absence of clinically
significant deviations in the parameters analyzed. The wound
microflora was represented by Staphylococcus aureus
at a concentration of 103 CFU. Microscopic examination
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