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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
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articles. Tables and graphs must be headed.
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each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Thermal burns are the most common type of burn injuries.
Medical treatment for burns is crucial, especially for third-
degree burns and when a significant surface area of the body is
affected. One of the most pressing issues in modern medicine
is the search for new effective means to accelerate the healing
of burn wounds. Oxygen radicals play a significant role in
maintaining homeostasis, forming the body's resistance to
infection, and ensuring the regeneration of organs and tissues.
In this study, a superoxide (O,’)-producing enzyme (SPE) from
raspberries was applied (topically to the skin, injected under
the wound surface, with solution concentrations of 12.75% and
5%) after a third-degree thermal burn to determine its reparative
effects on the skin. To assess the condition of the animals
that had suffered burn injuries and the healing process, blood
parameters were analyzed, and cytogenetic indices of bone
marrow from the femur of the animals were studied: mitotic
index, number of polyploid cells, and chromosomal aberrations.
When analyzing hematological, cytogenetic, and histological
parameters, significant differences were found between the
«clean burn» groups and the groups in which SPE was used
in different concentrations and methods of application. The use
of SPE in both concentrations contributed to a reduction in the
area of burn wounds compared to a «clean burn». The survival
rate of animals for 30 days (before the end of the experiment)
was 100% when using a 12.75% SPE solution and 50% when
using a 5% SPE solution. The use of SPE led to significant
differences in hematological parameters from the «clean burn»
group throughout the entire duration of the experiment, showing
a tendency to normalize the parameters. Under the influence
of the 12.75% SPE solution, there was a tendency toward
normalization of the mitotic index, along with a significant
reduction in the percentage of polyploid cells and chromosomal
aberrations, which may indicate its beneficial effects. This study
found that a 12.75% SPE solution derived from raspberries
was more effective and had healing properties on third-degree
thermal burns, promoting rapid healing of the burn wound.

Key words. Third-degree thermal burn, superoxide (O,)-
producing enzyme (SPE), raspberry, hematological parameters,
polyploid cells, mitotic index.

Introduction.

According to the World Health Organization, burns rank
fourth among all injuries. Each year, thermal burns cause 6.6
million injuries and 300.000 deaths worldwide. They are a
significant cause of morbidity and mortality globally, leading to
debilitating, lifelong injuries and having serious psychological
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and economic consequences [1,2]. Thermal burns are the most
common type of burn injury, accounting for about 86% of burn
patients requiring hospitalization in burn centers. Thermal
burns are skin injuries caused by excessive heat, typically from
contact with hot surfaces, hot liquids, steam, or flame [3]. They
are classified by the depth of tissue damage. There are four
classifications established by the American Burn Association.
The most traumatic and difficult to heal are third-degree and,
especially, fourth-degree burns. Third-degree burns penetrate
the entire dermal layer and often damage subcutaneous tissue.
Medical treatment for burns is crucial, especially when they are
third-degree burns and when a significant surface area of the
body is affected [4].

Extensive deep burns cause a complex of pathological
functional and morphological changes in the internal organs
and systems of the body. It is known that severe burn injuries
lead to the loss of skin functions, plasma loss, and metabolic
disturbances [5]. Burn injuries also cause profound changes
in  hematological parameters, including leukocytosis,
hyperkalemia, hypoproteinemia, and increased hematocrit. As
blood flows through tissues after a burn, thermal damage and
erythrocyte destruction occur, resulting in the release of free
hemoglobin into the plasma [6,7]. Burn disease also induces a
pronounced leukocyte reaction, which has been described by
many researchers in both clinical and experimental settings
[8]. One of the most pressing issues in modern medicine is
the search for new effective means to accelerate the healing
of burn wounds. Such preparations should be highly effective
and long-lasting, not cause significant side effects, be non-
toxic, have no even short-term negative effects on the body,
and come in a convenient form for oral administration or
injection. Additionally, these preparations should retain their
pharmacological properties for a long time [9]. Burn healing
agents are used for their anti-inflammatory, antiseptic, analgesic,
and regenerative properties [10,11].

In recent years, the perspective on free radical oxidation
and the formation of reactive oxygen species (ROS) has
significantly changed. ROS possess biological effects that,
depending on their concentration, can be either regulatory or
toxic. Despite their reactivity and potential toxicity, oxygen
radicals in small concentrations are normal participants in many
metabolic reactions within cells. Today, at least three main
roles of ROS in the body are recognized. First, the formation
of ROS is a natural physiological process that constantly occurs
in the body. Second, ROS produced in increased quantities act
as a damaging factor. Finally, ROS are considered a signaling
system involved in key regulatory mechanisms of living cells.
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As a multi-component system, ROS ensure the transmission of
external signals to the cell nucleus, followed by the activation of
translation and protein synthesis. Oxygen radicals play a crucial
role in maintaining homeostasis, forming the body's resistance
to infection, and ensuring the regeneration of organs and tissues
[12]. This interest in studying the role of ROS and free radical
oxidation in the mechanisms of action of therapeutic physical
factors aims at correcting free radical processes and disrupted
ROS-mediated metabolic pathways, as well as stimulating
apoptosis and necrosis of pathologically altered tissues [13].

Superoxide radicals (O,’) are free radicals formed in cellular
metabolic reactions either through auto-oxidation or the action of
enzymes such as oxidases. In our bodies, the superoxide radical
is a primary agent of the bactericidal action of phagocytes,
but it can also be a harmful mediator of inflammation and
cause damage to normal tissues [14]. The areas of application
of superoxide radicals are very large, in particular, in wound
healing, in experiment [15].

New thermostable enzymes have been isolated from
biomembranes and biofluids of animal and plant origin, which
continuously produce monocomponent superoxide radicals
under aerobic conditions. The latter are stabilized and transferred
by molecular oxygen [ 16]. Monocomponent superoxide radicals
are important components of aerobic metabolic processes,
stimulate the proliferation of bacteria in the gastrointestinal
tract [17] and in empirical effective concentrations stimulate or
suppress the proliferation of cells of various types [18].

The aim of the work is to find empirically determined effective
concentrations of O2-producing thermostable complex -
enzyme, isolated and purified from raspberries during use in
treatment of thermal burns in the experiment, as an enzyme
that continuously produces monocomponent O, to identify
the effectiveness of the reparative effect on the skin. Since
burn disease causes a pronounced leukocyte reaction [19], it
was deemed appropriate to analyze blood parameters to assess
the condition of animals that had suffered burn injuries and
the healing process. To detect any changes between groups of
animals with untreated burns and those treated with 12.75%
and 5% SPE solutions and injections, the following blood
parameters were examined: blood clotting time, leukocyte
count, platelet count, erythrocyte count, hemoglobin level, and
hematocrit. Additionally, cytogenetic indices of bone marrow
from the femur of the animals were studied, including the
mitotic index, the number of polyploid cells, and chromosomal
aberrations. Skin layers at the burn site and with the injection of
the preparation under the burn wound, stained with hematoxylin-
eosin, were also examined.

Materials and Methods.

Before discovering the healing properties for thermal burns,
it was necessary to isolate the SPE from raspberries, as well as
to determine the continuity of production of monocomponent
superoxides by SPE and their stationary concentration.

1. Isolation of superoxide (O,)-producing enzyme (SPE)
from raspberries:

SPE was isolated from raspberries using a licensed method
[16,20]. In particular, after incubation of aqueous raspberry
homogenate at pH 9.5 and precipitation of the SPE fraction, its
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ion-exchange chromatography on DE-52 cellulose (Whatman),
heat treatment in boiled water, deionization and vacuum
lyophilization, it was stored under anaerobic conditions at
-10°C.

2. Determination of the continuity of production of
monocomponent superoxides by SPE and their stationary
concentration:

Only monocomponent superoxides (superoxides produced by
SPE) reduce cytochrome C (from mitochondria of the bovine
heart), without of it denaturing. However, non-monocomponent
superoxides (formed during the cleavage of peroxides) do not
reduce cytochrome C but denature it [21]. This feature is used
to determine the continuity of production of monocomponent
superoxides by the SPE method. To determine the stationary
concentration of monocomponent produced superoxides, it is
necessary to divide the absorption density of the alpha band
of the introduced cytochrome C (at 550 nm) by the molar
absorption of cytochrome C (30000 M-'cm™).

To obtain SPE, this study, cellulose DE-52 (Whatman,
England), Sephadex G-200 (Pharmacia, Sweden), adrenaline
(Sigma, USA), cytochrome C (electrophoretically pure protein
obtained from bovine heart), the spectrophotometer Cary
60 (USA), the spectrofluorimeter Cary Eclipse (USA), and
centrifuge K-70D (Germany) were used.

Before the experiments, the SPE powder obtained as a result
of lyophilization was dissolved in physiological solution and
solutions of appropriate concentrations (12.75% and 5%) were
prepared.

Male albino rats (Sprague-Dawley) weighing 175-180 g were
used as experimental animals. A thermal third-degree burn
covering 30% of the body surface was applied to the epilated
skin on the back of the animals with a hot object. Then the
damaged skin surface was covered with a solution of SPE, or a
subcutaneous injection was given.

The animals were divided into five groups (6 rats in each
group):

1. Group I: Thermal burn + SPE (12.75% solution, topical
application).

2. Group II: Thermal burn + SPE (12.75% solution,
subcutaneous injection).

3. Group III: Thermal burn + SPE (5% solution, topical
application).

4. Group IV: Thermal burn only («clean burny», control group).

5. Group V: Norm (intact animals).

In group I of animals, a 12.75% SPE solution was applied to
the wound surface 1 hour after the burn and then once a day for
the next 6 days. Animals of group II were given an injection
of 0.5 ml of a 12.75% SPE solution under the wound surface
once a day 1 hour after the burn, and then for the next 6 days. In
group III, a 5% SPE solution was applied to the wound surface
1 hour after the burn and then once a day for the next 6 days.

The activity of these compounds was evaluated based on
survival, showing the dynamics of mortality in the test rats
over a 30-day monitoring period. Visual monitoring of the
burn wound was also conducted, with observations continuing
until complete healing and hair regrowth on the healed
surface. Hematological parameters were also studied. For



hematological analyses, blood was drawn from the tail vein at
specific intervals (on days 3, 7, 14, 21, and 30). The following
parameters were determined: blood clotting time (BCT); the
number of leukocytes, erythrocytes, and platelets (using the
classical method with a Goryaev chamber); hemoglobin levels,
and hematocrit using standard laboratory equipment [22]. The
material for cytogenetic studies was the bone marrow from
the femur of the animals. The cytogenetic study included the
analysis of chromosomes stained with Giemsa dye. Cytogenetic
parameters were studied according to the Ford-Wollam method
[23], determining the mitotic index (MI) in %, chromosomal
aberrations (CA) in %, and polyploid cells (PC) in % in bone
marrow (counting 1000 cells in each preparation), according to
G. McGregor [24]. Metaphase searches were conducted under a
microscope with magnifications of 900 times.

Additionally, microscopic analysis of the skin was performed.
The study material was obtained from animals under anesthesia
(Pentobarbital, 40 mg/kg, intraperitoneal). Samples were taken
from the epilated skin surface on the back of intact animals and
the affected area of experimental animals, fixed in a 10% neutral
formalin solution for 72 hours, and then processed for paraffin
embedding. Sections 5 pm thick were cut using a microtome
and stained with hematoxylin-eosin [25]. The prepared sections
were analyzed under a light microscope. The count of cells
in the basal layer of the skin was conducted in a 1 cm? field
of view at a magnification of 320x. Subsequent imaging of
the prepared sections was carried out using a digital camera
(Amscope MUS500 5 MP, USA) with an OPTON microscope
(West Germany).

Statistical analysis of the obtained data was conducted using
various computer programs designed for statistical processing
of numerical data arrays. Specialized statistical packages
Statsoft-7, SPSS-10.0, MedCalc, and StatGraphics Plus were
used. Correlation, regression, and multivariate regression
analysis methods were applied [26]. Multivariate regression
analysis is a method that allows building a model with a
large number of factors and determining the influence of each
individually as well as their combined effect on the modeled
index [27]. p<0.05 is typically considered to be statistically
significant.

Results and Discussion.

Results of the effect of SPE from raspberry on burn wound
area.

When using the SPE solution, throughout the observation
period, the burn surface remained dry, without signs of pus
formation. Over the 30-day monitoring period, there was a
noticeable trend in wound healing influenced by SPE, with
a reduction in the wound area compared to the control group
(group IV) (Table 1). The results show that the use of SPE in

Table 1. Dynamics of wound surface area (in cm?).

Timelines (in days)
1 3
Groups

I 49.5 45.2
1I 50.2 49.9
I 50.2 46.8
v 50.8 50.1
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both concentrations contributed to a reduction in burn wound
area compared to the control group.

According to the obtained exponential curve equations, the
best result for wound healing of the skin surface was recorded in
group II (with subcutaneous injection of 12.75% SPE solution)
(Figure 1).

Survival over 30 days (until the end of the experiment) was
100% in groups I and II, 80% in group III and 60% in group IV,
which confirms the correct choice of solution concentration and
the effectiveness of the 12.75% SPE. This is supported by the
fastest healing rates observed in group II.

Results of the hematological study.

As seen from the hematological indices (Table 2 and Figure 2),
the application of SPE results in a significant difference from the
«clean burn» group throughout the experiment and a tendency
towards normalization of the BCT. There is also a significant
increase in the level of leukocytes (leukocytosis) relative to
the «clean burn» group. As for platelets, all three groups show
a significant decrease compared to the "«clean burn» group
and normalization. The level of erythrocytes throughout the
experiment in groups II and III is significantly different from
the «clean burn» group (indicating a beneficial effect). Both
with a clean burn and with the use of SPE during the entire
analysis period, there is unreliable variability in hemoglobin
and hematocrit between all groups of experimental animals,
which is reflected in Table 2. This indicates that this drug does
not significantly affect these red blood parameters. Literature
sources note that with the restoration of the skin, the levels of
hemoglobin, erythrocytes, and leukocytes normalize [28]. It
should be noted that because of SPE from raspberry, the healing
of the skin occurred faster.

In the animals, a significant correlational relationship was
found between hematocrit, hemoglobin, and erythrocytes
(r=0.89-0.93), indicating a restoration of hemoconcentration
by the 30th day of the experiment. Using multiple regression
analysis, we determined the interdependence of these three
indices (Figure 3).

Simultaneously, even in the early period, there is significant
activation of bone marrow hematopoiesis, which somewhat
compensates for the loss of erythrocytes. Alongside this,
leukocytosis is observed, which characterizes not only the stage
of burn shock but also the subsequent acute period—toxemia.
Initially, leukocytosis represents, to some extent, blood
thickening, while later, during the toxemia stage, it develops
due to the intense tissue breakdown and purulent process on the
burned skin. In groups I and III, an increase in leukocyte levels
was observed not only compared to the burned-only group
but also compared to the normal intact group. Only in group
IT did the leukocyte count reach 16,900 + 1,700 N/pL by day

7 14 21 30

43.4 38.5 30.5 26.6
42.5 34 28.6 24.8
40 37.2 28.8 25.2
448 39.2 30.7 27.2



Table 2. Dynamics of changes in blood parameters (*p<0.05).

Timelines (.m days) 3 7 14 21 30
Group Indices
. 264.0 215.0 225.6 277.8 330.0
Blood Coagulation 1Vgr +12.88 £1432 +£13.09 +15.77 +18.44
Time (seconds) Tgr 387.5 . 278.7 280.8 . 290.7 251.7 .
Normal Range +22.05 : +34.23 : +25.71 ! +14.93 : +33.38 :
311.0£19.0 Ilgr 475.0+5.0 175.0+10.0 138.0+12.0 156.5+6.5 246.5+16.5
IIIgr 388.0+2.0" 327.5+47.5" 320.0+£30.8" 210.0+7.2° 243.0+£11.17
IVar 14720.0 16920.0 11320.0 13640 15960.0
+810.0 +618.0 +890.0 +670.0 +460.0
Leukocytes (VL) [ 15100.0 21366.7 20066.7 224333 28600.0
Normal Range g +1688.19 +1416.49" +2115.76" +940.09" +2552.38"
115000 Tgr 11800.0 15500.0 11500.0 16900.0 19100.0
4420 +800.0" +5500.0 +1500.0 +1700.0 +4700.0
Iigr 15300.0 17900.0 13200.0 21600.0 24000.0
+100.0 +100.0 +107.0" +102.0 +3100.0°
IVer 627000.0 681400.0 609000.0 590000 571000
+10793.52 +62572.38 +52115.26 +37524.98 +22934.69
Platelets (N/uL) 375000.0 346666.7 442500.0 395000.0 4458833
Tgr +49006.8" +28509.26" +24212.6" +59651.77° +30507.29"
Normal Range
522000.0 Tgr 327500.9 500000.0* 410000.0* 5 12500.0* 330000.0*
£10560.0 +2500.0 +35000.0 +11000.0 +12500.0 +45000.0
IMigr 382500.0 412500.0 440000.0 425000.0 395000
+32500.0 +27500.0 +17600.0 +15500.0" +40000"
IVar 5920000 3130000 3560000 6470000 6380000
Red Blood Cells +130000 +1000000 +180000 +104000 +190000
(N/uL) Tgr 5961666.7 5814833.3 5598333.3 6275000.0 5850000.0
+413790.7 +421322.5 +390558.72" +212818.39 +221163.59
Normal Range Tgr 5825000.0 5425000.0 5125000.0 4500000.0 5200000
5823000.0 +825000.0 +25000.0 +825000.0" +100000.0" +200000"
+278800.0 Iigr 6075000.0 5715000.0 5200000.0 6800000 4450000
+25000.0 +685000.0" +50000.0 +100000.0" +327000
. IVgr 135.7+£3.81 135.9+5.4 144.4+6.02 144.6+5.43 143.6+£5.28
gﬁ’r”n‘iﬁ”l’(’;'; g(i/“ Igr 140.6::4.1 128.5+3.74 130.06.45 138.2+5.89 140.1£5.3
138.145.82 Ilgr 135.243.0 129.9+0.7 130.3£0.9" 138.1+4.1 140.94£9.15
IIIgr 137.4+14.0 134.3£5.9 136.0+6.8 140.0+£7.9 145.6+9.5
Hematocrit (%) IVgr 46.7+1.4 49.1+0.91 47.3+1.11 48.3+1.18 44.5+1.71
Normal Rangoe Igr 45.2+2.6 43.4+1.96" 42.0+£1.5" 43.34+2.62 44.2+2.01
5724175 Ilgr 42.6+5.75 39.5+1.3" 42.1+£0.1" 45.4+2.85 46.7+£3.3
IIIgr 46.9+2.15 40.8+0.8" 42.3+1.1° 45.6+2.1 48.3+3.4
Table 3. Changes in cytogenetic parameters in groups I and Il relative to groups IV and V, *p<0.05.
Indices Norm «Clean burn» Application to skin il{l;lelfltéon under the Application to skin
(Ven) IV gr) X gr 12.75%) (I gr 12.75%) (III gr 5%)
Mitotic Index (%) 20.35+£2.8 9.840.96 17.8+0.6* 17.35+0.45* 18.0+1.7*
Polyploid cells (%) 0.5+0.08 3.7+£0.1* 2.0+£0.01* 1.3+0.3* 2.24+0.21%*
Chromosomal aberrations (%) 2.6+0.26 6.8+0.74 3.7+0.1* 3.540.1%* 3.6+£0.3*

Table 4. Number of epidermal layer cells in the microscopic field of view for third-degree burns and burns with injection of SPE solution under the
wound on the 30th day post-burn. Counting under magnification: *320.

Number of cells
Norm
415.0+4.9

«Clean burn»
328.0+38.5

Injection SPE under the burn wound
397.0+46.0
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1= 49.8511%exp(-0.0213%)

Il = 513987 exp(-0.0255™x)

ll = 49.8621 *exp(-0.0237*x)
Control = 52 BE02%exp(-0.0225"x)
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Figure 1. Dynamics of decrease in the area of damaged skin surface in 4 groups (1, 11, I1l and Control (IV) groups). x-axis: number of days elapsed
since the start of the experiments, y-axis: area of the damaged skin surface.
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Figure 2. Dynamics of changes in blood indices under the influence of SPE: a) Blood coagulation time (BCT),; b) Leukocytes; c) Platelets; d)
Erythrocytes; e) Hemoglobin, f) Hematocrit.
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Figure 3. Multiple regression relationship of indices characterizing the degree of hemoconcentration on the 3rd and 30th days after skin damage

due to burns with the application of SPE. The corresponding equations are z=6.385E6-45320.25*x+1.3177E5%y and z= 1,6647E5+36568.65*x+
12652.22%y, where x- he hemoglobin level, y- the hematocrit level, and z - the erythrocyte level.

Figure 5. Histology (hematoxylin-eosin staining) of the skin in intact animals (4), in a «clean burny (B, and in a burn with injection of the SPE
solution under the burn wound (C). Magnification: x400.
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21, and 19,100 + 4,700 N/uL by day 30, which is statistically
significantly higher than normal values (11,500 = 420 N/uL),
likely due to different mechanisms of action of SPE (Table 2).

Results of the cytogenetic study.

Karyotype analysis showed that almost all cytogenetic
parameters on the 30th day of the experiment in the experimental
groups (groups IV («clean burn») and I, II (application of
12.75% SPE solution to the skin and when injecting it under the
wound, respectively)) were statistically significantly different
from the karyotype data of the intact animals (group V).

The results of the cytogenetic study on the 30th day of the
experiment showed that animals with «clean burns», compared
to intact animals (PC = 0.5+0.08; MI = 20.35+2.8), exhibited
a significant increase in PC (3.7+0.1) and a decrease in MI
(9.8£0.96). These changes are typically observed during
inflammatory processes and are accompanied by suppression of
bone marrow hematopoiesis [29].

Under the influence of SPE (groups I, II and III), there was
a significant reduction in the percentage of PC (2.0+0.01;
1.3+0.3 and 2.240.21, respectively), which possibly indicates a
beneficial effect of the treatment. There was also a trend towards
normalization of MI (17.8+0.6; 17.35+0.45 and 18.0+1.7,
respectively) under the influence of the SPE (Table 3). As for
chromosomal aberrations, similar to PC, the percentage of
chromosomal aberrations normalized under the SPE (3.7+0.1;
3.5+0.1 and 3.6+0.3, respectively) compared to «clean burn»
(6.8+0.74). A reverse correlation was observed between MI and
the number of PC and chromosomal aberrations. Chromosomal
aberrations observed on the 30th day after a third-degree thermal
burn were most commonly single and double fragments (Figure 4).

Thus, comparing the cytogenetic indices at the 30th day
of the experiment, a statistically significant difference was
observed between group IV («clean burn») and groups I, 11
and III (application of the 12.75% and 5% SPE solutions to the
skin and injection the 12.75% SPE solution under the wound,
respectively), indicating the beneficial effect of SPE at a
concentration of 12.75% and 5%t (Table 3).

Results of the morphological study.

Macroscopic analysis of the skin after a third-degree thermal
burn showed that that all layers of the skin were damaged and
massive blisters with a thick shell filled with bloody contents
formed at the burn site, then a wound covered with a scab
formed. Morphometric analysis of the skin showed that on
the 30th day after the burn in the epidermal layer of the skin,
the density of granular and spinous cells becomes less than in
intact animals (Figure 5). And when using a 12.75% solution
of SPE solution, there is a tendency to increase the number of
cells in epidermal layer of the skin compared to a «clean burny,
although this did not reach statistical significance (Table 4).

Conclusion.

This study showed that raspberry-derived SPE has healing
properties for thermal burns and promotes rapid healing of the
burn wound. By evaluating hematological, cytogenetic, and
histological parameters, significant differences were observed
between the IV group («clean burn») and the I, II, and III
groups, where SPE was applied in various concentrations and
methods of application. The fastest healing rates were observed
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when using a 12.75% SPE solution subcutaneously, under the
wound surface. In addition, the survival rate of animals was one
hundred percent when using a 12.75% SPE solution, and when
using a 5% SPE solution, the survival rate of animals was lower.
Thus, the 12.75% SPE solution proved to be more effective both
when applied to the skin and when injected subcutaneously.
This suggests that SPE from raspberry berries has therapeutic
properties and may have the potential to prevent or mitigate the
effects of deep burns in animals, warranting further research
into its properties and biological activity as a promising and
effective agent for burn treatment.
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Pesome

TepMudeckre 0KOTHU SBJIAIOTCS HAN00JIee paCIPOCTPAHCHHBIM
THUTIOM OXOTOBBIX TPaBM. MEIHWIMHCKOE JICYCHUE OXKOTOB
HMEeT pellammiee 3HaYCHUEe, OCOOCHHO KOTJa OHU TPEThel
CTCTICHM ¥ KOIJa 3aTpOHyTa 3HAYUTEIbHAs IUIOMIATH
moBepxHOcTH Tena. OmHoW w3 Hamboliee aKTyaJ bHBIX
MpoOJIeM COBPEMCHHOW MEIUIIMHBI SBJSICTCS IMOWCK HOBBIX
3¢ (GEKTUBHBIX CPEICTB, YCKOPSIONUX 3a)KUBICHUE 0YKOTOBBIX
pad. KucropomHble pamuKkanbl WIPAIOT 3HAYUTCIHHYIO POJIb
B TOJUICPXKAaHUHM TOMeocTa3a, (OPMHUPOBAHUU YCTOHYUBOCTU
opranusMa K HHGpEKIUsIM, OOCCICUCHUH pPEreHepaluu
OpPraHOB W TKaHeW. B maHHOM WccieOBaHUM OBUT MPUMEHEH
cynepokcuz (O,)-npoaynupyromuii pepment (superoxide (O,-
)-producing enzyme, SPE) u3 sirom manuHbl (HaHECCHHE Ha
KOXXHYIO TIOBEPXHOCTh, HHBCKITUH TT0JI PAHEBYIO TOBEPXHOCTH;
koHHeHtpauuun 12.75% u 5%) mocne TepMHUYECKOTrO
O)KOTa TPETheW CTCNEeHU) AN BhIABICHHUS 3()(OEKTUBHOCTH
€ro pemapaTHBHOTO BO3JCHCTBHS Ha KOXy. [l OleHKH
COCTOSIHUSI OpTaHWU3Ma >KHBOTHBIX, TEPCHECIINX OXOTOBYIO



TpaBMy M TIpOIlECC 3aXKMBJEHUs, OBLI TIPOBEAEH aHAIM3
IapaMeTpoB KpOBH, a TaKXke M3ydadd LUTOTeHETUYECKHE
MOKa3aTeN KOCTHOTO Mo3ra U3 OelpeHHOI KOCTH KMBOTHBIX:
MUTOTUYECKUN HHIEKC, KOJUYECTBO MOJUIIOUIHBIX KIIETOK,
XpoMocoMHble abeppauunu. [Ipu aHanmm3e reMaToIOTHYECKUX,
LUTOTCHETHYECKUX W TUCTOJIOTMYECKUX TOoKasarened Obun
OOHapy>KeHbI 3HAUYMMBbIE Pa3IHUUMsl MKy TPyNIaMi «IUCTBIN
0KOT» U IPyINIaMH, B KOTOPBIX IpuMeHsuics SPE B pa3nuuHbIX
KOHLIEHTpalMsiX M crocobax HaHeceHus. Ilpumenenne SPE
B 00eMX KOHLEHTPALUsIX CIIOCOOCTBOBAJIO YMEHBIICHHIO
IUIOIIAJN OKOTOBBIX PaH IO CPaBHEHUIO C YUCTHIM OXKOTOM.
BepkuBaeMocTh KMBOTHBIX 3a 30 pgHell (IO OKOHYaHUS
skcnepumenTta) cocraBuna 100% mnpu npumenenun 12.75%
SPE pactBopa u 50% npu npumenenuu 5% SPE pacrtsopa.
IIpumenenne SPE mnpuBoguT K JOCTOBEPHOMY OTIHYUIO
reMaTOJIOTHUECKUX MOoKa3aTenel OT TPyHMbl «YUCTBIA OXKOD»
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Ha MPOTSHKEHUH BCETO BPEMEHH SKCIEPUMEHTA M HaOJIIoAaeTcst
TEHJICHIMS K HOpMaln3aluy 3TuX rnokasarenei. [lox BiustHnem
12.75% pactBopa SPE mpu HaHeceHMM Ha paHy U TIOCIE
WHBEKIMH TOJ paHy OTMEYeHa TEeHJICHIMS K HOpMalH3aliu
MUTOTHYECKOT0 MHAEKCA, U TIOIy4YE€HO JOCTOBEPHOE CHIKEHUE
MIPOLIEHTA MTOJUILUION/IHBIX KJIETOK M XPOMOCOMHBIX abepparui,
YTO BO3MOJKHO, YKa3bIBaeT Ha €ro OJIaroTBOpHOE JEHCTBHE.
OT1o wuccinepoBaHue mnokasano, 4ro 12.75% pactBop SPE,
TIOJYYEHHbIH W3 MaJlMHBI, OKa3zalcst Oosee 3(p(EeKTHBHBIM U
o0agaeT 1esleOHBIME CBOWCTBAMH P TEPMUYECKUX 0XKOTaxX
TpeThe CTENeHH, CIOCOOCTBYSI OBICTPOMY 3a)XKHBJIEHHIO
0’KOTOBOM paHBbI.

KiroueBnbie cioBa. Tepmuueckuil 0or TpeTbeill CTENEHH,
cynepokcrn  (O,)-npomynupyomi  QepMeHT,  MallMHa,
TeMaTOJIOTHYECKHE  TT0Ka3aTeNld, MOJUIUIOWAHBIE  KIICTKH,
MHUTOTHYECKUH UHJIEKC.
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