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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 (O2

-)-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 (O2
-)-

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 

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 (О2
-) 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 O2

-, 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 (O2

-)-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 

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 SPЕ 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-1cm-1).

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 burn», 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 
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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 µm 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 cm² field 
of view at a magnification of 320x. Subsequent imaging of 
the prepared sections was carried out using a digital camera 
(Amscope MU500 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 

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 
II did the leukocyte count reach 16,900 ± 1,700 N/µL by day 

                               Timelines (in days) 
Groups 1 3 7 14 21 30

I 49.5 45.2 43.4 38.5 30.5 26.6
II 50.2 49.9 42.5 34 28.6 24.8
III 50.2 46.8 40 37.2 28.8 25.2
IV 50.8 50.1 44.8 39.2 30.7 27.2

Table 1. Dynamics of wound surface area (in cm²).
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Timelines (in days)
3 7 14 21 30Group Indices

Blood Coagulation 

Time (seconds)
Normal Range
311.0±19.0

IVgr 264.0
±12.88

215.0
±14.32

225.6
±13.09

277.8
±15.77

330.0
±18.44

Igr 387.5
±22.05*

278.7
±34.23

280.8
±25.71*

290.7
±14.93

251.7
±33.38*

IIgr 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±11.1*

Leukocytes (N/µL)

Normal Range
11500.0
±420

IVgr 14720.0
±810.0

16920.0
±618.0

11320.0
±890.0

13640
±670.0

15960.0
±460.0

Igr 15100.0
±1688.19

21366.7
±1416.49*

20066.7
±2115.76*

22433.3
±940.09*

28600.0
±2552.38*

IIgr 11800.0 
±800.0*

15500.0
 ±5500.0

11500.0
±1500.0

16900.0
±1700.0

19100.0
±4700.0

IIIgr 15300.0
±100.0

17900.0
±100.0

13200.0
±107.0*

21600.0
±102.0*

24000.0
±3100.0*

Platelets (N/µL)

Normal Range
522000,0
±10560.0

IVgr 627000.0
±10793.52

681400.0
±62572.38

609000.0
±52115.26

590000
±37524.98

571000
±22934.69

Igr 375000.0
±49006.8*

346666.7
±28509.26*

442500.0
±24212.6*

395000.0
±59651.77*

445883.3
±30507.29*

IIgr 327500.0
±2500.0*

500000.0
±35000.0*

410000.0
±11000.0*

512500.0
±12500.0*

330000.0
±45000.0*

IIIgr 382500.0
±32500.0*

412500.0
±27500.0*

440000.0
±17600.0*

425000.0
±15500.0*

395000
±40000*

Red Blood Cells 
(N/µL) 

Normal Range
5823000.0
±278800.0

IVgr 5920000
±130000

3130000
±1000000

3560000
±180000

6470000
±104000

6380000
±190000

Igr 5961666.7
±413790.7

5814833.3
±421322.5

5598333.3
±390558.72*

6275000.0
±212818.39

5850000.0
±221163.59

IIgr 5825000.0
±825000.0

5425000.0
±25000.0*

5125000.0
±825000.0*

4500000.0
±100000.0*

5200000
±200000*

IIIgr 6075000.0
±25000.0

5715000.0
±685000.0*

5200000.0
±50000.0*

6800000
±100000.0*

4450000
±327000 *

Hemoglobin (g/L)
Normal Range
138.1±5.82

IVgr 135.7±3.81 135.9±5.4 144.4±6.02 144.6±5.43 143.6±5.28
Igr 140.6±4.1 128.5±3.74 130.0±6.45 138.2±5.89 140.1±5.3
IIgr 135.2±3.0 129.9±0.7 130.3±0.9* 138.1±4.1 140.9±9.15
IIIgr 137.4±14.0 134.3±5.9 136.0±6.8 140.0±7.9 145.6±9.5

Hematocrit (%)
Normal Range
57.2±1.75

IVgr 46.7±1.4 49.1±0.91 47.3±1.11 48.3±1.18 44.5±1.71
Igr 45.2±2.6 43.4±1.96* 42.0±1.5* 43.3±2.62 44.2±2.01
IIgr 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 2. Dynamics of changes in blood parameters (*p<0.05).

Indices Norm 
(V gr)

«Clean burn»
 (IV gr)

Application to skin 
(I gr 12.75%)

Injection under the 
wound 
(II gr 12.75%)

Application to skin 
(III gr 5%)

Mitotic Index (%) 20.35±2.8 9.8±0.96 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* 2.2±0.21*
Chromosomal aberrations (%) 2.6±0.26 6.8±0.74 3.7±0.1* 3.5±0.1* 3.6±0.3*

Table 3. Changes in cytogenetic parameters in groups I and II relative to groups IV and V, *p<0.05.

Number of cells
Norm «Clean burn» Injection SPE under the burn wound
415.0±4.9 328.0±38.5 397.0±46.0

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.
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Figure 1. Dynamics of decrease in the area of damaged skin surface in 4 groups (I, II, III and Control (IV) groups). x-axis: number of days elapsed 
since the start of the experiments; y-axis: area of the damaged skin surface.

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 4. Bone marrow cells. Cytogenetic abnormalities: a) Deletion, b) Polyploid cell, c) Double fragment. Magnification: ×900.

Figure 5. Histology (hematoxylin-eosin staining) of the skin in intact animals (A), in a «clean burn» (B, and in a burn with injection of the SPE 
solution under the burn wound (C). Magnification: ×400.
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21, and 19,100 ± 4,700 N/µL by day 30, which is statistically 
significantly higher than normal values (11,500 ± 420 N/µL), 
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 2.2±0.21, 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, II 
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 burn», 
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 

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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ПРОДУКТИРУЮЩЕГО ФЕРМЕНТНОГО 
КОМПЛЕКСА ИЗ МАЛИНЫ НА КРЫС С 
ТЕРМИЧЕСКИМИ ОЖОГАМИ ТРЕТЬЕЙ СТЕПЕНИ
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Резюме
Термические ожоги являются наиболее распространенным 

типом ожоговых травм. Медицинское лечение ожогов 
имеет решающее значение, особенно когда они третьей 
степени и когда затронута значительная площадь 
поверхности тела. Одной из наиболее актуальных 
проблем современной медицины является поиск новых 
эффективных средств, ускоряющих заживление ожоговых 
ран. Кислородные радикалы играют значительную роль 
в поддержании гомеостаза, формировании устойчивости 
организма к инфекциям, обеспечении регенерации 
органов и тканей. В данном исследовании был применен 
супероксид (O2

-)-продуцирующий фермент (superoxide (O2-
)-producing enzyme, SPE) из ягод малины (нанесение на 
кожную поверхность, инъекции под раневую поверхность; 
концентрации 12.75% и 5%) после термического 
ожога третьей степени) для выявления эффективности 
его репаративного воздействия на кожу. Для оценки 
состояния организма животных, перенесших ожоговую 
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травму и процесс заживления, был проведен анализ 
параметров крови, а также изучали цитогенетические 
показатели костного мозга из бедренной кости животных: 
митотический индекс, количество полиплоидных клеток, 
хромосомные аберрации. При анализе гематологических, 
цитогенетических и гистологических показателей были 
обнаружены значимые различия между группами «чистый 
ожог» и группами, в которых применялся SPE в различных 
концентрациях и способах нанесения. Применение SPE 
в обеих концентрациях способствовало уменьшению 
площади ожоговых ран по сравнению с чистым ожогом. 
Выживаемость животных за 30 дней (до окончания 
эксперимента) составила 100% при применении 12.75% 
SPE раствора и 50% при применении 5% SPE раствора. 
Применение SPE приводит к достоверному отличию 
гематологических показателей от группы «чистый ожог» 

на протяжении всего времени эксперимента и наблюдается 
тенденция к нормализации этих показателей. Под влиянием 
12.75% раствора SPE при нанесении на рану и после 
инъекции под рану отмечена тенденция к нормализации 
митотического индекса, и получено достоверное снижение 
процента полиплоидных клеток и хромосомных аберраций, 
что возможно, указывает на его благотворное действие. 
Это исследование показало, что 12.75% раствор SPE, 
полученный из малины, оказался более эффективным и 
обладает целебными свойствами при термических ожогах 
третьей степени, способствуя быстрому заживлению 
ожоговой раны.

Ключевые слова. Термический ожог третьей степени, 
супероксид (O2

-)-продуцирующй фермент, малина, 
гематологические показатели, полиплоидные клетки, 
митотический индекс.
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