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ABSTRACT

The results of a study of the wound healing activity of a composition based on the hydrogel of polyhexamethylene guanidine
hydrochloride and Bergenia crassifolia extract, under conditions of modeling thermal burns in laboratory animals (rats),
are presented. It was found that the composition affects the change in the summary antioxidant and leukocyte activity
towards the normalization of these indicators. Morphological analysis of the slices showed that, under the influence of a
polyhexamethylene guanidine hydrogel composition and B.crassifolia extract, healing proceeds more intensively than in
the control group and is manifested by a smaller thickness of the leukocyte-necrotic scab, accelerated epithelization, and

complete closure of the skin defect.
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INTRODUCTION

Healing of skin wounds requires the selection of an
appropriate treatment based on the current stage
of tissue damage. The first stage of burn wound
treatment usually involves antiseptic agents that
prevent the penetration of harmful microorganisms
into the wound, and wound healing stimulators that
exhibit anti-inflammatory properties and promote the
growth of leukocytes [1]. Multicomponent industrial
preparations such as ointment and gel are traditionally
used for external application. These preparations are
based on polyethylene oxide, polyvinyl alcohol, and
polyacrylates [2, 3]. As drug carriers, polymer hydrogels
have gained increasing interest [4-7]. There has been
tremendous interest in polyguanidines because of their
high antibacterial properties, low toxicity and ability to
form highly swollen hydrogels that can be complexed
[8-11]. In our previous study, we demonstrated that
the gels exhibit wound-healing effects comparable to
those of widely used chloramphenicol and methyluracil
preparations [12, 13]. Thus, these gels can be used to
design herbal or chemical medicinal products to treat
skin injuries [14, 15].

With polyhexamethylene guanidine hydrochloride
(PHMGH) hydrogel’s high sorption activity, we anticipate
the development of highly effective drugs that combine
the antimicrobial and wound healing properties of
both the hydrogel and plants that have been used in
alternative medicine for more than a decade, including
medicinal plants from the Baikal region [16].

Leaves and roots of B.crassifolia extract are widely
used in making medicines, food and biologically
active additives, balms, syrups, drinks, and herbal
teas. The medicinal properties of B.crassifolia extract
have long been used in folk medicine, as well as
in Chinese and Tibetan medicine. Tuberculosis,
pneumonia, rheumatism, gastrointestinal diseases,
and other diseases are treated with badan leaves in
traditional medicine. Mongolian medicine uses badan
as a treatment for nausea and vomiting. During several
growing seasons, one plant has green, red, and black
leaves. The black leaves used in our study contain
substances that exhibit adaptogenic, antistress,
antioxidant, and immunomodulatory effects [17].

The aim of the study was to obtain PHMGH hydrogel
compositions with B.crassifolia extract and study their
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effects on thermal burn wound healing in rats.

EXPERIMENTAL

Monomers:  Guanidine  hydrochloride  (GHC)
produced by «Across Organics» was used without
pre-purification (99%, T_= 185-189 °C, [H,O] <0.2%).
Hexamethylenediamine (HMDA) was purified by
distillation at 205 °C; the fraction was collected at 202-
205 °C. 10% Formalin solution (Serosep HistoPot) was
used. HMDA was purified by distillation at 205 °C; the
fraction was collected at 202-205 °C.

Hydrogel synthesis: PHMGH was obtained by adding
10 - % formaldehyde solution to the polymer solution
(C=30 g/dL) in fivefold excess relative to the number of
terminal amino groups [8]. A one-hour reaction was run
at room temperature. We purified the hydrogel from the
sol fraction by washing the filtrate with distilled water on
a Buchner funnel, with the refractive index of the filtrate
being controlled to equal the refractive index of water.
Determination of the equilibrium degree of swelling:
The equilibrium swelling hydrogel (Q,) was determined
by the gravimetric method [18]. The swollen hydrogel
samples were weighed and placed into a desiccator
after drying.

The calculation was carried out according to the
formula:

Q,=(m,-m,)/m,

where m_ is the mass of the swollen gel, m, is the mass
of the dry gel.

The study of pH sensitivity of hydrogel: We
determined the dependency of Q  on pH using an
IZMTEH 1-160MI laboratory ionometer. By adding the
required amount of HCI, the pH of the medium was
smoothly changed to the acid side.

Herbal raw materials: The black leaves of
B.crassifolia (L.) Fritsch were used in the study. The
black (overwintered) leaves of B.crassifolia were
collected in October 2019 on the coast of Lake Baikal
(Republic of Buryatia). The samples were delivered
to the Biotechnological Center of East Siberian State
University of Technology and Management (Ulan-Ude,
Russia). The collected leaves were straightened, sorted,
washed in cold water and laid out for air drying in a dry,
warm and ventilated room for 48-60 hours. Turning the
leaves over three or four times a day prevented mold
growth and rot. The dry plant material was stored in a
paper bag. To prepare the extract, the dry leaves were
crushed to 3-5 mm.

Preparation of plant extracts: In research used
pharmacy materials, such as leather bergenia leaves
(Bergenia crassifolia (L.) Fritsch.) in the study. Plant
extracts were prepared according to the pharmacopoeia
article GPA.1.5.3.0006.15 of the State Pharmacopoeia
in XIII edition named “Extractable Assay Test in Tedicinal
Plant Materials and Herbal Medicines” (method 1). About
1g of powdered drug plant material (exact amount) was
sifted through sieve with 1mm hole diameter and placed
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in a conical flask (capacity about 200-250 ml), after that
it was added 50 ml of water, flask was plugged with a
stopper, weighed (accurate to £0.01 g) and left for 1 h.
The flask then was joined with reflux and heated up on
boiling water bath. The flask with content after cooling
was plugged with the same stopper and weighted.
Loss in weight of the flask content was cured by the
same solvent. Flask content was thoroughly shaken
and filtered through dry paper filter into a dry flask with
capacity about 150-200 ml. 25 ml of the resulted filtrate
was pipeted into a 50-70 ml porcelain casserole which
was predried atatemperature of 100-105 °C toa constant
weight. After that the content of a porcelain casserole
was evaporated on water bath to dryness. Casserole
with solid residue was dried to a constant weight at a
temperature of 100-105 °C, also it was cooled for 30
minutes in desiccator with anhydrous calcium chloride
at the bottom and immediately weighted.

Preparation of the hydrogel composition:
Composites were prepared by immersion of a 1g
sample weight into solutions of plant extracts for
different intervals (15, 30, 45, 60, 75 min.). Sample
weights were removed and dried at an ambient
temperature to a constant weight after hydrogel was
held in plant extracts.

Quantitative analysis was treated by using a Milichrom
A-02 microcolumn liquid chromatograph (Ekonova,
Novosibirsk, Russia) on a ProntoSIL-120-5-C18 AQ
column (2 x 75 mm, 5 ym; Metronm AG, Herisau,
Switzerland); moving phase: 0.2 M LiCIO, in 0.006 M
HCIO, (A), MeCN (B). Gradient (% B): 0 - 6 min 10
- 20%, 6 - 9.3 min 20%, 9.3 - 10 min 20 - 30%, 10
-14 min 30 - 35%, 14 - 16 min 35 - 55% (B.crassifolia
leaves); 0 -5 min 11 - 18%, 5-9 min 18%, 9-10 min 18
- 20%, 10 - 12 min 20 - 25%, 12 - 16 min 25%, 16 - 20
min 25 - 100% (Calendula’s officinalis flowers); 0 - 27
min 5 - 10% (Tussilago farfara leaves). Separation was
performed at a flow rate of 150 pl/min and at a column’s
temperature of 35°C.

Detection was performed with UV-detector at a
distance of 270 nm (Bergenia crassifolia leaves) and
330 nm (Calendula officinalis flowers and Tussilago
farfara leaves). Ratio-method was provided with such
reference materials as a: gallic acid (>96%), arbutin
(>97%), bergenit (>95%), 3-O- caffeoylquinic acid
(>93%), 4-O- caffeoylquinic acid (>95%), 3,4-di-O-
caffeoylquinic acid (>92%), 4,5-di-O- caffeoylquinic
acid (>94%), 3.5-di-O- caffeoylquinic acid (>90%), 1.3-
di-O- caffeoylquinic acid (>95%; all Sigma-Aldrich).
Narcissine (>95%) and typhaneoside (>92%) were
extracted arlier. The results are depicted in mean of 5
parallel definitions (+ standard deviation, SD). Sample
preparation was provided by transferring accurate
weight of gel (80 mg) into the Eppendorf tube (2 ml),
adding 1 ml of water and treating by ultrasonic (50
kHz, 30 min, 40°C). After all sample was centrifuged
(6000 g, 20 min). Obtained extract was filtered through
membrane filter (0.45 um) and used for assay (1 pl).
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FTIR spectroscopy, TG analysis and DS
calorimetry: Fourier-transform infrared spectroscopy
(FTIR) (ALPHA (Bruker, Germany) with attenuated total
reflection attachment (ZnSe crystal), 4000-600 cm")
and data of thermogravimetric analysis and differential
scanning calorimetry (TG/DSC) (STA 449 F3 Jupiter
(NETZSCH, Germany); 5 °C/min, N,/O, atmosphere)
were obtained using the equipment of the Collective
Use Center of Buryat Scientific Center, Siberian branch,
Russian Academy of Sciences.
Determination of toxicity: Acute toxicity studies were
conducted on 50 white male mice weighing 18-24 g
obtained from the East Siberian Institute of Medical
and Ecological Research (Russia, Angarsk). After
the animals underwent a two-week quarantine, they
were kept under normal vivarium conditions (room
temperature 20-22 °C, relative air humidity 60-65%).
Groups of 10 mice were kept in metal cages. Wood
sawdust served as bedding. The cages were cleaned
2 times a week. The mice were fed a mixed diet of
porridge, grains, and vegetables. Tap water was used
for drinking.
The experimental animals were divided into 5 groups:

| - control group;

Il - animals treated once with 1000 mg/kg hydrogel;

Il - animals treated once with 3000 mg/kg hydrogel;

IV - animals treated once with 5000 mg/kg hydrogel;

V - animals treated once with 8000 mg/kg hydrogel.
These experiments were carried out according to
requirements for preclinical studies of new drugs’
general toxic effects [19].
The day before the experiment began, the animals were
deprived of food. Using individual controlled feeding,
the test substance was administered as part of the feed
as a mixture with a small amount of porridge.
The experiments started at the same time in the
morning. The animals were evaluated based on the
following criteria: appearance, coat condition, behavior
activity, changes in coordination of movements, gait,
water and food consumption, excretion, etc.
After the observation period (14 days), the experimental
and control animals were decapitated under light
ether anesthesia and weighed. The internal organs
were examined macroscopically and weighed after
the autopsy. Using Statistica 6.0 software, parametric
analyses were conducted on research results.
Thermal burn simulation: Experimental burn mod-
eling was performed in the vivarium of East Siberian
State University of Technology and Management on 40
outbred white rats weighing 180 - 200 g of both sexes.
The animals and the vivarium were kept in accordance
with Rules of Laboratory Practice (GLP), Order of the
Ministry of Health of Russia dated April 1, 2016 N 199n
“On Approval of the Rules of Good Laboratory Prac-
tice” and SP 2.2.1.3218-14 “Sanitary requirements for
the device, equipment, and maintenance of experimen-
tal biological clinics (vivariums)’. Based on sex, age,
weight, and randomization, the animals were divided
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into five groups:

I - intact group (water ad libitum);

Il - control group (burn and self-healing);

lll - group of animals (burn and treatment with

PGMGH hydrogel and B.crassifolia extract, complex

preparation);

IV - group of animals (burn and treatment with

B.crassifolia extract);

V - group of animals (burn and treatment with a

reference drug based on chloramphenicol and

methyluracilused).
This experiment was conducted according to the
Federal Law dated 27 Dec., 2018 “On the Responsible
Treatment of Animals and on Amendments to Certain
Legislative Acts of the Russian Federation” and “Rules
adopted by the European Convention for the Protection
of Vertebrate Animals” (Strasbourg, 1986). During ether
anesthesia, the animals underwent a thermal burn with
a hot water solution at about 100°C after hair removal
in the right lateral area [19].
The burn depth covered the subcutaneous layer after
ten seconds of exposure. Exposure caused a burn
with a degree of Il (lll “@” in the Russian Federation),
covering 4-5% of the body surface. The day of wound
inflicted was considered as day zero (dpt - day post
treatment). The burn wound area was 5.0-6.0 cm?. After
removing the burn scab on the burn surface, the animals
were treated with the drugs the next day. The research
protocol was approved by the Ethical Commission of
the East Siberian State University of Technology and
Management (Protocol No. 3 of 02.02.2019).
Wound dressings were not removed until the surface
of the wound had healed completely. Vulnography was
used to determine wound healing. The wound size,
appearance, type of discharge, and time for complete
healing of the wounds were all assessed each day
using a transparent film and graph paper [20]. Various
dosage forms were analyzed on dpt 6, 13 and 20 after
injury to determine how they repaired the wound and
affected its surface.
Histological analisys: On the 6, 13, and 20 dpt, rats
were phased out (2, 3, 3 animals) from the experiment
using chloroform vapors. They took blood from the
femoral artery, and after euthanasia, skin tissue samples
were taken, placed in a 10% formalin solution, which
was neutral. After that, they were washed in running
water for 24 hours, followed by wiring and pouring into
paraffin blocks. 50 sections were analyzed for each
animal. Histological sections with a thickness of 7 ym
were stained with hematoxylin and eosin according
to Ehrlich and picrofuchsin according to Weigert and
examined according to the Van Gieson method.
Axiostar plus microscope and a video camera for
MICROCAM microscope were used to measure the
thickness of the skin and other cellular inclusions such
as epidermis, dermis, epithelium of hair follicles, and
leukocyte count in the blood, granulation tissue and the
number of fibroblasts.
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An analysis of correlation was conducted within
experimental groups according to Pearson’s test.
A statistical analysis of the resulting digital data was
conducted using MS Excel. Following the generally
accepted method, an Axiostar plus trinocular
microscope was used in eight fields of view for counting
fibroblasts. Based on the Student’s test [21], significant
results were determined as P < 0.05.

Blood test: Blood was collected from the animals on
the 7, 13, and 20 dpt of the experiment in a test tube
containing heparin (50 units/ml). Asummary antioxidant
activity (SAA), total leukocyte and erythrocyte content,
catalase enzyme activity, and malondialdehyde content
were determined. Using the amperometric method, the
SAA of blood serum of the animals was determined
on a liquid chromatograph “Tsvet-Yauza-01-AA”. The
mass concentration of water-soluble antioxidants was
measured based on the calibration plot of signal output
versus quercetin concentration [22].

Goryaev chamber was used to count the leukocytes in
blood diluted with 3% acetic acid stained with methylene
blue [23]. When blood was diluted with saline, the total
number of erythrocytes was determined in Goryaev
chamber.

The total erythrocyte counts in whole blood were
determined by counting in the Goryaev chamber when
diluted the blood with saline solution [23].

The permanganate method (according to Bach and
Zubkova) was used to measure catalase activity in
the blood. Catalase number is an indicator of enzyme
activity [24].

The concentration of malondialdehyde in blood serum
was determined using the method of M.Uchiyama and
M.Michara [25, 26].

According to the generally accepted method, Axiostar
microscopes (Germany) were used in 12 fields of view
to count fibroblasts. In addition, the rate of healing of
burn injuries was measured by the daily decrease in
the area of the wound, calculated by the formula:
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where S, - is the size of the wound at the first
measurement (dpt 0); Sn - is the size of the wound at
the subsequent measurement (i.e., 3, 5dptand etc.); ¢ -
is the number of days between the first and subsequent
measurements. A percentage of the animals with
healed wounds was also recorded.

The results were statistically analyzed using the
Biostat-2006 program. The results were represented
by a median Me, upper and lower quartiles Q1-Q3.
The significance of differences was determined using
the Mann-Whitney test. We considered the results
significant when a level of difference was reached
p=<0.05.

RESULTS AND DISCUSSION

PHMGH-based hydrogels were obtained by cross-
linking the amino groups of PHMGH with formaldehyde
[27]. By using a cross-linking agent, it is possible
to increase the yield of the product to 70-80%,
compared to some hydrogels produced by long-term
polycondensation of monomers close to stoichiometric
ratios (yield 45%). Additionally, the conditions for its
production are milder, requiring less time, which is
more suitable for commercialization. For spatially
cross-linked structures, a polymer with a large number
of terminal amino groups is essential for further
interaction with aldehydes at the first stage. This led
to branched PHMGH being synthesized at a ratio of
1 monomer (GHC) to 1.4 monomer (HMDA) [8]. The
polymer was further treated with formaldehyde to
produce a hydrogel.

Based on the FTIR spectra of the polymer and the
hydrogel obtained (Fig. 1), a band of stretching
vibrations of amino groups is observed at 3250 cm-.
However, the intensity of the band decreases for the
hydrogel during interaction with formaldehyde. This
could be explained by the consumption of terminal
amino groups of the polymer.

Since a methylene bridge binds the terminal
amino groups, nitrogen atoms exhibit a negative
inductive effect, increasing the polarity of the -CH,
group, blocking scissor deformation vibrations
(1460 cm™), while inducing wagging and torsional
vibrations between 1300 cm™ and 1270 cm™ (Fig. 2).
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Fig. 2. Enlarged image of IR spectra. 1-PGMGHC,

2-hydrogel
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In this gel, both branching and crosslinking centers
are substituted hexahydrotriazine rings formed by
aldehyde acting on the terminal -NH, of the water-
soluble precursor (PHMGH) as well as branching
centers already present in the precursor at the third
amino group of HGC. Each of the substituents is a
linear fragment of PHMGH.

In addition, TG/DSC analysis of the hydrogel
allowed evaluation of the polymer’s thermooxidative
degradation. In Fig. 3 weight loss is observed at 100°C
due to evaporation of water from the hydrogel sample.
Thermal degradation of the polymer begins at 180°C.
There follows stepwise destruction, probably due
to successive destruction of the hexahydrotriazine
ring, the guanidine group, and the thermal-oxidative
destruction of aliphatic residues.
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Fig. 3. TGA/ DSC curves of the PGMGHC hydrogel

Based on the above, the hydrogel can be represented
schematically as follows:

Scheme 1. Reaction of the preparation of the PGMGHC
hydrogel

Swelling ratio of hydrogel: Swelling is one of the key
characteristics of hydrogels. Hydrogels swell due to
their porous structure, flexible polymer chain sections,
high crosslink density, and affinity for solvents. lonic
hydrogels are prone to swelling because of osmotic
pressure, which is generated by dissociation, as well
as electrostatic repulsion between chain sections with
the same charge. It is possible to control swelling by
changing the solvent composition, for instance, by
adjusting pH. Fig. 4 shows the sensitivity of the resulting
hydrogel to pH.
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Fig. 4. Dependence of the equilibrium degree of swelling
Qp of the PGMGHC hydrogel on the change in the
pH of the medium

The pH range from 1.2 to 7 did not affect Qp. Hydrolysis
of the hydrogel in an acidic environment leads to
decomposition into fragments of the original polymer,
which in turn is not a disadvantage since the released
PHMGH fragments inhibit the growth of pathogenic
bacteria. This leads to the fact that the released
fragments of PHMGH inhibit the growth of pathogenic
bacteria due to their antiseptic activity [28].

Hydrogel toxicity: All chemicals are classified
according to their toxicity and other derived
characteristics [29]. Such studies allow evaluation of
their safety in practical use, which is one of the main
requirements for wound healing drugs due to their
direct contact with the patient.

According to results of toxicological studies performed
in the study, the animals receiving the hydrogel by
single feeding in the studied doses (1000, 3000, 5000,
and 8000 mg/kg) did not die during the observation
period (14 days).

During the entire observation period, the experimental
animals did not differ from the control group in
appearance, behavior, coat condition, intake of water
and feed, and excretion. There were some deviations
in body weight and growth from control indicators in
animals treated with the drug, but these changes were
not statistically significant (Table 1).

Table 1. Body weight and weight gain of white mice in the
control and experimental groups with a single
injection of PGMGH hydrogel in different doses

(M+m)

Indicat Groups of animal
nait I

cators I 1l M v v
Initial body 19.1:0.6 21.8:0.8 19.7+0.7 19.8:0.8 21.1:0.9
weight, g
Body weight
oftor 14 dys, g 234107 262105 23906 23.8:0.7 255105
Body weight
gainafter 14 225+1.4 202+11 213+1.9 202415 20.9+2.1
days,%

Neither the experimental nor control groups showed
any differences in the macroscopic appearance of their
internal organs. The internal organs of the animals
showed no pathological changes.

The relative mass ratios of the internal organs in the
control and experimental groups are shown in Table
2. Although the internal organ masses of the control
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and experimental groups differed slightly, no significant
differences were observed.

Table 2. Coefficients of the mass of the internal organs of
white mice in the control and experimental groups
with a single injection of PGMGH hydrogel at
different doses (M + m)

Groups of animal

Indicators

| ] ] v \'
Heart 0.56+0.04 0.45+0.08 0.48+0.03 0.48+0.06 0.46+0.04
Liver 4.54+0.18 4.15+0.19 4.37+0.13 4.50+0.20 4.08+0.13
Spleen 0.27+0.03 0.33+0.05 0.30+0.04 0.28+0.02 0.32+0.08
Kidney 1.32+0.05 1.29+0.04 1.18+0.07 1.27+0.05 1.18+0.08

In an acute experiment on mice fed PHMGH/
formaldehyde hydrogel at doses of 1000, 3000, 5000
and 8000 mg/kg, lethal outcomes were not observed,
so the semi-lethal dose (LD,) was not determined.
We conclude from the studies conducted that this
substance is practically non-toxic and can be classified
as hazard class V according to GOST 32419-2013
(2000 < LD, = 5000).

The chemical composition of B.crassifolia extract:
In the experiment the hydrogel composition with black
leaf extracts of B.crassifolia (complex preparation)
was obtained. Compositions were received by holding
hydrogel in solutions of plant extracts for different
intervals [30]. During the sorption of B.crassifolia extract
compounds the largest values (82.45%) were reached
for gallic acid held in solutions for 75 min, concentration
of arbutin (23.86%) and bergenin (17.14%) was
roughly the same for all the time (Table 1). As gallic
acid is a component of tannin esters, which exhibit an
antioxidant effect both in oral and external applications
[14]. In the future this may have a beneficial effect on
wound healing.

The experiment modeled on a thermal burn: In the
experiment modeled on a thermal burn was applied to
laboratory animals as a wound healing agent.

Data on the dynamics of changes in the area of the
wound are presented in Fig. 5.

=1~ intact group (water ad libitum);

mli-c

I group (burn and self-healing);
{burn and treatment with polyhexamethyleneguanidine hydrochloride hydrogel (PGMGH-hydrogel) and Bergenia

(burn and treatment with Bergen

=V - group of animals (burn and treatment with a reference drug based on chloramphenicol and methyluracilused),

Fig. 5. Dynamics of wound healing in rats with thermal
burns. Experienced groups: 1-control; 2-ointment
based on chloramphenicol and methyluracil;
3-PGMGHC hydrogel; 4-B. crassifolia extract;
5-composition
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The animals of group V had the minimum wound
surface area at the end of the experiment. In this
study, the complex preparation was used, which has a
wound healing effect due to the antibacterial action of
the guanidine-containing hydrogel and the antioxidant
activity of the extract. Starting on the 3 dpt of the
experiment (visual control), the area of wounds on the
animals of the experimental groups was statistically
significantly different from those of the control group.
The animals of the experimental group | showed the
greatest decrease in wound area. We have obtained
preliminary data on morphological analysis of burn
wound healing in rats. According to histomorphological
analysis, all experimental animals exposed to thermal
exposure developed the same type of thermal burn Il “@”
degree. The same destructive and dystrophic processes
were observed in all layers of the skin, with the loss of
all hair follicles, sweat glands, and sebaceous glands. All
skin layers and subcutaneous muscle fibers underwent
coagulation necrosis in most areas of the wound surface.
A morphofunctional study of epidermis, dermis, and
subcutaneous tissue was carried out in intact animals.
Skin consists of two layers, the dermis and the epidermis,
which are separated by the basement membrane and
pass through the subcutaneous fatty tissue without sharp
borders (Fig. 6).

The histological sections clearly show hair follicles and
sebaceous glands with excretory ducts (Fig. 7).

The bulk of cellular elements are fibroblasts and
fibrocytes. There are areas where polyblasts are
forming. In the connective tissues of the skin,
microscopy revealed blood vessels (small capillaries
and large veins) as well as fibrocytes and fibroblasts.
Hair follicles with growing epithelium were observed in
large numbers in the dermis.

On the 6 dpt of the experiment, the histology of the
burns was most prominent in the control group (with
“natural healing” of wounds). In microscopy, epidermal
tissue displays coagulative necrosis. Epidermis covers
the inflammatory area. Infiltration with total necrosis
follows thermal damage. Hair follicles and sebaceous
glands are observed locally. In the epidermis, there is
purulent exudate (Fig. 9). Leukocyte layer thickness
reaches 404.07 ym, and its average value is 253.75
um.

Dead leukocyte cells, stratum corneum peeling,
and young polyblasts form this layer. In addition,
fibrocytes and fibroblasts were observed in small
numbers. As well, there are deep destructive and
dystrophic processes in all layers of the epidermis,
resulting in blurring of the boundaries between them.
According to the study, the thickness of the granulation
tissue on the 13 dpt of the experiment was not
determined in the control group. An inflammatory scab
with granulation areas was observed throughout the
wound injury in the control group on the 20 dpt, and
its dimensions averaged 1085.40 + 33.50 pm (p<0.05).
Polymorphic leukocyte shafts were also observed,
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Fig.6. Intact group of animals, stratified squamous
epithelium of the epidermis, hair shafts, a-horny,
b-granular, c-prickly, d-papillary layers, e-epithelium of
hair follicles (10x10)

limiting the scab from the wound surface at a height of
166.00 £ 0.62 uym. Rats’ immune systems responded
by infiltrating wounds and activating macrophages.

As compared with the other two experimental groups, the
healing process of the burn wound was most effective in
the group Il on the 6 dpt of the experiment, when 100
mg of a complex preparation was applied daily to the
wound area. Based on the microscopic examination,
wound defects have been reduced more rapidly.

There was a less pronounced inflammatory response
to wounds in the epidermis of animals in this group. In
the control group (with “natural healing” wounds), the
scab was thinner. During epithelialization, epithelium
grew on the wound surface from the epithelial cells at
the wound’s edges and in the deep layers of the skin
with granulation tissue forming by secondary intention
(Fig.11).

However, this group of animals shows less pronounced
edema of the dermis and hypodermis than the control
group. Under the scab, a layer of stratified epithelium
is visible beneath the inflammatory tissue. Compared
to the control group, the experimental group | formed
granulation tissue more rapidly and the burn area was
partially covered by epithelium. During epithelization,
epithelium grows from the edge of the wound toward
the surface of the wound (Figs. 12, 13).

A different histological picture was observed in sections
of thermal burns of the experimental group IV of animals
treated with B.crassifolia extract than in sections from
other experimental groups. There was local purulent
exudate with penetration into the deep dermal layers
on the 6 and 13 dpt in the area of thermal burn.

Upon treatment of burns with the extract of B.crassifolia
thick-leaved, the affected area showed a clearly
developed macrophage reaction. In a laboratory study
of sections taken on the 20 dpt of the experiment, no
signs of hyperemia or edema were observed in the
group IV of animals. Connective tissue of the regenerate
was mature, clean, and structurally similar to healthy
skin of intact animals. A slight pink granulation tissue
filled the outer surface of the skin and had an average
thickness of 1287.41 + 33.50 uym (p<0.05). Dermis
revealed numerous areas with hair follicles with thin

Fig. 7. Hair follicles with sebaceous glands and fibroblast
cells and fibrocytes (intact group). a-sebaceous glands,

b-follicle

epithelium, c-horizontal vascular loops,

d-fibroblast cells of the dermis (20x10)
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epithelium with an average thickness of 7.73:0.86 pm
(p=0.05) (Figs. 15, 16).

In the experimental group V of animals treated with
chloramphenicol and methyluracil ointment, thin layers
of scab with signs of necrosis were observed on the 6
dpt (Fig. 17).

There was a purulent exudate with local skin peeling
on the surface of the epidermis on the 13 and 20 dpt.
It was noted on the 20 dpt of the experiment that the
burned area was covered with an epithelial layer,
and a slight hyperemia persisted without signs of
edema. Epithelium edges are uneven and pathological
processes continued in the experimental group
treated with ointment containing chloramphenicol and
methyluracil. The epithelium of hair follicles was thin
at 11.01+1.27 ym, while the leukocyte-necrotic scab in
the area of inflammation had an average thickness of
106.25 + 11.58 ym (Figs. 18, 19).

As a result, the complex preparation had a greater
reparative effect than the reference drug and the
aqueous extract of B.crassifolia.

Blood test: The pathogenesis of burn disease is
strongly influenced by decreased antioxidant activity
(AOA). In burns, AOA levels decrease significantly in
blood serum and membranes of erythrocytes, providing
indirect confirmation of a decrease in endogenous
antioxidant levels [31, 32].

Based on Table 5, burns (control group (ll)) showed
a decrease in SAA. Compared with the norm (intact
animals), dynamics were 18, 24, and 5% on the 6, 13,
and 20 dpt. The complex preparation, badan extract and
ointment based on chloramphenicol and methyluracil
used during treatment resulted in an increase in SAA,
and the process of restoring this indicator was most
pronounced in the experimental group lll. The damage
caused by burns increases the number of leukocytes
(leukocytosis). Moreover, the literature describes two
waves of leukocytosis. During the first 6 - 12 hs after
injury, the total number of leukocytes reaches a
maximum and lasts for three days before decreasing.
On the 5 and 10 dpt, the second wave begins and lasts
3-8 days, while the maximum number of leukocytes is
usually lower in this wave [33].
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Fig. 8. Histological picture of the burn in the control
group (6 dpt). There is coagulation necrosis of the
epidermis, blurring of the boundaries between the
layers, a-purulent exudate, b-leukocyte-necrotic
layer, c-coagulation necrosis of connective
tissue with symptoms of edema and infiltration,

Fig. 9. Group Il, severe hyperemia, edema
wit infiltration and plethora of blood vessels,
a-leukocyte-necroticscab, b-smallpurulentexudate,
polyblast cells, d-hair follicles (20 dpt) (10x10)

Fig. 10. Group Il on dpt 20, local formation of
hair follicles and pronounced purulent exudate.
Horizontal and vertical vascular loops: a-single
fibroblasts, b-hair follicles, c-sebaceous gland
residues, d-polyblasts, e-granulation tissue
(10x10)

d-residues of the sebaceous glands, e-horizontal
vascular loops (10x10)

Fig. 11. Group Ill with less pronounced hyperemia
and a thin layer of purulent exudate (6 dpt),
a-leukocyte-necrotic layer, b-purulent exudate,
c-remnants of hair follicles, d-vascular loops
(10x10)

Fig. 13. A large number of hair follicles in the
dermis and a small amount of decreasing purulent
exudate at the bottom of the burn: a-mesh layer,
b-local purulent exudate, c-granulation tissue,
d-hair follicles (10x10)

Fig. 12. Treatment of a burn wound with a group
I, mature epidermis with hair follicles and
growing epithelium: a-horny, b-granular, c-prickly,
d-papillary, e -basal (10x10)

Fig. 14. Group IV: a-purulent exudate, b-horny, Fig. 15. Treatment with group IV. Mature epidermis
c-granular, d-prickly, e-basal, f-papillary layers with hair follicles: a-granular, b-papillary, c-prickly,
(10x10) d-horny, e-basal layers (10x10)

Fig. 16. Treatment of a thermal burn with group
IV: a-leukocyte-necrotic layer, b-hair follicles,
c-granulation tissue (10x10)

Fig. 17. Treatment of a burn wound group V.
Detachment of the epidermis from its own skin
(dermis), a-cells of fibroblasts, b-remnants of the
sebaceous glands, c-exfoliation of the epidermis
from the dermis, d-remnants of hair follicles,
e-purulent exudate, f-blood vessel (10x10)

Fig.
epidermis:
d-basal, e - fibroblast cells, f — horny, g - purulent
exudate (10x10)

18. Group V, visible five layers of the
a-prickly,  b-granular, c-papillary,

Fig. 14. Group V, dermis condition: a-sebaceous
gland residues, b-blood vessels, c-vascular loops,
d-hair follicle residues, e-hair follicles (10x10)
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Table 4. Morphometric data of rat wounds after a burn on the 20 dpt of healing

Epidermal /

Granulation

Epidermis Derma thickness R . . . Fibroblasts of Leukocyte- Hair follicle
Group . dermis thickness tissue thickness . . . .
thickness (mcm) (mcm) the dermis necrotic layer  epithelium
(mcm) (mcm)

| 485.59+24.92 2039.49+104.65 2544.25+64.78 - 37.67+£1.09 - 11.70+0.34

ll 241.89+24.78"  1082.56+24.78" 1383.77+135.16" 2039,41+33.50 13.67+0.67"" 166.00+0.67 7.73+0.86"

I 354.3+12.912 1488.30+50.46"2 1807.14+94.12"2 2178.00+48.58  30.00+0.52% 85.39+9.832 14.15+1.13%

\Y 361.82+5.89"2  1519.63+24.73"2 1881.45+15.31"2 1969.15+32.84 14.67+0.67"* 187.35+7.02>° 7.60+1.02°
\Y 358.15+15.49""2  1504.23+65.06""2 1851.60+40.27"'2 2268.00+30.43 27.17+0.87"'%% 166.25+11.85% 11.01+£1.27724

Table 5. SAA in blood serum from rats with thermal burns (Me (Q1-Q3))

Dpt / SAA, mg/100 ml

Group 6 13 20
I 31.35" (31.1-31.57) 29.17" (27.81-30.53) 36.11 ™ (35.64-36.58)
[ 34.202 (33.98-34.4) 36.05 (33.14-38.96) 40.03(38.88-41.18)
\Y 34.01"2(33.39-34.63) 34.80 (32.05-37.55) 35.41"3(35.05-35.77)
Vv 35.44"23 34.09 2 (33.28-34.9) 34.407234 (34.02-34.72)

According to our data (Table 6), the number of
leukocytes increased in the control group (Il) on the 6,
13, and 20 dpt by 24, 64, and 22%, respectively. As a
result of the use of the studied drugs in the treatment,
the number of leukocytes in the peripheral blood of rats
was restored. The recovery process of this indicator
was most pronounced in group lll (under the action of a

complex preparation) on the 13 and 20 dpt.

One of the oldest enzymes in the human body’s
antioxidant system, catalase belongs to a class of
enzymes called oxidoreductases that catalyze redox
reactions. Tables 7 and 8 present experimental data on
catalase activity (catalase number and catalase index)
in the blood of rats.

Table 6. Leukocyte count in the blood of rats during thermal burns (Me (Q1-Q3)).

Dpt / Count of leukocytes x10%/I

Group 6 13 20
I 6.88 (6.17-7.59) 9.13"(8.82-9.75) 6.81"(6.37-7.25)
i 6.00 (5.54-6.47) 6.442(6.06-6.84) 6.06 (5.68-6.44)
\Y 6.75 (6.09-7.44) 6.872(6.54-7.25) 6.54 (6.10-6.98)
Vv 5.58 (5.33-5.83) 6.842(6.67-7.01) 6.38 (6.07-6.69)

Table 7. Catalase activity (catalase number) in rats with thermal burns (Me(Q1-Q3)).

Dpt / catalase number, unit

Sroup 6 13 20
[ 10.73™ (9.80-11.66) 9.41*(8.51-10.31) 10.47"(9.34-11.16)
I 12.33 2(11.73-12.93) 11.3372(10.46-12.2) 12.987(12.24-13.72)
\Y 12.502(11.91-13.09) 10.03"(9.24-10.82) 11.8022 (11.37-12.23)
v 12.03(10.81-13.25) 11.0472(10.42-11.66) 11.81(10.96-12.66)

As follows from the data in Table 7, the burn (group II)
led to a decrease in the catalase number on all days
of the study (dpt 6, 13, and 20), which was below the
norm by 16, 26, and 18%, respectively. As a result of
treatment with all studied drugs, the catalase number
in the blood of rats returned to normal. The recovery
process of this indicator was most pronounced in group
Il (under the action of a complex preparation) on the
13 and 20 dpt. A catalase index can also be used to
measure catalase activity, which is the ratio of catalase
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Table 8. The catalase index in the blood of rats with ther-
mal burn (Me).

Dpt / Count of erythrocytes, mil. /1 mcl

Group blood / catalase index, *10¢
6 13 20
1 6.70/1.60 5.85/1.61 6.01/1.74
11 6.50/1.90 5.62/2.02 5.99/2.17
\Y, 6.40/1.95 5.13/1.96 5.64/2.09
\Y 6.60/1.82 5.61/ 1.96 6.00/1.97
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Table 9. The content of malondialdehyde (CMDA) in the blood serum of rats with thermal burns (Me (Q1-Q3))

Group Dpt/ C,,,,, mcmol/l
6 13 20
Il 1.67" (1.57-1.77) 1.78™ (1.64-1.92) 1.24 (1.17-1.31)
1] 1.262(1.16-1.35) 1.4772(1.44-1.50) 0.972(0.81-1.13)
\Y, 1.3672 (1.21-1.51) 1.52'2 (1.42-1.62) 1,21 (1.02-1.4)

v 1.312 (1.11-1.51)

1.4872(1.45-1.51)

1.012 (0.91-1.11)

activity to millions of erythrocytes in 1.0 ul of blood
(Table 8).

As follows from the data in Table. 8, the complex
preparation had the greatest reparative effect (group
lll). It significantly restored the catalase index on the 13
and 20 dpt (p< 0.05).

As a result of burn injury, lipid peroxidation (LPO) of
biological objects changes. In order to assess the
intensity of lipid peroxidation (LPO), malondialdehyde
(concentration), which reacts with thiobarbituric acid to
form a complex of active products, is widely used [34].
Their accumulation in tissues is one of the indicators of
redox state disturbance and is a method for the early
detection of metabolic disorders [35].

Table 9 shows the changes in malonic aldehyde levels
in the experiment.

It follows from Table 9 that thermal burn (group II)
caused an increase in the content of malonaldehyde
in the blood serum of rats on the subsequent 6, 13
and 20 dpt, respectively, by 44, 53 and 7% compared
with intact animals. During all dpt in group lll, the most
pronounced process of restoring this indicator was
observed due to the use of a complex preparation.

CONCLUSIONS

Complex preparation were found to be effective in
treating experimental animals with thermal skin burns,
as they facilitated wound cleansing and accelerated
healing. Additionally, they contributed to more intense
healing of damage and the formation of granulation
tissue than the pharmacopoeial preparation based
on chloramphenicol and methyluracil, which was
manifested in the inhibition of inflammatory processes
with purulent-necrotic complications and the prevention
of fiber degradation. According to the study, the hydrogel
composition normalizes the total antioxidant and
leukocyte activity and indicates a normal wound healing
process. Due to the presence of natural antioxidants in
the extract of B.crassifolia, the composition provides
wound healing properties of its own, enhanced by the
hydrogel’s wound healing properties.

Accordingly, it has been shown that the use of a hydrogel
composition containing the extract of B.crassifolia has
a positive effect on the healing process of burns and
opens up the possibility of developing new compositions
using extracts of Baikal medicinal plants.
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