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Abstract

Annotation: the wound process is difficult, multicomponent and has its own a phase of character.
Recently, there has been an active search for new products for the treatment and prevention of
purulent wounds. The effect of sorbents on the process of wound healing is being studied. The impact
of the damaging factor causes the development of inflammation, which leads to immediate
biochemical changes. During primary alteration, cells are destroyed and their contents are released,
the permeability of the vascular wall increases, and individual blood components can be easily
transported to the external environment. Previously, a decrease in the concentration of total protein
in the blood has already been noted. At the first stage of the wound process, one part of the protein
is transferred to the exudate, and the other goes to decay to amino acids. In terms of energy
disbalance amino acids enter into deamination and transamination reactions, as indicated by the high
activity of alanine aminotransferase and aspartate aminotransferase as well as increased
concentration of urea. The products of amino acid breakdown enter the Krebs cycle for subsequent
energy production, which is necessary for further regeneration processes. Violations of the integrity
of muscle tissue leads to the fact that the concentration of creatinine in the blood increases. Creatine
phosphate due to the destruction of muscle fiber does not mobilize the generation of ATP, but reacts
to non-enzymatic dephosphorylation with the formation of creatine anhydride - creatinine.
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use antibiotics. However, considering the high rate of
mutation of hospital strains of microorganisms,
antibiotics can lead to resistant resistance and
reinfection of the wound. Practitioners are increasingly
in alternative methods of treatment of purulent wounds
(Mayorov et al. 2018). By now, developed and
implemented a variety of different methods and methods
of treatment of wound processes, but none of them fully
satisfy the surgeons (Gatiatullin et al. 2018, Stolyarov et
al. 2003). Therefore, the flow of new proposals does not
decrease, and the issues of treating wounds and wound
infections continue to attract the attention of authors and
practitioners (Pods 1982). The success of treatment of
patients with purulent wounds depends largely on local

INTRODUCTION

Treatment of patients with purulent wounds is still
one of the most important problems of clinical surgery.
Currently, most practitioners and researchers of purulent
processes follow to phase treatment of purulent wounds
(Abaev 2006, Gaidul and Mukhin 2005, Gorokhov 2016,
Kondratenko and Sobolev 2007, Pervushkin et al. 1998,
Vinnik et al. 2013). During inflammation, metabolism
changes not only in the area of damage, but also in other
organs and tissues. Previously, a study of changes in
the wound focus (Shaposhnikov et al. 2016), was carried
out, there was an increase in the concentration of total
protein in wound exudate and glucose, the pH of

exudate was changed to the acidic side. In that way, the
part of the protein which has entered the wound surface
is exposed to microorganisms. As a result, of processes
of decay products of amino acids are formed, in
particular such toxic substances such as phenol and
indole, which easily penetrate into the internal
environment (Ohunov et al. 2018). Considering the
infection of the wound, the vast majority of practitioners

treatment. In this connection, it remains important to
search for new methods and means of such treatment
with multidirectional action, providing antimicrobial, anti-
inflammatory and reparative effect (Magomedov 2011).
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In particular, there is an increasing interest in sorption
wound coverings, which allow reducing exudations. Also
in a number of publications (Shaposhnikov et al. 2016)
it is noted that many sorption wound coverings inhibit the
growth of pathogenic microflora, which allows us to
consider sorbents as antimicrobial agents.

The aim of our research was to study the dynamics
of the General biochemical parameters of blood of
laboratory rats in accordance with the phases of the
wound process using phytomineralsorbents.

MATERIALS AND METHODS

The research of wound healing properties of
phytomineralosorbents in the form of powder and gel, as
well as spray Dexpantenol (Pharmstandart, Russia) was
carried out on white linear rats Wistar (80 PCs.), which
were selected as a biological model (Tiganov et al.
2018).

Phytomineralosorbents is a complex sorption
composite based on inorganic minerals of the
montmorillonite group and of the extract of the medicinal
plants Thymus serpylum. Due to the high sorption
capacity, this agent has a depressing effect on the
pathogenic microflora (Vezentsev and Trubitsin 2012,
Vezentsev et al. 2010) and is a good neutralizer of the
acidic environment (Bukhanov et al. 2014). Biologically
active substances included in Thymus serpyllum extract
have antiseptic properties and stimulate regeneration
processes (Garnik et al. 2009, Shitaba et al. 2008). For
ease of wuse in the application of wounds
phytomineralosorbents used in two forms: powder and
gel.

Rats were simulated purulent wounds. For 4 hours
before the operation was canceled feed and water.
Anesthesia was carried out by chloral hydrate (300
mg/kg) and zoletil (150 mg/kg) intraperitoneally. Wounds
were inflicted in the interscapular area with an average
diameter of 2.83 cm2, which was 1% of the entire
surface of the skin of rats. A special port was sewn into
the injured area using a purse-string suture (for the
collection of exudate and local study of the wound), and
a certain means was added to it that corresponded to
the experimental groups. Then the strain of Escherichia
coly was applied to the wound area in a fixed dose of
2108 microbial cells.

All studies were carried out in compliance with the
requirements of the “ Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes” adopted by the Council of Europe
(Strasbourg, France, 1986) and Council Directive
86/609/EEC of 24.11.19

The size of the wound surface was measured of
animals during the whole observation period. The study
of blood of laboratory animals was carried out on each
phase of the wound process on the third, ninth and
fifteenth days. Blood sampling for General and
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Fig. 1. Change in the area of the wound defect

biochemical analysis was carried out from the tail vein
into tubes with EDTA anticoagulant, under the action of
anesthesia stage |, using analgesics.

Blood tests were performed on a hematological
analyzer “Sysmex XP-300" (Germany), and biochemical
“Sobas 4000” (Germany) with standard reagent kits.

Statistical analysis of the results was performed
using the method of variance analysis, we calculated the
average and the variance of the factorial (Dract) and
deviation from the midline (m). The reliability of the
results of the study was determined by the Fisher
method by the criterion of t-student. The significance
level p<0.05 was taken as reliable (Samson et al. 2018).

Correlation analysis was performed with the
determination of the correlation coefficient by the
criterion of Pearson’s agreement. Multiple regression
model was constructed from the most statistically
significant indicators, data on the change in the wound
defect were selected as the effective trait. All
calculations were performed using MS Excel XP
software (Lapach et al. 2001).

RESULTS AND DISCUSSION

On the 18th day in the group, where wounds were
treated with the gel form of phytomineralosorbents, the
area of the wound surface was significantly lower than
the initial value by 81% (Fig. 1). The area of the wound
surface in animals where Dexpanthenol was used was
the lowest (on average 65% less than other groups).
However, the use of phytomineralosorbents in the form
of powder stimulated a earlier decrease in the area of
the wound defect, than in other animals.

Biochemical changes in the body of animals and
humans underlie the development of various types of
external and internal inflammatory processes.

The biochemical status of laboratory animals on the
3rd day of the experiment is presented in Table 1. The
total protein content was higher than normal only in the
control group, by 16%. However, physiological
fluctuations of total protein in the blood serum mostly
depend on changes in the volume of the liquid part of the
blood and are associated with the synthesis or loss of
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Table 1. Biochemical analysis of rats blood on the 3rd day after the application of a model wound (M m), n=5
Experimental Basic ! I II{ I\(
. group - Control Dexpantenol Phyto-mineralo- Phyto-mineralo-
Indicator index on P sorbents powder sorbents gel
Total protein (g/l) 74.78+ 7.232 86.75+ 1,410 70.87+ 4.243° 65.00+ 3,372° 70.20+ 3.372°
Albumin (g/l) 37.75+ 1.842 35.53+ 0.849 35.50+ 1.77 29.80+ 1.686™° 38.13+ 0.592
Alanine aminotransferase (u/l) 3840+ 6.390 48.00 + 0.843 50.70+ 3,372 64.20+ 1.686™° 46.70+ 1.686
Aspartate aminotransferase (u/l) 97.90+ 8.622 265.67+ 6.813" 67.30+ 5.058"™ 371.40 £ 5.058™ 285.20+ 8.429™
Urea (mmol/l) 15.93+ 5.064 33.07+ 5.438" 27.60+ 3.372 15.67+ 1.689° 13.20+ 1.686°
Creatinine (mmol/l) 150.33+ 34.108 322.00+ 17.841° 350.67+42.427°  156.00 + 16.859° 154.00+ 6.743°
Bilirubin total (mmol/l) 2.63+£1.310 4.10£ 0.337 2.90+ 0.137° 3.13+ 0.098° 3.30+ 0.069
Glucose (mmol/l) 5.40+ 0.521 3.51+ 0.836 3.00+ 0.169° 2.54+ 0.160° 4.92+ 0.169

Note: here and everywhere below * significant differences from the corresponding indicators in animals with baseline, p <0.05; ° - significant differences in

performance compared with group | of rats, p <0.05

Table 2. Biochemical analysis of blood of rats on the 9th day after application of a model wound (Mt m), n=5

Experimental Basic ! I II{ I\(
) group index Control Dexpantenol Phyto-mineralo- Phyto-mineralo-

Indicator sorbents powder sorbents gel
Total protein (g/l) 74.78+ 7.232 56.70+ 6.743 63.43+ 5.150 59.71+ 7.600 53.53+ 7.602

Albumin (g/) 37.75+ 1.842 27.33+ 0.506" 31.62+ 1.686" 24.93+ 1.349 23.81+ 1.016™
Alanine aminotransferase (u/l) 38.40+ 6.390 50.65+ 6.390 51.41+ 5.058 49.82+ 6.743 41.93+ 6.743

Aspartate aminotransferase (u/l) 97.90+ 8.622 135.90+ 7.596 121.74+ 8.555 120.43+ 9.386° 154.12+ 8.921°
Urea (mmol/l) 15.93+ 5.064 10.55+ 5.058 13.41+ 5.921 16.40+ 5.064 11.42+ 3.372

Creatinine (mmol/l) 150.33+ 34.108 168.00+ 33.717 211.03+ 28.808 201.50+ 33.717 198.20+ 25.752
Bilirubin total (mmol/l) 2.63+1.310 5.00+ 1.686 5.14+ 0.681 4.96+ 0.506 4.88+ 0.760
Glucose (mmol/l) 5.40+ 0.521 3.62+ 0.592 3.46+ 0.341* 3.85+ 0.506 3.43+0.515

protein. Also hemolysis which is observed in all The level of glucose in the blood depends on the

experimental groups, gives a false positive increase in
total protein by 3% for every 1 g of free hemoglobin per
liter of blood serum (Galimov et al. 2008). Thus, it can
be assumed that the total protein in the experimental
groups is significantly reduced. Albumins have a great
influence on osmotic and oncotic pressure of the blood
and, consequently, on the exchange of water between it
and tissues. The amount of albumin was significantly
higher than the background index in group Ill by 18%,
which indicates dehydration of the organism.

In the blood serum of rats at this stage of the
experiment increased alanine aminotransferase activity
in groups |, lll and IV by an average of 37%. The activity
of aspartate aminotransferase was significantly higher
than the background indicator in all groups by 2.7 times.
An increased of activity of aminotransferases was noted
in a number of pathological processes in which the liver
is involved.

Urea concentration was higher than the initial value
only in groups | and IV by 2.1 times and 1.7 times,
respectively. The creatinine index was significantly
higher than the norm in the control group in 2.1 times,
and in group Il in 2.3 times. Simultaneous increase in
serum creatinine and urea levels is a sign of ammonia
utilization in inflammatory process.

Bilirubin is a tetrapyrrole pigment formed in the
process of catabolism of the the hemine portion of
hemoglobin (protoporphyrin 1X) of red blood cells that
have completed their life cycle. The amount of total
bilirubin  corresponded to normal physiological
parameters in all groups except control. In group | was
observed an unreliable increase in bilirubin, possibly due
to strong hemolysis of erythrocytes.

physiological state of the animal. Stress and changes in
body temperature can simultaneously shift the glucose
index, both in the direction of increasing concentration
and in the direction of lowering. Glucose concentration
in the 1, Il and Il groups was below the norm by an
average of 44%.

Analysis biochemical parameters of blood of rats on
the 9th day after application of a model wound are
presented in Table 2, showed that there was a tendency
to decrease the concentration of total protein, while
hemolysis of erythrocytes was absent and hematocrit
was normal. The concentration of albumin was also
significantly lower than the background value in all
groups by an average of 28%. Thus, catabolic
processes were dominated at the elimination of tissue
damage prevailed in animals.

The catabolic processes in the organism of animals
are also evidenced by the increased activity of
aminotransferases. Alanine aminotransferase activity
was above normal only in the Il experimental group, by
34%. The activity of aspartate aminotransferase was
significantly higher than the background value by an
average of 34% in all groups of animals.

The concentration of urea and creatinine
corresponded to normal physiological parameters in all
experimental groups of animals. This may indicate a
reduction in nitrogen metabolism.

It is worth noting that there was a tendency to a
general increase in bilirubin, perhaps this may be due to
intoxication of the body through the metabolic products
of pathogenic bacteria.

On the 9th day of the experiment, as well as on the
6th day, the hypoglycemic state of animals was
observed. Glucose concentration in all experimental rats
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Table 3. Biochemical analysis of blood of rats at 15 days after application of the model wound (Mt m), n=5

Experimental Basic ! I mn v
group - Phyto-mineralo- Phyto-mineralo-
Indicator index Control Dexpantenol sorbents powder sorbents gel
p g
Total protein (g/l) 74.78+7.232 68.50+ 6.951 69.53+ 7.258 54.05+ 7.456 45.98+ 6.232"
Albumin (g/l) 37.75% 1.842 33.22+ 0.852 35.65+ 0.963 20.96+ 1.369°° 20.48% 2.753"°
Alanine aminotransferase (u/l) 38.40+ 6.390 55.00+ 7.951 53.81+ 6.963 55.82+ 6.852 46.73+ 6.357
Aspartate aminotransferase (u/l) 97.90+ 8.622 337.64+ 28.654° 146.67+ 7.987"° 130.65+ 8.159™ 136.62+ 7.236™
Urea (mmol/l) 15.93+ 5.064 4.63+ 5.036° 4.76+ 5.258" 9.39+ 5.753 7.28+ 4.987
Creatinine (mmol/l) 150.33+ 34.108 82.05+ 36.123 45.01+ 35.147" 59.04+ 39.236 42.07+ 37.852°
Bilirubin total (mmol/l) 2.63+ 1.310 3.38+ 1.357 5.32+ 0.987 2.63+ 1.987 2.56+ 1.258
Glucose (mmol/l) 5.40+ 0.521 7.78+ 0.523" 6.32+ 0.584 10.44+ 0.219" 6.03+ 0.365

was significantly lower than the background value by an  regeneration. Catabolic process is caused by primary

average of 35%. and secondary tissue necrosis, phagocytosis, active
The biochemical status of rats on the 15th day of the  proteolysis.
experiment is presented in Table 3. The index of total The albumin content at the beginning of the

protein begins to recover to the norm, however, in group  experiment was sharply high, which indicates
IV total protein was below the norm by an average of dehydration of the body, as well as drying up. The fluid
33%. It can be assumed that in some groups anabolic  from the blood plasma rushed to the epicenter of the
processes begin to dominate over catabolic processes. injury, thus causing swelling of the wound. By the end of
Albumin content was below normal in groups I, llland IV the experiment, its concentration decreased, indicating
by an average of 32%. Alanine aminotransferase activity  that the infectious disease had been transferred.

was significantly higher than the background in group II The activity of aminotransferases throughout the
by 1.8 times. The activity of aspartate aminotransferase  experiment was increased, with a decrease by the end
was significantly higher than normal in all groups of of the experiment. It should be noted that according to

experimental animals by an average of 2.2 times. the research activity of alanine aminotransferase and
The decrease in muscle mass of laboratory animals  aspartate aminotransferase increased by 2.5 times
and regular stresses during wound dressings may have  when using Panthenol, while the use

led to a significant decrease in urea in groups | and Il by  phytomineralsorbents activity of these enzymes was
an average of 3.4 times. The value of creatinine, also, only 2 times in the acute stage of the wound healing
was below the norm in animals of experimental groups  process.
on average 2.9 times. Violations of nitrogen balance were observed on the
The content of total bilirubin was higher than the 3rd day of the experiment. By the 9th day, urea and
background only in the group where Panthenol was creatinine values were within the physiological norm.
used 2 times. Due to the strong erythrocyte hemolysis, the bilirubin
On the 15th day of the experiment glucose index was increased in the first stage of the wound
concentration increased 1.7 times in the Il and Ill groups  healing process. The hypoglycemic state of animals was

of rats. This this phenomenon regenerative processes. observed for 3-9 days, which indicates depletion of the
body and the fight against infection. By the end of the
CONCLUSION experiment, glucose levels recovered.

The results of this research convincingly indicate the
prospects for the development of pharmacological
approaches to the correction of purulent wounds
photomineralization on the basis of montmorillonite
enriched with extract of Thyme. In addition, in the role of
phyto component can be extracts of other medicinal
plants with antiseptic properties.

Studies of biochemical analysis of the blood of rats
with  model skin-muscle wounds showed that the
concentration of total protein on the 3rd and 6th day was
reduced, by the 9th day there is an increase in the total
protein content in the blood plasma, which indicates
anabolic processes, about the processes of
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