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PECULIARITIES OF METABOLIC PARAMETERS IN THE HEALING
OF WOUNDS COMPLICATED BY EXPERIMENTAL CHRONIC KIDNEY DISEASE
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The work is devoted to the study of the features of changes in the main indicators of metabolic processes during the healing
of experimental wounds complicated by chronic kidney disease. Histological examination showed a significant violation of the
morphological and functional state of the kidneys in rats with chronic kidney disease. There was a decrease in the levels of glucose,
urea, uric acid in the blood serum of experimental animals 1 week after the infliction of wounds in comparison with similar indicators
of animals in the control group. In rats, 4 weeks after surgery, the concentration of urea and uric acid remained reduced, while the
glucose level almost recovered to the level of the control group, and the creatinine content significantly increased in comparison with
the control. Inflammatory processes in the renal tissue lead to metabolic disorders during the healing of wounds complicated by chronic
kidney disease, which is reflected by statistically significant changes in the levels of biochemical parameters.
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OCOBJIMBOCTI NIOKA3HUKIB OBMIHY ITPU 3AT'O€HHI PAH,
YCKIAJHEHUX EKCIIEPUMEHTAJIBHOIO XPOHIYHOIO XBOPOBOIO HUPOK

Po6ora mpucesiueHa BHMBUCHHIO OCOOIMBOCTEH 3MiH OCHOBHMX IOKa3HHMKIB OOMIHHHMX MpOLECIB MpPU 3aroe€HHi
EKCIEPUMEHTAIBHUX PaH, YCKIAAHEHUX XPOHIUYHOI0 XBOPOOOIO HUPOK. ['icToNOriuHe HOCHiIKeHHS TI0Ka3alI0 3Ha4YHEe NOPYLICHHS
MopdosoriuHoro ta (GyHKIIOHAJIBHOTO CTaHY HHPOK y LIYPIB i3 XPOHIYHOIO XBOPOOOIO HUPOK. Bin3HaueHO 3HMKEHHS PiBHIB
[JIFOKO3HU, CEYOBUHH, CEYOBOI KHCIOTH B CHPOBATL KPOBi EKCIIEPUMCHTAJIBHUX TBApHH Yepe3 | THKACHb MiCIsi HAHECCHHS PaH B
MOPIBHSAHHI 3 aHAJOTTYHUMH MOKa3HMKAaMH TBAPUH KOHTPOJIBHOI Ipymu. Y IMypiB 4yepe3 4 TIKHI MiCIs MOJCIIOBaHHS paH
KOHLICHTPAL[isl CCYOBHHHM 1 CEYOBOI KHUCIOTH 3QJIHIINIIACS 3HWKCHOIO, B TOH 4ac K PiBEHb IVIIOKO3M MMPAKTHYHO BiJHOBHBCS /IO
PIBHS aHAJOTIYHMX MOKA3HHMKIB KOHTPOJBHOI IPYIH, @ BMICT KpeaTHHiHY IiJBHIYBaBCS B MOPIBHAHHI 3 KoHTposeM. [Toka3saHo,
IO 3anajbHi NPOLECH y HUPKOBIM TKAHWHI IPU3BOIATH IO MOPYLIEHb OOMiHY NPH 3arO€HHI paH, yCKIaJHCHUX XPOHIYHOIO
XBOPOOOIO HUPOK, 1110 BiOOPAKAIOTHCSl CTATUCTHYHO JOCTOBIPHHUMH 3MiHAMH PiBHIB 010XiMIYHHX MOKA3HUKIB.

Ku1r040Bi ci10Ba: 3aroeHHs paH, CyITyTHI 3aXBOPIOBAHHSI, YPaKSHHsI HUPOK, 0i0XiMiuHi TOKa3HUKH, OPYIICHHS OOMiHy PEYOBHH.

The study is a fragment of the research project “Peculiarities of cellular-molecular mechanisms of activation of
reparative processes in case of tissue damage against the background of a decrease in adaptation reserves characteristic of
emergency situations”, state registration No. 0120U101408.

The treatment of wounds of various etiologies is a serious public health problem. Molecular-
cellular mechanisms, leading to the deterioration of wound healing, have not been sufficiently studied.
Wound healing is a complex process of restoring the structure and function of damaged tissue. It is based
on cooperation, which covers many types of cells, both locally, at the wound site, and also systemically.
At the same time, in this field of research, there are very few animal models that can provide a targeted
approach to the mechanisms underlying the formation of chronic wounds. This presents a certain
complexity in the transition from experiment to clinical trials.

The normal process of wound healing is dynamic, complex, and consists of several stages:
inflammation, proliferation and remodeling. The phase of inflammation is characterized by an increase in
blood levels of growth factors and pro-inflammatory cytokines, such as IL-1, IL-6, IL-8, TNF-a, etc. Events
occurring during the proliferative phase include angiogenesis, collagen deposition, epithelialization, and
reduction of the wound [6, 7]. Numerous factors, including systemic ones, caused, for example, by
concomitant diseases, can cause disruption of the healing process and lead to the development of chronic
wounds. For example, renal dysfunction has numerous consequences for wound healing [8]. In mice against
a background of experimental chronic kidney disease (CKD), a significant reduction in re-epithelialization
and the rate of precipitation of the granulation tissue was observed. A decrease in the intensity of cell
proliferation and angiogenesis was observed. Which were accompanied by a simultaneous increase in the
level of inflammation compared with control animals [13]. It should also be borne in mind that impaired
renal tissue remodeling is caused by an imbalance between cell proliferation and apoptosis [10]. All this
contributes to a significant distortion of the course of regenerative processes. The mechanisms for the
development of such violations of reparative regeneration have not been investigated completely.

The purpose of the work was to study of the features of changes in the main indices of metabolic
processes in the healing of experimental wounds complicated by chronic kidney disease.

Materials and methods. The experimental study was carried out in 3 groups (6 animals) of white
rats weighing 250+30 grams at the age of 9 months. The experiments were carried out in accordance with
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the principles of the “European Convention for the Protection of Vertebrates used for experimental and
other scientific purposes” (Strasbourg, 1986) and the “General principles of animal experiments” approved
by the First National Congress on Bioethics (Kyiv, 2001). The study was approved by the Committee on
Ethical Animal Care and Use of the Kharkiv Medical Academy of Postgraduate Education, Ukraine
(Protocol No. 5 dated November 12, 2019).

Comparison group (control group) — rats with CKD. CKD developed 8 weeks after a single
administration of a 50 % solution of glycerin at a dose of 10 ml/kg of body weight of the animal [15].
Intramuscular administration of glycerol leads to toxic damage to both the glomerular and tubular renal
apparatus [2].

The model of the chronic wound in the form of a circle with a diameter of 20 mm in the inter-blade
area was reproduced in experimental groups 1 and 2 consisting of rats with CKD [3]. Wound healing
throughout the experiment took place under the scab. Animals were removed from the experiment the first
(for group 1) and fourth (for group 2) weeks after the wound was applied. The blood for study has been
taken from the heart.

The histological examination included samples of the kidneys of experimental animals. The
material was fixed in 10 % neutral formalin. Dehydrated in alcohols of increasing strength (50°, 70° and
twice 96°), then in alcohol with chloroform, chloroform, was embedded in paraffin [1]. The prepared
sections 5—7 microns thick were stained with hematoxylin and eosin, and according to Van Gieson. The
preparations were analyzed in the field of view of the “PrimoStar” microscope (Zeiss). Imprints of the
preparations were carried out using a Microocular digital camera.

Serum glucose, uric acid, creatinine, and urea levels were determined using diagnostic kits for clinical
biochemistry SpineLab (Ukraine). Statistical processing of the results was carried out with the statistical
analysis package Statistica 6.0 (StatSoft Inc., USA). To describe the results obtained, the data were presented
in the form M#SE, where M is the arithmetic mean; SE is the standard error of the arithmetic mean. The
reliability of differences between groups (statistical significance) was determined using the nonparametric
ANOVA Kraskel-Wallis criterion for independent samples. Statistically significant differences were
considered in cases that p<0.05. Histograms were plotted by GraphPad Prism 9 (GraphPad Software, USA).

Results of the study and their discussion. Histological examination of the kidneys of
experimental rats revealed significant structural changes, indicating a violation of the excretory function of
the organ. First of all, manifestations of impaired blood circulation in the organ and rheological properties
of blood were noted. Thus, diffuse venous-capillary plethora is noted in all the specimens, blood separation
into plasma and unlform elements erythrostases are observed in the dilated vessels. (fig. 1).
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F1g 1. The site of rat’s k1dney Venous capillary plethora Fig. 2 The site of rat renal cortex Shape of glomeruli is
Dystrophy of the epithelium. Hematoxylin and eosin. “branches”. Capillaries are full of blood. Dystrophy of the
epithelium. Hematoxylin and eosin.

The structure and shape of most of the renal glomeruli are preserved, but on the sites, there are
globules of a “branched” form, which is also a manifestation of microcirculatory disorders. Polygonal and
wrinkled glomeruli with enlarged capsule lumen, indicative of edema and atrophy were observed.
Nephrothelium of proximal and distal tubules with signs of destructive-dystrophic disorders was observed.
In some tubules, the cytoplasm of epithelial cells is granular, edematous, the lumens of these tubules are
narrowed. The lumens of others are expanded due to the rejection of the apical site of the cytoplasm of
nephrothelial cells, which creates the effect of “bare cores” (fig. 2).

Furthermore, nephrosclerosis centers in the cortex were noted. Connective tissue with a large
number of fibroblasts with large, brightly colored functionally active nuclei, grows in a destructively altered
renal epithelium, gradually replacing it. In the lumens of the tubules of the cortical and medullar substance,
there are weakly-granular masses, the remains of the ejaculated epithelium, a homogeneous pink colloid-
like substance, and calcinates (fig. 3).
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Thus, a histological study indicates a violation of
metabolic processes in the tissues of the kidneys.
Studies have shown that the healing of wounds
complicated by chronic kidney disease led to a change
in the biochemical parameters in the blood serum of
experimental animals (fig. 4).

The study of the biochemical composition of the
blood allows you to monitor the condition of the body in
the process of wound healing to correct treatment tactics.

The glucose level in the rats of experimental group
1 decreased sharply in comparison with the control and
practically recovered 4 weeks after the model wounds.
One of the reasons for the decrease in this indicator after
i 2 an injury is due to the increased absorption of glucose in
Fig. 3. The site of rat renal cortex. There are the conditions of wound healing [14]. As the wounds
nephrosclerosis centers. The shape of the glomerulus is  healed, the glucose level in group 2 animals was
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Fig. 4. Levels of the studied biochemical parameters in the blood serum of animals: (a) glucose, (b) urea, (c) uric acid, (d)
creatinine (*p < 0.05). The error bars represent the standard error of the arithmetic mean for each indicator (n=6).

The level of urea in the rats of experimental groups 1 and 2 decreased compared with the animals
of the control group. Similar trends were observed in the study of uric acid. One week after the wounds
were made, the level of uric acid was significantly lower than that of the rats of the comparison group. Four
weeks after the operation, a slight increase in the concentration of uric acid was observed. The
concentration of urea in the blood depends on the rate of protein metabolism, liver and kidney function.
Since the liver is the main place of urea formation, when its function decreases in response to damage, the
urea level also falls. Uric acid plays an important role in maintaining the inflammatory process on surfaces
where tissue necrosis is present and in triggering the inflammatory cascade [5]. Disturbances in the liver
also lead to a lack of activity of enzymes involved in the formation of uric acid. This may be due to both
the development of the inflammatory process initiated by CKD, and the decrease in the level of
physiological reserves of body adaptation. On the other hand, the decrease in urea and uric acid in the blood
serum of experimental animals can be explained by the enhanced synthesis of proteins necessary for wound
healing. At the same time, the breakdown of proteins slows down, which leads to a decrease in the
formation of final products of nitrogen metabolism. Such a significant decrease in the level of these
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metabolites, combined with a decrease in the rate of wound healing, suggests that the primary cause of this
phenomenon is CKD, while the other processes described above are a consequence. At the same time, uric
acid is closely associated with the onset and development of oxidative stress, especially in patients with CKD.
Decreased uric acid levels can annul and partially reverse cellular damage caused by oxidative stress [12].

The serum creatinine content of the animals decreased one week after the application of wounds in
comparison with the animals of the control group. After 4 weeks, the level of creatinine significantly increased
in comparison with the control. It should be borne in mind that creatinine is formed when protein compounds
are destroyed, and its blood indices depend on the general condition of the muscular system and the adequacy
of the excretory function of the kidneys. Since in our experiment the excretory function of the kidneys was
reduced, a decrease in the level of serum creatinine in animals of group 1 indicates a disturbance in the
metabolic processes accompanied by protein metabolism disorders and indicates a slowdown in the
breakdown of proteins in the body. If in the case of a decrease in the level of creatinine, renal dysfunctions
do not have a particular effect on the concentration of this metabolite in the blood, then the hypercreatinemia,
which is observed in animals of group 2, mainly depends on the functional ability of the kidneys. Elevated
serum creatinine levels in experimental animals in this group may be due to decreased renal function. While
low serum creatinine levels in some clinical situations can be considered an indicator of protein-energy
wasting [9]. These assumptions are also confirmed by a slight increase in the level of urea and uric acid in the
serum of the rats of group 2. Probably, the decrease in the studied parameters in the blood serum of animals
of group 1 is the compensatory reaction of the organism to damage. With wound healing (group 2), some
recovery of carbohydrate and protein metabolism occurs, but there are signs of progression of kidney damage.

The healing of wounds passes through several overlapping phases: beginning with the migration and
proliferation of cells, precipitation of the extracellular matrix, and ending with the remodeling of newly
formed tissues. Slowing down one or more phases of the healing process leads to chronic wounds [4]. Wounds
in CKD are characterized by a longer phase of inflammation and a slower rearrangement of the components
of the extracellular matrix. These are disorders contributing chronization of the wound. CKD, which is based
on the inflammatory process, leads to the depletion of reserves, used for the physiological course of the wound
process. Chronic inflammation, leading to an imbalance between pro-inflammatory cytokines, chemokines,
and their inhibitors, causes violations of the molecular and cellular mechanisms of repair at all its stages [11].
The normal process of wound healing is determined by the balance of the production processes and the
degradation of protein structures, however, in our study, this balance is violated. The violation of carbohydrate
metabolism detected by us can cause an increase in the level of matrix metalloproteinases (MMPs) and is the
reason for the slowing down of extracellular matrix formation processes [4].

T Koo,

Histological examination showed a significant violation of the morphological and functional state
of the kidneys in rats with CKD. The destructive changes in the epithelium, parenchymal sclerosis, vascular
congestion, stromal edema, the presence of tissue detritus, colloidal masses, and calcifications in the tubules
indicated in the histopreparations reflected impaired renal excretion.

Inflammatory processes in the renal tissue lead to metabolic disorders during the healing of wounds
complicated by CKD, which is reflected by statistically significant changes in the levels of biochemical
parameters. Namely, a decrease in glucose and uric acid levels one week after wound modeling, an increase
in creatinine concentrations four weeks after surgery, and a decrease in urea levels at the study periods.

The findings will provide a better understanding of the relationship between CKD and wound
healing. Further study of the repair mechanisms and the factors influencing them will greatly facilitate the
development of new more effective methods of treating patients with chronic wounds.
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ANTIMICROBIAL ACTIVITY OF SURFACTANCES OF BACTERIA NOCARDIA,
RHODOCOCCUS AND ACINETOBACTER GENERA
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It was found that the minimum inhibitory concentrations against bacteria and yeast of Acinetobacter calcoaceticus IMV B-
7241, Rhodococcus erythropolis IMV Ac-5017 and Nocardia vaccinii IMV B-7405 surfactants, synthesized on traditional substrates,
were 9-120 pg/ml and were within the limits defined for the surfactants known in the world. It was for the first time established that
surfactants synthesized by the study strains on wastes of biodiesel production and fried sunflower oil were characterized by high
antimicrobial activity against bacteria and yeast (minimum inhibitory concentrations 0.45-120 and 1.9-142 pg/ml respectively). It
was found that the added of both live and inactivated Escherichia coli IEM-1 and Bacillus subtilis BT-2 cells in R. erythropolis IMV
Ac-5017 and N. vaccinii IMV B-7405 medium cultivation was accompanied by synthesis of surfactants, minimum inhibitory
concentrations of which were several times lower than those showed for surfactants synthesized without competitive microorganisms.
The obtained results indicate the possibility of using the studied surfactants as effective antimicrobial agents.

Key words: microbial metabolites, antimicrobial agents, minimum inhibitory concentrations, wastes of biodiesel
production, fried sunflower oil, competitive microorganisms.

T.IL. ITupor, I.B. Kiutouka, JI.A. Jlynaii, JI.B. Kiaouka, O.1. Ckponbka

AHTUMIKPOBHA AKTUBHICTb IIOBEPXHEBO-AKTUBHUX PEYOBUH BAKTEPII
POJIB NOCARDIA, RHODOCOCCUS TA ACINETOBACTER

BceraHoBneHo, 1m0 MiHiManbHi iHriOyrO4i KOHIEHTpauil moao OakTepiil i APIKIDKIB MOBEPXHEBO-aKTHBHHX PEUOBUH
Acinetobacter calcoaceticus IMB B-7241, Rhodococcus erythropolis IMB Ac-5017 ta Nocardia vaccinii IMB B-7405, cuare3oBanux
Ha TpaguLiiHNX cyOcTparax, cranoBur 9—120 MKr/mit i nepeOyBaju B MeXax BU3HAUCHHUX JUTS BiJOMHUX Y CBITi TIOBEPXHEBO-aKTHBHI
pedoBuHU. Briepmie BCTaHOBIIEHO, IO ITOBEPXHEBO-aKTHBHI PEUOBHHM, CHHTE30BaHi JOCITI/PKYBAaHMMH INTaMaMH Ha BiIxomax
BHUPOOHHITBA 010JU3EIII0 Ta IIepeCMaKeHiil COHAIIHUKOBIH 0JIi1, XapaKTepu3yBaInCs. BUCOKOIO aHTUMIKPOOHOIO aKTHBHICTIO IIOJI0
GakTepiii Ta IpiKWKIB (MiHiManbHa iHriOyroya konuentparis 0,45-120 ta 1,9-142 mxr/min BixnosiaHo). BeranosieHo, 1110 BHECEHHS
SIK JKMBHX, TaK 1 IHAKTMBOBaHUX KITHH Escherichia coli IEM-1 Ta Bacillus subtilis y cepenoBuiie KyabTUBYBaHHS R. erythropolis
IMB Ac-5017 ta N. vaccinii IMB B-7405 cynpoBomKyBaocsi CHHTE30M ITOBEPXHEBO-aKTHBHHX PEUOBHH, MiHIMAIBHI iHTiOyIoui
KOHLEHTpALUiAKKUX OyJIM y KiJIbKa pa3iB HUKYMMH HOPIBHAHO 3 OKA3HNKaMH, BCTAHOBJICHUMH U1 IOBEPXHEBO-aKTUBHHUX PEYOBHH,
CHHTE30BaHUMH y CEpelOBHILI 0€3 CTOpOHHIX MikpoopraHi3miB. OnepikaHi pe3yabTaTH 3aCBiIUyIOTh MOMIIMBICT BUKOPHCTAHHS
nocmimkyBaHux [TAP sk eheKTHBHIX aHTUMIKPOOHUX areHTiB.

KimrouoBi cioBa: MikpoOHI MeTaGouniTH, aHTHMIKpOOHI areHTH, MiHiMaibHI IHriOyrO4i KOHLEHTpauii, Bixxoau
BUPOOHHUITBA 010IU3€II0, ITIEPECMaKeHA COHSIITHUKOBA OJIisl, KOHKYPEHTHI MiKpOOpTaHi3Mu.

The study is a fragment of the research project “Complex microbial preparations for multifunctional purposes: from the
regulation of biosynthesis and properties to the prospects for practical use”, state registration No. 0116U001530.

Over the past decades, the number of multidrug-resistant extremely antibiotic resistant pathogenic
bacteria has been increasing, which is primarily due to the uncontrolled use of these drugs and non-
compliance with therapeutic doses. [2]. Some experts predict that in 2050, the death rate from infectious
diseases caused by antibiotic-resistant pathogens may reach 10 millions people. [8]. This situation creates
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