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The authors used 192 white clinically healthy Wistar rats of outbred breeding weighing 180-200 g to conduct
experimental studies to determine whether structural and functional parameters of the kidneys were related to
normal (control group 1 — intact rats) and physiological course load (group 2) with natural mineral waters (MW)
with a high content of organic matter (Corg). The use of this type of MW was due to the fact that the substances
grouped under the concept of Corg have regulatory properties and can affect the functional activity of the kidneys.
The study results showed that drinking by clinically healthy rats of the 2nd group of natural MWs with a high content
of Corg compared with the control group changes the value of indicators of renal functional activity. In this case,
the indicators of the structural organisation of the kidneys necessarily change. It allows us to state a close relation-
ship between the indicators of functional and structural activity of the kidneys under physiological load conditions.
This set of interrelated changes in the indicators of the organ's condition is defined in the literature as a structural-
functional-metabolic continuum. Thus, the obtained results confirm the existence of such a phenomenon as one of

the mechanisms of homeostasis maintenance.

Key words: kidney function, structural characteristics of the kidneys, natural mineral waters with a high content

of organic matter.

Connection of the publication with planned re-
search works.

The work is a fragment of the research work “Medi-
cal and biological assessment of the quality and value
of mineral waters of well No. 1-M, located on the ter-
ritory of LLC SLC “Perlyna Podillya”, Sataniv-2, Horo-
dok district, Khmelnytskyi region” (state registration
No. 0114U002593), “Predictive assessment of safety
and quality of mineral waters of springs No. 1, 10 (8, 9,
10), 13, 15, 26 and WELLS No. 1c, 2c, 18c, 21-C, 357 of
Skhidnytsia deposit, Lviv region” (state registration No.
0115U001855), “Predictive assessment of safety and
quality of mineral waters of wells No. 120-RG, 121-RG
and No. 123-RG of the Central subsoil area of the Po-
miretske deposit in Lviv region” (state registration No.
0116U003814), “Medical and biological assessment of
the quality and value of underground mineral waters
of well No. 2 Stara Huta village of Solotvyno territorial
community of Ivano-Frankivsk region. Investigation of
the dynamics of clinical and functional parameters in
patients with the most common diseases of internal or-
gans under the influence of internal use of mineral natu-
ral healing waters of well No. 2 Stara Huta village, So-
lotvyno Territorial Community, Ivano-Frankivsk Region
(preclinical studies and clinical trials)” (state registration
No. 0121U113476).

Introduction.

One of the most important conditions for function-
ing the human and animal body is the constancy of the
internal environment, defined as homeostasis. Due to
homeostasis, each body cell is in a relatively constant
environment — the extracellular fluid. Parameters char-
acterising the state of extracellular fluid can be divided
into indicators of water-salt homeostasis and other indi-
cators [1, 2, 3]. The task of water-salt homeostasis is to
ensure the water balance of both intracellular and total
water in the body. These indicators are the most stable

and precisely regulated [4, 5, 6]. Water and salt homeo-
stasis is maintained by the urinary system organs, pri-
marily the kidneys. However, in the second half of the
20th century, 1.V. Davidovsky formulated the thesis that
changes in function are necessarily accompanied by
structural changes and structural changes are always ac-
companied by changes in function [7, 8]. Maintenance
of water-salt homeostasis should be accompanied by
adequate changes in the structural units of the kidney,
i.e. the body must ensure a sufficiently strong relation-
ship between the function and structural organisation
of the kidneys [4, 7,9, 10]. When pathological processes
unfold in the body, this relationship between the func-
tion and structural organisation of the kidneys is quite
clear [11, 12, 13, 14]. This relationship is not evident
under physiological loads or, for example, when using
natural therapeutic resources (NTR), particularly min-
eral waters (MW) of different physical and chemical
compositions. This is especially true for NTRs with a high
content of organic matter (Corg), which tend to affect the
body’s regulatory mechanisms [15-20]. One such fac-
tor, which is a priority for Ukraine, is considered to be
natural mineral waters (MWs) with a high C,, content.
Due to the unique formation conditions, these MWs are
characterised by limited distribution and reserves [20,
21]. They are widely used only in Ukraine and Hungary
and to a lesser extent in Romania [22, 23, 24]. The high
biological activity of this type of MW is associated with
organic substances, which include low molecular weight
fatty acids, amino-like substances, volatile and non-
volatile organic acids, phenols, bitumen, humins and
estrogen-like compounds similar to natural hormones.
To a large extent, the biological activity of these MWs
is determined by the autochthonous microbiota, which
is involved in both the creation and assimilation of or-
ganic components, since the metabolic products of MW
microbial cenoses comprise about 1% of the total mass
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of organic substances in MWs [25, 26]. Corg included in
the NTR create a unique “natural” system with a close
relationship to the functional systems of the body, espe-
cially the regulatory ones.

In formulating the research aim, we used the term
continuum, which is given in the authors’ works [2, 8,
31, 32] and defines a close relationship between func-
tion and metabolism.

The aim of the study.

To determine the structural and functional continu-
um in the activity of the kidneys and the effect on it of
the use of natural mineral waters with a high content of
organic substances.

Object and research methods.

The study was based on the results obtained in
the study of 192 white Wistar rats of outbred breed-
ing weighing 180-200 g obtained from the nursery of
Biomodelservice, Kyiv. The rats were kept, and experi-
mental studies were conducted following the regulatory
documents — Directive 2010/63/EU of the European
Parliament and the Council, and Order of the Ministry
of Education, Science, Youth and Sports of Ukraine No.
249 of 01.03.2012 “On Approval of the Procedure for
Conducting Experiments and Animal Experiments by
Scientific Institutions” and Protocol No. 5 of 20.10.2023
of the Bioethics Committee of the State Institution
“Ukrainian Research Institute of Medical Rehabilitation
and Balneology of the Ministry of Health of Ukraine”.
Animals were kept under standard conditions, at a tem-
perature of 19-24°C, natural day-night light conditions,
in plastic cages (6 animals in each). The animals had free
access to water and food.

The methodological techniques and methods used
in the research were approved by the Order of the Min-
istry of Health of Ukraine No. 692 of 28.09.2009 [33].

Following the aims of the study, the animals were
divided into two groups:

Group 1 — 132 rats (control). The rats in this group
were not exposed to any external influences. In the au-
tumn-winter and spring-summer periods of each year
from 2017 to 2022, the function and structure of the kid-
neys of 11 rats per subgroup were studied. The results
obtained each year for 2017-2022 were summarised,
and the average results of the norm were formed.

Group 2 — 60 rats were divided into subgroups of 12
animals each. Each subgroup received a course of inter-
nal administration of one of the studied MWs with an
increased content of Corer The generalisation of the re-
sults allowed us to formulate the average results of the
effects of these MWs.

Five samples of low-mineralised MW with a high con-
tent of C__ were used in the study. Following the Order
of the Ministry of Health of Ukraine of 06.09.2003 No.
243 “On Approval of the Procedure for the Medical and
Biological Assessment of the Quality and Value of Natu-
ral Medicinal Resources, Determination of Methods of
Their Use”, the type with a high content of organic sub-
stances includes mineral waters witha C_, . content from
5 mg/I [34, 35].

1. Low-mineralised sodium bicarbonate water from
well No. 1c of the urban-type settlement (uts) Skhidnyt-
sia with a high content of organic substances. The con-
tent of C,.in the MW is 0.010 g/I. The total mineralisa-
tion of the MW is 0.83 g/l. The formula for the chemical
composition of water is as follows:

4, HCO,8850,8Cl 4
(Na+K) 81 Ca 16 Mg 3

2. Low-mineralised hydrocarbonate calcium-sodi-
um water of the uts Skhidnytsia, well No. 21-C, with a
high content of organic substances. The content of Core
is 0.015 g/I. The total mineralisation of MW is 0.50 g/I.
Chemical composition formula:

C, 00156 M | ,, HCO,8550,9Cl6

(Na+K) 59 Ca 30 Mg 11

3. Low-mineralised bicarbonate water of different
cationic composition (sodium-calcium-magnesium)
with a high content of organic substances from the well
No. 1-M of the uts Sataniv-2, Horodok district, Khmel-
nytskyi region. The content of C__is 0.016 g/I. The total
mineralisation of MW is 0.74 g/i The formula for the
chemical composition of water is as follows:

¢, 0016 M HCO,7750,13Cl 11

(Na+K) 39 Ca 31 Mg 30

4. Low-mineralised hydrocarbonate-chloride calci-
um-magnesium water from well No. 123-RG of the sub-
soil area «Centralna» of the Pomiretske deposit, Truska-
vets, Drohobych district, Lviv region, with a high content
of organic substances. The content of C__is 0.030 g/I.
The total mineralisation of the MW is 0.65 g/l Chemical
composition formula of the MW:

C, 0030 M . G155 HCO, 3850, 7

Mg 48 Ca 37 (Na+K) 15

5. Low-mineralised sodium bicarbonate water with
a high content of organic substances, well No. 2 Stara
Huta village Solotvynske territorial community of lvano-
Frankivsk region. The content of C__is 0.014 g/I. The
total mineralisation of MW is 0.74 g7l The formula for
the chemical composition of water is as follows:

Cpg 0,0102 M

C,,0.030M . (HCO, + C0.) %4
(Na+K) 99

The appropriate MWs were injected into the oe-
sophagus of rats with a soft probe with an olive once a
day, at a dose of 1% of the animal’s body weight, in the
evening (approximately at 17.00), considering the pecu-
liarities of the daily biorhythm of rats. The course of MW
administration was seven days.

One day before the end of the course of MW ad-
ministration, rats were placed in cages, and daily urine
was collected. The obtained urine was used to assess
the renal functional activity (RFA) by the effect on the
function of urine formation (glomerular filtration rate,
tubular reabsorption, daily diuresis), excretory function
(by creatinine and urea excretion) and ion-regulating
function (by the concentration and daily excretion of so-
dium, potassium and chloride ions).

After completion of the course of MW administra-
tion, the animals were withdrawn from the experiment
by decapitation under ether anaesthesia. Kidneys were
removed from the animals and fixed for 48 hours in
10% formaldehyde solution. Kidney parts (1 cm?®) were
passed through alcohols of increasing concentration
and embedded in celluloid according to the usual meth-
od. Histological sections of 7-9 um thickness were made
from the obtained blocks and stained with haematox-
ylin-eosin. The obtained preparations were examined
under a light microscope to assess the state of the main
components of the renal parenchyma: renal corpuscles,
convoluted and straight tubules, and interstitial layers.

Statistical processing of the data obtained in the se-
ries of experiments was performed using the Statistica
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10.0 statistical package. Significant shifts were consid-
ered to be within the range of probability for all means
of processing statistical material according to Student’s
tables p<0.05.

Research results and their discussion.

The results of the assessment of the state of func-
tional activity of the kidneys of normal rats (control
group) and rats treated with MW with an increased con-
tent of C, are shown in the table. The left column of the
table shows the results of long-term observations of the
functional state of the kidneys of rats of the same age
and body weight (group 1). Averaging the data obtained
at different times of the year allowed us to create a uni-
versal picture of the functional activity of the kidneys of
healthy rats. However, the data obtained do not allow
us to speak about the integrated activity of the urinary
system. Therefore, we assigned one conventional (or
100% activity) point to each of the indicators describing
one of the components of the kidneys’ functional activ-
ity so that the urinary system’s normal functional activ-
ity would be 12 points.

Morphological studies of the kidneys of rats of group
1, in which we assessed the activity of the urinary sys-
tem, allowed us to state the following in a generalised
form.

Macroscopic examination revealed that the length
of the kidney was (18+1) mm. The surface is smooth
and shiny, the capsule is easily detached, and the kidney
tissue is dark brown. On visual observation, the cortical
and cerebral parts are clearly separated in the section,
with a white-grey renal pelvis located in the medial part
of the kidney.

Microscopic examination revealed that the periph-
ery of the cortex was evenly distributed with renal cells.
The rounded renal cells are bounded by a thin, dense,
dark-coloured membrane. A rounded capillary glom-
erulus is in the middle of the corpuscles (in single cor-
puscles, the capillary glomerulus has a paw-like shape).
There is a gap between the capillary and the membrane
(Bowman’s space). Endothelial cells have a homoge-
neous, dark eosinophilic cytoplasm and a medium-
sized, rounded, dark-coloured nucleus. The cortical part
also contains convoluted tubules. A dense, thin, fibrous
capsule surrounds each of them. They are lined with a
single layer of epithelial cells from the inside. Their cy-
toplasm is homogeneous and eosinophilic, with a small,
rounded, dark-coloured nucleus located closer to the

Table - Effect of MW with a high content of Coe
on indicators of renal functional activity

basal part. There is a free space in the centre of the tu-
bule, which varies in size in different tubules.

The medulla of the kidney consists of straight and
convoluted tubules. Like the convoluted tubules, each
of them is surrounded by a dark, dense membrane.
Their epithelial cells are flat and lightly coloured, their
oval nuclei are dark, and the tubular space is wider than
in convoluted tubules. Interstitial layers are observed
between the tubules. They are thin, dark, and eosino-
philic with single fibroblasts.

According to the table, the course of consumption
of MW with a high content of C__ by healthy rats affects
the functional activity of the kidneys. The volume of
daily diuresis increases significantly, both due to an in-
crease in glomerular filtration rate (GFR) and a decrease
in the percentage of tubular reabsorption. The excretory
function of the kidneys undergoes minor changes: cre-
atinine excretion significantly increases, while urea ex-
cretion remains at the control level. The pH of the daily
urine significantly changes and shifts towards the alka-
line side. The concentration of K* ions in the daily urine
significantly decreases, apparently due to increased vol-
ume, while their excretion does not change compared
to the control. The concentration of Na* in the daily
urine significantly decreases, as well as its excretion —a
compensatory reaction aimed at preserving Na* in the
body. The concentration of CI~ in the urine significantly
decreases while the excretion increases, which may be
associated with a shift in urine pH. To assess the integral
changes in the functional activity of the urinary system,
we determined by what proportion of the conditional
score the value of each indicator changes and how this
affects the integral sum of indicators. The daily diuresis
in rats of this group was 1.5 points, GFR — 1.78 points;
percentage of tubular reabsorption — 0.997 points; cre-
atinine excretion — 0.976 points; urea — 1 point; urine
pH — 1.04 points; K* concentration — 0.757 points; its
excretion — 0.57 points; CI~ concentration — 0.75 points;
its excretion — 1.46 points. Summing up the obtained
evaluation scores, we determine that the integrative
functional activity equals 13.85 points. That is, the use
of MWs with a high content of C__ increases the inte-
grative functional activity of the urinary system, appar-
ently due to the effect of these MWs on the state of the
body’s regulatory systems.

Along with changes in the parameters of functional
activity of the urinary system, changes in the structural
organisation of the kidney were observed. The follow-
ing changes were observed in the
kidneys of rats treated with MW

with a high content of C_ : swelling

— Lidlcaiio o LD ZCTETE of endothelial cells of the capillary
Daily diuresis, ml/dm? of body surface area 1,10+ 0,06 1,66 +0,07* glomeruli of the renal corpuscles,
Glomerular filtration rate, ml/(dm?xmin) 0,13 +£0,05 0,19 +0,09* small vacuoles in them, and swelling
Tubular reabsorption, percentage to filtration, % 99,26 £0,07 | 99,00+0,06* | of epithelial cells of the convoluted
Creatinine excretion, mmol 0,013 +0,0009|0,018 £ 0,0001* | t,pules. These changes can be as-
Urea excretion, mmol 0,87 £ 0,06 0,88 + 0,05 Sociated W|th an increase in da||y d|_
pH of daily urine, pH units 7,69+£0,25 8,50+0,14* | yresis and an increase in creatinine
Concentration of potassium ions in daily urine, mmol/l| 118,72 + 11,99 | 89,900 + 0,53* | excretion. The size of the Bowman’s
Daily excretion of potassium ions, mmol 0,130+ 0,01 0,130+0,02 | space in the renal corpuscles and
Concentration of sodium ions in daily urine, mmol/I 167,72 +22,91 | 119,14 + 0,85* | the preservation of the lumen of the
Daily excretion of sodium ions, mmol 0,33+0,07 | 0,18 +0,003* | convoluted tubules, straight tubules
Concentration of chloride ions in daily urine, mmol/l  [273,19+30,15 | 204,81 + 1,12* | and the appearance of the last ones’
Daily excretion of chloride ions, mmol 0,26 + 0,04 0,38 +0,003* epithelium suggest that urinary out-

Notes: * — probability of changes in groups between groups 1 and 2 (p<0.05).

put is not affected by MW with in-
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creased Corg content, but at the same time, structural
signs of increased renal load are detected.

Thus, the results of the studies have shown that the
use of a factor (MW with an increased content of Corg) by
rats changes some parameters characterising the func-
tional activity of the urinary system. Since the specific
agents contained in the MWs used in the study impact
the regulation processes of the urinary system, it can be
assumed that the changes observed are due to the ac-
tivity of these agents. At the same time, changes were
observed in the structure of the nephron components,
which should be interpreted as a reflection of changes
in the activity of the function in the structural organisa-
tion.

DOI 10.29254/2077-4214-2023-4-171-250-259
YAK 616.61-092.9:615.327.03
CmupHoe I. B., Hacibynnid b. A., T'ywa C. T.

Conclusions.

In general, it can be stated that we have observed
manifestations of a close correlation between changesin
the functional activity and structural organisation of the
kidneys under the influence of external factors. There is
a set of stereotypical interrelated indicators, in this case,
physiological and structural changes within the urinary
system, which reflect intersystemic relationships in the
rat organism during its normal activity, which should be
considered as a structural and functional continuum.

Prospects for further research.

The study of the presence of a structural-functional
continuum in various organs and systems will allow the
creation of a system for assessing the integral functional
activity of the organism, which will improve the deter-
mination of environmental influences.

BU3HAYEHHSA CTAHY CTPYKTYPHO-®YHKLIIOHA/IbHOTO KOHTUHYYMA HUPOK
MPU BMN/IMBI MPUPOAHUX MIHEPA/IbHUX BOA 3 NIABULLEHUM BMICTOM

OPTAHINHUX PEHOBUH
BY «YkpaiHncbkuit HAl meguuHoi peabinitauii Ta KypopTtonorii MO3 YKpaiHu» (m. Ogeca, YKpaiHa)
gushchasergeyll@gmail.com

Asmopu Ha 192 6inux KniHiYHO 300posux Wwypax AiHii Bicmap aymbpedHozo po3sedeHHA macoro mina 180-200
2, Npoeesnu eKcrnepuMeHmMasnbHi 00CniOHeHHA, Memoro AKUX BYs10 BUSHAYEHHA HAABHOCMI 38’A3KY CMPYKMYpPHUX i
(DYHKYiOHAAbHUX MOKA3HUKI8 CMAHy HUPOK 8 HOPMI (1 epyna KOHMpPosto — iHMakmHi wypu), i npu gizionoziuHomy
KYpCOBOMYy HABAHMAM(EHHI (2 2pyna meapuH) npupodHUMU MiHepaabHUM eodamu (MB) 3 nidsuweHUM emicmom
opeaHiyHux pe4vosuH (Cope). BukopucmaHHA MB yboeo muny 6yno o0bymosneHo Mmum, WO pPeyvyosUHU, AKi
06°edHyromoca nid noHammsam Cope, Marome peayasamopHi 81aCMUB0OCMI | MOXYyMb 8MaAU8AMU HA PYHKUIOHANbHY
aKMuUBHICmMb HUPOK. Pe3ysibmamu 00cnidxceHb 8U3HAYUU, W0 MUMHE 8HUBAHHA KAIHIYHO 300p08UMU Wypamu 2
epynu npupodHux MB 3 niosuweHum emicmom Cope y Mopi8HAHHI 3 2py MoK KOHMPOJIHO 3MIHIOE 8e/1UYUHY MOKA3HUKIB
DyHKYiOHanAbHOI aKmueHocmi HUPOK. lpu ybomy 0608°93K080 3MiHIOIOMbLCA MOKA3HUKU CMPYKMYPHOT opeaHizauii
Hupok. Lle 0o0380s14€ KOHCmamyeamu micHUlU B30EMO38’S30K [MOKA3HUKI8 (DYHKUYIOHAAbHOI i cmpyKmypHoOi
aKMUBHOCMI HUPOK 8 YM0OBAX (Pi3i0a02iuH020 HABAHMAXEHHS. LIS CyKyrnHiCmMb 830EMON08’A3aHUX 3MiH MOKA3HUKI8
CMaHy opeaHa, 8 saimepamypi 8U3HAYAEMObCA, AK CMPYKMYPHO-GYHKUIOHAAbHO-MemaboniyHUli KOHMUHYyM.
TaKum YUHOM, OMPUMQAHI pe3ysemamu nidmeepoxytoms iCHY8AHHA MAKO20 heHOMeHY, K 00H020 3 MexaHi3mie

nidmpumKu 20Mmeocmasy.

Knrouoei cnoea: hyHKUis HUPOK, CMPYKMYPHA XApaKmepucmukd HUPOK, MPUpoOHi miHepaneHi 800U 3

niosuweHuUM 8MiCmom opeaHiYHUX PevyoB8UH.

38’A30K ny6nikauii 3 naaHoBUMMM
AocnigHumm pobotamm.

Pobota € ¢parmeHtom HAP «Megmko — 6ionoriu-
Ha OLHKA AKOCTI Ta LiHHOCTI MiHepaabHUX BOA CBEpPA-
nosuHn Ne 1-M, postawosaHoi Ha TepuTopii TOB C/IK
«[MepnnHa Moginna» cmt. CataHis-2 lopoaoubKoro pa-
MoHy XmenbHuuUbKoi obnacTti» (N2 geprkaBHOI peecTpa-
uii 0114U002593), «MporHo3Ha ouiHKa 6e3neyHocTi Ta
AKoCTi MiHepanbHux Bog axepen NeNe 1, 10 (8, 9, 10),
13, 15, 26 TA CBEPO/1OBUH NeNe 1c, 2c, 18c, 21-C, 357
CxigHuubKoro pogosmuia J1bBiBcbKoi obnacti» (N2 gep-
’aBHOT peectpauii 0115U001855), «MporHo3Ha OLiH-
Ka 6e3nevyHOoCTi Ta AKOCTI MiHepanbHUX BOZL CBEPANO-
BuH NeNe 120-Pl, 121-PI TA Ne 123-PI' ginaHku Hagp
«LleHTpanbHa» [Momipeubkoro pogosuia JIbBiBCbKOI
obnacti» (Ne pgeprkaBHOI peecTpauii 0116U003814),
«MepguKo-bionoriyHa OUjiHKa AKOCTI Ta LUiHHOCTI nig-
3eMHUX MiHepanbHUX Bog ceepanosmHK Ne 2 c. Ctapa
l'yta CONOTBMHCbLKOI TepuTOpianbHOI rpomagn |BaHo-

HAyKOBO-

®paHKiBcbKoi obnacTi. JoCniarKeHHA AUHAMIKM KAiHi-
KO-PYHKLIOHANIbHUX NMOKA3HMKIB Y XBOPUX 3 HalbinbLL
PO3MNOBCIOAKEHNUMN 3aXBOPIOBAHHAMM BHYTPILLHIX Op-
raHis nig BNAMBOM BHYTPILWHbLOIO 3aCTOCYBAHHA MiHe-
panbHUX NPUPOAHUX NiKYBabHUX BOA, CBEPANOBUHU NO
2 c. Crapa 'yta ConoTBMHCBLKOI TepUTOpiaNbHOI rpomagm
IBaHO-PpaHKiBCbKOT 06nacTi (QOKANIHIYHI AocnigKeHHA
Ta KNiHiIYHI BUNpobyBaHHA)» (Ne gep:kaBHOI peecTpauji
0121U113476).

Bctyn.

OfHieto 3 HalBaXKAMBIWMX YMOB YHKLiOHYBaHHSA
OpraHiamy NOAMHU W TBAPUH € CTaNiCTb BHYTPILIHBbOIO
cepefoBMLLIA, KA BM3HAYAETbCA AK romeocTas. 3aBasd-
KM TOMeOCTa3y KOXKHa K/iTMHa OpraHiamy 3Haxo4uTbeA
Y BiAHOCHO MOCTIHOMY CepefoBuLLi — MO3aKAITUHHIN
pianHi. NMapameTpu, WO XapaKTepm3yoTb CTaH NO3aKAi-
TUHHOI PIAVHU MOX/IMBO PO3L4IINTU HA MOKA3HMKM BOA-
HO-CONbOBOrO FOMEOCTasy Ta iHWi NokasHuKkM [1, 2, 3].
3aBAaHHAM BOAHO-CO/MbOBOrO romeocTtasy € 3abesne-
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YeHHsA BOAHOro 6anaHcy AK BHYTPILWHbOKAITUHHOTO, TaK
i 3aranbHOI KiNbKOCTi BOAM B opraHiami. Lli nokasHMKK
Hanbinbw cTani i TouHo perynboBaHi [4, 5, 6]. 3abe3ne-
YeHHA BOAHO-CO/IbOBOr0 romMeocTasy NiATPUMYETbLCA 3a-
BAAKM HAABHOCTI OpraHiB Ce40BMUBILHOI CUCTEMM, NepLl
33 BCe HMPOK. Ane we y apyri nonosuHi 20-ro cTo-
pivus, Jasuaoscbkum |.B., 6yno chopmyntoBaHo Tesy,
3rigHO 3 AKOK 3MiHM PyHKLiT 060B’A3KOBO CynpoBO-
OKYHOTbCA CTPYKTYPHUMU nepebynoBamm i CTPYKTYpHI
3MiHWM 3aBXAM CYNPOBOANKYIOTLCA 3MiHaMK OYHKLiT [7,
8]. NiaTPUMKa BOAHO-CONBOBOrO rOMeOCTasy MOBUHHA
CYNpOBOAKYBAaTUCb aJ€KBAaTHUMM 3MIHAMU B CTPYKTYp-
HUX OANHULAX HUPKKU, TOOTO B OpraHiami HeobxiaHo 3a-
6e3neyyBaTM AOCTAaTHbO CU/bHWUIA B3AEMO3B'A30K MiX
bYHKUj€E | CTPYKTYpHOI OpraHisauieto HUpOK [4, 7, 9,
10]. NMpu po3ropTaHHi B opraHiami NaToNoriyHMX npoue-
CiB e 3B’A30K MiXK QYHKLLE | CTPYKTYPHOIO OpraHisa-
LLiE0 HUPOK BU3HAYAETbCA AOCUTb YiTKo [11, 12, 13, 14].
Mpu @isionoriuHMx HaBaHTaXKeHHsX, abo, Hanpuknag
nNpu 3acTOCYBaHHI MPUPOAHUX NiKyBaZIbHUX pecypcis
(NN1P) 30Kpema miHepanbHux Boa (MB) pisHoro isn-
KO-XiMi4YHOrO CKNady, Takui 3B’A30K He HaoyHui. Oco-
611BO Ue aKkTyanbHo gna MNJ1P 3 nigsuWweHnMm BMiCTOM
opraHiyHmx pe4osuH (C, ) AKMM BNACTUBO BMN/IMBATU
Ha perynaTopHi MexaHI3MM opraHismy [15-20]. OgHuMm
3 TAKUX YNHHUKIB, AKMUI € NpiopuUTeTOM YKpaiHK, BBarXKa-
H0TbCA NPUPOAHI MiHepanbHi Boan (MB) 3 nigsuLLeHUM
BMiCTOM C - LLi MB, 3aBAsAKM yHiKasbHUM yMOBax $op-
MYBaHHS, xapaKTepmserTbcn 06MEKEHUM MNOLIMpPEH-
HAM 11 3anacamu [20, 21]. LUnpoKoro 3acTocyBaHHS Li
MB 3806ynu TinbKn B YKpaiHi Ta YropLumHi, B MeHLWo-
My CTyneHi — B PymyHii [22, 23, 24]. BucoKy bionoriyHy
aKTUBHICTb MB LbOro TMNy NoB’A3yoTb 3 OpraHiYHUMMU
peyoBMHaAMM, A0 CKNAZY AKUX, BXOAATb HU3bKOMOEKY-
NAPHI KMPHI KMCNOTM, aMiHONOAIOHI pPeyoBUHU, NeTKi
Ta HeNeTKi opraHiyHi Kucnotu, deHonu, 6iTymu, rymiHm
Ta ecTporeHonoAibHi Cnosyku, cXoxi A0 NPUPOAHUX
rOPMOHIB. Y 3HauHii Mipi 6ionoriYHy aKTUBHICTb LMX
MB 06yMOBAtOE aBTOXTOHHA MiKpo6ioTH, fika NpunMae
YYacTb K Y CTBOPEHHI, TaK i acCMMinALii opraHiyHMX Kom-
NMOHEHTIB, OCKINIbKM NPOAyKTU meTaboniamy mikpobHmx
LeHosiB MB cknagatotb 6113bKo 1% BCiei macu opraHiy-
HUX peyosuH MB [25, 26]. Copr Lo BXO4ATb A0 CKAagy
MNJ1P, cTBOPIOE YHIKaNAbHY «NPUPOLHY» CUCTEMY, AKA MAE
BMCOKY CMOPIAHEHICTb 3 QYHKLiOHaNbHUMM CUCTEMaMMU
opraHiamy, nepu 3a Bce perynatopHmumu [27-30].

Mpu popmyBaHHI METU AOCAIAMKEHD MU BUKOPUCTO-
BYBa/IM TEPMIH KOHTUHYYM, AKMI HaBedeHO B poboTax
asTopiB [2, 8, 31, 32], i AKMIA BU3HAYa€E TiICHUI 3B’A30K
MiX QyHKLUiE | meTabonismom.

MeTta gocnigKeHHs.

BCTaHOBMEHHA CTPYKTYPHO-PYHKLLIOHA/NIbHOTO KOH-
TUHYYMa B AiANbHOCTI HUPOK i BMJIMB Ha HbOTO 3aCTO-
CYBaHHA MPUPOAHUX MiHEPaNbHUX BOZA, 3 NiABULLEHUM
BMICTOM OpPraHiYHMX PEYOBUH.

06’eKT i meTOAU AOCNiAXKEHHA.

Martepianom pocnigKeHHA cAyrysanm pesynbraTy,
OTPMMaHI Npu gocniaxKeHHi 192 6inux wypis niHii Bictap
ayTbpeaHoro posseaeHHs macoto Tina 180-200 r oTpu-
MaHux 3 po3nnigHuka MM «biomogenbcepsic», m. Kuis.
YTPUMaHHA LWypiB Ta eKCnepuMeHTaNbHI JOCNIAXKEHHA
NpoBOAMNCL BiANOBIAHO A0 HOPMATUBHUX AOKYMEH-
TiB — [AIMpeKTMBMN EBpPONENCHKOro napiameHTy Ta Paaum
(2010/63/EU), i Haka3y MiHicTepcTBa OCBITU i HayKM,
monogi Ta cnopTy Ykpainm Big 01.03.2012 p. Ne 249

«Mpo 3aTBepakeHHA MopAaKy NpoBeAeHHA HAaYKOBMMMU
YCTaHOBaMM A0CAIAiIB, EKCNEePMMEHTIB Ha TBapMHax» Ta
MpoTtokony Ne 5 Bia 20.10.2023 p. 3 Komicii no 6ioeTu-
ui Y «Ykp. HOl megmyHoi peabinitauii Ta KypopTtonorii
MO3 YKpaiHu». TBapuHU YTPMMYBaAUCb B CTAHAAPT-
HUX ymoOBax, Npu TemnepaTypi 19-24°C, npupogHomy
CBITI0BOMY PEXUMI «AEeHb-Hi4Y», Y NAACTUKOBUX KAITKaX
(no 6 TBapMH y KOKHIM). JocTyn TBapuH A0 BOAM Ta KK
6yB Bi/IbHWA.

MeToaMYHI NpUMOMM Ta METOAMKM, Wo 6yno 3agi-
AHe y AOCNiAXKEHHAX, 3aTBEPAKEHO Haka3om MiHicTep-
CTBa OXOPOHM 340poB’A YKpaiHu Ne 692 Big 28.09.2009
[33].

Y BianoBigHocTi 4o 3a4a4 poboTu TBapuH byno pos-
AiNeHo Ha 2 rpynu:

1 rpyna — 132 wypa (KoHTposb). LLypw i€l rpynu He
nigAaBanncb HiAKOMY 30BHILLHbOMY BNAMBY. B OCIHHbO-
3MMOBMUI | Y BECHSAHO-NITHI Nepioan KOXKHOro POKy 3
2017 no 2022 pp pocnigyBann OyHKLiO i CTPYKTYpY
HUpok no 11 wypis y nigrpyni. OTpMMaHi KOXHWUIA piK
3a nepiog 2017 — 2022 pe3ynbTaTv y3araJibHOBAUCD i
6ynu chopmoBaHi ycepeaHeHi pe3yanbtaTv HOpMMU.

2 rpyna — 60 wypis, AKi 6yan nogineHi Ha nigrpynu
no 12 teapuH. KoxKHa nigrpyna oTpMmyBana Kypc BHY-
TPilWWHbOrO NPUIMOMy OAHIET 3 gocniakeHux MB 3 niasu-
weHum Bmictom C_ . Y3arasibHeHHs pesynbratie 403BO-
nano cd)opmymosam ycepeaHeHHi pesynbTatv BNAMBY
unx MB.

B poboTi 6yno 3actocoBaHo N’ATb 3pa3kKiB cnabko-
MiHepanizoBaHux MB 3 nigsuieHnm smictom C_ o Bin-
nosigHo Ao Haka3y MiHicTepcTBa OXOPOHM 3,El,0p08ﬂ
YKpainu Big 06.09.2003 p. Ne 243 «[lpo 3aTBepAKeHHA
MopaaKy 34iiCHeHHA MeanKo-6i0N10riYHOIT OLHKM fKOC-
Ti Ta LiHHOCTI NPMPOAHUX NiKYBaNbHUX pPecypciB, BU3HaA-
YEeHHA MeToAiB iIX BUKOPUCTAHHA», 40 TUNY 3 NigBuLLe-
HMM BMICTOM OpraHiYHMX peyoBMH BigHocATbCA MB 3
BMiCTOM Copr Big 5 mr/l [34, 35].

1. 3 nigBMLWEHUM YMICTOM OPraHiYHUX PEYOBMUH
cnabkomiHepanizoBaHa rigpokapboHaTHa  HaTpiesa
BO4A cBepanoBuHK (cBp.) cBp. N2 1c cenmnwa micbKoro
TUny (cmt) cmT. CxigHMuA. BmicT C,pr 8 MB cknanae 0,010
r/n. 3aranbHa miHepanisauia MB cknagae 0,83 r/n. dop-
Myna XiMiYHOro CKnaZy BOAM MAE HACTYMHUN BUMNAL,

Copr. 0,0102 M .. HCO, 8850,8Cl4

(Na+K) 81 Ca16Mg3

2. 3 NiABULWEHMM YMICTOM OpraHiYHMX pPeyoBUH
cnabkomiHepanizoBaHa rigpokapboHaTHA Ka/bLiieBo-
HaTpiesa Boga cBp. No 21-C cmt CxigHuus. Bmict C| or
cknagae 0,015 r/n. 3aranbHa miHepanisauis MB CKna-
Aae 0,50 r/n. dopmyna ximiuHoro ckiaay:

C oo 0,0156 M HCO,8550,9Cl6

(Na+K) 59 Ca 30 Mg 11

3. 3 niagBMWEHMM YMICTOM OPraHiYHWX PEYOBUH
cnabkomiHepanizoBaHa rigpokapboHaTHa pi3HOro Ka-
TIOHHOro cKnaay (HaTpieBO-KasiblLiieBO-marHieBa) soaa
cBp. No 1-M cmTt. CaTaHiB-2 [0poAOoLbKOro paloHy
XmenbHuubKoi obnacTi. BmicT C, or CKNaAAE 0,016 r/n. 3a-
raabHa miHepanisauia MB CKnap,ae 0,74 r/n. ®opmyna
XiMiYHOrO CKNaZy BOAN MAE HAaCTYNMHUM BUTNAL:

C opr® 0,016 M, , HCO. 7750,13 Cl 11

(Na+K) 39 Ca 31 Mg 30

4. 3 nNigBULLEHMM YMICTOM OPraHiYHUX PeyOoBWH
cnabkomiHepanisoBaHa  rigpokapboHaTHO-xN0pPUAHA
KasblieBo-marHiesa soaa csp Ne 123-PI ginAaHku Hagp
«LleHTpanbHa» Momipeubkoro Pogosuiia, m. Tpycka-
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Beub, [porobuupkoro paioHy, JIbBiBCbKOi 0b6nacri.
Bmict Copr cknapae 0,030 r/n. 3aranbHa miHepanisauis
MB cknagae 0,65 r/n. ®opmyna ximiuHoro cknagy MB:

Cerr 0.030M . Cl 55 HCO, 3850, 7

Mg 48 Ca 37 (Na+K) 15

5. 3 nigBULWEHMM YMICTOM OpraHiYHMX pPeyvoBUH
cnabkomiHepanizoBaHa rigpokapboHaTHa  HaTpiesa
Boga csp. N2 2 c. Crapa lyta. ConoTBMHCLKOI Teputopi-
anbHoi Mpomaam IBaHo-DpaHKiBCbKOi 0bacTi. BmicT COPr
cknagae 0,014 r/n. 3aranbHa miHepanisauis MB ckna-
naae 0,74 r/n. ®opmyna ximiyHOro cknagy BoAM Mae Ha-
CTYNHWUN BUTAAA;

Copr 0.030M 0,65 wi+—(:oi)ﬁ

(Na+K) 99

BignosigHi MB wypam BBOAWAN Y CTPABOXia M’ AKMM
30HAOM 3 O/IMBKOIO, OAMH pa3 Ha Aoby, y #o3i 1% Big
Macu Tina TBapuHMK, y BedipHili yac (npmnbamsHo 0 17.00),
BpaxoByloun ocobameocTi fobosoro Gioputmy LLypiB.
Kypc npuiiomy MB cknapas 7 aib.

3a poby [0 3aBeplleHHA Kypcy npuitomy MB wypis
pPO3MillLlyBaiM B KAiTKax-neHanax i 3gilicHoBanu 36ip
£0608BoOi ceyi. OTpMMaHy ceyy BMKOPUCTOBYBaaW ANA
OLiHKM YHKLiOHaNbHOI aKTMBHOCTI HUpoK (PAH) 3a
BMN/IMBOM Ha QYHKLIilO CEYOYTBOPEHHA (LWBMAKICTb Ky-
6o4ykoBOi inbTpauii, KaHanbueBa peabcopbuis, Ao-
6oBuin giypes), BuBiaHy GYHKLiIO (33 eKcKpeljieo Kpe-
aTMHIHY Ta CeYoBMHM) Ta ioHoperyntody GyHKLUio (3a
KOHLEeHTpaLjieto Ta A060BOI EKCKPELLEt ioHIB HaTpilo,
Ka/ito Ta Xx1opua-ioHis).

Mo 3aBepLueHHIO Kypcy npuitomy MB TBapuH BUBO-
OV 3 gocnify AeKkaniTauiero nig epipHMm HapKosom.
Y TBapWH BUAYYANM HUPKMK, AKi dikcyBanu 48 roamH B
10% po3uunHi popmanbaerigy. YactMHM HUPOK 06’emom
1 cm® NpoBOANAM KPi3b CIMPTU 3POCTakOY0l KOHLEHTPA-
uii i 3anMBanM y UenoigMH 3a 3BMYaHOK METOAMKOIHO.
3 oTpMMaHuX B6/0KiIB BMIOTOBAAAWM FICTONOTIYHI 3pi3un
7-9 MKM 3aBTOBLLKM, AKi hapbyBann remMaToKCUNiIH-€0-
3nHOM. OTpMMaHi npenapatyv BMBYAAWU Nig CBITA0BMM
MiKPOCKOMOM 3 OLiHKOIO CTaHy OCHOBHWMX CKNaAOBMX
NapeHXiMM HUPOK: HUPKOBMX Tineub, 3BMBYACTUX Ta
NPSAMUX KaHaNbL,iB, IHTEPCTULLIMHMX NPOLLAPKIB.

CTaTUCTUYHY OBPOOKY OTPMMAHWUX OAHWUX Y Ccepisx
Jocnigis NpoBoguAM 33 LOMNOMOrOK CTaTUCTUYHOTO
naketa Statistica 10.0. Mpw Bcix 3acobax 06pobKM cTa-
TUCTUYHOIO MaTepiany AOCTOBIPHUMW  3pyLUEHHAMM
BBAXa/IMCb Ti, LLLO 3HAXOAM/INCb B MeXKax BiporigHOCTI 3a
Tabamuamm Ct’'rogeHTa p<0,05.

Pe3ynbTatv gocnipKeHHs Ta ix 06-
roBOpeHHsA.

Pe3ynbTaT OUIHKM CTaHy ¢YHKUi-

KOXHOMY 3 MOKAa3HWKIB, WO OMNUCYIOTb OAHY 3 CKNaAo-
BUX (YHKLIOHANbHOI aKTUMBHOCTI HMPOK, npuceoinm 1
ymoBHUI1 (abo 100 % akTuBHOCTI) 6an, Toai HOpManbHa
dYHKLiOHaNbHa aKTMBHICTb CE40BUBIAHOT cucTeMun byae
cknagaTtu 12 6anis.

MpoBeaeHHA MOPPHONOFIYHMX AOCAIANKEHD HUPOK
wypis 1 rpynu, y AKMX MK OLiHIOBAIM aKTUBHICTb AiAb-
HOCTi Ce4YOBMBIHOI CUCTEMM, A03BONNIO B y3araabHe-
HOMY BUINAAj CTBEPAXKYBATU HACTyMHe.

Mpn MmaKpocKonivyHOMY AO0CANIAMKEHHI BCTAHOB/IEHO,
LLLO AOBMKMHA HUPKM cknaaae (18+1) mm. MoBepxHA ra-
AeHbKa, 6McKyya, Kancyna Big €eQHYETLCS NIErko, TKa-
HMHA HUPKM TEMHO-KOPUYHEBOTrO KO/Ibopy. Ha po3pisi
YiTKO BiZOKpEMIEHO, NPM Bi3yasibHOMY CMOCTEPEXKEHHI,
KOPKOBa Ta MO3KOBa YaCTUHW, HUPKOBA NIOXaHKa bino-
Ciporo Ko/bopy poO3TallOBaHa B MefianbHili YacTUHI
HUPKW.

MiKpocKkoniyHe AoCNigKeHHA BCTAaHOBWAO, WO MO
nepudepii KOpPKM pPIBHOMIPHO PO3TAWOBAHI HWUPKO-
Bi TiNbusA. HUPKOBI TiNbus OKpyrioi popmu obmexkeHi
TOHKOO, LWiNbHOW, TeMHo3abapBieHoo MembpaHoto.
B cepeauHi TinbuA po3TallOBaHUIA KanifapHUii Knybo-
YOK OKpyroi Gopmu (B MOOAMHOKMX TiNbLUAX Kaninsap-
HUI KNybo4oK mae nanyacty dopmy). Mix Knyboukom
i MembpaHoto cnocTepiraeTbea wWinnHa (boymewis npo-
cTip). EHOOTENIOUNTM MatOTb TOMOTreHHY, TEMHO €03MU-
HOOINbHY LMTONA3My Ta CepeaHiX pPo3MmipiB oKpyrie
TemHo3abapBsieHe AApPO. B KOPKOBIM 4acTUHI TaKoX
pPO3TallOBaHi 3BMBYACTI KaHasbL,i. KOXKeH 3 HMX oTo4YeHOo
WiNbHOK TOHKOW ¢ibpo3HO Kancynio. 3 cepeanHu
BOHMW BWUCTENEHI OgHMM Wapom eniteniounTis. Llnto-
nnasma ix romoreHHa eosuHodinbHa, 6auKye go ba-
3a/IbHOi YaCTMHKM pO3TalloBaHe ApibHe A4pO0 OKpyrioi
dopmu TemHo3abapeneHe. B LeHTpi KaHanbLA BilbHUIA
NpPOCTIip, PiI3HOro PO3MIpy B Pi3HMX KaHaNbLAX.

Mo3KoBa YacTUHA HUPKW CKNAJAETLCA 3 NPAMUX Ta
3BMBYACTMX KaHanbLiB. KoXKeH 3 HUX, AK | 3BUBYACTi Ka-
Ha/bLii, OTOYEHO TEMHOIO Li/IbHOO MmembpaHoto. EniTe-
NiOUMTU B HUX NNACKi CBiTNO 3abapBaeHi, agpa oBasbHOI
dopMKN TeMHIi, KaHaNbLEeBUIN MPOCTIP WNPLLINIA, HIXK Y
3BMBYACTMX KasbLiB. MiX KaHaNbLAMM CNOCTEPIraeTbCa
iHTepCTiLianbHi NpPOLWAPKN, BOHM TOHKI TEMHO €03UHO-
dinbHi 3 NnooanHoKMMM pibpobnactamu.

3rigHo 3 faHWMmKM Tabauui, Kypcose BXMBAHHA 340-
posvmu wypamun MB 3 nigsuieHum emictom C 8nau-
Ba€ Ha QYHKLiOHaNbHY aKTUBHICTb HUPOK. O6’em aobo-
BOroO Aiypesy AOCTOBIPHO 36iNblIYETLCS, AK 32 PAXYHOK

Ta6bnuua — Bnaus MB 3 nigBuwweHum Bmictom Cnpr
Ha NOKa3HUKMU PYHKLiOHANbHOT aKTUBHOCTI HUPOK

OHa/NbHOI aKTMBHOCTI HUPOK LUYPiB B

HOpMi (rpyna KOHTposo) i wypis, Lo

oTpumyBanm MB 3 migBuLLEHMM BMiC-

TOM COpr HaBedeHi B Tabauui. B nisin
KOMIOHLi Tabnuui HaBedeHi pe3ynbTatu

6araTopiyHMX cnocTepexkeHb 3a QyHK-
LjioHa/IbHMM CTaHOM HUPOK LLYPiB 04-

HakoBoro BiKy i macu Tina (1 rpyna).

YcepeoHeHHA f[aHUX, OTPUMAHMX B
Pi3Hi NOpK POKYy A03BOAUIO CTBOPUTH

YHiBepcanbHy KapTUHY OyHKLiOHaNb-

HOT aKTMBHOCTiI HUPOK 340POBMX LLYPIB.

Ane oTpumaHi [aHi He [03BONAIOTH

rOBOPUTM MpPO iHTErpasbHy aKTWB-

MoKasHUKK 1rpyna 2 rpyna

Oo6osuii giypes, ml/dm? nosepxHi Tina 1,10 £ 0,06 1,66 +£0,07*
LWenakicTb Knyboukosoi dinbTpauii, ml/(dm?xmin) 0,13 +0,05 0,19 +0,09*
KaHanbueBa peabcopbuin, BiacoTok go dinbrpadii, %| 99,26 + 0,07 | 99,00 + 0,06*
BuBeaeHHA KpeaTuHiHy, mmol 0,013 + 0,0009/0,018 + 0,0001*
BuBepgeHHA ce4oBUHM, mmol 0,87 £ 0,06 0,88 £ 0,05
pH no6osoi cevi, og,. pH 7,69 10,25 8,50 +0,14*
KoHueHTpauis ioHis Kanito B go608ii cedi, mmol/| 118,72 +11,99(89,900 + 0,53*
[o6oBa ekckpew,is ioHiB Kanito, mmol 0,130+0,01 | 0,130 +0,02
KoHueHTpauis ioHiB HaTpito B Ao6oBii cedi, mmol/l (167,72 +22,91|119,14 + 0,85*
[ob6oBa ekcKkpeLis ioHiB HaTpito, mmol 0,33+0,07 | 0,18 +0,003*
KoHueHTpauia x1opug-ioHis 8 4o6osiit cedi, mmol/l (273,19 + 30,15(204,81 + 1,12*
[ob6oBa eKckpewis xa0pma-ioHis, mmol 0,26 +0,04 | 0,38 +0,003*

HICTb cevyoBMBIAHOI cucTemMU. TOMYy MU Mpumitku: * — BiporigHicTb 3MiH No rpynax mix 1 Ta 2 rpynamu (p<0,05).
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NiABULLEHHA WBMAKOCTI KNybouKkoBoi dinbTpauii (LKD),
TaK i paxyHOK 3HM)KEHHS BiACOTKY KaHa/bLeBol peab-
copbuji. BuBigHa ¢YHKLIA HMPOK 3a3HAE HE3HAYHMUX
3MiH: AOCTOBIPHO 36i/IbLIYETLCA EKCKPELLA KpeaTUHiHy,
eKCKpeLia ceyoBMHM 36epiraeTbca Ha PiBHI KOHTPOJIIO.
pH 0o60BOI ceyi AOCTOBIPHO 3MIHIOETBLCSA, | 3CYyBaETLCA
Yy NYXHUI 6ik. KoHueHTpauis ioHiB K* B goboBiit ceui
[OCTOBIPHO 3MEHLUYETbCA, MabyTb 3a pPaxyHOK 36ib-
LWeHHs 11 06’emy, ToAj AK iXHA eKCKpeL,is He 3MiHIETbCA
Yy NOPIiBHAHHI 3 KOHTponem. KoHueHTpauis Na* B gobo-
Bil1 ceyi OCTOBIPHO 3MEHLLYETLCA, AK | MOTO eKcKpeLis
— KOMMEeHCcaTopHa peakLia, cnpAmoBaHa Ha 36epeXeH-
HA Na* B opraHi3mi. KoHueHTpauia CI~B ceyvi gocTtosip-
HO 3HMXKYETbCA, TOAI AK EKCKpeLia 3pOoCTaE, WO MOXKe
6yt NoB’A3aHO 3i 3miweHHAM pH ceui. [1na OLiHKK iH-
TerpasbHUX 3MiH PYHKLIOHA/NbHOI aKTUBHOCTI CEYOBU-
BiZLHOT CMCTEMM MU BU3HAYaNU, Ha AKY YaCTKY YMOBHOIO
6ana 3MIHIOETbCA BENNMYMHA KOXKHOTO 3 NMOKa3HWKIB i fK
Le BN/IMBAE Ha iHTerpasbHy Cymy NokasHukis. [lo6osui
Aiypesy wypis Li€i rpynu cknagas 1,5 6anu, LUK® - 1,78
6ana; BiACOTOK KaHanbLeBoi peabcopbuii — 0,997 6anu;
BMBEAEHHA KpeaTuHi Hy — 0,976 6ana; ceyoBuHM — 1
6an; pH ceyi—1,04 6ana; KoHueHTpauis K*— 0,757 6ana;
nmoro ekckpeuia — 0,57 6aau; KoHueHTpauin CI-—0,75
6ana; oro eKkckpeuia — 1,46 6ana. Cymyoum oTpumaHi
OLiHOYHi 6anu BM3HAYAEMO, LLO iHTerpanbHa ¢yHKLio-
HaNbHa aKTUBHICTb AopiBHIOe — 13,85 6anun. TobTo 3a-
cTocyBaHHA MB 3 nigsuLeHMM BMICTOM C . 36inbluye
iHTerpaTMBHY OYHKLiOHaNbHY aKTUBHICTb CEHOBVIBI,CI,HOI
cuctemu, mabyTb 33 pPaxyHOK BRAMBY LMx MB Ha cTaH
PEerynaTopHUX CUCTEM OpraHiamy.

BogHouac 3i 3miHamu napameTpiB ¢yHKLUiOHaNb-
HOi aKTUMBHOCTI CeYoBMBIAHOI CUCTEMM CROCTEpiranmchb
3MiHW B CTPYKTYPHIA opraHisauii HUpKKU. B HUpKax
wypis, Wo otpumysann MB 3 nigBULLEHMM BMICTOM
Copr crnocTepiranncb: Habpsak eHAoTeniouunTiB Kaninap-
HUX KNyOOYKiB HUPKOBUX Tineub ApiOHI Bakyoni B HUX,
HabpAK eniTeniounTiB 3BMBYACTUX KaHanbLiB. Lli 3miHK

MOKHa noB’A3aTu 3i 36inbweHHAM gob6osoro ajypesy i
36i/NbLLIEHHAM BUBEAEHHA KpeaTuHiHy. Po3mipu boyme-
HOBOTrO MPOCTOPY B HUPKOBUX TiNbLAX Ta 36epekeHHs
NPOCBITY 3BMBYACTMX KaHa/bLLiB, MPAMMX KaHaNbL,iB i 30-
BHILUHbOrO BUMAZY €niTenito OCTaHHIX, JO3BONAE BBa-
»KaTW, WO CEYOBMBEAEHHA He CTparKAa€ nif BM/MBOM
MB 3 nigBuLLEHNUM BMICTOM Copr, ane BogHo4Yac BU3Ha-
YaAOTbCA CTPYKTYPHI O3HAKW MOCUNEHHA HAaBAHTAXKEHHSA
Ha HUPKW.

TaKMM YMHOM, pe3ynbTaTv NPOBEAEHNX AOCNIAKEHD
BM3HAUM/IM, LLO BXMBAHHA LLYPAMMU YMHHMKA (AKMM €
MB 3 nigsuiweHum smictom C_ r) 3MiHIOE aefAki napa-
METPM, LLO XapaKTepu3yoTb beHKLJ,IOHalley aKTMBHICTb
ceyoBumBigHOI cuctemun. OcKinbkuM cneundivHi  areH-
TW, AKI MIiCTATb 3aCTOCOBaHi y gocnigxkeHi MB, matoTb
BM/IMB Ha Mpouecu perynauii AianbHOCTI ce40BUBIAHOT
CUCTEMM, MOXKHA NPUNYCTUTH, WO BU3HAYEHI 3MiHM 06Y-
MOB/EHI AiANbHICTIO LMX areHTiB. BogHovac, B CTPYKTYpi
CKNapoBux HedpoHy cnocTtepiranvcb nepebynosu, Aki
cnif, TPaKTyBaTW, SIK BiQOOpPArKeHHA 3MiH aKTUBHOCTI
bYHKUi B CTPYKTYPHIl opraHisadil.

BucHoBKM.

B uwinomy moxHa CTBepAXKyBaTH, WO MK CcrnocTepi-
ranauM nposABM TIiCHOI Kopensuii 3miH ¢yHKLUioHanbHOI
AKTMBHOCTI | CTPYKTYPHOI OpraHisaLii HAPOK Npu BNAMBI
30BHILWHIX YMHHMKIB. CnoCTepiraeTbca CYKYMHICTb CTe-
PEOTUNHUX B3AEMOMOB’'A3aHMX MOKA3HWUKIB, B AaHOMY
BMNAAKy $i3ioNOriYHNX i CTPYKTYPHUX 3MiH B MeXax ce-
YOBMBIAHOI cMCTEMMU, AKi BiAOOpPaXKatoTb MiXKCUCTEMHI
B3AEMOBIAHOLWEHHA B OPraHiami LypiB Npu 3BUYANHIN
Moro AianbHOCTI, AKi cnig po3rnAagaTv, AK CTPYKTYpPHO-
bYHKLIOHANBHUIA KOHTUHYYM.

MepcnekTMBM NOAANBLUNX JOCNIAMKEHD.

JocnigKeHHA HaABHOCTI CTPYKTYPHO-PYHKLiOHANb-
HUIM KOHTUHYYMY B Pi3HMX OpraHax i cuctemax [03BoO-
NINTb CTBOPUTU CUCTEMY OLLHKW iHTErpanbHoi ¢yHK-
LLiOHANbHOI aAKTUBHOCTI OpraHiamy, WO MNOKPaALWNTb
BM3HAYEHHA BM/IMBIB 30BHILIHbOIO CEPEeOBULLA.
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BU3HAYEHHA CTAHY CTPYKTYPHO-®YHKLIIOHA/IbHOIO KOHTUHYYMA HUPOK NPU BNJINBI NPUPOOHUX
MIHEPAIbHUX BOA, 3 NIABULLLEHWM BMICTOM OPTAHIYHUX PEHOBUH

CmupHos I. B., Haciéynnin b. A., l'ywa C. T.

Pe3stome. 3abe3neyeHHs BOAHO-CO/IbOBOrO rOMEOCTa3y 34iMCHIOETbCA 3aBAAKM AiANbHOCTI CEYOBUBIAHOI CUCTe-
MU, NepLl 3a BCe HUPOK. DyHKLiOHaNbHA aKTUBHICTb HUPOK MO NiATPMMLL BOAHO-CO/IbOBOr0 rOMeOoCTasy CyrnpoBo-
OYKYETbCA 3MiHAMM B CTPYKTYPHO-OYHKLIOHANbHUX OAUHULAX HUPKKU, TOBTO NOCTIMHUM CUIbHUM B3aEMO3B’I3KOM
MiXK QYHKLIEIO | CTPYKTYPHOI OpraHi3alielo HUPOK. AKWO B yMOBax MaTONOrYHMX NPOLECIB LEel B3aEMO3B A30K
OOCNiAXKEeHUM AOKNAaAHO, TO Y CTaHi $i3ioNoriyHMx HaBaHTaXKeHb MOMY HaZLA€TbCA HEAOCTATHLO YBaru.

Mema 0ocnioieHb — BCTAaHOBNEHHA CTPYKTYPHO-PYHKLiOHaIbHOrO KOHTUHYYMY B AiAZIbHOCTI HUPOK Nif, BNAW-
BOM BHYTPILUHbOIO 3aCTOCYBaHHA NMPUPOAHUX MiHEpPaNbHUX BOZ, 3 NiABULLEHUM BMICTOM OPraHiYHWX PEYOBMH.

06’ekm i MemoOu docnidnceHHA. MaTepianom poboTH cayryBanu AaHi, oTpMMaHi Npu gocnigxeHHi 192 KniHiy-
HO 340poBuX Binnx wypis npotarom 2017 — 2022 pp, AKUX 6yno posaineHo Ha 2 rpynu. 1 rpyna KoHTponto — 132
wypa (iHTaKTHI TBApUHM, WO YTPUMYBAIUCh Y CTaHAAPTHMX YMOBaX BiBapito), y AKMX GYHKLii HUPOK A0CAiAXKYBaNu
B OCiHHbO-3MMOBI Ta BECHSHO-NITHI nepioan poky. OTpMMaHi pes3ynbTaTh y3arasbHoBaAucb i GopmyBanach yce-
peaHeHa Hopma. 2 rpyna — 60 wypiB (ocHoBHA), AKa byna nogineHa Ha 5 niarpyn no 12 wypis, AKi oTpumyBanu
KYPC BHYTPiLWHbOTO NPUMOMY OAHIET 3 5-TM NpUpogHMX MiHepanbHux Bog (MB) 3 NiaBULLEHMM BMICTOM OpraHiuHuMX
peyoBuH (Copr). Y3arasibHeHHs pe3y/bTaTiB 403B0/IAN0 CHOPMYNIOBATH ycepeAHEHUIM BNAUB X MB Ha CTpyKTypHO-
bYHKLIOHAIbHUIM KOHTUHYYM HUPOK KAIHIYHO 340p0BMX WypiB. LLlypy oTpumyBsanum BignosigHi MB oauH pas y goby
npoTtarom 7 gHiB, BBEAEHHAM Yy CTPABOXiZ 33 AONOMOrol m’skoro 3oH4a B Ao3i 1 % Big macu Tina. JocaigxKysanu
dYHKLi0 ceyoyTBOpeHHSA (WBUAKICTb KNybouKoBOi inbTpalii, KaHanbLeBa peabcopbuis, gobosuii aiypes), BuBia-
Hy YHKLiIO (32 eKCKpeLieto KpeaTUHIHY Ta CEYOBMHM) Ta iOHOperyntooYy GpyHKLiK0 HUPOK (32 KOHUEHTpaLji€eo Ta
0060BOI0 EKCKPELLEID iOHIB HaTpItO, Kanito Ta xn1opua-ioHis). MopdonoriyHMMKN A0CAIAKEHHAMM OLIHIOBAIM CTPYK-
TYPHWUI CTaH HUPOK.

Pe3ynemamu. BaratopiyHe AOCNiAKeHHA PpYHKLiOHAaNbHOT aKTMBHOCTI HUMpPOK (PAH) go3BoAMAO BUBECTU Yy3a-
ra/ibHeHy CcepefiHt0 OCHOBHMX ii NOKa3HMKIB. MPUCBOIBLLM KOXKHOMY 3 y3arajibHEHMX NMOKasHWKIB 1 ymoBHUI 6an
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aKTMBHOCTI MM OTpMManm gaHi, wo ®AH B Hopmi cknagae 12 6anis. Llii BeanumHi BignoBigae cTpyKTypHa opraHisa-
LA NapeHXimu HUPOK BigNOBIAAOYN ONMCAM HAaBEAEHMM B KEpPiBHMLUTBAX MO rictonorii TBapuH. MNpoBeaeHHA Kypcy
BXMBaHHA MB 3 nigBuLEeHnM BMiCTOM COpr He3BaXalumn Ha Po3biKHOCTI B iX XiMiYHOMY CKNagi, AaBano O4HAKOBI
3MiHM OYHKLIT HUPOK: 36inblueHHAM 06’emy f060BOro Aiypesy Ta WBUAKOCTI KNyH6o4KoBOI GiNbTpaLii, i SHUMKEHHAM
BiZICOTKY KaHa/bLieBoi peabcopbuii. 3miHM ioHoperyntoYoi GYHKLiT HUPOK BU3HAYAINUCh Y 3HMMKEHHI KOHLeHTpau,i
e/IeKTpoiTiB B A060BIN cevi, NPy 3MEHLLEHHi eKCKpeLLil iOHiB HaTPIto Ta 36iNbLUEHHI eKCKpeL,ii X10pua-ioHiB. YMOBHI
6ann KoXHOro nokasHuka ®AH wypis, wWo otpumysanm MB 3 NigBULLEHMM BMICTOM Copr, 3MiHIOBA/INCb B TOM UK
iHWKI 6ik Ha 10 % — 30 %, cymapHa 6anbHa ouiHka PAH nigsuwyeTbea ao 13,85 6anis. Takum 3miHam PAH Bigno-
Bi4al0Tb 3MiHWM B CTPYKTYPHIl opraHisaLii HUPOK: HabpAK eHO0TeNioUMTIB KaninApHUX KNyBOoUKiB i eniTenito KaHanb-
LiB, MolWKMpeHHa boymeHoBa npocTopy (Haa/uwwKoBa peabcopbuis Boam).

BucHOBKU. TaKMM YNHOM, MAE MiCLLe AOCUTb KOPCTKMUI 3B"A30K 3MiH PYHKLIIOHANbHOT aKTUBHOCTI HUPOK i CTPYK-
TYPHUX XapaKTePUCTUK CTaHy iIXHbOI MapeHXimu, WO cAig, po3riafaTH, AK CTPYKTYPHO-OYHKLIOHANAbHUA KOHTUHYYM
HUPOK.

KntouoBi cnoBa: QyHKLiA HUPOK; CTPYKTYPHA XapaKTepMUCTUKA HUPOK, NPUPOAHI MiHepanbHi BOAM 3 NiABULLEHUM
BMIiCTOM OpraHi4YHMX PE4YOBUH.

DETERMINING THE STATE OF THE STRUCTURAL-FUNCTIONAL CONTINUUM OF THE KIDNEY UNDER THE INFLU-
ENCE OF NATURAL MINERAL WATER WITH INCREASED CONTENT OF ORGANIC SUBSTANCES

Smirnov I. V., Nasibullin B. A., Gushcha S. G.

Abstract. Water-salt homeostasis is ensured through the activity of the urinary system, primarily the kidneys.
The functional activity of the kidneys to maintain water-salt homeostasis is accompanied by changes in the struc-
tural and functional units of the kidney; that is a constant strong relationship between function and structural renal
organization. If, under conditions of pathological processes, this relationship has been studied in detail, then in a
state of physiological stress, it is given insufficient attention.

The purpose of the research is to establish a structural-functional continuum in the activity of the kidneys under
the influence of the internal use of natural mineral waters with a high content of organic substances.

Materials and methods. The work was based on data obtained from a study of 192 clinically healthy white rats
during 2017-2022. The animals were divided into 2 groups: 1 control group — 132 rats (intact animals kept under
standard vivarium conditions), in which kidney function was studied in the autumn-winter and spring-summer peri-
ods of the year. The results obtained were generalized, and an average norm was formed. Group 2 — 60 rats (main),
which was divided into 5 subgroups of 12 rats each, received a course of internal intake of one of 5 natural mineral
waters (MW) with a high content of organic substances (Corg). Generalizing the results made it possible to formu-
late the average effect of these MWs on the structural-functional continuum of the kidneys of clinically healthy rats.
Rats received the corresponding MWs once a day for 7 days by injection into the esophagus using a soft probe at a
dose of 1% of body weight. The function of urine formation (glomerular filtration rate, tubular reabsorption, daily
diuresis), excretory function (by excretion of creatinine and urea), and ion-regulatory function of the kidneys (by
concentration and daily excretion of sodium, potassium and chloride ions) were studied. Morphological studies as-
sessed the structural state of the kidneys.

Results. A long-term study of renal functional activity (RFA) made it possible to derive a generalized average
basis for its indicators. Having assigned each generalized characteristics 1 conditional activity point, we received
data that RFA is normally 12 points. This value corresponds to the structural organization of the kidney parenchyma,
corresponding to the descriptions given in manuals on animal histology. Carrying out a course of using MW with
a high content of Corg, despite the differences in their chemical composition, showed the same changes in kidney
function: an increase in the volume of daily diuresis and glomerular filtration rate and a decrease in the percentage
of tubular reabsorption. Changes in the ion-regulating function of the kidneys were determined by a decrease in
the concentration of electrolytes in daily urine, a reduction in the excretion of sodium ions, and an increase in the
excretion of chloride ions. The conditional scores of each RFA indicator of rats receiving MW with increased Corg
content changed in one direction or another by 10-30%; the total RFA score increased to 13.85 points. Such changes
in RFA correspond to changes in the structural organization of the kidneys: swelling of endothelial cells of capillary
glomeruli and tubular epithelium expansion of Bowman'’s space (excessive reabsorption of water).

Conclusions. Thus, there is a reasonably strict connection between changes in the functional activity of the kid-
neys and the structural characteristics of the state of the parenchyma, which should be considered as a structural-
functional continuum of the kidneys.

Key words: kidney function; structural characteristics of the kidneys; natural mineral waters with a high content
of organic substances.
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Fishchenko V. O., Humeniuk O. O.

CLINICAL EXPERIENCE OF NUCLEAR MAGNETIC RESONANCE THERAPY USING
IN THE TREATMENT OF PATIENTS WITH DEGENERATIVE-DYSTROPHIC DISEASES
OF THE SHOULDER JOINT

National Pirogov Memorial Medical University, Vinnytsya (Vinnytsia, Ukraine)
dr.humeniuk.olha@gmail.com

The study aimed to analyse the long-term clinical results of nuclear magnetic resonance therapy (NMRT) in pa-
tients with degenerative-dystrophic diseases of the shoulder joint. The results of NMRT application are presented
in the example of 15 cases of degenerative-dystrophic lesions of the shoulder joint of the shoulder joints. Clinical
outcomes were assessed at the initial visit and in the long-term period using the QuickDASH (Disability of Arm,
Shoulder and Hand Questionnaire). In the long-term period after NMRT, the examined patients showed significantly
better treatment results compared to the indicators established at the initial visit. Patients with less cartilage dam-
age showed significantly better results of NMRT, so we recommend using the method to prevent the progression of
the degenerative-dystrophic process. We did not find a significant deterioration in treatment results with an increase
in the observation period, which indicates a high duration of the positive clinical effect of NMRT in degenerative-
dystrophic diseases of the shoulder joint. Thus, the high efficiency of NMRT in treating patients with degenerative-
dystrophic diseases of the shoulder joint has been proven.
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Connection of the publication with planned research
works.

The study is a fragment of the planned research topic
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“Improvement of methods of diagnostics, treatment and
rehabilitation of patients with injuries and diseases of
the musculoskeletal system”, state registration number
0123U102765.

Introduction.

Degenerative and dystrophic joint diseases, their aeti-
ology, pathogenesis, and the choice of the optimal treat-
ment method remain the most pressing issues in modern
orthopaedics. Despite a large number of studies on these
issues, there is no effective treatment method that would
stop the pathological process and prevent the progres-
sion of the disease. In this regard, the problem of finding
the optimal treatment method is urgent.

Nuclear magnetic resonance therapy (NMRT) is one
of the most modern and promising methods considered
as a possible alternative to the available methods of con-
servative and surgical approaches in treating degenera-
tive and dystrophic joint diseases. The effect of NMRT is
based on the physical principle of nuclear magnetic reso-

nance, in which hydrogen nuclei in the body first absorb
energy through external electromagnetic fields and then
release it to the surrounding tissues of the body [1, 2].
Research results indicate that the energy transferred to
the surrounding tissues is therapeutic and causes chang-
es in cellular metabolism, stimulating protein expression,
transport through ion channels, activating signal trans-
duction cascades, and reducing the rate of proteoglycan
breakdown [2, 3, 4]. There are scientific statements about
the increased proliferation of chondrocytes and osteo-
blasts and reactivation of their regenerative potential
with subsequent restoration of cartilage and bone tissue,
which arise as a result of resonant vibration of molecular
structures during NMRT [4, 5, 6, 7, 8].

NMRT is a new, promising, non-invasive, non-phar-
macological technique, but few studies are aimed at an-
alysing its use results. The available single clinical trials
indicate the technique’s high efficiency in treating knee
osteoarthritis [3, 9]. However, the duration of observa-
tion in the studies we found did not exceed six months.
Given the promising prognosis for the potential of NMRT
in the treatment of degenerative and dystrophic joint
diseases and the lack of studies evaluating the long-term
results of its use and impact on shoulder joint disorders,
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