e WV

\//[) harmacologyOnLine

Archives ¢ 2021 ¢ vol.2 ¢#753-760

LONG-TERM STUDIES OF THE CHEMICAL COMPOSITION AND BIOLOGICAL
ACTIVITY OF SILT-SULFIDE PELOIDS OF THE KUYALNITSKY ESTUARY

Gushcha, S.G."; Nasibullin, B. A."; Koeva K. A."; Arabadji M. V.", Badiuk, N. S.**; Kysylevska, A. Yu.’
'State Institution "Ukrainian Research Institute of Medical Rehabilitation and Resort Therapy of the
Ministry of Health of Ukraine", Odesa, Ukraine
*International European University, Kyiv, Ukraine

*badiuk_ns@ukr.net

Abstract

Due to anthropogenic impact and climate change, the Kuyalnitsky estuary (Odessa region, Ukraine)
has undergone specific changes, which affected the physicochemical composition of the silt-sulfide
peloids of the Kuyalnik resort (southern part of the Kuyalnitsky estuary). As a result of these changes,
there were corresponding changes in their biological activity. To study the dynamics of these changes,
experimental studies of the effect of peloid applications on the structural and functional state of the
kidneys of white mice were carried out for the period from 2008 to 2020. If in 2008, the response from
the functional state of the kidneys of contact rats was characterized as typical for the effect of
moderately mineralized silt-sulfide peloids - a decrease in the volume of daily diuresis due to an increase
in tubular reabsorption and an increase in the excretion of potassium and sodium ions against the
background of a decrease in the excretion of chlorine ions, then already in 2016, the nature of the
response from the outside changed somewhat but remained similar in direction and strength. In 2018,
the nature of the response changed dramatically, which manifested itself in a significant increase in the
volume of daily urine output only due to a considerable acceleration of GFR, which was accompanied
by a significant increase in the excretion of creatinine, urea, sodium and chlorine ions. In 2020, the
functional state of the kidneys was characterized by even more powerful negative changes,
accompanied by acidification of urine, a significant increase in urea excretion against the background,
of a substantial increase in the content of urea and creatinine in the blood. During the same period of
research, with a microscopic study of the kidneys, signs of structural changes in the region of the renal
glomeruli were first established. The data obtained indicate that the biological activity of peloids has
undergone specific negative changes, which should be taken into account when carrying out
balneological procedures.
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Introduction

In Ukraine, silt deposits of salt water bodies (silt
sulfide mud) are traditionally used for medicinal
purposes, the deposits of which are concentrated in
the southem region of the country. These are the
Black Sea estuaries and the Azov Sea estuaries [1, 2,
3]. Sulfide-silt mud is a soft, velvety, plastic mass of
black color with the smell of hydrogen sulfide and
ammonia, consisting of a skeleton (or crystal
skeleton), colloidal fractions, and mud solution. The
crystalline stucture makes up 20-50% of the total
mass of peloids and consists of silicate particles,
gypsum, phosphates,  calcium  carbonates,
magnesium, and other salts, as well as organic
residues. To a large extent, the biological activity of
silt-sulfide peloids is determined by a spesific
concentration of macro- and microelements and
biologically active substances [1, 4].

The following effects manifest various medicinal
properties of mulo-sulfide  peloids:  anti-
inflammatory, decongestant, analgesic, reparative-
regenerative, immunomodulatory, defibrosing,
antioxidant, adsorptiveresorptive, detoxifying,
desensitizing, etc. [5]. Because silt-sulfide peloids
significantly affect the leading pathophysiological
factors in many chronic diseases, they are used in
balneotherapy in many countries of the world [6 -
9]

One of the necessary conditions for using peloids
for medicinal purposes is a comprehensive
assessment of their composition and bioactivity,
due to complex geological, geographic
physicochemical, microbiological, and other factors
[10, 11]. Such an assessment makes it possible to
conclude the prospects of using these peloids in
restorative  treatment in  sanatoriums, for
therapeutic and cosmetic purposes, etc. [1, 12].

Considering that peloids are natural medicinal
resources, they can be influenced by environmental
factors such as climate change, anthropogenic load,
etc. One of the examples of the need for such a
comprehensive assessment is long-term studies of
the peloids of the Kuyalnitsky estuary (Kuyalnik
resort), which is located near the city of Odessa
(Ukraine), the southwestern coast of the Black Sea.
Over the past 20 years, the Kuyalnitsky estuary has
undergone significant environmental changes,

which causes concern and initiates monitoring
studies [13-16].

In this aspect, conducting experimental studies
using laboratory animals is of particular importance
since it allows you to obtain quick and more close to
the human body results, which primarily givean idea
of the response of organs and functional systems to
the effect of the investigated agents to assess their
safety (toxicity) and biological activity [17, 18]. The
essential function of the body is to maintain
homeostasis, which is characterized by the stability
of the volume of fluids (isovolemia), their osmotic
concentration  (isoosmia), ionic  composition
(isoionium), and the concentration of hydrogen ions
(isohydria). The kidneys maintain these main
parameters of homeostasis [19, 20, 21]. That is why
the assessment of the safety and biological activity
of the peloids of the Kuyalnitsky estuary was
studied by us based on the structural and functional
state of the kidneys of experimental animals.

This work aims to assess the effect of silt-sulfide
peloids on the features of the structural and
functional reaction of the kidneys of experimental
animals for the period 2008 - 2020.

Methods

Object of research: silt-sulfide peloids of
Kuyalnytsya estuary, white rats.

The studies were performed on 56 white female
rats, Wistar outbred breeding line, aged 6-8 months,
weighing 180 - 210.

Experimental studies were conducted in
accordance with the rules established by the
Directive of the European Parliament and the
Council (2010/63 / EU), by the order of the Ministry
of Education and Science, Youth and Sports of
Ukraine No. 249 of March 1, 2012 "On Approval of
the  Procedure for  conducting  scientific
experiments, experiments on animals by scientific
institutions " and methodical recommendations [22,
23, 24].

During the experiment, the animals were in the
experimental biological clinic (vivarium) of the State
Institution "Ukrainian Research Institute of Medical
Rehabilitation and Resort Therapy of the Ministry of
Health of Ukraine", Odesa in the conditions of free
access to food and water. The animals were kept in
standard laboratory conditions: photoperiod - light /
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darkness 12:12; air temperature - 22 + 2 ° G
humidity - 55 * 10%.

The researchers gently fixed the rat with their
hands and shaved an area of skin below the ribs,
measuring approximately 20.0 mm x 20.0 mm. On
the shaved side of the rat's skin, the experimenters
applied a cake with the corresponding sample of
peloids at a temperature of 38 * 2° C. The course
consisted of 6 applications every other day. The
duration of the application was 20 minutes.

The functional state of the kidneys was assessed
by the urinary function (glomerular filtration rate,
tubular reabsorption, the volume of daily urine
output), excretory function (by the content of
creatinine and urea in the blood and their excretion
in the urine), and ion-regulating function (daily
excretion of sodium, potassium, and chloride ions).
Also, the acid-base reaction of daily urine was
determined by indicators of the concentration of
hydrogen ions. Each rat was placed in a special
separate cage for the correct measurement of daily
urine. The amount of urine was measured in ml. For
unification, it was calculated per unit of body
surface ml / dm2, which is equivalent to the filtering
surface of all kidney nephron glomeruli. According
to generally accepted methods the study of the
functional state of the kidneys was carried out [21].
According to the Jaffe reaction (Popper's method)
determining of creatinine in blood and urine was
carried out. The reduction of urea in urine was
carried out by the urease method using Nessler's
reagent.

Determination of urea in blood was carried out
according to the method, which is based on the
interaction of urea with diacetyl monooxine in a
strongly acidic medium in the presence of
thiosemicarbazide and ferric ions with the formation
of colored substances. To determine the excretion
of sodium, potassium, calcium, and chloride ions in
daily urine, their concentration was determined
using an electrolyte analyzer in biological fluids
"Kveri-o1".

At the end of the course, the animals were
removed from the experiment by decapitation
under ether anesthesia. During the autopsy, in
experimental rats, a macroscopic assessment of the
kidneys was performed, then two pieces of a kidney
with a volume of 1 cm3 were removed. The first
piece was fixed for 24 hours in a 4%

paraformaldehyde  solution, passed through
alcohols of increasing concentration, and poured
into celloidin. Histological sections of 7-9 pm thick
were made from the obtained blocks, which were
stained with hematoxilin-eosin [25].

The obtained preparations were used for
microscopic studies of structural changes in the
kidneys. The second piece was frozen with dry
carbon dioxide (-70° C). On the prepared cryostat
sections, histochemical reactions were performed
to determine the activity of succinate
dehydrogenase (LDH) and lactate dehydrogenase
(LDH) according to Lojda Z.'s recipe [25]. The
enzyme activity was assessed in conventional units
of optical density (c.u.). The methods used are given
in the guidelines approved by the Ministry of Health
of Ukraine. Experimental studies were carried out
following legal documents [26, 27].

For further analysis, the results of studies in the
following years were selected: 2008 (2" group),
2016 (3™ group), 2018 (4™ group), and 2020 (5™
group). The number of animals in each period was
10. Intact animals were used as a comparison group -
16 animals (1°*group).

All data were processed using the statistical
package Statistica 10.0 (Statsoft/Dell, Tulsa, OK,
USA). The descriptive statistics of the data in tables
include mean * standard error of the mean (SEM) or
mean +* standard deviation. Significance was
assessed by using the one-way ANOVA followed by
t-test. Values were considered statistically
significant when P value is less than 0.05.

Results

First, let us consider the data that demonstrate
the dynamics of changes in the physicochemical
composition of the peloids of the Kuyalnitsky
estuary within the Kuyalnik resort from 2008 to
2020 (Table 1). It should be pointed out that these
studies were carried out simultaneously as the
experimental studies in rats. During the research
period, the content of hydrogen sulfide in the
peloids of the Kuyalnik resort ranged from 0.14% to
0.23% with air conditioning requirements of 0.06 -
0.20% iron sulfide - from 0.14% to 0.32% with
conditional requirements of 0.15 - 0.50%. A
significant change in the pH values was observed in
the peloids. The reaction varied from neutral-weakly
alkaline (6.55 pH) in 2008 to slightly acidic (5.80 pH)
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in 2020, with conditional requirements of 6, 50-
7.40 pH. A decrease in pH values negatively affects
the balance of forms of hydrogen sulfide in peloids.

Particular attention should be paid to determining
the redox potential (Eh index). The redox potential
can shift in one direction or another, thereby
providing oxidizing or reducing properties and,
depending on this, significantly change the
conditions for the formation of peloids. An increase
in the Eh values from -350 mV in 2008 to -120 mV in
2020, with conditioning requirements of -400 to-150
mV, and a simultaneous decrease in pH values,
indicate the attenuation of the peloidogenesis's
processes.

The value of the mass fraction of moisture
determines the number of physical properties of
peloids. Without a liquid phase in peloids, bacterial
processes and the migration of many of elements
cannot occur. The value of the mass fraction of
moisture in the studied samples ranged from 55.79%
in 2008 to 45.21% in 2020, which comresponds to the
conditioning requirements (35-65%) for peloids. The
mass fraction of organic carbon (Corg) tends to
decrease its content from 2.34% in 2008 to 1.62% in
2020, which indicates an insufficient supply of fresh
organic matter for the processes of peloidogenesis.

When studying the physicochemical composition
of silt sulfide peloids, the composition of their mud
solution is of great importance, which is a
metamorphosed brine of the estuary, which
changed its composition under the influence of
several biochemical and physicochemical
parameters., According to the results of the studies,
the mud solution of the estuary peloids is
characterized as chloride magnesium-sodium, with
mineralization of 143.05 g / 1in 2008 and subsequent
growth to 324.03 g / | in 2020. Thus, this figure is
currently outside the limits established by the
corresponding conditioning requirements (90.0-
150.0 g /[ I). There is also an increase in the
concentration of the main components of the
macro-composition of the mud solution:

. chloride ionsfrom 85.10 g/1t0 199.17g / |;

° sodium and potassium ions from 40.91 g / |
to100.25g /I;

e  magnesiumions from7.83g/1t016.31g /1.

The content of ammonium ions ranges from

143.05 to 210.99 mg / .

Data on the effect of course external application
of silt-sulfide peloids on the functional state of the
kidneys of rats are shown in Table 2. In rats of the
2nd group (2008), the glomerular filtration rate
(GFR) does not change. Still, the tubular
reabsorption significantly and reliably increases - by
0.4 % (this value varies within 3%), which leads to a
decrease in the value of daily urine output by 30%
compared with group 1 of intact animals. The
content of creatinine and urea in the blood and their
excretion do not change. The reaction of daily urine
does not undergo significant changes. In this case,
the excretion of potassium ions increases by 26%,
sodium ions increase by 128%, and the excretion of
chlorine ions, on the contrary, decreases by 30%,
therefore; the kidneys excrete a small amount of
concentrated urine per day.

In rats of group 3 (2016), an increase in GFR by 32%
(p <0.01) was found. At the same time, tubular
reabsorption significantly increases - by 0.3% which
in combination does not cause an increase in the
amount of daily diuresis. The excretion of creatinine
increases considerably by 32% and sodium ions by
93%. The latter indicators do not significantly differ
from the corresponding indicators of group 1 of
intact animals, therefore; there is a moderate
stimulation of the functional state of thekidneys.

In rats of group 4 (2018), GFR increases by 36% (p
<0.01), which, while maintaining tubular
reabsorption at the level of control group 1, leads to
an increase in the volume of daily urine output by
41%. There is an increase in creatinine excretion by
36%, urea by 29%, sodium excretion by 600%, and
chlorine by 25%. The data obtained indicate (in
contrast to the rats of group 2) a more noticeable
activation of the kidneys' urinary, excretory, and ion-
regulating functions.

In rats of group 5 (2020), daily urine output
increases by 20% due to the rise in GFR by 23% and
retention of tubular reabsorption at the level of
group 1 of intact rats. The excretion of creatinine
and urea increases by 23% and 64%. But at the same
time, their content in the blood increases -
creatinine by 14%, and urea by 34%, which indicates
the accumulation of nitrogen metabolism products
in the blood and signs of the development of
endogenous intoxication. The reaction of daily urine
shifts to the acidic side, as evidenced by a decrease
in the concentration of hydrogen ions by 14%. The

http://pharmacologyonline.silae.it

ISSN: 1827-8620



PhOL Gushcha, et al.

757 (pag 753-760)

excretion of electrolytes undergoes significant
changes - in the case of potassium, it increases by
20%, sodium increases by 771%, and chlorine by 54%.
In rats of this group, the same directionality, but
more significant than in rats of group 4, was
established, the effect on the excretory and ion-
regulating functions of thekidneys.

So, in rats of groups 2 and 3, changes in the
functional state of the kidneys were established,
which coincide in direction but differ quantitatively.
First of all, this concerns daily diuresis, the value of
which is influenced by a significant increase in
tubular  reabsorption  (which  causes the
reabsorption of chloride ions) and adequate
excretion of potassium and sodium ions. This
indicates the regular activity of the processes of
water-electrolyte metabolism and activation of the
processes of urination - the work of the kidneys is
aimed at preserving fluid in the body and
maintaining the constancy of the water-electrolyte
balance.

In rats of groups 4 and 5 a reaction
uncharacteristic for extemal use of silt-sulfide
peloids was established on the part of the functional
state of the kidneys, which is mainly evidenced by
the absence of significant changes in tubular
reabsorption against the background of a high level
of GFR, which causes an inadequately high level of
diuresis, hypernatriuresis, and chloruresis. The
registered phenomena show the presence of
pathological changes in the functional state of the
kidneys.

In morphological studies, the macroscopic view
of the kidneys in rats in all groups (including intact)
did not differ. Microscopically, in rats of groups 2
and 3, the structure of the nephron and its
components were without visual changes. In rats of
group 3, there was edema of the intertubular layers.
In group 2, the SDH activity was (7.00 * 0.30) c.u,;
LDH activity - (5.00 * 0.17) c.u. Thus, in group 3, the
SDH activity was - (7.00 + 0.14) c.u.; LDH activity -
(6.00 + 0.19) cu. It should be noted that the activity
of SDH in the kidney tissues of rats of the 1st group
was (7.00 * 0.29) ¢. u., and the LDH activity - (6.00 *
0.12) C. u,, that is, no changes in the activity of redox
enzymes were observed.

In rats of the 4th group, microscopic examination
revealed that the structure of the nephron and its
components did not have obvious changes. The

lumens of the tubules are well contoured. SDH
activity - (7.00 * 0.30) c.u.; LDH activity - (6.00 *
0.27) cu.

In rats of all the aforementioned groups, the
redox enzymes activity in the kidney tissues does
not change, as evidenced by the absence of
significant changes in comparison with the control
group (p> 0.5). An exception is a significant
decrease in LDH activity with (6.00 * 0.12) ¢. u. up to
(5.00 * 0.12) c.u. in rats of group 2.

In rats of group 5, microscopic examination of the
structure of the nephron is normal. Part of the
glomeruli contains a thinned outer membrane.
Clusters of lymphocytes are located around them.
The tubules are normal. SDH activity - (7.00 * 0.10)
c.u. LDH activity is (7.00 * 0.12) c.u., against (6.00 =+
0.12) ¢ u. in control group 1, which indicates an
increase in LDH activity. The established changes in
the epithelium of the glomeruli can be considered a
response to xenobiotics' action.

It should be noted that in rats of this group, the
content of urea and creatinine in the blood
significantly increases, and their excretion with urine
significantly ~ increases, which  against the
background of morphological changes in the
epithelium of the glomeruli indicates a highly
negative effect of peloids on the animal organism.
In this aspect, attention is drawn to experimental
studies, in which the authors suggest that the
standard markers of damage to the renal glomerular
apparatus are high levels of creatinine and urea in
the blood [29, 30, 31].

Conclusions

The functional state of the kidneys of rats that
received a course of peloid applications at different
periods of observation significantly differed from
each other. In rats of group 2 (in 2008) and, to a
lesser extent, group 3 (2016), the established
changes correspond to a typical reaction on the part
of the functional state of the kidneys to the effect of
silt-sulfide peloids when applied extemally. In rats of
groups 4 and 5 (2018 and 2020), adverse changes in
the functional state of the kidneys were revealed. A
very high level of diuresis allows the body to get rid
of the influence of xenobiotics, toxic metabolic
products, and extremely excessive intake of
electrolytes. Although no gross side effects have
been identified, the kidneys are forced to work on
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the verge of depletion. The inability of the kidneys
to reduce the content of urea and creatinine in the
blood, against the background of the established
changes in the structural components of the
glomerul, indicates signs of depletion of the body's
adaptive capabilities under the influence of
xenobiotics. Thus, the data obtained indicate that
from 2008 to 2020, the physicochemical
composition of the silt-sulfide peloids of the
Kuyalnik resort (southem part of the Kuyalnitsky
estuary) changed significantly, which caused a
change in their biological activity. The obtained
experimental data are recommended to be taken
into account when prescribing balneological
procedures.

This work was supported by the budget financing
of scientific-research themes through the Ministry
of Health of Ukraine (0120U101646).

Acknowledgments

The authors declare that there are no conflicts of
interest.

References

1. Natural medical resources of Odessa region: a
collective monograph | For general. ed. Babov
KD, Bezverkhnyuk TM. Odessa: Polygraph.
2019;198. (in Ukrainian).

2. Black Sea estuaries: hygienic and medico-
ecological aspects of preserving natural
medicinal resources | Ed. Mokienko AV,
Nikipelova EM, Babov KD. Odessa: TES. 2012 272.
(in Russian).

3. Actual problems of estuaries of the northwestem
Black Sea region/ed. Yu. S. Tuchkovenko Yus,
Gopchenko ED. Odessa: TES. 2011,224. (in
Russian)

4. Morer, C., Roques, C., Francon, A. et al. The role of
mineral elements and other chemical
compounds used in balneology: data from
double-blind randomized clinical trials. Int J
Biometeorol. 2017;61:2159-2173.
https://doi.org/10.1007/s00484-017-1421-2.

5. Gerasimenko MYu, Astakhov PV, Badalov NG. et
al. Peloidotherapy in treatment and
rehabilitation and preventive programs. Clinical
guidelines. Russian Journal of the Physical
Therapy, Balneotherapy and Rehabilitation.

2018; 17(1):40-48. DOI:
htpp://dx.doi.org/10.18821/1681-3456-2018-17-1-
40-48. (in Russian).

6. Fraioli A., Mennuni G., Fontana M., Nocchi S,
Ceccarelli F., Perricone C., Serio A. Efficacy of Spa
Therapy, Mud-Pack Therapy, Balneotherapy, and
Mud-Bath Therapy in the Management of Knee
Osteoarthritis. A Systematic Review. BioMed
Research Intemational. 2018. Vol. 2018, Article ID
1042576. https://doi.org/10.1155/2018/1042576.

7. Shmatenko AP, Kuchmistova OF, Bushueva IV, et
al. Approaches for optimisation of pelotherapia
of servicemen: recommendations for
physiatrists”, Ukrainian Joumal of Military
Medicine.  2020;1(2), pp. 39-55. doi
10.46847/ujmm.2020.2(1)-039. (in Ukrainian).

8. Poberskaya VA, Lyan NA. Peloidotherapy in
Pediatric Practice in the Conditions of a
Ballogray Resort. Bulletin of rehabilitation
medicine. 2020; 4 (98):77-81. DOI: 10.38025/
2078-1962-2020-98-4-77-81. (in Russian).

9. Spilioti E, Vargiami M, Letsiou S. Biological
properties of mud extracts derived from various
spa resorts. Environmental Geochemistry and
Health. 2017;39(4). DOI:10.1007/510653-016-
9852-y.

10. Maraver F, Armijo F, Femandez-Toran MA, et al.
Peloids as Thermotherapeutic Agents.Int J
Environ Res Public Health. 2021; 18 (4): 196s5.
doi:10.3390/ijerph18041965.

11. Baldovin T, Amoruso |, Caldara F, Buja A, Baldo V,
Cocchio S, Bertoncello C. Microbiological
Hygiene Quality of Thermal Muds: A Pilot Study
in Pelotherapy Facilities of the Euganean
Thermal District (NE Italy). Int J Environ Res
Public Health. 2020 Jul 13;17(14):5040. doi
10.3390/ijerph17145040.

12. Komar D, Dolenec T, Dolenec M, Vrhovnik P,
Lojen S, Belak ZL, Kniewald G, Rogan Smuc N.
Physico-chemical and geochemical
characterization of Makirina Bay peloid mud and
its evaluation for potential use in balneotherapy
(N Dalmatia, Republic of Croatia). Indian Joumal
of Traditional Knowledge.2015;1(1):5-

13. Gushcha SG. Effects of storage peloids Kuyalnik
firth for their biological activity. Medical
hydrology and rehabilitation. 2013; 11 (4): 7-79.
http://nbuv.gov.ua/UJRN/MedGid_2013_11_4_12.
(in Ukrainian).

http://pharmacologyonline.silae.it

ISSN: 1827-8620


https://doi.org/10.1007/s00484-017-1421-2
https://www.hindawi.com/40965702/
https://www.hindawi.com/39892671/
https://www.hindawi.com/37920670/
https://www.hindawi.com/23402367/
https://www.hindawi.com/47064560/
https://www.hindawi.com/60581417/
https://www.hindawi.com/62381987/
https://doi.org/10.1155/2018/1042576
https://www.researchgate.net/journal/Environmental-Geochemistry-and-Health-1573-2983
https://www.researchgate.net/journal/Environmental-Geochemistry-and-Health-1573-2983
https://link.springer.com/article/10.1007/s10653-016-9852-y
https://link.springer.com/article/10.1007/s10653-016-9852-y
https://www.researchgate.net/journal/Indian-Journal-of-Traditional-Knowledge-0972-5938
https://www.researchgate.net/journal/Indian-Journal-of-Traditional-Knowledge-0972-5938
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=MedGid_2013_11_4_12

PhOL

Gushcha, et al.

759 (pag 753-760)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

Bogatova Yul. Contemporary hydrochemical
regime of Kuyalnik liman. Visn. Odes. derz. ekol.
univ., 2016;20:61-68.
https://bulletin.odeku.edu.uajwp-
content/uploads/2016/08/6-BOGATOVA.pdf. (in
Russian)
Medinets VI, Kovalova NV, Derezyuk NV, et al
Biological consequences of Kuyalnik estuary
filling with marine water from Odessa bay Man
and environment. Issues of neoecology. 2017;1-
2(27):35-51.
http://joumals.uran.ua/ludina_dov/article/view/1
09837 (in Ukrainian).
Burkinsky BV, Babov KD, Nikipelova OM., et.
Kuyalnytskyi estuary: realities and prospects of
recreational use. Odessa. 2019; 314. (in
Ukrainian).
Masoko P, Picard J, Eloff JN. The use of a rat
model to evaluate the in vivo toxicity and wound
healing activity of selected Combretum and
Terminalia (Combretaceae) species extracts.
Onderstepoort J Vet Res. 2010 Oct 1;77(1):E1-7.
doi: 10.4102/ojvr.v77i1.2.

Zhou, X.,, Rong, Q.,, Xu, M.et al Safety
pharmacology and subchronic toxicity of jinging
granules in rats. BMC Vet Res. 2017;13:e179.
https://doi.org/10.1186/512917-017-1095-3.

Smimov A.V.,, Natochin Yu.V. Nephrology:
fundamental and clinical. Nephrology (Saint-
Petersburg). 2019;23(4):9-26.
https://doi.org/10.248 84/1561-6274-2019-23-4-9-
26. (In Russian).

Natochin YuV. Kidney: Excretion or Preservation
Organ? Advances in Physiological Sciences.
2019;50(4):14-25. DOI:

10.1134/S0301179819040064. (In Russian).
Sheiman JA. Pathophysiology of the kidney.
Moscow: BINOM. 2019; 192.

Council Directive 2010/63/EU of 22 September
2010 on the protection of animals used for
scientific purposes. Official Journal of the
European Communities, 2010;276:33-79.

Order Ministry of education and science, youth
and sports of Ukraine from 01.03.2012 N2 249.
Official gazette of Ukraine from 2012;24:82 p.
https://zakon.rada.gov.ua/laws/show/z0416-
12#Text. (in Ukrainian).

. Kozhemyakin YuN, Khromov OS, Boldyreva NE,

25.

26.

27.

28.

29.

30.

31

Dobrelya NV, Sayfetdinova GA. Scientific and
practical recommendations for the maintenance
of laboratory animals and work with them:
monograph. Kiev: Interservice, 2017:182 p. (in
Ukrainian).

Lojda Z, Grossrau R, Schiebler TN. Enzyme
Histochemistry. A Laboratory Manual. Springer-
Verlag Berlin-Heidelberg New York 1979.

Order of the Ministry of Health of Ukraine from
28.09.2009 N2 692. On approval of the
recommendations of the research methods of
biological effects of natural medical resources
and preformed medicines.
http://old.moz gov.ua/ua/portal/dn 20090928 6
92.html. (in Ukrainian).

Order of the Ministry of Health of Ukraine from
14.12.2009 N2 944. Procedure for conducting
preclinical study of drugs and examination of
materials for preclinical study of drugs.
https://zakon.rada.gov.uaflaws/show/z005310.
(in Ukrainian).

Information on conditions on silt mud (peloids)
of the southem part of the Kuyalnytsya estuary
Ne 156 dated 05.02.2008. State Institution
"Ukrainian Research Institute of Medical
Rehabilitation and Resort Therapy of the
Ministry of Health of Ukraine". (in Ukrainian).
Babiy SA, Loskutova TF, Shtemenko NI. Changes
of the state of RAT kidneys under guerin
carcinoma development and use of cytostatics.
Ukr. Biochem. J. 2012;84(3):63-71.
http://ua.ukrbiochemjournal.org/2016/04/zminy-
stanu-nyrok-schuriv-za-rozvytku-kartsynomy-
herena-ta-zastosuvannya-tsytostatykiv.html
Sathi MM. Nephroprotective Effect of Zingerone
against CCl,-Induced Renal Toxicity in Swiss
Albino Mice: Molecular Mechanism. Oxid Med
Cell Longev. 2018;2018:2474831. Published 2018
Jan 30. doi:10.1155/2018/2474831.

Thammitiyagodage MG, de Silva NR,
Rathnayake  C.et al Biochemical and
histopathological changes in Wistar rats after
consumption of boiled and un-boiled water
from high and low disease prevalent areas for
chronic kidney disease of unknown etiology

(CKDu) in north Central Province (NCP) and
its comparison with low disease prevalent
Colombo, Sri Lanka. BMC Nephrol. 2020; 21:
e38. https://doi.org/10.1186/512882-020-1693-3.

http://pharmacologyonline.silae.it

ISSN: 1827-8620


https://bulletin.odeku.edu.ua/wp-content/uploads/2016/08/6-BOGATOVA.pdf
https://bulletin.odeku.edu.ua/wp-content/uploads/2016/08/6-BOGATOVA.pdf
http://journals.uran.ua/ludina_dov/article/view/109837
http://journals.uran.ua/ludina_dov/article/view/109837
https://doi.org/10.1186/s12917-017-1095-3
https://doi.org/10.24884/1561-6274-2019-23-4-9-26
https://doi.org/10.24884/1561-6274-2019-23-4-9-26
https://zakon.rada.gov.ua/laws/show/z0416-12#Text
https://zakon.rada.gov.ua/laws/show/z0416-12#Text
http://old.moz.gov.ua/ua/portal/dn_20090928_692.html
http://old.moz.gov.ua/ua/portal/dn_20090928_692.html
https://zakon.rada.gov.ua/laws/show/z005310
http://ua.ukrbiochemjournal.org/2016/04/zminy-stanu-nyrok-schuriv-za-rozvytku-kartsynomy-herena-ta-zastosuvannya-tsytostatykiv.html
http://ua.ukrbiochemjournal.org/2016/04/zminy-stanu-nyrok-schuriv-za-rozvytku-kartsynomy-herena-ta-zastosuvannya-tsytostatykiv.html
http://ua.ukrbiochemjournal.org/2016/04/zminy-stanu-nyrok-schuriv-za-rozvytku-kartsynomy-herena-ta-zastosuvannya-tsytostatykiv.html
https://doi.org/10.1186/s12882-020-1693-3

PhOL

Gushcha, et al.

760 (pag 753-760)

Table 1. Physico-chemical composition of peloids of Kuyalnitsky estuary of Kuyalnyk resort area

Cations, g/l Anions, g/l MineraMo_gc o
+ 2+ 2+ - 2- 1li 1 ISTU
Year N§++ Ca*"|Mg Cl [SO,*|HCO; hz,ag/clmconf/ent, th, mv| NH, H;)S, F;S, Cofg’%c,E,Hl’gH
Conditioning
requirements
for the
peloids of B B B B B _ | 90,0- 35-65 -400 - 0,06-| 0,15- B 6,50-
150,0 -150 0,20 0,50 7,40
the
Kuyalnitsky
estuary
2008 40,91|2,32| 7,83 | 85,10 | 5,91|0,98|143,05| 55,79 | -350 |143,05| 0,23 | 0,23 | 2,34 | 6,56
2016 61,971,40| 13,13 | 131,50 | 6,21 | 0,45 214,65 42,95 -190 [180,61| 0,15| 0,27 | 3,52 [ 7,10
2018 81,71 1,60|12,65( 160,10 6,44 | 1,89 | 264,41| 44,74 -125 |210,99| 0,15 0,32 | 2,05 | 6,60
2020 100,25| 1,17 16,31| 199,17 [ 6,00 | 1,13 | 324,03| 45,21 -120 |158,24| 0,14 0,25 | 1,62 | 5,80

Table 2. Influence of the peloids of the Kuyalnitsky estuary of the Kuyalnik resort area on the functional
state of the kidneys of rats when applied extemally

1group 2group 3 group 4group 5group
Indexes

(M;xm,) (M, +m,) (M; £ m;) (M, £m,) (Ms £ m;)
Daily di i I/ dm’of bod
Sj;f);celuregs’ mi / dm”of body 1,04 0,07 | 0,73+0,06* 0,98 + 0,04 1,47 + 0,09* 1,25 + 0,005%
Glomerularfiltration rate, 0,13+ 0,00 0,14+ 0,02 | 0,17 +t0,006%* | 0,18 + 0,004* 0,16 *+ 0,001%
mI/(dmZXmln) ) 3— ) 9 ) 4— ) ) 7 i ) ) - ) 4 ) - )
Tubular reabsorption, percentage

P P & 99,41+0,04 [99,82+0,06%| 99,70+0,06* 99,39 £0,07 99,43+ 0,004

of filtration, %

Excretion of creatinine in the urine,
mmol

0,013 +0,0009

0,014+0,0004

0,017+0,009%*

0,018 +0,0002*

0,016 +0,0001*

Blood creatinine concentration,

mkmol/l 48,36 +0,65 | 47,58+0,21 | 49,36 +0,71 50,55 * 1,91 55,19 +1,03*
Excretion of urea in the urine, mmol 0,78 +0,03 | 0,67+ 0,09 0,70+ 0,01 1,01 0,05* 1,28 + 0,008%
The concentration of urea in the 2,8040,27 | 2,77 40,69 2,71+ 0,31 2,89 £0,44 3,76 + 0,43*
blood, mmol/I

Daily urine pH, c.u. 7,17 £ 0,15 7,10 £ 0,48 7,24 * 0,11 7,20 £0,16 6,18 £ 0,07*
Daily excretion of potassiumions, 0,15+ 0,006 | 0,19 £ 0,08*| 0,15% 0,03 0,16 + 0,008 0,18 £ 0,001*

mmol

Daily excretion of sodium ions,
mmol

0,14 * 0,004

0,320,005

0,27 +0,002*

0,98+ 0,003*

1,22+ 0,003*

Daily excretion of chloride ions,
mmol

0,24 % 0,02

0,17 £ 0,01*

0,21+ 0,08

0,30 + 0,009%*

0,37 + 0,002%

Notes: (M, = m,), (M, = m,), (M5 + m;) and (M, + m,) - arithmetic means with indicator errors;
* - significant changes (p <0.05) were calculated in comparison between 1 control group and research groups.
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