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Environmental degradation has already become a global problem all over the world. The negative impact of
ecopollutants on human health increasingly requires comprehensive research not only in medicine, pharmacy, ag-
riculture, but also in morphological and biochemical experimental studies to determine pathological changes in
morphogenesis and search for new potential bioantagonists to toxic substances in the environment. Morphological
changes of nephrogenesis in rat embryos that were indirectly exposed to cadmium chloride through the mother's
body were investigated in the work. The bioantagonistic characteristics of zinc and copper succinates of cadmium
nephrotoxicity at their combined intake in an experiment on rats were also determined. The experiment was carried
out on pregnant female rats, which received a daily intragastric solution of cadmium chloride alone or in combina-
tion with zinc or copper succinate. Morphological changes in the kidneys of rat embryos on the 13th and 19th days of
the experiment were studied. The obtained results indisputably prove the nephrotoxicity of cadmium chloride in the
indicated dose and method of administration in a chronic experiment on pregnant female rats. It has been proven
that the isolated introduction of cadmium chloride provokes a significant expansion of the nephron capsule in the
embryos of experimental animals, which occurs due to the formation of edema and a decrease in the area of the
vascular body of the nephrons at the end of embryogenesis. In the groups of combined exposure to cadmium with
copper or zinc succinates, the parameters of the nephron capsule cavity area were restored to the control data and
were significantly lower than the group of isolated exposure to cadmium chloride, which allows us to consider zinc
succinate and copper succinate as potential bioantagonists of cadmium chloride when combined in the experiment
on rats.

Key words: urinary system, kidneys, nephron, experiment, rats, cadmium, zinc, copper, succinates.

Connection of the publication with planned re-
search works.

The experimental study was carried out as part of
the research work of the Department of Medical Biol-
ogy, Pharmacognosy and Botany of the Dnipro State
Medical University “Biological bases of morphogenesis
of organs and tissues under the influence of microele-
ments and ultramicroelements in the experiment” (state
registration number 0118U006635).

Introduction.

Numerous industrial, household, agricultural, med-
ical and technological projects lead to the spread of
heavy metal compounds in the biosystems of the en-
vironment, which causes medical concerns about their
potential impact on human health and biological sys-

tems [1, 2]. The toxicity of heavy metals depends on
several factors, including the dose, route of exposure,
and types of chemicals, as well as the age, sex, genetics,
and nutritional status of the exposed individuals. Most
environmental pollutants are considered systemic toxi-
cants that can cause multiple organ damage even at the
lowest levels of exposure [3, 4]. In modern medicine,
such pathological conditions of the body are classified
as non-infectious diseases.

The kidneys are the main organ that excretes toxins
that have entered the body. A large number of nephrons
provides a large surface of the endothelial cells of the
glomeruli and the epithelium of the renal tubules for
contact with them [5, 6, 7]. Physiological role kidney
determines their ability support homeostasis organism,
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in that amount per account breeding toxic substances
from the body The surface of the capillary endothelium
is exposed to the direct action of toxins in the process
of ultrafiltration. Toxins circulating in the blood cause
metabolic disorders in the kidneys, developing toxic ne-
phropathy [8]. With long-term exposure to salts of heavy
metals, chronic kidney diseases are formed, which have
a fairly high mortality rate in the population [9]. Back in
2020, the World Health Organization (WHO) determined
that kidney diseases are among the 10 leading causes of
death in the world, and WHO head Tedros Ghebreyesus
noted that the new data are another reminder that “we
must focus on the prevention, diagnosis and treatment
of non-communicable diseases” [10].

Therefore, research on the influence of heavy metals
on the body of adults and organogenesis in the prenatal
period, the search for new potential bioantagonists of
heavy metals is a topical and practically significant topic.

The aim of the study.

To study the morphological changes of nephrogene-
sis in rat embryos that were indirectly exposed to cadmi-
um chloride through the mother’s body. Search for the
bioantagonistic characteristics of zinc and copper succi-
nates of cadmium nephrotoxicity when combined with
cadmium in an experiment on rats.

Object and research methods.

The experiment was carried out on 32 young female
rats of the Wistar line (Dali 2000 nursery, Kyiv), weigh-
ing 180 g or more. Females with a dated gestation pe-
riod were obtained by the method of examining vaginal
smears, which made it possible to obtain embryos with
a certain date of development, after which chloride ad-
ministration was started cadmium All pregnant females
were divided into the following groups: the first group
— control; the second group — isolated injection of cad-
mium chloride solution at a dose of 2.0 mg/kg; the third
group — combined administration of cadmium chloride
solution at a dose of 2.0 mg/kg + zinc succinate at a dose
of 5 mg/kg; the fourth group — combined administration
of cadmium chloride solution at a dose of 2.0 mg/kg +
copper succinate 0.1 mg/kg. 16 females in each group.

Cadmium chloride was used in the form of an ionic
solution, zinc succinate and copper succinate were che-
late compounds widely used in chemistry, pharmacy and
agriculture due to the high digestibility of chelate com-
plexes compared to free metal ions. Succinate solutions
were nanosized, so we used nanoaquachelates of cop-
per and zinc succinates, which were received under the
agreement on scientific and technical cooperation at the
Scientific Research Institute of Nanobiotechnologies and
Resource Conservation of Ukraine (Kyiv). The influence
of the studied factors on female rats was carried out
daily from the 1st to the 19th day of pregnancy by inject-
ing the solution intragastrically, through a probe once a
day. On the 13th and 19th days of pregnancy, females
were slaughtered.

To fulfill the purpose of the study, during the ex-
periment, the kidneys of females and embryos were
removed, which were subject to fixation for the subse-
quent production of histological preparations. Elements
of nephrons were studied on histological preparations:
the diameter of the renal corpuscle, the area of the
nephron capsule. A ZEISS Axiocam light microscopy cam-
era was used to obtain digital images and subsequently
calculate the dimensions of kidney structures ERc 5s.

Measurements were performed on histological photo-
graphs using the ZEISS Axiocam light microscopy pro-
gram ERc 5s with P95-C 1/2” 0.5x adapter attached to
Primo microscope Star of the ZEISS company. The spec-
ified ZEN 2.0 program is licensed for histological mea-
surements and allows for morphometric studies of both
linear parameters (diameter of the glomerulus) and cal-
culation of the spline contour (area of the glomerulus
capsule, etc.). The obtained results were processed by
the method of variational statistics. The estimation of
the probability of statistical studies was carried out using
the Student’s t-test.

Research was carried out in accordance with the
principles of the Declaration of Helsinki, adopted by
the General Assembly of the World Medical Association
(2000), “General ethical principles of experiments on an-
imals”, approved by the First National Congress on Bio-
ethics (Kyiv, 2001) in accordance with the provisions of
the “European Convention on the Protection vertebrate
animals used in experiments and other educational pur-
poses” (Strasbourg, March 18, 1986).

Research results and their discussion.

The beginning of rat kidney organogenesis starts at
the 13th stage of prenatal development according to
Hamburger and Hamilton (NN), which corresponds to
the 10-11th day of embryogenesis, and the source of
laying and development is the intermediate mesoderm
— nephrotom. The caudal part of the nephrotome is not
segmented and is called nephrogenic tissue. It is gener-
ally known that three successive basic stages are distin-
guished in the development of kidneys: pronephros, me-
sonephros, metanephros, between which intermediate
transitional stages can be defined. The pronephros is a
primitive type of kidney that functions as an excretory
organ only in lower fish, starting with amphibians, the
pronephros is quickly reduced after embryonic laying,
and the function of filtration and excretion is taken over
by the mesonephros. In mammalian embryos, the pro-
nephros does not function and is reduced immediately
after implantation, but the protonephric duct itself con-
nects with the tubules of the mesonephros and turns
into an important embryonic rudiment — the mesone-
phric (Wolffian) duct.

Figure 1 — Photomicrograph of a histological section of a rat embryo
of the cadmium chloride administration group on the 13th day of
the experiment. Staining hematoxylin eosin. Magnification 4x10.

Designations: 1 — dorsal somites; 2 — the heart of the embryo;
3 — embryo’s liver; 4 — mesonephric tissue with metanephridia
and ducts.
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Figure 2 — Photomicrograph of a histological section of the
mesonephric tissue of a rat embryo of the cadmium chloride
administration group on the 13th day of the experiment. Staining
hematoxylin eosin. Magnification: 10x10. Designations: 1 — dorsal
somites; 2 — dorsal aorta; 3 — mesonephric ducts.

The mesonephros (primary kidney) stage of embry-
onic development of the kidney is formed due to the fu-
sion of the dorsal segments of the nephrotome with the
parallel formation of metanephridia (fig. 1).

Metanephridia have a tubular curved S-shaped shape
and connect the mesonephric duct with the laying of
the provisional vascular glomerulus, forming the future
capsule of the nephron. The primary vascular branches
departing from the aorta take part in the formation of
the renal corpuscle, in which the filtration of the end
products of metabolism from the blood plasma begins.

The mesonephros of mammals also functions for a
short time, and is then subject to reduction, but in the
male body part of its tubules participates in the forma-
tion of the genitals (structures of the testicle and epidid-
ymis) at the stages of early embryonic development. As
the definitive organ of urine formation and excretion in
the adult organism, the mesonephros exists only in am-
phibians and higher fish.

Metanephros, or the secondary kidney in mammals,
begins to form on the 14th-15th day of rat embryo-
genesis, which corresponds to the 17th-18th stage of
normal embryo development according to the NN. It is
formed from the unsegmented part of the nephrotome

Figure 3 — Photomicrograph of a histological section of the
mesonephric kidney tissue of a rat embryo in the cadmium chloride
administration group on the 13th day of the experiment. The stage
of formation of simple glomerulonephrines (indicated by arrows).
Hematoxylin eosin staining. Magnification: 40x10.

— nephrogenic tissue (nephrogenic blastema) and the
mesonephric duct, forming all parts of the nephrons of
the future definitive kidney. The epithelium of the col-
lecting ducts, papillary ducts, bowls, cups, and ureters
is formed from the mesonephric duct, namely from pro-
trusions (metanephric diverticul) (fig. 2).

In the quadal part of the mesonepbhric tissue, through
differentiation, the laying and formation of simple pri-
mary glomerulonephrons takes place, which, unlike the
nephron of the pronephros, contain vessels formed by
arterial branches that depart from the dorsal aorta and
form a system of convoluted tubules. Formation in the
mesonephros of mesonephric glomeruli, separated by
layers of compacted mesenchymal cells, occurs quite
quickly. Already on the 13th-14th day of embryogene-
sis of the rat, the glomerulonephrines are determined,
which are capable of selective filtration, as well as reab-
sorption of salts, glucose, and water (fig. 3). However,
the excretory function of the mesonephros is insignifi-
cant, and the main embryonic task consists in the forma-
tion of a provisional mesonephric duct and the forma-
tion of the urinary tract, which later forms the urinary
system of the secondary kidney.

In our research, on the 13th day of embryogenesis,
the active development of the mesonephros of a rat
embryo was determined on histological preparations in
the form of a duct, the thickness of which in the con-
trol was 174.72+11.54 um. Embryonic development of
the mesonephros occurs in parallel with the formation
of metanephridia, which open into the mesonephric
(Wolffian) duct. When a pregnant female was exposed
to cadmium chloride, a thickening of the mesonephric
duct to 253.41+18.75 um and a decrease in the num-
ber of metanephridia with an increase in their diameter
were observed in the kidneys of embryos of the 13th
day. In the groups of combined exposure, the resto-
ration of the studied indicator towards the control was
determined: the combination of cadmium chloride with
zinc succinate: 187.73+11.37 um, in the group of the
combination of cadmium and copper succinate up to
198.73+12.87 um (fig. 4).

Such results indicate the protective effect of copper
and zinc succinates on the nephrotoxicity of cadmium
chloride in an experiment on rats with their simultane-
ous intake.

In accordance with the objectives of the research, we
determined the 19th day of embryogenesis as the next
time point. For this term of the experiment, the kidneys
were removed from the embryos during the operative
slaughter of the females, the embryos were counted,
weighed, and the data were entered into the protocol.
Kidneys were removed from the embryos, which were
examined and weighed to calculate the nephrofetal
index. In our experimental studies, all kidneys in late em-
bryos were localized in the dorsal surface of the abdomi-
nal cavity, retroperitoneally, without visible pathologies.
On the 19th day of embryogenesis, we observed the me-
tanephros as the final stage of rat kidney development,
the main functions of which are excretion of metabolic
products from the body, regulation of water and elec-
trolyte balance, synthesis of renin, some prostaglandins.
Adrenal glands have already formed at the upper pole of
the kidneys, abnormalities of kidney development and
visible defects of nephrogenesis were not encountered
in our experimental study. Subsequently, after fixation
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and preparation of histological sections,
the kidneys were examined histologically.

To determine the effect of cadmium
chloride on the nephrogenesis of rat
embryos at the end of embryogenesis,
histological preparations were used to
study the stages of kidney parenchyma
structure formation. On the 19th day
of prenatal development of the rat, we
also examined the structure and size of
nephrons and determined by calculating
changes in numerical indicators com-
pared to the control (fig. 5). Calculation
of the area of the nephron capsule cavity
by the spline contour method showed an
increase in the average area indicators in

AVERAGE THICKNESS (MM)
)

= control

53,41

® cadmium chloride

LE7,

= cadmium chloride with zinc
succinate

cadmium chloride with copper
succinate

EXPERIMENTAL GROUPS

the group exposed to cadmium chloride
to 6844+57.82 um?, in relation to the con-
trol average values —1471.59+19.18 um?,
which indicates a violation of nephrogenesis and filtra-
tion capacity of the kidneys in embryos that have ex-
perienced chronic exposure to xenobiotics indirectly
through intoxication of the mother’s body. Such a sig-
nificant expansion of the nephron capsule occurred due
to the formation of edema and a decrease in the area
of the nephron vascular body (fig. 5). Thus, at the end
of the experiment, that is, on the 19th day of the study,
the manifestations of the above-mentioned histological
changes became more pronounced. The obtained re-
sults indisputably prove the nephrotoxicity of cadmium
chloride in the indicated dose and method of adminis-
tration in a chronic experiment on pregnant female rats.

In the groups of combined exposure to cadmium
with copper or zinc succinates, the indicators of the area
of the nephron capsule cavity on histological sections
were restored to the control side and were significantly
lower than the group of isolated exposure to cadmium
chloride. However, in the combined exposure groups,
the indicators of the nephron capsule cavity area still
significantly exceeded the control indicators: in the cad-
mium + copper group, the area of the capsule cavity was
4767%19.41 um?, and in the group of the combination of
cadmium with zinc succinate — 3267+16.21 um?. Thus,
summarizing all the obtained results, it can be stated
that zinc succinate and copper succinate have bioan-
tagonistic properties in relation to the nephrotoxicity of
cadmium chloride when chronically administered in the
indicated doses and method of administration in exper-
iments on rats.

Comparing the experimental results obtained by us
with similar scientific works on the influence of heavy
metal salts on the morphology of the kidneys of experi-
mental animals, we found evident facts of the reactivity
of the kidneys of female rats to the chronic influence of
these environmental pollutants. As a filtering organ, the
kidneys take an active part in the removal of xenobiot-
ics, accumulate cadmium in the parenchyma and have
significant changes in the structure of the structural and
functional unit — the nephron. In the works of A.l. Go-
zhenko (Odesa State Medical University) proved that
exposure to cadmium at a dose of 0.1 mg/kg of animal
weight has a pronounced nephrotoxic effect already on
the 2nd day of administration, which is manifested both
in the violation of the filtration function of the kidneys
and tubular transport [7, 8]. In morphological experi-

Figure 4 — Indicators of the thickness (um) of the mesonephric duct of rat embryos

of all groups on the 13th day of the experiment.

mental works under the leadership of 0.0. Nefyodova.
(Dnipro State Medical University) proved that the effect
of isolated intragastric chronic administration of various
cadmium salts at a dose of 1.0 mg/kg led to a 2-fold de-
crease in nephron diameter compared to control and
formed fragmentary glomerulosclerosis of renal corpus-
cles and a decrease in the activity of proliferative pro-
cesses in the kidney’s fruits of the rat [11].

It is a well-known fact that the causes of many dis-
eases of newborns and infants are disorders of the pro-
cesses of prenatal morphogenesis. That is why, in recent
years, the issue of establishment, formation and devel-
opment of future organs and systems has increasingly
become the object of increased attention among sci-
entists around the world. Also, it should be noted that
a thorough study of the processes of the formation of
certain pathological conditions will allow a better under-
standing of the pathogenesis of future diseases and will
provide an opportunity to choose the optimal treatment
plan for congenital pathology, will allow predicting the
time and type of disruption of the organogenesis of the
embryo, and will facilitate the prevention of birth de-
fects of the genitourinary system.

"“3\
et Sl

’ & i Y ca
Figure 5 — Photomicrograph of a histological section of the kidney
parenchyma of a rat embryo in the cadmium chloride administration

group on the 19th day of the experiment. Renal bodies have a
pronounced increase in the cavity of the nephron capsule. Staining
hematoxylin eosin. Maghnification: 40x10.
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Conclusions.

1. The obtained results indisputably prove the neph-
rotoxicity of cadmium chloride in the indicated dose and
method of administration in a chronic experiment on
pregnant female rats.

2. The isolated introduction of cadmium chloride
provokes a significant expansion of the nephron capsule
in the embryos of experimental animals, which occurs
due to the formation of edema and a decrease in the
area of the vascular body of the nephrons at the end of
embryogenesis.

3. In the groups of combined exposure to cadmium
with copper or zinc succinates, the parameters of the

DOI 10.29254/2077-4214-2024-4-175-208-217
YOK 616.61:591.3:546.48:612.6
LWamopHa B. ®., KpacHos O. O.

nephron capsule cavity area were restored to the control
data and were significantly lower than the group of iso-
lated exposure to cadmium chloride, which allows us to
consider zinc succinate and copper succinate as poten-
tial bioantagonists of cadmium chloride when combined
in the experiment on rats.

Prospects for further research.

In our opinion, determining the effect of cadmium
chloride on kidney morphogenesis of rat embryos of re-
search animals using immunohistochemical markers to
determine changes in the basic histogenetic processes
of kidney parenchyma tissues is a promising direction of
research.

Br/inB X10PMAy KAAMIIO HA MOP®OIEHE3 HUPOK EMBPIOHIB LLLYPIB
MPU 130/1IbOBAHOMY BBEAEHHI TA UOTO KOMBIHOBAHOI All
3 CYKUMHATAMU METANIB

OHINPOBCbKUiIA Aep>KaBHUIT meguuHuii yHiBepcuteT (M. OHinpo, YKpaiHa)
verashatornaya67@gmail.com

MozipweHHA cmaHy ekonozii exe cmasno 27106anbHOK Mpobaemoro 8 ycbomy cgimi. HecamusHuli ernaus
eKonmoamaHmie Ha cmaH 300po8’s AOUHU 8ce 8 binbwomy cmyneHi nompebye KOMMIAeKCHUX 00CAiO#EHb He
Auwe 8 MeOUyUHi, hapmayii, cinbcbKomy 20criodapcmei, a i 8 MopghonoziyHux ma 6ioximiyHUX eKcriepumeHmanbHUXx
00C1i0HEHHAXON98U3HAYEHHANAMOM02IYHUX3MIH 8 MOpPEo2eHe3imanouwyKy HoeuxnomeHyitiHux 6ioaHmazoHicmis
MOKCUYHUM peyoB8uHAM 00BKOMNUWHbO20 cepedosuuid. B pobomi docnioneHo MopgonoeivuHi 3miHU HegppozeHe3y
y embpioHis wypa, Aki onocepedKo8aHO Yepes MamepuHCbKUl op2aHi3m nidaa2anu XpoHiYHOMY 811Uy XA0pUOOM
Kaomito. Takox« nposedeHo BU3HAYEHHA 6I0aHMA20HICMUYHUX XAPAKMepUCMuUK CyKyuHamie UYuHky ma mioi
HeppomoKcu4Hocmi Kaomiro npu ix KOMOIHOBAHOMY HAOXOOMEHHI 8 eKcriepuMmeHmi Ha wypax. EkcriepumeHm
npogedeHo Ha B802IMHUX CAMUUAX WYpis, AKi WOO0eHHO ompumysasau 8HYMpPiWHbOWAYHKOBO PO34YUH X/10pUldy
Kaomiito i301608aH0O, ab0 8 KOMBIHAUII 3 CYyKUUHAaMom YUHKY abo midi. [locnioxcyeanuce MopghonoivyHi 3MiHU HUPOK
embpioHie wypa Ha 13-my ma 19-my 006y ekcrniepumeHmy. OmpumaHi pesyasmamu be3zanepeyHo 00800SMb
HephpomoKcu4Hicms Xxa0pudy KaoOMito 8 3a3Ha4eHil 003i ma crocobi 88e0eHHA 8 XPOHIYHOMY eKcriepumeHmi Ha
g8a2imHux camuyax wypis. lJosedeHo, w0 i30/1608aHe 88e0eHHA X10pUOY KAOMIitO MPOBOKYE Cymmeae pO3WUPEHHA
Kancynu HegpoHy y embpioHie 00caiOHUX MBapuH, sKe 8i0bysaemMbCsa 3a PAXYHOK POPMYBAHHA HABPAKY ma
3MEeHWEeHHAM Ma0Wi CyOUHHO20 Minbys HeppoHie HANpPUKiHYi embpiozeHe3y. B epynax kombiHoeaHo20 ernsusy
Kaomiro 3 cykyuHamamu midi abo YUHKY MOKA3HUKU MA0Wi MOPOHCHUHU KArcyanu He@ppoHy 8i0HO0808anAUCt Y
6iKk 00 KOHMPOALHUX OAHUX i 6YAU OOCMOBIPHO HUMCHUMU 30 2pyry i30/16080HO20 8MAUBY X/10PUOOM KAOMIlo, WO
00380715€ p032120amu CYKUUHAM UUHKY Ma CyKyuHam midi sk nomeHuyiliHi 6ioaHmaz2oHicmu xnopudy Kaomiro npu
KOMBIHOBAHOMY HAOX0O0M(EeHHI 8 eKcriepumMeHmi Ha Wypax.

Knrouosi cnosa: ceyosa cucmema, HUPKU, HEGPOH, eKcriepumeHm, wypu, Kaomili, YUHK, MiOb, CyKuuHamu.

3B8’A30K ny6niKauii 3 n1aHOBMMM HAayKOBO-A0CAIA-
HUMU poboTamu.

EKcnepumeHTanbHe A0OCAIAXKEHHA BUKOHAHO Y pam-
Kax HayKoBO-ZO0CNiAHOI poboTn Kadenpu meanyHoi bi-
onorii, papmakorHosii Ta 6oTaHiku AAMY «BbionoriyHi
OCHOBW Mop¢oreHesy opraHiB Ta TKaHWH Mg BNAMBOM
MiKpoesieMeHTIB Ta yAbTPaMikKpoeneMeHTiB B eKcnepu-
MeHTI» (Homep gepKaBHOi peecTpauii 0118U006635).

Bcryn.

YucneHHi npomuncnosi, nobyTosi, cinbcbKkorocnoaap-
CbKi, MeAMYHi Ta TEXHOJIOTIYHI NPOEKTU NPU3BOAATb A0
NowMpeHHs y biocucTemax HaBKONULWHBOMO cepesoBu-
LA CMNONYK BA*KKMX METaniB, WO BUKAUKAE Y MeAUKiB
3aHEMOKOEHHSA 3 NPUBOAY IXHbOTO MOTEHLIMHOrO BN/N-
BY Ha 3[0pOB’s NoanHK Ta bionoriuHi cuctemn [1, 2].
TOKCMYHICTb BaXKKMX METasiB 3a/1IeXKNUTb Bif, KiNIbKOX dak-
TOPIiB, BKAOYAOUM A03Y, WAAX BNANBY Ta BUAM XiIMIYHMX
PEeYOoBMH, a TAKOX BiK, CTaTb, FEHETMKY Ta CTaH Xap4yBaH-

HA Nt0AEN, L0 3a3Ha/IM BNAMBY. binblicTb eKonontoTaH-
TiB AOBKINAA BBAXAOTbCA CUCTEMHUMU TOKCUKAHTaMU,
AKi 34aTHI BUKIMKATU MHOXMHHE YparKeHHA OpraHiB Ha-
BiTb 32 HalHMX4UMX PiBHIB BNAMBY [3, 4]. Taki naTonoriyHi
CTaHW OpraHi3amy B Cy4acHi MeaAnUMHI BiiHOCATb A0 He-
iHpeKuiiHNX xBOpOb.

HWpPKM € OCHOBHUM OPraHOM, LLLO EKCKPETYE TOKCUHN,
AKI HagiMWAM B opraHiam. BenunKa KinbkicTb HedpoHiB
3abe3neyye BeNUKY MOBEPXHIO eHA0TeNiaIbHUX KAITUH
KNy6OUKiB Ta eniTenito HUPKOBUX KaHaNbLLIB ANA KOHTaK-
TiB 3 HUMM [5, 6, 7]. disionoriyHa ponb HUPOK BM3HAYAE
X 34aTHICTb NiATPMMYBATU FOMEOCTa3 OpraHiamy, y Tomy
YMCAi 33 PaXyHOK BMBEAEHHA TOKCUYHUX PEYOBUH 3 Op-
raHiamy [MoBepxHA KaninApHOro eHAoOTeNito NiaLaEeTLCA
npaAmil gii TokcMHIB y npoueci ynbTpadinbTpauii. TokcK-
HU, WO LMPKYOOTL Y KPOBIi, BUKANKAIOTb MNOPYLUEHHA
0OMiHy peyYyoBMH B HMPKAX, PO3BMBAETLCSA TOKCWMYHA
HedponaTia [8]. Mpu AoBroTpMBanMx BNAMBAX CONAMMU
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BaXKKMX MeTaniB GOPMYHOTbCSA XPOHIUHI XBOPOOU HUPOK,
AKI MalOTb AOCUTb BUCOKWUI BiZLCOTOK CMEPTHOCTI B Mo-
nynauii [9]. LWLe y 2020 pou,i BcecBiTHA opraHisaLis oxo-
poHu 3a0poB’a (BOO3) BM3HauMNa, LLO XBOPOOU HUPOK
BX04ATb 40 10 ronoBHMX NPUYMH CMEPTI B CBITi, @ rosoBa
BOO3 Teapoc lebpeiiecyc 3a3HaumB, L0 HOBI AaHi — Wwe
ofHe HaragyBaHHA MPO Te, WO «MW NMOBUHHI 30cepeau-
TUCA Ha 3anobiraHHi, AiarHocTULi Ta NiKyBaHHI HeiHbek-
LilHKX 3axBoptoBaHb» [10].

Tomy pocnigXeHHA 3 BMAMBY BaXKKMX MeTanis Ha
OpraHi3am JOpPOC/AMX Ta OpraHoreHes y npeHaTasibHOMY
nepioai, NOWYK HOBWUX MNOTEHUiAHNX 6GioaHTaroHicTis
BaXXKMM MeTasiaM € TEMOI aKTyaZIbHOK Ta NMPAKTUYHO
3HavyLLOtO.

MerTa gocnigeHHs.

Locniantn mopdonoriyHi 3miHu HedporeHesy y emb-
pioHiB Lypa, AKi onocepegKOBaHO Yepe3 MAaTEPUHCbKUIA
OpraHiam nignAranyM XpoHIYHOMY BMAUBY XJ10PULOM
Kagmito. MpoBecTn NowwyK 6ioaHTAroHICTUYHUX Xapak-
TEPUCTMK CYKLMHATIB LIMHKY Ta Migi HepPOTOKCUYHOCTI
KagMito Npu KOMBIHOBaHOMY HaAXOAMKEHHI 3 KaAMIEM B
EeKCNepMMEHTi Ha LLypax.

O6’eKT i meTOAM AOCNiAXEHHA.

EkcnepMmeHT npoBeaeHo Ha 32 Moaoaux CaMmLAx
WwypiB niHii Wistar (po3nnigHuk «Jani 2000» m. Kuis),
macoto Big 180 r. MeTogom gocnigxKeHHs nixsoBUX mas-
KiB OTPMMYBa/IM CaMULb 3 AATOBAHMM TEPMiHOM BariT-
HOCTI, WO A03BO/IMNO OTPUMATU eMBPIOHN 3 NeBHO
[aTOK PO3BUTKY, MIiC/A YOTO MOYMHANM BBEAEHHA XJ/10-
pnay Kagmito. Bci BariTHI camumui po3noginanncb Ha Taki
rpynu: nepLua rpyna — KOHTPO/b; Apyra rpyna — i301b0-
BaHOro BBeAEHHA PO34YMHY Kaamito xaopuay y osi 2,0
Mr/Kr; TpeTta rpyna — Komb6iHOBaHOro BBEAEHHA PO3UMHY
Kagmito xnopuay y £o3i 2,0 Mr/Kr + CyKUMHAT LMHKY B
£,03i 5 Mr/Kr; yetTBepTa rpyna — Kom6iHOBaHOro BBeAEeH-
HA PO34YMHY Kaamito xnopuay y A03i 2,0 Mr/Kr + cyKum-
HaT miai 0,1mr/Kr. Mo 16 camuLib B KOMKHIM rpyni.

Xnopua Kagmito BUKOPUCTOBYBABCA Y BUTNALI iOHHO-
ro PO34YMHY, CYKLMHAT LMHKY Ta CYKUMHAT Migi 6ynum xe-
NATHUMM 3’ €AHAHHAMM, AKI LUIMPOKO BUKOPUCTOBYHOTLCSA
B Ximii, papmauii Ta CinbCbKOMY rocnogapcTBi 3aBAAKM
BWCOKili 3aCBOKOBAHOCTI XeNaTHUX KOMMJIEKCIB y Nnopis-
HAHHI 3 BiAbHUMM iIOHaMM MmeTanis. PO3UMHM CYKLMHATIB
MasiM HAHOPO3Mip, TaKUM YMHOM HAMM BUKOPUCTOBY-
Ba/IMCb HAaHOAKBAXeNaTh CYKUMHATIB Mifj Ta LMHKY, AKi
OTPMMYBanM 3rigHO OOroBOpy MPO HAYKOBO-TEXHIYHY
cnisnpauto B HaykoBo-gocnigHoMy iHCTUTYTi HaHobio-
TEXHONOrIN Ta pecypcosbeperkeHHs YKpaiHu (m. Kuis).
Bnane focniaxKyBaHMX YNHHMKIB HA CaMuULpb LLLYpPiB Npo-
BOAMAM WoaeHHO 3 1-ro no 19-i1 AeHb BariTHOCTI BBe-
OEHHAM PO34YMHY BHYTPILHbOLYHKOBO, Yepe3 30H[,
OAMH pa3 Ha goby. Ha 13- i 19-11 aeHb BariTHOCTI ca-
MULb NPOBOANIN ONepaTUBHUI 3a6ili.

[Ona BUKOHAHHA MeTU OOCNIAMKEHHA Mif Yac ekcne-
PUMEHTY BUIYYaIMCb HUPKM CamMLb Ta eMOpIOHIB, AKi
nianaranu ¢ikcauii 4na NoganbLIOro BUrOTOBAEHHS Ti-
CTONOriYHMX npenapaTis. Ha rictonorivHnx npenaparax
[OCNiAXKYBaNNCb enemeHTU HeppOoHiB: AiameTp HUPKO-
BOrO TifbLA, NiowWa Kancyam HedpoHy. [na oTpumaH-
HA UMPOBUX 306pakeHb 3 NOAANbLUMM OBYMUCAEHHAM
PO3MIpiB CTPYKTYP HMPOK BMKOPMCTOBYBANACA Kamepa
ANnA cBiTnoBOi mikpockonii ZEISS Axiocam ERc 5s. 3amipu
NpPoBOAWMAM Ha ricTonoriyHux dotorpadiax 3 BUKOPUC-
TaHHAM Nporpamm cBiTA0BOI Mikpockonii ZEISS Axiocam
ERc 5s 3 agantepom P95-C 1/2» 0,5x, npueaHaHOro 4o

Mmikpockony Primo Star komnanii ZEISS. 3a3HayeHa npo-
rpama ZEN 2.0 € niueH30BaHO A1 TICTONOTNYHUX BU-
MiptOBaHb Ta 403BONAE NPOBOAUTN MOPHOMETPUYHI A0-
CNiayKeHHA AK NiHIMHKX NapameTpis (giameTp KNybouKy)
TaK i nNpoBoAUTM 06paxyBaHHA CMIAMHOBOIO KOHTYPY
(nnowa Kancynu kNyboyKy Ta iH.). OTpMMaHi pesynbraTu
0bpobnsanmM metoaom BapiauilHOI cTaTUCTUKK. OUiHKY
BipOriA4HOCTI CTaTUCTUYHUX AOCAIKEHDb NPOBOAUAM 3a
ponomoroto t-Kputepito CTbrogeHTa.

[ocnigrKeHHA BMKOHYBa/IUCb Y BiANOBIAHOCTI A0
NPUHLMMIB XeNbCiHKCbKOT geknapauii, npuinHaToi leHe-
panbHoOl acambneero BcecBiTHbOI meauyHOI acouiauii
(2000p.), «3araNbHUM ETUYHUM MPUHLMNAM eKcre-
PUMEHTIB Hag, TBapMHamM», WO 3aTBepaKeHi | Hauio-
HaNbHUM KoHrpecom 3 6ioetTukmn (Kuis, 2001p.) 3rigHo
3 MOJIOMKEHHAMM «EBPOMNENCbKOI KOHBEHL,i MO 3axucTy
XpebeTHUX TBAPWH, LLO BMKOPUCTOBYIOTbCA B eKCre-
PUMEHTaxX Ta iHWWX HaBYanbHUX uinax» (CTpacbypr,
18.03.1986 p.).

Pe3ynbTatu gocnigeHHs Ta ix 06roBopeHHs.

lMoyaToK opraHoreHesy HUPOK Lypa CTapTye Ha 13-
TiK cTagdil NnpeHaTasbHOro Po3BUTKY 3a Hamburger and
Hamilton (HH), wo signosigae 10-11 go6i embpioreHe-
3y, @ AXKepenom 3aKNaKM Ta PO3BUTKY € NPOMIXKHA me-
3o4epma — HedppoTom. KayzanbHuii Bigain HebpoTomy
He CermeHTOBaHWM i Ha3MBAETLCA HEGPOreHHO TKAHU-
HOH0. 3arafibHOBIAOMO, WO Y PO3BUTKY HUPOK BUAINAIOTb
TpK nocniaoBHi 6a3os.i cTagii: npoHedpoc, mesoHedpoc,
MeTaHedpoC, MiX AKMMU MOMKYTb BM3HaAvaTUCA i npo-
MiXKHi nepexigHi ctagii. NMpoHedpoc € NPUMITUBHUM
TUMOM HUPKMK, AKUI QYHKLIOHYE AK EKCKPETOPHMIA OpraH
JIULWLE Y HUXKYMX pUb, NnounHatoum 3 amdibiit npoHedpoc
nicna embpioHanbHOI 3aKNafKKU LWBUAKO Nignsrae pe-
AyKuii, a PyHKUito dinbTpauii i BUAiNEHHA npuiimae Ha
cebe mesoHedpoc. Y embpioHiB ccasLiB npoHedpoc He
dYHKLiOHYE | peayKyeTbecs Biapasy nicna 3aknagku, ane
cama npoToHedpuyHa NPOTOKa 3'€AHYETbCA 3 KaHa/b-
UAMK Me30Hedppocy Ta NepPeTBOPIOETLCA Ha BaXK/IUBUI
embpioHaNbHWIA 3a4aToK — Me3oHedpanbHy (Bonbdosy)
NPOTOKY.

dopmyBaHHA cTagii embpioHaNbHOrO PO3BUTKY
HUPKM Me3oHedpoc (NepBMHHA HMPKA) NPOXOAWTL 3a
PaxyHOK 31UTTA A0pP3a/ibHUX CErmeHTiB HedpoTomy 3
napanenbHUM yTBOPEeHHAM MeTaHedpuain (puc. 1).

PucyHok 1 — Mikpodorto rictonoriuHoro 3pi3y em6pioHa Lypa rpynu
BBEAEHHA XN0pnAy Kaamito Ha 13-Ty n06y ekcnepumeHTy. 3abaps-
JIeHHA reMaToKCUNiH eo3uH. 36.: 4x10. Mo3HauyeHHA: 1 — aop3anbHi
comitu; 2 — cepue embpioHa; 3 — neyiHka embpioHa; 4 — meso-
HedpanbHa TKaHWHA 3 MeTaHeppPUAIAMU Ta NPOTOKAMM.
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PucyHok 2 — MikpodoTo rictonoriyHoro 3pisy mesoHe¢ppanbHoi
TKaHUHU eM6pioHa Lypa rpyny BBEAEHHA X1I0pUAY Kaamito Ha
13-ty 06y ekcnepumeHTy. 3a6apB/IeHHA reMaToKCUANIH e03UH. 36.:
10x10. NMo3HauyeHHA: 1 — fop3anbHi comiTh; 2 — fop3anbHa aopTa;
3 — me3oHedpanbHi NPOTOKU.

MeTaHedppuaii matoTb TpybyacTy BUrHYTY S-noaib-
Hy ¢opmy Ta 3’€egHYyOTb me30oHedpasbHy MPOTOKY 3
3aK/Ia4KOK0 MPOBI30PHOr0 CYyAUHHOrO KAyboury, dop-
MYHOUM MaibyTHIO Kancyny HedpoHy. MepBUHHI CyauHHI
riN0YKM, WO BiAXOAATb Bif, aOPTU NPUAMAIOTb y4acTb Y
bOopMyBaHHi HMPKOBOTO TiNbLA, B AKOMY NMOYMHAETHCA
binbTpaLia 3 N1a3mM KPOBi KiHLEBMX MPOAYKTIB 06MiHY
pPEYOoBUH.

Me3oHedpoc y ccaBuiB TaKoX (YHKLiOHYE KOpPOT-
KW Yac, a gani nignarae peaykLii, npote B HON0BIYOMY
OpraHiami YacTMHaA MOro KaHanbliB NPUIAMAE y4yacTb B
YTBOPEHHI CTaTEBUX OpraHiB (CTPYKTYp A€YKa i npuaat-
Ka) Ha eTanax paHHbOro eMbpioHasIbHOrO PO3BUTKY. AK
AediHITMBHUI OpraH ce4YoyTBOPEHHA Ta CeYOBUAINEHHA
B JOPOCNOMY OpraHiami me3oHedpoc iCHYE TibKK Y am-
®ibin i BULLMX pUb.

MeTtaHedpoc, abo BTOPMHHA HMPKA Yy CCaBLiB, no-
YnHae popmysatuca Ha 14-15-Ty gobu embpioreHesy
wypa, Wwo Bignosigae 17-18 craaii HOPManbHOro po3-
BUTKY embpioHa 3a HH. BoHa yTBOPIOETLCA 3 HECETMEH-
TOBAHOI YaCcTUHM HedpoToMa — HePPOreHHOI TKAHUHU
(HedporeHHa 6nactema) i mesoHedpasbHOI MPOTOKYK,
YTBOPIOIOYM BCi YaCTUHU HedPOHiIB ManbyTHbOI aedi-
HITUBHOI HMPKK. 3 Mme30HedpaNbHOI NPOTOKK, a came 3

PucyHok 3 — MikpodoTo ricronoriuHoro 3pisy mesoHeppanbHOi TKa-
HUHM HUPKKM eM6pioHa Lypa rpynu BBeAEeHHA X10puAYy KagMmito Ha
13-ty foby ekcnepumeHTy. Ctagia GpopmMyBaHHA NPOCTUX FIOMeEpPY-
noHedPOHiB (BKasaHo cTpinkamm).
3abapBneHHA reMmaToKcuiH eo3uH. 36.: 40x10.

BUN'AYyBaHb (MeTaHeppanbHUX AUBEPTUKYNIB) yTBO-
pIOETLCA eniTeni 36ipHMX NPOTOKIB, COCOYKOBUX KaHa-
NiB, MMCOK, YallOK, ce4yoBogis (puc. 2).

Y KyaganbHomy Biaaini mesoHedpanbHOI TKAHUHU
wnaxom audepeHuitoBaHHA BiAOYBaETbCA 3aKNagKa Ta
$GOpMyBaHHA MPOCTUX MEPBUHHUX FIOMepynoHedpo-
HiB, AKi Ha BigMiHy Big HedpoHy nNpoHedpocy MicTATb
CYAMHW, WO YTBOPEHi apTepiabHUMM TiNIKamMun, AKi Bia-
XO4ATb Bif, AOP3anbHOI aopTu, Ta GOpPMYLOTb CUCTEMY
3BMBUCTUX KaHanbLiB. PopmyBaHHA y Me3oHedpoci me-
30HedpanbHMX KAyHOUKiB, PO3MEKOBAHUX MPOLLIAPKa-
MW YLLIIbHEHUX Me3eHXiMaNbHUX KNITUH, BiabyBaeTbCA
O0CUTb CTpiMKO. Bxke Ha 13-14-Ti nobi embpioreHesy
LLLypa BM3HAYatOTbCA 3aKNAAKMU ITOMepyoHedPOHIB, AKi
3paTHi Ao BMBIpPKOBOI QinbTpalii, a Takox peabcopbuii
conem, rntokosu, sogm (puc. 3). MpoTe BMAiNbHA QYHKLiA
Mme30Hedpocy HecyTTeBa, @ OCHOBHa emMbpioHanbHa 3a-
[a4a nonArae B yTBOPEHHI NPOBi30pHOi me3oHedpanb-
HOI NMPOTOKM Ta GOPMyBaHHi CEYOBMBIQHOrO TAXKY, 3
AKOro B NOAJAJIbLUIOMY YTBOPIETLCA CEYOBUAINbHA CU-
CTema BTOPUHHOI HUPKMW.

B Hawmx gocniaxeHHsx Ha 13-Tih obi embpioreHesy
Ha riCTONOFYHMX NpenapaTax BU3HaYaBCA aKTUBHUI PO3-
BUTOK Mme30Hedpocy embpioHa Wwypa y BUMALI NPOTOKM,
TOBLUMHA AKOI B KOHTPOAI cTaHoBMAa 174,72+11,54 mKm.
EmbpioHanbHUI po3BUTOK Me3oHedpocy BiabyBaeTbCA
napanesbHO 3 yTBOPEHHAM MeTaHedpuail, AKi Biakpu-
BalOTbCA Y Me30oHedpuuHy (BonbpoBy) MpoToKy. Mpwn
BMNAMBI XN0PNAOM KAZMItO Ha BariTHY CaMULIO B HUPKAX
embpioHiB 13-i fobuM cnocTepirasocb NOTOBLLEHHA Me-
30HedpanbHOi NPoToKM Ao 253,41+18,75 MKM Ta 3MeH-
LWEHHA KinbKocTi meTaHedpUAai 3 po3WMpPeHHAM ix Aai-
ameTpy. B rpynax Komb6iHOBaHOro BM/MBY BU3Ha4as0Cb
BiAHOBNEHHA AOCAIAXKYBAHOIO NMOKasHMKa y BiK 40 KOH-
TPOSIbHUX: KOMBIHaLA X10pUAY KaAMito 3 CYKLMHATOM
UMHRY: 187, 73+11,37 MKm, B rpyni KombiHaLii Kagmito
Ta cyKumMHaTy migi fo 198,73+12,87 mkm (pwuc. 4).

Taki pe3ynbTaTi CBiAYaTb NPO NPOTEKTOPHUI BNAWB
CYKUMHATIB Migi Ta LMHKY Ha HePPOTOKCMYHICTb X0pU-
Ay KagMito B eKCNepmMMeHTi Ha LLlypax Npu iX O4HOYaCHO-
MY HAAXOAMKEHHI.

BignosigHO A0 3aBAaHb AOCAILMKEHHA, HACTYNMHUM
YacoBMM MYHKTOM Hamu BM3Havanacb 19-ta goba emb-
pioreHesy. Ha uei TepmiH eKCnepumeHTy HUPKK BUTyYa-
NMcb y eMBpioHiB nif Yac onepatMBHOro 3aboto camuLb,
embpioHM paxyBanucb, 3BaXKyBasMCb, AaHi BHOCUAN 4O
npoToKkony. Y emb6pioHiB BUAANAANCD HUPKKU, AKI Orna-
OANVUCb Ta 3BaKyBa/UCb A/1A 0bpaxyBaHHA Hedbpode-
TaNbHOTO iHAEKCY. B Halwmx ekcnepMmeHTabHUX JOCAi-
[XKEHHAX BCi HUPKM Y Mi3HIX eMBpioHiB N0KanisyBanucb
B A0pP3a/bHiN NOBEPXHi YepeBHOI NOPOXKHUHU, PETPO-
nepiToHeasnbHo, 6e3 BMAMMMX naTonorin. Ha 19-t1y aoby
embpioreHesy mu cnocTepirann metaHedpoc AK 3aBep-
WANbHUI eTan PO3BUTKY HUPKM LLypa, OCHOBHI GYHKLi
AKOro — eKCKpeLLia NPoAyKTiB MeTabonizMmy 3 opraHiamy,
perynsuia BOAHOro Ta eNeKTPONiTHOro 6anaHcy, cuHTes
PEeHiHY, AeAKUX NPOCTarnaHAUHIB. Ha BepxHbOMy Nonto-
Ci HUPOK BXXe cHOpPMOBaHI HAZHUPHMKKU, aHOMaANIN pPos-
BUTKY HUPOK Ta BUAMMMWX Baf HedbporeHesy B HaLIOMyY
eKcnepuMmeHTaNbHOMY AOCAIAKEHHI He 3ycTpiYanock. B
noganbwomy nicns ¢ikcaLii Ta BUTOTOBIEHHA TiCTONOr Y-
HWX 3Pi3iB, HUPKWN JOCAIAMKYBANM FICTONOTIYHO.

[Ona BM3HAYeHHA BMNAMBY X/I0pMAYy Ha KaaMilo Ha
HedporeHe3 eMbpioHIB Lypa HanpuKiHLi embpioreHe-
3y Ha riCTONOTYHUX NpenapaTax AOCNIAXKYBaIM eTanu
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bopmyBaHHA CTPYKTYp napeHximm
HMpOK. Ha 19-Ty goby npeHaTtanbHoOro
PO3BUTKY LLypa MW TaKOX [AOCAIAXKY-
Ba/M CTPYKTYpy Ta po3mipu HedpoHis
Ta BWM3HAYanM 0bOpaxyBaHHAM 3MiHM
YMCNIOBUX MOKA3HUKIB B MOPIBHAHHI 40
KOHTposto (puc. 5). ObpaxyBaHHA NAOLL
NMOPOXKHUHK Kancynn HedpoHy MeToaom
CNNalHOBOTO KOHTYPY MNPOAEMOHCTpY-
BaNO MiABULLEHHA CepeaHiX MOKA3HWUKIB
NAOLi B rpyni BMNJIMBY X10PUA0M KaaMito
[0 6844+57,82 MKM?, MO BigHOWEHHIO
[0 KOHTPONbHUX CepefHix 3HayeHb —
1471,59+19,18 MKM?, WO CBiAYMTb NPO
nopylweHHs HedporeHesy Ta o¢inbTpa-

CEPE/IHII TTOKA3ZHHMK TOBLIMHH (MKM)

: B KOHTPOJIB
- % " XTOpHA KAAMiIO
¥ KAAMii XJIOPHA +IHHE
KaaMiii XnopHa +uHHK2
MIAAOCHIIHI TPYIIH

LiMHOT 34aTHOCTI HUPOK Y eMBpioHiB, AKi
onocepesKoBaHO Yepes iHTOKCMKALi
MaTEPUHCbKOTO OpraHiamy nepexunu
XPOHIYHUA BNAMB KCEHOBGIOTMKY. TaKke
CYTTEBE PO3LWMPEHHS Kancynu HedpoHy Biabysanocb
33 PaxyHOK YTBOPEHHA HAOPAKY Ta 3MEHLUEHHAM NoL,i
CYAMHHOrO Tinbua HedpoHiB (puc. 5). TakKMM UYMHOM,
HaMpUKiHLi ekcnepumeHTy, TobTo Ha 19-Ty goby aochi-
OXXEHHA MPOABKU BULLE3a3HAYEHUX TICTONMOTYHUX 3MiH
cTaBanu BMpasHiwnmu. OTpumaHi pesynbtatv 6esszane-
peyHo [0BOAATb HEPPOTOKCUMYHICTb XI0pUAY KagMito
B 3a3Ha4eHin Oo3i Ta cnocobi BBeAEeHHA B XPOHIYHOMY
E€KCMepMMEHTI Ha BariTHUX CaMULAX LLYPIB.

B rpynax KombiHOBaHOro BRNAMBY KagMito 3 CYKUM-
HaTammM Mifji abo UMHKY MOKa3HUKM M/OLL MOPOXKHU-
HW Kancyam HedpOoHY Ha FiCTONOFYHMX 3pi3ax BigHOB-
JOBaNUCb Y BiK A0 KOHTPOJIbHWUX i Bynn [oCTOBipHO
HUXYMMM 3a TPyny i301bOBAHOrO BMJIMBY X/I0PULOM
Kagmito. MpoTe, y rpynax KOm6iHOBaHOro BMNAMBY Mo-
Ka3HMKW MNJOLW,i MOPOMKHUHWU Kancynnm HedpoHy Bce K
[OOCTOBIPHO NEepeBULLYBaNN KOHTPOJIbHI MOKa3HUKK: B
rpyni KagMmin+migb NAoLLA NOPOKHMHU Kancyau CTaHo-
Buna 4767+19,41 mKm?, a B rpyni KombiHaLii Kagmito 3
CYKUMHATOM LMHKY — 3267+16,21 mKM%. TakMM YMHOM,
y3aranbHIO4YM BCi OTPUMaHI pe3ynbTaTv, MOXKHa CTBep-
OXKYBATU, WO CYKUMHAT LMHKY Ta CYKUWMHaT Migi Bo-
NoAitoTb 6i0aHTAroOHICTUYHUMK BNACTMBOCTAMM  LLLOAO
HEePPOTOKCUYHOCTI X/I0pMAay Kagmito Mpu XPOHIYHOMY
BBeAEHHI B 3a3HayYeHMX f03ax Ta cnocobi BBEeAEHHSA B
eKCNepMMeHTax Ha LLypax.

MopiBHIOOUYM OTPMMaHi HaMK EKCMepUMEHTAJbHI
pe3ynbTaTM 3 aHaNorM4YHMMKM HaykoBMMM poboTamu 3
BM/IMBY CONEN BaXKKUX MeTaniB Ha MOpPdOorito HUPOK
OOCNIAHUX TBApUH MW 3HAWWAM A0Ka30Bi ¢akTu pe-
AKTMBHOCTI HMPOK CamMMLb LLYPiB Ha XPOHIYHWI BNAUB
LUMX eKono/toTaHTiB. K GinbTpauiliHMiA opraH, HUPKK
NPUAMAOTb aKTMBHY y4acTb Yy BUBELEHHI KCeHobioTu-
KiB, HAKOMWMYYIOTb B MapeHXiMi KagMili i MatoTb 3HaYHI
3MiHM B OyA0Bi CTPYKTYpPHO-YHKLiOHAaNbHOI OAUHU-
ui — HedpoHi. B poboTax loxeHKo A.l. (OgecbKkuii aep-
YKaBHUA MeAMYHUIA yHiBEpCUTET) 40BeAEHO, WO BMNIMB
Kagmito B 03i 0,1Mr/Kr macv TBapUHM MA€E BUPAXKEHUI
HePPOTOKCUYHUI edeKT BXKe Ha 2 000y BBEAEHHS, AKUIN
NPOoABNAETLCA AK HA MOpPYLEeHHi ¢inbTpauinHoi dyHKLIT
HMPOK TaK i KaHanbLeBoro tpaHcnopTy [7, 8]. B mop-
dONoriYHNX eKcnepumeHTanbHUX poboTax nig Kepis-
HuuTBoM Hedboaosoi O.0. (OHINPOBCbKUIA AepiKaBHUN
MeAWYHUI YHIBEepCUTET) AOBEAEHO, WO BNAWB i30/1b0-
BAHOMO BHYTPILIHbOLW/JYHKOBOrO XPOHIYHOrO BBEAEHHA
B Pi3HUX conei Kagmito Ao3i 1,0 mr/kr npussoams Ao

PucyHOK 4 — MoKa3HUKMN TOBLMHMU (MKM) me3oHedpaibHOi NPOTOKM emBpioHiB Wwypa

ycix rpyn Ha 13-Ty 06y eKcnepumeHTy.

PucyHoK 5 — Mikpo¢oTo rictonoriyHoro 3pisy napeHximm HUPKU
em6pioHa Liypa rpynu BBeAeHHA Xnopuay Kagmito Ha 19-ty noby
eKkcnepumeHTy. HUpKOBI Tinbua MaloTb BUpaXKeHe 36inblueHHA
MOPOXKHMHU Kancynu HedpoHy.
3abapBneHHA reMaToKcuiH eo3uH. 36.: 40x10.

3MEHLUEHHA Yy 2 pa3n No BiAHOLWEHHIO 40 KOHTPOAIO Aij-
ameTpy HedpoHy Ta popmyBaB pparmeHTapHU rnome-
PY/NIOCKIEPO3 HUPKOBUX TiNleLlb Ta 3HMKEHHA aKTUBHOCTI
nponidbepaTMBHMUX NPOLLECIB B HUPKAX NaoAis wypa [11].

3ara/ibHOBiAOMMUM € TOW daKT, Wo npuymMHamm bara-
TbOX 3aXBOPHOBaHb HOBOHAPOAMKEHUX i AiTel rpyaHoro
BiKY € MOpPYLUEHHA npoLeciB NpeHaTaabHoro mopdore-
He3y. Came TOMy, OCTaHHIM YacOM MUTAHHA 3aKNafKW,
CTQHOB/IEHHA Ta PO3BMTKY MalbyTHiX opraHiB i cuctem
BCe YacTille CTaloTb 06’eEKTOM MigBULLLEHOT yBarn cepes,
HaYKOBL,iB YCbOro CBIiTYy. TaKOMK, CNif, 3ayBa*kNTH, LLO pe-
Te/lbHe BMBYEHHSA MnpoLeciB $popmyBaHHA NEBHUX NaTo-
NOTIYHMX CTaHIB [l03BO/IUTb Kpallle 3p03yMiTK naToreHes
ManbyTHIX 3axBopltoBaHb Ta HaZacTb 3moOry BMbGpaTu
ONTUMaIbHUIA NAIaH NiKyBaHHA NPUPOAMKEHOT NaToNOTii,
[03BOINTb NPOrHO3yBaTK Yac Ta TUN MOpPYLIEHHA opra-
HoreHe3y embpioHa Ta nonerwuTb NPodinakTUKy Bu-
HUKHEHHA YPOAXKEHUX Bag, PO3BUTKY CE4O-CTaTeBOI CUC-
TeEMM.

BucHoBKM.

1. OTpumaHi pesynbtaT 6e33anepeyHo A0BOAATHL
HEePPOTOKCUYHICTb X/IOpMAY KaaMmito B 3a3HayeHil Ao3i
Ta cnocobi BBEAEHHA B XPOHIYHOMY eKCMepUMEeHTi Ha
BariTHMX CaMMUAX LLYPIB.

2. I30n1bOBaHe BBeAEHHA X/10pMAay KagMmito npoBo-
KYE CYTTEBE PO3LUMPEHHA Kancynn HeppoHy y embpioHiB
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OOCNiIAHUX TBAPWH, LLO BiAOYBaETbCA 3a paxyHOK dop-
MYyBaHHA HabpsAKy Ta 3MeHLEeHHAM NowWi CyAUHHOro
TinbusA HePPOHIB HanpUKiHLi embpioreHesy.

3. B rpynax Komb6iHOBaHOrO BM/IMBY KaZMito 3 CyKLM-
HaTamMKn Migi abo UMHKY NMOKa3HMKM NOLL NMOPOXKHUHMN
Kancynu HedppoHy BiLHOBAOBANNUCD Y BiK 4O KOHTPO/b-
HUX OaHWX i ByNM OOCTOBIPHO HUMKYMMMK 3a rpyny i3o-
ZIbOBAHOMO BMMBY X10PUAOM KaAMito, WO A03BONAE
pO3rNAAaTM CYKLMHAT LMHKY Ta CYKUMHAT Mifj AK NOTeH-

LiMHI 6ioaHTaroHicT1 xnopuay Kaamito npu KombiHoBa-
HOMY HaAXOOKEHHI B eKCMEePUMEHTI Ha LLypax.

MepcnekTMBM NOAANBLUNX [OCNIAMKEHD.

Ha Haw mornag, nepcnekTMBHUM HanpPAMKOM A0CAi-
OXKeHb € BU3HAYEHHA BM/IMBY X/10pUAY KagMito Ha Mop-
doreHe3 HMPOK eMbpioHIB LypiB AOCNIAHUX TBAPUH 3
BUKOPUCTAHHAM IMYHOTICTOXIYHMX MapKepiB 4N1A BU3HA-
YeHHA 3MiH 6a30BMX FICTOFreHETUYHMUX NPOLLECIB TKAHWH
napeHXimm HUPOK.
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BM/IUB XN1OPUAY KAAMIKO HA MOP®OrEHE3 HUPOK EMBPIOHIB LLYPIB MPU 130/1IbOBAHOMY BBEAEHHI
TA MOr0 KOMBIHOBAHOI AT 3 CYKLIUHATAMU META/IB

LWaTopHa B. ®., KpacHos O. O.

Pestome. lMoripLlieHHA cTaHy eKkonorii BXe cTano robanbHo npobnaemoto B ycbomy CBiTi. HeraTusHuiA BNavB
€KOMO/IOTaHTIB Ha CTaH 340pOB’A NI0AMHM BCe B BifiblUOMY CTyneHi noTpebye KOMMIEKCHUX AOCAIAKEHD He NnLue
B MeAWUMHI, dapmadii, cinbCbKOMy rocnogapcTsi, a i B MOpdonoriyHMxX Ta BioXiMiuHMX eKCnepumMeHTalbHUX A0-
CNiAMKEHHAX ANA BU3HAYEHHA NaTo/IorYHMX 3MiH B MopdoreHesi Ta NoLwyKy HOBUX MOTEHLiMHUX BioaHTaroHicTiB
TOKCUYHMM pPEeYOBMHAM O0BKOJMIIHBOIO cepefoBuLa. EKcnepMmeHT npoBeAeHO Ha BariTHUX CaMMUUAX LYPiB, AKi
LLOAEHHO OTPMMYBA/IM BHYTPILIHbOLLIYHKOBO PO34YMH X/I0pMay KagMmito i301b0BaHO, abo B KombiHau,i 3 cyKumMHa-
TOM UMHKY abo migi. [ocniaskyBanncb MopdoaoridHi 3miHKM HUPOK embpioHiB Wwypa Ha 13-Ty Ta 19-Ty 06y eKkcne-
puMeHTy. Ha ricTonoriyHmx npenapaTtax A4OCNiAKYBaANCh enemeHTU HedpPOoHiB: AiaMeTp HUPKOBOTO TibLA, M0LLA
Kancynu HedpoHy. [ oTpuMaHHA LmbpoBux 306parkeHb 3 NoganbliMM 064YMCAEHHAM PO3MIPIB CTPYKTYP HUPOK
BMKOPMCTOBYBABCA MiKpocKon Primo Star komnaHii ZEISS 3 nporpamoto ZEN 2.0, AKa € niLeH30BaHO AN riCTONOriY-
HWX BUMiPIOBAHb Ta [l03BOJIAIE BU3HAYATM AK NiHIMHI napameTpu (aiameTp KNybouKy) Tak i NpoBoAnUTH 0BpaxyBaHHA
CMNaltHOBOrO KOHTYpPY (M1oLa Kancyam KNybouky Ta iH.). OTpMMaHi pesynbtatv 06pobisnm meTofom BapiaLiiHOl
CTAaTUCTMKMN. OLHKY BipOriAHOCTI CTAaTUCTUYHUX AOCANIAKEHb NPOBOAMAN 33 AoNomoroto t-kputepito CTbrogeHTa.

B po6oTi gocniakeHo mopdooriuHi 3miHM HedporeHesy y eMbpioHiB Lypa, AKi onocepeaKoBaHO Yepes mare-
PUHCBKUI OpraHiam nNignAraam XpoHiYHOMY BMAMBY X0PUAOM KagMito Ta MpoBeAeHO BU3HAYeHHA 6GioaHTaroHic-
TUYHMX XapPaKTEPUCTUK CYKLUMHATIB LMHKY Ta Mifj WoA0 HeGPOTOKCUUYHOCTI KaaMmito Npu iX KOMBiIHOBaHOMY Haaxo-
OXKEHHI B eKCNepUMEHTI Ha Lwypax.

OTpuMmaHi pe3ynbratv 6e33anepeyHo [0BOAATb HEQPOTOKCUYHICTb XN10PUAY KaZMmito B 3a3HaAYEHin 03 Ta cno-
cobi BBeZ,EHHA B XPOHIYHOMY eKCMepMMEHTi Ha BariTHUX camuuAax LWypiB AK Ha 13-Tii, Tak i Ha 19-Tin gob6i npeHa-
Ta/IbHOrO PO3BMUTKY. [loBeAEeHO, LLLO i30/1bOBaHE BBEAEHHA X/IOPUAY KaZMito NMPOBOKYE CYTTEBE PO3LUMPEHHA Kancy-
v HedpoHY y eMBpPiOHIB AOCNIAHUX TBAPUH, AKe BiAOYBAETLCA 33 PaxyHOK GOpPMYBaHHA HAbPAKY Ta SMEHLIEHHAM
naoLW,i CyaMHHOrO TinbuA HePPOHIB HaNPUKiHLiI embpioreHesy.

B rpynax Kom6iHOBaHOro BNAMBY KagMito 3 CyKLMHATaMM MiZi abo LMHKY MOKa3HWKM NAOLLi NOPOXKHUHK Kancy-
1 HedpPOHY BiIAHOBAOBANUCD Y BiK A0 KOHTPONBbHUX AAHMX i BYAM AOCTOBIPHO HUMNKUYMMMK 3@ rpyny i30/1bOBAHOMO
BM/IMBY X/IOPUAOM KaZMito, WO A03BONAE PO3MALAATM CYKUMHAT LMHKY Ta CYKLUMHAT Migi AK NoTeHUilMHi 6ioaHTaro-
HiCTW XI0pMAy KagMito Npyu KOMBIHOBAaHOMY HaAXOAKEHHI B @KCNEePUMEHTI Ha Wwypax.

Kntouosi cnoBa: cevoBa cucteMa, HUPKKU, HeDPOH, EKCNEPUMEHT, LLYPU, KagMil, UMHK, Mifb, CYKLUMHATK.

THE INFLUENCE OF CADMIUM CHLORIDE ON THE MORPHOGENESIS OF KIDNEYS OF RAT EMBRYOS IN ISOLATED
ADMINISTRATION AND ITS COMBINED EFFECT WITH METAL SUCCINATE

Shatorna V. F., Krasnov O. O.

Abstract. Environmental degradation has already become a global problem all over the world. The negative
impact of ecopollutants on human health increasingly requires comprehensive research not only in medicine,
pharmacy, agriculture, but also in morphological and biochemical experimental studies to determine pathological
changes in morphogenesis and search for new potential bioantagonists to toxic substances in the environment. The
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experiment was carried out on pregnant female rats, which received daily intragastric solution of isolated cadmium
chloride or in combination with zinc or copper succinate. Morphological changes in the kidneys of rat embryos on
the 13th and 19th days of the experiment were studied. Elements of nephrons were studied on histological prepa-
rations: the diameter of the renal corpuscle, the area of the nephron capsule. A ZEISS Primo Star microscope with
the ZEN 2.0 program, which is licensed for histological measurements and allows you to determine both linear pa-
rameters (diameter of the glomerulus) and calculate the spline contour (area of the glomerulus capsule etc.). The
obtained results were processed by the method of variation statistics. The estimation of the probability of statistical
studies was carried out using the Student’s t-test.

Morphological changes in nephrogenesis in rat embryos subjected to chronic exposure to cadmium chloride
mediated through the mother’s body were investigated in the work, and the bioantagonistic characteristics of zinc
and copper succinates were determined in relation to cadmium nephrotoxicity when they were combined in an
experiment on rats.

The obtained results prove the nephrotoxicity of cadmium chloride in the specified dose and method of adminis-
tration in a chronic experiment on pregnant female rats on both the 13th and 19th days of prenatal development. It
has been proven that the isolated introduction of cadmium chloride provokes a significant expansion of the nephron
capsule in the embryos of experimental animals, which occurs due to the formation of edema and a decrease in the
area of the vascular body of the nephrons at the end of embryogenesis.

In the groups of combined exposure to cadmium with copper or zinc succinates, the parameters of the nephron
capsule cavity area were restored to the control data and were significantly lower than the group of isolated expo-
sure to cadmium chloride, which allows us to consider zinc succinate and copper succinate as potential bioantago-
nists of cadmium chloride when combined in the experiment on rats.

Key words: urinary system, kidneys, nephron, experiment, rats, cadmium, zinc, copper, succinates.
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