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Cadmium is a heavy metal that enters the body in various ways, is involved in metabolic processes, accumulates
in various tissues and organs, and can cause pathological changes and diseases. For example, cadmium significantly
impacts the liver and kidneys, nervous, cardiovascular and reproductive systems. Copper and zinc can compete with
cadmium for certain receptors or metabolic pathways, which allows them to reduce their negative impact. It may
open prospects for using copper and zinc as potential bioantagonists. This competitive process can lead to a reduc-
tion in the absorption of cadmium by cells, which in turn reduces its toxic effects. The interaction of cadmium with
copper or zinc is a complex process, and the level of accumulation of these metals in female rat embryos and hearts,
as well as heart mass index, may provide some insight into the toxicological and antagonistic nature of these inter-
actions. Understanding these processes is important for developing strategies to protect against cadmium toxicity
and further developing preventive measures to maintain heart health. The study was conducted on pregnant female
Wistar rats throughout the entire gestation period, divided into four groups. Indicators of quantitative accumulation
of cadmium, copper and zinc in embryos and hearts of females were analysed, and heart mass indexes of females
in all four groups were calculated, which allowed us to identify certain patterns of effects and interactions of copper
and zinc concerning cadmium.

Key words: heavy metals, cadmium, zinc, copper, heart, rat embryos.

Connection of the publication with planned re-
search works.

The experimental study was conducted within the
framework of the research work of the Department of
Medical Biology, Pharmacognosy, Botany and Histology
of DSMU, “Biological basis of morphogenesis of organs
and animals under the influence of trace elements and
ultramicroelements in the experiment” (state registra-
tion number 0118U006635).

Introduction.

Heavy metal ions that enter the body from the en-
vironment bind to many molecules in body tissues, in-
cluding proteins and polysaccharides. In addition, many
of these metals are biologically active and involved in
various physiological and pathophysiological reactions.
As a result of cadmium absorption by the body, it is eas-
ily transported [1] and distributed to tissues and organs,

causing negative effects on the body. Even in low doses,
cadmium has a toxic effect on the nervous system, im-
mune system, reproductive system, and cardiovascu-
lar system [2, 3]. Since cadmium is actively involved in
physiological processes [4] and can cross the placental
barrier, its accumulation leads to changes in the activ-
ity of various enzymes, shifts in the main morphologi-
cal parameters, and significantly disrupts the balance of
trace elements in the adult rat and embryos [5]. Cad-
mium can both increase the content of certain trace ele-
ments, causing their retention in tissues and organs and
vice versa — cause significant losses of certain divalent
cations, replacing them with itself. The level of cadmium
accumulation depends on the dose, duration of intoxi-
cation, route of administration, the chemical formula of
the compound, type of tissue or organ, age and physi-
ological state of the organism.
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The aim of the study.

To determine the effect of zinc and copper succi-
nates with their simultaneous chronic administration
on the level of cadmium accumulation in embryos and
hearts of pregnant female rats in the experiment.

Object and research methods.

The modelling of the effect of cadmium chloride and
succinate solutions on the female body and indirectly
on the course of embryogenesis and heart development
in rat embryos was conducted in accordance with the
following plan. From the first day and throughout preg-
nancy, female rats were orally administered the test so-
lutions daily through a probe in the doses listed below.
The basic condition of the experimental administration
was the limited volume of the administered substance.
Both in the case of isolated exposure to cadmium and in
case of exposure to cadmium in combination with cop-
per or zinc succinates, the volume of administration did
not exceed 0.5 ml because this volume does not lead to
stretching of the stomach of the experimental rat and
does not introduce side effects of mechanical impact.
The experiment was chronic. All pregnant female rats
were divided into four groups: the first group — control;
the second group — isolated administration of cadmium
chloride solution at a dose of 2.0 mg/kg; the third group
— combined administration of cadmium chloride solu-
tion at a dose of 2.0 mg/kg and copper succinate 0.1
mg/kg; the fourth group — combined administration of
cadmium chloride solution at a dose of 2.0 mg/kg and
zinc succinate solution at a dose of 5 mg/kg.

There were 16 female rats in each group. Surgical
slaughter and collection of embryonic material were
performed on the 13th and 20th day of embryogenesis
under thiopental anaesthesia in accordance with ethical
standards for the treatment of laboratory animals.

The peculiarities of cadmium, zinc and copper accu-
mulation in the hearts of pregnant female rats and em-
bryos on days 13 and 20 under isolated administration
of cadmium chloride and under conditions of correc-
tion with zinc and copper succinates were determined
using polyelement analysis of biological materials by
the method of atomic emission with electric arc atomi-
sation. The measurements were performed at the State
Enterprise “Ukrainian Research Institute of Transport
Medicine of the Ministry of Health of Ukraine” (Odesa)
under the scientific and creative cooperation agree-
ment. Arc atomic emission analysis allows for qualita-
tive and quantitative elemental analysis of samples of
almost any nature.

cumulation of cadmium, zinc and copper in the hearts
of pregnant female rats with an impact on the morpho-
logical parameters of the heart; the second is to study
the level of accumulation of these elements in embryos.

The analysis of cadmium accumulation in the hearts
of females on the 13th day of the experiment showed
the highest level in the group of combined expo-
sure to cadmium chloride + copper and was equal to
0.123440.0117 pg/g, which was 2.3 times higher than
the control values and 1.2 times higher than the level of
accumulation in the group of isolated cadmium admin-
istration (0.104+0.0244 pg/g). In the group of combina-
tion of cadmium with zinc succinate, the level of cad-
mium at this time of the study was close to the control
value and amounted to 0.0858+0.0175 pg/g.

On the 20th day of the experiment, the level of
cadmium accumulation increased even in the control
group and amounted to 0.0699+0.0033 pg/g. We ex-
plain this increase by the fact that the experiment was
conducted in a cadmium-loaded region of Ukraine. At
the same time, the accumulation rate in the group of
isolated cadmium administration was expected to in-
crease — 0.1656+0.0045 pug/g. The tendency to increase
the cadmium level in the combined exposure group to
copper succinate was quite unexpected. On the 20th
day, the level of cadmium in this group was the high-
est (0.212140.0219 pg/g) and exceeded the value in the
group of isolated exposure to cadmium chloride by 1.3
times, and the control values by 3 times (fig. 1).

An increase in copper levels in the hearts of preg-
nant females of all groups on day 13 of the experimen-
tal study was also unexpected. In the control group,
the copper level was 8.37+0.32 ug/g, and with isolated
administration of cadmium, it rose to 20.9+0.54 ug/g,
i.e. 2.5 times. That is, the isolated administration of cad-
mium chloride leads to a significant increase in the level
of copper in the hearts of pregnant females on the 13th
day of the experiment. An interesting fact is that in the
group of combined administration of cadmium and zinc,
the level of copper also increased by 2 times —17.7+1.29
ug/e.

On day 20 of the experiment, the level of copper in
the hearts of adult females continued to increase. Thus,
in the group of isolated administration of cadmium, the
rate of copper accumulation exceeded the control by
2.9 times and amounted to 24.5+1.4 ug/g; in the group
of combined administration of cadmium with zinc —
18.6+1.8 pg/g. In the group of combined administration
of cadmium with copper succinate, the high level of ac-

The experimental studies

were conducted in compliance | s A
with the requirements of hu-
mane treatment of experimental

! 02+~
animals regulated by the Law of

® Control

# Cadmium chloride

Ukraine “On the Protection of An- i |
imals from Cruelty” (No. 3447-1IV ?

u Cadmium + copper

of 21.02.2006) and the European P
Convention for the Protection of | *
Vertebrate Animals Used for Re- A
search and Other Scientific Pur- | %% |
poses (Strasbourg, 18.03.1986). 7

succinate

Cadmium + zinc
succinate

Results of the study. L

We conducted polyelement hay

20 day

studies in two main areas: the first
is to determine the degree of ac-

Figure 1 — Dynamics of cadmium accumulation (ug/g) in the hearts of pregnant female rats in the
experimental groups at both experimental periods.
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cumulation of this trace element
was predictable. It did not have a
significant value in comparison. 0.6

When determining the level
of zinc accumulation in all experi-
mental groups, an increase in this | .,
indicator was observed. On the
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2.2 times higher than the control
values. In the group of combined
administration of cadmium with

Dynamics of heart mass index in female rats

= control

20 day
= cadmium cadmium-copper: cadmium-+zine

copper succinate, the level of zinc
was insignificantly higher than the
control values, and the high level
of zinc (78.6416.76 pg/g) in the group of combined ad-
ministration of cadmium with zinc is not indicative. On
the 20th day of the study, a decrease in the level of zinc
in the hearts of pregnant female rats was determined
compared to the previous period of the study, even in
the control group, the zinc level decreased compared
to the 13th day of the experiment. We connect this de-
crease in the level of this trace element to the physio-
logical needs of pregnant females and the development
of embryos.

Thus, using polyelement analysis of the hearts of
pregnant female rats allowed us to conclude that the
introduction of cadmium chloride leads to changes in
the level of not only cadmium but also causes the dis-
elementosis of zinc and copper. Calculation and com-
parison of the obtained experimental results proved the
modifying effect of copper and zinc succinates on the
degree of accumulation of trace elements in the hearts
of adult females when they were simultaneously admin-
istered with cadmium in the rat experiment.

We also analysed the effect of accumulated trace
elements in pregnant females’ hearts on the heart’s
morphometric parameters. For this purpose, during the
surgical withdrawal of experimental animals from the
experiment, the heart was removed, and its weight was
determined. The calculation of the average heart weight
showed that in all experimental groups, the heart weight
was significantly lower compared to the control values
on both the 13th and 20th day of the experiment. In
the control group, on the 13th day of the experiment,
the average heart weight was 1.18+0.15 g, and on the
20th day — 1.17+0.02 g, i.e. no significant difference was
determined. In the group of isolated exposure to cad-
mium, these indicators were 1.0+0.09 g and 0.89+0.09
g, respectively, and in the groups of combined exposure,
the results of heart weight were multidirectional. Thus,
in the group with a combination of cadmium and copper
succinate, the average weight of the female heart was
lower than in the isolated cadmium exposure.

In the combined administration of cadmium and
zinc succinate group, heart weight tended to recover
towards the control values despite the administra-
tion of cadmium. A more intensive recovery of heart
weight was determined on the 13th day of the experi-
ment — 1.11+0.05 g, to a lesser extent on the 20th day
—0.96+0.09 g. Thus, chronic administration of cadmium

Figure 2 — Indicators of heart mass index in pregnant female rats of all groups at both

experimental periods.

chloride leads to a decrease in the average heart weight,
and the combined administration of cadmium with zinc
succinate restores the studied parameter. The data ob-
tained were confirmed by us in the calculation of the
heart mass index of rats in all experimental groups (fig.
2) and indicate that zinc succinate is a bioantagonist of
cadmium when combined with their simultaneous ad-
ministration in terms of the effect on the heart in rats in
a chronic experiment.

The accumulation levels of cadmium, copper, and
zinc were also studied in rat embryos on the 13th and
20th day of pregnancy. The results of the polyelement
analysis showed that already on the 13th day of the ex-
periment, the level of cadmium in embryos increased
significantly compared to the control. In the group of
isolated administration of cadmium, the level of this
trace element increased 10-fold (0.1206+0.0045 ug/g)
compared to the control (0.0119+0.0013 pg/g).

On day 20, in the group of isolated exposure to cad-
mium chloride, we observed an increase in the amount
of cadmium to 0.1680+.0026 pg/g, which is 9.1 times
higher than in the control group (0.0184+0.0045 ug/g).
In the groups of combined administration, the level of
cadmium was 0.1220%0.0134 ug/g in the group of cad-
mium chloride with copper succinate and 0.1068+0.0191
ug/g in the group of cadmium chloride with zinc succi-
nate. These values exceed the control group by 6.6 and
5.8 times, respectively, due to the intake of the same
doses as in the isolated exposure group. At the same
time, a significantly lower level of cadmium accumula-
tion in the combined exposure groups compared to the
isolated administration of cadmium chloride indicates
the bioantagonistic nature of the interaction of copper
and zinc ions with cadmium ions.

The results of the study of copper content in em-
bryos of different experimental groups showed the fol-
lowing. On the 13th day of the experiment, the level of
copper in the embryos of the group of isolated exposure
to cadmium was higher than in the control group, but
lower than in the group of combined administration of
cadmium chloride with zinc succinate (fig. 3). The accu-
mulation of copper in all exposure groups (excluding the
group of combined administration of cadmium chloride
and copper succinate, as it is not representative) com-
pared to the control group indicates a significant disrup-
tion of copper metabolism already on the 13th day of
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359 4 # Cadmium chloride he | I f dmi |
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147 The results obtained during
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tendency to accumulate cadmium
20 day in various tissues and organs of

Figure 3 — Dynamics of the level of copper accumulation (pg/g) in rat embryos in the
experimental groups at both experimental periods.

gestation, especially with the combined administration
of cadmium and zinc.

On day 20 of the experiment, we observed a signifi-
cant decrease in copper levels in the group of isolated
exposure to cadmium chloride. This indicator is signif-
icantly lower than the control group on day 20 of the
experiment, as well as lower than the level of copper in
the group of isolated exposure to cadmium chloride on
day 13, which may indicate a significant antagonistic ef-
fect of cadmium on copper metabolism in rat embryos
under chronic administration. At the same time, in the
group of combined administration of cadmium chloride
with zinc succinate, we observed a restoration of cop-
per in rat embryos almost to the control levels, which
may confirm the antagonistic effect of zinc ions against
cadmium and the diselementosis is caused by it (fig. 3).

When studying the level of zinc accumulation on
day 13 of the experiment, it is noteworthy that the zinc
content in embryos in the group of isolated exposure to
cadmium chloride (29.58+12.2 ug/g) compared to the
control group (15.3+1.9 pug/g), as well as in the group
of combined administration of cadmium chloride with
copper succinate (25.7+2.4 pg/g) compared to the con-
trol group. At the same time, there was no significant
difference between the average zinc content in the
group of isolated exposure to cadmium and the group
of combined administration with copper succinate. At
the same time, on day 20 of the experiment, a signifi-
cant difference between the average zinc content in all
groups was observed. Thus, the level of zinc accumula-
tion in the group of isolated administration of cadmium
chloride was 34.0+3.3 pg/g, while in the control group
it was 27.0+2.1 pg/g. The group of combined adminis-
tration of cadmium chloride with copper succinate was
characterised by a decrease in the level of zinc accumu-
lation in embryos (22.0+2.3 pg/g), which is significantly
different from both the control and the isolated admin-
istration groups and is the lowest among all groups. It
may indicate a significant imbalance in the balance of
zinc metabolism in embryos with simultaneous adminis-
tration of cadmium and copper.

The analysis of the obtained results confirms the
formation of copper and zinc diselementosis under
chronic exposure to cadmium chloride both on the 13th
and 20th day of embryogenesis, which is quite logical
since cadmium can cross the placental barrier and cause
diselementosis of the main divalent cations in rat em-
bryos under chronic administration. At the same time,

the rat body. We were interested
in the relationship between the
distribution and accumulation of
cadmium, copper and zinc in all
experimental groups since there is very little data on the
combined effect and antagonistic interactions of these
elements today, and they differ significantly.

It was confirmed that the accumulation of cadmium
is closely related to the duration of exposure, and its
level increased in the embryos and hearts of female rats
at different stages of the experiment. There is a signifi-
cant difference between the accumulation of cadmium
in the embryos and hearts of female rats in the isolated
exposure group and the control group. It indicates the
widespread distribution of cadmium in the rat body and
confirms its ability to cross the placental barrier [6, 7, 8].

In the combined administration groups, we ob-
served different directions of interaction between cad-
mium and copper or zinc. Thus, in the experimental
groups, zinc showed the ability to reduce the negative
effects of cadmium on embryogenesis and the heart
of pregnant females. These results are in line with the
general conclusions of the bioantagonistic properties of
zinc concerning cadmium ions [9, 10, 11]. In addition,
several studies indicate that copper can also reduce the
negative effects of cadmium on the body of rats [12],
but there is very little data on the content of this metal
in experimental animals today.

Unfortunately, it is complicated to reliably compare
our results with previous studies, as there is a lack of
data on the quantitative accumulation of cadmium, es-
pecially in combination with zinc and copper ions in the
embryos and hearts of pregnant females. In addition,
the concentrations, duration and routes of administra-
tion of cadmium, zinc and copper varied significantly.

Conclusions.

The results obtained allow us to make the following
generalisations:

When cadmium chloride solution was administered
at a concentration of 2 mg/kg, different degrees of cad-
mium accumulation were observed in the hearts of
pregnant females and embryos, depending on the dura-
tion of cadmium administration and the nature of the
administration: isolated or in combination with copper
or zinc succinates.

The isolated administration of cadmium and in com-
bination with copper succinates significantly reduces
the heart weight of the female and the heart mass index
compared to the control group, while the combined
administration of cadmium chloride and zinc succinate
increases these indicators almost to the level of the con-
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trol group, indicating a significant bioantagonistic effect
of zinc ions concerning cadmium ions.

Since cadmium can cross the placental barrier, we
observed a significant increase in cadmium concentra-
tion in rat embryos in different exposure groups, as well
as significant shifts in copper and zinc content compared
to the control group. It confirms the data on the abil-

ity of cadmium to be actively involved in the embryo’s
metabolism and causes copper and zinc diselementosis.

Prospects for further research.

In our opinion, it is promising to study and analyse
histological samples further to determine anatomical
changes in the hearts of embryos and pregnant females
after exposure to the factors under study.
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AHANI3 3MIH MIKPOEJIEMEHTHOTO CTATYCY CEPLA LLIYPIB
MPU XPOHIYHIN IHTOKCUKALII KAAMIEM

[ HiNpoBCbKMii aeprKaBHUN MeaudyHUIA yHiBepcuTteT (M. [JHinpo, YKpaiHa)
verashatornaya67@gmail.com

Kaowmili € saxkum memasnom, w0 Hadxo0ums 00 OP2aHI3MYy PIZHUMU WAAXAMU, 3a7Y4AEMbCA 00 MemaboniyHux
npouyecis, HAKOMUYYEMbLCA Y PIBHUX MKAHUHAX MA 0p2aHax i 30amHull cripu4uHAMU Namoso2ivyHi 3MiHu i suKaukamu
30x80pH08aHHA. TaK, KAOMIll cymmeso 8Mnausae HaA CMAH fnedvyiHKU ma HUPOK, Hepsosoi, cepueso-cyOuHHOI ma
pernpodykmusHoi cucmemu. Midb ma YUHK 8UAB/1A0Mb 300MHICMb KOHKYpy8amu 3 KAOMIEM 30 r1e8Hi peyenmopu 4u
memaboniyHi waaxu, wo 003804€ iM 3meHwysamu lio2o HecamuegHul enaus. Lie moxce 8i0Kpusamu nepcrnekmusu
BUKOPUCMAHHA MiOi ma YUHKY AK nomeHyiliHux 6ioaHmazoHicmis. Lleli KOHKypeHmHull npoyec Mmoxce npuzsooumu
00 3MeHWeHHA Mo2AUHAHHA KaOMIt KAiIMUHaMU, W0, 8 C8OHO Yepay, 3HUMYE (1020 moKcu4HuUll 8naus. B3aemodis
Kaomito 3 Mid0to abo YUHKOM € CKAAOHUM MPOUECOM, i MOKA3HUKU PiBHIO HOKOMUYEeHHA Yux memasie 8 embpioHax
ma cepyax camuyb Wypis, @ MaKo#< MOKA3HUKU iHOeKCy Macu cepys, Moxymes 0ewio npoACHUMU MOKCUKOM02iYHUl
ma aHMa20HICMUYHUX Xapakmep yux 830emo0ili. Po3ymiHHA yux rnpoyecie Mae 8axciuge 3Ha4eHHA 019 po3pobKu
cmpameeili 3axucmy 8i0 moKcu4yHoCcMi KaOMito ma nodasnbWo20 PO3BUMKY MpeseHmMuUBHUX 3axo0ig y 36epexeHHi
300pos'a cepyA. [ocnioxeHHA nposoousnocs HA 8A2IMHUX COMUUAX wypie niHii Wistar npomazom yceozo nepiody
eecmauii, wo 6ynu posnodineHi Ha 4 epynu. AHANI3y8AAUCA MOKA3HUKU KiflbKICHO20 HAKOMUYEeHHA Kaomito, miodi
ma YuHKy 8 eMOpioHaX ma cepyax camuyb, a MAKOX 064UCA08AUCA MOKA3HUKU iHOEKCY Macu cepuysa camuyb y
8CiX YOMUPbLOX 2pynax, wo 00380UM0 8UABUMU e8Hi 3aKOHOMIpHOCMI 8rnausie i 83aemolili Midi ma YuHKY no

BiIOHOWEHH 00 KaoMiro.

Key words: saxcki memanu, Kaomili, YUHK, MiOb, cepue, embpioHU wypis.

38’A30K ny6niKauii 3 n1aHOBUMM HayKoBO—Ao0CNi4-
HUMU poboTamu.

EkcnepumeHTanbHe JOCNIAXKEHHA BUKOHAHO Yy pam-
Kax HayKkoBo—gocnigHoi pobotn Kadeapu meauyHoi
bionorii, papmakorHosii, 6oTaHiku Ta rictonorii 4AMY
«bionoriyHi ocHoBM mopdoreHesy opraHiB Ta TBapWH
nig, BNJIMBOM MIiKpPOE/IeMEHTIB Ta yAbTpaMikpoesnemeH-
TiB B €KCnepuMeHTi» (HoMep AeprkaBHOI peecTpauii
0118U006635).

Bcryn.

IOHWM BaXKKMX MeTaniB, AKi MOTPANAATL B OPraHiam
3 HABKOMMLLHBLOIO cepefoBuMLLa 3B'A3yt0TbCA 3 GaraTtb-
Ma MOJIeKyN1amMK B TKAaHMHAX OpraHiamy, BK/KOYa4u
6inkKM Ta nonicaxapuaun. Kpim Toro, 6arato uMx meTtanis
€ 6io/10riYHO aKTUBHUMMU | BepyTb y4yacTb B Pi3HOMAHIT-
HUx disionoriuvHnx Ta naTtodisionoriyHnx peakuiax. Y
pe3ynbTaTti NOIMHAHHA OPraHi3MOM KagMito, BiH Nerko
TpaHcnopTyeTbcA [1] i po3noAinAeTbca NO TKAHWHAX i
opraHax, BUK/JMKaUYM HeraTMBHUM BNJIMB Ha OpraHism.
HaBiTb y HM3bKMX [03aX KagMili Ma€e TOKCUYHUIA BNINB
Ha HEPBOBY CUCTEMY, IMYHHY CUCTEMY, PEMPOAYKTUBHY
cMcTeMy Ta cepueBo-cyauHHY cuctemy [2, 3]. OcKinbKku
KagMili aKTMBHO 3any4aeTbca y ¢isionoriyHi npouecu
[4] i 3gaTHUIN gonaTn NnaueHTapHU Bap’ep, Moro Ha-
KOMWYEHHA MPU3BOAUTb A0 3MiHW AKTUBHOCTI Pi3HWUX
bepmeHTiB, 3cyBy OCHOBHMX MOPG®OAOFYHUX MOKa3HU-
KiB, @ TAKOX CYTTEBO NOpYLIYye HanaHC MiKpoenemeHTIB
[0POC/IOro opraHismy Liypa Ta embpioHis [5]. Kagmiin

3[4aTHUIM AK MiABULLYBATU BMICT NEBHUX MiKpOeneMeH-
TiB, 0OYMOBANIOIOYM X 3aTPUMAHHA Y TKAHMHAX i opra-
Hax, TaK i HAaBMAKW — BMK/IMKATK 3HAYHI BTPATU NEBHUX
[OBOBaNIEHTHMX KaTioHiB, 3amiHiot0uM iX coboto. PiBeHb
HAKOMUYEHHA KagMilo 3anexuTb Bif, 0034, TPUBANIOC-
Ti iHTOKCMKaUi, cnocoby BBeAeHHs, XiMiyHoi dopmyan
CNOYKK, TUMNY TKAaHUHM abo opraHy, Biky Ta ¢isionoriy-
HOTO CTaHy opraHismy.

Merta gocnig)eHHs.

BW3HAUNTM BMNIMB CYKUMHATIB UMHKY Ta migi npu ix
O0AHOYACHOMY XPOHIYHOMY BBEAEHHI Ha pPiBeHb HaKoMwu-
YeHHA KaZMito B eMbpioHax Ta cepuax BariTHUX CaMuLb
LLypa B eKCNepuMeHTI.

06’eKT i meTOoAM pocnigKeHHS.

MogentoBaHHA BNAUBY XJ10PUAOM KagMilo Ta pos-
YMHAMW CYKLMHATIB Ha OpraHiam camuui Ta onocepes-
KOBaHO Ha Xif, embpioreHesy i po3BUTOK cepua y emb-
pioHIB LWypiB NpoBOAWAM BIANOBIAHO [0 HACTYMHOro
NAaHy. 3 NepLoro AHsA i BNPOA0BXK BCi€i BAriTHOCTI camm-
LAM LLYpPiB LLOAEHHO NepopasibHO Yepes 30H/, BBOAMAN
OOCNiAXYBaHi PO3YMHM B HUKYE3a3HayeHux fo3ax. ba-
30BOI0 YMOBOI €KCMEepPUMEHTANIbHOro BBeAEHHA byna
0bmerKeHicTb 06 eMy PeUYOBUHM, LLO BBOAUTLCA. K Npu
i30N1b0BaHOMY BNNBI KaAMito, TaK i NPy BNAMBI KaaMito
B KOMbiHaU,i 3 cyKuMHaTamm migi abo LMHKyY, obcar Be-
OeHHA He nepesuwyBas 0,5 ms, 60 came Takuii 06’em
He NpU3BOAWUTb A0 PO3TAryBaHHA LUAYHKY AOCAIAHOrO
Lypa i He NPUBHOCUTb NOBIYHOTO ePeKTy MmexaHiuHoro
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KoMbiHaLii Kagmito 3 CyKLMHATOM

025 T LUMHKY .piBEHI.: KagMilo Ha Lbomy

TEPMIiHI goCNiAKeHHA Habnukas-

0.2 o K i €A A0 KOHTPO/IbHOrO MOKa3HMKa i
ctaHosus 0,0858+0,0175 mKr/r.

0,15 = Kaoitt + eykipnar Ha 20-tin pob6i ekcnepwu-

iz MEHTY  piBEHb  HAKOMWUYEHHSA

i Kamuifi + cyxmar | KagMito  36inbllyBaBcA  HaBiTb

- LHHKY B KOHTPOJIbHIM rpyni i cTaHo-

: Bus 0,0699+0,0033 mkr/r. Mwu

i NOACHIOEMO TaKe MNiAgBULLEHHSA

13 j106a 20 n06a TUM GaKTOM, WO €eKCNepMMeHT

PucyHoK 1 — iIntHamika piBHIO HAKONUYEHHA KaaMmito (MKr/r) y cepuax BariTHUX camuub Lwypis
B NiAA0CNIAHNX rpynax Ha 060X A0CNIAXKYBAaHUX TePMiIHAX EKCIePUMEHTY.

BNAMBY. EKCnepuMMeHT MaB XpOHiYHWUI xapaKTep. Bci Ba-
riTHI camumui wypis 6yan posaineHi Ha 4 rpynu: nepuwa
rpyna — KOHTPO/b; Apyra rpyna — i3o/iboBaHe BBEAEHHA
PO34YMHY KaaMito xnopuay y Aosi 2,0 mr/Kr; TpeTa rpyna
— KOMbiHOBaHe BBeAEHHA PO3YMHY Kaamilo xaopuay
y £03i 2,0 mr/kr Ta cykumHaty migi 0,1mr/kr; yetsepTta
rpyna — KombiHoBaHe BBELEHHA PO3UYMHY KagMito Xn0-
puay y 0o3i 2,0 Mr/Kr Ta PO3UYMHY CYKLMHATY LMHKY B
[03i 5 mr/Kr.

Mo 16 camuub B KOXHil rpyni. OnepaTtMBHKUIA 3a6iit
Ta 3abip embpioHanbHOro matepiany BiabysaBcAa Ha
13-ty Ta 20-Ty AOb6Y embpioreHesy nig TiONEeHTaNI0BUM
HAapPKO30M BiAMNOBIAHO A0 €TUYHUX HOPM MOBOAMKEHHA 3
NabopaTopHUMM TBAPUHAMM.

BusHauyeHHA 0COBNMBOCTEN HAKOMMYEHHA KaZMito,
LMHKY Ta MiZji B cepLii BariTHUX caMuLb LLLypiB i eMbOpioHiB
13-T10i Ta 20-T0i O6M NpM i301bOBAHOMY BBEAEHHI X/10-
puay Kagmito Ta 3@ YMOB KOpPEeKLUii CYKLMHATaMM LIUHKY
Ta Migi NpoBoAUAM 32 AOMNOMOrOK MOJie/IeMEHTHOro
aHanisy biosoriyHMx maTtepianisB MeToAOM aTOMHOI emi-
Cii 3 eneKkTpoAyroBoto aTomisauieto. BumiptoBaHHA npo-
Bogunnca B [lepkaBHOMY NiANPUEMCTBI «YKPAiHCbKUI
HAYKOBO-AOCAIAHWUIA HCTUTYT MeAWUMHU TPaHCnopTy
MiHicTepcTBa 0XOpoHM 340p0B’A YKpaiHu» (m. Opeca)
3rifiHO LOroBOPY NPO HayYKOBO-TBOpPYE CRiBPOBITHULTBO.
ATOMHO-eMiCiiMHMI aHani3 i3 AyroBoto aTomisauieto ao-
3BOJIFIE NPOBOAMTU AKICHUIM Ta KiNIbKICHUI enemMeHTHUM
aHani3 npob npakTUYHO ByAb-AKOI NpUpoaN.

EKcnepumeHTanbHi focnigxeHHsa 6yno nposeaeHo 3
[OTPUMAHHAM BUMOT T'YMaHHOIO CTaB/IEHHA A0 Niano-
CNiAHUX TBAPWH, pernameHToBaHUX 3aKOHOM YKpaiHu
«po 3aXMCT TBAPMH Bif, }KOPCTOKOro NOBOAMKEHHA» (N
3447-1V Bia 21.02.2006 p.) Ta EBpPONENCbKOI KOHBEHLL-
€10 NPO 3aXMUCT XPeOBETHUX TBAPUH, AKI BUKOPUCTOBYIOTb-
€A ANA AOCNIAHMX Ta iHLWMX HayKoBuXx Linen (Ctpacbypr,
18.03.1986 p.).

Pe3ynbTatv gocnigKeHHs.

MonienemeHTHi AOCNIAMKEHHA MPOBOAMANCL HaMU
Y ABOX OCHOBHMX HaMpAMKax: Meplmnit — BU3HAYEHHA
CTYMEHIO HAKOMMYEHHA KaaMito, LMHKY Ta Migi B cepuax
BariTHUX CamMuLb LLLYPiB 3 BNJIMBOM Ha MOPdOOTiYHI no-
Ka3HWKW cepuA; APpYrviA — BUBYEHHA PIBHIO HAKOMUYEH-
HA LMX eNemMeHTiB B eMbpioHax.

AHani3 HaKOMWYEHHA B CepuAX CaMWLb KagMito Ha
13-y goby eKcrnepumMeHTy MOoKa3aso HaWBULWNUK pi-
BEHb B rpyni KOMBIHOBAHOro BNAMBY KaZmii xaopug,
+ migp i popisHioBas 0,1234+0,0117 mKr/r, wo 6yno y
2,3 pa3un BULLE 3@ KOHTPO/IbHI NOKAa3HMKKM i B 1,2 pasu
nepeBuLLYyBano PiBEHb HAKOMWYEHHA B rpyni i30/1bOBa-
HOro BBefeHHA Kagmito (0,104+0,0244 mkr/r). Y rpyni

npoBoAMBCA B KagMiliHaBaHTa-
KEHOMY perioHi YKpaiHu. [pu
LLbOMY O4YiKyBaHO BMpPOCTaB i no-
Ka3HMK HAKOMWYEHHA B rpyni i30/1bOBAHOIO BBEAEHHA
Kagmito — 0,1656+0,0045 mkr/r. Jocutb HeouiKyBa-
Hoto byna TeHAeHLiA A0 36inbleHHA PiBHIO KagMmito B
rpyni Komb6iHOBaHOro BM/MBY 3 CyKUMHaTOM Migi. Ha
20-Ty noby piBeHb Kaamito B Uil rpyni 6yB HakBULWMM
(0,212140,0219 mkr/r) i nepesuuysas y 1,3 pa3u nokas-
HUWK B rpyni i301b0OBaHOr0 BM/IMBY XJIOPUAOM KaZMito, a
KOHTPO/IbHi NOKa3HUKM —y 3 pa3u (puc. 1).

HeouikyBaHUM 6yN0 TaKOXK NiABULLEHHA PiBHIO Migi
B CepUsAX BariTHUX cammub ycix rpyn Ha 13-Ty goby ekc-
NepMMeHTaNbHOro A0CNigXKeHHA. B KOHTponi piseHb
Miai cknagas 8,37+0,32 mKr/r, a npu i30nboBaHOMY BBe-
[AeHHI Kaamito —nigHimasca o 20,9+0,54 mKr/r, To6T0 y
2,5 pa3u. TobTo, i30/1b0BaHe BBeAEHHSA X/I0puay Kagmito
NPU3BOAMUTL A0 AOCTOBIPHOMO 36iNbLUIEHHSA PiBHIO Mifi B
cepusax BariTHUX camuub BXe Ha 13-Ty noby ekcnepw-
MeHTY. LlikaBnum € Ton daKT, LWo B rpyni KOMBGiHOBAHOTO
BBEAEHHA KaAMil0 3 LMHKOM piBEHb Mifi TAaKOX 3p0OCTaB
y 2 pasu —17,7+1,29 mKr/r.

Ha 20-Ty o6y eKcnepuMeHTy piBeHb migi B cepuax
[OPOC/UX CaMULb NPOAOBXKYBaB 3pocTaTu. Tak y rpyni
i301b0BaHOro BBEAEHHA KaAMit0 NOKA3HWK HAKOMUYEH-
HA MiAi nepeBuLLyBaB KOHTPOAb Yy 2,9 pasiB i CTaHOBMB
24,5+1,4 mKr/r; y rpyni KOMBiHOBaHOro BeAeHHA Kaa-
Mito 3 UMHKOM — 18,6%1,8 mKr/r. Y rpyni KombiHOBaHOro
BBEAEHHA KagMilo 3 CYKUMHATOM Mifi BUCOKWUI piBeHb
HAKOMWYEHHSA LLbOro MiKpoesemeHTy 6yB NporHo3osa-
HUM i y MOPIBHAHHI HE MaB Baromoro 3Ha4YeHHs.

Mpwn BU3HAYeHHi PiBHA HAaKOMWYEHHA LMHKY B YCiX
eKCNepuMeHTaNbHUX Tpymnax crnocrepiranoca nigsu-
LWEeHHA LbOoro nokasHuka. Ha 13-ty goby ekcnepumen-
Ty B CEpUAX BariTHUX CaMULLb HAMBULMI PiBEHb LUHKY
BM3HAYaBCA B rpyni i301bOBAHOIO0 BBEAEHHA KagMito i
ctaHoBuB 87,9+7,36 MKr/r, wo y 2,2 pasu nepesuLly-
BasI0 KOHTPOJ/IbHI MOKa3HUKW. B rpyni kombiHoBaHOro
BBEAEHHA KAAMIO 3 CYKUMHATOM Miai piBeHb LMHKY
HEeAO0CTOBIPHO MepeBuLLYBAB KOHTPO/IbHI MOKA3HUKM, a
BMCOKUI piBeHb UMHKY (78,64+6,76 MKr/r) B rpyni Kom-
6iHOBaAHOro BBEAEHHA KAaAMIlO 3 LLUHKOM HE € MOKa30-
BuM. Ha 20-Tin gobi gocnigrKeHHa BM3HAYa/oCb 3HU-
JKEHHA PIBHIO LMHKY B CepuAX BariTHUX Camuupb LLypiB
Yy NOPIBHAHHI A0 NonepeaHboro TePMiHYy AOCNIAKEHHSA,
HaBiTb B KOHTPOJIbHIM Tpyni MOKA3HUK LUUHKY 3HUNKY-
BaBCA Y NOPIBHAHHI A0 13-TOT 406K eKcnepumeHTy. Mu
NOB’A3YEMO TaKe 3HUMKEHHA PIBHIO LLbOro MiKpoenemeH-
Ty 3 disionoriuHMmm notpebamu BariTHOT camuLi Ta pos-
BUTKOM eMbpioHiB.

TakKMM 4YMHOM, BWMKOPUCTAHHA MNOJIENEMEHTHOTO
aHani3y ceppeupb BariTHUX camMuub Lypa A03BOAWAO
3p06UTUN BUCHOBOK, L0 BBEAEHHA X10PUAY KaZMito npu-
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3BOAMTb A0 3MiH PiBHIO He Aunwe
KagMmito, a i BWKAMKAE aucene-
MEHTO3 MO LMHKY i migi. Obpaxy- | 0,6
BaHHA Ta MOPIBHAHHA OTPUMaHMUX
pe3ynbTaTiB  eKcnepumeHTy Ao-
BENO MOAMPIKYIOUMIA BNANB CYK- | g4
LMHATIB MiZi Ta LMHKY Ha CTyniHb
HakonuyeHHs MmikpoesnemeHTis B | 0.3
cepuax AOPOCANX CamMuLb Mpw ix

. 02
0AHOYACHOMY BBELEHHI 3 KagMi-
€M B €KCMEepPUMEHTI Ha Lypax. 0,1
Hamn npoBoauBcA  TaKoOX
aHani3 BM/MBY HAKOMUYEHUX Mi- 0
. . 13 moba 20 noba
KpOenemMeHTIB B CepLAX BariTHUX
caMuub Ha MOPPOMETPUYHI no- ERKOHTpONL ®KauMili ¥ kagmili+Mins EaMii+IHHE

JluHaMmika iHIEKCYy MacH CepIii CaMHLlb Iypa

|
=

KasHWKKM cepuAa. OnAa upboro nig,
Yyac onepaTMBHOrO BUBEAEHHSA A0-
CNiAHUX TBAPUH 3 eKCNepuMeHTy
NPOBOAM/IOCL BWUJIYYEHHA cepusA
3 BM3Ha4YeHHAM 1oro macu. ObpaxyBaHHA cepeaHix no-
Ka3HWKIB Macu cepLA NOKa3ano, WO B YCiX eKCnepumeH-
Ta/NbHUX rpynax maca cepua 6yna AOCTOBIPHO HUMKYOHO
Yy MOPIBHAHHI 4O KOHTPO/bHUX MOKA3HUKIB AK Ha 13-Ty
Tak i Ha 20-Ty 06y ekcnepumeHTy. B KOHTpO/bHIN rpyni
Ha 13-Ty f0b6y eKcnepMMeHTy cepefHA Maca cepus
ctaHoBuaa 1,18+0,15 r, Ha 20-Ty goby — 1,17+0,02 r,
TO6TO AOCTOBIPHOT Pi3HUL, HEe BU3HAYanocb. Y rpyniiso-
JIbOBAHOTO BM/IMBY KaZMit0 AaHi MOKA3HUKM CTaHOBUAN
1,0+£0,09 r ta 0,89+0,09 r BignoBiAHO, @ B rpynax Kom-
6iHOBaHOrO BM/AMBY PE3yNbTAaTW BAaroBWMX MOKAa3HMKIB
cepus bynam pisHocnpamoBaHi. Tak, y rpyni KombiHauii
KagMito Ta CYKLUMHATY Mifi cepeHa Bara cepusa camuLi
Oyna HUKYOLO, HiXK NPW i301bOBAHOMY BMJIMBI KagMieEM.

A B rpyni KOM6iHOBaHOro BBEAEHHA KagMito Ta CYK-
LMHATY LMHKY Maca cepua mana TeHAeHLito A0 BigHOB-
NeHHA y BiK KOHTPOJIbHUX MOKA3HMKIB, HE 3BaXKatouu
Ha BBEeAEHHA KaAaMito. binbll iHTEHCMBHE BiAHOBNEHHS
Macu cepuAa BM3HaYanocb Ha 13-1y noby ekcnepumer-
Ty — 1,11+0,05 1, B MeHwWwoMy cTyneHi Ha 20-Ty goby
—0,96+0,09 r. TaKUM YNHOM, XPOHIYHE BBEAEHHA XN10-
pUAYy KaZmito NpU3BOAMTb A0 3HUMKEHHA cepenHix mno-
Ka3HWKiB Macu cepud, a KoMbiHOBaHe BBEAEHHA Kaa-
Mit0 3 CYKUMHATOM LMHKY BiAHOBAIOE AOCNIAXKYBAHUM
napametp. OTpMMmaHi AaHi NiATBEPAXKYBANIUCL HaMK B
po3paxyBaHHI iHAEKCY MacK cepua LLypiB B YCiX eKcne-
pUMEeHTaNbHMX rpynax (puc. 2) i ceigyaTb, WO CyKUMHAT
LMHKY € BioaHTaroHicTom Kagmito npu ix KombiHOBaHO-
My OZHOYAaCHOMY BBEJEHHI LWOoA0 BNAMBY Ha cepue y
LLLYPiB B XPOHIYHOMY eKCNepPUMEHTI.

LocnigKeHHA piBHIO HAKOMUYEHHA Kagmito, miai Ta
LMHKY TaKOX NPOBOANINUCL Y eMbpioHax LypiB Ha 13-Ty
Ta 20-Ty poby BariTHOCTi camuupb. PesynbtaT noniene-
MEHTHOTO aHani3y NPOAEMOHCTPYBanu, Lo BXKe Ha 13-Ty
006y eKcnepuMeHTy piBeHb KaZamito B embpioHax nopis-
HAHO A0 KOHTPOJIO AOCTOBIPHO 36inblyBaBca. B rpyni
i30/1bOBAaHOr0 BBEAEHHA KAAMIO MOKA3HWK LbOro Mi-
KpoeniemeHTa 3pocTas y 10 pasis (0,1206+0,0045 mkr/r)
B MOPIBHAHHI A0 KoHTposto (0,011940,0013 mkr/r).

Ha 20-Ty 8o6y B rpyni i30/160BaHOTo BN/NBY X10pUAY
KagMil0 MM CnocTepirasn 3poCTaHHA KiNbKOCTi KagMito
80 0,1680+,0026 mKr/r, wo y 9,1 pa3u binblue 3a uein
NoKasHWK y rpyni KoHTponto (0,0184+0,0045 mkr/r). Y
rpynax KombiHOBaHOro BBeAEHHA PiBEHb KagMito CKia-
OaB y rpyni NOEAHAHHA XN0PUAY KaZMito 3 CYKLMHATOM
miai 0,122040,0134 mkr/r ta 0,1068+0,0191 mKr/r — no-

PUcyHOK 2 — MoKa3sHUKM iHAEKCY MacK cepLa BariTHUX CaMuLb LLypa ycix rpyn Ha o60x
[O0CNigXKyBaHUX TEPMIHAX EKCNEPUMEHTY.

€AHAHHA X/10pUAY KaAMIt0 3 CYKLMHATOM LMHKY. Lli no-
Ka3HWKW nepeBuLLytoTb Fpyny KoHTpoat y 6,6 ta 5,8
pasiB BiANOBIAHO, LLO 3YMOB/IEHO HAAXOOMKEHHAM TUX
caMumx 003, WO i B rpyni i301boBaHOro snamey. BogHo-
Yyac AOCTOBIPHO HUMKYMIA PiBEHb HAKOMUYEHHA KaaMito
y rpynax KomM6iHOBaHOro BM/IMBY Y MOPIBHSHHI 3 i30-
JIbOBAHUM BBEAEHHAM X10pUAY KaZMito CBiAYUTb Npo
6i0aHTaroHiCTUYHMI XapaKTep B3aeMoAii ioHIB migi Ta
LIMHKY 3 iOHaMM Kagmito.

PesynbTaT AOCNiAXKEHHS BMICTY migi B embpioHax
Pi3HUX eKCnepMMeHTaNbHUX TPYM MOKa3anu HacTymnHe.
Ha 13-ty noby ekcnepumeHTy piBeHb Mifi B embpio-
Hax rpynu i30/1b0BaHOro BNAMBY Kagmiem OyB BuLLe 3a
rpyny KOHTPOAIO, ane HUK4Ye 3a rpyny KombiHoBaHOro
BBEAEHHA X/10pMAYy KaaMilo 3 CYKLUMHATOM UMHKY (puc.
3). HakonunyeHHA Migi B ycix rpynax BNaAnBy (BUKAOYato-
Yyu rpyny KOMbHiHOBAHOro BBEAEHHS XN0puAay Kaamito 3
CYKUMHATOM Mifji, OCKi/IbKM BOHA He € penpe3eHTaTUB-
HO0) Y MOPIBHAHHI 3 KOHTPONbHOW FPYNoK CBIAYNTbL
Nnpo cyTTeBe NopyLIeHHA meTaboniamy miai Bxe Ha 13-Ty
[o6y rectauii, 0co611Bo Npu KOMb6iHOBaHOMY BBeAEeHHI
KaZMit0 Ta UUHKY.

Ha 20-Ty goby eKkcnepuMmeHTy MU crocTepiranm
3Ha4YHe 3HWXKEHHA PIBHIO Migi B rpyni i301b0OBaHOrO
BM/IMBY X/IOPUAOM KaaMmito. Liei noKasHUK JOCTOBIpHO
HU¥KYe rpynu KOHTPOA Ha 20-Ty 06y eKcnepumeHTy,
A TAKOXK HMXKYE PiIBHIO Migi Y rpyni i301b0BaHOro BNAMBY
X/IOPUAOM Kagmito Ha 13-Ty aoby, WO MoxKe CBia4nTm
Npo 3HAYHWUI AHTArOHICTUYHUIA BMJIMB KaZMito Ha npo-
uecu obmiHy Migi B eMbpioHax LypiB Npu XpoHiYHOMY
BBeAEeHHI. BogHouac, y rpyni KombiHOBaHOro BBeAEHHSA
XN0PUAY KaZMito 3 CYKLMHATOM LIMHKY MU criocTepiranm
BiZLHOB/IEHHA KiNbKOCTI MiZi B eMbpioHax LLypiB maike
[0 KOHTPONbHMX MOKa3HUKIB, WO MOXKe NiaTBepAKyBa-
TM @HTArOHICTUYHY A0 iOHIB LIMHKY BiAHOCHO KagMito Ta
AVCeneMeHTo3iB, Lo BiH cCnpuYmnHae (puc. 3).

Mpn pocnigKeHHi piBHA HAKOMNMYEHHA LMHKY Ha
13-Ty o6y ekcnepuMMmeHTy 3BepTae Ha cebe yBary 3poc-
TaHHA BMICTY LMHKY B eMbpioHax y rpyni i30/1b0BaHOIoO
BNAMBY Xnopuay Kagmito (29,58+12,2 mkr/r) y nopis-
HAHHI 3 rpynoto KoHTpoato (15,3+1,9 mKr/r), a Takox
y rpyni KOmMb6iHOBaHOro BBeAEHHA Xnopuay Kaamito
3 cyKumHatom Mmigi (25,7+2,4 MKr/r) y noOpiBHAHHI 3
KOHTPONbLHOM rpynoto. BogHoyac, AOCTOBIPHOI pPi3HMU-
Li MK cepegHiM BMICTOM UMHKY Y rpyni i301b0BaHOro
BM/IMBY KaZMito Ta y rpyni KOMH6iHOBAHOro BBEAEHHA 3
CYKUMHATOM Migi He cnocTepiranoca. Pasom 3 TMm, Ha
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OpraHismi wypa Ta nNigTBEpPOKYE

45 A noro ?:p,aTH’iCTb OONaTN nnaueH-
5 TapHuit 6ap’ep [6, 7, 8].

) Y rpynax kombiHoBaHOro BBe-

.o W Xropepy e JeHHA MW  crocTepiranu  pisHi

3 . HanNpAMKM B3aeMogji Kagmilo 3

25 1 “:E"““""‘““m miggalo abo uuHkom. Tak, y Ao-

2 . CNigHUX Trpynax UMHK MOKasas

15 1 E{ﬂ{:}"ﬁ”’“m“ 30aTHICTb 40 3HUMKEHHA HeraTms-

1- HOro BMNAUBY Kaamito Ha embpio-

05 | reHes Ta cepue BariTHOI camuu.

i Lli pesynbTaTy cniBnagatoTtb 3 3a-

13 xo6a 20 no6a rabHUMK BUCHOBKamK bBioaHTa-

PucyHoK 3 — iInHamika piBHIO HakonNuYeHHA Miai (MKr/r) B embpioHax wypis B nigaocnigHux
rpynax Ha 060x AOCANiAKYBaHMX TEPMiHAX EKCNEPUMEHTY.

20-Ty pob6y eKcnepuMMmeHTY Bif3HAYaeTbcA AOCTOBIpHA
Pi3HMLA MiXK cepefHIMU MOKA3HUKAMMU BMICTYy LIMHKY
y BCix rpynax. Tak, piBeHb HaKOMUYEHHA LMHKY Y rpyni
i301b0BaHOrO BBEAEHHA XN0puAy KaAMilo CKiagas
34,0+3,3 mKr/r, Toaj AK y rpyni KOHTPO/O BiH 3a3Ha-
YyaBca Ha piBHi 27,0%2,1 mKr/r. Fpyna KombiHoBaHOro
BBEAEHHA XN0pMAay KaaMito 3 CYKUMHATOM Midji Bia3Ha-
YMNacCb 3HUKEHHAM PiBHIO HAKOMUYEHHA LMHKY B eM6-
pioHax (22,0+2,3 MKr/r), o Ma€ AOCTOBIpHY BiAMITHICTb
AK 3 rPynoK KOHTPO/IO, TaK i 3 rPynoto i30/1bOBAHOrO
BBEAEHHA | € HAMHUKYMM NMOKA3HMKOM cepej, yCix rpyn.
Lle morke cBig4MTVM Npo cyTTeBe nopyleHHA banaHcy
06MiHY LMHKY Yy eMBpioHiB Npu ogHOYaCHOMY BBeAgeHi
KagMmito Ta miai.

AHanis oTpMMaHMX pe3ynbTaTiB NiaTBepaKye ¢op-
MYBaHHSA ANCENEeMEHTO3iB Mifi Ta LLMHKY NPU XPOHIYHO-
My BMJIMBI X10pMAay KagMmito AK Ha 13-Ty, TaK i Ha 20-Ty
[oby embpioreHesy, WO € LiJIKOM NOMYHUM, agxe Kaj-
Mili 30aTHUI A0NATU NAALEHTAPHUIN Bap’ep | cnpuymHA-
TW OUCEeNeMeHTO3U OCHOBHWX ABOBANIEHTHUX KaTiOHIB
B embpioHax LLypiB NpU XpOHiYHOMY BBeAeHHi. BoaHo-
4yac, MM CnocTepiraav BupaskeHy 6ioaHTaroHiCTUYHY Aito
Migi Ta LMHKY MO BiAHOLWEHHIO A0 KaZAMilo, OCKINbKKU Y
rpynax KombiHOBaHOro BBEAEHHS PiBHI HaKOMWYEeHHs
KaaMilo AOCTOBIPHO 3HMXKYBA/IMCA, XO4a | HE A0 KOHTp-
ONbHUX MOKA3HMKIB.

O6roBopeHHsA pe3ynbTaTiB AOCNIAMKEHHA.

OTpuMaHi B Xxopi eKcnepumeHTy pesynbTaTu Bigo-
6pakaloTb 3aranbHy TEHAEHL0 4O HAKOMUYEHHA Kaj-
MitO PiI3HUMW TKAHMHAMM | OPraHaMK OpPraHisMy LLYypPiB.
Hac uikaBuB B3aeMO3B’A30K PO3MOAiNY i HaKONUYEHHSA
KaaMilo, Mifj Ta LMHKY B YCiX eKCNepUMEHTANbHUX Tpy-
nax, afsKe AaHWUX LWoao KOMBIHOBAHOro BM/IMBY Ta aH-
TaroHiCTUYHUX B3AEMOAIN LUMUX €1eMEHTIB Ha CbOroAHi
OyXe Mano i BOHM CYTTEBO BiAPI3HAIOTLCA.

byno niaTBeparKeHo, WO HAKOMUYEHHA KaaMmito
TiCHO MoB’si3aHe 3 TPMBAJIICTIO eKCNOo3uL,i i Moro piBeHb
3pocTaB y emMbpioHax Ta cepuax caMuupb LLypiB Ha pi3-
HUX eTanax ekcrnepmmeHTy. € AOCTOBIpHA Pi3HULA MiX
HaKOMUYEHHAM KaZMito y eMbpioHax Ta cepuax camuib
LWypiB Yy rpyni i301b0BAaHOrO BMN/IMBY 3 FPYMOK KOHTP-
onto. Lle cBig4nTb NPO WMPOKe NOLWMPEHHA KagMito B

FOHICTUYHMX BNACTUBOCTEN LUHKY
Mo BiAHOLLIEHHIO A0 iOHIB Kagmito
[9, 10, 11]. Kpim Toro, paa aocni-
O)EHb BKA3YE, WO Mifb TaKOXX MOXEe 3HUXKYBATU Hera-
TUBHWI BNAMB KagMito Ha opraHiam wypis [12], ogHak
[AHWX WOAO0 BMICTY LIbOro MeTany y niaaocnigHux Tea-
PUHAX Ha CbOTOAHI y»Ke Mano.

Ha »Kanb, AOCTOBIPHO CNIBCTAaBUTU OTPUMAHI HaMM
pe3ynbtatM 3 nonepeaHimu  AOCNIAMKEHHAMM  ayKe
CK/IQZHO, OCKiNNbKM HEeA0CTaTHbO AAaHUX CTOCOBHO Came
KiIbKICHOTO HaKOMWYeHHs1 Kagmito, a 0cobanBo B no-
€[IHAHHI 3 iOHAMM UMHKY Ta Migj B embpioHax i cepusx
BariTHMX camumub. Kpim TOro, KoOHUEHTpaLii, TpMBaNicTb
Ta cnocobu BBeAEHHA KaaMmito, LMHKY Ta Mifj CyTTEBO
BigpisHANMCA.

BucHoBKM.

OTpuMaHi pe3ynbTaTu 403BOAOTb 3p0OUTM HACTYM-
Hi y3arasbHeHHA:

Mpu BBEAEHHI PO3YNHY KagMito XN0pUAY Y KOHLUEH-
TpaLii 2 Mr/Kr cnocTepiraeTbca pisHUIA CTYNiHb HAKOMK-
YEeHHA KaAMito y cepuax BariTHUX camuub Ta embpioHax
B 32/1€XKHOCTI Bify TPMBANOCTI BBEAEHHA KaAMit0, @ TAKOXK
XapaKTepy BBeAEHHS: i30/1bOBaHe Y/ B KOMDiHaLLii 3 CyK-
LMHaTammM Migi abo UUHKY.

I301bOBaHe BBeAEHHA KagMito Ta B MOEAHAHHI 3 CYK-
LMHATaMM Mifli 4OCTOBIPHO 3MEHLLYE Macy cepLa camu-
Li Ta iHAEKC MacK cepus B NOPIBHAHHI 3 KOHTPO/IbHOO
rpynoto, Toai AK KombiHOBaHe BBeAEHHA X10pUAaYy Kaa-
Mil0 O4HOYACHO 3 CYKLMHATOM UMHKY NiABULLYE Li Mo-
Ka3HWKN Maitke A0 PiBHA KOHTPO/IbHOI rPpynu, WO CBiA-
YMTb MPO CYTTEBUI GioAHATArOHICTUYHWMIA BMMB iOHIB
LLMHKY NO BigHOLWEHHIO [0 iOHIB KagMmito.

OCKiNbKN Kagmii 3g4aTHUIM 40NaTM NAAUEHTapHUMN
6ap’ep, MM cnocTepiraeMo A0CTOBipHE 36iNblUeHHSA
KOHLLeHTpaLii Kagmito B eMbpioHax LWypiB y pi3HMX rpy-
nax BMJIMBY, @ TAaKOX CYTTEBI 3CYBM NMOKA3HWKIB BMICTy
MiZi Ta LUHKY Y NOPIBHAHHI 3 KOHTPOAbLHOLO rpynoto. Lle
niagTBEPAKYE AAHI NPO 34aTHICTb KagMito aKTMBHO 3any-
YyaTucs B MeTabonism embpioHa Ta BUKAMKATU gucene-
MEHTO3M Mifi Ta UUHKY.

MepcneKkTMBM NOAANbLUUX [OCNIAMKEHD.

Ha Haw nornag, nepcnekTMBHMM € Moganblue BU-
BYEHHA Ta aHani3 rictoNoriyHMxX npenaparis ANA BU3Ha-
YeHHA aHAaTOMIYHUX 3MiH B cepuax emMbpioHiB Ta BariT-
HUX CamMuULb NicNa BNAMBY AOCNIAKYBAHUX YNHHUKIB.
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AHANI3 3MIH MIKPOENEMEHTHOIO CTATYCY CEPLIAl LLIYPIB MPU XPOHIYHIN IHTOKCUKALLIT KAAMIEM

LWaTopHa B. ®., Jlomura /1. /1.

Pe3stome. Kaamii € BaKKMM MeTaNoM, WO HaBiTb Y MaNnX A03aX 34iMCHIOE TOKCMYHUIA BMJIMB HA HEPBOBY CUC-
TEeMY, iIMyHHY CUCTEMY, PENPOAYKTUBHY CUCTEMY Ta CEPLLEBO-CYANHHY CUCTEMY, BiH aKTUBHO 3a/1y4aeTbea Y ¢disiono-
riYHi npouecK i 34aTHUI fonaTv NaaueHTapHui 6ap’ep. HakonnyeHHA Kaamito NPU3BOAUTbL A0 3MiHW aKTUBHOCTI
pi3HUX dePMEHTIB, 3CyBY OCHOBHUX MOPOIOTIYHNX MOKA3HMKIB, @ TAKOXK CYTTEBO MNOPYLUYE HanaHC MiKpoenemeHTIB
[0pOCN0ro opraHiamy Lypa Ta eMbpioHiB.

Mema docnidiceHHs. BU3HAaUMTU BNIMB CYKLIMHATIB LMHKY Ta Mifi Ha piBEHb HAaKOMWYEHHA KaAMito B cepLii BariT-
HUX CamMuLb LLLypa Npu iX 04HOYACHOMY XPOHIYHOMY BBEAEHHI.

06’ekm i Memodu 0ocnionceHHA. EKcnepumMeHT MmaB XPOHIYHMIA XxapaKTep. Bci BariTHi camuui wypis 6yan pos-
Ainexi Ha 4 rpynu (no 16 camuub B KOXKHIil rpyni): nepia rpyna — KOHTPO/b; Apyra rpyna — i30/1b0BaHe BBEAEHHA
PO3UMHY Kaamito xaopuay y Ao3i 2,0 mr/Kr; TpeTa rpyna — KombiHOBaHe BBeAEHHA PO3UMHY KaZMito X0puay y A03i
2,0 mr/Kr Ta cykumHaty migi 0,1mr/Kr; yeTBepTa rpyna — KOM6iHOBaHe BBEAEHHA PO3UYMHY KaaMilo xnopuay y Aosi
2,0 Mr/Kr Ta po34YMHy CYKUMHATY UMHKY B A03i 5 mr/Kr. OnepatuBHuMiA 3a6ili Ta 3abip embpioHanbHOro matepiany
Big6ysasca Ha 13-Ty Ta 20-Ty o6y embpioreHe3y nif TioneHTaI0BUM HaPKO30M BifNOBIAHO A0 ETUYHUX HOPM MO-
BOAKEHHSA 3 1abOPaTOPHUMM TBAPUHAMM.

Pe3ynemamu ma o62o8opeHHs. MNonienemMeHTHi AOCNIAKEHHA NPOBOAUANCL HAMU Y ABOX OCHOBHUX Hanpam-
Kax: NepLwmnin — BUSHaAYEHHA CTYMEHO HAaKOMMYEHHA KagMito, LMHKY Ta Mifi B cepuAx BariTHUX CAaMMLLb LLYPiB 3 BNAN-
BOM Ha MOP®OIOTiYHI MOKA3HMKM Cepus; APYTUiA — BUBYEHHSA PIBHIO HAKOMUYEHHA LIMX e/1IeMEHTIB B eMBpioHax BCix
rpyn. OTpumaHi pe3ynbTaT NiATBEPANKYIOTb, WO BBEAEHHA X/I0PUAY KagMito NPU3BOAMUTbL 40 3MiH PiBHIO HE inwe
KagMilo, @ i BUKIMKAE ANCENEMEHTO3 MO LMHKY i Migi. O6paxyBaHHA Ta MOPIBHAHHA OTPUMaHUX pe3y/bTaTiB eKcne-
PUMEHTY A0BEeN0 MOAMDIKYIOUMIA BNAUB CYKLMHATIB Mifi Ta LMHKY Ha CTYMiHb HAKOMMYEHHA KagMito B embpioHax Ta
cepuax 4OPOCAUX CAMULb NP IX O4HOYAaCHOMY BBEAEHHI B €KCNEePUMEHTI Ha Lypax.

Kno4oBi cnioBa: BaXKKi meTanu, Kagmil, UMHK, Migb, cepue, eMbpioHu LypiB.

ANALYSIS OF CHANGES IN THE MICROELEMENT STATUS OF THE HEART OF RATS DURING CHRONIC CADMIUM
INTOXICATION

Shatorna V. F., Lomyha L. L.

Abstract. Cadmium is a heavy metal that, even in small doses, has a toxic effect on the nervous system, immune
system, reproductive system and cardiovascular system; it is actively involved in physiological processes and is able
to overcome the placental barrier. The accumulation of cadmium leads to a change in the activity of various en-
zymes, a shift in the main morphological indicators, and also significantly disrupts the balance of trace elements in
the adult body of the rat and embryos.

The aim of the research. To determine the effect of zinc and copper succinates on the level of cadmium accumu-
lation in the embryos and the heart of pregnant female rats with their simultaneous chronic administration.

Materials and methods. All pregnant female rats were divided into 4 groups (16 females in each group): the first
group — control; the second group —isolated injection of cadmium chloride solution at a dose of 2.0 mg/kg; the third
group — combined administration of a solution of cadmium chloride at a dose of 2.0 mg/kg and copper succinate at
a dose of 0.1 mg/kg; the fourth group — combined administration of cadmium chloride solution at a dose of 2.0 mg/
kg and zinc succinate solution at a dose of 5 mg/kg. Operative slaughter and collection of embryonic material took
place on the 13th and 20th days of embryogenesis under thiopental anesthesia in accordance with the ethical stan-
dards for the treatment of laboratory animals.

Results and discussion. Polyelemental studies were conducted by us in two main directions: the first — deter-
mination of the degree of accumulation of cadmium, zinc and copper in the hearts of pregnant female rats with
an impact on the morphological parameters of the heart; the second is to study the level of accumulation of these
elements in embryos of all groups. The obtained results confirm that the introduction of cadmium chloride leads
to changes in the level of not only cadmium, but also causes dyselementosis in zinc and copper. Calculation and
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comparison of the obtained results of the experiment proved the modifying effect of copper and zinc succinates
on the degree of cadmium accumulation in embryos and hearts of adult females when they were simultaneously
administered in an experiment on rats.

Key words: heavy metals, cadmium, zinc, copper, heart, rat embryos.
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Shatorna V. F., Tymchuk K. M.

MORPHOLOGICAL CHANGES IN THE STRUCTURE OF THE SMALL INTESTINE WALL
OF PREGNANT FEMALE RATS UNDER THE INFLUENCE OF CHRONIC ADMINISTRATION

OF CADMIUM CHLORIDE AND COPPER SUCCINATE
Dnipro State Medical University (Dnipro, Ukraine)
verashatornaya67@gmail.com

Anthropogenic pollution of the environment with heavy metals is becoming one of the top threats to living or-
ganisms, including humans, and economic and technological progress is increasingly disrupting natural ecosystems.
The accumulation of heavy metals can change the structure of proteins, adversely affect metabolism, cause cellular
mutations, disrupt the structure and permeability of cell membranes, and cause malfunctioning of internal organs.
Today, it is essential to determine the impact of heavy metal compounds on the body in case of their constant (chron-
ic) intake and accumulation in the body. There are various ways in which heavy metals enter the body; when entering
through the gastrointestinal tract, cadmium absorption is, on average, up to 5%, with changes in the composition of
the intestinal flora and the intestinal mucosa.

The experiment aimed to determine morphological changes in the structures of the small intestine of female rats
under chronic isolated exposure to cadmium salts at a dose of 2.0 mg/kg and in combination with copper succinate
at a dose of 0.1 mg/kg under conditions of enteral administration. Study period: 13th and 19th day of administration.

Chronic intragastric administration of cadmium chloride at a dose of 2.0 mg/kg leads to a significant thinning of
the villi of the small intestine and mucous membrane. The combined administration of cadmium with copper suc-
cinate restores the diameter of the villi to the control values. Exposure to cadmium chloride increases the number
of goblet cells in the mucous membrane of the small intestinal villi at both study periods, and the combined admin-
istration of cadmium and copper restores the number of goblet cells to the control values. The results of the study
reveal the bioantagonistic nature of copper succinate to the action of cadmium chloride on the structure of the small
intestine and prove that copper succinate is a potential antagonist of cadmium chloride in the indicated dose and
method of administration in the rat experiment.

Key words: heavy metals, cadmium, copper, small intestine, rats.

Connection of the publication with planned re-
search works.

The experimental study was conducted within the
framework of the research work of the Department of
Medical Biology, Pharmacognosy, Botany and Histology
of DSMU, “Biological basis of morphogenesis of organs

and animals under the influence of trace elements and
ultramicroelements in the experiment” (state registra-
tion number 0118U006635).

Introduction.

Human activity has led to a redistribution of trace el-
ements and increased environmental pollution by toxic
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