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In recent years, in connection with the intensive development of industry, there has been an increase in the con-
tent of heavy metals in the environment, which has a detrimental effect on the human body, animals and plants.
One of the most dangerous ecotoxicants in the group of heavy metals is cadmium, which, due to its high migration
capacity, tendency to bioaccumulation and polytropic action, poses a threat to living organisms, especially in regions
with developed industry, which includes the Dnipropetrovsk region, because man-made accumulation in the environ-
ment is progressing at a high pace. Cd enters the body of humans and animals mainly in the following ways: through
the gastrointestinal tract (alimentary), respiratory organs (inhalation) and the surface of the body (transcutaneous),
from where this element is absorbed into the blood, and, having high cumulative properties, up to 20% accumulates
in the small intestine.

The purpose of the work is to determine the effect of low doses of cadmium (2,0 mg/kg) and copper (0,1 mg/
kg) on the general course of embryogenesis in rats with combined administration throughout the entire period of
pregnancy of white rats.

Females with a dated gestation period were obtained for the research, and the estrous cycle of the females
was studied by the method of vaginal smears. The solutions were administered through a tube, intragastrically,
daily (once a day) from the first day of pregnancy: Group | — control, Group Il — administration of cadmium chloride
solution at a dose of 2,0 mg/kg — group of isolated administration of cadmium, and Group Il — group of combined
administration cadmium chloride, at a dose of 2,0 mg/kg, together with copper succinate at a dose of 0,1 mg/kg.
The cadmium chloride solution was of ionic form, and the copper succinate solution was of nanoaquachelate form.
On the 13th and 19th days of pregnancy, females were slaughtered. The results of the experiment show that under
the influence of negative factors during pregnancy, abortion occurs in the pre-implantation period, which does not

contradict the available literature data.

Key words: cadmium, copper, embryogenesis, embryos, small intestine.

Connection of the publication with planned research
works.

The experimental study was carried out as part of
the research work of the Department of Medical Biology,
Pharmacognosy and Botany of the Dnipro State Medical
University «Biological bases of morphogenesis of organs
and animals under the influence of microelements and
ultramicroelements in the experiment» (state registra-
tion number 0118U006635).

Introduction.

In recent years, in connection with the intensive de-
velopment of industry, there has been an increase in the
content of heavy metals in the environment, which has a
detrimental effect on the human body, animals and plants
[1]. One of the most dangerous ecotoxicants in the group
of heavy metals is cadmium, which, due to its high migra-
tion capacity, tendency to bioaccumulation and polytrop-
ic action, poses a threat to living organisms, especially in
regions with developed industry, which includes the Dni-
propetrovsk region, because man-made accumulation in
the environment is progressing at a high pace.

Cadmium (Cd) is the most widespread pollutant of
the environment and has a toxic effect in small concentra-
tions, has an acute and chronic effect on health. It accu-
mulates throughout life, and has a long biological half-life
in the human body from 10 to 30 years [2].

Cd enters the body of humans and animals mainly
in the following ways: through the gastrointestinal tract
(alimentary), respiratory organs (inhalation) and the body

surface (transcutaneous), from where this element is ab-
sorbed into the blood, and, having high cumulative prop-
erties, up to 20% accumulates in the small intestine [3].
When entering the body, it has a high rate of penetration
into various organs, is characterized by a polytropic toxic
effect, biochemical activity and the ability to accumulate
in a number of organs and tissues, disrupts metabolic
processes and physiological functions, inducing process-
es of carcinogenesis, and is an antagonist of a number of
vital micro- and macroelements. A feature of the harm-
ful effects of this heavy metal is its rapid assimilation by
the body and slow removal from it [2]. Cd also affects the
transmembrane transmission of hormonal signals in cells
and suppresses the hormonal function of the body. Ac-
cording to the requirements of the World Health Organi-
zation (WHO), the level of Cd entering the human body
from all sources should not exceed 400-500 mg/week.
Copper (Cu) is present in almost all food products,
but in varying concentrations. According to WHO, the
recommended dose for humans is 2-3 mg of copper per
day (normally, about 30% of it is absorbed in the small
intestine). Toxic doses of soluble copper salts when in-
gested are in the range of 100-500 mg (3-8 mg/kg of body
weight). Absorption of copper from the gastrointestinal
tract is carried out in ionic or amino acid-bound form. The
processes of Cu absorption are interconnected by com-
petitive dependence with Cd and Zn, which depend on
the form of absorbed copper and the composition of the
daily diet of humans or animals. Copper has pronounced
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anti-inflammatory properties and bacteriostatic effect
[4].

The main role in terms of the natural biological barrier
is played by the intestinal epithelium, which reflects the
body’s ability to resist the action of various exotoxicants,
including cadmium. Children are one of the risk groups
for Cd accumulation in the body [5]. Therefore, an urgent
task of modern morphological and medical research is to
determine the effect of heavy metal compounds on organ
systems and the course of embryogenesis and search for
possible antagonists of their action.

The aim of the study.

To determine the effect of low doses of cadmium (2,0
mg/kg) and copper (0,1 mg/kg) on the general course
of embryogenesis in rats with combined administration,
throughout the entire period of pregnancy of white rats.

Object and research methods.

The experiment was carried out on 48 female rats of
the Wistar line (Dali 2000 nursery, Kyiv), which were kept
in a vivarium on a standard diet, weighing 180-300 g. Fe-
males with a dated gestation period were obtained for
the research, and the estrous cycle was studied for this
females by the method of vaginal smears. At the stage of
estrus and proestrus, they were mated with intact males
according to the 2:1 scheme. The presence of spermato-
zoa in vaginal smears indicates the first day of pregnancy
in females. They were weighed to calculate the required
amount of cadmium chloride injection.

The solutions were administered through a tube,
intragastrically, daily (once a day) from the first day of
pregnancy: Group | — control, Group Il — administration
of cadmium chloride solution at a dose of 2,0 mg/kg —
group of isolated administration of cadmium, and Group
Il — group of combined administration cadmium chloride,
at a dose of 2,0 mg/kg, together with copper succinate
at a dose of 0,1 mg/kg. The cadmium chloride solution
was of ionic form, and the copper succinate solution was
of nanoaquachelate form. On the 13th and 19th days of
pregnancy, females were slaughtered. The rat pups were
removed from the uterus, they were weighed, their de-
velopment was determined (up to the normal stage of de-
velopment), a macroscopic examination was performed
to detect external anomalies, they were photographed
and fixed in a 10% formalin solution for further histo-
logical examination, and the number of corpora lutea of
pregnancy was counted in the ovaries. The experiments
were conducted in accordance with the Council of Europe
Convention on the Protection of Vertebrate Animals Used
for Scientific Purposes (Strasbourg, March 18, 1986). In-
dicators of embryotoxicity are generally accepted crite-
ria: pre-implantation (DIM), post-implantation embryonic
mortality (PIM), total embryonic mortality (TEM), indica-
tors of intrauterine survival, morphological (anatomical)
malformations, as well as general retardation of fetal
development, which were calculated according to well-
known formulas:

1. Total embryonic mortality, TEM = ?ﬂoo%:

where A is the number of live fetuses, B is the number
of corpora lutea of pregnancy.

2. Pre-implantation mortality, DIM = @,

where A is the number of live fruits, B is the number
of dead (resorbed) fetus, C — the number of corpora lutea
of pregnancy.

B
A+B’

where A is the number of live fruits, B is the number
of dead (resorbed) fetus.

The results of the research were processed by the
method of variational statistics, their reliability was evalu-
ated using the Student’s test (t), the obtained data were
considered reliably significant at p<0,05.

Research results and their discussion.

During the experiment, a negative effect of Cd com-
pounds was found in both studied groups on the indi-
cators of embryogenesis, on the 13th and 19th day of
pregnancy. The conducted study showed that the fertility
index in the experimental groups did not differ from the
available literature data. Embryos of the control group
met the criteria of embryonic development according
to Hamburger and Hamilton, and corresponded to 16
stages. Massometric indicators of embryos of the studied
period also demonstrated a delay in embryonic develop-
ment, which did not have a significant difference from the
control.

The total embryonic mortality (TEM) is a significant in-
dicator in determining the embryotoxicity of substances.
We calculated this indicator as the difference between
the number of live embryos and the number of corpora
lutea of pregnancy in the ovaries of female white rats at
both stages of pregnancy. An increase in TEM indicators
was shown in the groups exposed to cadmium chloride
on the 13th day and 19th day of embryonic development,
compared to the control group, by 4,6 times and 5,0
times. In the group treated with cadmium chloride and
copper succinate, a 2,2 times decrease in this indicator
was noted on the 13th day, and 3,4 times on the 19th day
of embryonic development. Thus, we recorded the posi-
tive dynamics of reducing the influence of cadmium chlo-
ride under the influence of copper succinate by 52,17%
and 32%, respectively (fig. 1).

A comparison of indicators of the effect of heavy met-
als on the body, namely cadmium chloride, shows its pro-
nounced embryotoxic effect at a dose of 2.0 mg/kg on the
processes of embryogenesis, which is a reliable increase
in the total TEM compared to the control group, and posi-
tive changes were recorded in the group of combined in-
troduction of cadmium chloride with copper succinates.

Table — Indicators of combustion of blood samples
in the norm and in the experiment under the influ-
ence of cadmium chloride and copper succinate, on
the 13th and 19th days of embryogenesis, (mcg/g)

3. Post-implantation mortality, PIM =

. Study samples

Group Metals | Period of pregnancy
Blood (mcg/g)
cd 13 0,026+0,003
| 19 0,038+0,007
Contro 13 0,880£0,083
Cu 19 1,042+0,311
cd 13 0,079+0,023
cdch 19 0,116+0,005
13 1,236%0,229
c 19 1,180+0,160
cd 13 0,068+0,002
cdch+cu 19 0,079+0,012
13 1,490+0,316
c 19 3,436£0,824
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control values: 5,0 times on the 13th day
of embryogenesis, and decreased by 80%
in the group of cadmium chloride and
copper succinate, in comparison with the
group with independent administration
of cadmium chloride. On the 19th day of

 Control pregnancy, there was 2,8 times increase in
m Cdcl2 cadmium chloride indicators, and an im-
= cdcizecy | Provement in indicators by 27,3%, in the

group with the combined administration
of cadmium chloride and copper (fig. 3).
The results of the experiment show that
under the influence of negative factors
during pregnancy, abortion occurs in the
pre-implantation period, which does not

on the 13th and 19th day of embryogenesis.

Figure 1 — The average rate of total embryonic mortality in experimental groups
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experiment, it is possible to notice an in-
crease in the blood parameters of rats
in the cadmium chloride group, when
exposed to metals on the 13th and 19th
days, respectively, and suppression of
the effect indicators when the combined
administration of cadmium chloride with
copper succinates. In the control group,
on the 13th day, a 3,0 times increase
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agent, namely cadmium. Under the influ-
ence of copper, there is already 0,09 times
decrease in the indicators of the influence
of heavy metals. In the cadmium chlo-
ride groups, on the 19th day, a 3,0 times

on the 13th and 19th days of embryogenesis.

Figure 2 — Average rate of pre-implantation mortality in experimental groups
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copper. In the group of cadmium chloride
and the active agent cuprum, on the 13th
day, an increase in indicators was noted by
1,4 times compared to the control group,
and when cuprum was administered to
the group with cadmium chloride, the ef-

= Control fect increased by 1,2 times. On the 19th
m CdCi2 day of embryogenesis, the effect of cad-
= cdci2+cu | Mium on the control group increased by

1,1 times, and when combined with cop-
per succinates, the indicators increased by
2,9 times (table).

Conclusions.

The analysis of the obtained data in-
dicates a pronounced embryotoxic effect

Figure 3 — The average rate of post-implantation mortality in experimental groups

on the 13th and 19th days of embryogenesis.

Pre-implantation mortality (PIM) when exposed to
cadmium on the 13th day of pregnancy increased 4,0
times and remained unchanged with the introduction of
copper succinates, compared to the control group, and
increased 15 times on the 19th day of embryonic devel-
opment, and in the group of combined introduction of
cadmium chloride with copper decreased by 33,3%, com-
pared to the cadmium chloride group (fig. 2).

Post-implantation mortality, in the calculations of
which the index of resorption of embryos after implan-
tation was taken into account, significantly increased in
the group exposed to cadmium chloride, compared to

of cadmium chloride on the processes of
embryogenesis, which is a significant in-
crease in the indicators of total embryonic
mortality, pre-implantation and post-implantation mor-
tality compared to the control group, at all studied terms
of embryogenesis.

Prospects for further research.

In our opinion, it is promising to identify and com-
pare the degree of cadmium accumulation and conduct
further histological studies of the small intestine in the
organs of adult rats and embryos, after mediated expo-
sure to cadmium and in combination of cadmium chlo-
ride with copper succinates, which will help to highlight
changes at the tissue level and provide an opportunity to
explain embryonic mortality rate.
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EKCNEPUMEHTA/IbHE AOCNIAXEHHA CYKUMHATY MIAl HA EMBPIONETA/IbHICTb X/10PUAY KAAMIKO ¥V
BIZINX LLYPIB

Tumuyk K. M., KpukaHoscbkuit [I. I., TpyweHko O. C., LLeBueHKo |. ®., epxkosa T. A.,

Aasugexko l. B., KoHosanosa O. C.

Pestome. B ocTaHHi poKM, y 38°A3KY 3 iIHTEHCMBHUM PO3BUTKOM NMPOMMUCIOBOCTI, B HABKO/IMLLUHBOMY CEPEAOBULLI
crnocTepiraeTbca 36iNblEHHA BMICTY BaXKKMX MeTaniB, WO narybHO BNAMBAE HA OpraHiam NOAMHKM, TBAPUH i poc-
NIVH. B opraHiam ntogmHu Ta TBapuH Cd noTpanise B OCHOBHOMY TaKMMM LIAAXaMU: Yepes LUNYHKOBO-KULLKOBUIA
(animeHTapHMM), OpraHn gUxaHHs (iHranALiNHWIA) Ta NOBEPXHIO TiNa (TPAHCKYTaHHMI), 3BiAKK BiabOyBaeTbca abcopb-
LA LbOro enemeHTa y KpoB, Ta, Matoumn BUCOKI KYMYNATUBHI BNacTmeocTi, 20 20% HaKONMUYYETLCA B TOHKIMA KULLLL.
Kagmili (Cd) — Halibinblw nowmpeHnin 3abpyaHioBaYa AOBKINAA Ta MAaE TOKCUYHY Ail0 B Ma/IMX KOHLLEHTPALifAX, Mae
rOCTPUM i XPOHIYHMIA BNAMB Ha 380pOB’A. BiH HAKOMMYYETHCA NPOTATOM YCbOro UTTA. [0N10BHY PO/b B NAaHI Npu-
poaHoro 6ionorivHoro 6ap’epy rpae enitenii KUWKIBHWKA, AKMI Bigobpakae 34aTHICTb opraHismy NpoTUCTOATKM Aii
Pi3HMX €K30TOKCUKAHTIB, B TOMY YMC/i KaZAMilO.

MeToo AOCNIAMKEHHA € BUSHAUYEHHSA BMMBY HU3bKMX 403 Kaamito (2,0 mr/kr) Ta miai (0,1 Mr/Kr) Ha 3aranbHU Xig,
embpioreHesy wypis NnpM KOMBiHOBaHOMY BBEAEHHI, BNPOAOBXK BCbOro NepioAy BariTHOCTi b6inmx wypis. Aaa npose-
OEeHHA AOoCNiAKeHb OTPUMYBAN CaMULLb 3 aTOBAHUM TEPMIHOM BariTHOCTI, AN1A LbOro AOCANIAXKYBAIMN eCTPaNbHUN
LMK/ cCaMULb METOAO0M MiXBOBUX Ma3KiB. Ha cTazii ecTpycy Ta npoecTpycy napyBasn 3 iHTaKTHUMM CamMLAMM 3a Cxe-
Moto 2:1. PO34MHM BBOAMAWN Yepes 30HA,, BHYTPILHbOLAYHKOBO, WOAEHHO (pa3 Ha fo6y) 3 nepLlioro AHA BariTHOCTI:
| rpyna — KoHTpoAb, |l rpyna — BBeAEHHA PO3YMHY KaaMilt x1opuay B A03i 2,0 Mr/Kr — rpyna i30/1b0BaHOro BBEAEHHS
Kaamito, Ta lll — rpyna KombiHOBaHOro BBeAEHHSA XN10pUAY Kaamito, y A03i 2,0 Mr/Kr, pa3om 3 CyKLMHATOM Miai y A03i
0,1mr/Kr. Po34nH xnopuay Kagmito 6ys ioHHOI GOpMU, @ PO3UMH CYKLUMHATY Migi — HaHoaKBaxenaTHoi. Ha 13-i i
19- aeHb BariTHOCTIi camuLb NPOBOAUAN ONEPATUBHMI 3a6ilA.

AHani3 oTpMMaHUX AaHMX CBIAYUTb MPO BUPANKEHUIN eMOPIOTOKCUYHUIA BRAUB X10puAy KagMilo Ha npouecu
embpioreHesy, L0 € AOCTOBIPHUM NiABULLEHHAM NOKA3HMKIB 3arasibHOI eMOpioHaNbHOI CMEePTHOCTI, AoiMNaaHTa-
LiMHOT i NOCTIMNIaHTALiMHOI CMEPTHOCTI MOPIBHAHO 3 KOHTPO/bHO TPYNoto, Ha BCiX AOCAIAMKYBAHUX TepMiHaX
embpioreHesy.

KntouoBi cnoBa: Kagmin, Kynpym, embpioreHes, embpioHK, TOHKa KMLLKa.

EXPERIMENTAL STUDY OF COPPER SUCCINATE ON EMBRYOLETHALITY OF CADMIUM CHLORIDE IN WHITE RATS
Tymchuk K. M., Kryzhanovskyi D. G., Trushenko O. S., Shevchenko I. F., Zherzhova T. A.,
Davydenko I. V., Konovalova O. S.

Abstract. In recent years, in connection with the intensive development of industry, there has been an increase
in the content of heavy metals in the environment, which has a detrimental effect on the human body, animals and
plants. Cd enters the body of humans and animals mainly in the following ways: through the gastrointestinal tract
(alimentary), respiratory organs (inhalation) and the surface of the body (transcutaneous), from where this element
is absorbed into the blood, and, having high cumulative properties, up to 20% accumulates in the small intestine.
Cadmium (Cd) is the most widespread pollutant of the environment and has a toxic effect in small concentrations,
has an acute and chronic effect on health. It accumulates throughout life. The main role in terms of the natural
biological barrier is played by the intestinal epithelium, which reflects the body’s ability to resist the action of various
exotoxicants, including cadmium.

The purpose of the study is to determine the effect of low doses of cadmium (2,0 mg/kg) and copper (0,1 mg/
kg) on the general course of embryogenesis in rats with combined administration throughout the entire period of
pregnancy of white rats.

Females with a dated gestation period were obtained for the research, and the estrous cycle of the females was
studied by the method of vaginal smears. At the stage of estrus and proestrus, they were mated with intact males
according to the 2:1 scheme. The solutions were administered through a tube, intragastrically, daily (once a day)
from the first day of pregnancy: Group | — control, Group Il — administration of cadmium chloride solution at a dose
of 2,0 mg/kg — group of isolated administration of cadmium, and Group Ill — group of combined administration
cadmium chloride, at a dose of 2,0 mg/kg, together with copper succinate at a dose of 0,1 mg/kg. The cadmium
chloride solution was of ionic form, and the copper succinate solution was of nanoaquachelate form. On the 13th
and 19th days of pregnancy, females were slaughtered.

The analysis of the obtained data indicates a pronounced embryotoxic effect of cadmium chloride on the
processes of embryogenesis, which is a significant increase in the indicators of total embryonic mortality, pre-
implantation and post-implantation mortality compared to the control group, at all studied terms of embryogenesis.
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