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Cadmium has a negative impact on health, affecting the kidneys, liver, circulatory and reproductive systems and
can lead to the formation of diseases during the intrauterine period. The purpose of our study was to experimentally
determine the potential embryotoxic effects of cadmium chloride and cadmium citrate (at a dose of 1.0 mg/kg) in
isolation and under conditions of correction with citrates (cerium, zinc, and a nanocomposite based on iodine, sulfur,
and selenium citrates). For the study, 180 young female Wistar rats were used, which were divided into 9 groups,
depending on the solutions of cadmium salts or saline. The calculation and comparison of standard indicators of
embryonic development on the 13th and 20th day of embryogenesis indicate a pronounced embryonic lethal effect
of cadmium salts, manifested by an increase in total embryonic mortality due to an increase in preimplantation and
postimplantation mortality of rat embryos compared to the control group at both studied periods of embryogen-
esis and an embryotoxic effect manifested by a decrease in the number of live fetuses per female. In the groups of
combined action of cadmium salts with cerium/zinc citrates/nanocomposite (iodine+sulfur+selenium), the use of
citrates led to an improvement in the studied parameters compared to the groups of cadmium salts, which indicates

a decrease in the negative effect of cadmium on embryonic lethality in rats.
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Connection of the publication with planned re-
search works.

The experimental study was carried out within the
framework of the research work of the Department
of Medical Biology, Pharmacognosy and Botany of the
State Institution “DMA” “Biological basis of morphogen-
esis of organs and animals under the influence of trace
elements and ultramicroelements in the experiment”
(state registration number 0118U006635).

Introduction.

Chronic exposure to toxic compounds in the environ-
ment, including lead, cadmium, arsenic, mercury and
others, are known to cause cancer and other diseases
in humans, disrupt cellular processes such as redox bal-
ance and various intracellular stress signaling pathways
[1-3]. The heavy metal cadmium (Cd) is a widespread
environmental pollutant associated with many modern
industrial processes, occurring in low concentrations in
nature, but it is present in almost all food, water, and
cigarette smoke. In European countries, the human
body receives 10-30 micrograms of cadmium per day
and is very poorly excreted from the body and accumu-
lates for a long time in the blood, kidneys and liver. The
half-life of cadmium from the body is 15-30 years [4].
The effects of cadmium on the body depend on the way
of intake, dose and duration of exposure [5]. Depend-
ing on the dose, Cd either enhances or inhibits proges-
terone biosynthesis, disrupts intrafollicular processes
during oocyte maturation in the ovaries [6], as well as
during implantation and further embryo development
[7-9]. Cadmium also has a negative effect on the male
reproductive system, disrupting the functioning of the
testes and causing their dysfunction [10-12].

Due to the fact that cadmium is the most wide-
spread toxicant, a relevant area of research is to de-

termine the morphological changes that occur in the
body under the influence of cadmium compounds in
the prenatal period of ontogeny, nanoparticles of a sub-
stance often have properties that macroscopic samples
of these substances do not. The rapid development of
the nanotechnology industry has led to a significant
increase in the number of various nanomaterials. The
search and development of new remedies for the cor-
rection and treatment of trace element imbalances re-
quires new knowledge about the peculiarities of trace
element metabolism in the human body and the norms
of daily requirement for them under conditions of in-
creased man-made load, as well as data on the balance,
forms and types of interaction of trace elements and ul-
tramicroelements in case of their simultaneous intake.
The question of the interaction of trace elements during
pregnancy and their indirect effect on the embryo re-
mains open, as does the search for new bioantagonists
to toxicants. Cerium, zinc, selenium are trace elements
that increase the efficiency of the immune system and
have a wide range of biological activity: they have anti-
hypoxic effects, prevent the development of oxygen de-
ficiency at the tissue level, stimulate immunity by sup-
pressing the reproduction of microbial cells, activating
macrophages and specific immune cells, and stimulate
the production of interferon [13-15].

The aim of the study.

Experimental determination of the embryotoxic ef-
fect of cadmium salts (chloride and citrate) in isolation,
in combination with cerium/germanium/zinc citrate
salts and a nanocomposite based on iodine + sulfur +
selenium citrates and evaluation of the potential of ci-
trate compounds to exert a potential bioantagonistic
effect on the general course of embryogenesis of cad-
mium salts.
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Object and methods of the study.

Experiments to study the embryotropic effect of in-
tragastric administration of cadmium salts for 13 and
20 days isolated and in combination with metal citrates
were performed on 180 white mature female Wistar
rats. The rats were kept in the vivarium of Dnipro State
Medical University under natural light, on a standard
diet and with free access to water and food. The experi-
ment was conducted in a ventilated room at an air tem-
perature of 20-25°C and relative humidity of 50-65%,
with animals housed in standard plastic cages with no
more than 3-4 animals in each.

Animal maintenance and experiments were carried
out in accordance with the provisions of the European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes
(Strasbourg, 2005), the Law of Ukraine “On Protection
of Animals from Cruelty” (2006, Article 26), and the
“General Ethical Principles for Animal Experiments” ad-
opted by the Fifth National Congress on Bioethics (Kyiv,
2013).

All procedures with animals at all stages of the study
were performed in the morning in compliance with
generally accepted international requirements. By the
method of “blind ranking”, the animals were divided
into 9 groups, depending on the admin-
istration of intragastric solutions: Group
1 (DNel, female=20, embryos=159) —

weight dynamics, rectal temperature, and gestation du-
ration were recorded. In each experimental group, fe-
males were divided into 2 subgroups of 10 animals each,
depending on the duration of the administration of the
test substances. On the 13th and 20th day of pregnancy,
the animals were surgically slaughtered and autopsied.
After opening the abdominal cavity of females in the
uterus, the number of implantation sites and the pres-
ence of live and dead fetuses were counted.

The general development of fetuses was assessed by
the number of corpus luteum of the ovaries of females,
the number of embryos, and the correspondence to the
developmental stage according to the generally accept-
ed criteria for embryonic development in rats.

The possible effect of the studied substances on em-
bryo lethality was determined according to generally ac-
cepted criteria: preimplantation, postimplantation em-
bryonic mortality, total embryonic mortality, number of
fetuses and corpora lutea per female, intrauterine sur-
vival rates, morphological (anatomical) malformations,
and general fetal retardation, which were calculated
using well-known formulas.

To obtain statistical conclusions when comparing
samples, the Kruskal-Wallis test and the Mann-Whitney
test with the Bonferroni correction were used in the

Table 1 — Number of live fetuses and yellow bodies per female
of the control and experimental groups

cadmium chloride in isolation at a dose Groups / Day Live fetuses, crité’rion Yellow bodies, critgrion
of 1.0 mg/kg; Group 2 (I?NQZ, fem.ale=20, Indicators units Mann-Whitney units Mann-Whitney
embryos =188) — cadmium chloride at a 10.00 11.00
dose of 1.0 mg/kg in combination with a Contral 13 1(10.00; 11.00) ) (10.00;11.00) )
solution of cerium citrate at a dose of 1.3 ontro 11.00 11.50
mg/kg; Group 3 (DNe3, female=20, em- 20 1(10.00; 13.00) - (10.00;13.00) -
bryos=200) — cadmium chloride at a dose 13 8.00 0.00002 10.00 0.04t
of 1.0 mg/kg in combination with a solu- cadmium (7.00; 8.00) i (9.00; 11.00) i
tion of zinc citrate at a dose of 1.5 mg/ |  chloride | 8.00 0.002" 10.50 012t
kg; Group 4 (DNe4, female=20, embry- (8.00; 8.00) - (10.00;11.00) -
0s=194) — cadmium chloride at a dose of cadmium 13 3.50 0.12 11.00 0.91
X S X - , (9.00; 10.00) 0.003>  {(10.00; 12.00) 0.142
1.0 mg/kg in combination with a solution | chloride + T -
of nanocomposite (based on iodine, sul- | ceriumcitrate | 20 9.00 0.002 11.00 0.10
P ) , (9.00; 10.00) 0.042 (10.00; 12.00) 0.39?
fur and selenium citrates at a dose of 2.0 950 014° 11.00 068!
. = - dmium 13 ; . ; ’
mg/kg; Group 5 (DNe5, female=20, em Lacnium (9.00;10.00) | 0.0007>  |(10.00; 12.00) 0.032
bryos=166) — cadmium citrate at a dose | © °Cri'tr‘zt’;z'”c 5 9.50 0.441 11.50 1.00"
of 1.0 mg/kg; Group 6 (DNe6, female=20, 0 (8.00; 13.00) 0.042 (10.00; 13.00) 0.172
embryos=185) — cadmium citrate at a cadmium 13 9.50 0.06* 11.50 0.39
dose of 1.0 mg/kg with cerium citrate chloride + (9.00; 10.00) 0.03? (10.00; 13.00) 0.03?
(1.3 mg/kg); Group 7 (DNe7, female=20, |nanocomposite| 20 9.50 0.48' 12.00 0.43'
embryos=179) — cadmium citrate at a (9.00; 13.00) 0.02 (11.00; 14.00) 0.01
dose of 1.0 mg/kg with zinc citrate (1.5 13 8.50 0.005? 10.00 0.35
. . (7.00; 9.00) (10.00; 11.00)
mg/kg), group 8 (DN29, female=20, em- |cadmium citrate 250 1050
> B . : : \ : .
bryos=180) cgdmlum citrate at a dose 20 (7.00: 9.00) 0.003 (10.00:11.00) 0.25
of 1.0 mg/kg with a nanocomposite at a 10.00 014t 11.00 0971
dose of 2.0 mg/kg, group 9 — control (fe- | aqmium citrate| > | (9.00;11.00)|  012°  |(10.00;12.00)|  0.39°
male=20, embryos=212) — proportional |+ cerium citrate 20 9.00 0.03! 10.50 0.25!
volume of sterile saline solution by the (8.00; 11.00) 0.173 (9.00; 12.00) 0.80?
same method. 13 9.00 0.009* 10.00 0.08!
According to generally accepted ex- |cadmium citrate (8.00; 10.00) 0.58 (9.00; 11.00) 0.35°
perimental procedures, solutions of the | *zinccitrate | 9.00 0.04° 11.00 0.31°
test substances were administered to (8.00; 10.00) 0'091 (9.00; 12.00) 1'001
females intragastrically through a ga- ium ci 9.00 0.02 10.00 0.22
5 Y 8N a B3 |cadmiumcitrate| 13 | g 5510 gp) 0.22% (10.00; 11.00) 0.85°
vage tube once a day, at the same time | +nanocom- : T
throughout pregnancy. During the ad- posite 20 9.00 0.02 10.00 0.06
roughout pregnancy. buring (8.00; 10.00) 0.22° (9.00; 11.00) 0.19°
ministration of the solutions, the con- |Notes: p! - for the control group; p”>— for the group of isolated cadmium chloride exposure;
dition and behavior of females, body lp*—for the group of isolated action of cadmium citrate
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13th day of embryogenesis
0,5

from 5.00 to 11.00 embryos and averaged

0,4
0,3 -
0,2
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— Median 9.00 (9.00; 10.00) (table 1).
%g@f% At the same time, on the 20th day, the

number of live embryos varied in the control
group from 9.00 to 12.00 embryos and aver-
aged 10.00 (10.00; 11.00) embryos, in the
group of isolated action of cadmium chloride
— from 7.00 to 9.00 embryos and averaged
8.00 (7.00; 8.00) embryos, in the groups of
combined action of chloride with citrates:
cerium — from 7.00 to 12.00 embryos and
averaged 9.00 (9.00; 10.00), zinc — from 8.00
to 14.00 embryos and averaged 9.50 (9.00;
10.00), iodine + sulfur + selenium (nanocom-
posite) — from 6.00 to 12.00 embryos and av-
eraged 9.50 (9.00; 10.00), in the group of iso-
lated action of cadmium citrate — from 6.00

Control D1 D2 D3 D4 D5 D6 D7 D8
Group

to 12.00 embryos and averaged 8.50 (7.00;
9.00) embryos, in the groups of combined ac-

Figure 1 — Indicators of total embryonic mortality in the control

and experimental groups on 13" day of embryogenesis.

STATISTICA 10 program (StatSoft Inc., USA) (significance
level p<0.05).

Research results and their discussion.

The analysis of the results shows that the number
of live fetuses on the 13th day of embryogenesis varied
in the control group from 9.00 to 12.00 fetuses and av-
eraged 10.00 (10.00; 11.00) embryos (median and 1st,
3rd quartile — Me (25%; 75%)), in the group of isolated
action of cadmium chloride — from 7.0 to 9.0 embryos
and averaged 8.00 (7.00; 8.00) embryos, in the groups
of combined action of chloride with citrates: cerium —
from 7.00 to 12.00 embryos and averaged 9.00 (9.00;
10.00), zinc — from 8.00 to 14.0 embryos and averaged
9.50(9.00; 10.00), iodine + sulfur + selenium (nanocom-
posite) — from 6.00 to 12.00 embryos and averaged 9.50
(9.00; 10.00), in the group of isolated action of cadmium
citrate — from 6.00 to 12.00 embryos and averaged 8.50
(7.00; 9.00) embryos, in the groups of combined action
of cadmium citrate with citrates: cerium — from 7.00 to
11.00 embryos and averaged 9.50 (9.00; 10.00), zinc —
from 5.00 to 11.00 embryos and averaged 9.00 (8.00;
10.00), iodine + sulfur + selenium (nanocomposite) —

tion of cadmium citrate with citrates cerium
— from 7.00 to 11.00 embryos and averaged
9.50 (9.00; 10.00), zinc — from 5.00 to 11.00
embryos and averaged 9.00 (8.00; 10.00), iodine + sulfur
+ selenium (nanocomposite) — from 5.00 to 11.00 em-
bryos and averaged 9.00 (9.00; 10.00).

Thus, on the 13th day of embryogenesis, the iso-
lated administration of cadmium chloride statistically
significantly reduces the number of fetuses by 20.0%,
and cadmium citrate by 15%, and on the 20th day of
embryogenesis by 27.3% and 22.7% compared to the
control group, respectively. At the same time, the analy-
sis of the results obtained in the groups of combined
exposure to cadmium salts with metal citrates showed
an improvement of this indicator on day 13th of em-
bryogenesis. Thus, under the influence of cadmium
chloride with cerium/zinc citrates/nanocomposite, the
number of embryos was significantly higher by 18.8%
relative to the group of isolated exposure to cadmium
chloride, and under the combined effect of cadmium ci-
trate with zinc citrate and nanocomposite, the number
of fetuses increased by 5.9%, and with cerium citrate by
17.6% relative to the group of isolated exposure to cad-
mium citrate. On the 20th day of embryogenesis in the
groups of combined action of cadmium salts

20th day of embryogenesis
0,45

0,40

0,35

0,30

0,25 -

0,20

TEM, unit

0,15

0,10

0,05

0,00 2l

-0,05

Control D1 D2 D3 D4 D5 D6 D7 D8
Group

with metal citrates, the number of fetuses

a'\z/l;;ia;w was also higher than in the groups of iso-
IRanZe °| lated action of cadmium salts. In the groups

of combined exposure to cadmium chloride
and cerium citrate, the number of fetuses
was 12.5% higher, and with zinc citrate and
nanocomposite — 18.8% higher compared to
the group of isolated exposure to cadmium
chloride. Under the combined effect of cad-
mium citrate with cerium citrate, zinc citrate
and nanocomposite, the fetuses yield was
5.9% higher compared to the isolated effect
of cadmium citrate.

The number of corpora lutea in the groups
of isolated administration of cadmium salts
on day 13th of embryogenesis decreased by
9.1%, and on day 20th — by 8.7% compared to
the control group. Under the complex action
of cadmium chloride with cerium citrate, the

Figure 2 — Indicators of total embryonic mortality in the control

and experimental groups on 20t day of embryogenesis.

number of corpus luteum increased by 10.0%
(day 13) and 4.8% (day 20), with zinc citrate
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by 10.0% (day 13) and 9.5% (day
20), with nanocomposite by 15.0%
(day 13) and 14.3% (day 20).

Table 2 — Number of live fetuses and yellow bodies per female

of the control and experimental groups

The analysis of the results of P | pre-implanta- | .. P.  |Postimplan-| . P.
embryolethal effects (table 2) IGépuIzS/ Day |TEM, units clr\ilterlon tion mortality, c;lterlon tation mor- clslterlon
shows that the total embryonic | ‘h¢icators S units Whitney | t@litys units | 47 8Pt
mortality (TEM) on the 13th day of 0.04 .. 0.00 24 0.00 S
embryogenesis Varied in the con- 13 (000 009) - (000 000) - (000 00()) -
trol group from 0.00 to 0.10 units | Control 0.07 0.00 0.00
and averaged 0.04 (0.00; 0.09) 20 10.00;0.09) - (0.00; 0.00) © 000,009 -
units (medianand 1st, 3rd quartiles 0.20 : 0.11 ] 0.10 ]
— Me (25%; 75%)), in the group of | cadmium | > ](0.18:0.22)| “2°°T"| (0.09;0.20) | %9°9?" | (0.00;0.13)| ©-0°
isolated action of cadmium chlo- | chloride 0.20 0.10 0.11

20 0.00008! 0.00001" 0.06!
ride — from 0.11 to 0.30 units and (0.18; 0.27) (0.09; 0.18) (0.00; 0.17)
averaged 0.20 (0.18; 0.22) units, | cadmium | |3 0.10 0.01) 0.00 0.35' 0.09 0.147
in the groups of combined action fhlor.lde (0'03’12'17) 5 838081 (O'Og’lg'“) 5 8‘(;)040]1 (0'08’0(;'10) (())?)21
; . . . . _ cerium . . ) . . .
of chloride with citrates: cerium citrate | 20 |(0.10;0.20)| 0.08> | (0.00;0.17) | 044> |(0.00;0.10)| 0.08>
from 0.00 to 0.25 units and aver- ; ;

d 0.10 (0.09; 0.17), zinc — from | cadmium | 13 | 1o'a 1 e 000 o [oonorzf (000 1 034
aged u. 02, 0.17), . (0.09; 0.18)| 0.022 | (0.07;0.10) |~ "' "|(0.00;0.10)| 0.28
0.00 to 0.23 units and aVeraged C.h10r1.d€+ 0.13 0.03! 0.05 0.14! 0.07 0.53!
0.13 (0.09; 0.18), iodine + sulfur + [Zn¢ CMrAC] 20 1 70 500 0052 | (0.00;0.15) | 025 |(0.00;0.10)| 0.14
selenium (nanocomposite) — from | cadmium | 5 | 0.13 0.03! 0.13 0.0005! 0.00 0.74!
0.00 to 0.46 units and averaged | chloride (0.09; 0.31)| 0.442 (0.09; 0.23) 0.74? (0.00; 0.00) | 0.06°
0.13 (0.09; 0.31), in the group of | +nano- | 0.11 0.06' 0.07 0.04! 0.04 0.91
isolated action of Cadmium Citrate COIHPOSlte (007, 025) 0.122 (000, 023) 0.122 (000, 009) 0.042
— from 0.00 to 0.33 units and av- 13 0.23 0.004! 0.10 0.002! 0.11 0.03!
eraged 0.23 (0.10; 0.30), in the caqltrnltllm (0.10; 0.30) (0.08; 0.10) (0.00; 0.18)
groups of combined action of cad- | " 20 0'_23 0.00008' 0110 0.00001" 0',11 0.08!

OuPS & A : (0.18; 0.30) (0.10; 0.18) (0.10; 0.14)

mium citrate with citrates: cerium o E 001 0.00 003 0.04

: cadmium . . . . . '
—from 0.00t0 0.30 unitsand aver- | "o " | 13 J0.09;0.18) 017 | (0.00;0.10) | 044 |(0.00;0.09) | *>3
aged 0.13 (009, 018), zinc — from cerium 20 0.13 0.007! 0.10 0.02! 0.00 0.97!
0.08 to 0.17 units and averaged citrate (0.10; 0.18)| 0.023 (0.00; 0.15) 0.173 (0.00; 0.09) | 0.023
0.10 (0.09; 0.11), |od|ng + sulfur + s (())10% 0.003! 0.09 0.05' 0.00 0.68"
selenium (nanocomposite) — from | cadmium (0'1 7] 006 | (0.00:010) | 044 |(0.00:009)| 017
0.08 to 0.17 units and averaged | citrate + OII : 1 ]
0.10 (0.09; 0.10) (table 2, fig. 1). |Znecitmae| 29 | (o.00; | {7 (0.0(())318.13) 028 (0.0(())308.09) oo

At the same time, on the 20th %11%‘ ’ ’
day of embryogenesis, the total | cadmium | 13 | (0.09; 0.005! 0.09 0.06! 0.00 0.74!
embryonic mortality varied in the | citrate + 010 0.04° (0.00; 0.10) 028 1(0.00;0.09) | 0.12°
control group from 0.00 to 0.14 |nano-com- 20 8(1)g 0.01' 0.10 0.05! 0.04 0.68!
units and averaged 0.07 (0.00; | Posite (0 0 0.004% | (0.00;0.10) 0.06° | (0.00;0.10) | 0.004°
0.09) units (median and 1st, 3rd |yotes: p! —for the control group; p? — for the group of isolated cadmium chloride exposure; p* — for|
quartile — Me (25%; 75%)), in the |[the group of isolated action of cadmium citrate

group of isolated action of cadmi-

um chloride — from 0.09 to 0.44 units and averaged 0.20
(0.18; 0.27) units, in the groups of combined action of
chloride with citrates: cerium — from 0.00 to 0.25 units
and averaged 0.17 (0.10; 0.20), zinc — from 0.00 to 0.27
units and averaged 0.13 (0.07; 0.20), iodine + sulfur +
selenium (nanocomposite) — from 0.00 to 0.36 units and
averaged 0.11 (0.07; 0.25), in the group of isolated ac-
tion of cadmium citrate — from 0.10 to 0.42 units and
averaged 0.23 (0.18; 0.30), in the groups of combined
action of cadmium citrate with citrates: cerium — from
0.00 to 0.25 units and averaged 0.13 (0.10; 0.18), zinc —
from 0.00 to 0.27 units and averaged 0.13 (0.07; 0.20),
iodine + sulfur + selenium (nanocomposite) — from 0.00
to 0.36 units and averaged 0.11 (0.07; 0.25) (fig. 2).

It should be noted that statistically significantly
higher rates of total embryonic mortality were observed
with the isolated administration of cadmium salts both
on day 13th of embryogenesis: the administration of
cadmium chloride increased the TEM by 5.0 times and
cadmium citrate by 5.8 times, and on day 20th of em-
bryogenesis: by 2.9 times and cadmium citrate by 3.3

times compared to the control group, respectively. At
the same time, this indicator improved in the group
of isolated action of cadmium chloride in combination
with cadmium chloride and metal citrates: with cerium
citrate by 50.0% (day 13) and 15.0% (day 20), with zinc
citrate by 35.0% both on the 13th and 20th day, with
nanocomposite by 35.0% (day 13) and 45% (day 20),
and with the complex effect of cadmium citrate with
cerium citrate by 43.5% (13th and 20th days), with zinc
citrate by 56.5% (13th day) and 52.2% (20th day), and
with nanocomposite by 56.5% (13th and 20th days) in
the group of isolated cadmium citrate exposure.

The analysis of preimplantation and postimplanta-
tion mortality rates when rats were administered cad-
mium salts during 13 and 20 days of embryogenesis re-
vealed a tendency to increase these indicators compared
to the corresponding values of the control group, and in
the groups of combined exposure to cadmium salts with
cerium/zinc/iodine citrates + sulfur + selenium (nano-
composite), a decrease in these indicators compared to
the isolated administration of cadmium salts.
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Conclusions. group at both studied periods of embryogenesis, indi-
In the course of the experimental study, it was found  cating the embryolethal effect of these cadmium salts.
that the result of intragastric administration of cadmium At the same time, the number of fetuses per female in
chloride and cadmium citrate to Wistar rats at a dose of  the cadmium chloride group decreased by 20.0% on day
1.0 mg/kg (in terms of metal) was a significant increase 13th of embryogenesis and by 27.3% on day 20th, and

in the total embryonic mortali.ty rate 5.0 ﬁmgs (13th in the cadmium citrate group by 15% and 22.7%, respec-
day) and 2.9 times (20th day) in the group of isolated .
tively, compared to the control group.

exposure to cadmium chloride and 5.8 times and 3.3
Prospects for further research.

times, respectively, in the group of isolated exposure to T . . i

cadmium citrate; preimplantation mortality: 11.0 and In our opinion, it is promising to identify and com-
10.0 times in the group exposed to cadmium chloride, ~ Pare the level of cadmium accumulation in embryonic
and 10.0 times in the group exposed to cadmium citrate; ~ Organs by polyelement analysis and histological studies,
and postimplantation mortality: 10.0 and 11.0 times  which will help to identify changes at the tissue level
and 10.0 times, respectively, compared to the control  and may explain the level of embryonic mortality.
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3MIHA OCHOBHMX NOKA3HUKIB EMBPIOJIETAJIBHOCTI Y LLYYPIB MIA AIEIO CONEN KAAMIIO

Konocosa I. I.

Pestome. Y HaceneHHA Cy4aCHOro Meranoficy CrnoCTEpPIraeTbCA HAKOMUYEHHA B OPraHiami PisHMX XiMIYHMX,
Yy TOMY YMCANi TOKCUYHUX, ENEMEHTIB, 30KpemMa KagMmito. Kaamii HagxoauTb B OpraHism NIOAUHU Yepes LUIYHKO-
BO-KULLIKOBMIN TPAKT 3 Xap4yoBMMM NPOAYKTaMM Ta MUTHOK BOAOH i AMXANbHI WAAXM, 3HAYHA KiJIbKICTb Kagamito
abcopbyeTbea 3 cMrapeTHOro Aumy. AKYMy/ItOIOUMCb B OPraHismi Kagmili HeraTMBHO BMJIMBAE Ha 34,0pOB’A, Bpa-
YKalUM HUPKM, NeYiHKy, KPOBOHOCHI Ta PenpoayKTUBHI CUCTEMM Ta MOXe Mpu3BecTu A0 GopMyBaHHA 3aXBOpPHO-
BaHb Nif, Yac BHYTPiWHbOYTPObHOro nepiogy. MeToto HAWOro AOCNIAMKEHHA By10 eKcnepumeHTanbHe BU3HAYEH-
HA MOTeHLiMHOro eMbBpPIOTOKCMYHOrO BMN/IMBY X0pUAY Kaamito Ta UMTpaTy Kaamito (y Ao3i 1,0 mr/Kr) isonboBaHo
Ta 32 YMOB KOpeKL|i LMTpaTamu (Lepito, LUHKY Ta HAHOKOMMNO3UTY HA OCHOBI LMTpaTiB lioay, cynbdypy I cenexy)
NP BHYTPILLIHbOLWW/YHKOBOMY BBeAEHHI 3 nepLioi go 19-1 obu embpioHaNbHOro Po3BUTKY. A5 AOCNiAKEHHA BU-
KopuctoByBaan 180 monoamx camuup LWypisB NiHii Wistar, Akux 6yno po3gineHo Ha 9 rpyn, B 3a/l1eXHOCTI Big, OT-
pPUMYBaHUX PO34YMHIB conel Kagmito abo ¢isionoriyHoro posumHy. ObpaxyBaHHA Ta MOPIBHAHHAM CTaHAAPTHMUX
NOKa3HMKiB eMbpioHasIbHOro PO3BUTKY, a CaMe: CepeaHna KifbKiCTb N0AiB, 3arasibHa emMbpioHasibHa CMEPTHICTb,
[0iIMNNAHTALiMHA CMEPTHICTb Ta MOCTIMNNAHTALLIHA CMepPTHICTb Ha 13-Ty Ta 20-Ty o6y embpioreHesy cBigyaTb Npo
BUPaXKeHU embpionetanbHUn edekT conelt Kagmito, WO NPOoSBAAETbCA MiABULLEHHAM 3ara/ibHOi eMbpioHaNbHOI
CMEPTHOCTI 33 PaxyHOK 3POCTaHHA AO0iMNAAHTALIMHOT Ta NOCTIMMAHTALIMHOI CMepTHOCTI eMOpioHiB LWypiB
NMOPIBHAHO 3 KOHTPO/ILHOIO FPYNoto Ha 060X JOCNiAKYBAHMX TepMiHax embpioreHe3y Ta eMbpPioTOKCMYHMIA edekKT,
LLLO BUAB/IAETLCA 3HUMKEHHAM KiIbKOCTI KMBUX NIOAIB Ha 04HY camumLto. B rpynax kombiHoBaHOI Aii conent Kaamito
3 uMTPaTamMu Lepito/umMHKY/ HAaHOKOMNO3UTY (Moa+Cynbdyp+ceneH) BUKOPUCTaHHA LMTPaTIB NPMU3BEIO 40 MOKpa-
LLEHHS A0CNiIAXYBAHUX NMOKA3HUKIB MOPIBHAHO 3 rpynammn conen Kagmito, Wo CBigYNTb NPO 3MEHLLIEHHS HEeraTUBHO-
ro BM/IMBY KaZMito Ha NOKa3HMKM eMbpioHaIbHOT NeTanbHOCTI Y WypiB.

KntouoBi cnosa: embpioreHes, embpioHasibHa CMEPTHICTb, XI0PUA KagMito, LMTPaT KagMito, EKCePUMEHT.
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CHANGES IN THE MAIN INDICATORS OF EMBRYO LETHALITY IN RATS UNDER THE INFLUENCE OF CADMIUM
SALTS

Kolosova I. I.

Abstract. The population of a modern metropolis has an accumulation of various chemical, including toxic, ele-
ments in their bodies, including cadmium. Cadmium enters the human body through the gastrointestinal tract with
food and drinking water and the respiratory tract, and a significant amount of cadmium is absorbed from cigarette
smoke. Accumulating in the body, cadmium has a negative impact on health, affecting the kidneys, liver, circulatory
and reproductive systems, and can lead to the formation of diseases during the intrauterine period. The aim of our
study was to experimentally determine the potential embryotoxic effects of cadmium chloride and cadmium citrate
(at a dose of 1.0 mg/kg) in isolation and under conditions of correction with citrates (cerium, zinc and a nanocom-
posite based on iodine, sulfur and selenium citrates) when administered intragastrically from the 1st to the 20th
day of embryonic development. For the study, 180 young female Wistar rats were used, which were divided into
9 groups, depending on the solutions of cadmium salts or saline. Standard indicators of embryonic development,
namely: the average number of fetuses, total embryonic mortality, preimplantation mortality and postimplantation
mortality on the 13th and 20th day of embryogenesis indicate a pronounced embryonic lethal effect of cadmium
salts, manifested by an increase in total embryonic mortality due to an increase in preimplantation and postimplan-
tation mortality of rat embryos compared to the control group at both studied periods of embryogenesis and an
embryotoxic effect manifested by a decrease in the number of live fetuses per female. In the groups of combined
action of cadmium salts with cerium/zinc citrates/nanocomposite (iodine + sulfur + selenium), the use of citrates led
to an improvement in the studied indicators (reduction in the number of fetuses and their weight, intrauterine sur-
vival rate, an increase in total, preimplantation and postimplantation embryonic mortality) compared to the groups
of cadmium salts, which indicates a decrease in the negative effect of cadmium on embryonic mortality in rats.

Key words: embryogenesis, embryonic mortality, cadmium chloride, cadmium citrate, experiment.
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