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Cadmium (Cd) is one of the most common and harmful transition metals present in our environment. Recently,
there has been increased interest all over the world in studying the impact of habitat quality on the growth of non-
infectious diseases. A whole series of mass human and animal diseases is associated with technogenic geochemical
anomalies in the environment, which develop against the background of an immunodeficient state of the body. The
main sources of the chemical factor entering the human body are drinking water, food products and atmospheric
air. The toxic effect of heavy metals is related to their absorption in the gastrointestinal tract. Pregnancy is a special
physiological state, and prenatal development is a critical period in the etiology of pathological changes in embryo-
genesis. Therefore, the study of the influence of cadmium compounds on embryonic development is relevant today.
Teratogenic drugs act during certain critical periods of ontogenesis, especially during embryogenesis.

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

The intrauterine survival rate was the highest in the control group on the 19th day of embryogenesis (95,29%),
and the lowest in the group exposed to cadmium chloride on the 19th day (75,07%). As the analysis of the obtained
results showed, there is a pronounced embryotoxic effect of cadmium chloride on the processes of embryogenesis,
which is manifested by 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.
Key words: cadmium, copper, embryogenesis, embryotoxicity, embryos.

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, Botany and Histology of the Dnipro State
Medical University “Biological bases of morphogenesis
of organs and animals under the influence of microele-
ments and ultramicroelements in the experiment” (state
registration number 0118U006635).

Introduction. Recently, there has been increased in-
terest all over the world in studying the impact of habi-
tat quality on the growth of non-infectious diseases. It is
known that a number of mass human and animal diseases
are associated with man-made geochemical anomalies in
the environment, which develop against the background
of an immunodeficiency state of the body [1]. Cadmium
is a ubiquitous environmental pollutant of worldwide
concern. The main sources of a chemical factor enter-
ing the human body are food products, drinking water,
and atmospheric air. The range of toxic effects is quite
wide. The result of acute intoxication with cadmium com-
pounds is damage to the kidneys, liver, digestive system,
lungs, and reproductive system. With the growth of ur-
banization, there is a complication of the ecological situ-
ation on transport highways, areas occupied by industrial
enterprises, as well as in the territories adjacent to them.
The toxic effect of chemical elements is related to their
absorption in the gastrointestinal tract. Cadmium belongs
to the elements for which the root system of plants is not
an obstacle. Food crops that are grown on cadmium-
containing soils or on soils naturally rich in this metal and
smoking are the main sources of non-professional expo-
sure to this metal [2]. Heavy metals remain one of the
main groups of pollutants with local, regional and global
distribution. The toxicity of heavy metals depends on the
concentration, duration of action, temperature, water

saturation with oxygen and many other factors [3]. Char-
acteristic features of the toxic effect of heavy metals are
the universality of their effect on living organisms, both
as systemic poisons and the ability to form complexes
with cell components, proteins, amino acids, and other
radicals. One of the main reasons for this is the exces-
sive content of trace elements in the body, which have an
embryotoxic effect. Such substances include cadmium,
which causes the development of various pathologies [4].

Cadmium (Cd) is a heavy metal assigned to the sec-
ond class of danger, which has a tendency to accumulate
in the body. Cd poisoning occurs when it enters the di-
gestive system or by inhalation. Changes in the intensity
of free radical reactions are at the basis of the cytotoxic
effect of cadmium, lipid peroxidation with disruption of
DNA replication. Large doses of heavy metal can cause
embryotoxic and gonadotoxic effects, and as a result af-
fect reproductive function. According to the data of many
studies, the indicators of the reproductive function of
women living in polluted cities differ significantly from
the control indicators. In them, there is an increase in the
number of complications during pregnancy, childbirth
and the postpartum period, the number of congenital de-
velopmental defects, and the deterioration of the health
of the offspring. All these changes lead to a decrease in
the birth rate, as well as to the birth of sick children with
physical and intellectual disabilities [5]. When supplied
through the gastrointestinal tract, the average absorption
of cadmium is 5%, while a change in the composition of
the intestinal flora is noted. Literary sources also mention
the vital need for cadmium in non-toxic concentrations,
namely: regulation of blood sugar levels, stimulation of
animal growth, deficiency of the heavy metal in the diet
provokes growth retardation and puberty. According
to the requirements of the World Health Organization
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(WHO), the level of Cd entering the human body from all
sources should not exceed 400-500 pg/week. 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 Cd
[6]. Children are one of the risk groups for the accumula-
tion of cadmium in the body, and in connection with this,
there is a need to determine the effect of heavy metal
compounds on organ systems and the course of embryo-
genesis, and to search for possible antagonists of their ac-
tion, which is relevant from the point of view of theoreti-
cal biology , and practical medicine.

The aim of the study. Experimentally determine the
effect of low doses of cadmium (2,0 mg/kg) and copper
(0,1 mg/kg) when administered in combination during
the entire period of pregnancy in white rats.

Object and methods of research. The study was con-
ducted on 32 rats of the Wistar line (Dali 2000 kennel,
Kyiv), weighing 180-300 g. The choice of rats as the ob-
ject of research is based on the fact that they have a low
level of spontaneous developmental defects (0,02-0,85%)
compared to rabbits (0,74-4,2%) and mice (0,04-15,7%).
In accordance with the conditions and requirements
of conducting embryonic experiments, we provided a
complete food ration, drinking water and careful care
of experimental animals. At the preparatory stage, the
estrous cycle of females was studied by the method of
vaginal smears, which made it possible to determine the
duration of the cycle and individual phases, the presence
of four phases of the cycle and the rhythmicity of their
alternation in each female. For further investigation of
possible embryotoxicity, females with a steady rhythm
of the estrous cycle of proestrus and estrus stages were
taken and mated with intact males according to the 2:1
scheme. Thus, detecting spermatozoa in vaginal swabs in-
dicated the first day of pregnancy in females. Before the
start of the experiment, the animals were weighed, the
required amount of cadmium chloride was calculated,
and the amount of solution of the required concentration
was prepared.

According to the generally accepted instructions for
conducting the experiment, the solutions were adminis-
tered to females intragastrically, through a probe once a
day, at the same time: Group | — control, Group Il —admin-
istration of a solution of cadmium chloride at a dose of
2,0 mg/kg —group of isolated administration of cadmium,
and Ill — group of combined administration of 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 solu-
tion was of nanoaquachelate form. Female rats were ex-
posed to the solution daily from the 1st to the 19th day
of pregnancy. During the experiment, the condition and
behavior of female rats, rectal temperature, body weight
dynamics, and the duration of pregnancy were recorded.
On the 13th and 19th days of pregnancy, females were
slaughtered. Rat pups were removed from the uterus, a
macroscopic examination was performed to detect ex-
ternal anomalies, the number of corpora lutea of preg-
nancy was counted in the ovaries of females and their
correspondence to the number of embryos in both horns
of the uterus. For the experiment, we chose a low dose
of cadmium chloride, which reproduces the real concen-
tration in the daily rations of women, including pregnant
women from industrial regions.

The possible negative effect of the studied substances
on embryonic development was determined by the abil-
ity to increase the level of embryonic mortality, the over-
all development of fetuses was assessed according to
the tables of normal embryonic development according
to Hamburger and Hamilton [5]. The experiments were
conducted in accordance with the Council of Europe Con-
vention on the Protection of Vertebrate Animals Used for
Scientific Purposes (Strasbourg, 1985). Indicators of em-
bryotoxicity are generally accepted criteria: pre-implanta-
tion (DIM), post-implantation embryonic mortality (PIM),
total embryonic mortality (TEM), indicators of intrauter-
ine survival, morphological (anatomical) malformations,
as well as general retardation of fetal development,
which were calculated according to well-known formulas:

B-A
1. Total embryonic mortality, TEM = ?xmo%,
where A is the number of live fetuses, B is the number
of corpora lutea of pregnancy. C—(A+B)
2. Pre-implantation mortality, DIM = T’

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
3. Post-implantation mortality, PIM = ——
A+B

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

The obtained results were processed by the method
of variational statistics. The probability assessment of sta-
tistical studies was carried out using the Student’s t-test,
the obtained data were considered to be significantly sig-
nificant at p<0.05.

Research was carried out in accordance with the prin-
ciples of the Declaration of Helsinki, adopted by the Gen-
eral Assembly of the World Medical Association (2000),
the Convention of the Council of Europe on Human Rights
and Biomedicine (1997), the relevant provisions of the
WHO, the International Council of Medical Scientific So-
cieties, the International Code of Medical Ethics (1983),
«General ethical principles of experiments on animals»
approved by the First National Congress on Bioeth-
ics (Kyiv, 2001) in accordance with the provisions of the
«European Convention for the Protection of Vertebrate
Animals Used in Experiments and Other Educational Pur-
poses» (Strasbourg, March 18, 1986).

Research results and their discussion. During the sur-
gical removal of embryos on the 13th day of embryogen-
esis, a decrease in the number of embryos in the uteri
of female rats was noted (fig. 1). The rat uterus has two
horns, in which implantation and development of em-
bryos take place. In the control group, both horns of the
female’s uterus were evenly filled with embryos and their
number was significantly higher compared to the group
exposed to cadmium chloride. In the group exposed to
cadmium, embryos were located at intervals, which in-
dicates the presence of pre-implantation mortality or re-
sorption of embryos after implantation (fig. 1).

The average indicator of the number of embryos in
the group exposed to cadmium chloride was 9,25+0.72,
which is 1,3 times less than the similar indicator of the
control values (12.13+0.87). The obtained results indicate
the embryotoxic effect of cadmium on the embryonic de-
velopment of white rats.
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Analysis of experimental studies
revealed a negative effect of cadmi-
um compounds in both tested doses
on embryogenesis indicators on both
the 13th and 19th days of pregnancy
(table). The study showed that the fer-
tility index in the experimental groups
did not differ from the available litera-
ture data.

An increase in TEM indicators was
shown in the groups exposed to cad-
mium 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, the

Figure 1 — Photo of the bicornuate uterus of a female rat with embryos on the 13th day of
pregnancy during surgical removal: A — control group; B — group of exposure to cadmium
chloride. A decrease in the number of embryos in the uterus is noticeable in the group

exposed to cadmium chloride.

Table — Indicators of embryogenesis of rats in the norm
and in the experimental study, under the influence

of cadmium chloride and copper succinate

on the 13th and 19th days of embryogenesis, (Mtm)

Nel Ne2
Indicator/ Cadmium Cadmium chlo-
Control . X
groups chloride ride + copper
2.0 mg/kg 0.1 mg/kg

Era . 13 19 13 19 13 19
embryogenesis
The number of 12,75+ | 13,13+ | 11,63+ | 11,88+ | 12,38+ | 12,13+
corpora lutea 0,92 0,91 0,49 0,24 0,45 0,62
Total embryonic 0,05+ | 0,05+ | 0,23+ | 0,25+ | 0,11+ | 0,17+
mortality, (TEM) 0,02 0,02 |0,04***| 0,07** | 0,02 | 0,04"
Pre-implantation 0,02+ | 0,01+ | 0,08+ | 0,15+ | 0,08+ | 0,10+
mortality, (DIM) 0,01 0,01 0,02" | 0,07 | 0,02 | 0,03"
Post-implantation 0,03+ | 0,04+ | 0,15+ | 0,11+ | 0,03+ | 0,08
mortality, (PIM) 0,01 0,02 | 0,04 | 0,05 | 0,02* | 0,03
Index of intrauterine| 95,16+ | 95,29+ | 77,23+ | 75,07+ | 83,19+ | 83,19+
survival rate, % 1,65 0,95 3,57 6,86 2,80 2,80
Notes:
D*-p<0,05,” — p<0,01; """ — p<0,001 relative to the control group
(2% p<0,05, * — p<0,01; *# — p<0,001 with respect to the cadmium chloride group
3. p<0,05, % — p<0,01; °*° — p<0,001 in relation to the cadmium + copper group

positive dynamics of reducing the influence of cadmium

chloride under the influence of copper
succinate by 52,17% and 32%, respec-
tively, were recorded.

The analysis of the obtained re-
sults indicates a pronounced embryo-
toxic effect of cadmium compounds
at a dose of 2,0 mg/kg on the pro-
cesses of embryogenesis, which is
manifested by a significant increase
in total embryonic mortality (TEM)
compared to the control group, and
positive dynamics are observed in the
group of combined administration of
cadmium chloride with copper succi-
nates (fig. 2).

A comparison of indicators of the
effect of heavy metals on the body in-
dicates a pronounced embryotoxic ef-

fect of cadmium compounds at a dose of 2,0 mg/
kg on the processes of embryogenesis, which is
a significant increase in total TEM compared to
the control group, and positive changes were re-
corded in the group of combined administration
of cadmium chloride with succinates copper.
There is a 4,0 times increase in DIM indicators
in the cadmium chloride groups on the 13th day
of pregnancy, and they remain unchanged when
copper succinates are administered, compared to
the control group, and increase by 15 times on
the 19th day of embryonic development, and in
the group of combined introduction of cadmium
chloride with copper decreased by 33,3%, com-
pared to the cadmium chloride group (fig. 3).
Postimplantation mortality increased in the
group exposed to cadmium chloride, compared
to control values: 5,0 times on the 13th day of
embryogenesis, and decreased by 80% in the
group of cadmium chloride and copper succinate,
compared to the group with independent admin-
istration of cadmium chloride. On the 19th day of
pregnancy, there is a 2.8 times increase in cad-
mium chloride indicators, and an improvement in
indicators by 27,3%, in the group with the com-

bined administration of cadmium chloride and copper
0,3 0,3 -
0,23 0,25
0,25 - 0,25 +—pulr———
02 +— ‘— 02 —
0,15 - H control 0,15 - M control
0,11 1Cdci2 = CdCI2
0,1 - 0,1 -
’ ! H CdCI2+Cu
0,05 m CdCI2+Cu s
0,05 - 0,05 -
0 + 0 -
13 date 19 date
A B

Figure 2 — Total embryological mortality (TEM): A — 13th day of embryonic development;
B — the 19th day of embryonic development, in the control and experimental groups.
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0,12 0,18 - decreased by 1,1 times on the 13th
0,08 016 day of embryonic development, com-

0,1 0'14 pared to the control, and an improve-
0,08 ’ ment was noted in the group with the

0.08 Qe combined introduction of cadmium
468 = control 01 meontrol | chloride and copper succinate by 0,9
= cdci2 0,08 m CdCl2 times compared to cadmium chloride

0,04 0,02 —— 0,06 mcdciz+cu | group. On the 19th day of pregnancy
0,04 in white rats, a 1,1 times decrease in

0,02 + 0,02 the number of corpora lutea was re-
0 corded in cadmium chloride, and in

0~ e 19 date the group with a combined adminis-
tration of cadmium chloride and cu-

A B prum, the indicators improved by 0,9

Figure 3 — Pre-implantation (DIM) mortality: A — the 13th day of embryonic development;
B — the 19th day of embryonic development, in the control and experimental groups.

times.
The intrauterine survival rate was
the highest in the control group on the

0,18 0,14 19th day of embryogenesis (95,29%),
016 st 0,11 and the lowest in the group exposed
1 0,12 to cadmium chloride at a dose of 2,0
fad o1 I mg/kg on the 19th day (75,07%).
0,12 ' 0,08 Conclusions. The analysis of the
01 u control 0,08 —— i it obtained data indicates a pronounced
B8 - 006 cacia embryotoxic effect of cadmium chlo-
’ 0T ) ride on the processes of embryogen-
0,06 m CdCI2+Cu oo | il mcdc2+Cu | esis, which is manifested by a signifi-
o0s |20 B0z ' cant increase in the indicators of total
0,02 - 0,02 embryonic mortality, pre-implanta-
. . tion and post-implantation mortality
0 18 St 0 - 16 date compared to the control group at all
studied terms of embryogenesis.
A B Prospects for further research. In

Figure 4 — Postimplantation mortality (PIM): A — the 13th day of embryonic development;
B — the 19th day of embryonic development, in the control and experimental groups.

(fig. 4). The results of the experiment show that under

the influence of negative factors during pregnancy, abor-
tion occurs in the pre-implantation period, which does

not contradict the available literature data.

Indicators of the number of yellow bodies in the group
with the independent introduction of cadmium chloride

our opinion, it is promising to identify
and compare the degree of accumu-
lation of cadmium in the organs of

embryos by the method of polyelement analysis and to
conduct histological studies of the small intestine of em-

bryos, which will help to highlight changes at the tissue
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EMBPIOTOKCUYHA Al XNorPuay KAOMIKO TA KYNPYMY NPU BHYTPILWWHbOLUIYHKOBOMY BBEAEHHI
BMPOAOBX BCbOro NEPIOAY BATITHOCTI Y BIZINX LLYPIB
TumuyK K. M., A6pamos C. B., KpurxkaHoscbKkuii [. I, PegueHko M.I., dinineHko B. B.,

YepHeHko I. M., Makywko B. A.

Pe3stome. Kaamiit (Cd) — ogmH 3 Halbinbl MOWMPEHUX i WKIANMBUX NepexiaHUX MeTasniB, NPUCYTHIX B Ha-

oMy AOBKifNi. Y cyyacHOMy CBiTi Ha OpraHiam MellKaHLiB ypbaHi30BaHMX TEpPUTOPiA OAHOYACHO BM/IMBAOTHL
6e3ni4 WKiAAMBUX XIMIYHMX CMONYK | € TEPAaTOreHHUMM, TOBTO YLIKOAKYBAbHUMWU AR NAOLA NOAMHM Ta TBAPUH.
BariTHicTb — Le 0cobanBmin Gi3ioNoriYHUI CTaH, a NPeHaTa/ibHUN PO3BUTOK € KPUTUYHUM MepiogomM B eTionorii
NaToNOriYHMX 3MiH B embpioreHesi. ToMy aKTya/lbHUM Ha CbOTOAHILLIHIMA AeHb € BUBYEHHS BMNMBY CMOAYK KaaMito
Ha eMbpioHaNbHUI PO3BUTOK. TepaToreHHi YNHUKM Ait0Tb YIPOAOBK NEBHUX KPUTUUHMX NepiosiB OHTOreHesy, oco-
611BO nig, Yac embpioreHesy.
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MeToto pob0TM € BU3HAYEHHA BMNIMBY HM3bKMUX 403 Kagmito (2,0 mr/kr) Ta migi (0,1 mr/Kr) Ha 3aranbHuiA Xig,
embpioreHesy LiypiB Np1 KOMbiHOBaHOMY BBeAeHHI, BMPOA0BX BCbOro nepioAy BaritTHOCTI 6inx wypis.

Ona npoBeaeHHA [OCAigXKeHb OTPUMYyBaJM CaMMUb 3 [aTOBAaHMM TEpMiHOM BariTHOCTI, AN  LUbOro
MW OOCNIAXKYBaAN eCcTpaNbHUIA LMKN CaMWLb METOAOM MiXBOBMX MasKiB. PO34MHM BBOAMAM 4epe3 30HA,
BHYTPILLUHbOLUIYHKOBO, WOAEHHO (pa3 Ha Ao6by) 3 Nepworo AHA BariTHOCTI: NepLa rpyna — KOHTPO/b, Apyra rpyna
— BBEAEHHA PO3YMHY KaaMiit xnopuay B fo3i 2,0 mr/Kr — rpyna i30/1b0BaHOrO BBEAEHHA KaaMito, Ta TpeTA — rpyna
KOMBiHOBaHOro BBeAEHHA X/I0pMAay Kagmito, y A03i 2,0 Mr/Kr, pasom 3 cyKuuHaTom migi y a03i 0,1 mr/kr. Po3unH
xnopuay Kagmito bys ioHHOT GOpMKM, @ PO3UMH CYKUMHATY Mifi — HaHOaKBaxenaTHOI.

MoKa3HMK BHYPILHbOYTPOOHOT BMKMBAHOCTI HaMBULWMM ByB y rpyni KOHTposto Ha 19-Ty aoby embpioreHesy
(95,29%), Ta HaHWMKUYMM Y TPYNi BNAUBY Kaamito xnopuay Ha 19-ty nobi (75,07%). Ak nokasas aHani3 oTpUMaHMX
pe3ynbTaTiB, CNOCTEPIraeTbCA BUPAXKEHUI eMOPIOTOKCUYHUI BNAMB XN10pUAY KagMito Ha npouecn embpioreHesy,
LLLO BMABNSAETLCA AOCTOBIPHUM NiABULLEHHAM NOKA3HMKIB 3arasibHOT eMBpioHaIbHOI CMepPTHOCTI, AoiMNIaHTaLiMHOT
Ta NOCTIMMNAAHTALINHOI CMEPTHOCTI MOPIBHAHO 3 KOHTPO/IBHOIO FPYMOO Ha BCiX AOCAIAKYBAHUX TepMiHax embpio-
reHesy.

KnouoBi cnoBa: Kagmiii, Kynpym, embpioreHes, eMmbpioTOKCUYHICTb, eMBpPiOHMN.

EMBRYOTOXIC EFFECT OF CADMIUM CHLORIDE AND CUPRUM DURING THE ENTIRE PREGNANCY PERIOD IN
WHITE RATS

Tymchuk K. M., Abramov S. V., Kryzhanovsky D. G., Fedchenko M. P., Filipenko V. V.,

Chernenko G. P., Myakushko V. A.

Abstract. Cadmium (Cd) is one of the most common and harmful transition metals present in our environment.
In the modern world, the bodies of residents of urban areas are simultaneously affected by many harmful chemical
compounds that are teratogenic, that is, harmful to human and animal fetuses. Pregnancy is a special physiological
state, and prenatal development is a critical period in the etiology of pathological changes in embryogenesis.
Therefore, the study of the influence of cadmium compounds on embryonic development is relevant today.
Teratogenic drugs act during certain critical periods of ontogenesis, especially during embryogenesis.

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.

To carry out the research, females with a dated pregnancy were obtained, for this we studied the estrous cycle
of females by the method of vaginal smears. The solutions were administered through a probe, intragastrically,
daily (once a day) from the first day of pregnancy: the first group — control, the second group — administration of a
cadmium chloride solution at a dose of 2,0 mg/kg — the group of isolated cadmium administration, and the third —
the 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.

The intrauterine survival rate was the highest in the control group on the 19th day of embryogenesis (95,29%),
and the lowest in the group exposed to cadmium chloride on the 19th day (75,07%). As the analysis of the obtained
results showed, there is a pronounced embryotoxic effect of cadmium chloride on the processes of embryogenesis,
which is manifested by 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.

Key words: cadmium, copper, embryogenesis, embryotoxicity, embryos.
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