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Abstract. Determination of the effect of cadmium on embryogenesis with isolated administration and in
combination with selenium and germanium citrates. Nefodov O.0., Bilyshko D.V., Kushnaryova K.A.,
Shevchenko O.S., Shatorna V.F., Kefeli-lanovska O.I., Kozlovskaya O.G. Cadmium compounds are part of the
heavy metals found in biological systems forming the ecological crisis of the planet. An urgent task for researchers is to
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determine the morphological changes that occur in the body under the action of cadmium compounds in both prenatal
and postnatal ontogenesis. The article discusses the results of the experimental effect of intragastric administration of
cadmium chloride / cadmium citrate to pregnant female rats on the embryogenesis in isolation and in combination with
selenium and germanium citrates. The aspect of the accumulation of cadmium salts in the liver of a 20-day-old embryo
by polyelement analysis was also studied. The use of multielement analysis showed that the highest level of cadmium
accumulation in the liver of embryos was found in the group of isolated administration of cadmium chloride. It has been
proven that cadmium citrate accumulates in the liver to a lesser extent than cadmium chloride. The accumulation of
cadmium chloride with selenium citrates, germanium in the groups of combined administration showed a decrease in
the cadmium content in the liver of embryos. An analysis of the basic indicators of embryonic development of the
performed experiment proved the embryotoxic effect of cadmium salts during enteral administration in modeling
chronic cadmium intoxication, which is expressed in a decrease in the number of embryos in the litter and an increase
in embryonic mortality in relation to the control group at all studied developmental periods. A decrease in embryonic
mortality and an increase in the number of embryos at all stages of gestation in the experiment with the combined
administration of cadmium salts with germanium citrate and selenium citrate indicates their antagonistic effect on
cadmium embryotoxicity.

Pedepart. Onpenenenne BAMSHMS KaIMUs HA MOKa3aTeJu dMOpHOreHe3a NMpH H30JIHPOBAHHOM BBeJIE€HHH U B
KOMOMHANUM ¢ uHuTpatamMu cejdeHa M repmaHusi. Hedenos A.A., buubimko /[.B., Kymnapesa E.A.,
leBuenko E.C., lllatopuas B.®., Kedenu-Snosckan E.U., KoznoBckas A.I'. Coedunenus kaomus, Haxoosauuecs
6 buono2UYECKUX CUCeMAx, QopMuUpyIom IKOI02UYECKUl KpUuc nianemol. AkmyanvHoti 3adayei 0na ucciedogamernel
A6nsAemcs onpeoenenue MOpQOI0UHECKUX USMEHEHUNl, GOZHUKAIOWUX 6 Op2aHu3mMe noo Oelicmeuem cOeOuHeHull
KaOMusl KaK 6 NPeHamaibHoM, MaK u 6 NHOCMHAMAIbHOM OHMo2eHe3e. B cmamve paccmompenvl pesynbmamsl 61usHUsL
BHYMPUIICETYOOUHO20 88e0eHUs XI0pUOd KAOMUA/Yumpama KaOMus Hd NOKA3amenu smoOpuozeHesa  OepeMeHHbIM
camMKam Kpulc USONUPOBAHHO U 68 KOMOUHAUUU C Yumpamamu ceiena u eepmauud. M3yuanca makoce acnekm
Haxonnenus conei kaomus 6 neuenu 20-OHeHO20 IMOPUOHA NYymMeM NOIUINEMEHMHO20 aHanusa. Hcnonvzosanue
NONUINEMEHINHO20 AHAU3A NOKA3AN0, YMO HAUBLICWUL YDOBEHb HAKONAEHUA KAOMUA 6 NeuyeHu IdMOPUOHO8
0OHAPYIHCEHO 8 2pynne U30TUPOBAHHO20 88e0eHUs XIopuoa Kaomus. Jokazamo, ymo yumpam Kaomus 8 MeHbulell
cmeneny HaKanIueaemcs 8 nevenu, Yem Xaopuo kaomus. Haxonaenue 6 epynnax KOMOUHUPOBAHHOZ0 86e0eHUs XI0PUOA
KAOMUs C yumpamamu cejend, 2epMaHus  NpoOeMOHCMPUPOBANU CHUMCEHUE COOePICAHUA KAOMUS 8 NedeHu
ambpuonos. Auanusz 6a3oevix nokazamenei SMOPUOHATILHO20 PA3GUMUSA NPOBEOEHHO20 IKCHEPUMEHmMA O0KA3al
amMbpuomokcuyeckoe oelicmsue coneil KaOMus npu SHMEPANbHOM B66€0eHUU NpU MOOeNUPOBaAHUU XPOHUYECKO
KAOMUesol UHMOKCUKAYUU, YMO 6bIPANCAeMC 8 YMEHbUEeHUU KONuuecmea dMOPUOHOE 6 nomeme U yeeaudeHul
noxkasameineti dSMOPUOHATLHOU CMEPMHOCMU NO OMHOWEHUI) K ZpYynne KOHMPOIA HA 6ceX UCCAe0yeMblX CPOKAX
passumus. CHudiceHue nokazameneii SMOPUOHATLHOU CMEPIMHOCU U Y8elUYeHUe KOAUYeCmea dMOPUOHO8 HA 6Cex
cmaousx eecmayuy 6 KCNEpuUMeHme npu KOMOUHUPOBAHHOM 68eOCHUlU CONel KAOMUS ¢ Yumpamom 2epManus u
YUmMpamom cenena ceudemenbcmeyem 06 ux aHmazoHUCMU4eckoM Oeticimeuy Ha IMOPUOTHOKCUYHOCHIb KAOMUSL.

The changing state of the environment in researchers is to determine the morphological

industrialized countries encourages intensive study
of the impact of environmental factors on biological
objects. Among the most dangerous man-made
environmental pollutants, heavy metals occupy a
priority position, and prolonged contact with
toxicants leads to impaired functioning of both the
adult organism and the formation of prenatal
dysadaptive processes. By affecting the balance of
trace elements, cadmium can be accumulated in the
human body and lead to acute and late complications
[3, 7, 8]. Increasing content of heavy metals in
environmental objects has an impact on the balance
of trace elements in the human body, causing the so-
called microelementoses. The problem of the latter
is extremely important in all countries of the world,
its solution, by definition of WHO is the main task
in ensuring the health of the Earth's population in the
XXI century. [11, 13]. Considering that cadmium
belongs to the group of the most widespread
pollutants, we believe that the urgent task for
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changes that occur in the body under the action of
cadmium compounds in both prenatal and postnatal
ontogeny [4, 6]. The development of new remedies
for the correction and treatment of trace element
imbalance is constrained by the lack of knowledge
about the features of trace elements exchange in the
human body and the norm of daily requirement for
them in conditions of high technogenic load, as well
as data on the balance, forms and types of interac-
tion of trace elements and ultramicroelements. The
question of the interaction of trace elements during
pregnancy and their indirect effect on the embryo
remains open, as well as the search for new
bioantagonists to toxic substances.

Germanium and selenium are trace elements that
are essential. They increase the efficiency of the
immune system in humans and have a wide range of
biological activity: they have antihypoxic action,
prevent the development of oxygen deficiency at the
tissue level, stimulate immunity, suppress the

25



THEORETICAL MEDICINE

processes of reproduction of microbial cells, acti-
vating macrophages and specific cells of immunity
(2,4, 12].

All of the above indicates the need to study the
morphogenetic changes that occur in embryogenesis
of rat embryos and in the early stages after birth
under the influence of cadmium compounds both in
isolated administration and in combination with
germanium and selenium citrates.

The purpose of the study is to experimentally
investigate the effect of cadmium salts on the overall
course of embryogenesis and accumulation in rat
liver in isolated administration and in combination
with germanium and selenium citrates.

MATERIALS AND METHODS OF RESEARCH

To simulate chronic toxicity during cadmium
exposure throughout pregnancy, female rats of
Wistar line were administered cadmium citrate or
cadmium chloride isolated (at a dose of 1.0 mg/kg)
or in combination with germanium citrate or
selenium citrate per os daily. The selected dose of
cadmium-containing compounds corresponds to
1/100 LD50 for cadmium [9].

The experimental model used solutions of
cadmium citrate, selenium and germanium, obtained
by the aquanotechnological method [1]. Given the
pronounced antioxidant and antihypoxic properties
of germanium and selenium, it was decided to use
citrates of these metals as potential biological
antagonists and against the background of cadmium
intoxication [2, 4, 12].

Solutions of citrate forms of nanometals (cad-
mium, selenium and germanium) were obtained in
accordance with the agreement on scientific coope-
ration at the Research Institute of Nanobiotechno-
logy and Resource Conservation of Ukraine (Head —
Professor V.A. Linnik).

In accordance with the conditions and require-
ments of embryonic experiments, we provided a
complete diet, drinking water and careful care of the
animals; the introduction of metal solutions was carried
out from the first day of pregnancy daily, at the same
time of a day (from 10 to 12 hours) [3, 5, 10].

For embryonic studies female rats with a dated
gestation were taken. On the 13th and 20th day of
pregnancy, animals were sacrificed operatively.
Infant rats were removed from the uterus, live-dead
test was done, they were weighed, photographed,
and fixed in 10% formalin solution for further
histological examination.

All rats were divided into 7 groups in which the
animals received the following solutions: group 1 —
control (n=145) — 0.5 ml of 0.9% NaCl. Group 2 —
cadmium chloride at a dose of 1.0 mg/kg (n=126).
Group 3 — cadmium citrate at a dose of 1.0 mg/kg
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(n=135). Group 4 — cadmium chloride at a dose of
1.0 mg/kg and selenium citrate at a dose of
0.1 mg/kg (n=147). Group 5 — cadmium citrate at a
dose of 1.0 mg/kg and selenium citrate at a dose of
0.1 mg/kg (n=129). Group 6 — cadmium chloride at a
dose of 1.0 mg/kg and germanium citrate at a dose
of 0.1 mg/kg (n=147). Group 7 — cadmium citrate at
a dose of 1.0 mg/kg and germanium citrate at a dose
of 0.1 mg/kg (n=135).

The general development of the fetus was
evaluated by the number of embryos, the number of
yellow bodies of the ovaries of females, its
compliance with the stage of development according
to generally accepted criteria for the embryonic
development of rats.

The embryotoxic effect of the test substances was
evaluated by the following indicators:

1. Total embryonic mortality =
TEM = -4
C

where A — the number of live fetuses
C — number of yellow bodies of pregnancy

2. Pre-implantation mortality =
piy = -4+ B)

where A is the number of live fetuses
B — number of dead (resorbed) fetuses
C — number of yellow bodies of pregnancy

3. Postimplantation mortality =

PostIM = B
A+ B

where A is the number of live fetuses
B — number of dead (resorbed) fetuses

4. Number of fetuses per 1 female

Part of the embryos was frozen to measure
cadmium content in embryonic samples by po-
lyelement analysis. Polyelement analysis of biolo-
gical materials by atomic emission method with
electric arc atomization was carried out at the State
Enterprise  "Ukrainian Research Institute of
Transport Medicine" of the Ministry of Health of
Ukraine (Odessa) in accordance with the agreement
on scientific and creative cooperation (2018).
Sampling and measurement of the metal content was
carried out in accordance with GOST (AUSS)
30823-2002 The purpose of the analysis was to
evaluate the dynamics of cadmium accumulation in
the rat liver with isolated administration and in
combination with zinc and selenium citrates.

Statistical analysis and analysis of results were
performed according to conventional methods using
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licensed statistical analysis software Statistica v.6.1
(StatSoft Inc., Serial No. AGAR909E415822FA)
and Microsoft Excel. The reliability of statistical
studies was performed using the Student's t-test.

Animal studies were performed in the vivarium
setting of DMA in accordance with the "General
Ethical Principles for Animal Experiments" (Kyiv,
2001), which are consistent with the European
Convention for the Protection of Experimental
Animals (Strasbourg, 1985).

RESULTS AND DISCUSSION

All the females in the experiment survived. In the
control group, all embryos met standard criteria for
rat embryonic development. There were no
developmental defects in infant rats. The calculation
of the average values of embryogenesis showed that
in the group of isolated exposure to cadmium salts
there was a decrease in the number of embryos
during both pregnancy periods and an increase in the
total embryonic mortality.

Thus, in the experimental group of the impact of
cadmium citrate on the studied pregnancy, the
number of living fetuses decreases relative to the
control group in the following order: day 13 of
pregnancy — by 7.4% (p<0.05), day 20 of pregnancy
— by 10.2% (p<0.05).

In the experimental group of combined admini-
stration of cadmium chloride and germanium citrate,
as well as cadmium chloride and selenium citrate, the
average number of living fetuses per one female did
not differ significantly from the control group (Fig. 1).

The analysis of the obtained results showed that
on day 13 of embryogenesis the smallest indicator of
the average values of the number of live embryos
per female was observed in the group of isolated
exposure to cadmium chloride and was equal to
8.13£0.31. On day 20, indicator decreased to
7.62+0.34 and was significantly less than the control
group (p<0.01), this may be explained by the
duration of destabilizing factor.
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Fig. 1. Number of embryos per 1 female rat (average value) in control
and experimental group on day 13 of embryogenesis

In the group of isolated effects of cadmium
citrate the number of living fetuses was: day 13 of
pregnancy — 8.38+0.19, day 20 — 8.50+0.34. This
was significantly lower than in the cadmium
chloride group (p<0.05).
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In the groups of combined administration of
cadmium salts with selenium citrate and germanium,
the number of embryos in the litter of rats had no
significant differences from the control group,
indicating the modifying effect of metal citrates on
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the embryotoxicity of cadmium compounds in the
experiment (p<0.05) (Fig. 1, 2).

The next studied indicator of embryogenesis was
total embryonic mortality, which directly depends on
the pre-implantation and post-implantation mortality
of embryos. In the groups of isolated administration
of cadmium salts, this indicator was highest both on
day 13 and on day 20 of embryonic development
(Fig. 3). Thus, in the group of isolated admini-
stration of cadmium chloride, the total embryo
mortality rate on day 13 was 0.15+£0.02 (control

0.05+0.02) and exceeded the control values three
times (p<0.05), and at the end embryogenesis
increased to  0.25+0.02  (control remained
0.05+0.02), i.e. 5-fold increase (p<0.01), which is
logical because cadmium intoxication continued. In
the group of isolated exposure to cadmium citrate,
this indicator was 0.15+0.02 on day 13, as well as in
the impact of cadmium chloride, and on day 20 it
was slightly lower than that of in exposure to
cadmium chloride — 0.16+0.03 (p<0.05 vs. control).
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Fig. 2. Average number of embryos per 1 female rat in control
and experimental group on day 20 of embryogenesis

Comparison in groups of exposure to isolated and
combined administration of cadmium chloride
revealed a modifying effect of citrate on cadmium
embryotoxicity by this indicator. Both on day 13 of
embryo development and at the end of
embryogenesis, selenium and germanium citrates
reduced total embryonic mortality compared with
isolated administration of cadmium salts (Fig. 3).
This is explained by the decrease in both pre-
implantation and post-implantation mortality in
these groups. Postimplantation mortality at exposure
to cadmium chloride on day 13 of embryogenesis
was 0.07£0.03 (control 0.025+0.02), and on day 20
it increased twice and reached 0.14+0.03 (control
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0.025+0.02). In the groups of combined
administration of cadmium chloride with metal
citrate, this indicator significantly decreased by 2-
2.5 times (p<0.05) (compared to the group of
introduction of cadmium chloride) in both study
periods.

When exposed to cadmium citrate, the
preimplantation mortality rate was 0.09+0.03 on day
13 and on day 20, and was significantly higher than
the control group (p<0.05), indicating the
embryotoxic effect of citrate cadmium on embryo
before implantation, which occurs on day 3-5 of
pregnancy in the female rat.
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Fig. 3. Total embryonal mortality in control and experimental group on day 20 of embryogenesis

According to the purpose, the determination of
cadmium accumulation in the liver of embryos was
performed. The use of polyelement analysis showed
that the content of cadmium in the liver of embryos
on day 20 of the development varied both in the
groups of isolated intoxication by cadmium salts and
in the groups of combined administration. Thus, in
the control group, the level of cadmium accumu-
lation was 0.0065+0.0013 mcg/g, and in the cad-
mium chloride injection group this indicator was 2.4

times higher than the control values (p<0.05) and
was equal to 0.0156+0.0023 mcg/g. When exposed
to cadmium citrate, the accumulation of this metal in
the liver was significantly less than even control and
was 0.0007+£0.0001 mcg/g (p<0.001). In groups of
combined administration of cadmium chloride with
metal citrate, there was a tendency to decrease of
cadmium in the liver compared with the group of
cadmium chloride (p<0.001) (Fig. 4).
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Fig.4. Indicators of cadmium accumulation in liver of rat embryos
on day 20 of development by results of polyelement analysis
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The data obtained indicate a decrease in the
accumulation of cadmium under the influence of
germanium and selenium citrates, which allows to
consider metal citrates as potential bioantagonists of
cadmium salts.

CONCLUSIONS

1. Analysis of baseline indicators of embryonic
development of the experiment conducted proved
the embryotoxic effect of cadmium salts at a dose of
1.0 mg/kg in enteral administration, which is
reflected in a decrease in the number of embryos and
an increase in embryonic mortality rates (total
mortality in the cadmium chloride group was 3 times
higher on day 13 (p<0.05) and 5 times higher on day
20 (p<0.01) relative to the control group.

2. Decrease in embryonic mortality rates at all
stages of gestation in the combined administration of

cadmium salts with germanium citrate and selenium
citrate by 2-2.5 times compared with the cadmium
chloride group (p<0.05) indicates their antagonistic
effect on embryotoxicity.

3. The accumulation of cadmium in the liver is
the highest of all experimental groups with isolated
administration of cadmium chloride (2.4 times
higher than the control group (p<0.05). The intro-
duction of metal citrate against the background of
cadmium intoxication leads to a decrease in the level of
cadmium accumulation in the liver of rat embryos.

Prospects for further research. In the future,
histological studies of the parenchymatous organs of
embryos subjected to cadmium compounds and
metal citrates are planned, which will help to detect
changes at the tissue level and explain the causes of
mortality.
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