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The purpose of the experiment was to determine the degree of accumulation of cadmium and copper in the
small intestine and blood of adult females and in rat embryos with isolated intragastric administration of cadmium
chloride and with combined administration with copper succinate in a chronic experiment. Female rats were exposed
to the studied factors daily during pregnancy by intragastric injection of the solution. The level of accumulation of
cadmium and copper was determined by the method of polyelement analysis by atomic emission with electric arc
atomization, carried out at the State Enterprise "Ukrainian Research Institute of Transport Medicine of the Ministry
of Health of Ukraine" (Odesa).

Isolated chronic administration of cadmium chloride increases the level of cadmium accumulation in the studied
biological samples (blood, small intestine of females, embryos), and combined administration of copper succinate
with cadmium chloride reduces the level of cadmium accumulation compared to the group of isolated cadmium
administration in a chronic experiment on rats.

The combined administration of copper succinate with cadmium chloride has a modifying effect on the accumu-
lation of cadmium chloride both in the blood and intestine of female rats, and in embryos, and copper succinate itself
can be considered as a possible bioantagonist of cadmium.
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Connection of the publication with planned re-
search works.

The experimental study was carried out as part of
the research work of the Department of Medical Biol-
ogy, Pharmacognosy, Botany and Histology of the Dni-
pro State Medical University “Biological bases of mor-
phogenesis of organs and animals under the influence
of microelements and ultramicroelements in the experi-
ment” (state registration number 0118U006635).

Introduction.

Cadmium (Cd) is a heavy toxic metal that is com-
mon in the environment of industrial regions, capable
of accumulation and poses a threat to human and ani-
mal health. Excessive intake of heavy metal salts can
cause severe damage to the small intestine, which is the
main site of cadmium absorption and the main target
organ after oral administration. Cadmium disrupts pro-
tein metabolism, limits iron assimilation, increases the
removal of calcium, zinc and copper from compounds
with metallothionein — a protein containing 30% cyste-
ine, with the -SH groups of which cadmium forms very
stable compounds [1, 2, 3]. In fact, one of the toxic ac-
tions of cadmium in the body is the provocation of trace
element imbalance.

Modern scientific and experimental studies on the
search for possible new bioantagonists have shown that
zinc chelate of the hydroxy analogue of methionine
(Zn-HMTB) has the ability to reduce the accumulation
of Cd in the liver and kidneys of experimental animals
in a chronic experiment. Studies were conducted on
piglets to investigate the effects of Zn-HMTB on Cd ab-
sorption and Cd-induced toxicity in the small intestine
when receiving cadmium at a daily dose of 30 mg/kg.
Gastrointestinal tract tissues were collected, also sam-
ples of liver, kidney, spleen, heart, lung and long muscle
and feces. The concentrations of Cd and metal trace
elements in the gastrointestinal tract and organs were
analyzed, the relative expression of matrix RNA (mRNA),
inflammatory cytokines and transporters of metal ele-

ments in the small intestine, epithelial apoptosis in the
small intestine. The obtained results suggest that Zn-
HMTB may be useful in reducing the accumulation of
Cd in the gastrointestinal tract and organs of piglets and
reducing the toxicity caused by Cd in small animals [3].
Modern experimental searches for new potential means
to reduce or prevent trace element imbalance are held
back by the lack of knowledge about the feature of the
exchange of trace elements in the body of healthy peo-
ple and the norm in conditions of increased man-made
load, also by the lack of experimental data on the bal-
ance, forms and types of interaction of trace elements
and ultra-trace elements when they are simultaneously
received [4, 5, 6, 7]. Thus, the search for new forms of
trace elements that may have potential bioantagonistic
properties in relation to the toxicity of cadmium com-
pounds is relevant today. Promising are biotechnologi-
cal preparations, which include trace elements in the
form of succinates, which have recently been increas-
ingly used in medical and biological experimental work
and pharmacy [8, 9].

The aim of the study.

To determine the level of cadmium and copper ac-
cumulation in the small intestine and blood of adult fe-
males and in rat embryos with isolated intragastric ad-
ministration of cadmium chloride at a dose of 2.0 mg/
kg and with combined administration with copper suc-
cinate in a chronic experiment on pregnant female rats.

Object and research methods.

The study was conducted on 48 young female rats
of the Wistar line (“Dali 2000” kennel, Kyiv), weighing
180-300 g. To perform the tasks, females with a dated
gestation period were obtained, which allowed to ob-
tain embryos with a certain date of development. In the
experiment, all pregnant females were divided into the
following groups: 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 in-
jection of cadmium chloride solution at a dose of 2.0
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General Assembly of the World Medical
Association (2000), the Convention of the
Council of Europe on Human Rights and
Biomedicine (1997), the relevant provi-
sions of the WHO, the International Coun-
cil of Medical Scientific Societies, the In-
ternational Code of Medical Ethics (1983),
“General ethical principles of experiments
on animals” approved by the First National
Congress on Bioethics (Kyiv, 2001) in ac-
cordance with the provisions of the “Euro-
pean Convention for the Protection of Ver-
tebrate Animals Used in Experiments and

Figure 1 — Dynamics of indicators of the level of cadmium (pg/g) in the blood
of pregnant females on the 13th and 19th days of the experiment.

mg/kg + copper succinate 0.1 mg/kg. The number of ex-
perimental animals was 16 females in each group, which
were further divided into 2 subgroups by the time of
withdrawal from the experiment. The experiment was
conducted in the vivarium of the Dnipro State Medical
University with observance of all necessary conditions
for keeping animals.

The influencing factors were cadmium chloride
(ionic solution) and copper succinate. Copper succinate
aquachelate was nanosized, that is, we used copper suc-
cinate nanoaquachelate, which was obtained under the
agreement on scientific and technical cooperation at
the Scientific Research Institute of Nanobiotechnologies
and Resource Conservation of Ukraine (Kyiv). The influ-
ence of the studied factors on female rats was carried
out daily from the 1st to the 19th day of pregnancy by
injecting the solution intragastrically, through a probe
once a day, on the 13th and 19th days of pregnancy, the
females were surgically slaughtered. To fulfill the pur-
pose of the research, during the experiment blood was
taken, the small intestine of pregnant females and em-
bryos were removed, which were to be frozen without
fixation to determine the degree of cadmium accumula-
tion.

Determination of the level of cadmium accumula-
tion was carried out using polyelement analysis. Sample
measurements were carried out at the State Enterprise
“Ukrainian Research Institute of Transport Medicine
of the Ministry of Health of Ukraine” (Odesa) in accor-
dance with the agreement on scientific and technical
cooperation. Sample preparation and measurement of
metal content was carried out in accordance with GOST
30823-2002. Quantitative measurement of the metal
content in the samples was carried out on the Emas-200
CCD atomic emission spectrometer, which is a modern
analytical device, controlled by a computer and per-
forms all the necessary calculations independently with
minimal operator involvement. A standard spectral buff-
ering mixture according to GOST 30823-2002 was used
as a solvent. Quantitative determination of cadmium in
the analyzed objects was carried out at a wavelength of
228.802 nm, zinc — 213.856 nm, copper — 324.754 nm.
The current strength in the arc in all cases was 15 A, the
size of the optical gap of the device when measuring
cadmium and zinc was equal to 0.4, copper —0.1. Atom-
ic emission analysis with arc atomization allows qualita-
tive and quantitative elemental analysis of samples of
almost any nature.

Research was carried out in accordance with the
principles of the Declaration of Helsinki, adopted by the

Other Educational Purposes” (Strasbourg,
March 18, 1986).

Statistical processing of the obtained
data was performed using the standard Microsoft Excel
program. Univariate regression analysis with a 95%
confidence interval was used to identify possible asso-
ciations between the analyzed factors. Differences at
p<0.05 (5% significance level) were considered statisti-
cally significant.

Research results and their discussion.

To solve the tasks we determined the level of accu-
mulation of cadmium and copper in two directions. The
first direction is the determination of the accumulation
of these trace elements in the small intestine and in the
blood of females. The second direction is determining
the accumulation of cadmium and copper in embryos.
The obtained data made it possible to determine the
dynamics of microelement composition changes during
the female’s pregnancy and embryogenesis, because
the material was collected twice: on the 13th day and at
the end of embryogenesis (the 19th day).

The analysis and comparison of the obtained results
showed the following. Even in the control group dur-
ing embryogenesis the level of cadmium in the blood
of females increases unreliably. On the 13th day of em-
bryogenesis, with the isolated introduction of cadmium
chloride, the content of this trace element in the blood
increases 3 times compared to the control, which is
logical. In the group of combined administration of cad-
mium with copper succinate, despite the identical dose
of cadmium administration, the level of cadmium in the
blood is only 2.6 times higher than in the control. At
the end of embryogenesis the level of cadmium in the
blood of females of the isolated administration group
exceeded the control by 3.1 times, and in the combined
administration group it was only 2.1 times (fig. 1).

That is, the combined administration of cadmium
with zinc succinate reduces the level of cadmium in the
blood at both time points, which may indicate the pos-
sible bioantagonistic character of copper succinate rela-
tive to cadmium chloride.

We also investigated and analyzed shifts in the trace
element balance due to copper accumulation. On the
13th day of embryogenesis, with the isolated introduc-
tion of cadmium, the copper content in the blood in-
creased by 1.4 times compared to the control group. In
the group of combined administration of cadmium with
copper succinate, the content of this metal in the blood
increased by 1.7 times, as expected, according to the
control, and only by 1.2 times compared to the group
of isolated administration of cadmium chloride. On the
19th day of embryonic development, the level of copper
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nant rats showed the following. As in the
previous blood test, it was determined that
the level of cadmium in the structures of
the small intestine increases in the control
group at the end of embryogenesis. On the 13th day in
the group of isolated cadmium chloride administration,
the level of cadmium accumulation increases by 33.7
times and on the 19th day by 68.9 times. The obtained
results are logical, because the introduction of cadmium
chloride took place intragastrically by probing, and the
wall of the stomach and small intestine was the first
barrier to the penetration of cadmium into the body.
However, the combined administration of the same
dose of cadmium with copper succinate demonstrated
a decrease in the level of cadmium in the wall of the
small intestine compared to the group of isolated ad-
ministration, both on the 13th and on the 19th day of
the chronic experiment (fig. 2).

Thus, the combined administration of copper succi-
nate with cadmium chloride reduces the level of cad-
mium accumulation in the wall of the small intestine,
compared to the group of isolated cadmium administra-
tion at both time points.

Analysis of the dynamics of copper accumulation
in the small intestine of females of the experimental
groups demonstrated the following. On the 13th day
of the experiment, there was a 2.1-fold decrease in the
copper level in the cadmium chloride group compared
to the control, and a 1.4-fold increase in the isolated
cadmium chloride with copper succinate group, relative
to the group of isolated introduction, the indicator in-
creased by 2.9 times, respectively. On day 19, copper
levels also decreased 1.2-fold to control, but increased
1.8-fold in the combined administration group, this was
expected. Thus, the isolated introduction of cadmium
chloride reliably reduces the level of accumulation of

Figure 2 — Dynamics of cadmium level indicators (ug/g) in the small intestine
of pregnant females on the 13th and 19th days of the experiment.

group of isolated introduction of cadmium chloride, an
increase in indicators was recorded by 8.5 times, and
on the 19th day of embryogenesis by 9.3 times in ac-
cordance with the control, which was expected. In the
group of combined administration of cadmium chloride
with copper succinate, a decrease in indicators of accu-
mulation of heavy metals was ascertained, compared to
the group of isolated administration, both on the 13th
and on the 19th day. On the 13th day, the increase of
the experimental data in comparison with the reference
indicators of accumulation exceeded 6.3 times, and on
the 19th day it exceeded the experimental data by 6.8
times (figure 3).

The obtained results of the level of copper accumu-
lation in embryos in the control group demonstrated an
increase in copper indicators at the end of embryogene-
sis, which is logical, because embryos are actively grow-
ing, their bone system is being formed. In the group of
isolated introductions of cadmium chloride on the 13th
day of the experiment, a decrease of these indicators
by 1.4 times was ascertained, and on the 19th day of
embryogenesis by 1.2 times, according to the control.

Thus, the analysis of the obtained results of cad-
mium accumulation in all studied biological samples
(blood, small intestine of female rats, embryos) demon-
strated that in the groups of combined administration
of cadmium chloride with copper succinate, a decrease
in the level of cadmium accumulation was determined
in comparison to the group of isolated administration
of cadmium, despite the identity of the dose by cad-
mium. The analysis of the obtained results of copper
accumulation in all studied biological samples (blood,
small intestine of females, embryos) demonstrated that
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in cadmium levels in the embryos. On the
13th day of embryonic development in the

Figure 3 — Dynamics of indicators of the level of cadmium (ug/g) in embryos

at both studied developmental periods.
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in the groups of combined administration of cadmium
chloride with copper succinate, an increase in the level
of copper accumulation was determined, compared to
both the group of isolated administration of cadmium
and to the control.

Conclusions.

1. Isolated chronic intragastric administration of cad-
mium chloride at a dose of 2.0 mg/kg increases the level
of cadmium accumulation in the studied biological sam-
ples (blood, small intestine of female rats, embryos),
and the combined administration of copper succinate
with cadmium chloride reduces the level of cadmium

13th and 19th day of embryogenesis) in a chronic ex-
periment on rats.

2. The combined administration of copper succinate
with cadmium chloride has a modifying effect on the ac-
cumulation of cadmium chloride both in the blood and
intestine of female rats and in embryos, and copper suc-
cinate itself can be considered as a possible bioantago-
nist of cadmium.

Prospects for further research.

A promising direction of further research is the de-
tection of morphological changes in the structure of the

accumulation in comparison with the group isolated in-  small intestine of female rats and embryos after chronic
troduction of cadmium at both studied periods (on the intragastric administration of the studied substances.
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OUHAMIKA HAKOMUYEHHA KAOAMIIO B KPOBI TA TOHKIA KULLLI B XPOHIYHOMY EKCMEPUMEHTI HA
LLYPAX

LaTopHa B. ®., Tumuyk K. M.

Pe3stome. AKTya/IbHUM Ha CbOrOAHI € NOLWYK HOBUX GOPM MiKpOENEMEHTIB, AKI MOXYTb MaTK NOTEHLiNHI 6ioaH-
TOTOHICTUYHI BNACTUBOCTI LOA0 TOKCUYHOCTI Ta HAKOMUUYEHHA CNOAYK KagMmito. MepcnekTMBHUMK € BiOTEXHONOTIYHI
npenapaTu, A0 CKAAAY AKUX BKAOYAIOTb MiKpoenemeHTn y GopMmi CyKLMHATIB, AKIi OCTaHHIM Yacom Bce binblue Bu-
KOPWCTOBYIOTLCA B MEAMKO-6i0N0rYHNX eKCepnumeHTanbHMX poboTax.

MeTo eKkcnepuMeHTy 6y/10 BU3HAYEHHA CTYNEHI HAKOMMYEHHS KagMilo Ta Migi B TOHKiM Kuwui i KpoBi ao-
pocAux camuub Ta B eMbBpioHax LLypiB Npw i30/1bOBaHOMY BHYTPILLIHbOLUYHKOBOMY BBEAEHHI X10pUAY Kaamito Ta
npu KOMbBiHOBaHOMY BBEAEHHI 3 CYyKLMHATOM Mifj B XPOHIYHOMY eKCNepuMeHTi. BNaMB A0CNiAKYBaHUX YMHHUKIB
CaMULAM LLYpPiB NPOBOANAM WOAEHHO 3 1-ro no 19-i AeHb BariTHOCTI BBEAEHHAM PO34MHY BHYTPILLUHbOLIIYHKOBO,
Ha 13-/ Ta 19-i aeHb BariTHOCTI CamuLLb NPOBOANAN ONepaTUBHUIA 3a6ii. [11a BUKOHAHHA NOCTaBNeHOT MeTn A0CAi-
[OKEHHA Mif Yac eKcnepumMeHTy NPoBOAMAM 3a6ip KPOBI, BUYYaIM TOHKY KULLKY BariTHUX camMuLb Ta eMBpioHiB, sKi
nignAranm 3amopoxkyBaHHio 6e3 dikcaLii 414 BUSHAUYEHHA CTYNeH0 HaKoMMYeHH:A Kagmito. MpoBoanan BU3HAYEHHA
PiBHIO HAKOMWYEHHIO KagMito Ta Mifii B A BOX CNPAMYBaHHAX: NEPLUMIA HAaNPAMOK — HAKOMMYEHHSA 3a3HAYEHUX MIKPO-
€/1eMEHTIB B TOHKI/ KuLWLi Ta B KPOBi camuupb. pyruii HANPAMOK BU3HAUYEHHA HAKOMUYEHHA KagMito Ta Kynpymy B
embpioHax. s BU3HAUYEHHSA 3CyBiB MiKpOeneMeHTHOro 6anaHcy BUKOPUCTOBYBAIM METOZ, NOJlieIeMEHTHOIO aHa-
Ni3y 6ionoriyHNX maTepiais LWAAXOM aTOMHOI eMiCii 3 eNeKTPoAYroBO aToOMi3aLi€ro.

I30/1bOBaHe XpPOHiYHe BBEAEHHA XN10pMAay KagMito 36inbluye piBeHb HAKOMMYEHHA KaaMito B 4OCNIAXKYBAaHUX Bio-
NIOTIYHKUX 3pa3Kax (KPOB, TOHKA KULIKa caMuLlb, eMBpioHK), a KoMBiHOBaHe BBeAEHHA CYKLMHATY MiZi 3 X10pnaom
KaAMitO 3HUXKYE PiBEHb HAKOMUYEHHA KaZMito B MOPIBHAHHI A0 rPynu i30/1bOBAHOrO BBEAEHHA KaZiMit0 B XPOHIYHO-
MY eKCMepUMEHTI Ha LLypax.

KombiHoBaHe BBeAEHHA CYKLMHATY Mifi 3 X10pMAOM KaaMmito Mae MoaudiKyroumnii BNANB Ha HAKOMUYEHHSA X/10-
puay Kaamito AK B KPOBi Ta KULLILI camuui Lypa, Tak i B embpioHax, a camM CyKUMHAT Mifi MOXe po3rnagatnca ak
MOXNMBUI BioaHTaroHicT Kagmito.

Knto4oBi cnoBa: Lypu, HAKONMUYEHHSA, KaaAMill, Mifb, TOHKA KMLIKa, eMOPiOH.

DYNAMICS OF CADMIUM ACCUMULATION IN THE BLOOD AND SMALL INTESTINE IN A CHRONIC EXPERIMENT
ON RATS

Shatorna V. F., Tymchuk K. M.

Abstract. The search for new forms of microelements, which may have potential bioantagonistic properties
regarding the toxicity and accumulation of cadmium compounds, is relevant today. Promising are biotechnological
preparations, which include trace elements in the form of succinates, which have recently been increasingly used in
medical and biological experimental work.
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The purpose of the experiment was to determine the degree of accumulation of cadmium and copper in the
small intestine and blood of adult females and in rat embryos with isolated intragastric administration of cadmium
chloride and with combined administration with copper succinate in a chronic experiment. Female rats were
exposed to the studied factors daily from the 1st to the 19th day of pregnancy by intragastric injection of the
solution; on the 13th and 19th days of pregnancy, the females were surgically slaughtered. To fulfill the purpose of
the research, during the experiment blood was taken, the small intestine of pregnant females and embryos were
removed, which were to be frozen without fixation to determine the degree of cadmium accumulation. The level of
accumulation of cadmium and copper was determined in two directions: the first direction is the accumulation of
these microelements in the small intestine and in the blood of female rats; the second direction is determining the
accumulation of cadmium and copper in embryos. The method of polyelement analysis of biological materials by
atomic emission with electric arc atomization was used to determine shifts in the trace element balance.

Isolated chronic administration of cadmium chloride increases the level of cadmium accumulation in the studied
biological samples (blood, small intestine of female rats, embryos), and combined administration of copper succinate
with cadmium chloride reduces the level of cadmium accumulation compared to the group of isolated cadmium
administration in a chronic experiment.

The combined administration of copper succinate with cadmium chloride has a modifying effect on the
accumulation of cadmium chloride both in the blood and intestine of female rats, and in embryos, and copper
succinate itself can be considered as a possible bioantagonist of cadmium.

Key words: rats, accumulation, cadmium, copper, small intestine, embryo.
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