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Abstract. Due to high athropogenic loads on the environmisaties surrounding public health and safety
in consumable products are being raised with evenelasing frequency. One toxic metal, whose
consumption results in irreparable harm to thethezlanimals and human is cadmium. To antagonizé s
toxic effects to human health, magnesium and zirc ansidered being essential elements and their
combination effects warrant further studies. T tbind, we developed a Wistar rat model to lookhat t
combinatorial effects of cadmium with magnesium aidt consumption on the accumulation of iron and
zinc ions in kidney and liver tissues. Our findirsgggested that exposure to cadmium ions reduoedan
levels in the liver and kidneys, reduced iron iom¢he liver (but were increased in the kidney€gréased
magnesium ions in the kidneys but increased teegls within the liver. Moreover, while the consuip

of magnesium and zinc ions individually, partiatgduced the effects caused by cadmium consumption
alone, the simultaneous consumption of zinc andn@sigm ions proved to be significantly more effezti

1 Introduction magnesium and zinc) can counteract the effects of
cadmium by exhibiting protective properties at the

Numerous industrial, agricultural, medical, and cellular level, thus helping to prevent or reduds i

technological applications of heavy metals can lead adverse effects on health. Conversely, their daficy

the widespread exposure of humans to potentiaklicto can also increase the accumulation of cadmium mithi

environments [1, 2]. Consequently, public healtués internal organs, thereby increasing its toxic effgd0—

revolving around food and health safety have gained12].

considerable attention. Consequently, the aim of our research was to study

Due to its high level of toxicity to humans and its the effectiveness of zinc in combination with magjom
ubiquitous use in many consumer electronics, cadmiu on ionic changes associated with the exposureiofas
is one metal that has gained central importancéhén  to cadmium.
context of public health [3].

The main sources of this element are air, soil, .
contaminated water and food — namely rice, cereals,2 Materials and methods
vegetables, seafood and meat (including offal), odll
which permit its entry into the human food chain. [4
Once it enters the body of animals and humans
cadmium accumulates in the liver and kidneys and ca
become the main cause of diseases of these organs.

In the liver, cadmium ions can cause liver failure
associated with hepatocyte degeneration, focalosecr
and fat deposition. It can also accumulate within
epithelial cells from the proximal tubules of thidieys,
where it can lead to generalized dysfunction of re-
absorption and which is characterized by polyura a
low-molecular proteinuria [5-8]. In addition, cadmi
ions can functionally impair cell-based protective
antioxidant mechanisms and the human reproductive
system [9].

In addressing these effects, significant eviderse i
accumulating to suggest that essential elementh (as

Experiments were conducted in the Laboratory of
Technogenic Ecotoxicants at the Fede€anter for
'Toxicological, Radiation and Biological Safety (Ria
Federation) over a period of 30 days.

Experimentally, 40 male rats (weighing 250-300 g)
were randomly divided into five groups of 8 ratskea
Group 1 was a biological negative control; Group 2
received cadmium chloride orally with feed at theerof
0.6 mg per kg of feed; and Groups 3, 4 and 5 wede f
cadmium chloride (at the same dose as Group 2k wit
the addition of magnesium/nitric acid (at a doseD &
mg per head), zinc chloride (at a dose of 5 mgheaid)
and combined zinc chloride with magnesium/nitricdac
at the doses used for Groups 3 and 4, respectively.
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Throughout the experiment, the animals were keptobserved which rose from 0.08 mg/kg (Day 10) t60.1
under standard sterile conditions with free access mg/kg on Day 30.
drinking water and balanced granulated feed. However, in Group 5 the rate of cadmium

The amount of cadmium, zinc, magnesium and iron accumulation in the liver was observed to incrdase
was tracked by atomic absorption methodology tdystu 0.09 (Day 10) to 0.17 mg/kg at day 30. Collectyel
the elementary composition of the liver and kidneys such observations suggest that while magnesium
an AAC Perkin Elmer Analyst 200 before the significantly reduced the accumulation of cadmium i
experiment and on the 10th, 20th and 30th day$ef t liver tissue, zinc or magnesium (with zinc) werenast
study. After the 30 day, the animals were subjected to twice as potent at reducing this effect.
hepatectomy and nephroectomy. Similar trends were also observed for the

All euthanasia and surgical interventions were accumulation of cadmium in rat kidneys. As seen in
performed in accordance with the requirementsedli  Fig. 2, magnesium alone (Group 3) reduced cadmium
by the European Convention for the Protection of accumulation by 0.17 mg/kg (Day 10) to around
Vertebrate Animals used for Experimental and Other 0.06 mg/kg (Day 30). As seen with liver tissueiscz
Scientific Purposes. alone (Group 4) or magnesium and zinc consumption
(Group 5) reduced the accumulation of cadmium to a
significantly lower rate, with Group 5 showing the
lowest rates of accumulated cadmium in the kidney a

As seen in Fig.1, liver cadmium levels were seen to 0.1_}_rznglé<gt0ver Grotlde_Ievlf_lssk,Jy d?jyio‘h that zi
proportionally increase in Group 2 over the 30 days € data presented In Flg.5 an show that zinc

course from dav 10 (0.16 ma/ka) to dav 30 (0.31kma/ concentration was significantly d(a_creased i_n therli
above control %evel(s. At tﬁe ggame i/ime,(duri:ggthe and kidneys of rats after cadmium intoxication by

experiment, the addition of magnesium to the dyetar 4.78 ’_“9"‘9 (Day 10) to around 11.08 mg/kg (Day i80)
supplements (Group 3) resulted in the accumulatibn the liver and by 4'83 ”?9"‘9 (Day 10).t° arou_nd
liver cadmium at a reduced rate and seen at 0.78gng 8_'06 mg/kg (Day _30) in _kldneys. Magne_smm orfwith
(at day 10) rising to 0.24 mg/kg (at day 30). zinc supplementgtlon partially corrected this clesngnd
Similarly, in Group 4 (cadmium and zinc), a by day 30 the difference was 5.40 mg/kg, 1.36 mg/kg

relatively slower rate of cadmium accumulation was 1.25 mg/kg _in f[he liver; 3.07_mg/kg, 1.48 mg/kg and
0.32 mg/kg in kidneys, respectively.

3 Results
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Fig. 2. Accumulation of cadmium in the kidneys
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Fig. 4. Accumulation of zinc in the kidneys

As seen in Fig. 5 the level of manganese in ther liv
was significantly higher in the group of rats exgdo
cadmium (Group 2), on day 30 it was 2.45 mg/kg,civhi
is almost 2 times higher than the control paransetat
the same time, the accumulation of manganese ghadua
decreased in the kidneys (Fig. 6) and by the enthef
experiment, its level was halved from the beginnirfig
the experiment — 0.47 mg/kg.

Supplementation of magnesium, zinc, or a
combination of them to feed animals that were eggos

can be noted that the accumulation of iron in ikerl
(Fig. 7) in rats exposed to cadmium first increased
reached the level of 123.72 mg / kg by 20 days, and
30 days it decreased to 16.34 mg/kg, which is almos
5 times less than in the control group. Kidney itevels
(Fig. 8) were seen to proportionally increase apdhe
end of the experience was higher than the control
parameters by more than 2 times.

At the same time, the addition of magnesium also
increased the accumulation of iron in the livel@9.30

to cadmium throughout the experience reduced themg/kg (20 Day) and then decreased by the end of the

accumulation of manganese in the liver, and ineeats
in the kidneys. By the end of the experiment, tater

experiment to 51.96 mg/ kg, and in the kidneyseéased
its level to 60.63 mg/kg, but to a lesser extemintln

was 0.68 mg/kg (Group 3), 1.27 mg/kg (Group 4) and group 2. Iron Levels in groups 4 and 5 were clase t

1.31 mg/kg in the liver, 0.72 mg/kg (Group 3), 0.92
mg/kg (Group 4) and 0.98 mg/kg in the kidneys.

The effects of cadmium on iron accumulation in the
liver and kidneys were also analyzed for Groups. 1+5

control parameters, which mean that the additionird
and zinc with magnesium is most effective agaihst t
effects of cadmium.
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Fig. 7. Accumulation of iron in the liver

4 Discussion

It is well documented that cadmium has the detriaden
property of accumulating in the liver and kidnegs 6].
Additionally, it has also been suggested that assailt
of the toxic effect of this metal, the quantitativentent

From our findings and presented herein, we confirm
the ability of cadmium ions to accumulate in theeti
and kidneys. Additionally, we also found that timecaunt
of zinc, manganese and iron in these tissues vary
significantly as a consequence of this. Collectivedt
the physiological level such changes can contriboite
number of disorders in the body. For example, a

of some vital elements in the body, such as zinc, yecrease in the level of zinc can lead to dereiguiaif

manganese and iron, are also prone to fluctuate.

i Corresponding authosvetlanal50895@yandex.ru

biologically-protective antioxidant pathways in &ah
to mechanisms protective for anti-tumor activity {3].



BIO Web of Conferences 27, 00110 (2020)
FIES 2020

https://doi.org/10.1051/bioconf/20202700110

90
80
70
60
o
_E 50 u 1 Control
£ | m2Cd
° 40
“ a5 3Cd + Mg
20 B4Cd +Zn
10 - m5Cd+Mg + Zn
0 -
Background 10 day 20day 30day
Days of experiment

Fig. 8. Accumulation of iron in the kidneys

Mechanistically, there is evidence to suggestitioat 3.
and manganese may compete for the same circulatory
transport proteins. For example, reduced iron keahn
lead to an observed increase in tissue-specific
accumulation of manganese [10].

Our results support such a hypothesis particularly
upon the ingestion of cadmium. Concurrently, loanir
intake can cause iron-deficiency and the onsenhefrea,
while increased levels of manganese can cause
neurotoxic and other pathological conditions [14). 1 5.

Consequently, the therapeutic use of magnesium and
zinc significantly reduces the effects associateth w
exposure to cadmium and which confirms their paaént
protective properties against the pathologicaldibyiof
cadmium [11]. 6.

4.

5 Conclusion

Our studies have shown that ingestion of cadmium
guantitatively reduces the levels of zinc in theetiand 7.
kidneys. It also decreases iron in the liver (ladses its
accumulation in the kidneys) and reduces mangainese
the kidney while increaing its levels in the livé@rhe
ingestion of magnesium or zinc individually couniets 8.
the effects of cadmium accumulation in the liver or
kidneys while ingestion of magnesium and zinc tbget
proved to be the most effective.
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