DOI https://doi.org/10.30525/978-9934-26-316-3-6

THE TOXIC EFFECT OF CADMIUM ON THE ANIMAL BODY
AND ITS PREVENTION
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INTRODUCTION

Cadmium compounds deserve special attention from researchers, as this
element belongs to the first class of environmental hazards (Waalkes M. P.,
2003). Furthermore, the widespread use of Cadmium in various industries led
to a rapid increase in its content in soils (V. V. Horbenko, S. Yu. Starodubtsev,
2018). Both on the scale of Ukraine and in the world in recent years, it has
been accompanied by the accumulation of Cadmium in feed. These contribute
to the growing threat to the health of animals and poultry (Y. I. Honsky, 2008;
G. L. Antonyak, 2010; 2010; Snitinsky V. V., 2019).

Cadmium is classified as a dangerous pollutant of the environment because it,
due to toxic stress, causes various disorders of the functional state of the organism
of animals and birds. Even in a small amount, the element mentioned above
accumulates in various organs and tissues for a long time, which can cause
toxicosis, accompanied by violations of biochemical processes, structure, and
function of cells (Nazaruk N. V., Gufriy D. F., 2014). The toxicity of this metal
depends on its type, solubility, and the presence of other biologically active
substances. In addition, the response to the toxicant depends on the age, sex, and
general condition of the organism of animals and birds.

The wide range of toxic effects of Cadmium on the poultry organism
(Tsekhmistrenko C. I. et al., 2010; Vakhutkevich I. Yu., 2015; Zhukova I. O.,
2017) necessitates an in-depth study of the pharmacotoxicological and
biochemical processes underlying metabolic disorders caused by Cadmium
and disorders of the vital functions of the bird’s body. It is essential to find
out the state of the protective systems of the bird’s body under cadmium load.

The effect of Cadmium on the immune system and antioxidant potential
has been studied to a greater extent in laboratory animals (Borgman R. F.,
1986; Brzoska M. M., 2002; Pathak N., Khandelwal S., 2006;
Gordienko V. V., 2014; Wang X., 2016; Apikhtina O. L., 2017), on ruminants
(Gutiy B. V., 2013), however, information on the mechanisms of development
of cadmium toxicosis in laying hens is fragmentary and requires detailed
study. There are only isolated messages on this issue. The pharmacological
and biochemical mechanisms of long-term cadmium exposure on metabolic
processes, immune function, and antioxidant potential of the body of laying
hens have not been elucidated, which determines the relevance of such studies.
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It is also essential to discover the possibility of preventing and correcting
metabolic disorders caused by Cadmium in the poultry body, particularly
concerning laying hens.

1. Man-made pollution of the environment with Cadmium

Recently, due to an increase in anthropogenic load, the environment has
been polluted with heavy metal ions, one of which is Cadmium and its
compounds. Cadmium is an element of group Il of the periodic system of
elements. The atomic number is 48. It was first discovered in zinc carbonate
in 1817. The atomic weight is 112.40. Its natural isotopes are 106Cd (1.215%),
108Cd (0.875%), 110Cd (12.39%), 111Cd (12.75%), 112Cd (24.07%),
radioactive 113Cd (12.26%), 114Cd (28 .86%), 116Cd (7.58%)".

This element does not belong to the physiologically necessary trace
elements and belongs to the first class of danger?. The widespread use of
Cadmium in minerals and its use in industrial production determines the
gradual increase in the content of this element in the environment (air, soil,
water). The prevalence of this element in igneous and sedimentary rocks does
not exceed 0.3 mg/kg. It is concentrated in clay sediments and shales (0.22—
0.30 mg/kg). Among igneous rocks, the primary rocks (basalts, gabbros)
contain the maximum amount of Cadmium — 0.13-0.22 mg/kg®.

Unlike other environments, there is no possibility of quick cleaning in
soils. Chemical pollutants can be stored in it for many years and, included in
ecological chains, cause the long-term effect of toxicants®.

Wide use of Cadmium in various industries led to a sharp increase in its
content in soils and plant and animal tissues. In Ukraine, E. Ya. Zhovynskyi,
E. V. Sobotovych, A. I. Samchuk, and others studied the regularities of the
distribution of heavy metals in soils. The problems of the distribution of
Cadmium in the biosphere are devoted to the works of D. O. Semenov. He
studied the mobility of Cadmium in the soils of the Left Bank Forest Steppe
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Ta HOro BIUIMB Ha OpraHisM TBapuH. Haykosuu eichuk JIbGi6cbko2o HAYIOHANLHO2O
yuieepcumemy eemepunaphoi meduyunu ma 6iomexuonoziu im. C. 3. Dicuywvrozo, 2010. T. 12,
Ne 3(4). C. 249-254.
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Magrelo N., Golodyuk I., Nazaruk N., Binkevych O. The effect of cadmium loading on protein
synthesis function and functional state of laying hens’ liver. Ukrainian Journal of Ecology, 2019.
Vol. 9(3). P. 222-226.

4 T'pemrok C. B., Onnopir 3. C., Koanbuyk O. 3. JlociiIKeHHs BMIiCTy BaXKHX METaIiB y
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and Steppe of Ukraine and its arrival in cereal crops®. L. O. Zherebna, studied
the effect of high levels of Cadmium contamination of chernozems azotized
and typical for the arrival of these elements in plants®.

In the soils of Ukraine, in the territories where there are no sources of
pollution, the content of Cadmium Cadmium (on average 1-10-5%), which is
an order of magnitude lower than its content in plants, ranges between 0.01-
2.5 mg/kg and, mainly, does not exceed 1 mg/kg. The soils of Ukraine have a
high background content of gross Cadmium (0.3-0.8 mg/kg soil). In the
forest-steppe and steppe soils, the amount of firmly fixed forms of this metal
is, on average, 0.32 mg/kg. Chernozems have a hundred-thousandths of a
percent. The humus layer of the soil has an increased content of this element
compared to other genetic horizons. The content of mobile forms of Cadmium
in the soils of the Forest Steppe and Steppe is, on average, 0.12 mg/kg, ranging
from 0.1 to 0.35 mg/kg, and its content in the soils of the Polissia ranges from
0,1t0 0.3 mg/kg’.

The sources of Cadmium entering the environment are the use of
phosphoric mineral fertilizers, limestone materials, vehicle emissions (tire
rubber and lubricants contain Cadmium), as well as industrial and domestic
sewage sludge, etc.. Approximately 52% of Cadmium enters the atmosphere
due to the incineration or processing of products containing it. About 80% of
anthropogenic cadmium emissions are related to the production of Lead, Zinc,
Copper, and Cadmium. Approximately 45% of the total pollution caused by
this element is due to the smelting of Cadmium from ores. Every year, up to
1,000 tons of Cadmium is released into the air from the flue gases of power
plants and industrial boilers, and 0.3 thousand tons/per year from burning
municipal waste and wood®®,

In the soil solution, the metal is present as Cd?* and forms complex ions
and organic chelates. The parent rocks are the main factor determining the
element’s content in soils without anthropogenic influence. In soil-forming

° Cemenop JI. O. Pyxomicth kaamito B rpynrax JliBoGepexnoro Jlicoctermy Ta Cremy
VKkpaieu Ta HOTO TpaHCIOKAIis 10 3JIaKOBUX KYJNBTYP i COHSNIHMKY: ABTOped. JWC. ... KaHI.
c.-T. Hayk. Xapkis, 2009.

® Yepebna JI. O. Brutue BHCOKMX pPiBHIB 3a0py/HEHHS CBMHIIEM i KaJMi€M YOPHO3EMiB
OIT/I30JICHUX 1 THIIOBUX HA HAJXO/KCHHS LHUX CJIEMCHTIB y POCIMHH SYMEHIO Ta KYKYypyI3H :
Asroped. uc. ... KaHa. 6ion. Hayk. Xapkis, 2003.

"Tnoaucra H. 1., Ocepemayk P. C. OcHOBHI IILIAXH 320pyHEHHS arpOeKOCHCTEM KaaMieM
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yHigepcumenty eemepunapHoi meduyunu ma biomexrnonozii im. C. 3. Dicuybkozo, 2010. T. 12,
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8 Cuitunceknit B., Jlunis A. Brimus kaaMifo Ta CBHHIJIO Ha GiOXiMiuHHI CKIax OypsKy
CTOJIOBOTO 33 BUKOPHCTAaHHS Pi3HHX CHCTEM YAOOpeHHs. Bicuuk Jlvsiecbkoeo nayionanshozo
azpapHozo ynisepcumemy. Cepis: Aeponomis, 2015. Ne 19. C. 21-25.

Cuitnaebkuii B., Xipieekuii I1., Kopinens 0. Exonoriuna oninka Bmicty Ilmrom0Oymy ta
Kaamito B pocIIMHHOMY omajii Ta IpyHTaxX SIBOPiBCHKOTO HAaIliOHAJIBHOTO MPHPOIHOTO MapKy.
Bicnuk Jlvgiscokoeo nayionanenozo azpaprozo ynisepcumemy. Cepis : Aeponomis, 2019. Ne 23.
C. 5-10.
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rocks, the average metal content is 0.15 mg/kg in clays, 0.08 mg/kg in loess
and loess-like loams, and 0.03 mg/kg in sands. Cadmium mobility in the soil
depends on the environment and redox potential®®.

A significant amount of Cadmium enters the environment with
combustion products. The content of this element in wood ash ranges from 2
to 30 mg/kg'?, and in straw ash, it reaches 10 mg/kg. Significant cadmium
pollution of the atmosphere, soil, and water occurs during forest fires. Since
ash has an alkaline reaction, the Cadmium present in its compaosition is
insoluble in water and poorly absorbed by plants. Still, it accumulates in the
soil and becomes available to plants when acidified.

According to statistical data, the volume of waste generation containing
Cadmium and its compounds is 31.5 tons annually in Ukraine!2,

The Cadmium content in soils depends on the composition of the source
rocks. The significant diversity is associated with the complex geological
history of the territories development. The chemical composition of soil-
forming rocks is determined by the chemical composition of the source rocks
and depends on the conditions of hypergenic transformation3#,

The level of soil contamination with this heavy metal in the direction of
prevailing winds from highways, even at a distance of 130 m, is 40 parts per
billion. At the same time, in non-contaminated areas, it is about 9 parts per
billion®®,

Metals of 10-30% of the total emission into the atmosphere spread over a
distance of 10 km or more from the industrial enterprise. The combined
pollution of plants is observed, consisting of the direct deposition of aerosols
and dust on the surface of leaves and root assimilation of heavy metals, which
accumulated in the soil during a long time of pollution from the atmosphere?®.

1 Ilgetkoa H. M., I'ynsko C. O. KopensTHBHa XapakTepHCTHKAa KaJMil0 y TpyHTax
crenoBoro IlpumHinpos’s. Bicuux /[uinponemposcvkozo yuigepcumemy. Cepia . bionoeis.
Exonozis, 2015. Bun. 23(2). C. 190-196

1 Aronsson K. A., Ekelund N. G. A. Biological effects of wood ash application to forest and
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2 Topaienko B. B. Oco6aMBOCTI HAKOMMYEHHs KaJMi0 B OPTaHi3Mi IypiB pi3HOTO Biky 3a
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15 Kaumap H. B., Jlatko T. M., Masypax O. T. BIumuB ioHiB CBHHIIO T2 Ka/IMitO Ha TATOMY
MOBEPXHIO TEMHO-CIpOT0 OMiA30JIeHOr0 IPyHTYy. Haykoesuil sichuk Jlbeiécbko2o HayioHanbHo20
yuisepcumemy eemepunapnoi meduyunu ma 6iomexuonoziti im. C. 3. Iicuybroeo, 2013. T. 15,
Ne 1(4). C. 62-67.

18 Violante A., Cozzolino V., Perelomov L., Caporale A.G., Pigna M. Mobility and bioavailability
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The mass percentage of Cadmium in the earth’s crust is 5.0-10-5%. Clark
Cadmium of the granite layer of the continental crust is 9.0-10-4%. Cadmium
in soils is hundreds of times lower than that zinc. For example, the ratio of Zn:
Cd in chernozems is 1000: 1. The maximum permissible concentration of
Cadmium for soils is 1 mg/kg*’.

Many factors determine the distribution of Cadmium on the soil surface
and primarily depend on the characteristics of pollution sources, the region’s
meteorological characteristics, and the landscape’s geochemical factors as a
whole?8,

According to the National Center of the Institute of Soil Science and
Agrochemistry, about 20% of the territory of Ukraine is contaminated with
heavy metals, especially Cadmium. The sources of environmental pollution
with Cadmium are electrotechnical, chemical-pharmaceutical chemical,
machine-building, light industry, and non-ferrous metallurgy enterprises'®.

Vehicle emissions cause a significant share of the cadmium contamination
of soils located along highways. After the cessation of the factors that increase
the content of this element, their concentration in the soil remains high for a
long time due to the long term of removal?®.

Soil pollution with Cadmium is considered one of the dangerous
environmental phenomena because it accumulates in plants above the norm,
even with minor soil pollution. The heavy metal quickly moves from the soil
to plants, which absorbs up to 70% of it from the soil and only 30% from the
air?l, When Cadmium enters the soil, plants quickly absorb it, accumulating
in them, crossing the plasma membrane, filling the central cylinder cells, and
is deposited in plant cell walls.

Due to the toxic effect of the metal in plants, growth retardation, damage to
the root system, and leaf chlorosis are observed. Cadmium quickly enters plants
from the soil and atmosphere. In terms of phytotoxicity and the ability to
accumulate in plants, it ranks first among heavy metals: Cd > Cu > Zn > Pb?,

Y7 YKoeuuceknit E. $1. Kypaesa . B. 'eoximis Bakkux meTamis B rpyHTtax Ykpaimm. K. :
HaykoBa mymka, 2002. 213 c.

8 Das S., Jana B. B. Istribution pattern of ambient Cadmium in wetland ponds distributed
alonti; an industrial complex. Chemosphere, 2004. Vol. 55, Ne 2. P. 175-185.

9 Ostapyuk A. Y., Gutyj B. V. Influence of cadmium loading on morphological parameters
of blood of the Laying Hens. Scientific Messenger of Lviv National University of Veterinary
Medicine and Biotechnologies, 2018. VVol. 20(88). P. 48-52.

2 Ostapyuk A. Y., Gutyj B. V. Influence of milk thistle, methifene and sylimevit on the
morphological parameters of laying hens in experimental chronic cadmium toxicosis. Ukrainian
Journal of Veterinary and Agricultural Sciences, 2020. VVol. 3(1). P. 42-46.

2 Chorna V. 1., Voroshylova N. V., Syrovatko V. A. Cadmium distribution in soils of
Dnipropetrovsk oblast and its accumulation in crop production. Ukrainian Journal of Ecology,
2018. Vol. 8(1), 910-917
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Cadmium content in plants is ten-thousandths of a percent (10-4% on the
dry matter). It enters plants less intensively in neutral and alkaline soils and
much more in acidic soils. An excess of Cadmium in plants inhibits enzymes
such as phosphatase, carbonic anhydrase, and dehydrogenase and contributes
to the rupture of cell membranes and disruption of protein metabolism. Being
an antagonist of Zinc, Cadmium causes a deficiency. As a result of the
significant accumulation of Cadmium in them, redness and chlorosis of
leaves, stems, and petioles are observed.

Characteristic signs of excess Cadmium in the plant body are membrane
damage, changes in enzyme activity, and inhibition of root growth. All these
changes cause many secondary effects, such as inhibition of photosynthesis,
deficiency of mineral elements, hormonal imbalance, disruption of transport
of assimilates, and change of the water regime, which delay the overall growth
and development of the plant. Chlorophyll-protein complexes act as targets of
heavy metal ions, in particular Cadmium?,

It is also worth noting that Cadmium accumulates in the minimum amount
in legumes and cereals and the maximum amount — in lettuce, zucchini, and
spinach. Wheat growing on contaminated land has an increased ability to
accumulate this element. Cadmium concentration increases in root crops and
vegetables. Green mass accumulates Cadmium during slow development — in
spring and autumn?,

According to scientists, the concentration of Cadmium in plants tends to
increase due to anthropogenic activity. The highest concentration of cadmium
ions in the affected plants is mainly in the roots and slightly lower in the leaves
and generative organs®.

When conducting a correlation analysis of chemical, ecological, and
biological parameters of the surveyed areas, it was established that the
concentration of Cadmium in the root has a probable positive correlation with
the following indicators: the concentration of Cadmium in the leaves (r=0.72;
P<0.009), the distance from the agricultural soil (r= 0.62; P<0.03), soil pH
(r=0.64; P<0.025) and a negative correlation with exchangeable ammonium
concentration (r=-0.72; P<0.008), distance from the highway ( g=-0.84;

% Kapynuu S1., Boiiko L., Kobunenpka M., Tepek O. XapakTepucTHKa MIlHOCTi 3B 3Ky
xJI0podiny 3 OIIKOBO-JIIMIJHUM KOMIUIEKCOM Y POCIIMH NILIEHUIII 32 Jii CATIUIOBOI KUCIOTH Ta
KaaMmii xnopuny. bionoeiuni cucmemu, 2013. T. 5, Bum. 4. C. 471-474.

2 Kaumap H. B., ®opemna 1. B., lunis A. 1. Oco6auBoCTi 6i00Ti9HOTO MOTIMHAHHSA
Kammiro pocimHamm  saMeHIo  sporo. Hayxoeuu  gicnux  Jlbeiecvkoeo  nayionansbnoco
yuigepcumemy eemepunapnoi meduyunu ma diomexnonoziii imeni C. 3. Icuyvkozo. Cepia :
Cinvcvkoeocnooapewki nayku, 2018. T. 20, Ne 84. C. 16-20.

% Bopuciok b. B., XKypasens C. B., 3anescekuii P. A., Kussesa O. I1. OcobmuBocri
HAKOTIMYEHHS POCIMHAMH KaJMII0 Ta CBHHIIIO 3aJIGXKHO BiJl HOPM J00pUB. Aeponpomuciose
supobnuymeo Ilonices, 2012. Bum. 5. C. 99-102.

98



P<0.0001), humus concentration (g=-0.78; P<0.002). In addition, the
concentration of Cadmium?,

According to the literature, when the content of Cadmium in the soil is
within the range of 5 mg/kg, the element mentioned above reduces the
productivity of crops by 50%, and the half-life of Cadmium from the soil is
1100 years? [27].

In their research, N.M. Tsvetkova and S.O. Gunko established that the
concentration of Cadmium in the natural soils of the Dnieper steppe primarily
depends on the pH value of the environment, hygroscopic moisture, and
humus, as the concentration of mobile Cadmium in the soil increases. High
concentrations of Cadmium in the surface layer of the studied soils are
associated with the arrival of this element from industrial or agrotechnical
sources. For example, in the urbanized areas of the city of Dniprodzerzhinsk,
the content of Cadmium in the soil was 3-25 times higher than the content of
this element in natural soils®,

When the pH of the medium decreases, the solubility and, therefore, the
mobility of Cd in the system solid phase of the soil — solution increases.
Cadmium is the most mobile in acidic soils in the medium pH range of 4.5-
5.5 units and is relatively immobile in alkaline conditions?.

O. E. Pakhomov and L. V. Grachova found that soil contamination with
this heavy metal suppresses the development of soil microflora. It was
established that after a month of exposure to Cadmium under experimental
conditions, the total number of microflora decreased by 35.6%, and after 3
months — by 37.6%. Under these conditions, the number of saprophytic
bacteria decreased by 16.1% after 1 month and by 13% after 3 months,
oligonitrophils — by 23.8% and 41.0%, oligotrophs — by 33.2% and 30.7%,
actinomycetes — by 30.2% and 56.3%, respectively®.

So, it became known from the literature that anthropogenic cadmium load
can induce a complex of factors that can cause disturbances at almost all levels

% pomantok B. I, y6osa I'. A., dactoBa O. M., Iy6osa }0. M. Bruies 4uHHUKiB
€K30T€HHOT'0 1 €H/IOTEHHOT0 MOXO/KEHHSI Ha HAKOIIMYEHHS KaJMiI0 (DiTOMapKEPHOIO POCIMHOIO
noxpopokHuk Bemukwii (Plantago major L.). [lpobremu exonoeiunoi ma meduunoi cenemuxu i
xainiunoi imynonoeii, 2010. Bum. 3. C. 26-29.

2 Goering P. L., Waalkes M. P., Klaassen C. D. Toxicology of cadmium. In: Toxicology of
metals. Biochemical Aspects. R. A. Goyer, M. G. Cherian (Eds.). Handbook of Experimental
Pharmacology. New York: Springer-Verlag, 1995. Vol. 115. P. 189-214.
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in the blood of laying hens in experimental chronic cadmium toxicosis. Colloguium-journal,
2020, Ne30 (82), 17-20.

2 Maxapenko H. O., Kosiit I. C. BusnaueHHs kKaaMilo B IpyHTaX ypOaHi30BaHUX TepUTOpiit
1 Horo BIUTUB Ha 37I0POB SUTIOUHH. Bicnux KpHY imeni Muxaiina Ocmpoepadcvrozo, 2012. Burr.
5(762. C. 123-125.

? [TaxomoB O. €., I'pauosa JI. B. Biuie QyHKIiOHATEHOT JisIBHOCTI CCABIIIB HA IPYHTOBY
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of biological organization. In the case of long-term exposure of Cadmium to
the body of farm animals, their feed consumption decreases, as well as the
milk productivity of dairy cows and body weight gain. Cadmium has
cumulative properties since it does not have a negative effect immediately
after the animal eats feed but gradually accumulates in the animal’s body after
some time.

2. Negative effects of Cadmium on the body of animals and birds

Cadmium poisoning in animals occurs when it enters the stomach or after
inhalation into the respiratory tract®:. When Cadmium enters the body of
animals, it suppresses the activity of mitochondria, increasing the sensitivity
of cells to free radical oxidation under these conditions®2. Cadmium has a high
migration speed and biochemical activity and is characterized by a polytropic
toxic effect and the ability to accumulate in organs and tissues®. It should be
noted that about 50% of absorbed Cadmium accumulates in the liver and
kidneys®. Intensive inclusion of Cadmium in the tissues of the liver and
kidneys is primarily associated with the high activity of biochemical processes
occurring in these organs®®.

A feature of the harmful effects of Cadmium is its rapid assimilation by
the body and slow elimination. The negative effect of Cadmium covers
different types of cells, but their sensitivity to the action of this element is not
the same. The depth of cell damage is largely determined by the accumulated
dose of Cadmium and the level of expression of metallothionein genes in
them, which is affected by the aforementioned toxic element. Furthermore,
the effects of Cadmium are manifested differently under the conditions of
long-term and one-time entry into the body of animals®®.

Cadmium accumulation in the body of animals and birds largely depends
on the interaction with such elements as Ferrum, Zinc, Calcium, and Copper,

3 Tonoskoa T. A. EKOTOKCHMKOJIOTIYHI acTeKTH BIUIMBY KaJMil0 HA OPraHi3M JIFOJMHH.
Axmyanvri npobnemu mpancnopmuoi MeOuyuHu: HABKONUWHE cepedosuiye; npogeciite
300po6’a; namonoeis, 2018. Ne 1. C. 146-149

32 I'pamosuu H. 1., IMapansk P. II., 3aburischkuit FO. M. Oco6aMBOCTI HAKOMMYEHHS
ITmrom6ymy Ta Kaamiro B opranizmi 6inoro toBcronoba. bionoeis meapun, 2015. T. 17, Ne 4.
C. 3541
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C. 27-30.
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2012. Ne 3-4. C. 35-38.
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CHTEPOLUTIB TOHKOI KUIIKM 3a Aii Kaxmiro Ta mpu 3acTocyBaHHI jninocoMm. bionozis meapur,
2012. T. 14, Ne 1-2. C. 513-517.
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which can occur at different stages of absorption, distribution in organs and
tissues, as well as at the level of biological functions of cells®'.

With excessive ecocidal influence, Cadmium easily migrates from feed into
the body of animals. As a result, it has a high cumulative capacity, confirmed by
its significant increase in fattening pigs’ internal organs and tissues®,

The intracellular distribution of Cadmium is characterized by the same
regularities in the cells of various organs and tissues (kidney, liver, intestine,
pancreas). The cytosolic fraction contains almost 80% of the total cadmium
content in the cell. The remaining cations of this metal are distributed between
the nucleus and mitochondria of cells. It is worth noting that about 10% of
Cadmium accumulates in mitochondria, 7% in the nucleus, and 4% in
lysosomes and microsomes. The level of entry of Cadmium into other
organelles is negligible®.

Metallothioneins play a central role in the metabolism of Cadmium in the
organs and tissues of animals and birds. These are low molecular weight
proteins that contain a significant number of sulfhydryl groups. Each molecule
of metallothionein can attach seven molecules of Cadmium. In the tissues of
animals and birds, Cadmium can be in the composition of metallothioneins or
free form. However, it should be noted that only Cadmium, not bound to
metallothioneins, is toxic to the body of animals and birds*°.

After oral absorption, Cadmium is first transported through the portal vein
to the liver and accumulates in hepatocytes, where it induces the synthesis of
metallothioneins. Which, in turn, reduces the toxic effect of Cadmium in the
kidneys and liver. The intensity of synthesis of metallothioneins in
hepatocytes in response to the influx of cadmium ions is higher than in other
cells. Manifestations of dystrophy, apoptosis, and inflammatory reaction
represent histological changes in the liver during cadmium toxicosis.
Dystrophic processes were manifested by hydropic dystrophy with
vacuolization of the cytoplasm of hepatocytes in places up to focal
colliquative necrosis*.
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The mediated hepatotoxic effect of Cadmium is due to its activation of
Kupffer cells, which triggers a cascade of biochemical processes involving
many cytokines and inflammatory mediators.

The toxic effect of Cadmium is most pronounced for the kidneys. The
Cd-metallothionein complexes are transported to the kidneys, where they are
almost entirely reabsorbed and rapidly degraded with the release of Cd ions,
which may contribute to kidney damage. The basis of kidney damage is a
violation of the activity of the proximal convoluted tubules, manifested by the
excretion of enzymes (N-acetyl-B-D-glucosaminidase, etc.) and low
molecular weight proteins (B2-microglobulin, a1-microglobulin) in the urine.
Damage to tubules increases with long-term exposure to Cadmium and is
accompanied by damage to other parts of the nephron. Cadmium causes
nephron dysfunction in the kidneys, suppressing the reabsorption of amino
acids and glucose. With severe cadmium toxicosis, kidney tubules’ necrosis
and impaired reabsorption of proteins, amino acids, glucose, bicarbonate, and
calcium phosphate are detected*. Signs of kidney dysfunction are mostly
manifested by the content of Cd?* in the cortical layer of the organ above
50 pg/g, and in the urine —2.5 pg/g of creatinine.

The greater sensitivity of the kidneys to the action of Cadmium, compared
to other tissues of the body, is explained by the fact that the long-term intake
of small amounts of this toxicant enables cells to convert it into a bound form.
It is a very stable compound and can be broken down in small amounts only
in the renal tubules*.

The conducted experimental studies on rats established that a single
(12 mg/kg of body weight) and multiple (1.2 mg/kg for 10 days)
administration of the toxicant mentioned above (corresponding to 1/5 LD 50
and 1/50 LD 50) revealed morphological changes in the liver and erythrocytes
of experimental animals. In erythrocytes and soft tissues, Cadmium binds to
a2-macroglobulin and albumin, after which it is quickly redistributed, mainly
in the liver and kidneys. In addition, Divalent Cd has an affinity for
hemoglobin®.

When Cadmium enters the internal organs of animals and birds with blood,
it can be released from protein complexes and bind to other target molecules
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on the surface of cells or enter the cell thanks to the work of metal ion
transporters, in particular the group of Zrt-/Irt-related proteins®.

I. A. Shepelova, co-authors, investigated the qualitative and quantitative
content of amino acids in the liver of rats under conditions of cadmium sulfate
poisoning. They established the peculiarities of the redistribution of the
content of free amino acids under the conditions of damage by heavy metals,
namely, the total content of free amino acids increased by 16.6%, against the
background of a decrease in the content of aspartic and glutamic acids.
Changes in the content of free amino acids were established, which indicates
a violation of their metabolism due to the action of cadmium*’.

Entering into competitive relationships with essential divalent metals,
Cadmium blocks the active centers of enzymes. It binds to thiol groups of
proteins, thereby exerting a toxic effect on metabolic processes in the body of
animals and birds?®.

Cadmium disrupts the transmission of signals in the nervous and endocrine
links of the body’s regulatory systems of animals and birds, inhibiting
conditioned reflexes. Cadmium and its salts have a mutagenic effect, affect
the heart, affect spermatogenesis, and reduce the efficiency of digestive
enzymes. In addition, it suppresses the synthesis of several hormones,
particularly insulin.

Pryshlyak A. M., with a co-author, found that the long-term effect of
cadmium chloride on the body of white rats damaged many cardiomyocytes.
Thus, the relative volume of damaged cardiomyocytes of the left ventricle in
simulated pathological conditions probably increased by 21.8 times and in the
right ventricle — by 163 times. During the histological examination of the heart
chambers, full blood was noted mainly in the venous vessels and microvessels
of the distal part of the microhemo-circulatory bed. In addition, hydropic
dystrophy, foci of necrobiosis, and foci of cellular infiltration of the stroma
were detected in cardiac muscle cells. The postcapillaries and venules noted
their expansion, full blood, stasis, and perivasal edema. Under these
conditions, the authors note that these changes dominated the left ventricle*.

The cadmium load on the body of pigs of the Vietnamese breed of cadmium
chloride leads to pronounced remodeling of the heart chambers, characterized by
uneven, unbalanced mass growth and dilatation. The latter’s increase dominated,
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compared to the hypertrophy of parts of the heart muscle. It is also worth noting
that hypertrophy of the left ventricle dominated in all experimental groups, which
can be explained by its most excellent load in physiological conditions and the
most apparent damage in conditions of simulated pathology. Histologically,
pronounced vascular disorders, dystrophic, necrobiotic changes in
cardiomyocytes, endotheliocytes, stromal structures, and infiltrative and sclerotic
processes were found in the heart chambers®°.

B. V. Gutyj studied the features of chronic and acute cadmium toxicosis
in rats and young cattle. It was established that chronic cadmium toxicosis in
rats was accompanied by a sharp decrease in the activity of the antioxidant
defense system in the liver and the blood and an increase in the concentration
of lipid peroxidation products. Furthermore, it was established that Cadmium
ions accumulate in the order of decrease in the series: kidneys > brain > liver
> heart > spleen > lungs. A decrease in the concentration of zinc and copper
in the body tissues of experimental rats also accompanied the introduction of
cadmium ions into the body of animals. In young cattle with cadmium
toxicosis, the following clinical signs of poisoning were shown: a sharp
decrease in feed intake, a decrease in body weight, slow growth of animals,
impaired kidney function, liver dysfunction, proteinuria, and anemia.
Investigating the state of the protective systems of the body of bulls under
conditions of cadmium load, the researcher noted a significant decrease in the
activity of enzymes of the glutathione system and ceruloplasmin®2,

Many authors note fatty infiltration of the liver and kidneys for poisoning with
cadmium compounds. In the case of chronic poisoning, hypertrophy of the heart
was noted. In the parenchymal organs — areas of necrosis and the growth of
connective tissue, hyperplasia of the spleen were shown. In the kidneys — an
increase in the size of the glomeruli, swelling of the epithelium of the renal tubules,
and degenerative changes in the kidney tissues were observed>3.

When Cadmium enters the body of animals, it inhibits the formation of the
hormonally active form of vitamin D3 (calcitriol) in the proximal renal
tubules, which leads to a decrease in calcium absorption levels from the
digestive tract. Cadmium significantly reduces the binding of gonadotropin,
luteinizing, and follicle-stimulating hormones to ovarian membrane receptors,
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resulting in the intensity of steroid hormone synthesis changes. Cadmium has
a pronounced effect on the immune system of animals and birds. The short-
term action of Cadmium increases the proliferation of leukocytes and the
production of immunoglobulins®,

Thus, it was shown that Cadmium, when entering the body of animals,
reduced the phagocytic activity of lung macrophages, caused suppression of
the activity of N.K. cells, and suppressed the body’s resistance to viral
infections. Furthermore, it was established that Cadmium suppresses the
proliferation of T- and B-lymphocytes disrupts the synthesis of
immunoglobulins, and increases the titers of antinuclear antibodies,
characteristic of an autoimmune reaction. After toxic exposure to Cadmium,
the rate of proliferation of lymphocytes changes. In adult mice, the number of
double negative (D.N.) (CD4-CD8-) and the number of double-positive (D.P.)
(CD4 + CD8 +) LF. in the thymus increases during their maturation stage,
Cd leads to OS. and apoptosis of thymocytes®%, in a wide range of doses
causes significant weight loss or atrophy of the thymus.

When entering the alimentary canal, Cadmium led to a decrease in
Lactobacillus. It damaged the mucous membrane, which subsequently led to
inflammation in the alimentary canal, which was reflected in an increase in
the content of high-mobility proteins (HMGB1 molecules), SOD, CAT, and
pro-inflammatory TNF-a. IL-1B, IFN-y and IL-17. In addition, in the
mesenteric lymph nodes (MLN), a stress reaction was observed: an increase
in the levels of glutathione (GSH) and metallothionein mRNA, stimulation of
adaptive activity (increase in cellular, proliferation, pro-inflammatory CK
IFN-y, and IL-17) and innate immune response (increase in the number of
N.K., LF CD68 +, IL-1p)*".

The effect of cadmium chloride on the organism of experimental animals
led to a pronounced morphometric restructuring of the structures of the ileum
wall, namely, uneven changes in the thickness of the mucous, muscular, and
serous membranes and the submucosal base of the ileum wall. Under the
simulated pathology, organ and cellular structural homeostasis were
significantly disturbed, the degrees of changes of which were correlated with
pathohistological damage to the structures of the organ under study. During
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the histological examination of experimental animals’ micro preparations of
the ileum, perinatal hemorrhages, dystrophic and necrobiotic changes of
epitheliocytes, endotheliocytes, stromal structures, and sclerotic and
infiltrative processes were revealed®®.

As a result of exposure to Cadmium on the body of sexually immature
white rats, a structural rearrangement of all links of the hemomicrocirculatory
channel of the jejunum was established, where the supply (arterioles,
capillaries) and exchange (capillaries) links narrowed, and the venous part
(postcapillaries, venules) expanded. The detected expansion of the venules of
the microhemocirculatory channel of the jejunum during cadmium
intoxication leads to a slowing down of blood flow and, therefore, to venous
stasis and maintains a state of tissue hypoxia. In addition, it promotes swelling
and leads to dystrophic, necrobiotic changes at all levels of the structural
organization of the organ under study®.

Talokha N.I. and Kurtyak B.M. investigated that the addition of cadmium
sulfate in the maximum permissible dose to the incubation medium containing
cattle rumen under in vitro conditions suppresses the growth of
microorganisms and their metabolic activity. It leads to a decrease in the
ammonia and short-chain of fatty acids and a decrease in proteolytic,
amylolytic, and cellulolytic activity®°.

Chalai O. S.’s research on piglets showed that in these animals fed high
doses of Cadmium, average daily gains, and final live weight decreased. At
the same time, the live weight at the end of fattening decreased by 5.5%
compared to the control, and the absolute gain during the experiment
decreased by 7.6%, respectively®.

Yucesoy B. et al. established that chronic cadmium intoxication changed
immunological reactivity and affected the synthesis of immunoregulatory
cytokines®.

High doses of Cadmium reduce the body’s resistance to bacterial and viral
infections and suppress the cellular and humoral immune response. In
contrast, relatively low doses, on the contrary, showed an immunostimulating
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effect. The immunomodulating effect of Cadmium depends on its ability to
compete for binding centers with the essential metal — zinc, which is contained
in the thymus hormone. According to other assumptions, the immunotoxic
effect of Cadmium may be due to its antagonism to Selenium, which is an
immunomodulator that stimulates cellular and humoral immunity®,

Wang X. et al. found that CdSe/ZnS quantum dots increased the
production of reactive oxygen species, decreased the viability of
macrophages, stimulated apoptosis, decreased phagocytic activity, and
released TNF-a and IL-6; in an in vivo experiment. Furthermore, the
accumulation of quantum dots in the main immune organs of mice. A decrease
in the viability of lymphocytes, an increase in the production of TNF-a and
IL-6, and a reduction in the ability to transform in response to
lipopolysaccharides were found®“.

Thus, the basis of the immunotoxic effect of Cadmium is the violation of
homeostatic mechanisms in the cell, which are caused by the inhibition of the
antioxidant defense system, the increased production of reactive oxygen species,
the development of oxidative stress, and the stimulation of lipid peroxidation
processes, the violation of calcium homeostasis and signaling processes.

The mechanism of the immunotoxic action of Cadmium is due to the
ability to stimulate lipid peroxidation and free radical damage to DNA, as well
as, due to its affinity to the SH-groups of proteins, to cause changes in the
functional activity and antigenic composition of the membranes of
immunocompetent cells. Cadmium toxicity is associated with the element’s
ability to cause a hepatocyte membrane lipids peroxidase reaction®.

During long-term cadmium intoxication of white rats, the activation of
lipid peroxidation processes in cat brain cells is observed, manifested in the
increase in TBC-reactive products in myeloid cells and the total population of
bone marrow cells throughout the experiment.

V.V. Gordienko established that with a prolonged 30-day intake of low
doses of cadmium chloride (0.03 mg/kg) into the body of sexually immature
animals, the system of antioxidant protection is activated, which ensures the
reduction of pro-oxidant factors in the body. Furthermore, an increase in the
amplitude, changes in the phase structure of the circadian biorhythm, and an
increase in the measure of antioxidant defense enzymes (ceruloplasmin and
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glutathione-S-transferase) indicate an adaptive and compensatory reaction of
the body to long-term intake of low doses of metal®®.

The research results by T. Bagdai, V. Snitinsky, and G. Antonyak indicate
the activation of lipid peroxidation processes and adaptive changes in the
enzymes of the antioxidant defense system in carp erythrocytes under the
conditions of an increase in the content of cadmium cations in the water
environment. The most pronounced changes in blood plasma and erythrocytes
mainly occur in fish with Cd?* content five times higher than the maximum
permissible concentration®’.

Cadmium activates urease and arginase and inhibits cholinesterase. It also
inhibits zinc absorption due to the interaction of cadmium and zinc ions at the
level of transport systems.

Cadmium also accumulates in bone tissue. It causes oncological diseases,
can increase mutagenic processes in the body, and lead to the destruction of
the DNA chain and chromosomal aberrations. Cadmium entering the body
violates the chemical composition of bone tissue, accompanied by the
accumulation of this element and multidirectional changes in the content of
Calcium, Magnesium, Zinc, and Copper. Under the combined effect of CdCl,
and NaNO, a femur structure violation is observed, indicating molecular
changes in the bone tissue [68].

Cadmium entering the animal body leads to interaction with essential
elements and components of bone tissue, which affects its metabolism,
structure, and mechanical properties. Under the conditions of increased
content of Cadmium, the processes of osteogenesis are disturbed®8.

As a result of cadmium damage to the reabsorption function of the distal
tubules of the nephrons, calcium is intensively excreted from the body, while
the level of parathyroid hormone increases, which in turn stimulates the
mobilization of calcium from the bones, contributing to the development of
osteomalacia and osteoporosis®®.

In vitro experiments using egg albumin as a protein preparation proved
that Cadmium binds to carboxyl groups and with changes in pH to imidazole
groups, which leads to an increase in the logarithm of the binding constant of
Cadmium.
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Cadmium hurts the thymus; in particular, it has been established that
Cadmium leads to a significant increase in the level of ROS in the cells of the
thymus and spleen with the subsequent development of mitochondrial membrane
depolarization and depletion of glutathione, expressed by inhibition of the cellular
proliferative response. In addition, morphological changes in cadmium toxicosis
were characterized by cortical depletion of cells in the thymus, an increase in the
red pulp, and a decrease in the white pulp of the spleen™.

Cadmium ions in concentrations of 0.025 and 0.05 mg/l during a 96-hour
exposure in aquarium water lead to the redistribution of leukocytes between
hematopoietic organs and peripheral blood. They decrease the percentage of
neutrophil blasts in the kidneys (except for metamyelocytes, the number of
which increases significantly) and spleens of fish and increase them in the
blood. They increase the percentage content of eosinophilic and basophilic
blasts in the kidneys and spleens and cause their absence in the blood. A
tendency to decrease the number of mature forms of rod-shaped and
segmented neutrophils in both blood and hematopoietic organs was also
established, except for rod-shaped neutrophils in the kidneys, which
significantly increased. The number of lymphocytes increased in the blood,
kidneys, and spleen. The percentage of monocytes decreased in the kidneys
and peripheral blood, and their number increased in the spleen™.

Notably, the most sensitive to large amounts of Cadmium are chickens,
sheep, ducks, and pigs are somewhat more resistant. That is why the study of
the pathogenesis of cadmium toxicosis in poultry and the development of
preventive measures to prevent the development of this toxicosis are relevant.

3. Use of drugs and feed additives to prevent
the harmful effects of heavy metals

S. I. Tsekhmistrenko and T. S. Yaremchuk used the drug «Sel-Plex» for
the simulated cadmium load of quails, which was fed to birds in the amount
of 0.15 mg/kg of dry matter of feed. This drug contains organic forms of
Selenium. These authors found that Sel-Plex, a selenium-containing
preparation, prevents the development of intoxication with prolonged intake
of cadmium compounds in the bird’s body by increasing the antioxidant
properties of quail liver tissue. Also, using the drug «Sel-Plex» in quail diets
makes it possible to increase their antioxidant status in the liver and improve
the assimilation of nutrients™.

" pathak N., Khandelwal S. Role of Oxidative Stress and Apoptosis in Cadmium Induced
Thymic Atrophy and Splenomegaly in Mice. Toxicol. Lett., 2007. Vol. 169(2). P. 95-108.

" Iporomupenska L. 3., Masena M. A. Bruus ioHiB kaamiio Ha neiikorutu nepudepuanoi
KpOBi Ta KpOBOTBOpHHX oprauiB kopoma (Cyprinus carpio L.). Pubococnodapcera nayka
Vipainu, 2009. Ne 4. C. 98-103.

2 Hexmictpenko O. C., Lexwmictpenko C. L., Jleeua I. O., Ilonomapenko H. B., TTomimgyk
B. M, SIpemuyk T. C. Brutu Cen-miiekcy Ta KaJMi€BOro HaBaHTa)KCHHsI Ha JIMONIEPOKCUIALIIO
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Kalytovska M.B. and Galkevich LY., under cadmium loading, used
clinoptilolite, an aluminosilicate with a skeletal structure containing channels
and voids, which make up to 50% of the total volume of the mineral. They
contain alkaline and alkaline-earth cations (K*, Na*, Ca?*, Mg?"), which
compensate for the negative charge of the zeolite framework, as well as water
molecules in a free and bound state. The influence of K*, Na*, Ca?*, and Mg?*
ions on the sorption of Cadmium and Lead ions by modified clinoptilolite was
investigated. The high degree of extraction of Cadmium and Lead ions from
complex mixtures by this sorbent allows its use for the concentration of these
metals from biological fluids™.

When used for corrective purposes, the zinc tyrosinate metal complex
slows down lipoperoxidation in the body of rats exposed to Cadmium. This
compound was synthesized at the Department of Medical Biochemistry and
Clinical Laboratory Diagnostics of Ternopil State Medical University, named
after 1. Ya. Gorbachevsky from tyrosine and zinc hydroxide were taken in
equimolar concentrations.

When the experimental supplement was used in experimental pigs under
cadmium load, a decrease in the content of Cadmium in the kidneys, liver, and
meat by 61.3%, 36.6%, and 46.7%, respectively, was established. In addition,
the experimental feed additive proposed by O.S. Chala and O.M. Mamenko
contributed to the reduction of cadmium accumulation in the pigs’ bodies
compared to the experimental groups and reduced cadmium content in the
longest back muscle to the maximum permissible level™.

The authors suggested using a liposomal form of a biologically active
supplement (BAD FLP-MD) in case of cadmium intoxication. This
supplement showed an excellent antioxidant effect due to the stabilization of
cell structures and protection from peroxidic oxidation of phospholipids of
cell membranes, which prevents the activation of free radical processes in
cells. Using the biologically active additive FLP-MD under the conditions of
Cadmium administration contributed to the stabilization of glutathione
peroxidase activity for preparations of the mucous membrane of the small
intestine and liver’s,

B opraHiaMi nrumi. Texnonoeis eupobnuymsa i nepepobku npooykyii meapunnuymea, 2013.
Bum. 9. C. 16-19. .

™ Kamnrochka M. B., Tanbkesuu 1. 1. BuBueHHs BIIMBY MiKpOeNTeMEHTIB KpOBi Ha
npotecu copOuii HOHIB KaaMil0 Ta IIFOMOYMY MOANM(DIKOBAHUM KIMHONTHIONITOM. AKmyanbHi
numanns gapmayeemuunoi i meouynoi nayku ma npaxkmuxu, 2010. Bum. 23, Ne 4. C. 31-33.

Kupunie M. B. Croci6 kopekuii aktuBHOCTI Qocdominazu a2 Ta mpoueciB

Jinonepoxkcuanii y OinMxX mIypiB 3a yMOB KOMOIHOBAHOTO YpaKeHHsS COJSIMH KaJaMilo Ta
K0baIbTy. Bicnuk npobnem bionozii i meouyunu, 2014, Bum. 1. C. 129-133.

®Yanas O. C., Mamenko O. M. ®akTopH Ta iHTEHCHBHICTh BIUTUBY Ha MirPalliio TTIOMOY My
Ta KaJMII0 3 KOpMIB y oOpraHism cBUHEH. Bichux Llenmpy naykogoco sabesneuenHs AIIB
Xaprxiscvkoi o6nacmi, 2013. Bumn. 15. C. 200-204.

6 Xuxusx C. B., IIpoxoposa A. O., I'pumenxo B. A., Crenanosa JI. 1., Copokina JI. B.,
Tomuyk B. A. ®yHKIiOHYBaHHS aHTHOKCHIAHTHOT CHCTEMH IIypiB 3a Ail Kaamito. Ykpaincokuil
oGioximiunuti scypuan, 2010. T. 82, Ne 4. C. 105-111
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Gordienko V. V. with co-authors, used to prevent cadmium toxicosis, the
phytocomposition «Polyphytol-1», which includes biologically active
substances, namely: flavonoids, tannins, essential oils, catechins, saponins,
trace elements. This photocomposition significantly reduces the accumulation
of Cadmium cations in the body of animals, especially in the kidneys and liver,
which contributes to nephron— and hepatotoxicity. The basis of the
mechanisms of the preventive effect of the drug «Polyphytol-1» in reducing
the accumulation of Cadmium may be its ability to bind Cadmium ions and
form stable chelate compounds, which reduces the bioavailability of eco-
toxicants even at the stage of absorption in the digestive tract. The ability of
the drug «Poliphytol-1» to complex formation, known hepatoprotective,
positive polytropic effect and activation of the excretory function of the
kidneys provide grounds for the use of the drug in complex pharmacotherapy
and prevention of cadmium toxicosis’’.

For treatment of ewes with cadmium intoxication

Sharandak P.V. and Levchenko V.l. used the following drugs: 10%
glucose solution as energy material, in a dose of 200.0 ml; E-selenium — a
preparation with antioxidant action for restoring the functions of hepatocytes,
1.0 ml each; Introvit — a complex vitamin preparation — 2.0 ml; Mineralol — a
preparation based on zeolites, used as a mineral additive — 5.0 g. The complex
use of Mineralol, vitamins, and glucose contributed to an increase in the blood
serum of ewes with the impaired liver function of the total protein level by
4.6% due to the growth in the share of albumins by 6.1%. The
aminotransferases activity decreased by 34.1 and 58.5%, respectively,
compared to the indicators before the use of the complex of drugs, which
indicates the restoration of the structure of hepatocytes. Also, complex
treatment with drugs helped reduce gamma-glutamyl transpeptidase activity
in ewes with impaired liver function by 60.3% and alkaline phosphatase — by
29.4% compared to the original data’®.

Gutyj B.V. investigated the peculiarities of the course of chronic and acute
cadmium toxicosis in rats and young cattle and also studied the
pharmacodynamics of the drugs Hydrovit-E, E-selenium, and Mevesel on the
activity of the antioxidant defense system and the level of aggressive products
of lipid peroxide oxidation in chronic cadmium toxicosis. In addition, he
investigated the effect of injectable Mevesel on the activity of the antioxidant
defense system and the level of aggressive lipid peroxidation products formed
after acute cadmium toxicosis. The Mevesel and Mevesel-injection

" Topnienko B. B., Kocy6a P. B., ITepenenuis O. O. AHTUTOKCHYHA Ta HE(PONPOTEKTOPHA
nist pirokommnosuii «Ilomiditon-1» 3a kaaMieBOT IHTOKCHKAI y MOJIOJUX CTaTEBOHE3PLIHX
mypiB. Kniniuna ma excnepumenmanvha namonoeisi, 2018. T. 17, Ne 1. C. 35-42.

8 Illapannak I1. B., Jleuenko B. I. 3HMKEHHS HEraTUBHOTO BILTHBY CIOJNYK KaaMilO Ta
IroMOyMy Ha (yHKIIOHAJIBHHI CTaH NediHku oBenb y JIyraHcekiit obmacti. Haykosuil gichuk
semepunapnoi meduyunu, 2014. Bum. 13. C. 266-270.
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combination contributed to the triple protection of the cell against the action
of aggressive free radicals. Namely, double protection of the cell membrane
from both the outside and the inside and in the middle of the cell™.

Hidrovit-E is a water-soluble form of vitamin E. It has been established
that introducing Hidrovit-E into the diet of animals and poultry allows for
improved hematopoietic functions and optimizes the biochemical status of the
blood of animals and poultry. Furthermore, the action of tocopherol is quite
adequate because, despite its relatively low concentration in the cell
membrane, the lipids and proteins of the membrane remain protected from
oxidation and the action of exogenous active forms of oxygen.

When applying «E-selenium» to animals under cadmium load, the non-
enzymatic link of the system of antioxidant protection of the bulls’ body is
activated, namely the level of vitamins A and E in the blood of these animals.
Adding E-selenium to feed prevents the development of so-called oxidative
stress®,

The drugs «Ursovit-ADES» and «Mevesel-injectiony» for acute cadmium
toxicosis activate the enzyme glutathione system of antioxidant protection of
the body of bulls, which is indicated by an increase in the activity of
glutathione reductase, glutathione peroxidase, glucose-6-phosphate
dehydrogenase, catalase, and superoxide dismutase.

From many antioxidants, N. Nazaruk studied the prophylactic effect of the
drugs «Metifen» and «Vitamix-Se» in the case of nitrate-nitrite toxicosis with
cadmium loading in bulls. These drugs block free radicals and prevent the
development of oxidative stress in animals. The use of metiphene at a dose of
0.28 g/kg of compound feed and Vitamix Se at a dose of 0.3 g/kg of animal
weight under conditions of loading calves with nitrates and Cadmium prevents
the development of toxicosis and oxidative stress. Combined use of
methiphene and Vitamix Se in animals contributes to better activating the
antioxidant protection system of the bull’s body?®?.

Prophylactic use of the ESMIN® trace element complex helps to increase
the body’s resistance to the toxic effects of heavy metals, including Cadmium,
due to the increase in the synthesis of the metal transport protein
metallothionein and the normalization of the ratio between toxic and essential

™ Tymuit b. B. Bruiue YpcosiTy-Aziec Ta MeBeceny iH’€KIiiHOrO Ha €H3MMHY NaHKY
TJIyTaTiOHOBOT CUCTEMH aHTHOKCHUAAHTHOTO 3aXUCTy OMUKIB 332 TOCTPOTO KaIMi€BOTO TOKCHKO3Y.
Bicnux Cymcokoeo nayionansnozo azpapnozo ynisepcumemy. Cepis: Bemepunapna meouyuna,
2016. Bum. 6. C. 221-225.

® Tyt b. B. Bums E-ceneny wa BMmict BitaminiB A i E y kpoBi Ouukis 3a
YMOB KaJMi€BOI iHTOKCHKaALil. Haykosuti gicnux JIb6iscbkoeo —HayioHanbHo2o — yHigepcumenty
eemepunapnoi meduyurnu ma diomexnonoaiii in. C. 3. Dicuyorozo, 2013. T. 15, Ne 3(3). C. 311-314.

1 JlecwkiB X. 5. Bruius MeTideHy Ha aKTHBHICTbH aHTHOKCHIAHTHOI Ta iMyHHOi CHCTEMH
3aXHCTy OpraHi3My ITOPOCST 3a HiTPaTHOTO HaBaHTaXeHHs. Bicuux Cymcbkoz2o HayionansHozo
azpaproeo yuigepcumeny. Cymu, 2012, Bun. 7 (31). C. 53-57.
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heavy metals due to the accumulation of essential trace elements in the liver
and kidneys®.

It has been shown that prior administration of tocopherol prevents changes
in the activities of G-S-T and G.R. under the influence of cadmium chloride,
which may indicate the role of free radical oxidation in the mechanisms of
action of Cadmium on the indicated indicators. In addition, previous
administration of tocopherol did not prevent an increase in the activity of
GI6FDH (up to 145% of the control), which may indicate a direct effect of
cadmium ions on this enzyme.

When unitiol was administered 30 min before the administration of
cadmium chloride to animals, it was established that unitiol prevents the
induction of G-6-FDH after 24 hours, which may result from unitiol binding
cadmium ions and weakening its direct effect on liver cells. It was previously
proven that unitiol prevents hemolysis and the accumulation of TBC-active
products in the blood serum of rats when cadmium chloride is administered.
A specific value in maintaining G-6-FDH activity at the control level may be
an earlier and long-lasting increase in G-S-T activity when cadmium chloride
is introduced against the background of unitiol (after 2 hours — 145% of
control), which may contribute to con «jugation of free cadmium ions with
their subsequent removal from liver cells®,

With the combined administration of selenium citrate and cadmium
chloride, despite the presence of embryotoxic manifestations with the remote
administration of Cadmium, we note an improvement in the indicators of
embryonic development, which is manifested by an increase in the number of
corpora lutea of pregnancy, live fetuses per 1 female and a decrease in the
indicators of overall embryonic mortality.

When studying the combined effect of zinc citrate and cadmium chloride,
it should be noted that the use of zinc citrate led to an average increase in the
number of live fetuses per female by 16.2% (P<0.01), a relative decrease in
total embryonic mortality by 2.2 times (P<0.01) compared to the cadmium
chloride group due to a relative decrease in pre-implantation mortality by 2.5
times (P<0.05) compared to the cadmium chloride group®.

S. V. Portyannyk and O. M. Mamenko studied the effect of the biologically
active drug «BP-9», antitoxic premix «MP-A» after intoxication with the most

8 Tluxteesa O. I. TlOpiBHAHHA TOKCHKOKIHETHKM Ta TokcukopuHamikn CdCI2 Ta
€K30T€HHOTO KOMIUIEKCY KaaMil0 3 METAJIOTIOHETHOM IpU IHTpanepuTOHEaTbHOMY BBEICHHI
nabopatopuuM Mutam. Cyuacnui npobremu mokcuxonoeii, xapuogoi ma ximiunoi 6esnexu, 2013.
Ne 3. C. 40-43.

8 Bapannik T. B. AKTHBHICTb STy aHTHOKCHIAHTHUX (PEPMEHTIB i BMIiCT Bi/IHOBIEHOTO
TJIyTaTiOHY B TEYIHIN LIypiB MpH Jii XJIOPUIY KaaMito. BicHux XapKiecbko2o HAYiOHANbHO20
yHisg{l?cumemy iveni B. H. Kapasina. Cepis. bionozis, 2006. Ne 748, Bu. 4. C. 12-16.

Hedvomosa O. O., 3ageceneus 1. I1 Ouinka BIUIMBY KaaMil0 XJIOPHIY Ha MOKa3HHKH
eMmOpiorene3y IMypiB 3a yMOB KOpPEKLii IMTPaTOM LHHKY IPH BHYTPIIIHBOILTYHKOBOMY
BBelIeHHI. Bichux npobaem 6ionoeii i meouyunu, 2018. Bum. 3. C. 309-314.

113



dangerous xenobiotics Cadmium and Lead on the quality and environmental
safety of milk and the content of leukocytes in the blood of cows. Barberry extract
has a special role in this biologically active preparation. Chopped and dried leaves
and fruits were used to prepare barberry extract. The use of premix «MP-Ax in
feeding dairy cows according to the silage-hay-concentrate type and subcutaneous
injection of the biologically active phytopreparation «BP-9» contributed to a
gradual decrease in the content of Cadmium in blood and milk®®.

In the case of cadmium intoxication, melatonin improves the kidneys’
functional state, manifested in the increased rate of glomerular filtration,
reduced degrees of retention nitrogenemia, and proteinuria. Melatonin is the
most potent and versatile endogenous antioxidant, which is present in all
cellular structures, including the nucleus. It is an active interceptor and
neutralizer of free radicals — -OH, -OOH, 02-, NO-, ONOO-, which have a
pronounced nephrotoxic effect®.

Yaremchuk T. S. with a co-author, applied to quails with cadmium
toxicosis Sel-Plex — a source of organic Selenium, produced by special strains
of yeast that are grown under controlled conditions in an environment
enriched with Selenium and with a reduced content of Sulfur, due to which
yeast uses Selenium instead of Sulfur in the process of forming cellular
components, including squirrels. Based on the conducted experiments, the
stimulating effect of Sel-Plex on the energy exchange processes in the liver
cells of quails was revealed. Furthermore, under these conditions, it was
established that the addition of Sel-Plex to the diet of quails at a dose of
0.15 mg/kg of dry compound feed under the influence of cadmium salts
contributes to an increase in the content of inorganic phosphorus and creatine
phosphate in the subcellular structures of quail livers®”.

Kovalova I.V. investigated the effect of sodium selenite and
phytonutrients «Fitohol» and «Fitopank» on heavy metals: Cadmium, Lead,
Copper, and Zinc content in the body of laying hens. Phytosupplement
«Fitopank» is a herbal preparation, which is a composition of seven 10%
tinctures on 400% ethyl alcohol of separately taken parts of medicinal plants
— the root of Black Sea rhubarb (Rheum rhaponticum), the herb of the three-
leafed bean plant (Menyanthes trifoliata), the root of the high delusion (Inula
helenium ), the root of garden cockles (Iris germanica), fragrant dill (Anethum
graveolens), medicinal sage (Salvia officinalis) and spotted hemlock (Conium
maculatum) in the given ratio. Phytohol supplement is a complex preparation

8 Topramuuk C. B., Mamenko O. M. BruB eKCTpakTy JiKapChbKMX POCITHH Ha €KCKPELito
HQUIMIIKY KaJMIil0 1 CBHUHIIIO 13 OpraHisMy IiHHUX KOpiB. [IpoOiemu 300iHdceHepii ma
semepunapnoi meduyunu, 2015. Bum. 30(1). C. 228-234.

% Jlikan M. B. Brumus MenaTtoHiHy Ha (yHKIIIOHATBHHIT CTAaH HUPOK LIpiB 33 YMOB TOKCHYHOT i
XJIOpHAY KaaMmito. Yxpaincokuii 6iogpapmayesmuunuii scypuan, 2013. Ne 4. C. 77-79.

8 dpemuyk T. C., Lexmictpenxko C. 1., Llexmictpenxo O. C., ITonomapenxo H. B. Brinus
celieHy Ha OOMIH eHeprii B opraHi3mi nepenedis 3a ii coieit kaamito. Texnonozis supoonuymea
i nepepooxu npodykyii meapunnuymea, 2012. Bum. 7. C. 52-55.
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containing plant derivatives and chemical substances: aqueous extracts of
buckwheat grass (Capsella bursa-pastoris), helichrysum arenarium flowers,
tansy flowers (Tanacetum vulgare), peppermint tincture ( Mentha piperita)
and medicinal valerian (Valeriana officinalis), as well as magnesium sulfate,
sodium salicylate, hexamethylene tetramine, and glycerin. The use of sodium
selenite and phytosupplements «Fitohol» and «Fitopank» in chickens
contributed to a higher level of biochemical processes in the body®.

To prevent the toxic effects of Cadmium in poultry, Vakhutkevich I. Yu. and
Gordiychuk L. M. used heat-activated zeolite in their research. As a result, it was
established that the use of heat-activated zeolite for the elimination of Cadmium
in chickens contributed to the normalization of total protein indicators and the ratio
of its fractions, which is a consequence of reducing the toxic effect of Cadmium,
as a result of which protein synthesis in the liver improves®.

CONCLUSIONS

The accumulation of Cadmium in the components of the natural
environment increases the danger of its entry into the body and threatens
human and animal health. Analysis of the results of many experimental works
indicates that in the body of animals, this heavy metal has a toxic effect on
many organs and systems. The most dangerous are the carcinogenic and
mutagenic effects of this element. The negative effect of Cadmium covers
different types of cells, but their sensitivity to the action of the toxicant is not
the same. The depth of damage to cells is primarily determined by the
accumulated dose of Cadmium and the level of expression of metallothionein
genes in them, which is affected by the toxic element.

SUMMARY

The given literary data indicate that most scientific research in this
direction, conducted both in our country and abroad, was conducted on
laboratory animals. The study of biochemical mechanisms and toxic effects
of cadmium toxicosis in poultry has not been sufficiently studied. Today, only
a few works by domestic scientists are devoted to studying the effect of
Cadmium on the bird’s body, but many aspects of this problem are still not
clarified. There is no complete and clear scientific information about the effect
of Cadmium on the protective systems of the bird’s body, namely on the
immune and antioxidant systems.

® Kosanbopa 1. B., Antonenxo I1. T1. Jlunamika 3MiH TIPOIyKTHBHUX SKOCTEH Kypeil 3a
BIUIMBY celneHy Ta (Gitogo0aBok. [Ipobremu 300iHx4cenepii ma emepunapHoi MmeouyuHu: 30ipHuK
Haykosux npayv Xapkiecvkoi depoicasnoi 3006emepunapnoi akademii. Xapkis, 2018. Bum. 35,
4.2, Ne 3. C. 145-150.

8 Baxyrkesuu 1. 10., Topaiitayk JI. M. Binkosuii o6MiH y kypeii 3a jiii xpomy Ta kaaMito B
pauioHi 3 100aBKOIO aKTHBOBAaHOTO LEONiTy. Haykosuil gicHuk JIb8igcbko20 HAYIOHANLHO2O
yuisepcumemy eemepunapnoi meduyunu ma Giomexuonoziti im. C. 3. Iicuybkoeo, 2015. T. 17,
Ne 1(2). C. 243-247.
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Based on the results of a comprehensive assessment of the state of the
defense systems of chickens, it is possible to reveal new scientific aspects of
cadmium toxicosis both theoretically and practically, which will make it
possible to develop effective prevention methods and treatment for chickens
under conditions of cadmium intoxication.

Based on the analysis of literature data, the relevance of the chosen
research direction and the need for further detailed study of chronic cadmium
toxicosis in poultry have been confirmed.
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