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INTRODUCTION

In the context of contemporary anthropogenic environmental pollution,
ecological issues, such as the enhancement of livestock production quality
and food safety, are crucial and relevant concerns of today. Environmental
contamination by heavy metals due to human activities has led to various
problems in agricultural production. Heavy metals are recognized as the
biosphere's priority pollutants, and anthropogenic microelements are
increasingly significant. Elevated concentrations of heavy metal salts are
encountered in many regions of Ukraine.

The prolonged exposure of animals to heavy metals, even in small
concentrations, leads to toxic effects affecting various organs and systems.
When these metals enter the animal's body, they are localized to varying
degrees in the brain, bone marrow, liver, kidneys, lungs, heart, spleen,
and so forth, depending on the route of entry.

Lead and Cadmium are known to be among the most common toxicants
capable of blocking reactive (sulfhydryl, carboxyl, and phosphate) groups of
biopolymers, including proteins, nucleic acids, and enzymes. The influx of
these heavy metals poses an ecological risk to animal organisms due to their
cumulative toxicity to organs and systems, ultimately decreasing animal
growth intensity and productivity.

It has been proven that the manifestations of Cadmium and Lead toxicity
may depend on their interaction, leading to changes in threshold values.
Therefore, the toxicity of each system component is important, as is their
combined action.

1. Accumulation of Cadmium and its impact on animal organisms

Among the factors affecting living organisms, heavy metals occupy
a special place, as they are the most widely distributed toxicants for many
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life forms®. According to the classification by M.F. Reymers (1980), heavy
metals should be considered chemical elements with a density greater
than 8 g/cm®: Pb, Cu, Zn, Ni, Cd, Co, Sb, Sn, Bi, and Hg. According
to D.S. Orlov (1985, 2005), heavy metals include chemical elements with an
atomic mass greater than 50 (V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, Cd, Sn, Hg,
Pb, Bi, etc.)’. They are characterized by high biological activity, the ability
to accumulate in organisms, prevalence, and ease of transfer in the
environment®,

From an ecotoxicological perspective, ions of heavy metals do not
disappear from the biological cycle, and their toxicity does not decrease; on
the contrary, they increase with increasing concentration. They have high
cumulative capacity, so their danger lies in possible long-term consequences
that may be initiated or provoked by the indirect effects of metal
accumulation”.

Heavy metals enter aquatic ecosystems through natural processes and
anthropogenic emissions®. Metallurgical enterprises®, coal industry facilities,
and thermal power plants are the main polluters of atmospheric air with
heavy metals. Pollution of agricultural lands with heavy metals mostly
occurs due to atmospheric emissions from enterprises, waste from livestock
farms, and using mineral fertilizers and pesticides’.

Compounds of Cadmium — one of the heavy metals widely used
in industry — are among the primary pollutants of the environment®. Soil
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contamination with this heavy metal is one of the most dangerous ecological
phenomena, as it accumulates in plants above the norm, even with weak soil
pollution. The increase in its quantity in soils is due to various anthropogenic
influences, including paint manufacturing enterprises, antiseptic substances,
alkaline batteries production, as well as smelting of non-ferrous metals,
processing of copper, lead, and especially zinc ores. The entry of this metal
into the environment is also associated with agricultural production,
particularly the use of phosphate fertilizers”.

Air and soil pollution causes the release of Cadmium compounds, which
are contained in the exhaust gases of cars and tractors. Soil contamination by
Cadmium persists for a long time after new input has ceased’. The high
ecotoxicity of Cadmium is due to its ability to persist in soil for 1-3 years, in
coastal deposits for 2 years, and in ocean water for over 7000 years. During
the assimilation of Cadmium from the soil into the tissues of above-ground
parts of plants (via the root system), its entry was noted only in the leaf area
without further distribution in other tissues and organs, which is
characteristic of some biogenic elements’’. Upon entry into animal
organisms, Cadmium causes a series of toxic effects, affecting various
organs and systems, including the kidneys and liver”. Even low
concentrations of Cadmium can cause irreversible functional disorders,
deformities, and sometimes the death of animals. Chronic excessive
exposure to Cadmium in animal organisms binds to proteins, disrupting their
conformation and ability to perform normal functions®. The main spectrum
of studies on the long-term effects of low doses of Cadmium on mammalian
metabolism is represented by research on effects at the level of the liver,
urinary™, and reproductive systems'®, to a lesser extent — hematopoietic
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organs™. Studies on in vitro cells are mainly limited to cells of the nervous
and immune systems®’. Cadmium exhibits destructive properties in all cells,
tissues, and organs of animals' musculoskeletal, cardiovascular, nervous,
immune, digestive, and excretory systems'®. Cadmium suppresses or
completely inhibits the activity of most enzymes involved in the integral
regulation of metabolic processes, namely exchange, signaling, and
adaptive™.

U Si has established that prolonged exposure to Cadmium ions at
concentrations of 0.1, 0.5, 1.0, and 10 pM/L on bone marrow cells in vitro
has a pronounced cytotoxic effect. The degree of this effect depends on the
exposure time and Cadmium concentration. Exposure to Cadmium for 30
days at concentrations of 0.1 and 0.5 uM/L results in a slight decrease in cell
adhesion and does not damage their plasma membrane or change their
average size. At the same time, only the number of cells in the early
apoptosis stage increases, which is reversible and does not involve nuclear
DNA fragmentation. Exposure to Cadmium at concentrations of 1.0
and 10.0 uM/L leads to a significant increase in the number of cells in the
irreversible late apoptosis stage, characterized by damage to the plasma
membrane of cells, a decrease in their average size, DNA fragmentation, and
a sharp decrease in adhesive properties for up to 30 days of observation.

According to the literature, there are three mechanisms of Cadmium's
influence on the structure and functional activity of DNA (genes). The first
mechanism involves the interaction of DNA molecules with free radical
products (superoxide anions O, and hydroxyl radicals OH’), formed in
Fenton reactions involving free Fe*" and Cu®" displaced by Cadmium. The
second mechanism involves the inhibition of these repair enzymes. This
process consists of the direct action of Cadmium ions on the structure of
enzyme molecules during their synthesis and post-synthetic formation,
mutations in genes encoding them due to oxidative stress in DNA. The third
mechanism involves the direct chemical binding of Cadmium ions to
reactive groups of nucleotides?.
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Cadmium is a thiol poison with pronounced membranolytic action.
The established decrease in the content of SH groups in the animals' liver
is a consequence of the binding of this metal to these protein groups. Under
these conditions, oxidation of SH groups and the formation of metallo-
thioneins occur, aimed at reducing the toxic effect of Cadmium. It is also
worth noting that some SH groups are spent on neutralizing free radicals,
which are intensively formed under the influence of this heavy metal®..

G.F. Nordberg et al. established that upon Cadmium intake into the body,
it non-selectively binds to high molecular weight proteins and accumulates
in the liver, forming complexes with metallothioneins®.

Cadmium affects early ultrastructural changes in the thyroid gland,
adrenal glands, and adenohypophysis. With age, there is a significant
accumulation of Cadmium in tissues”®. It has been found that upon oral
administration to mice or intake through feed, Cadmium is actively absorbed
in the digestive tract and enters the bloodstream?’. Cadmium is absorbed
from feed, and water is absorbed by 4-10% in the duodenum and ileum.
It is distributed in all body tissues; however, the main depot is the liver
and kidneys, where half of the absorbed metal resides. It is worth noting that
Cadmium inhibits the absorption of Zn, which is likely due to the interaction
of Cd** and Zn*" ions at the level of respective transport systems®.

Studies by T.I. Gargula indicate that long-term administration of
Cadmium to animals significantly worsens the course of modeled duodenal
ulcers. Significant vascular disorders and dystrophic, necrobiotic, and
sclerotic processes were observed in the wall, which were more pronounced
with prolonged Cadmium loading®.

O.I. Deltsova et al. found that the development of cadmium intoxication
leads to dystrophic changes in the parenchyma and stroma of the
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submandibular salivary gland and liver. Dystrophic changes in secretory
cells with general manifestations of sialadenitis were observed in the
submandibular salivary gland. Toxic hepatitis with activation of macrophage
cells was diagnosed in the liver®’.

Under conditions of cadmium intoxication, dysmicronutrientosis
develops, accompanied by the accumulation of this heavy metal, increased
magnesium content against the background of a decrease in mineralization
activators: calcium and zinc®.

M.V. Kyryliv investigated the effect of Cadmium on generating reactive
oxygen species. It was found that during the development of cadmium
intoxication, superoxide anion radical, hydroxyl radical, and hydrogen
peroxide are formed. Examination of the antioxidant defense system
revealed inhibition of superoxide dismutase activity and decreased uric acid
concentration. It was established that the toxic effects of Cadmium ions lead
to the development of oxidative stress.

O.F. Chechuy and A.D. Milevsky confirmed the development of
oxidative stress in rats, accompanied by enhanced free radical reactions and
intensified lipid peroxidation processes, leading to the formation of toxic
products. These changes were also accompanied by endogenous intoxication
and destruction of plasma and cytoplasmic membranes. This led to changes
in lipid and protein components due to the activation of intracellular
hydrolases (particularly phospholipase A2) and alterations in the activity of
the antioxidant defense system enzymes®’.

It was found that 14-day exposure to Cadmium at a dose of 1.0 mg/kg in
rats activates oxidative processes in cells, resulting in a likely increase in the
end products of lipid peroxidation, namely TBK-active products®.
Examination of the antioxidant status of animal organisms revealed
a decrease in the activity of the enzymatic link of the antioxidant system,
namely superoxide dismutase, glutathione transferase, and glutathione
peroxidase. The decrease in the activity of the first enzyme in hepatocytes

7 Mensuoa O. L., Epcrentok I'. M., TBosauk 1. M. Mopdo-hyHKIlioHanbHi 3MiHK TediHKu
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C. 63-65

2 Anronsik I'. JI. Ba6uu H. O., Binenpka JI. I1., [anac H. €., Kunimwu 0. B. Kagmiii B
oprasismi Jiroauuy i TBapuH. II. BB Ha QyHKIiOHAIBHY aKTHBHICTH OPTraHiB i cucteM. bion.
cemyoii. 2010. Bum. 4, Ne 3. C. 125-136.
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KaaMiro. Meouuna ma kainiuna ximis. 2013. T. 15, Ne 4. C. 74-78.
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of animals is due to Cadmium-induced structural modifications of mito-
chondrial Cu and Zn-SOD*.,

B.V. Gutyj confirmed the development of oxidative stress under
conditions of acute and chronic Cadmium intoxication in rats and calves.
It was found that a thirty-day Cadmium toxicosis in rats contributes
to a decrease in body weight gain and is accompanied by changes in the
weight coefficients of internal organs, which are closely correlated with the
cumulative and sorption capacity of tissues for Cadmium ions. Chronic
Cadmium toxicosis in rats was accompanied by a likely decrease in the
activity of antioxidant defense system enzymes (glutathione peroxidase,
glutathione reductase, catalase, superoxide dismutase), and an increase in the
concentration of lipid peroxidation products (diene conjugates, TBK-active
products) in the liver and blood of rats®.

Cadmium toxicosis is characterized by a likely increase in the formation
of intermediate and final lipid peroxidation products in non-fractionated and
myeloid bone marrow cells. The aforementioned changes were accompanied
by a characteristic suppression of the antioxidant system enzyme activity of
the investigated cells exposed to Cadmium chloride. Particularly significant
disturbances in the activity of these enzymes were observed in myeloid bone
marrow cells®.

A.M. Pryshliak et al. found that poisoning rats with Cadmium chloride
leads to pronounced structural remodeling of the left and right ventricles.
Under these conditions, entropy, relative entropy, and excess in the heart
chambers of rats increased, indicating disorganization, instability, and
a decrease in the reserves of adaptation of damaged structures. The authors
note that morphological changes predominated in the left ventricle of rats
under conditions of Cadmium toxicosis™.

Based on the study conducted by M.S. Hnatiuk et al., it was established
that intoxication of Vietnamese breed boars with Cadmium chloride leads to
uneven and disproportionate hypertrophy of heart chambers, which
subsequently leads to changes in ventricular and cardiac indices, Fulton's
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index, and atria index, i.e., relative mass indices. Under the influence
of Cadmium chloride, the remodeling of heart chambers was characterized
by increased mass and expansion®.

Research by L.Ya. Nechytailo and N.S. Khopty indicates that in the
bodies of experimental rats affected by Cadmium chloride, disturbances
in micro- and macroelements that are essential for regulating metabolic
processes in living organisms occur®".

2. Accumulation of Lead and its impact on animal organisms

Among various chemical pollutants in the environment, heavy metals
receive special attention. This is due to their toxicity and danger to human
and animal health and their wide prevalence in environmental objects®,

One of the heavy metals widely distributed in the biosphere is Lead®.
Despite the decrease in industrial production rates in recent years, the level
of Lead emissions into the biosphere remains high, posing a danger to
human and animal health. Organic Lead compounds, being toxic and
bioavailable, affect protein synthesis, cellular energy balance, and genetic
apparatus. This element is not subject to destruction and biotransformation
but only redistributes among individual ecosystem components®.

Lead is the least mobile among heavy metals, and the maximum
permissible concentration in soil is 32 mg/kg. It is mainly associated with
clay material, manganese oxides, iron and aluminum hydroxides, and
organic matter. Under high pH, the solubility of this metal is significantly
reduced. Under these conditions, Lead precipitates in soils as hydroxide,
phosphate, and carbonate®. The characteristic localization of Lead in the
surface layer is mostly associated with the accumulation of organic matter.
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“ Kamurosckka M. B., Tambkesnu I. 11, BHBYEHHs BIUIHBY MiKpOENEMEHTIB KpOB
Ha mpouecu copOuii HOHIB KagMmil0 Ta IUTIOMOYMY MOIM(IKOBAHHM KIMHONTHIIONITOM.
Axmyanvni numanus gapmayesmuunoi i meduunoi nayxu ma npakmuxu. 2010. Bum. 23,
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“ Tpemox C. B., Onnopir 3. C., Kosanbuyk O. 3. JIOCTiIKEHHS BMICTY BaXKUX METAIIB
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Under flushing-type water regime conditions, some mobility of Lead
is observed. However, it leaches less than Cadmium®.

Lead easily disperses in the atmosphere in the form of dust and aerosols.
Today, the main sources of pollution with this heavy metal in the
environment are automobile exhaust gases (70%) and industrial emissions.
Through the respiratory organs, the heavy metal most often enters the body
of animals in the form of aerosols and vapors. Part of the Lead enters the
animal organism with feed and water, is absorbed in the digestive tract into
the blood, and binds to hemoglobin molecules®.

Lead is one of the most toxic heavy metals capable of blocking reactive
(sulfhydryl, carboxyl, and phosphate) groups of biopolymers, including
proteins, nucleic acids, and enzymes. Several international organizations,
including the WHO, have included it in the list of priority pollutants**.

Lead intoxication leads to increased embryonic mortality and the
occurrence of various developmental anomalies of the skeleton and other
organs and systems of the animal organism®.

The scientific literature reports that Lead damages cell membranes alters
their permeability, reduces resistance to osmotic shock, and disrupts
bioenergetic processes in cells. In particular, Lead compounds can suppress
nonspecific resistance and the body's resistance of animals to infections
and stimulate autoimmune reactions™.

When large amounts of Lead salts are ingested into the animal organism,
they have a pronounced membranotoxic effect, resulting in blood clotting
activation with thrombus formation and impaired microcirculation of inter-
nal organs®’.

The distribution pattern of Lead and the degree of its accumulation
in the animal organism depend on the affinity for various structures and

2 Bonommn 1., Mesennesa 1. BMicT CBMHIO B IpyHTaX i POCIMHAX Ta HOro BILIHB
Ha THONIMPEHHS HO30KNIaciB. Bicuuk Jlvsiecvkoeo yuieepcumemy. Cepis: ceocpagiuna, 2009.
Bumn. 37. C. 120-128.

“ Illatopna B. ®@., Tapeus B. 1., Maiiop B. B., Kosnocopa I. I., Capenxosa O. O. TTouryk
HOBHX Oi0QHTOTOHICTIB aneTaTy CBHHLIO B CKCICPUMEHTI. AKmyanvui npodnemu cy4acHoi
Medu?uﬂu. 2013.T. 13, Bum. 4. C. 191-195.

4 Kamy6a M. O., Comnenp O. M. OcobNMBOCTI B3a€MOJii CBHHIO 3i MKIPOK THOIMHM.
Bicnuk naykosux docnioscens. 2013. Ne 1, C. 82-84.

® Capenxosa O. O. Mojiemoouuii BIUIMB aleTaTy CBUHIIO Ta HOro KomGiHarii
3 HAHO3aJi30M Ha eMOpioreHe3 eKCIEPUMEHTAIbHUX TBapUH. BicHux npobrem 6ionoeii
i meouyunu. 2013. Bum. 3(2). C. 305-309.

¢ Jung D., Bolm Audorff U., Faldum A. Immunotokxicity of co exposures to heavy metals:
In vitro studies and results from occupational exposure to cadmium, cobalt and lead. EXCLI
Journal. 2003. Ne 2. P. 31-44.

4" Bucompka B. I'. Brume comeif BakKHX MeTaliB Ha XPOHOPHTMH (iGpHHOINIZY
Ta HEOOMEKEHOTO TMPOTEOi3y B TKAHWHAX HUPOK 1 MEUiHKH. BYKOGUHCLKUL MeOUYHUL BICHUK.
2006. T. 10, Ne 4. C. 22-25.
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biochemical components of tissues and organs, the strength of formed
complexes, and the rate of their elimination®®

Lead in the animal organism is found in two fractions — stable,
concentrated in bone tissue, and exchangeable fraction. Of the 95%
exchangeable Lead fraction, 5-10% is concentrated in erythrocytes.
The stable fraction of Lead is subdivided into labile and inert. The inert
fraction is represented by deposits of insoluble Lead salts in bone tissue,
while the labile fraction is an intermediate link between the inert
and exchangeable fractions*

Due to the high biological activity of Lead and its cumulative properties,
a so-called prepathological condition develops initially, subsequently
accompanied by disturbances in the organism's general adaptation processes
and pronounced pathology. With a 30-day Lead load, sharp swollen changes
in the stromal-vascular and parenchymal components are noted in the
adenohypophysis. Hemocapillaries exhibit swelling of endotheliocytes,
pronounced swelling in the vessel lumen, cytoplasm vacuolization, organelle
destruction, and partial cell shedding. Lead is distributed unevenly in
animals' blood, with 96-98% fixed in erythrocytes and 2-4% bound to
plasma proteins. When entering the animal organism, Lead accumulates
most in bones, blood, liver, and kidneys, with its concentration in the
skeleton tens, if not hundreds, of times exceeding that in other organs®

It has been established that a 45-day intragastric administration of Lead
acetate to birds at doses of 2.5, 5, and 12.5 mg Pb(Il)/kg body weight led
to a decrease in hemoglobin concentration and a slight increase in the
number of erythrocytes in their blood. These changes indicate suppression
of hemoglobin synthesis and disruption of the oxygen transport function
of erythrocytes

The influence of Lead at 1/10 of the LD50 causes bone marrow
depletion, accompanied by a deficit of the earliest erythrocyte precursors and
the development of anemia in peripheral blood, which develops more
intensively and lasts longer in young rats®’. The occurrence of anemia

48 J'Iaaapem(o I. A., MenpuukoBa H. M. ITopiBHsHHS 6i0XiMIYHHX TTOKa3HHKIB KPOBi LIypiB
3a OTPYy€HHsA iX CBHHIEM B MaKpOIWCHEpCHiil Ta HaHodopmi. Vkpaincexuil Oioximiunuil
acypran. 2012. T. 84, Ne 1. C. 85-89.

4 Benbcoka 0. O. OcobmuBocti Mopdomorii peranbHOi MediHKK I BIIHBOM aleTaTy
CBUHIIIO Ta 32 YMOB KOpPEKIil MiKpoeneMeHTaMu. Bicnuk npobaem bionoeii i meduyunu. 2016.
Bum. 2(1). C. 327-330.
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BICHMK Tlonmascwvkoi 0epacasrnoi acpaproi akademii. 2014. Ne 3. C. 197-199.

Ocrposeska C. C., I'apens B. I, Hlaropna B. ®. Brums CBAHIIO HAa KPOBOTBOPHY
(YHKIII0 KICTKOBOTO MO3KY (eKCHepI/IMEHTaJILHe JOCIIIDKeHHS). Bichuk npobiem 6ionozii
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is determined by three reasons: a reduction in the lifespan of erythrocytes
and suppression of globin synthesis, especially o-chain and heme. Lead
induces erythropenia of varying degrees. Under the prolonged action of Lead
in small doses, the blood clotting time is prolonged, and the prothrombin
time in the II phase of blood coagulation is reduced, as well as the kaolin
time. In addition, the toxin causes a decrease in antithrombin III. Under the
influence of low doses of this heavy metal, changes in the IX phase of the
blood clotting process are observed, namely, a significant decrease in
fibrinase activity. All these changes may subsequently lead to intravascular
blood clotting®.

Lead intoxication causes significant disturbances in the red blood cells,
which develop in a specific sequence: initially, reticulocytosis and basophilic
stippling of erythrocytes appear, followed by anemia with a maximum
decrease in hemoglobin levels. This is the result of the toxin's suppression of
the process of iron incorporation into the protoporphyrin ring, leading to
increased levels of free protoporphyrin in erythrocytes and iron in plasma.
Additionally, it is not excluded that lead affects hematopoiesis in the bone
marrow and damages erythrocytes during mitotic division. Sharipov et al.
found that on the 7th day of lead poisoning, there was significant
suppression of erythropoiesis by 18.3% (3.41 £0.12 x 10"%/L vs. 4.12 £ 0.11
x 10"%/L), P<0.001, hemolysis by 21% (62.6 + 2.4 g/L vs. 79.2 + 2.6 g/L),
P<0.001, and pronounced reticulocytosis — 48% and basophilic stippling of
erythrocytes — 21.75 units per 10,000 erythrocytes (compared to 1.25 £ 0.01
per 10,000 erythrocytes). This intoxication pattern is explained by lead's
significant impact on sulfhydryl groups of enzymes involved in the
biosynthesis of porphyrins (heme): ALA dehydratase, decarboxylase, and
acceleration of free radical reactions in erythrocyte membranes™.

Some authors point out disturbances in the oxygen transport function of
animal erythrocytes under the influence of lead ions. This effect is based on
the influence of Lead ions on the activity of energy metabolism enzymes and
the concentration of 2,3-DPG in erythrocytes™.

Experimental exposure of geese to lead salts causes a decrease in the
total protein level in the blood due to a decrease in albumin content. It is also

%% Namkoscskuit O. O., ®omina M. B., Kamuu B. M. MexiHi3Mn TOKCHYHOI fii CBHHLIO
Ha KPOBOTBOPHY CHCTEMY 1 mporecu oOMiHy pEUOBMH B OpraHi3Mmi KopiB. Haykosuil sichuk
JIb6i6CbKk020 HAYIOHANLHO20 YHIBEpCUmMemy 6emepuHapHoi MeouyuHu ma 0OI0OmexHono2iu
in. C. 3. Toicuyvrozo, 2013. T. 15, Ne 1(4). C. 46-51.

* IMMapinos K. O., Anmabekosa A. A., Bynurin K. O. BIuMB HOBUX CIOJNYK CeleHy
Ha JesKi MOKa3HUKM Nepu(epruvHOi KPOBi KPOJMKIB NPU IHTOKCHKAIi CBUHEWU. AKmyanbHi
npoobiemMu mpancnopmuoi MeOuyuHy: HABKOTUWHE cepedosuue; npogeciiine 300poe’s,; namo-
n02is,2014. Ne 1. C. 100-104.

% Tepumn O. 1., Bopo6eus 3. JI., Kanunchkuit M. I. AKTHBHICTh (hepMeHTIB eHepreTHu-
HOro OOMiHy B epUTponMTax Oumumx mypiB mpu il 10HIB CBHHIIO. 3000ymKu KiiHiuHO!
i excnepumenmanvhoi meouyunu, 2009. Ne 2. C. 135.
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found that the calcium and iron content in their blood decreases. Feeding
geese with feed containing 5 times the MPC of lead decreased the total
concentration of globulins due to a decrease in both absolute and relative
amounts of gamma globulins®®

Lead intoxication in rats, both in nanoform and in macroparticle form,
leads to changes in the protein composition of their blood and an increase
in zinc protoporphyrin content, which can cause metabolic changes
in the animals' bodies®’

S.I. Danyliv and M.A. Mazepa found that the total number of leukocytes,
especially the percentage content of neutrophils and lymphocytes, changes
in the fish blood under lead-loading conditions. Redistribution of leukocyte
formula occurred in the blood of lead-affected fish, with a higher percentage
of lymphocytes by 20.5% and eosinophils by 2.4% at a concentration of 0.2
mg/L in peripheral blood, and promyelocytes by 3.6% and lymphoblasts by
6% at a concentration of metal ions of 0.5 mg/L compared to the control®

Significant tissue differences in the activity of antioxidant enzymes in
experimental fish and their dependence on the concentration of Lead ions
have been established. It was found that at lead concentrations of 0.1 and
0.5 mg/L, the activity of superoxide dismutase increased in the kidneys and
liver of experimental fish (P<0.001), while it decreased in the gills (P<0.001)
compared to the control group. Catalase activity in the experimental fish's
liver and kidneys decreased, while an increase was observed in the gills.
Glu‘égthione peroxidase activity increased in all organs of experimental
fish

In conditions simulating Lead intoxication in sexually immature rats,
Mal'tseva V.E. found Lead accumulation in both the bodies of the vertebrae
and the intervertebral discs. It was also found that calcium and zinc content
decreased in the vertebrae bodies. Osteopenic disorders were detected in the
vertebral bodies, with changes in the growth zone, a decrease in the volume
of cancellous bone, the number of trabecular contacts with the cortex, the

% Bacwubiiena JI. T1., Tapansk P. I1. BIUTMB IITYyYHOTO HAaBAaHTaKEHHS CBUHIEM Ha GioXi-
Mi4uHI Ta IMyHOJOTIUHI TTOKa3HHKH IUIa3MH KpPOBI ryceil Ta iX KOPEKIis CIONyKaMH CeJCHY.
Hayxoeuii sicnux JIbeiecbkoeo Hayionansno2o yuigepcumenty eemepunapHoi meouyunu ma
610mexn07021u im. C. 3. folcuubkoeo 2010. T. 12, Ne 2(4). C. 166-172.
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Ceplﬂ Meouyuna, 2008. Bur. 33. C. 44-49.

I[aHHmB C. L., Mazena M. A. Peakuist neiikouutiB nepudepudHoi KpoBi KOporna Ha Haj-
J'II/IIIIKOBI KOHueHTpaull CBHHLIO. Pubococnodapcvka nayka Yrpainu. 2009. Ne 2. C. 105-109.

® Jlekosmu C. P. AKTHBHICTH AHTHOKCH/IaHTHUX QJepMeHnB y TKaHMHax OiIOro TOBCTO-
no6a (hypophthalmichthys molitrix) 3a Tokcukauii iomamm cBuHI0O. Haykosuil gicnux
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height of the growth zone, and the number of chondrocytes in the
proliferative columns. Degenerative changes were found in the intervertebral
discs, manifested by a decrease in cell density and a change in the structural
organization of the fibrous ring plates. Histological analysis of the
intervertebral disc in the experimental group of rats revealed structural
changes in both the fibrous ring and the pulpy nucleus. Cracks along the
collagen fibers were noted in the fibrous ring, with larger cracks between
parallel plates®.

Exposure to Lead, even in low doses, during pregnancy disrupts the
physiological course of pregnancy and leads to embryonic developmental
disorders in offspring. Experimental assessment of Lead embryotoxicity as a
factor of low intensity revealed impaired embryonic development in
experimental animals. These changes manifest in increased embryonic
mortality and deterioration of overall fetal development morphometric
indicators. Additionally, lead intoxication in animals has been found
to suppress placentation®’.

The consumption of this heavy metal during pregnancy and throughout
gestation in rats leads to a decrease in the number of embryos (up to 33%).
Under these conditions, this is partly due to the suppression of ovulation and
embryo loss throughout pregnancy. The average number of surviving pups in
the group after exposure to lead acetate was 7.36 + 0.31 (P<0.05)%.

The effect of Lead on the gonads of male rats showed that prolonged
administration of Lead to male rats at a dose of 0.006 mg/kg until the end of
the 6th month of administration decreased sperm motility time®

Experimental data in the scientific literature indicates the toxic element's
ability to pass through the placental barrier. Placental barrier permeability is
not a constant value throughout pregnancy. With a single administration of
lead nitrate to female white rats at a lead dose of 50 mg/kg at various stages
of pregnancy, the highest amount of Lead crosses the placental barrier during
the early placental period (4th day of pregnancy). The accumulation of this
metal in the embryos of the experimental group exceeded that in the control
group by 4 times. It is known that free amino acids in the blood are markers
of proper nutrition and the functional state of the animal's body since they

% Maltseva V. E. Structural disorders in the spine of immature rats under conditions of lead
intoxication. Tauride Medical-Biological Bulletin. 2013. T. 16, No. 1(1). Pp. 152-155.
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play an essential role in the synthesis of proteins, physiologically active
compounds, purine and pyrimidine bases, and nucleic acids. When studying
the content of individual amino acids in the blood of rats under Lead
exposure (in both macro dispersed and nanoform), a likely decrease in lysine
content by 1.53 and 1.73 times, valine by 33.96 and 19.06%, threonine by
31.01 and 18.52%, leucine by 25.89 and 25.97%, respectively, was
established. An analysis of the level of non-essential amino acids in the
blood of poisoned rats revealed an increase in glutamine content by 1.8 and
2.5 times, cystine by 11.5 and 5.8 times, proline by 16.72 and 45.86%,
ornithine by 1.4 and 2.5 times, and tyrosine by 19.97 and 24.6%. A decrease
in glutamic acid content by 1.6 and 1.7 times, alanine by 21.24 and 30.91%,
compared to their levels in the intact rat group, was also found in the blood
of poisoned rats®.

It is known that the liver undergoes maximum stress due to Lead
exposure. This determines the relevance of a comprehensive assessment of
the morpho-functional state of liver tissues and biochemical changes in
blood enzymes of laboratory animals under Lead exposure. Based on the
conducted studies, S.T. Omelchuk and V.D. Oleksiyuk found that prolonged
lead intoxication leads to impaired liver function, characterized by an
increase in blood alanine and aspartate aminotransferase activity. It was also
found that in the post-exposure period, enzyme activity indicators decreased.
Morphological examination of internal organs in experimental rats under
lead intoxication revealed dystrophic changes in the liver parenchyma,
reactive changes in the stroma, and vascular reactions, the intensity of which
was more pronounced after 60-fold administration of oxygen (12 weeks) and
less pronounced after 60-fold lead administration, taking into account the
post-exposure period (18 weeks)®.

Under Lead exposure, a decrease in urea levels by 19% (P<0.05)
and an increase in uric acid levels by 23% relative to intact animal indicators
were found in the serum of rats®®.

Ultrasound examination of the organs of the abdominal cavity revealed
diffuse changes in the liver, mostly characterized by hepatomegaly, changes
in liver parenchyma alternating between areas of increased and unchanged
echogenicity, and the presence of ultrasound attenuation effect in the basal
regions of the parenchyma. In most patients, changes in the vascular pattern

% Menbuukosa H. M., Bopoumosa H. M. BB kanmiro Ha BMICT €CEHIIIITHUX €JIeMEHTIB
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of the liver were observed, which manifested as clearer visualization
of the walls of the small branches of the portal vein and hepatic veins —
the "visualized vessels" symptom®’.

Based on studies conducted on rats, Dovhal H.V. found that under Lead
exposure, which lasted before pregnancy and during pregnancy, in the late
prenatal period of rat development, spleen growth is disrupted, and the
formation of hematopoietic cells is sharply inhibited, lymphocyte migration
is delayed, and vascular formation is disturbed. In the splenic parenchyma,
there were areas with almost completely suppressed hematopoietic function.
A significant effect of Lead on vascular status was found in the venous and
arterial links of the organ's vascular system®.

It has been experimentally proven that the consequences of exposure
to high and medium doses of Lead on the reproductive organs manifest as
degenerative atresia of primordial and growing follicles, formation of large,
functionally active corpora lutea or rare in the regression stage, and the
formation of cyst-like structures. When entering the bodies of animals, even
in small doses, Lead causes serious disruptions in the functioning of the
kidneys and heart, increases blood pressure, and induces anemia. Special
attention is being paid to studying the impact of low concentrations of Lead
on the bodies of animals, which, in conditions of technogenic pollution, are
equated with the permissible limits for environmental objects such as
atmospheric air, soil, and natural water sources®.

Analyzing the works of foreign and domestic scientists, it can be
concluded that during Lead exposure to laboratory animals, negative
changes occur in the heart's and the -cardiovascular system's
morphophysiological functions. The action of the toxicant on the
cardiovascular system of animals is characterized by more intensive
development of atherosclerotic vascular lesions, which subsequently affects
the strength of vascular resistance, leading to its increase and resulting in
hypertension. Damage to the endothelium and increased permeability of the
vascular wall leads to enhanced cholesterol deposition due to a decrease in
the level of the hormone aldosterone in the blood, which helps regulate
arterial pressure’.
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During the experiment on Lead exposure in rats, unidirectional changes
in diastolic and dicrotic index indicators were detected in rats of different
ages. It is worth noting that in older animals, statistically significant changes
in these indices relative to the control were previously recorded, and their
magnitudes at each stage of the study were likely higher. Also, the analysis
of the results of studies of the dynamics of rheographic indicators in rats
allowed us to conclude that Lead at low doses mainly affects indicators of
vascular tone, somewhat less — on the speed indicators of blood flow
(maximum speed of accelerated filling and average speed of slow filling).
Lead is particularly dangerous because of its ability to accumulate in bones
and become a source of maintaining its elevated level in the blood of
intoxicated animals for a long time, even after the cessation of external
exposure, which allows considering the Lead content in bones as the only
reliable determinant of contamination of the body. And if blood, as a
dynamic system, reflects the direct effect of Lead on the body, then, due to
the ability of this toxicant to accumulate, its content in deposited tissues
characterizes the stability and duration of its entry into the body™".

In the development of Lead toxicosis in laboratory animals, lipid
peroxidation processes are activated against the background of suppression
of the activity of the antioxidant defense system, accompanied by signs of
desynchronosis. In sexually immature rats with Lead intoxication,
disturbances in the structure of chronorhythms of indicators of pro- and
antioxidant systems were more pronounced than in sexually mature animals,
which is a consequence of the more effective activity of the latter's adaptive-
compensatory systems’®. Lead contributes to the formation of Heinz bodies,
reduces the activity of ceruloplasmin in the blood of animals, and inhibits
the pentose phosphate cycle.

Based on the experimental studies conducted, Hubar I.V. and
Ponochovna A.S. established that the influence of lead acetate causes an
increase in speed indicators in young rats: maximum speed of accelerated
filling and average speed of slow filling, especially with prolonged
administration of the toxicant. In older animals, however, a two-phase
dynamics is observed: an increase in blood flow rate at the end of the first
stage of metal administration, followed by a decrease at the end of the study.
Studies of the immune status of animals exposed to heavy metals, especially

™ Cno6opsn C. O., Tyruii B. B. TIpoteincuutesypanbha GyHKIlis Ta GyHKIIOHATbHUIH cTaH
MEeYiHKM HIypiB 3a TPUBAJIOTO KAaJMIEBOrO Ta CBUHLEBOTO HABaHTAXEHHS. Haykosuil 6icHux
JIHYBME imeni C. 3. Iocuyvkozo. Cepin : Bemepunapni nayxu. JIbeis, 2019. T 21, Ne 96.
C. 141-146
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Lead, have revealed certain disturbances in the immune status in the form of
suppression of the phagocytic activity of neutrophils, decreased complement
activity, changes in the cellular and humoral components of the immune
system. The immunotoxic effect of this heavy metal is also confirmed by the
results of morphological studies of the organs of the immune system of rats
under Lead intoxication at a dose of 0.01 DLs,. In this case, hypotrophy of
the thymus and spleen and many lymphocytes in them were observed’.

Subtoxic doses of Lead nanoparticles in drinking water consumption
increase the number of band neutrophils, monocytes, eosinophils, and
lymphocytes in the blood of experimental animals and decrease the number
of segmented neutrophils™ .

In chronic toxicosis of laying hens caused by the administration of lead
acetate at doses of 2.5, 5, and 12.5 mg Pb(II) per kg body weight, an increase
in the content of medium-molecular-weight circulating immune complexes
in the birds of all experimental groups was established. This indicates a close
relationship between toxic immunosuppression by the toxicant ions and
changes in the concentration of circulating immune complexes in the blood
serum, which indicates a significant decrease in the detoxification potential
of the immune status of intoxicated hens. Cadmium intoxication also
increased the content of medium-molecular-weight circulating immune
complexes in the blood serum of the experimental groups of birds, indicating
the development of endogenous intoxication and a change in the organism's
homeostasis of chickens toward enhanced catabolic processes’>.

The addition of Lead at maximum allowable concentrations to the
content of cattle rumen in vitro studies contributes to the inhibition of
microbial growth and their metabolic activity, leading to a decrease in the
amount of ammonia and short-chain fatty acids and a decrease in amylolytic,
cellulolytic, and proteolytic activity in the incubation medium’®,

™ IImutpyxa H. M. EKcriepuMeHTANIbHE JIOCTIIKCHHS BIUTHBY BaXKKMX METaliB (CBUHIIIO
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™ Ceppernuk H. P., Cuituncbkuii, B. B. 3Minu remaronoriusoro mpodimo y Kypei-
HECYYOK 3a aTiMEHTAapHOIO TOKCHKO3Y aleTaToM CBHHIIO. Haykogo-mexuiunuil 6ionemens
Incmumymy 6ionoeii meapun i [epoicaenozo nayko80-00CaioH020 KOHMPOIbHO2O THCIMUNYNY
gemr%zenapamis ma kopmosux 0obasok. 2014. Bum. 15, Ne 2-3. C. 103-106.
Tamoxa H. I, Kyprsk b. M. Bmme Kagmito Ha Mera0oniuyHy aKTHUBHICTBH
MIKpOOpraHi3miB pyOIst BEIUKOi poratoi Xyno0u y Aociiiax in vitro i cnocodu 3HWKEHHS Horo
TOKCHYHOI nii. Bionoeis meapun. 2010. T. 12, Ne 1. C. 169-173.
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Lead is listed as a priority pollutant by several international organizations,
including the WHO and UNEP; therefore, research on the effects of lead
compounds on animal organisms is a relevant topic of investigation.

3. Modern approaches to the prevention of Lead-Cadmium intoxication

Modern approaches to preventing environmentally induced heavy metal
intoxication are the main goal of preventive human and veterinary medicine
and include a series of measures. In particular, primary prevention of heavy
metal intoxication involves compliance with sanitary and hygienic standards
(maximum permissible concentrations and levels) and implementing
appropriate measures to modernize technological equipment and improve
production processes, is important. In cases of technogenic pollution of the
environment with heavy metals such as Cadmium and Lead, chronic
exposure of these toxicants to animals occurs through feed and water.
The absorption of these elements in the digestive tract of animals is
influenced by age, lactation, and ration composition. Therefore, individual
prevention, which includes using preparations and feed additives to prevent
the absorption of heavy metals into the blood and their rapid excretion from
the body, becomes paramount. An effective way to reduce the content
of heavy metals in animal products, particularly Cadmium and Lead, is using
premixes in animal diets in combination with biologically active substances
that bind these hazardous elements in the digestive tract, preventing their
metabolism. However, while the content of trace elements in rations can be
regulated by additional administration of one or their mixture, enhancing the
biological availability of the element to the organism can be achieved by
ensuring the appropriate level of mineral and organic components in diets
with a physiologically close ratio of trace elements in premixes and more
effective inclusion of chelating compounds’’. Chelating compounds are
practically non-toxic, highly soluble in water, stable over a wide pH range,
absorbed by the soil, and degraded by microorganisms, with good
compatibility with other substances. Many studies have shown that the use
of feed additives in the form of chelating compounds of trace elements
ensures better metal assimilation than their administration in diets in
inorganic or organic forms, leading to higher animal productivity and lower
production costs per unit. This allows the consideration of internally
complex chelating compounds of biogenic metals to significantly improve
the quality of mineral supplements and, in turn, allows for a targeted
influence on metabolic processes in animal organisms. The use of individual

" Binepka E. M., Yekman I. C., Omyn H. M., Kamtymenko B. T., Crycs B.IL
BionpoTtekropHa ais IMHKY B Makpo- i HaHoakBaxenatHiii ¢opmi Ha emOpioreHes uiypis
3a yMOBH CBHHIIEBO] iHTOKCUKaLii. Meduuni nepcnexmusu. 2013. T. 18, Ne 2. C. 114-119.
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trace elements to reduce the impact of Cadmium and Lead on living
organisms is based on their antagonistic relationships’®. Chelated micro
elements have a biologically active form, which ensures their high
assimilation (95-100%). Due to the gradual breakdown of chelating bonds,
the preparations exhibit prolonged action. Upon detachment of
microelements, the organism utilizes protein ligands much more effectively.
All this makes it possible to reduce the doses of microelements by tens of
times and positively address economic and environmental issues. Metal-
organic preparations prevent and treat alimentary diseases more effectively
than other agents. Metal chelates can enhance animal resistance,
productivity, and reproduction. Today, trace elements with antagonistic
properties against Lead and Cadmium are known, including zinc, selenium,
calcium, and others”. Studies indicate that zinc and selenium, by entering
into competitive interaction with Lead and Cadmium, minimize their
harmful effects, reduce embryo lethality rates, increase the number of live
offspring, and improve biochemical and hematological parameters®.
It is worth noting that silver citrates have a modifying effect against lead
exposure during the hepatogenesis period. Under these conditions, sinusoids
are decreased, indicating a weakening of oxidative stress. A decrease in the
number of hematopoietic cells and an increase in the number of hepatocytes
indicate a restoration of liver maturation and differentiation processes.
The introduction of gold citrate against Lead exposure was accompanied by
an increase in the number of vessels compared to the control, indicating
oxidative stress, an increase in the number of hematopoietic cells, and a
decrease in the number of hepatocytes, indicating a delay in liver
development and differentiation. According to B. A. Katsnelson et al.,
biological prevention of heavy metal intoxication is based on the use
of harmless agents that enhance the immune and antioxidant status of the
organism, taking into account the peculiarities of Cadmium and Lead
toxicokinetics and toxicodynamics to achieve maximum positive effect.
Therefore, biological prevention under the influence of Cadmium and Lead
should include complex measures to reduce the organism's load with these
toxicants and increase its overall biological resistance®.

™ Iymuit B. B. Bruus E-ceneny ma BMmicT Bitaminis A i E y KkpoBi 6HukiB 3a ymoB
KagMieBol iHTOKCHKaii. Haykosuul sichuk JIb8i6cbk020 HAYIOHANILHOO YHIBEpCUMeny éemepu-
napnoi meduyunu ma Giomexnonoziii im. C. 3. Iicuywrozo, 2013. T. 15, Ne 3(3). C. 311-314.

& Hedrvomosa O. O. 3ageceneup 1. 1. BruinB HU3bKHX 103 KaaMil0 LUTPATy Ta KaaMiro
XJIOPUIY Ha MOKa3HUKH eMOpioreHe3y IIypiB 3a yMOB KOPEKLii HIUTpAaTaMU LMHKY Ta CENCHY.
Bicnux npobnem 6ionoeii i meduyunu, 2019. Bum. 1(1). C. 278-281.

benbcbka 0. O. Mopdororis medyiHKM IiJ BIUIMBOM aleTaTy CBUHIIO Ta 33 YMOB
KOpeKIii MikpoeseMeHTaMu (0TI JiTepaTypu). 3000ymKu KAHIYHOL | eKcnepumenmanshoi
meduyunu. 2016. Ne 2. C. 13-16.

8 Katsnelson B. A., Degtyareva T. D., Privalova L. I. Biological prevention of intoxication

with inorganic substances. Occupational medicine and industrial ecology. 2004. No. 9. P. 19-23.
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Among the classical means of preventing heavy metal intoxication, drugs
that promote the excretion of metals from the body and prevent their
accumulation occupy an important place. This group includes chelators,
mineral and plant-based enterosorbents®.

For treating sheep with Cadmium and Lead intoxication, an antioxidant
drug to restore hepatocyte function called E-selenium is used, as well
as a preparation based on zeolites called Minerol. Zeolites are mineral
sorbents used in almost all agricultural sectors. They consist of crystalline
structure minerals composed of natural silicate frameworks with molecular-
sized voids and channels containing cations and water capable of absorbing
inorganic and organic substances (particle size 0.5-3 mm), possessing a vast
internal surface area with unique absorption properties. Analysis of serum
protein content has shown that administering Minerol and E-selenium
positively affects metabolic processes in the bodies of sheep. It has also been
found that using these preparations improves the functional state of the
kidneys®.

Several publications indicate the positive effect of natural zeolites as
adsorbents in removing toxicants, including heavy metals, from the bodies of
animals and birds. They significantly reduce the entry of Cadmium and Lead
ions into the blood from the digestive tract. In particular, it has been
established that natural zeolites are effective adsorbents for residual amounts
of heavy metals, including Cadmium and Lead, which are increasingly
polluting environmental objects®*.

In veterinary practice, for intoxication with heavy metals, the drug
Methifen, which contains zeolite, phenosan acid as a direct antioxidant, and
methionine, is widely used. When using amino acids in animal feeding, it is
necessary to consider the need for methionine to provide an optimal content
of limiting essential amino acids. Methionine promotes body growth and
serves as a source of methyl groups for choline synthesis®. The amount
of amino acids that animals need varies and depends on gender, productivity,
species, and age.

® Mopramuuk C. B., Mamenko O. M. BIUIMB eKCTPAKTy JiKapChKHX POCIHH HA €KCKPEIiio
HAJUIMIIKY KaJIMil0 1 CBHUHIJIO i3 OpraHiaMy IiHHHX KOpiB. [Ipobaemu 300injicenepii
ma eemepurapHoi meduyunu. 2015. Bun. 30(1). C. 228-234.

Mlapangak I1. B. Brumie minepony Ta E-ceneny Ha (yHKIiOHANBHMII CTaH HHMPOK
Ta nediHKy BiBueMarok Jlyrancbkoi obmnacti. Aepapruii sichuk IIpuyopromop's. Bemepunaphi
nayxu. 2013. Bum. 68. C. 318-322.

8 Kanauniok T 1., ®omenko 1. C., Jlmyp FO. M. Bionoriuma fis copGenTiB B opramizmi.
Ilpayi 2-20 3axionoykpaincbkoco cumnosiymy 3 abcopbyii ma xpomamoepadpii. JIpi, 2000.
C. 203-208

® T'yruit B. B. Brume XJIOpuay KaaMilo y TOKCHYHHX 103aX HA [JIyTATIOHOBY CHCTEMY
AQHTUOKCHJAHTHOTO 3aXMCTy OpraHi3My OwukiB. Bron. Bemepunapna 6iomexnonoeia. HixuH,
2013. Bumn. 22. C. 112-116.
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For Lead and Cadmium intoxication, preparations containing selenium
are widely used in veterinary medicine because selenium is an antagonist
to these toxicants and possesses antioxidant propertics. The antioxidant
action of selenium is due to its inclusion in the active center of selenium-
dependent glutathione peroxidase. Selenium-containing amino acids such
as Se-cysteine and Se-methionine exhibit similar actions, binding free
radicals or participating in non-radical lipid peroxide breakdown. Selenium
also regulates the metabolism of vitamins A, C, E, and K. To prevent
Cadmium and Lead toxic effects on animal organisms, veterinary medicine
widely uses preparations such as Sel-plex, E-selenium, and Mevesel, which
contain selenium®.

Studies of lipid metabolism indicators in animal organs with the addition
of Sel-plex in an age aspect are an important link in establishing the nature
of metabolic intensity changes caused by the drug. Determining these
indicators in the animal organism allows for the physiological state to be
influenced and normalized under heavy metal loads.

The antioxidant drug Mevesel was developed at the Department of
Pharmacology and Toxicology of the S. Z. Gzhytsky National University of
Veterinary Medicine and Biotechnologies in Lviv. The preparation contains
vitamin E, selenium, and methionine. These components enhance each
other's action, enhance young cattle's antioxidant status, and balance the
"Antioxidant Defense System <> Lipid Peroxidation" complex during
cadmium intoxication®’.

It is known that heavy metals, including Cadmium and Lead, are thiol
poisons; therefore, it is advisable to use drugs containing active sulfhydryl
groups. The group of thiol-containing drugs includes unithiol, which
contains two active sulfhydryl groups, and succimer, which contains two
active sulfhydryl and two carboxyl groups®. Some authors recommend
intravenous administration of sodium hyposulfite in combination with
glucose to bind heavy metals in animal organisms, justified by its ability to
enhance the liver's detoxification function and positively affect metabolic
processes, or the use of magnesium sulfate preparations with glucose
(intramuscularly) and molasses as part of the diet with enhanced organism
vitaminization.

8 Lexmictpenxo O. C., Lexmictperko C. L., [leeua I. O., ITonomapenko H. B., ITomimyk B. M.,
Spemuyk T. C. Brumme Cen-ruiekCy Ta KaJMi€BOrO HaBaHTa)KCHHS Ha JIMONEPOKCHIALII0
B oprasismi nruni. Texnonozis eupobnuymea i nepepobku npooykyii meapunnuymea. 2013.
Bum. 9. C. 16-19.

¥ Tyruit B. B. Brumus Xjopuay KajaMmilo Ha piBeHb MPOIYKTIB NEPEKHCHOTO OKHCHEHHS
ninigiB y KpoBi 6udkiB. Hayk. gicnuk Jlyeancvkoeo HAY. Jlyrancek, 2013. Ne 49. C. 40-43.

% TpaxtenGepr I. M., JImurpyxa H. M., Kosnos K. I1., Auxrina O. JI., Koponenko T. K.,
Kpachokyrcpka JI. M. CywacHi migxomu mioao npodiTakTUKH IHTOKCHKAIIH BaKKUMHU
MertaiiamMu. Tagpuyeckuii meouxo-ouonoeuueckuii gecmuuk. 2012. T. 15, Ne 1(57). C. 253-257.
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Acute exposure to Lead and Cadmium causes significant shifts in the
antioxidant and immune systems, prompting the search for an adequate
correction method. Liposomes significantly improved the body's defense
systems and thus prevented significant damage caused by these heavy metals,
which have a tropism for thiol groups. Liposomes are artificial spherical particles
consisting of phospholipid bilayers surrounding a central aqueous cavity and
self-organizing during phase transition due to the lipid's amphiphilic structure®.

The interaction of liposomes with the organism's cells occurs through the
following mechanism: adsorption on the cell surface; endocytosis of liposomes
by cells — penetration into lysosomes; fusion with the cell membrane; exchange
of lipids with cells. Liposomes allow the drug to penetrate into those areas of the
organism where they cannot reach without liposomes, and also protect the cells
of the organism from the toxic effects of medicinal products and protect
medicinal substances from degradation. Liposomes prolong the action of the
administered drug and increase its pharmacological effectiveness by altering the
pharmacokinetics of medicinal products. Compounds containing sulfhydryl
groups demonstrate hepatoprotective effects. These include unitiol, cysteine, and
cystamine™.

To prevent cadmium's negative effects on young cattle organisms, a liposo-
mal preparation, "Mevesel-injection," is used. The application of Mevesel to
animals under conditions of acute cadmium intoxication has been shown to
normalize the intensity of lipid peroxidation, as indicated by a decrease in
intermediate and final lipid peroxidation products in the blood serum of
experimental animals. Mevesel injection reduces the rate of formation of free
radicals and active oxygen species in the bodies of calves under acute cadmium
intoxication.

Hopta N.S. and Vitvitsky Z.Ya. used the domestic preparation "Artichoke
extract-Health" to prevent the toxic effects of cadmium on animals. It has
been established that this preparation contributed to restoring the balance of
macro- and microelements in the femur, while simultaneously increasing the
mineral density of the bone tissue. This provides grounds to assert the
activation of the processes of bone tissue repair damaged by Cadmium under
the action of biologically active substances of artichoke extract™.

® Tyruit B. B. Bums VYpcosity-Azec Ta Meseceny iH'€KIifHOr0O Ha EH3MMHY ITaHKY
IJIyTaTiOHOBOI CHCTEMH aHTHOKCHIAHTHOTO 3aXHMCTy OHYKIB 3a TOCTPOrO KajJMi€BOro
TOKCHKO3Y. Bicnux Cymcvkoeo mayionamwnozo azpapnozo yuieepcumemy. Cepia @ Bemepu-
napna Me()mu;una, 2016. Bum. 6. C. 22_17225. ) o ) ] o

T'yruit b. B. Brmue MericeBity Ha BMmicT BitamiHiB A 1 E y kpoBi OyraiiiiB 3a ymoB

KaJMIi€BOTO HaBaHTaxeHH:A. Bicnux CyMcbKko2o HAYyioOHAIbHO20 A2PapHO2O  YHIGepCUMenty.
Cepis: Bemepunapna meouyuna, 2016. Bun. 11. C. 10-13.

! Xonra H. C., Bursnupkuii 3. 5. Kopekuis nopymens y minepanbhiii $hasi kictkosoi
TKaHMHM LIypiB, W0 BHHUKAE€ 3a YMOB KaJMI€BO-HITPUTHOI iHTOKcUKauii. IIpobremu
ocmeonoeii. 2012. T. 15, Ne 1. C. 88-90.
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Researchers from the Department of Pharmacology and Toxicology
of the S.Z. Gzhytsky National University of Veterinary Medicine and
Biotechnologies in Lviv developed a new preparation, "Metisevit", which
contains selenium, methionine, and vitamins A and E. When testing this
preparation on young cattle under conditions of Cadmium loading, it was
established that this preparation contributed to an increase in the content
of non-enzymatic antioxidants of the antioxidant defense system, namely
vitamins A and E, throughout the study.

Biletska Ye.M. et al. studied the cytoprotective action of zinc in macro-
and nanoaqua chelate forms on the embryogenesis of rats under conditions
of Lead intoxication. Based on the studies conducted, it was established that
the cytoprotective effect of zinc in nano aqua chelate form under Lead
intoxication is more pronounced than that of zinc chloride in terms
of embryo lethality indicators and the number of offspring. Meanwhile,
morphometric indicators of offspring were somewhat higher when zinc
chloride was administered compared to zinc in nanoaqua chelate form.
In the comprehensive therapy of Cadmium and Lead poisoning,
enterosorbents are widely used as biological preventive measures. Among
them are sorbents of mineral origin, which include a wide range of natural
minerals (kaolins, bentonites, silicates). Compounds of plant origin are also
proposed, among which pectins are significant — organic substances capable
of forming chelate complexes when interacting with heavy metals.
It is worth noting that pectins also play an important role in formulating new
dosage forms and complex compounds with vitamins and antioxidants,
protecting them from degradation during storage®.

Antioxidants are currently successfully used to prevent Lead and Cad-
mium toxicoses. It has been established that Lead and Cadmium have
prooxidant properties, and chronic exposure to these metals leads to a con-
stant increase in the levels of free radicals and reactive oxygen species
and depletion of the antioxidant defense system, subsequently leading
to a sharp decrease in antioxidant vitamins. Therefore, vitamin preparations
are also used to prevent toxicoses™.

It is known that selenium, combined with vitamin E, has antioxidant
properties, manifested in the neutralization of damage to liver cells under the
toxic influence of Cadmium and Lead.

% PBineupka E. M., Yekman 1. C., Onmyn H. M., Kamiysenxo B. I'., Crycs B.IL
BionpoTtekropHa ais IMHKY B Makpo- i HaHoakBaxenatHiii ¢opmi Ha emOpioreHes urypis
3a yMOBY CBHHILEBO] iHTOKCHKALT. Meduuni nepcnexmusu, 2013. T. 18, Ne 2. C. 114-119

% Jlappummnu 0. 0., T'yrnii b. B. Pienb BitaminiB y kpoi Gyraifui 3a excrepu-
MEHTAJIBHOTO XPOHIYHOIO KaJMI€BOTO TOKCHKO3Y. Haykoeo-mexmiunuu 6ionemenv [epoicas-
HO20 HAYKO80-00CNIOHO20 KOHMPOILHO2O IHCIMUMYmMY 8eMePUHAPHUX Npenapamis ma Kopmo-
6ux 0obasox i Incmumymy 6ionoeii meapun, 2019. Bum. 20(2). C. 317-324.
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Thus, the literature review indicates the expediency of a comprehensive
study of the combination of antioxidants, trace elements, and vitamins in
treating animals under the toxic influence of Lead and Cadmium, formulated
as the study's goal and objectives in the introduction to this work.

CONCLUSIONS

Lead and Cadmium belong to the class of highly toxic substances and
pose a significant threat to the ecological safety of ecosystems. When
entering the bodies of animals, these heavy metals cause the development
of toxicosis with acute and chronic courses. It is known that the main
mechanism of Lead and Cadmium intoxication in the bodies of animals is
the development of oxidative stress, as evidenced by the disturbance of the
balance of the antioxidant system and lipid peroxidation in the blood,
as an integral indicator of the body's condition.

The nature of distribution and the degree of accumulation of heavy
metals in the bodies of animals depend on the biochemical components
of tissues and organs, affinity to different structures, the strength of formed
complexes, and the rate of their excretion from the body. Due to the high
permeability of the intestinal wall for Lead and Cadmium, their
administration leads to a systematic increase in their content in the bodies
of animals. In the blood plasma of animals, as part of various transport
proteins, Lead and Cadmium gradually accumulate in tissues, primarily
in the kidneys, liver, and bones. By entering into competitive interactions
with essential divalent metals, blocking the active centers of enzymes, and
binding to thiol groups of proteins, toxins exert a toxic effect on metabolic
processes. Therefore, it is relevant to study the combined effect of Lead and
Cadmium on the content of elements in the tissues and organs of animals.

The toxicity of Cadmium and Lead lies in their disruption of metabolism
and physiological functions and reduction of overall resistance, productivity,
and reproductive capacity in animals.

SUMMARY

Only a few scientific works are in the literature concerning the
mechanisms of the combined toxic effect of Cadmium and Lead salts,
and only in laboratory animals and birds. The results of studies conducted on
the above-mentioned animals do not fully reveal the pathogenesis of the
combined action of Lead and Cadmium at subtoxic doses, so there is no data
on the effect on the organism of young cattle. All this is relevant and
determines the relevance of our experimental studies.
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Relevant is also the search for medicinal products that can increase
the body's resistance to diseases by neutralizing the combined toxic effect
of heavy metal salts.

The literature review confirms the relevance of the chosen research
direction and emphasizes the need for further detailed study of the combined
action of Cadmium and Lead in young cattle.
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