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Prolonged ingress of heavy metals into the organisms of animals, even in low concentrations, causes a number of toxic impacts, 
affecting various organs and systems. The objective of this study was to research parameters of enzymatic and non-enzymatic links of 
the system of antioxidant protection of the organism of young cattle in the condition of lead-cadmium load and the effect of Metisevit 
Plus feed additive. Studies were conducted on the basis of the Private Agricultural Company “Ukraina”, located in Dubrovytsia dis-
trict of Rivne Oblast, using 12 six-month old bulls of Ukrainian Black Pied Dairy breed divided into two groups, each consisting of 6 
animals. Bulls of the control group received the standard diet. The bulls of the experimental group were fed with Metisevit Plus feed 
additive in the dose of 0.5 g/kg of feed. The contents of lead and cadmium in feed at the enterprise were determined to be high. Ac-
cording to the conducted studies, it was determined that in conditions of cadmium and lead load, there is a decrease in activity of 
glutathione link of the system of antioxidant protection of the organism of bulls. Feeding the bulls of the experimental group with 
Metisevit Plus feed additive for 30 days led to increase in the levels of non-enzymatic and enzymatic activities of the glutathione 
system. Significant increase in the level of reduced glutathione was recorded on days 30 and 40 of the experiment. Consumption of 
Metisevit Plus by the animals of the experimental group promoted increase in the activity of catalase and superoxide dismutase start-
ing on the 20th day of the experiment. On days 30 and 40 of the experiment, the activity of the studied enzymes ranged within the 
physiological values. Therefore, the studies conducted on the bulls indicate that in the conditions of cadmium and lead load the feed 
additive Metisevit Plus fed to the bulls activated the system of antioxidant protection by increasing the levels of enzymatic and non-
enzymatic links. When feeding bulls of the experimental group with Metisevit Plus feed additive, we determined significant decreases 
in diene conjugates and TBA-active products in their blood starting already on the 10th day of the experiment. On days 20 and 30 of 
the experiment, the level of diene conjugates in the blood of animals of the experimental group decreased by 14.5% and 24.0%. Effi-
ciency of the feed additive may be explained by the effect of its constituents on the main pathogenic links of the pathological process 
caused by cadmium and lead. As indicated in the studies, liquidation of the syndrome of endogenous intoxication restores the func-
tional condition of cellular membranes of the liver, protein-synthesizing function of the liver, increases the antioxidant status of the 
organisms of bulls. The studies we conducted confirm the expedience of using feed additive Metisevit Plus to prevent lead-cadmium 
toxicosis.  

Keywords: technogenic load; antioxidant activity; lipid peroxidation; feed additive.  

Introduction  
 

In the conditions of contemporary technogenic pollution of the envi-
ronment, ecological problems, improving the quality of livestock products 
and food safety are important and relevant issues today (Ercal et al., 2001; 
Vishchur et al., 2019; Yaroshevych et al., 2021).  

Due to deterioration of the ecological situation, it is a matter of high 
priority to monitor heavy metals in the trophic chain; soil – plant – food – 
animal – products – human. These pollutants quickly migrate and concen-
trate in biosphere components (air, water, soil – plants – animals – hu-
man), thereby complicating the production of high-quality agricultural 
production and negatively affecting human health (Fryzova et al., 2018; 
Rehman et al., 2018; Zazharska et al., 2018; Fu & Xi, 2020). Therefore, it 
is necessary to select such a system of livestock rearing that will corres-
pond to the expected productivity in order to obtain maximum amount of 
safe high-quality products that meet sanitary standards (Fan et al., 2015).  

Heavy metals are the leading pollutants of the atmosphere, water bo-
dies and soils on a global and regional scale. Due to their high migratory 
ability, tendency toward bioaccumulation and poly-trophic nature, metals 

pose a dangerous threat to humans and animals not only by direct impact, 
but also through negative impact on sanitary-hygienic parameters of envi-
ronmental objects (Shulman et al., 2017; Kozak & Brygadyrenko, 2018; 
Pratush et al., 2018; Sall et al., 2020; Piven et al., 2020). Mixture of toxic 
substances that are able affect living organisms both independently and 
interacting with one another in various ways may influence the extent of 
toxic effects of separate substances (Ali et al., 1986; Kalyn et al., 2020). 
Therefore, during environmental contamination with heavy metals, it was 
confirmed that manifestations of toxic action may depend on presence of 
interaction between them, which causes changes in the threshold values, 
and thus, not only is the toxicity of each component of the system impor-
tant, but their combined action as well (Järup, 2003; Rahman & Singh, 
2019, 2020).  

Among the environmental pollutants, cadmium and lead occupy two 
of the top positions in terms of toxicity and danger to humans and animals  
(Al-Azemi et al., 2010; Renu et al., 2021). Prolonged contact with these 
metals and their ingress into the organism of animals, even in small con-
centrations, inhibit the immune system of the organisms of animals, re-
duce their resistance to infections and promote development of allergic, 
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autoimmune and oncologic pathologies. These metals block reactive 
(sulfhydryl, carboxyl and phosphate) groups of biopolymers, including 
proteins, nucleic acids, enzymes (Fregoneze et al., 1997; Gutyj et al., 
2019). When entering the organisms of animals, heavy metals not only 
reduce their productivity (Gutyj et al., 2016), but affect the chemical com-
position, indicators of biological value and sanitary quality of livestock 
products (Slobodian et al., 2019). Feeds contaminated by even a small 
amount of heavy metals may be a cause of chronic and subclinical intoxi-
cation of animals.  

In general, the mechanism of combined action of cadmium and lead 
on the organism of young cattle still has not been revealed completely, 
though the main, most universal positions based on knowledge of the 
metabolic pathways of heavy metals are studied quite well. Therefore, it is 
necessary to study the pharmacologic-toxicological and biochemical 
processes that lie at the base of metabolic disorders and impairments of 
vital functions of the organisms of animals, caused by combinative action 
of lead and cadmium. It is especially important to determine the effect of 
these toxicants on the system of antioxidant protection of the organisms of 
animals, which prevents the excessive activations of free-radical and pe-
roxide reactions in the organisms of animals and to perform a search for 
drugs that would be able to increase the resistance of the organism to 
diseases by inhibiting combined toxic effects of salts of heavy metals.  

Especially interesting is the condition of the system of antioxidant 
protection of the organism of animals in the conditions of various physio-
logical disorders and pathological conditions of the organism, including 
those caused by toxic effect of heavy metals (Grymak et al., 2020). Ac-
cording to the literature data, heavy metals disturb this balance between 
the formation of prooxidants in the organism and their deactivation by 
antioxidants, which, as a result, causes development of oxidative stress 
(El-Shahat et al., 2009; Gutyj et al., 2017).  

Research on the glutathione system in the conditions of negative ef-
fects of heavy metals is relevant not only in the context of functioning of 
the general antioxidant system of the organism, but also due to its direct 
involvement in many biochemical mechanisms of detoxification of lipo-
philic and hydrophilic xenobiotics. Participation of glutathione and sys-
tems connected with it in the processes of biotransformation and detoxica-
tion of xenobiotics is to a high degree determined by resistance of the 
organism against their toxic action.  

The objective of the study was to research the antioxidant status of the 
organisms of bulls in the conditions of lead-cadmium load and action of 
the feed additive Metisevit Plus.  
 
Materials and methods  
 

All the manipulations with the animals were conducted according to 
the European Convention for the Protection of Vertebrate Animals used 
for Experimental and other Scientific Purposes (Official Journal of the 
European Union L276/33, 2010). The research was performed on the 
basis of the Private Agricultural Enterprise “Ukraina” of Dubrovytsia 
district of Rivne Oblast on 12 six month old bulls of the Ukrainian Black 
Pied Dairy Breed separated into 2 groups with 6 animals in each.  

Group 1 was the control group (C), where the bulls were given the 
standard diet; group 2 was the experimental group (E) in which the bulls 
received Metisevit Plus in the dose of 0.5 g/kg of compound feed.  

In this enterprise, the feeds were determined to contain high contents 
of lead and cadmium. At the same time, we determined significant differ-
ences between the accumulations of these metals between the different 
types of feeds. The greatest content of cadmium was found in grain feeds 
and concentrated feeds, where its concentrations exceeded threshold limit 
value by 1.39 (wheat); 1.35 (rye); 1.23 (barley) times. As for lead, its 
highest content was in juicy feeds, particularly in leaf vegetable of feed 
beet, exceeding the allowable level by 79.1%; in green mass of herbs in 
natural pastures – correspondingly by 69.3% and 76.4%; herbage of mix-
ture with Vica sativa – by 69.2% and 70.7%.  

To conduct the studies, we followed the compulsory rules for perfor-
mance of zootechnical experiments on selection and maintenance of 
analogue animals in the groups, technologies of preparation, use and ac-
counting of consumed feeds. To prevent negative impact of cadmium and 
lead on the organisms of animals, at the Department of Pharmacology and 

Toxicology of the Lviv National University of Veterinary Medicine and 
Biotechnologies named after S. Z. Gzhutsky, the feed additive Metisevit 
Plus was developed based on phenaron, vitamins A and E, methionine, 
selenium and zinc.  

Blood for the analyses was drawn from the jugular vein at the begin-
ning of the experiment and on days 10, 20, 30 and 40 after feeding the 
bulls with Metisevit Plus additive.  

Activities of glutathione peroxidase (GP; E.C.1.11.1.9) and gluta-
thione reductase (GR; E.C.1.6.4.2) were determined using the method of 
Lemeshko et al. (1985); activity of catalase (CT; E.C.1.11.1.6) – using the 
method of Koroliuk (1988); activity of superoxide dismutase (SOD; 
E.C.1.15.1.1) – using the method of Dubinina et al. (1983); the level of 
TBA-active products – using the method of Korobeinikov (1989), level of 
diene conjugants – method of Stalna (1977); content of reduced gluta-
thione (RG) was determined using the method of Butler (1963) (Vlislo, 
2012).  

The data were analyzed using Statistica 6.0 software pack (StatSoft 
Inc., USA). The data are presented in the diagrams as x ± SD (x ± stan-
dard deviation). Differences between the values of the control and the 
experimental groups were determined using ANOVA, where the diffe-
rences were considered statistically reliable at P < 0.05 (taking into ac-
count Bonferroni correction).  
 
Results  
 

The studies revealed that cadmium and lead load led to decrease in 
the activity of the glutathione link of the system of antioxidative protec-
tion. Therefore, we observed decrease in the level of reduced glutathione 
to 29.58 ± 0.55 mg% in blood of bulls of the control group loaded by 
heavy metals.  

Feeding bulls of the experimental group with Metisevit Plus feed ad-
ditive for 30 days caused increase in the level of reduced glutathione 
throughout the experiment. Therefore, on day 10 of the experiment, the 
level of the parameter in the blood of animals of the experimental group 
increased to 30.62 ± 0.54 mg%, while equaling 29.59 ± 0.49 mg% in the 
control group. Significant increase in the level of reduced glutathione was 
seen on days 30 and 40 of the experiment, where it increased by 7.6% and 
7.1% respectively compared with the control group (Fig. 1).  
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Fig. 1. Level of reduced glutathione in the blood of bulls of the control 
group (a) and bulls of the experimental group in the conditions of lead-

cadmium load and effect of feed additive Metisevit Plus (b): along abscis-
sa axis – day of the experiment, along the ordinate axis – the level of re-

duced glutathione (% against the initial level of reduced glutathione before 
the beginning of the experiment, considered 100% for each of the experi-

mental animals); small square – median, upper and lower edges of the 
rectangular square – 75% and 25% of quartile, vertical line – minimum 

and maximum values, circles – outliers; n = 6  

The research performed on activity of separate enzymes of the gluta-
thione link of the system of antioxidative protection in blood of bulls of the 
control and experimental groups revealed that the activities of glutathione 
peroxidase and glutathione reductase at the beginning of the experiment 
ranged within 29.4–28.9 nmol of NADPH/min per 1 mg of protein and 
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1.33 ± 0.040 and 1.35 ± 0.033 nmol of NADPH/min per 1 mg of protein 
(Fig. 2 and 3).  

When feeding Metisevit Plus additive to bulls of the experimental 
group, we determined a significant increase in the activity of glutathione 
peroxidase starting already on day 30 of the experiment, when the activity 
of the enzyme increased by 23.5% compared with the control group of 
animals. On day 40 of the experiment, the activity of glutathione per-
oxidase in the blood serum of bulls of the experimental group was 21.3% 
higher compared with the control group.  
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Fig. 2. Activity of glutathione peroxidase in blood serum of bulls of the 
control group (a) and bulls of the experimental group in the conditions  
of lead-cadmium load and action of feed additive Metisevit Plus (b):  
on abscissa axis – day of the experiment, on ordinate axis – activity of 

glutathione peroxidase (% of the initial activity of glutathione peroxidase 
before the beginning of the experiment, considered 100% for every expe-

rimental animal); small square – median, upper and lower edges of the 
rectangular square – 75% and 25% of quartile, vertical line – minimum 

and maximum values, circles – outliers; n = 6  

Studies of the activity of glutathione reductase in the blood serum of 
bulls of the experimental group revealed that consumption of Metisevit 
Plus feed additive led to a significant increase of the activity of this enzy-
me starting already on the 10th day of the experiment, when it equaled 
1.42 ± 0.050 nmol of NADPH/min per 1mg of protein, whereas in the 
control group it was 1.31 ± 0.034 nmol of NADPH/min per 1 mg of pro-
tein. On days 20 and 30 of the experiment, the activity of glutathione re-
ductase in the blood serum of bulls of the experimental group increased by 
10.2% and 24.6% compared with the control. On day 40 of the experi-
ment, the activity of the enzyme in blood of the experimental group re-
mained high, equaling respectively 1.64 ± 0.039 nmol of NADPH/min 
per 1 mg of protein.  

We determined inhibition of activity of catalase in the blood of bulls 
of the control and experimental groups at the beginning of the experiment. 
Activity of this enzyme remained low in the blood of the control group, 
whereas in the experimental group, the activity of catalase significantly in-
creased beginning already from the 20th day of the experiment, by 14.4% 
respectively compared with the control group. On days 30 and 40 of the 
experiment, activity of catalase in the blood of bulls of the experimental 
group remained high, equaling 6.62 ± 0.19 units on the 30th day, and 
6.55 ± 0.17 units on the 40th day (Fig. 4).  

The studies of the activity of superoxide dismutase revealed that it 
was low in the blood of animals of the control group, ranging respectively 
0.45–0.50 conventional units/mg of protein. In the experimental group of 
bulls activity of this enzyme was observed to be significantly increased as 
soon as the 10th day of feeding with Metisevit Plus. On day 20 of the 
experiment, the activity of superoxide dismutase in the blood of bulls of 
the experimental group significantly increased by 16.3% compared with 
the bulls of the control group (Fig. 5).  

On the 30th day of the experiment, the activity of superoxide dismu-
tase in the blood of bulls of the experimental group was the highest, equa-
ling 0.63 ± 0.013 conventional units/mg of protein against the control, 
where it was 0.46 ± 0.010 conventional units/mg of protein, thus being 
37.0% higher than the parameters of the control group.  
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Fig. 3. Activity of glutathione reductase in blood serum of bulls of the 

control group (a) and bulls of the experimental group in the conditions of 
lead-cadmium load and action of Metisevit Plus feed additive (b):  

on abscissa axis – day of the experiment, on ordinate axis – activity of 
glutathione reductase (% of the initial activity of glutathione reductase 

before the beginning of the experiment, considered 100% for every expe-
rimental animal); small square – median, upper and lower edges of the 
rectangular square – 75% and 25% of quartile, vertical – minimum and 

maximum values, circles – outliers; n = 6  
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Fig. 4. Activity of catalase in the blood serum of bulls of the control group 
(a) and bulls of the experimental group in the conditions of lead-cadmium 
load and effect of feed additive Metisevit Plus (b): on abscissa axis – day 
of the experiment, on ordinate axis – activity of catalase (% of the initial 

activity of catalase before the experiment, considered 100% for each  
of the experimental animals); small square – median, upper and lower 
edges of the rectangular square – 75% and 25% of quartile, vertical  

line – minimum and maximum values; n = 6 

We determined that the process of peroxidation of lipids in the blood 
of bulls intensified in the conditions of heavy metal load. The levels of the 
primary and end products of lipid peroxidation in the blood of bulls of the 
control and experimental groups at the beginning of the experiment equa-
led 7.60 ± 0.18 and 7.62 ± 0.10 µmol/L and 0.298 ± 0.007 and 0.302 ± 
0.005 µmol/L. In the subsequent periods of the study, the levels of primary 
and end products of lipid peroxidation in the blood of bulls of the control 
group were increasing and remained high throughout the experiment.  

When feeding bulls of the experimental group with Metisevit Plus 
feed additive, we determined significant decrease in diene conjugates in 
their blood starting already on the 10th day of the experiment, equaling 
6.4% compared with the parameters of the control group (Fig. 6).  

On days 20 and 30 of the experiment, the level of diene conjugates in 
the blood of animals of the experimental group continued to decrease, fal-
ling by 14.5% and 24.0% compared with the control group respectively. 
On day 40 of the experiment, the level of primary products of lipid per-
oxidation in the animals ranged within the values of the previous day of 
the experiment.  

Feeding bulls with Metisevit Plus feed additive also led to decrease in 
the end products of lipid peroxidation in the blood of animals of the expe-
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rimental group. We determined that the level of TBA-active products in 
the blood of bulls of the experimental group decreased by 6.6% on the 
10th day of the experiment, and by 13.0% on the 20th day compared with 
the control group of animals.  

a 
0 10 20 30 40

80

90

100

110

120

130

140

b 0 10 20 30 40
80

90

100

110

120

130

140

150

160

170

 
Fig. 5. Activity of superoxide dismutase in the blood serum of bulls of the 

control group (a) and bulls of the experimental group in the conditions  
of lead-cadmium load and action of Metisevit Plus feed additive (b):  
on abscissa axis – day of the experiment, on ordinate axis – activity  

of superoxide dismutase (% of the initial activity of superoxide dismutase 
before the experiment, considered 100% for every experimental animal); 

small square – median, the upper and lower edges of the rectangular 
square – 75% and 25% of quartile, vertical line – minimum and  

maximum values, circles – outliers; n = 6  

On day 30 of the experiment, we determined the lowest level of end 
products of lipid peroxidation in the blood of animals of the experimental 
group, where it ranged within 0.246 ± 0.010 µmol/L, compared with 
0.304 ± 0.006 µmol/L in the control group.  

On day 40 of the experiment, the level of TBA-active products in 
blood of bulls fed with Metisevit Plus feed additive remained low com-
pared with the control group, where it decreased by 19.7% respectively 
(Fig. 7). Thus, consumption of feed additive by the bulls in the conditions 
of cadmium and lead load led to reduction in the processes of lipid peroxi-
dation in their organism, particularly the level of the primary and end 
products: diene conjugates and TBA-active products.  
 
Discussion  
 

Our earlier studies determined that there was a background level of 
separate microelements, lead and cadmium in different fodders grown for 
feeding animals at the Shevchenko Agricultural Enterprise in Zdolbuniv 
district, Agricultural Production Cooperative Nyva located in Dubno 
District and Agricultural Enterprise “Ukraina” in Dubrovytsia district of 
Rivne Oblast. High content of lead and cadmium was determined in fod-
ders of Nyva Cooperative of Dubno district and “Ukraina” Enterprise of 
Dubrovytsia district. At the same time, a great difference was determined 
in accumulations of these metals between different types of fodder (Sli-
vinska et al., 2019; Slobodian et al., 2020).  

The highest content of cadmium was determined in grain and con-
centrated feeds, where its concentration exceeded the threshold limit value 
by 1.39 (wheat), 1.35 (rye) and 1.23 (barley) times at the Agricultural 
Enterprise “Ukraina” and respectively 1.37, 1.20 and 1.03 times at the 
Nyva Cooperative. Cadmium level exceeding the TLV was determined in 
feed beet and sugar beet, exceeding it respectively by 39% and 32%.  

As with lead, its highest content was in juicy feeds, particularly leaf 
vegetables of feed beet at the “Ukraina” enterprise, being 79.1% higher 
than the TLV and 45.7% at the Nyva Cooperative; in green mass of herbs 
in natural pastures – respectively by 69.3% and 76.4%; herbage of mix-
ture with Vicia sattiva – by 69.2% and 70.7% higher than threshold limit 
value.  

As a result of the conducted studies of feeds, we determined high con-
tents of heavy metals: cadmium and lead, which respectively pose a cer-
tain threat to the health of animals, quality of the production, and ultimate-

ly – human health. Thus, it would be practical to introduce antagonists of 
those heavy metals to the diets in specialized mineral additives.  

Currently, there is a large amount of reports about important role of 
the system of antioxidative protection in animals during development of 
toxicoses caused by heavy metals (Gutyj et al., 2016; Ivankiv et al., 2019; 
Vasylyev et al., 2021). Therefore, it was important to study the impact of 
the feed additive Metisevit Plus on enzymic activity of the antioxidant 
system and glutathione link of the organisms of bulls in the conditions of 
technogenic pressure from lead and cadmium.  
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Fig. 6. Level of diene conjugates in the blood of bulls of the control group 
(a) and bulls of the experimental group in the conditions of lead-cadmium 
load and action of Metisevit Plus feed additive (b): on abscissa axis – day 
of the experiment, on ordinate axis – level of diene conjugates (% of the 
initial level of diene conjugates before the experiment, considered 100% 
for every experimental animal); small square – median, upper and lower 
edges of rectangular square – 75% and 25% of quartile, vertical line – 

minimum and maximum values; n = 6  
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Fig. 7. Level of TBA-active products in the blood of bulls of the control 
group (a) and bulls of the experimental group in the conditions of lead-
cadmium load and action of Metisevit Plus feed additive (b): on abscis-
sa axis – day of the experiment, on ordinate axis – level of TBA-active 
products (% of the initial level of TBA-active products before the expe-
riment, considered 100% for every experimental animal); small square 
– median, the upper and lower edges of the rectangular square – 75% 
and 25% of quartile, vertical line – minimum and maximum values, 

circles – outliers; n = 6  

According to the conducted studies, in the conditions of cadmium and 
lead load, the activity of the glutathione link of the system of antioxidative 
protection of the organism of bulls decreased (Gutyj et al., 2017). Feeding 
bulls of the experimental group with Metisevit Plus for 30 days increased 
the level of non-enzymatic and enzymatic activities of the glutathione 
system. Significant increase in the level of reduced glutathione was seen 
on days 30 and 40 of the experiment. During the study of the activity of 
glutathione peroxidase and glutathione reductase, we determined that in 
the indicated periods of the study they ranged within 35.7 ± 1.61 and 35.3 ± 
1.55 nmol of NADPH/min per 1 mg of protein (Р < 0.01) and 1.67 ± 0.041 
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and 1.64 ± 0.039 nmol of NADPH/min per 1 mg of protein (Р < 0.001). 
Consumption of Metisevit Plus feed additive by bulls of the experimental 
group significantly increased catalase activity starting already from the 
20th day of the experiment. On days 30 and 40 of the experiment, the 
activity of the studied enzyme ranged within physiological values.  

At the same time, superoxide dismutase activity was in a certain rela-
tionship with the intensity of peroxidation processes in the tissues of ani-
mals. Feeding bulls of the experimental group with Metisevit Plus in-
creased the activity of superoxide dismutase in their blood serum, and on 
the 30th day of the experiment the activity of the studied enzyme varied 
within 0.63 ± 0.013 conventional units/mg of protein against the control, 
equaling 0.46 ± 0.010 conventional units/mg, which was 37.0% higher 
than the parameters of the control group.  

Therefore, the studies performed on bulls indicate that Metisevit Plus 
feed additive, when fed to bulls in the conditions of cadmium and lead 
load, promoted activation of the system of antioxidative protection 
through increase in the level of its enzymatic and non-enzymatic links.  

The analysis of the obtained results also indicates that superoxide 
dismutase activity in blood serum of bulls of the experimental group posi-
tively correlated with the activity of catalase.  

Lipid peroxidation is one of the most important oxidative processes in 
the organism of animals (Slobodian et al., 2019). It is oxidative degrada-
tion of lipids, occurring under the action of free radicals and is one of the 
main causes of damage to cellular membranes and further death of cells as 
a result of influence of reactive oxygen species. The main initiators of free 
radical oxidation are reactive oxygen species (ROS) that are able to grow 
under the influence of unsatisfactory factors, including heavy metals and 
cause oxidative stress (Stoyanovskyy et al., 2020).  

Normalization of the processes of lipid peroxidation is an important 
aspect of solving problems of correction of pathological changes in the 
context of technogenic load. Based on our studies, we determined increase 
in processes of lipid peroxidation in blood of bulls in the conditions of 
heavy metal load, which is indicated by increased level of diene conju-
gates and TBA-active products. Products of lipid peroxidation negatively 
affect the membranes of liver cells. An important role in realization of the 
toxic impact of cadmium and lead is played by activation of lipid peroxi-
dation, expressed depending on antioxidant protection and intensity of 
generation of reactive oxygen species.  

As for effects of correction on disorders in the process of lipid peroxi-
dation and antioxidant system, of great interest is the use of the Metisevit 
Plus feed additive. The bulls of the experimental group that had consumed 
Metisevit Plus feed additive were observed to have significant decreases in 
diene conjugates and TBA-active products and their blood starting already 
on the 10th day of the experiment. On days 20 and 30 of the experiment, 
the level of diene conjugates in the blood of animals of the experimental 
group decreased by 14.5% and 24.0%. On the 30th day of the experiment, 
we observed the lowest level of end products of lipid peroxidation in the 
blood of animals of the experimental group.  

The effectiveness of the feed additive may be explained by the impact 
of its constituents based on the pathogenic link of the pathological process 
caused by cadmium and lead (Slobodian et al., 2020). Inclusion of sele-
nium in the composition of feed additive prevented the absorption of 
cadmium and lead in the digestive tract. It has to be noted that in the or-
ganism of animals, selenium stimulates metabolic processes, its main 
biochemical function is participation in the development and functioning 
of enzyme of glutathione system – glutathione peroxidase, and also glyce-
rine reductase and cytochrome 3 (Martyshuk et al., 2020). Selenium is an 
antagonist of mercury and arsenic, and is able to protect the organism 
against cadmium, lead, thallium (Sobolev et al., 2018).  

Zinc promotes absorption of vitamin E and supports the normal con-
centration of this vitamin in the blood. It intensifies the immune system of 
the organism and has a detoxifying action by removing carbon dioxide 
from the organism. Zinc takes part in the development of T-cellular im-
munity, functioning of dozens of enzymes, and also antioxidant enzyme of 
superoxide dismutase (Muhamed & Vadstrup, 2014; Kogan et al., 2017).  

According to the literature data, the highest antioxidant property 
among the compounds of the phenol series in the organism of animals 
was exerted by tocopherols. Their antioxidative role is due to localization 
in phospholipid layers of cellular membranes and direct contact with 

unsaturated fatty acids which tocopherols protect against the destructive 
impact of free radicals (Di Vincenzo et al., 2019; Yang et al., 2020).  

Methionine is a vitally important amino acid that takes part in protein 
synthesis, and also is a universal source of methyl groups, synthesis of 
which in the organism is limited. Methionine is an important source of 
sulfur in the organism. It is involved in synthesis of sulfuric acid that is 
essential for disabling some metabolic products in the liver of animals 
(Albrecht et al., 2017; Tombarkiewicz et al., 2020).  

The antioxidant fenaron, which is present in the content of the feed 
additive, prevents oxidation of fats and decreases the content of free radi-
cals and products of lipid peroxidation. Moreover, an activating effect of 
fenaron on enzymes of glutathione link of antioxidant system was deter-
mined: glutathione peroxidase, glutathione reductase and glucose-6-phos-
phate dehydrogenase (Nazaruk et al., 2015).  

As shown in the research, liquidation of syndrome of endogenous in-
toxication promotes restoration of functional condition of the liver cell 
membranes, protein-synthesizing function of the liver, increase in antioxi-
dant status of the organism of young bulls.  

The studies we conducted confirm the expedience of using the feed 
additive Metisevit Plus for prevention of lead-cadmium toxicosis.  
 
Conclusions  
 

Metisevit Plus feed additive fed to bulls in the conditions of cadmium 
and lead load promotes activation of the system of antioxidant protection 
as a result of increasing the level of its enzymatic and non-enzymatic links, 
particularly: reduced glutathione – by 7.6% (Р < 0.05), glutathione peroxi-
dase – by 23.5% (Р < 0.01), glutathione reductase – by 24.6% (Р < 0.001), 
catalase – by 23.0% (Р < 0.001) and superoxide dismutase – by 36.9 % 
(Р < 0.001). Also, this feed additive reduced the processes of lipid peroxi-
dation in their organism, particularly the level of its primary and end pro-
ducts: diene conjugates – by 24.0% (Р < 0.001), and TBA-active products – 
by 19.7% (Р < 0.001).  
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