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Summary. The article highlights the results of studying the effect of a new probiotic nanometal globulin drug 
(PNMGD) on biomarkers of innate immunity of newborn calves. The experiment was performed on two groups of 
calves. Animals of the experimental group from the 2nd day of life were fed the drug for 5 days at a dose of 0.25 g/kg of 
body weight with milk, calves of the control group received milk without its addition. Before the experiment, and on the 
10th, 20th, 35th day of the experiment, blood was taken from calves for clinical and biochemical studies. The obtained 
results show that the use of PNMGD causes an increase in the natural resistance of calves. This is indicated by an increase 
in the expression of such markers of innate immunity as globulins, circulating immune complexes and nitrogen 
metabolites by an average of 17–25%, as well as inhibition of seromucoid synthesis by 16.9%. Signs of anti-stress effect of 
the drug on the calves in the early postnatal period have been found. The positive effect of PNMGD on the state of innate 
immunity of calves can be regarded as one of the factors increasing the average daily weight gain by 32.2% in the first 
36 days of life 
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Introduction. Health protection of young farm 
animals and poultry at an early age is one of the most 
topical problems of animal husbandry in Ukraine. The 
economic losses from diseases and deaths of productive 
livestock, especially young animals, are quite significant. 
This is due to their low level of resistance caused by 
insufficient and unbalanced feeding, unsatisfactory 
maintenance of cows during pregnancy, which leads to 
impaired embryonic development, reduced content of 
immune globulins, immune-competent cells, vitamins, 
macro-and micronutrients in colostrum and milk 
(Van de Perre, 2003). The polyetiological nature of 
diseases of newborn animals necessitates the development 
of effective complex drugs that would have diverse 
stimulating and immune modulatory properties 
(Lytvyn V. P. et al., 2002; Chornyi et al., 2016; Cuttance 
and Laven, 2019). Today, there is a trend towards the use 
of drugs of endogenous origin, which can activate the 
immune system by enhancing the proliferation and 
function of immune competent cells, as well as stimulating 
innate and adaptive immunity (Lavelle and McLachlan, 
2018; Noh et al., 2019). 

In this regard, the development of effective complex 
drugs, including the use of nanoparticles of macro- and 
micronutrients, the study of the biological effect of these 
drugs on the state of natural resistance to markers of 
humoral factors of the immune response remains a 
problem (Smith, Simon and Baker, 2013; Lee et al., 2010). 

Previous studies have found a positive effect of 
developed probiotic nanometal globulin drug (PNMGD) 
on the state of nonspecific resistance of chickens 
(Kovalenko et al., 2017). The study of its effect on the body 
of young cattle is also of considerable scientific and 
practical interest. 

The aim of the study was to determine the direction 
and levels of the effect of PNMGD on the functional state 
of innate immunity and health status, indicator of which 
is the weight gain in calves up to 36 days of age. 

Materials and methods. PNMGD, which was used in 
the experiment, contains serum globulins, aqueous 
solutions of nano-iron (Fe) aquachelates and metal salts 
(CoSO4, CuSO4, MnCl2, and ZnSO4), as well as a mixture 
of cultures of lactobacteria (Lactobacillus plantarum 
No. 7) and bifidobacteria (Bifidobacterium adolescentis 
No. 17).  

The research was conducted in the conditions of cattle 
breeding farm on newborn calves. Thus two groups of five 
animals in each were formed. Calves of the 1st group from 
the 2nd day of life for 5 days were fed the drug at a dose of 
0.25 g/kg body weight with milk (optimal dose has been 
selected in previous experiments on laboratory animals), 
calves of the 2nd (control) group were fed milk without the 
drug. 

Each animal was weighed before and at the end of the 
experiment. Before the administration of the drug and on 
the 10th, 20th, and 35th day of the experiment, the blood 
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from calves was examined by clinical and biochemical 
methods.  

The level of leukocytes was determined in the blood, 
the level of total protein, protein fractions (Kondrakhin 
et al., 1985), circulating immune complexes of average 
molecular weight and seromucoids (Men’shikov, 1987), 
nitric oxide were determined in blood plasma (Lee et al., 
2009), lysozyme activity (Labinskaya, 1978) and the state 
of the oxidant-antioxidant system by the level of diene 
conjugates, malonic dialdehyde and catalase activity 
(Stegniy et al., 2007). 

Experiments on animals were carried out in 
accordance with the rules of the ‘European Convention for 
the Protection of Vertebrate Animals Used for 
Experimental and Other Scientific Purposes’ (CE, 1986) 
and Council Directive 86/609/EEC (CEC, 1986). 

The obtained results were processed by methods of 
variation statistics using Microsoft Excel for Windows 
2007. Student’s t-test was used to compare mean values 
(Van Emden, 2019). 

Results and discussions. Analysis of the results 
obtained when feeding PNMGD to calves, shows that the 
drug has a positive effect on the weight gain of animals, 
the dynamics of which is shown in Fig. 1. According to 
calculations, the average daily weight gain of calves in the 
control group was 0.62 ± 0.08 kg, and in calves of the 
experimental group — 0.94 ± 0.07 kg, which is higher by 
32.2% (p ≤ 0.05). Exceeding the average body weight of 
calves in the experimental group on the 10th, 20th, and 
35th day of the experiment reached 14.2%, 17.8% and 
27.8%, respectively. The level of safety of newborn calves 
in both groups was 100%. 

 
Figure 1. Dynamics of live weight of calves with the use of PNMGD (* — the difference is statistically significant 

relative to the indicators of the control group at p ≤ 0.05) 

During the experiment, a dynamic increase in the level 
of leukocytes in the blood of calves of both groups was 
observed (Table 1), which, according to Koryakina and 
Borisov (2015), is the evidence of the body’s response to 
stressors in the early postnatal period. However, if in 
animals of the control group this index increased by 
54.5%, in calves of the experimental group — only by 
16.3%. The established differences between the indicators 
can be explained by the increased efficiency of adaptive 
reactions of the body of newborn calves under the action 
of the drug. 

Analysis of the dynamics of the plasma protein profile 
presented in Table 1 shows an increase in the level of total 
protein in the plasma of calves of the experimental group 
by 17.6% on the 10th day of the experiment and by 13.8% 
on the 20th day. The concentration of globulins in the 2nd 
and 3rd experiments increased by 17.9% and 24.6%, 
respectively, and on the 35th day, this index remained 
increased by 14.4% relative to the level of the control. 

It was also found that the use of PNMGD causes an 
increase in concentration of a number of mediators of 
innate immunity in the plasma. Thus, the level of 
circulating immune complexes on the 10th and 20th days of 
the experiment increased by 17.1% (p ≤ 0.05) and 9.5%, 
respectively, compared with the control. A similar 
direction of changes was established with respect to the 
level of nitric oxide metabolites — their concentration in 
calves of the experimental group exceeded the control 
values by 23.9% and 14.2% (p ≤ 0.05), respectively. 
Considering the biological role of the circulating immune 
complexes of average molecular weight and NO 
metabolites, it can be stated that the developed drug 
promotes the induction of mediators of cellular immunity 
and increase the body’s natural resistance (Bogdan, 
Röllinghoff and Diefenbach, 2000; Weigert et al., 2018). 

The level of seromucoids, which are considered 
inhibitors of the humoral part of specific immunity, in the 
blood plasma of calves of the experimental group on the 
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10th day was lower by 16.9% (p ≤ 0.05) relative to the 
values of the control group, in the following terms a 
gradual approximation of values to the control level was 
observed.  

At the same time, it was found that PNMGD does not 
significantly affect the activity of lysozyme in the blood 
plasma of experimental calves, which, in addition to 
direct antimicrobial action, is one of the modulators of 
the body’s immune response to infection (Ragland and 
Criss, 2017). 

The most pronounced effect on the lipoperoxidation 
process was recorded on the 10th day of the experiment, 
when the level of diene conjugates was 28.1 ± 0.1 mmol/l 

and malonic dialdehyde — 5.1 ΔD, which is lower by 
15.9% and 18.6% (p ≤ 0.05) relative to the control values, 
respectively. In subsequent studies, significant differences 
in lipid peroxidation activity were not observed. At the 
same time, an increase in catalase activity was found, up to 
the 10th day of the experiment, this indicator was reliably 
increased by 24.2% in animals of the experimental group 
relative to the control group (Fig. 2). 

Considering the biological role of the lipid 
peroxidation system and antioxidant protection, the 
established signs of its slight activation also indicate an 
increase in innate immunity under the action of PNGMD 
(Weigert et al., 2018; Maldonado Galdeano et al, 2019). 

Table 1 — Dynamics of markers of innate immunity of calves when using PNMGD (M ± m; n = 5) 

Indexes 
Before experiment 10th day of experiment 20th day of experiment 35th day of experiment 

Experimen- 
tal group 

Control 
group 

Experimen- 
tal group 

Control 
group 

Experimen- 
tal group 

Control 
group 

Experimen- 
tal group 

Control 
group 

The number of 
leukocytes, ×109/l 7.6 ± 0.2 6.6 ± 0.4 6.8 ± 0.5 7.5 ± 0.7 7.6 ± 0.4* 8.9 ± 0.7 9.1 ± 0.5 10.2 ± 0.8 

Total protein, g/l 54.6 ± 2.6 53.8 ± 1.5 64.7 ± 1.7* 55.0 ± 0.9 69.3 ± 2.7 60.9 ± 2.4 63.6 ± 1.1 62.5 ± 1.7 
Globulin, g/l 26.8 ± 0.8 24.6 ± 1.2 29.9 ± 1.5 25.4 ± 0.9 32.3 ± 1.6* 25.9 ± 1.5 31.6 ± 1.2* 27.6 ± 0.5 
Circulating immune 
complexes, mg/ml 

0.110  
± 0.003 

0.110  
± 0.005 

0.128  
± 0.006* 

0.112  
± 0.006 

0.110  
± 0.010 

0.100  
± 0.005 

0.110  
± 0.002 

0.110  
± 0.005 

Seromucoids, 
mg/ml 

0.13  
± 0.002 

0.12  
± 0.005 

0.13  
± 0.005 

0.16  
± 0.005 

0.15  
± 0.002 

0.14  
± 0.002 

0.13  
± 0.006 

0.12  
± 0.005* 

Nitric oxide, μMol/l 378.5  
± 3.5 

367.8  
± 4.2 

342.1  
± 9.8* 

260.4  
± 5.6 

239.8  
± 5.5* 

205.7  
± 2.1 

206.3  
± 2.1 

196.8  
± 1.9 

Note. * — the difference is statistically significant relative to the indicators of the control group at p ≤ 0.05. 

 
Figure 2. Dynamics of catalase activity in the blood plasma of calves when feeding PNMGD (M ± m; n = 5;  

* — the difference is statistically significant relative to the indicators of the control group at p ≤ 0.05) 

Conclusions. 1. The use of PNMGD helps to increase 
the level of natural resistance of newborn calves, as 
evidenced by the increase in expression, on average by  

17–25%, its markers such as globulins, circulating 
immune complexes and nitrogen metabolites, as well as 
inhibition of seromucoid synthesis by 16.9%.  
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2. Signs of anti-stress effect of the test drug on the body 
of calves in the early postnatal period have been 
established, which is manifested in a decrease in the 
manifestation of leukocyte adaptive-compensatory 
response, as well as a decrease in lipoperoxidation, one of 
the factors of which may be a compensatory increase in 

catalase activity, which on the 10th day of the experiment 
was 24.2%. 

3. The revealed positive effect of PNMGD on the state 
of innate immunity of calves can be regarded as one of the 
factors increasing the average daily weight gain of calves 
by 32.2% in the first 36 days of life. 
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