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Abstract. The leading role in the mobilizaƟon of the organism adapƟve capabiliƟes 
is played by neuro-humoral mechanisms, primarily the acƟvity of the central nervous 
system. The full-fledged mineral nutriƟon of caƩle depends on the animal supply with 
macroelements, which are included in the structure of many enzymes or are their acƟvators, 
taking a leading role in redox reacƟons. The studies were carried out on cows of the Ukrainian 
black-spoƩed dairy breed of 2–3rd lactaƟon. By the results of studying the autonomic 
nervous system tone, 3 experimental groups were formed: 1 – normotonics, 2 – vagotonics, 
3 – sympathicotonics. Blood from caƩle was collected twice a year in summer and winter. 
Whole blood was stabilized with heparin, blood serum was obtained by sedimentaƟon 
method, and blood cells – by centrifugaƟon of heparinized blood, plasma collecƟon and 
aŌer triple washing of cells in the cold isotonic soluƟon, followed by centrifugaƟon. The 
tone of the autonomic nervous system in cows in summer is inversely related to the content 
of phosphorus in whole blood (r = -0.73; P < 0.05) and blood cells (r = -0.87; P < 0.001). 
However, in blood serum, these relaƟonships are unreliable both in summer and winter (r = 
-0.02–0.24). In winter, the tone of the autonomic nervous system in cows is inversely reliably 
associated only with phosphorus content in whole blood (r = -0.81; P < 0.01). Unlike the tone 
of the autonomic nervous system, the season has a significant effect on calcium content in 
whole blood (F = 8.94 > FU = 8.41; P < 0.01), while the content of this element in serum and 
blood cells of cows did not depend from the season. So, the tone of the autonomic nervous 
system and the season affect the content of calcium and phosphorus in blood of cows.
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Introduction

The current state of the agricultural indus-
try is due to the global impact of moderniza-
tion, which is accompanied by an increase in 
the technogenic load on animals. The lead-
ing role in the mobilization of the adaptive 
capabilities of the organism is played by neu-
ro-humoral mechanisms, primarily the activ-
ity of the central nervous system (Pogorlov, 
2010). Studies on the influence of the higher 
nervous activity type in cows on the mineral 
status of the animal’s organism are of scien-
tific and practical interest. The full-fledged 
mineral nutrition in cattle depends on the an-
imal supply with macroelements, which are 
included in the structure of many enzymes 
or are their activators, taking a leading role 
in redox reactions (Guyot et al., 2012). Mac-
roelements, despite their low content in the 
body, play a significant biological role (Byts, 
2010; Gromova et al., 2010). In addition to 
the general positive effect on the processes 
of growth and development, the specific ef-
fect of several macroelements on the most 
important physiological processes has been 
established; their significance is also ex-
plained by their interaction with biologically 
active substances – hormones and vitamins 
(Zakharenko, 2004). The optimal content 
and ratio of essential trace elements in the an-
imal’s organism determine the normal course 
of their physiological functions, high resis-
tance, and productivity (Kalyn, 2011). The 
absence or deficiency of individual mineral 
elements, as well as their suboptimal ratio in 
the diets, leads to a decrease in the efficiency 
of feed nutrients and, as a consequence, to a 
decrease in livestock productivity.

Analysis of recent researches 
and publications

It is known that metabolic processes at 
the cellular and subcellular levels are pro-
vided by the functioning of about 2000 

enzymes, each of which catalyzes a corre-
sponding chemical reaction (Gapon, 2005). 
In turn, the catalytic activity of enzymes 
is provided by coenzymes of non-protein 
origin – organic compounds or inorganic 
elements (metal ions – macro- and micro-
elements). Despite the fact that minerals 
have no energy value, like proteins, fats, 
and carbohydrates, many enzymatic pro-
cesses in the body are impossible without 
certain elements. Macroelements play a 
key role in maintaining acid-base balance, 
osmotic pressure, membrane potential, and 
transmission of nerve stimuli. The conduct-
ed research has established a reliable influ-
ence of the main characteristics of cortical 
processes on the content of macroelements 
in bovine blood (Avtsyn, 1991). The mac-
roelement content in the body is quite sta-
ble, even relatively large deviations from 
the norm are compatible with the vital ac-
tivity of the organism. The main process of 
absorption of macro- and microelements 
occurs in the upper part of the small intes-
tine, namely in the duodenum. Regulation 
is carried out under the effect of the central 
and autonomic nervous system, and the 
endocrine system. However, insufficient 
attention is paid to the study of the individ-
ual characteristics of mineral homeostasis 
in the body of productive cows in an in-
tact and stressed state (McDowell, 2003; 
Zinko, 2017). Determination of individual 
characteristics of higher nervous activity in 
animals provides a deeper understanding of 
the cortical mechanisms in the regulation 
of various physiological functions, creating 
the prerequisites for a targeted impact on 
them (Skalny, 2004; Danchuk et al., 2017).

Materials and methods 
of research

The studies were carried out on cows 
of the Ukrainian black-spotted dairy breed 
of the 2–3rd lactation. By the results of 
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studying the tone of the autonomic ner-
vous system, 3 experimental groups were 
formed (5 animals in each): 1 – normo-
tonic, 2 – vagotonic, 3 – sympathicotonic 
cows. Research material was blood sam-
ples from cattle taken from the jugular 
vein in the morning before feeding. Blood 
was collected twice a year in summer and 
winter. Whole blood was stabilized with 
heparin, blood serum was obtained by sed-
imentation method, and blood cells – by 
centrifugation of heparinized blood, plas-
ma collection and after triple washing of 
cells in the cold isotonic solution, followed 
by centrifugation (Vlizlo et al., 2012). The 
obtained digital data were processed statis-
tically using the applied software pack-
age “Microsoft Office Excel 2013”. The 
arithmetic mean value (M) and its error 
(m) were determined. The probability of 
differences in mean values was determined 
by the Student’s test. Parameters changes 
were considered significant at P < 0.05 (in-
cluding P < 0.01 and P < 0.001).

Research results 
and their discussion

The studies showed that in animals 
with a different tone of the autonomic 
nervous system the phosphorus content 
in various blood fractions did not ex-
ceed physiological limits (Table 1).

In particular, the phosphorus con-
tent in bovine whole blood depending 
on the vegetative status and season was 
20.5‒25.0 mg/100 mL, in blood serum 
– 10.9‒12.1 mg/100 mL, and in blood 
cells – 47.1‒52.5 mg/100 mL. It was 
found that both in warm and cold sea-
sons the phosphorus content did not dif-
fer significantly in different blood frac-
tions of normotonics and vagotonics.

In sympathicotonic animals, in the 
warm season, the phosphorus content 
was lower in whole blood by 11.8% 

(P < 0.001), and in blood cells – by 
8.2% (P < 0.001) in comparison with 
indicators in normotonic cows.

Whereas in the cold season, the phos-
phorus content was significantly lower 
in whole blood by 16.0% (P < 0.001) 
and in blood cells – by 6.4% (P < 0.001) 
compared with indicators in normotonic 
cows. It should be noted that time of the 
year affects the phosphorus content in 
various fractions of bovine blood.

So, regardless of the vegetative status 
in cows, in the cold season, the phosphorus 
content in blood serum is 7.2‒9.4% lower 
(P < 0.05‒0.01) compared with the indica-
tor of these animals in summer. In addition, 
in sympathicotonic cows, the content of 
this metal in whole blood in winter is sig-
nificantly lower (by 6.8%; P < 0.05) com-
pared with the indicator in these animals 
in summer. But the phosphorus content in 
blood cells of these animals in warm and 
cold seasons does not differ significantly.

Studies showed that in animals with 
a different tone of the autonomic nervous 
system, the content of inorganic phos-
phorus in the blood serum did not exceed 
physiological levels and, depending on the 
vegetative status of animals and season, 
was 4.6–5.1 mg/100 mL. It was found that 
both in warm and cold seasons in different 
blood fractions of normotonics and vagot-
onics, the content of inorganic phosphorus 
in blood serum did not differ significantly. 
However, in the warm season, the content 
of inorganic phosphorus in the blood se-
rum in sympathicotonic animals was lower 
by 5.7% (P < 0.05) and in the cold season – 
by 5.6% (P < 0.05) compared with indica-
tors in normotonic cows. It should be noted 
that the season affects inorganic phospho-
rus content in bovine serum. Thus, in nor-
motonic, vagotonic, and sympathicotonic 
cows in the cold season, this indicator was 
6.0‒7.7% (P < 0.05) lower than in these an-
imals in the warm season.
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1. Phosphorus content in blood of cows with different vegetative status 
depending on the season, mg/100 mL (М  ±  m, n = 5)

Substrate
Vegetative status

normotonic vagotonic sympathicotonic
Summer

Blood serum 24.98 ± 0.23 24.30 ± 0.35 22.03 ± 0.26***
Whole blood 12.08 ± 0.19 11.98 ± 0.17 11.78 ± 0.33
Blood cells 51.15 ± 0.60 52.45 ± 0.26 46.98 ± 0.89***

Winter
Blood serum 24.43 ± 0.46 23.58 ± 0.60 20.53 ± 0.30***
Whole blood 11.20 ± 0.34 10.85 ± 0,40 10.88 ± 0.37
Blood cells 50.30 ± 0.60 50.70 ± 0.95 47.08 ± 0.28***

Note: differences are significant in comparison with normotonics: * P < 0.05; ** P < 0.01; 
*** P < 0.001.

The studies have established the in-
fluence of the vegetative status in cows 
on the phosphorus content in blood de-
pending on the season.

The predominance of the influence 
of the parasympathetic division of the 
autonomic nervous system on the heart, 
both in summer and in winter, does not 
affect phosphorus content in whole blood, 
serum, and blood cells in cows (ղ²ᵪ = 
0.02‒0.40). The predominance of the 
sympathetic part of the autonomic ner-
vous system influence on the work of the 
heart in summer affects the phosphorus 
content in bovine whole blood – ղ²ᵪ= 0.92 
(P < 0.001) and blood cells – ղ²ᵪ = 0.72 
(P < 0.01). In winter, the influence of the 
tone of the autonomic nervous system in 
sympathicotonic cows on the phospho-
rus content in whole blood and blood 
cells stayed significant (ղ²ᵪ = 0.80‒0.89 
(P < 0.01‒0.001). The relationship of the 
autonomic nervous system in cows with 
phosphorus content in their blood depend-
ing on the season has been established.

Thus, the tone of the autonomic nervous 
system in cows in summer is inversely reli-
able related to phosphorus content in whole 
blood (r = -0.73; P < 0.05) and its cells 

(r = -0.87; P < 0.001). However, in blood se-
rum, these relationships are unreliable both 
in summer and winter (r = -0.02‒0.24). In 
winter, the tone of the autonomic nervous 
system in cows is inversely reliable related 
only to phosphorus content in whole blood 
(r = -0.81; P < 0.01). Thus, regardless of the 
season, the changes in heart rate difference 
according to the results of the trigeminova-
gal test in cows by one unit, the phospho-
rus content in whole blood changes in the 
opposite way by 0.09‒0.12 mg/100 mL 
(P < 0.05‒0.01). Moreover, up to 53% 
(P < 0.01) in summer and up to 48% 
(P < 0.05) variations in the content of this 
metal in whole blood of cows in winter can 
be caused by the tone of the autonomic ner-
vous system of animals.

Regardless of the season, the chang-
es in heart rate difference according to the 
results of the trigeminovagal test in cows 
by one unit, the phosphorus content in the 
blood cells changes in the opposite way by 
0.15‒0.21 mg/100 mL (P < 0.001). In ad-
dition, up to 75% (P < 0.001) in summer 
and up to 66% (P < 0.001) variations in the 
content of this metal in blood cells in winter 
can be caused by the tone of the autonom-
ic nervous system of animals. It should be 
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noted that regression analysis did not show 
a reliable dependence of phosphorus content 
in blood serum on the vegetative status of 
animals. It was found that the tone of the 
autonomic nervous system and phospho-
rus content in blood serum of cows did not 
shown a significant relationship (F = 0.53 
< FU = 3.55; P < 0.05), while the content 
of this element in whole blood (F = 43.0 > 
FU = 3.55; P < 0.001) and blood cells (F = 
27.5 > FU = 3.55; P < 0.001) depends on the 
vegetative status. Unlike the tone of the au-
tonomic nervous system, the season has no 
significant effect on phosphorus content in 
blood cells of cows (F = 2.44 < FU = 4.41; 
P < 0.05), while its effect on phosphorus 
content in whole blood (F = 8.54 > FU = 
4.41; P < 0.01) and its serum (F = 14.4 > 
FU = 4.41; P < 0.001) is significant. It should 
be noted that analysis of phosphorus content 
in whole blood, serum, and blood cells of 
cows showed no reliable interaction between 
the vegetative status and season of the year 
(F = 0.10‒1.00 < FU = 3.55; P < 0.05).

The studies showed that in animals 
with a different tone of the autonomic 
nervous system, the calcium content in 
various blood fractions did not exceed 
the physiological limits (Table 2).

In particular, the calcium content 
in whole blood of cows, depending on 
the vegetative status and season, was 
5.0‒5.6 mg/100 mL, in blood serum – 
7.7‒8.5 mg/100 mL, and in blood cells – 
2.3‒2.6 mg/100 mL.

It was found that in the warm season, 
the calcium content in blood cells of vag-
otonics is significantly higher by 10.4% 
(P < 0.05) in comparison with the indica-
tors in normotonic animals. In addition, in 
summer, the content of ionized calcium in 
vagotonics is significantly lower by 4.6% 
(P < 0.05) compared to the indicators of 
normotonic animals. However, the content 
of this macroelement in whole blood and 
serum did not differ significantly.

Unlike the indicators in vagotonic an-
imals, in blood serum of sympathicotonic 
cows, the content of ionized calcium in 
summer was 7.3% higher (P < 0.05) than 
that in cows with normotonia, and calcium 
content in blood cells was higher by 12.4% 
(P < 0.05) than in normotonics. It should 
be noted that the ratio of ionized calcium 
content to total one in blood of sympathico-
tonic cows in summer is 6.3% (P < 0.05) 
higher than that in normotonic cows.

This indicator did not differ significant-
ly from that one in normotonic cows in the 
cold season. Besides, in sympathicotonic 
cows, the only calcium content in blood 
cells significantly differs from the indi-
cators of normotonic animals in the cold 
season (higher by 8.3%, P < 0.05).

It should be noted that the time of the 
year affects calcium content in whole blood 
of cows. Thus, calcium content in whole 
blood of vagotonic and sympathicotonic 
cows in the cold season is lower by 9.6% 
(P < 0.05) and 7.1% (P < 0.05), respective-
ly, than in these animals in summer. But 
calcium content in other blood fractions 
in these animals in warm and cold seasons 
does not differ significantly.

The influence of the vegetative state of 
cows on blood calcium content depending 
on the season has been established.

The predominance of the influence 
of both the sympathetic and the para-
sympathetic divisions of the  autonomic 
nervous system on the work of the heart 
in summer affects calcium content in 
blood cells of cows – ղ²ᵪ = 0.58‒0.65 
(P < 0.05). Along with this, the effect of 
the autonomic nervous system tone on 
the content of ionized calcium in blood 
serum of cows was established – ղ²ᵪ = 
0.65‒0.70 (P < 0.05‒0.01).

Thus, the tone of the autonomic ner-
vous system in cows in summer is sig-
nificantly directly related to the content of 
ionized calcium in blood serum (r = 0.87; 
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P < 0.001) and the ratio of ionized calci-
um to total one in blood serum (r = 0.57, 
P < 0.05). In winter, the tone of the auto-
nomic nervous system in cows has no sig-
nificant correlations with calcium content 
in various blood fractions (r = 0.24‒0.51).

There is a significant dependence of 
calcium content in bovine blood on the 
tone of the autonomic nervous system in 
summer, while in winter, the tone of the 
autonomic nervous system does not reli-
ably limit the content of this element in 
blood of animals (Table 3).

However, in summer, if the heart rate 
differences according to the results of the 
trigeminovagal test in cows changes by 
one unit, the content of ionized calcium in 
whole blood changes in the same way by 
0.02 conditional units (P < 0.001), and the 
ratio of ionized to total calcium in blood 
serum by 0.01 conditional units (P < 0.05). 
Moreover, in summer, up to 75% (P < 0.001)
 of ionized calcium content and up to 33% 
(P < 0.05) of variations in the ratio of ion-
ized to total calcium in blood serum of 

cows can be caused by the tone of the auto-
nomic nervous system of animals.

Unlike the tone of the autonomic ner-
vous system, the season has a significant 
effect on calcium content in whole blood 
(F = 8.94 > FU = 7.41; P < 0.01), while the 
content of this element in the serum and 
blood cells of cows had no relationship 
with the season. Also, should be noted the 
significant influence of the vegetative status 
of animals  on the content of ionized calci-
um in blood serum (F = 6.19 > FU = 3.55; 
P < 0.01). Thus, both the season and the tone of 
the autonomic nervous system did not affect 
the ratio of ionized to total calcium in blood 
serum (F = 3.19‒3.37 < FU = 3.55‒4.41; 
P > 0.05). Analyzing calcium content in var-
ious fractions of blood of cows, a significant 
relationship between the vegetative status 
of cows and the season was not established 
(F = 0.25‒1.94 < FU = 3.55, P > 0.05).

Therefore, the tone of the autonom-
ic nervous system and the time of year 
affect the content of calcium and phos-
phorus in blood of cows.

2. Calcium content in blood of cows with different vegetative status depending 
on the season, mg/100 mL (М ± m, n = 5)

Substrate
Vegetative status

normotonic vagotonic sympathicotonic
Summer

Whole blood 5.27 ± 0.12 4.98 ± 0.18 5.26 ± 0.12
Blood serum 8.10 ± 0.11 7.69 ± 0.28 8.17 ± 0.20
Blood cells 2.30 ± 0.07 2.54 ± 0.05* 2.58 ± 0.05*
Ionized Са++ 3.46 ± 0.04 3.3 ± 0.03* 3.71 ± 0.06*
Ionized Са/total Са 0.43 ± 0.01 0.43 ± 0.01 0.45 ± 0.01*

Winter
Blood serum 5.43 ± 0.16 5.46 ± 0.16 5.63 ± 0.03
Whole blood 8.34 ± 0.35 8.27 ± 0.32 8.51 ± 0.03
Blood cells 2.36 ± 0.05 2.40 ± 0.05 2.56 ± 0.03**
Ionized Са++ 3.60 ± 0.17 3.42 ± 0.14 3.68 ± 0.03
Ionized Са/total Са 0.43 ± 0.01 0.41 ± 0.01 0.43 ± 0.01

Note: differences are significant in comparison with normotonics: * P < 0.05; ** P < 0.01; 
*** P < 0.001.
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Conclusions and future 
perspectives

The tone of the autonomic nervous 
system in cows in summer is significantly 
inversely related to the content of phospho-
rus in whole blood (r = -0.73; P < 0.05), its 
cells (r = -0.87; P < 0.001) and directly cor-
relates with the content of ionized calcium 
in serum (r = 0.87; P < 0.001). The regres-
sion analysis shown a significant effect of 
the autonomic nervous system tone on the 
content of ionized calcium in blood serum 
(F = 6.19 > FU = 3.55; P < 0.01).
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Анотація. Провідну роль у мобілізації адаптаційних можливостей організму відіграють 

нейро-гуморальні механізми, насамперед – діяльність центральної нервової системи. Повно-
цінність мінерального живлення великої рогатої худоби залежить від забезпеченості тва-
рин макроелементами, які входять до структури багатьох ензимів або є їх активаторами, 
приймаючи провідну роль в окисно-відновних реакціях. Досліди проводили на коровах україн-
ської чорно-рябої молочної породи 2–3 лактації. За результатами дослідження тонусу авто-
номної нервової системи було сформовано 3 дослідні групи: І – нормотоніки, ІІ – ваготоніки, 
ІІІ – симпатикотоніки. Відбір крові проводили двічі на рік, влітку та взимку. Цільну кров ста-
білізували за допомогою гепарину, сироватку крові отримували методом відстоювання, а 
клітини крові – за допомогою центрифугування гепаринузованої крові, відбирання плазми та 
триразового промивання клітин у холодному ізотонічному розчині з наступним центрифугу-
ванням. Тонус автономної нервової системи в корів влітку достовірно обернено пов’язаний із 
вмістом Фосфору в цільній крові (r = -0,73; P < 0,05) та її клітинах (r = -0,87; P < 0,001). Тоді, як у 
сироватці крові дані взаємозв’язки недостовірні, як влітку так і взимку (r = -0,02–0,24). Взимку 
тонус автономної нервової системи в корів обернено достовірно пов’язаний лише з вмістом 
Фосфору в цільній крові (r = -0,81; P < 0,01). На відміну від тонусу автономної нервової системи 
пора року має достовірний вплив на вміст Кальцію в цільній крові (F = 8,94 > FU = 0,41; P < 0,01), 
тоді, як вміст цього елементу в сироватці та клітинах крові корів не залежав від пори року. 

Отже, тонус автономної нервової системи та пора року впливають на вміст Кальцію і 
Фосфору в крові корів.

Ключові слова: корови, кров, нервові процеси, тонус автономної нервової системи, 
Кальцій, Фосфор


