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Abstract. The leading role in the mobilization of the organism adaptive capabilities
is played by neuro-humoral mechanisms, primarily the activity of the central nervous
system. The full-fledged mineral nutrition of cattle depends on the animal supply with
macroelements, which are included in the structure of many enzymes or are their activators,
taking a leading role in redox reactions. The studies were carried out on cows of the Ukrainian
black-spotted dairy breed of 2-3rd lactation. By the results of studying the autonomic
nervous system tone, 3 experimental groups were formed: 1 — normotonics, 2 — vagotonics,
3 — sympathicotonics. Blood from cattle was collected twice a year in summer and winter.
Whole blood was stabilized with heparin, blood serum was obtained by sedimentation
method, and blood cells — by centrifugation of heparinized blood, plasma collection and
after triple washing of cells in the cold isotonic solution, followed by centrifugation. 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 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 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.

Keywords: cows, blood, nervous processes, the tone of the autonomic nervous
system, calcium, phosphorus
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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 (M = m, n=5)

Vegetative status
Substrate : ; - -
normotonic | vagotonic | sympathicotonic
Summer
Blood serum 2498 +0.23 2430+ 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 2443 +£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;

**x 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 (n% =
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 — n%=0.92
(P < 0.001) and blood cells — 2, = 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 (%, = 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
areliable 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 =441;
P < 0.05), while its effect on phosphorus
content in whole blood (F = 8.54 > FU =
441; 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 — n% = 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 — 1%, =
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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2. Calcium content in blood of cows with different vegetative status depending
on the season, mg/100 mL (M £ m, n =5)

Substrate . Vegetative é}atus : 4
normotonic | vagotonic | sympathicotonic
Summer
Whole blood 527+0.12 4.98+0.18 526+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 Ca™ 3.46 +0.04 3.3+£0.03*% 3.71 £0.06*
Ionized Ca/total Ca 0.43+0.01 0.43+0.01 045+0.01*
Winter
Blood serum 543 +0.16 546=+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 Ca™ 3.60+0.17 342+0.14 3.68 +£0.03
Ionized Ca/total Ca 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.

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="741; 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, boththe seasonand thetone of
the autonomic nervous system did not affect
the ratio of ionized to total calcium in blood
serum (F = 3.19-3.37 < FU = 3.55-441;
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.
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3. Regression analysis of the dependence of calcium content in blood of cows
on the tone of the autonomic nervous system, conditional units (n = 16)

Indicator
Substrate summer winter
coefficient R-squared coefficient R-squared
Whole blood 0.01 0.09 0.01 0.10
Blood serum 0.01 0.13 0.01 0.06
Blood cells 0.0001 0.02 0.01 0.26
ITonized Ca*™ 0.027%%* 0.75%%%* 0.01 0.16
Tonized Ca/total Ca 0.01* 0.33* 0.15 0.214

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

**x P <0.001.

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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AHomayisi. [posidHy ponb y mobinizauii adanmayiliHux moxcaueocmeli op2aHiamy gidieparoms
Helipo-eymopasbHi MexaHizmu, Hacammneped — OifnbHicmb yeHmpasnsbHoi Hepeosoi cucmemu. MogHo-
YiHHICMb MiHepasbHO20 HUBEHHA s8enukoi poeamoi Xxy0obu 3anexums ei0 3abesneyeHocmi mea-
PUH MaKpoeneMeHmamu, ki 8xo0ame 0o cmpykmypu 6a2ameox eH3umis abo € ix akmusamopamu,
npulimarodu NPosioHy posib 8 OKUCHO-B8IOHOBHUX peaKyiax. Jocniou npogodusnu Ha Koposax yKpaiH-
CbKOI YopHO-PpA60OI Mos104HOI opodu 2—3 nakmauii. 3a pe3ynsmamamu 00C1iOHEeHHS MOHYCy asmo-
HOMHOI Hepeosoi cucmemu 6yn0 cghopmosaHo 3 O0cnioHI epynu: | — HopMomoHiKu, Il — ea2omoHiku,
Il — cumnamukomoHiku. Biobip Kposi nposodusnu 0sidi Ha piK, eaimKy ma e3umky. LlineHy Kpoe cma-
6inizysanu 3a AorMomMoz0t0 2enapuHy, CUPOBAMKY KPO8i OmpumMysanu Memooom 8i0CMOKOBAHHS, d
KAiMuHU Kposi — 3a 00rmomo2oto yeHmpucghyaysaHHsA 2ernapuHy308aHOI Kpoei, 8i06UPaHHA naasmu ma
mpupa306020 MPOMUBAHHS KAIMUH Y X0100HOMY i30MOHI4HOMY PO3YUHI 3 HACMYNHUM UeHmpudgyay-
8aHHAM. TOHYC ABMOHOMHOI Hep8o8oi cucmemu 8 Kopig 8n1imKy 00cmosipHo obepHeHo noe’a3aHull i3
emicmom docghopy e yinbHili Kposi (r = -0,73; P < 0,05) ma ii knimuHax (r =-0,87; P < 0,001). Todi, Ak y
cupo8amuji Kpoesi OaHi 83GEMO38’A3KU HEOOCMOBIpPHiI, AK 8aIMKy mak i 83umKy (r = -0,02—0,24). B3umky
MOHYC GBMOHOMHOI Hep8o8soi cucmemu 8 Kopie 06epHeHo ocmosipHo noe’a3aHull auwe 3 emicmom
®ocghopy 8 yineHiti kposi (r=-0,81; P < 0,01). Ha 8idmiHy 8i0 moHycy asmoHOMHOI Hepeoeoi cucmemu
ropa poky mae docmosipHuli ensnue Ha emicm Kaneyito 8 yinbHili kposi (F = 8,94 > FU = 0,41, P< 0,01),
modi, AK 8MiCM Yb020 esemeHmy 8 CUpPO8aMUYi Ma KAIMUHAX KPoei Kopie He 3a51ex¢as 8i0 nopu PoKy.

Omi#e, moHyc a8MOHOMHOI HepB0OBOI cucmeMu ma ropa PokKy ernausaroms Ha emicm Kaneuyito i
docopy 8 Kposi Kopis.

Knto4osi cn108a: Koposu, Kpos, Hepeosi rnpouecu, MOHYC a8MOHOMHOI Hep8osoi cucmemu,
Kanwbuiti, ocgop
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