UDC 619:612.821:612.128:636 https://doi.org/10.31548/ujvs2021.01.006

CORTICAL MECHANISMS OF REGULATION
OF LITHIUM CONTENT IN BLOOD OF COWS
DEPENDING ON THE SEASONS

0. V. ZHURENKO, Doctor of Veterinary Sciences,
Department of Animal Biochemistry and Physiology
named after Academician M. F. Gulyi
https://orcid.org/0000-0002-4933-0372
V. I. KARPOVSKYI, Doctor of Veterinary Sciences, Professor,
Department of Animal Biochemistry and Physiology
named after Academician M. F. Gulyi
https://orcid.org/0000-0003-3858-0111
V. V. ZHURENKO, Candidate of Veterinary Sciences,
Department of Animal Biochemistry and Physiology
named after Academician M. F. Gulyi
https://orcid.org/ 0000-0003-2097-9212
National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine
E-mail: Zhurenko-lena@ukr.net

Abstract. The behavior of farm animals, especially cattle, is an important economic and useful
feature, which significantly facilitates the operating condlitions and production of livestock products.
The parameters of the nervous system in cattle determine its behavior in various situations,
including keeping in the pen, herding, and milking. The optimal content of minerals in the body
leads to the normal course of metabolic processes and high productivity. Based on the results of
studying the conditioned reflex activity, four experimental groups were formed. Whole blood,
serum, and blood cells were used for laboratory analysis. Based on the results of the analysis of
variance of the lithium content in different blood fractions of cows, no reliable interaction between
the typological features of the nervous system and the season has been established. The mobility of
nervous processes, regardless of the season, is reliably associated with the lithium content in whole
blood, blood cells, and blood serum (r = 0.15-0.22). Along with this, the parameter of the lithium
transmembrane potential (Licell/Liserum) is reliably associated mainly with the strength and
balance of nervous processes in cows in the warm season—=0.62—0.76 (P<0.05-0.01). Asignificant
dependence on the type of higher nervous activity in cows and the lithium content in blood serum
(F=13.2>FU =3.01; P <0.001), whole blood (F = 14.8 > FU = 3.01; P < 0.001), and blood cells
(F=23.1>FU=3.01; P<0.001) is established. In cows with a weak type of higher nervous activity,
the lithium content in blood serum and its cells was lower by 12.1% (P < 0.05) and 18.0% (P < 0.05),
respectively, compared with the parameters of cows with a strong balanced mobile type.
Keywords: higher nervous activity, micronutrients, types of higher nervous activity,
nervous processes
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Introduction

Over the past decades, there have been
fundamental changes in the field of world
veterinary medicine, which make it pos-
sible to assert that without the application
of advances in biochemistry, physiology,
microbiology, and other disciplines, it is
impossible to fully realize the productive
and breeding qualities of animals. Mi-
crobiological, biochemical, and physio-
logical processes in the body of animals
determine the entire course of individual
development in animals, its existence, and
the productivity development (Avtsyn et
al., 1991). The behavior of farm animals,
especially cattle, is an important econom-
ically useful feature, which significantly
facilitates the operating conditions and
production of livestock products (Gapon
& Yashchenko, 2005). The parameters of
the nervous system in cattle determine its
behavior in various situations, including
keeping in the pen, herding, and milking.
The use of knowledge in technology on
the temperament of animals, the type of
their higher nervous activity, and the state
of the autonomic nervous system due to
both heredity and environmental impact,
creates the preconditions for the full reali-
zation of its genetic potential.

Analysis of recent researches
and publications

The type of higher nervous activity in
animals determines not only the nature
of the adaptive reactions in the organism
but also the main characteristics of cor-
tical processes affecting various metabo-
lism levels, which is reflected in the eco-
nomically useful properties of productive
animals (McDowell, 2003). The optimal
mineral content in the body leads to the
normal course of metabolic processes
and high productivity (Hrushanska et

al., 2017). The value of mineral nutrition
in cattle depends on animal’s provision
with essential micronutrients that are
part in the structure of many enzymes or
are their activators, taking a leading role
in redox reactions (Guyot et al., 2012).
However, insufficient attention is paid
to the studying of individual features of
mineral homeostasis in the body of pro-
ductive cows in intact and stressful state
(McDowell, 2003; Zinko, 2017). The de-
termination of the individual features of
higher nervous activity in animals allows
understanding deeper the cortical mech-
anisms of regulation of various physio-
logical functions, creating the precon-
ditions for targeted exposure (Pogorlov,
2010; Danchuk et al., 2017). Micronu-
trients play a significant biological role
despite their low content in the body
(Byts, 2010; Gromova et al., 2010). In
addition to the general positive effect on
the growth and development processes,
the specific effect of several micronutri-
ents on the most important physiological
processes has been established, and their
importance is explained by the fact that
they come into a close relationship with
biologically active substances — hor-
mones and vitamins (Zakharenko, 2004).
Lithium is a very valuable and important
micronutrient for animals. This element
affects the serotonin release and receptor
sensitivity, as well as modulates the nor-
epinephrine action (Skalny, 2004; Ka-
lyn, 2011). Today it is believed that the
mechanism of lithium action is associat-
ed with the depletion of inositol reserves
in the central nervous system (Marushko,
2013). It is known from literature sources
that lithium has the ability to reduce the
excitability of the central nervous system
by releasing magnesium from cellular
“depots” and inhibiting the transmission
of nerve impulses; regulate sodium trans-
port in nerve and muscle cells.
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Materials and methods
of research

The experiments were carried out on
cows of the Ukrainian black-and-white
dairy breed of the 2-3rd lactation. The
types of higher nervous activity were
determined by the express method for
assessing conditioned reflex activity in
cattle, which allows reliably assert that
the animal belongs to the correspond-
ing type of higher nervous activity in
20-30 minutes of the experiment. The
conditions of use, keeping, diet, and
feeding frequency were the same in all
experimental animals. To study the con-
ditioned reflex activity, 100 cows were
selected. The strength, balance, and mo-
bility of the nervous processes were de-
termined in all animals using a modified
method. The method is based on the ob-
servance of the behavior in an animal in
a group and individual pen, the reaction
of the animal to the experimenter, the
reaction of a hungry animal to feeding,
unexpected sensory stimuli, and the for-
mation of conditioned reflexes.

The typological characteristics of
the nervous system were determined by
three tests analysis.

According to the results of studying
the conditioned reflex activity, 4 exper-
imental groups were formed. The first
group included animals with a strong
balanced mobile type, the second — a
strong balanced inert type, the third — a
strong unbalanced type, and the fourth
— a weak type of higher nervous activi-
ty. Blood from cattle was obtained from
the jugular vein. During blood sampling,
the unnecessary abuse of the animal was
avoided. Whole blood, serum, plasma,
and blood cells were used for labora-
tory analysis. Blood from animals was
collected in three test tubes. The first
test tube contained the whole blood, the

second was used to extract blood serum
for analysis, and the third one — to ob-
tain plasma and blood cells. To stabilize
whole blood and to obtain plasma, three
drops of 1% heparin solution were pre-
liminarily introduced into the test tube.
To obtain plasma, blood with the antico-
agulant immediately after its collection
was centrifuged at 2000-3000 rpm for
15-20 min, after which the plasma was
poured into another tube. To obtain blood
cells, the cell pellet was washed out three
times in cold saline solution, followed by
centrifugation at 3000 rpm for 15 min.
To obtain blood serum, no anticoagulant
was added. After blood sampling, the
tube was left at room temperature until
the serum was completely separated, af-
ter which manipulations were performed
to obtain the serum following standard
procedures. After preparing the samples,
they were immediately sent to the labora-
tory in a cooler bag (Vlizlo et al., 2012).
To determine micro- and macro-
nutrients, the samples are preliminari-
ly mineralized by the method of dry or
wet ashing. After ashing, acid extraction
is carried out. In prepared samples, the
elements are determined by atomic ab-
sorption spectrophotometry. Experimen-
tal research is consistent with the basic
principles of the European Convention
for the Protection of Vertebrate Animals
used for Experimental and other Scientif-
ic Purposes (Strasbourg, 1986) and the
Declaration on the Humane Treatment of
Animals (Helsinki, 2000). The obtained
digital data were processed statistically
using the applied software package “Mi-
crosoft Office Excel 2013”. The arith-
metic mean value (M) and its error (m)
were determined. The probability of dif-
ferences in mean values was determined
by the Student’s test. Parameters changes
were considered significant at P < 0.05
(including P < 0.01 and P < 0.001). In
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addition, correlation, regression, one and
two-factor analysis of variance of the ob-
tained results were carried out.

Results of the research and their
discussion

Studies have shown that in animals
with different types of higher nervous
activity, the lithium content in blood se-
rum, whole blood, and its cells did not
exceed physiological limits and was
0.42-0.52 pg/100 ml, 0.33-0.42 pg/100
ml, and 0.18-0.23 pg/100 ml, respec-
tively (Table 1).

There were no significant differences
in the lithium content in different blood
fractions in cows with strong balanced
mobile and strong balanced inert type
of higher nervous activity in different
seasons of the year. Also, the lithium
content in different blood fractions in
cows with different types of higher
nervous activity in cold and warm
seasons did not differ significantly.

In summer, in cows with a strong un-
balanced type of higher nervous activity,
the lithium content was lower by 15.7%
(P<0.01), 17.5% (P<0.05), and 19.1%
(P<0.01) in serum, whole blood, and its
cells, respectively, than in animals with a
strong balanced mobile type. Whereas in
winter, the lithium content in the blood se-
rum, whole blood, and blood cells in cows
of this type of higher nervous activity was
lower by 8.9-11.6 (P <0.05-0.01), respec-
tively, compared with the indicators in
cows with a strong balanced mobile type.

In summer, cows with a weak type of
higher nervous activity had lower lithi-
um content in blood serum and its cells by
12.1% (P<0.05) and 18.0% (P <0.05), re-
spectively, compared with the indicators of
cows with a strong balanced mobile type.
Whereas in winter, the lithium content in
blood serum, whole blood, and blood cells in
cows of this type of higher nervous activity
was lower by 14.6-16.3% (P <0.05-0.01),
respectively, compared with the indicators
of cows with a strong balanced mobile type.

1. Lithium content in the blood of cows with different types of higher nervous
activity depending on the season (ng/100 ml; M + m, n = 5)

Type of higher nervous activity
Substrate Strong balanced | Strong balanced Strong
mobile inert unbalanced Weak

Summer
Blood serum 0.495+£0.016 0.523+£0.015 | 0418 +0.011** | 0.435+0.034*
Whole blood 0.400+0.011 0.421+£0.014 | 0.330+0.010%* 0.345+£0.027
Blood cells 0.223 £0.006 0.230+£0.007 | 0.180 4 0.004** | 0.183 +0.012*
Licell/Liserum | 0.450 +0.003 0.440£0.009 | 0.431+0.004* | 0.421 +0.008*

Winter
Serum 0.488 £ 0.009 0.510£0.009 | 0.443 +£0.009* | 0.415+0.022%
Whole blood 0.393 £0.006 0.413£0.009 | 0.358+0.006* | 0.335+0.017*
Blood cells 0.215+£0.003 0.225+£0.006 | 0.19+£0.004** | 0.180 = 0.008**
Licell/Liserum | 0.441+0.007 0.441 +0.005 0.430+0.015 0.435+£0.010

Note: significant differences compared to cows with a strong balanced mobile type of higher

nervous activity at * P <0.05, ** P <0.01.
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2. Correlation (r) of the lithium content in blood of cows with the main
characteristics of nervous processes (CU, n = 16)

Indicator The main characteristics of nervous processes
Strength Balance Mobility
Summer 0.28 0.66** 0.17
Blood serum ;
Winter 0.28 0.68** 0.21
Summer 0.39 0.81%** 0.22
‘Whole blood -
Winter 0.45 0.70%* 0.21
Summer 0.63** 0.69** 0.20
Blood cells -
Winter 0.65%* 0.71%* 0.15
. . Summer 0.62%* 0.76%** 0.10
Licell/Liserum -
Winter 0.08 0.30 -0.22

Note: indicators are significant at * P < 0.05,** P <0.01, *** P <0.001.

Theratioofthelithiumcontentinblood
cells to the blood serum (Li_/Li__ )
in cows with different types of higher
nervous activity was 0.42-0.45 CU. It
should be noted that this indicator in the
blood of cows with different types of
higher nervous activity in the cold sea-
son did not differ significantly, however,
in summer, in cows with strong unbal-
anced and weak type of higher nervous
activity it was lower by 4.1% (P < 0.05)
and 6.4 % (P <0.05), respectively.

The relationship between the main
characteristics of nervous processes in
cows and the lithium content in blood
depending on the season has been estab-
lished (Table 2).

The strength of nervous processes
is directly related to the lithium content
only in blood cells in summer (r = 0.63;
P<0.01) and in winter (r=0.65;
P<0.01). Instead, the balance of ner-
vous processes, depending on the sea-
son, is directly related to the lithium
content in blood serum — r=0.66-0.68
(P <0.05), whole blood — r=0.70-0.81
(P<0.01-0.001), and blood cells —
r=0.69-0.71 (P<0.01). The mobility
of nervous processes, regardless of the
season, is significantly associated with

the lithium content in whole blood,
blood cells, and blood serum (r=0.15-
0.22). Along with this, the indicator of
the transmembrane potential of lithium
(Li/Li_ ) is significantly associated
with the s$trength and balance of ner-
vous processes in cows in the warm
season — r = 0.62-0.76 (P <0.05-0.01).
The strength of nervous processes in the
warm season does not significantly limit
the lithium content in blood (%, = 0.11—
0.22), however, it significantly affects
the ratio of the lithium content in blood
cells and serum -1, =0.30 (P <0.05).
Whereas in the cold season, the strength
of nervous processes increases the effect
on the lithium content in whole blood, se-
rum, and blood cells to a significant level
- 1% =0.39-0.42 (P <0.001). However,
the existing influence of the strength of
nervous processes on the ratio of lithium
in the blood cells and serum in cows be-
comes insignificant (n?, = 0.04).

The balance of nervous processes
in cows in summer significantly affects
the lithium content in blood serum —
n%=0.54 (P<0.001), whole blood —
n%=0.58 (P<0.001), and blood cells
- 1%=0.73 (P<0.001). In winter, the
balance of nervous processes retains a
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3. Regression analysis of the dependence of the lithium content in blood
of cows on the main characteristics of nervous processes (CU; n = 16)

The main characteristics of nervous processes
Indicator Strength Balance Mobility
Summer | Winter | Summer | Winter | Summer | Winter
Blood serum
Regression coefficient 0.019 |0.033%*| 0.041** | 0.034** | 0.011 0.01
Coefficient of determination 0.08 0.39*%* | 0.43** 0.48** 0.03 0.04
Whole blood
Regression coefficient 0.016 ]0.028** | 0.036** | 0.027** | 0.011 | 0.006
Coefficient of determination 0.08 0.42%* | 047** 0.5%* 0.04 0.02
Blood cells
Regression coefficient 0.012 | 0.015% | 0.024*** | 0.018*** | 0.007 | 0.002
Coefficient of determination 0.15 0.38*% | 0.65%** | (.58%%* 0.05 0.01
Licell/Liserum
Regression coefficient 0.008 0.002 | 0.012%** 0.006 0.004 | -0.004
Coefficient of determination 0.2 0.01 0.49** 0.09 0.05 0.05

Note: indicators are significant at * P < 0.05,** P < (.01, *** P <0.001.

significant effect on the lithium content
in the blood of cows up to the %, = 0.64—
0.71 (P <0.001). The mobility of nervous
processes does not significantly affect the
lithium content in serum, whole blood,
and cells of cows regardless of the season
(% =0.08-0.17).

It should be noted that the ratio of
lithium content in cells and blood se-
rum in summer is significantly limited
by the strength, balance, and mobility
of nervous processes — 1% = 0.27-0.37
(P<0.05), while in winter this effect
becomes insignificant (n% = 0.02-0.06).

Regression analysis established the
dependence of the lithium content on
the mobility of nervous processes in
cows (Table 3).

On the other hand, regardless of the
season, when the balance of nervous pro-
cesses changes by one unit, the lithium
content in whole blood, blood cells, and
its serum changes in the same way by

0.02-0.04 pg/100 ml (P <0.01-0.001).
The coefficient of determination of the
strength of nervous processes with the
content of this micronutrient indicates
that 43-65% (P <0.01-0.001) of vari-
ations in its content in different blood
fractions are due to the variability of in-
dicators of nervous process balance.

Unlike it, only in winter, when the
strength of the nervous processes changes
by one unit, the lithium content in differ-
ent blood fractions changes in the same
way by 0.02—0.03 mg/100 ml (P <0.001).
In cows’ blood cells in winter 38-42%
(P<0.001) of variations in the content of
this element are due to the variability of
indicators of nervous process strength.

In addition, it was found that in sum-
mer only 49% (P < 0.01) of variations in
the ratio of the lithium content in blood
serum to blood cells in cows might be
caused by the balance of nervous pro-
cesses. Therefore, when the indicator of
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4. Multivariate analysis of variance of the influence of higher nervous activity
type and the season on the lithium content in blood of cows

Source of variation | SS | df | MS | F | P-value | F-test

Blood serum
Higher nervous activity type | 0.0491 3 0.0164 | 13.2 | <0.001 3.01
Season 0.0001 1 0.0001 | 0.09 0.766 4.26
Correlation 0.0024 3 0.0008 | 0.63 0.600 3.01
Internal 0.0298 24 0.0012
Total 0.0814 31

Whole blood
Higher nervous activity type | 0.0348 3 0.0116 | 14.8 | <0.001 3.01
Season <0.001 <0.001 | 0.003 | 0.952 4.26
Correlation 0.0019 3 0.0006 | 0.822 | 0.495 3.01
Internal 0.0188 24 0.0008
Total 0.0556 31

Blood cells

Higher nervous activity type | 0.0132 3 0.0044 | 23.1 | <0.001 3.01
Season <0.001 1 <0.001 | 0.066 | 0.799 4,26
Correlation 0.0004 3 0.0001 | 0.637 | 0.598 3.01
Internal 0.0046 24 0.0002
Total 0.0181 31

nervous processes balance changes by
one unit, the ratio of the lithium content
in blood serum to blood cells changes in
the same way by 0.012 CU (P <0.01).

The results of the multivariate anal-
ysis of variance of the influence of the
higher nervous activity type and the sea-
son on the lithium content in blood of
cows are shown in Table 4.

A significant dependence between
the type of higher nervous activity in
cows and the lithium content in blood se-
rum (F=13.2>FU=3.01; P<0.001),
whole blood (F=14.8>FU=3.01;
P <0.001), and blood cells
(F=23.1>FU=3.01; P<0.001) was
found. The season, in contrast to the
type of nervous system in cows, does
not have a significant effect on the lithi-
um content in different blood fractions.

Based on the results of the analy-
sis of variance of the lithium content
in different blood fractions in cows, no
significant interaction between the typo-
logical features of the nervous system
and the season has been established.

Conclusions and future
perspectives

A significant dependence between
the cows’ type of higher nervous activity
and the lithium content in blood serum
(F=13.2>FU=3.01;P<0.001), whole
blood (F = 14.8 > FU =3.01; P<0.001),
and blood cells (F=23.1>FU=3.01;
P <0.001) has been established. In cows
with a weak type of higher nervous ac-
tivity, the lithium content in blood se-
rum and its cells was lower by 12.1%
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(P <0.05) and 18.0% (P < 0.05), respec-
tively, as compared with the indicators
in cows with a strong balanced mobile
type. Prospects for further research con-
sist in the development of modern tools
and methods for correcting the content
of macro- and micronutrients in cows’
blood, considering the individual charac-
teristics of their nervous system.
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AHomayis. 08ediHKa CinbCbKO20Cno0apcbKUX meapuH, a ocobauso eenukoi pozamoi
Xy0obu, € 8amsUBOI 20Cr100APCLKO-KOPUCHOK O3HAKOK, WO 3HAYHO r0/e2Wy€e YMosU
ekcnayamauii ma supobHuymea npodykyii meapuHHuUymea. Mapamempu Hepeosoi cucmemu
8enuKoi poeamoi xy0obu eu3Ha4arome ii Mo8eOiHKY 8 Pi3HUX cUMYQAUifx, 30Kpema, 8 3a20Hi,
sueyni, ni0 yac 00iHHA. ONMUManbHUU emicm MiHepasabHUX PEYOBUH 8 OP2aHi3Mi 3YMOB/IOE
HopmaneHul nepebie npouyecie memaboniamy i BUCOKY NPOOYKMUBHIiCMb. 3a pe3zyanbmamamu
docnidmeHHA yMosHO-pedriekmopHoi disanbHocmi 6yno cghopmosaHo Homupu OO0CioHI
epynu. [na n1a6opamopHO20 aHAAMIZYy BUKOPUCMOBYBAAU UilbHY KPO8, CUPOBAMKY, NaAa3my ma
KAimuHu Kposi. 3a peaynbmamamu oucnepciliHozo aHanizy emicmy Jlimito 8 pizHUX ppakuyisax
Kpo8i Kopig 8ipo2idOHy 830EMO0i0 MiX mMunosnoziyHUMuU 0cobausocmamu Hepsoeoi cucmemu
ma ropoto PoKy He 8CMAHOB/EHO. Pyxaugicme Hepeosux npoyecie He3anexHo 8i0 Mnopu poKy
8ipo2idHo noe’asaHa 3 emicmom Jlimito 8 YinbHili KPosi, KAIMUHAx KPosi ma cuposamuyi Kposi
(r = 0,15-0,22). BoOHO4aC MOKA3HUK MpPAaHCMembpaHHo20 nomexuiany 3a Jlimiem (LikaimuH/
Licuposamku) 8ipo2idHo noe»a3aHuli auwe i3 U0 ma 8piBHOBAXEHICMIO HEPBOBUX MPOYEC8
y Kopis y meniay nopy poky —r = 0,62-0,76 (P < 0,05-0,01).

BcmaHoesneHo 8ipo2idHy 3anexcHicme 8i0 muny suwoi Hepeoeoi disnbHocMi Kopie ma emicmy
Jlimito 8 cuposamuyi Kposi (F = 13,2 > FU = 3,01; P < 0,001), yineHili kpoei (F = 14,8 > FU = 3,01;
P <0,001) ma knimuHax Kposi Kopie (F= 23,1 > FU = 3,01, P < 0,001). ¥ Kopie 3i cnabkum murnom BH/
emicm Jlimito & cuposamuji Kposi ma ii KnimuHax 6ye meHwum 8idnosioHo Ha 12,1% (P < 0,05) ma
18,0 % (P < 0,05) nopigHaHO G0 MOKA3HUKI8 KOpI8 i3 CUnbHUM 8PI8HOBAHCEHUM PYXAUBUM MUIMOM.
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