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Abstract. The main role in maintaining the functioning of the body, its growth, and its 
development belongs to protein. It is involved in the formation of the muscular skeleton 
and is s part of enzymes, neurotransmitters, hormones. The effect of the autonomic 
nervous system on total protein metabolism has not been sufficiently studied. It is known 
that the autonomic nervous system is a structure that is responsible for the homeostasis 
and stability of the whole organism. It participates in the regulation of the heart, endocrine 
and external secretion glands, gastrointestinal tract, excretory organs, and more.

In our studies, it was found that in chickens of Cobb 500 strain with different tones of 
the autonomic nervous system during the growing period from the 35th to the 60th day, 
different contents of total protein, albumin, and globulins were observed and different 
body weights were recorded. Vagotonic chickens showed the lowest protein metabolism 
at the age of 35 and 45 days (P < 0.05–0.001) compared with sympathicotonics and 
normotonics, which tended to increase between 35 and 60 days of rearing compared 
with other groups of birds, where the studied protein fractions on the contrary decreased.

Correlations between total protein, albumin, and bird body weight had a high linear 
relationship in all groups of chickens (P < 0.05–0.001) and a negative relationship 
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between the 45th and 60th days of rearing in sympathicotonics and normotonics. In 
birds with a predominance of the parasympathetic tone of the autonomic nervous 
system, this correlation maintained its direction with high reliability (P < 0.05) between 
body weight and total protein on the 60th day of rearing.

Keywords: sympathicotonia, vagotonia, normotonia, protein metabolism, albumin, 
globulin

Introduction

The study of the dynamics of the 
influence of different tones of the auto-
nomic nervous system on the metabo-
lism of total protein and its components 
in the serum of chickens has not been 
thoroughly studied. Its fluctuations are 
influenced by numerous factors, such as 
age, diet, keeping animals, their genetic 
characteristics. In recent decades, breed-
ers have bred high-yielding poultry 
crosses that have high feed conversion, 
rapid growth, and development. There-
fore, the study of the peculiarities of the 
metabolic processes of protein as a ma-
jor component involved in the growth of 
the organism is an extremely important 
issue today.

Analysis of recent researches  
and publications

Serum protein is a central link in all 
biochemical processes in animals and 
humans (Derho & Sereda, 2016). Albu-
min and globulins that are part of it are 
synthesized directly in the liver and im-
mune organs (globulins). The functions 
of these proteins are difficult to overes-
timate because they provide transport 
of metabolites, biologically active sub-
stances, are a plastic material for the 
needs of the body, there are protective 
immune complexes, etc. (Gotovsky et 
al., 2018). The content of these proteins 
in the body depends on the state and ac-

tivity of the immune system (Filipović 
et al., 2007), nutritional feed and content 
of all necessary substances, synthesizing 
capacity of the liver (Zaefarian et al., 
2019), and directly the needs of the body 
(Filipović et al., 2007).

Effective metabolism of various 
compounds in animals is ensured by 
numerous biochemical processes that 
occur and are regulated under the influ-
ence of neuro-humoral factors (Postoi 
et al., 2020; Reutov & Chertok, 2016). 
The autonomic nervous system (ANS) 
through its numerous array of reflexes is 
able to regulate the work of almost all 
physiological functions of the body (Ab-
boud & Singh, 2017). It consists of three 
divisions – sympathetic, parasympathet-
ic (Wehrwein et al., 2016), and enteral 
(intestinal) (Volkova, 2015). Their cen-
ters are located at different levels of the 
nervous system – the cortex of the large 
hemispheres, hypothalamus, cerebellum, 
basal ganglia, and spinal cord (Gibbons, 
2019). The activity of the sympathetic 
and parasympathetic divisions mostly 
has different directions, which allows 
them to precisely regulate any processes 
in the body of living beings (McCorry, 
2007). For example, increased activity 
of the sympathetic branch of the ANS 
causes an increase in glucose output and 
utilization (Karpovskyi et al., 2013), the 
development of anti-inflammatory re-
sponse in the body by activating T and 
B lymphocytes, and NO secretion (Pa-
dro & Sanders, 2014; Abboud & Singh, 
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2017), increased antibacterial and lyso-
zyme activity of the blood (Karpovskyi 
et al., 2016). The sympathetic system 
directly affects the growth of bone tis-
sue. Strengthening of the alveolar bone 
of the upper jaw and a decrease in tooth 
mobility was observed in rats treated 
with selective β-blockers (Uchibori et 
al., 2020). The increased influence of the 
sympathetic system provides a decrease 
in osteoblast activity, which may lead 
to a decrease in skeletal strength (Elef-
teriou, 2008; Dimitri & Rosen, 2017). 
Studies (Postoi et al., 2019) found that 
pigs with a different tone of the ANS 
have varying degrees of the intensity of 
protein metabolism in the body. Animals 
with a predominance of sympathetic and 
parasympathetic divisions had a higher 
urea content and a decrease in total se-
rum protein during the first seven days 
after exposure to technological stress. 
Also, pigs with balanced ANS tone took 
less time to establish baseline levels of 
test substances in serum compared to 
other groups. Other studies have shown 
the effect of the ANS on the state of the 
antioxidant system in pigs. Animals 
dominated by the sympathetic branch 
had significantly higher superoxide 
dismutase activity compared to other 
groups. The ratios of antioxidants super-
oxide dismutase to catalase (SOD/CAT) 
and superoxide dismutase to glutathione 
peroxidase (SOD/GPO) were lower in 
vagotonic pigs and sympathicotonics 
(Skrypkina et al., 2016). Determination 
of the influence of the ANS on the activ-
ity of the enzymatic link of antioxidant 
protection showed a significant effect in 
sympathicotonic pigs (Skrypkina et al., 
2016).

One of the main functions of the 
ANS is the implementation of precise 
regulation of the cardiovascular system. 
The activity of the heart as the main tar-

get of the sympathetic and parasympa-
thetic divisions is provided by regulat-
ing the rhythm and heart rate, vascular 
tone, and blood supply, which is neces-
sary for the needs of the body (Albara-
do-Ibañez, 2019). Such control is not a 
simple predominance of sympathetic or 
parasympathetic influence but is a com-
plex interaction of circulatory reflexes, 
the functioning of baro- and chemore-
ceptor zones in the vessel walls, as well 
as various molecular and hormonal fac-
tors (Taralov et al., 2016). The effect of 
the ANS on the cardiovascular system 
can be described as maintaining balance 
with various changes in the external 
and internal environment of the body, 
as confirmed by numerous studies. For 
example, in rats and weather-sensitive 
humans, reduced atmospheric pressure 
and hypoxia increase the parasympa-
thetic effect on the vessels of the brain, 
which is necessary to maintain oxy-
gen homeostasis and maintain ener-
gy-dependent processes in nerve cells 
(Volkova, 2015). In waterfowl, there is 
a well-defined evolutionary antagonism 
of the mechanism of action of the para-
sympathetic system. During immersion 
under water and emergence of reflex ap-
nea, there is a blocking of a sympathetic 
branch of the ANS with the subsequent 
decrease in heart rate. This allows birds 
to spend more energy on swimming and 
oxygen for the body's biochemical needs 
(Shereshkov et al., 2010). Studies in rats 
have shown that early experimental de-
sympathization leads to an increase in 
the diameter of blood vessels, delays 
the formation of their multidimension-
al structure, and the preservation of a 
predominantly linear orientation, which 
is characteristic of early development. 
There is also a decrease in the distance 
between the vascular wall and the area 
of the neuromuscular synapse, which 
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indicates a change in the level of met-
abolic reactions (Kovrigina & Filimon-
ov, 2013). Identical data on vascular 
diameter were obtained in heifers with 
different ANS tones. They increased the 
Kernogan index (the ratio of the thick-
ness of the middle membrane of the vas-
cular wall to the width of the lumen of 
the vessel) in parallel with the growth 
of sympathicotonia in animals and vice 
versa (Demus, 2010).

The inter regulatory work of the sym-
pathetic and parasympathetic divisions 
of the ANS ensures the precise function-
ing of tissues and the regulation of the 
metabolism of proteins, carbohydrates, 
fats, minerals, and biologically active 
substances. The ANS provides constant 
adaptation to changes in the internal 
and external environment. As a result of 
violation or imbalance of these depart-
ments of the ANS in the body, there are 
persistent disorders of hemodynamics, 
functioning of endocrine organs, cata-
bolic or anabolic processes begin to pre-
dominate (Wehrwein et al., 2016; Zhu-
kov et al., 2020). At present, the effect 
of the ANS on protein metabolism has 
not been sufficiently studied (McCorry, 
2007; Postoi et al., 2019). Therefore, re-
search in this direction is relevant.

Purpose. To determine the effect of 
different ANS tones on serum protein 
metabolism in chickens during the peri-
od of their rearing.

Materials and methods                                
of research

Studies of protein metabolism de-
pending on the tone of the ANS were 
performed on broiler chickens Cobb 
500 strain, aged 35, 45, and 60 days in 
accordance with international bioeth-
ical requirements set out in Directive 
86/609/EEC on the Protection of Ani-

mals Used for Experimental and Other 
Scientific Purposes (Louhimies, 2002) 
and the Law of Ukraine On Protection of 
Animals from Cruelty (Law of Ukraine, 
2006). Determination of the ANS tone 
was performed by the method of var-
iation pulsometry (Tybinka, 2011). At 
least 100 consecutive cardio intervals 
were recorded for 20–30 s with a port-
able electrocardiograph (EK3T 01-RD, 
Russia) (Studenok et al., 2020). Alliga-
tor electrodes were placed according 
to standard electrocardiography (ECG) 
protocols in poultry in the shoulders and 
legs (Tybinka, 2011; Reddy et al., 2016). 
Experimental animals, depending on 
the tone of the ANS were divided into 3 
groups: sympathicotonics, in which the 
indicators of the mode of the duration of 
the cardiac cycle (Mo) were 0.14–0.16 s, 
the amplitude of the mode (Amo) – ˃ 
45%; normotonics (Mo – 0.16–0.17 s, 
Amo – 40–45%); vagotonics (Mo – 
0.18–0.21 s, Amo – ˂  40%) (Studenok et 
al., 2020). Venous blood for biochemical 
studies was taken from the subcutaneous 
vein of the shoulder after a 2-hour fasting 
diet (Bayer et al., 2012). The venipunc-
ture site was cleaned of dirt, disinfect-
ed with 70% aqueous solution of ethyl 
alcohol, skin anesthesia was performed 
with gel (Kategel, Austria) based on li-
docaine (Bayer et al., 2012). The content 
of total protein in blood serum was de-
termined by biuret reaction (Levchenko 
et al., 2002), albumin-method with bro-
mocresol green (Levchenko et al., 2002) 
on a semi-automatic biochemical ana-
lyzer (Biosystems A15, Spain) using a 
set of reagents (Pointer Scientific, USA) 
according to the manufacturer's instruc-
tions, and the content of globulins – by 
calculating the difference between the 
content of total protein and albumin. 
Statistical processing of the results was 
performed in the Statistica 6 program 
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with the determination of averages and 
their errors, the probability of difference 
between groups, correlation (Pearson's 
method) and analysis of variance of the 
data (one-way analysis of variance) was 
performed in Microsoft Excel.

Results of the research and their 
discussion

The dynamics of the content of total 
protein and its fractions in blood serum 
of chickens with balanced ANS tone in 
the period of 35–60 days of rearing was 
characterized by a decrease (Fig. 1–3). 
In particular, the content of total protein 
(Fig. 1) decreased by 2.20 g/L (3.0%), 
albumin – by 1.10 g/L (5.5%), globulins 

– by 1.05 g/L (4.4%) within the trend.
A similar pattern was observed in 

chickens with a predominance of the 
sympathetic tone of the ANS. The con-
tent of total protein was the same for 35- 
and 60-days-old with a slight increase at 
the age of 45 days (1.50 g/L; 3.6%). The 
content of globulin fraction (Fig.  3) at 
the age of 45 days also increased by 
(1.20 g/L; 5.2%) with a subsequent de-
crease to the 60th day. The content of 
albumins (Fig. 2) increased slightly by 
0.60 g/L (3.1%).

With age, there is a balance of met-
abolic processes, the transition from 
intensive growth, and an increase in 
muscle mass in the plateau of stable 
indicators (Filipović et al., 2007; Pi-

Fig. 1. Dynamics of the total protein content in serum of chickens with 
different tones of the autonomic nervous system, n = 8

Fig. 2. Dynamics of albumin content in serum of chickens with different tones 
of the autonomic nervous system, n = 8
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otrowska et al., 2011). This is especially 
noticeable in chickens with a predom-
inance of the parasympathetic tone of 
the ANS, in which protein metabolism 
gradually increased and at the 60th day 
of age approached the results of animals 
with a dominant sympathetic and bal-
anced tone of the ANS.

Vagotonic chickens had a steady 
increase in the content of total protein 
and its fractions. Thus, between the 45- 
and 60-day period, the content of total 
protein and globulins increased rapid-
ly by 5.50 g/L (13.1%; P ˂ 0.001) and 
5.10  g/L (21.3%; P ˂ 0.001), respec-
tively. The albumin fraction showed 
only a tendency to increase the content 
by 1.00 g/L (5.6%).

It should be emphasized that at 
the age of 35 and 45 days normotonic 
chickens compared to vagotonic had a 
significantly higher content of total pro-
tein (P ˂ 0.001); albumins (P ˂ 0.01–
0.001), and globulins (P ˂ 0.01–0.001) 
in serum. A similar pattern concerning 
these proteins was observed in sympa-
thicotonic chickens compared with vag-
otonics at the age of 35 (P ˂ 0.05) and 
45 (P ˂ 0.001) days. Chickens with a 
predominance of parasympathetic tone 
compared with sympathicotonic had a 
significantly higher content of globulins 

only at the age of 60 days (P ˂ 0.01).
The content of total protein and its 

fractions in different periods of rearing 
may depend on many factors: the lev-
el of feeding, protein content in feed, 
intensity and rate of growth and devel-
opment of the organism (Filipović et 
al., 2007; Piotrowska et al., 2011), age 
of the animal (Kuznyak & Savchuk, 
2017). Different ANS tone, in our opin-
ion, also affects the fluctuations of total 
protein, albumin, and globulins because 
the dominant effect of the sympathet-
ic branch of the ANS is accompanied 
by an increase in catabolic processes 
in animals and humans (Morozova et 
al., 2016), which may cause statistical 
differences between indicators. The 
authors (Morozova et al., 2016) note 
that in vagotonic animals, due to rapid 
growth, weight gain, and trophic effects 
of parasympathicotonia, registered a 
decrease in total protein and its compo-
nents in serum. Similar data were ob-
tained in vagotonic chickens at the 35th 
and 45th days of age (Fig. 1–3).

Note that our results correlate with 
studies to determine the effect of dife-
ferent ANS tones on the intensity of 
growth of chickens, which revealed the 
relationship between the dominance of 
the parasympathetic system of higher 

Fig. 3. Dynamics of globulin content in serum of chickens with different tones 
of the autonomic nervous system, n = 8
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productivity of chickens during the 
period of its rearing. A bird with a 
balanced tone, on the contrary, had 
the lowest absolute and average daily 
weight gain (Shnurenko et al., 2020). 
Vagotonics and sympathicotonics in 
comparison with normotonics are 
characterized by a higher content of 
essential and non-essential amino acids 
in blood serum (Studenok et al., 2020; 
Studenok et al., 2021). It should be 
noted that the globulin fractions, which 
consist of α-, β-, and γ-globulins can 
also increase due to chronic and acute 
inflammatory processes, changes in the 
environment, and the body's adaptation 
to them (Tothova et al., 2019). Some 
authors report a physiologically low 
level of γ-globulin fraction in chickens, 
which usually increases during the 
growth of poultry with other peptides 
(Povoznikov & Pustovaya, 2013). 
Similar studies have shown an increase 
in total protein, albumin, and globulin 
levels by day 32–42 of meat-fattening 
poultry, which occurs during periods 
of intense growth (Filipović et al., 
2007; Piotrowska et al., 2011). Other 
publications suggest that fluctuations in 
the content of protein fractions in serum 

of chickens depend on the needs of the 
body and the period of their rearing. 
According to the author (Repko, 2015), 
the protein content increased during 
the period of intensive egg-laying and 
tended to decrease after it.

Interactions between the content of 
total protein, albumin, globulins and 
body weight of chickens in all exper-
imental groups had a rectilinear rela-
tionship at the 35th day of age with a 
predominance in vagotonic chickens 
(Table 1).

They showed a close correlation 
between the content of total protein, 
albumin, and body weight (P ˂ 0.001). 
Sympathicotonic chickens aged 45 and 
60 days showed a sharp change in the 
direction of the correlation, mostly in 
the negative direction compared to the 
previous period. Normotonics at the age 
of 45 days had a significant (P ˂ 0.01–
0.001) close correlation between the 
content of total protein, globulins, and 
body weight, which changed to negative 
on the 60th day of life. In contrast, in 
birds with a predominance of excitabili-
ty of the parasympathetic division of the 
ANS, a significant positive correlation 
was observed between the content of to-

1. Correlation of the content of protein fractions in serum with body weight   
of chickens in different age periods of rearing, r (n = 8)

Indexes

35 days 45 days 60 days

To
tal
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n 
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bu

m
in
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s

To
tal
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bu

m
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m
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s

Body weight 
(sympathicotonics) 0.792* 0.768* 0.690 -0.473 -0.513 0.240 -0.212 -0.262 -0.083

Body weight 
(normotonics) 0.789* 0.497 0.716* 0.908** 0.205 0.936*** -0.441 -0.473 -0.414

Body weight 
(vagotonics) 0.927*** 0.886** 0.699 0.260 -0.103 0.385 0.707* 0.230 0.809*

Note: * P ˂ 0.05; ** P ˂ 0.01; *** P ˂ 0.001 – reliability of correlation coefficients.
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tal protein, globulins, and body weight 
at the age of 60 days.

The concentration of protein frac-
tions in serum of chickens and their 
interaction with weight gain over the 
entire study period, in our opinion, de-
pends on the neuro-humoral effect on 
the metabolism of these compounds, 
the intensity of animal growth, and diet. 
Similar results were obtained in studies 
(Demus, 2010; Demus, 2013), where 
animals with a predominance of the 
parasympathetic ANS tone had higher 
measurements, body weight, and size of 
individual heart structures compared to 
sympathicotonics. In fish (rainbow trout 
Oncorhynchus mykiss) the positive 
effect of the vagus nerve on the hypo-
thalamic protein AMPKα2, which par-
ticipates in the control of energy homeo-
stasis throughout the body by regulating 

feed intake (increased productivity), 
thermogenesis, metabolism in the liver 
and muscles (Conde-Sieira et al., 2020). 
Other studies have shown a direct effect 
of vagotonia on weight gain and hunger 
due to the action of neuropeptides Y and 
AgRP on nutrient-sensitive areas of the 
hypothalamus and subsequent hyper-
phagia (Grechko et al., 2018).

The effect of different ANS tones on 
the content of protein components de-
pending on the age of the bird is diverse 
and has a general tendency to decrease 
depending on the growth of chickens. 
This is evidenced by the results of anal-
ysis of variance with the definition of 
the main indicator of the force of influ-
ence η2x (Table 2).

The growing period of 35 days was 
characterized by a significant effect of 
vagotonia and normotony on the content 

2. The effect of different ANS tones on the content of protein fractions                          
in serum of chickens, η2x (n = 8)

Indexes
35 days

Sympathicotonia Normotonia Vagotonia

Total protein 0 0.39** 0.37**
Albumin 0 0.26* 0.25*
Globulins 0 0.37** 0.35**

Indexes
45 days

Sympathicotonia Normotonia Vagotonia
Total protein 0 0.32** 0.65***
Albumin 0 0.19* 0.19*
Globulins 0.1 0.22* 0.61***

Indexes
60 days

Sympathicotonia Normotonia Vagotonia
Total protein 0.08 0 0
Albumin 0.04 0 0.12
Globulins 0.24* 0 0.15

Note: * P ˂ 0.05; ** P ˂ 0.01; *** P ˂ 0.001 – reliability of the main indicator of the force 
of influence η2

х.



98 | ISSN 2663-967X Vol. 12, № 4, 2021Ukrainian Journal of Veterinary Sciences

А. А. Студенок, Е. О. Шнуренко, В. О. Трокоз, В. І. Карповський

of all fractions of protein in serum (P ˂ 
0.05–0.01) and the complete absence of 
such effects in sympathicotonics with a 
subsequent slight increase to the 60th 
day and a significant effect on the con-
tent globulins (P ˂  0.05). In contrast, the 
period of 45 and 60 days in vagotonic 
animals differed in the pronounced ef-
fect of the parasympathetic branch of 
the ANS on the content of blood pro-
teins (P ˂ 0.05–0.001).

The ratio of albumin to globulin 
(A/G) in 35-day-old chickens did not 
differ much in different experimen-
tal groups with a slight predominance 
in vagotonics by 3.4%. Chickens of 
45-days-old with a predominance of the 
parasympathetic ANS tone had a signif-
icantly higher A/G ratio compared to 
sympathicotonics by 13.7% (P ˂ 0.05) 
and within the trend – with normoton-
ics by 9.5%. The 60-days-old bird had 
opposite ratios of protein fractions. In 
sympathicotonic chickens, A/G ratio 
was statistically higher than in normo-
tonics by 8.8% (P ˂ 0.05) and vagoton-
ics by 16.5% (P ˂ 0.01) (Fig. 4).

The authors (Taldykina & Semenyu-
tin, 2021) in their research claim that the 
decrease in the albumin fraction of pro-

teins may be associated with their use 
as a plastic material during the intensive 
growth of chickens. Instead, there are 
conflicting data that suggest that based 
on the detected increase in the ratio of al-
bumin to globulins due to the former, we 
can indirectly talk about increased meat 
productivity, and globulins – increased 
egg production (Povoznikov & Pus-
tovaya, 2013; Pushkarev et al., 2021). 
After all, the higher the value of A/G, 
the more intense the protein metabolism, 
which, in turn, affects the state of the 
whole organism (Pushkarev et al., 2021).

It should be noted that protein me-
tabolism also depends on higher nervous 
activity, which performs the finest regu-
lation of physiological processes in the 
body, including through the ANS. Stud-
ies by domestic authors have established 
a direct effect of different types of high-
er nervous activity on protein metabo-
lism and productivity of pigs and cattle 
(Danchuk et al., 2020). Animals with a 
strong balanced higher nervous activity 
type had a higher content of total pro-
tein and albumin compared to a weak 
one; productivity in these animals also 
prevailed over the latter. The content of 
essential amino acids (valine, proline, 

Fig. 4. Albumin-globulin ratio in different periods of rearing in chickens with 
different tones of the autonomic nervous system, n = 8

Note: * P ˂ 0.05; ** P ˂ 0.01 – compared with sympathicotonics.
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and glycine) in individuals with a weak 
type of higher nervous activity was low-
er compared to other groups (Vasyliv et 
al., 2020).

It should be noted that the justifica-
tion of these observations is based on the 
statement about the multifunctionality of 
blood proteins (Derho & Sereda, 2016). 
Their concentration in serum directly 
depends on the intensity of metabolism 
and the needs of other tissues. Proteins 
are also used as carriers of biologically 
active substances, from which hormones 
and enzymes are synthesized (Filipović 
et al., 2007; Piotrowska et al., 2011).

Thus, the studies found a relation-
ship between different ANS tones and 
poultry productivity, total protein, albu-
min, and globulins in serum. The high-
est positive effect of parasympathicoto-
nia on the content of test substances and 
weight gain in the period of 35–60 days 
of age was noted.

Conclusions and future 
perspectives

A significant difference in the con-
tent of total protein, albumin, and se-
rum globulins in chickens with different 
tones of the autonomic nervous system 
in different periods of rearing is a man-
ifestation of the influence of the auto-
nomic nervous system on protein me-
tabolism.

The influence of the dominant tone 
of the parasympathetic division of the 
autonomic nervous system is character-
ized by an increase in total protein and 
its fractions in the period from the 35th 
to the 60th day of growing chickens. In 
normotonics, the studied indicators, on 
the contrary, tend to decrease. In sym-
pathicotonic chickens, significant fluc-
tuations in the content of serum proteins 
are mostly absent.

The established correlation between 
the content of total protein, albumin, 
globulins and body weight of chickens 
indicates a direct relationship between 
protein metabolism and productivity of 
chickens, which depends on the tone of 
the autonomic nervous system in differ-
ent periods of rearing.

A significant effect of parasympa-
thetic and balanced autonomic nervous 
system tone on the content of protein 
fractions in serum of chickens aged 35 
and 45 days, as evidenced by the albu-
min-globulin ratio, which decreases to 
the 60th day of rearing with a parallel 
significant correlation of total protein 
and albumin, body weight of the bird.

In the future, it is planned to inves-
tigate the effect of different autonomic 
nervous system tones on the content of 
micro- and macroelements, hormones 
in serum of chickens.

References
Abboud, F. M., & Singh, M. V. (2017). Autonom-

ic regulation of the immune system in car-
diovascular diseases. Advances in physiolo-
gy education, 41(4), 578-593. doi: 10.1152/
advan.00061.2017

Albarado-Ibañez, A., Arroyo-Carmona, R. E., 
Sánchez-Hernández, R., Ramos-Ortiz,  G., 
Frank,  A., García-Gudiño, D., &Tor-
res-Jácome, J. (2019). The role of the auto-
nomic nervous system on cardiac rhythm 
during the evolution of diabetes mellitus 
using heart rate variability as a biomark-
er. Journal of diabetes research, 10. doi: 
10.1155/2019/5157024

Bayer, D. M., Mohan, K., Jayakumar, K., Mana-
fi, M., & Pavithra, B. H. (2012). Simple 
cannulation procedure for serial blood 
sampling through cutaneous ulnar vein 
in chickens. Journal of Applied Animal 
Welfare Science, 15(1), 91-100. doi: 
10.1080/10888705.2012.624925



100 | ISSN 2663-967X Vol. 12, № 4, 2021Ukrainian Journal of Veterinary Sciences

А. А. Студенок, Е. О. Шнуренко, В. О. Трокоз, В. І. Карповський

Conde-Sieira, M., Capelli, V., Álvarez-Otero, R., 
Díaz-Rúa, A., Velasco, C., Comesaña, S., 
López, M., & Soengas, J. L. (2020). Hypo-
thalamic AMPKα2 regulates liver energy 
metabolism in rainbow trout through vagal 
innervation. American Journal of Physiolo-
gy-Regulatory, Integrative and Comparative 
Physiology, 318(1), 122-134. doi: 10.1152/
ajpregu.00264.2019

Danchuk, O. V., Karposvkyi, V. I., Tomchuk, V. A., 
Zhurenko, O. V., Bobrytska, O. M., & Trokoz, 
V. O. (2020)a. Temperament in cattle: a 
method of evaluation and main character-
istics. Neurophysiology, 1(52), 73-79. doi: 
10.1007/s11062-020-09853-6

Danchuk, O. V., Broshkov, M. M., Karpovskyi, V. 
I., Bobrytska, O. M., Tsvivlikhovskyi, M. I., 
Tomchuk, V. A., ... & Kovalchuk, I. I. (2020)
b. Types of Higher Nervous Activity in Pigs: 
Characteristics of Behavior and Effects of 
Technological Stress. Neurophysiology, 
5(52), 358-366. doi: 10.1007/s11062-021-
09892-7

Demus, N. V. (2010). Zakonomirnosti rostu i roz-
vytku telychok zalezhno vid typu avtonom-
noi rehuliatsii sertsevoho rytmu [Regulari-
ties of growth and development of heifers 
depending on the type of autonomous 
regulation of heart rhythm]. Scientific 
bulletin of LNUVMBT named after Stepan 
Gzhytskyi, 2(12)(44)2)), 54-59.

Demus, N. V. (2013). Morfometriia vnutrishnikh 
struktur livoho shlunochka sertsia telychok 
zalezhno vid typu avtonomnoi rehuliatsii 
[Morphometry of the internal structures 
of the left ventricle of the heart of heifers 
depending on the type of autonomous reg-
ulation]. Herald of ZHNAEU, 2(1), 129-136.

Derho, M. A., & Sereda, T. I. (2016). Sopry-
azhennost metabolicheskikh funktsiy pech-
eni s sokhrannostyu ptits [The relationship 
of the metabolic functions of the liver with 
the safety of birds]. Innovative technolo-
gies for scientific development, Interna-
tional scientific and practical conference. 
Ufa, 39-42.

Dimitri, P., & Rosen, C. (2017). The Central Ner-
vous System and Bone Metabolism: An 
Evolving Story. Calcified tissue internation-
al, 100(5), 476-485. doi: 10.1007/s00223-
016-0179-6

Elefteriou, F. (2008). Regulation of bone remod-
eling by the central and peripheral nervous 
system. Archives of biochemistry and bio-
physics, 473(2), 231-236.

Filipović, N., Stojević, Z., Milinković-Tur, S., Lju-
bić, B. B., & Zdelar-Tuk, M. (2007). Changes 
in concentration and fractions of blood se-
rum proteins of chickens during fattening. 
Veterinarski arhiv, 77(4), 319-326.

Grechko, A. V., Kiryachkov, Y. Y., & Petro-
va, M. V. (2018). Sovremennyye aspekty 
vzaimosvyazi funktsionalnogo sostoyaniya 
avtonomnoy nervnoy sistemy i kliniko-labo-
ratornykh pokazateley gomeostaza organiz-
ma pri povrezhdeniyakh golovnogo mozga 
[Modern aspects of interconnection of func-
tional state of autonomous nervous system 
and clinical and laboratory indicators of body 
homeostasis in brain damage]. A. I. Saltanov 
Intensive Care Bulletin, (2), 79-86.

Gibbons, C. H. (2019). Basics of autonomic ner-
vous system function. Handbook of clinical 
neurology, 160, 407-418. doi: 10.1016/
B978-0-444-64032-1.00027-8

Gotovsky, D. G., Sobolev, D. T., & Gisko, V. N. 
(2018). Pokazateli belkovogo obmena re-
montnogo molodnyaka kur pri ego vyrash-
chivanii v usloviyakh s razlichnym mikrob-
nym zagryazneniyem vozdukha [Indicators 
of protein metabolism in replacement 
chickens when they are grown in condi-
tions with various microbial air pollution]. 
Veterinary Journal of Belarus, 2(9), 6-8.

Ivchuk, V. V., & Kovalchuk, T. A. (2019). Oksy-
dantno-antyoksydantna systema pry 
khronichnomu obstruktyvnomu zakhvo-
riuvanni lehen profesiinoi etiolohii [Oxi-
dant-antioxidant system in chronic obstruc-
tive pulmonary disease of occupational 
etiology]. Medical and Clinical Chemistry, 
2(21), 61-67. doi: 10.11603/mcch.2410-



Vol. 12, № 4, 2021 ISSN 2663-967X | 101Український часопис ветеринарних наук

Динаміка вмісту білка в сироватці крові та продуктивності курей…

681X.2019.v.i2.10295
Karpovskyi, P. V., Postoi, R. V., Krivoruchko,  D.  I., 

Karpovskyi, V. I., Trokoz, V. O., Dan-
chuk,  O.  V., … Vasiliev, A. P. (2013). Deiaki 
pokaznyky obminu vuhlevodiv v syrovattsi 
krovi svynei z riznym tonusom avtonomnoi 
nervovoi systemy [Some indicators of car-
bohydrate metabolism in the serum of pigs 
with different tones of the autonomic ner-
vous system]. Scientific Messenger of Lviv 
National University of VeterinaryMedicine 
and BiotechnologiesS.Z. Gzhytsky, 15(3(2)), 
101-105.

Karpovskyi, V. I., Trokoz, V. A., Karpovskyi, P. V., 
Kryvoruchko, D. I., & Postoi, R. V. (2016). 
Vplyv tonusu avtonomnoi nervovoi syste-
my svynei na bakterytsydnu ta lizotsymnu 
aktyvnist syrovatky krovi [Influence of the 
tone of the autonomic nervous system of 
pigs on the bactericidal and lysozyme activ-
ity of blood serum]. Scientific Messenger of 
Lviv National University of VeterinaryMed-
icine and Biotechnologies S. Z. Gzhytsky, 
18(1(2)), 69-73.

Kovrigina, T. R., & Filimonov, V. I. (2013). Reakt-
siya mikrotsirkulyatornogo rusla skeletnoy 
myshtsy na defitsit simpaticheskoy inner-
vatsii [The reaction of the microcirculato-
ry tract of skeletal muscle to the deficit of 
sympathetic innervations]. Astrakhan Med-
ical Journal, 8(1), 131-133.

Kuznyak, G., & Savchuk, L. (2017). Proteinove 
zhyvlennia ptytsi ta yoho zalezhnist vid viku 
[Protein nutrition of poultry and its depen-
dence on age]. Agrarian Science and Educa-
tion of Podillya, 334-336.

Law of Ukraine On protection of animals from 
brutal treatment № 3447-IV (2006). Vido-
mosti Verkhovnoi Rady Ukrainy, (27), 230.

Levchenko, V. I., Vlizlo, V. V., Kondrakhin, I. P., … 
& Tsvilikhovskyi, M. V. (2002). Veterynarna 
klinichna biokhimiia [Veterinary clinical bio-
chemistry]. Bila Tserkva: BSAU.

Louhimies, S. (2002). Directive 86/609/
EEC on the protection of animals used 
for experimental and other scientif-

ic purposes. Alternatives to Laborato-
ry Animals, 30(2_suppl), 217-219. doi: 
10.1177/026119290203002S36

McCorry, L. K. (2007). Physiology of the auto-
nomic nervous system. American Journal 
of Pharmaceutical Education, 71(4), 11. 
doi: 10.5688/aj710478

Morozova, O. H., Yaroshevskyi, A. A., Zdybskyi, 
V. I., Lipinska, Y. V., & Logvynenko, A. V. 
(2016). Vehetatyvna dysfunktsiia v za-
halnoterapevtychnii praktytsi: shliakhy 
optymizatsii terapii [Autonomic dysfunc-
tion in general therapy practice: ways to 
optimize therapy]. Medicines of Ukraine, 
(5-6(201-2), 39-44. doi: 10.37987/1997-
9894.2016.5-6(201-2).204799

Padro, C. J., & Sanders, V. M. (2014). Neuro-
endocrine regulation of inflammation. Se-
min Immunol 26, 357-368. doi: 10.1016/j.
smim.2014.01.003.

Piotrowska, A., Burlikowska, K., & Szymeczko, R. 
(2011). Changes in blood chemistry in 
broiler chickens during the fattening peri-
od. Folia biologica, 59(3-4), 183-187. doi: 
10.3409/fb59_3-4.183-187

Postoi, R., Karpovskyi, V., Cherepnina, A., & 
Postoi, V. (2020). Cortical and vegetative 
regulation of aminotransferase activity in 
blood serum of dry sows under exposure 
to a technological stimulus. Scientific Re-
ports of NULES of Ukraine, (5(87)). doi: 
10.31548/dopovidi2020.05.013

Postoi, R. V., Karpovskyi, V. I., Danchuk, O. V., & 
Kryvoruchko, D. I. (2019)a. Dynamika vmis-
tu sechovyny v krovi svynomatok zanepa-
daie vid osoblyvostei diialnosti nervovoi 
systemy [The dynamics of urea in the blood 
of sows decreases due to the peculiarities 
of the nervous system]. Scientific Horizons, 
(6), 77-82. doi: 10.33249/2663-2144-2019-
79-6-77-82

Postoi, R. V., Karpovskyi, V. I., Danchuk, O. V., & 
Kryvoruchko, D. I. (2019)b. Dynamika vmis-
tu zahalnoho bilka v krovi svynomatok za-
lezhno vid osoblyvostei diialnosti nervovoi 
systemy [The dynamics of the content of 



102 | ISSN 2663-967X Vol. 12, № 4, 2021Ukrainian Journal of Veterinary Sciences

А. А. Студенок, Е. О. Шнуренко, В. О. Трокоз, В. І. Карповський

total protein in the blood of sows depend-
ing on the characteristics of the nervous 
system]. Scientific bulletin of LNUVMBT 
named after Stepan Gzhytskyi, 21(94), 51-
56. doi: 10.32718/nvlvet9409

Tothova, C., Sesztakova, E., Bielik, B., & Nagy, O. 
(2019). Changes of total protein and pro-
tein fractions in broiler chickens during 
the fattening period, Veterinary World, 
12(4), 598-604. doi: 10.14202/vet-
world.2019.598-604

Povoznikov, N. G., & Pustovaya, N. V. (2013). 
Produktivnost i biokhimicheskiy sostav kro-
vi kur [Productivity and biochemical com-
position of the blood of chickens]. Actual 
problems of intensive development of an-
imal husbandry, 16(2), 206-219.

Pushkarev, I. A., Kureninova, T. V., Shanshin, N. V., 
& Belyaeva, N. Yu. (2021). Otsenka effektiv-
nosti primeneniya tkanevogo biostimuly-
atora v raznykh dozakh dlya aktivizatsii 
belkovogo obmena u remontnogo molod-
nyaka krupnogo rogatogo skota [Evaluation 
of the effectiveness of the use of tissue 
biostimulants in different doses to activate 
protein metabolism in replacement young 
cattle]. Bulletin of NSAU (Novosibirsk State 
Agrarian University), (4), 131-137. doi: 
10.31677/2072-6724-2020-57-4-131-137

Reddy, B. S., Reddy, P. A., Venkatasivakumar, R., 
Reddy, B. S. S., & Reddy, E. T. (2016). A study 
on electrocardiographic patterns in turkeys 
(Meleagris gallopavo). International Jour-
nal of Veterinary Science, 5(2), 79-82.

Repko, E. V. (2015). Metabolicheskiy profil pri 
gepatodistrofii i mochekislom diateze u kur 
yaichnykh krossov [Metabolic profile in hep-
atodystrophy and uric acid diathesis in chick-
ens, egg crosses]. Actual problems of the hu-
manities and natural sciences, (4-4), 7.

Reutov, V. P., & Chertok, V. M. (2016). Novyye 
predstavleniya o roli vegetativnoy nervnoy 
sistemy i sistem generatsii oksida azota v 
sosudakh mozga [New ideas about the role 
of the autonomic nervous system and sys-
tems for generating nitric oxide in the cere-

bral vessels]. Pacific Medical Journal, 2(64), 
10-19.

Shereshkov, V. I., Shumilova, T. E., & Yanvareva, 
I. N. (2010). Vidovyye osobennosti khrono-
tropnoy reaktsii serdtsa u vodoplavayush-
chikh ptits pri pogruzhenii v vodu [Specific 
features of the chronotropic reaction of 
the heart in waterfowl when immersed in 
water]. Biological Communications, (2), 
107-113.

Shnurenko, E., Studenok, A., Karpovskyi, V., 
Trokoz, V., & Postoi, R. (2020). Vplyv tonu-
su avtonomnoi nervovoi systemyna inten-
syvnist rostu u kurei [Influence of tone of 
autonomous nervous system on growth 
intensity in chickens]. Scientific Horizons, 
7(92), 14-18. doi: 10.33249/2663-2144-
2020-92-7-14-18

Skrypkina, V. М., Karpovskyi, V. I., Danchuk,  O.  V., 
Postoy, R. V., Kryvoruchko, D. I., & Ukrainec, 
M. (2016). Aktyvnist ta zbalansovanist fer-
mentatyvnoi systemy antyoksydantnoho 
zakhystu v orhanizmi svynei iz riznym to-
nusom avtonomnoi nervovoi systemy [Ac-
tivity and balance of enzymatic antioxidant 
defense system in the body of pigs with dif-
ferent tone of autonomic nervous system]. 
Scientific bulletin of LNUVMBT named after 
Stepan Gzhytskyi, 18(1), 145-148.

Studenok, A. A., Shnurenko, E. O., Karpovskyi, V. I., 
Zhurenko, O. V., Kryvoruchko, D. I., Gutyj, 
B. V., & Trokoz, V. O. (2021). Interactions 
of productivity, content of separate amino 
acids, the general protein in blood serum 
of chickens and the tone of the autonomic 
nervous system. Regulatory Mechanisms in 
Biosystems, 12(3). doi: 10.15421/022177

Studenok, A. A., Shnurenko, E.O., Trokoz, V.O., 
Karpovsky, V.I., Zhurenko, O.V., & Krivoruc-
hko, D. I. (2020)a. A method of assessing 
the tone of the autonomic nervous system 
in chickens. Patent 142943 Ukraine. Kyiv: 
State Patent Office of Ukraine.

Studenok, A., Radchikov, V., & Trokoz, V. (2020)
b. Soderzhaniye arginina i gistidina v syvo-
rotke krovi kur s raznym tonusom nervnoy 



Vol. 12, № 4, 2021 ISSN 2663-967X | 103Український часопис ветеринарних наук

sistemy [The content of arginine and histi-
dine in the blood serum of chickens with 
different tone of the nervous system]. Zoo-
technical science of Belarus, 55(2), 359-367.

Taralov, Z. Z., Terziyski, K. V., & Kostianev, S. S. 
(2016). Heart rate variability as a method 
for assessment of the autonomic nervous 
system and the adaptations to different 
physiological and pathological condi-
tions. Folia medica, 57(3-4), 173-180. doi: 
10.1515/folmed-2015-0036

Taldykina, A. A., & Semenyutin, V. V. (2021). 
Dinamika morfologicheskikh i biokhimich-
eskikh pokazateley krovi tsyplyat-broylerov 
pri ispolzovanii kompleksa organicheskikh 
kislot [Dynamics of morphological and bio-
chemical parameters of the blood of broiler 
chickens using a complex of organic acids]. 
Scientific notes of the Kazan State Acade-
my of Veterinary Medicine. N.E. Bauman, 
246(2), 214-221.

Tybinka, A. M. (2011). Osoblyvosti variatsii-
no-pulsometrychnykh pokaznykiv kurei 
[Indicators of variation pulsometry of chick-
ens of different types of autonomic tone]. 
Scientific bulletin of LNUVMBT named after 
Stepan Gzhytskyi, 4(13)(1), 446-449.

Uchibori, S., Sekiya, T., Sato, T., Hayashi, K., Take-
guchi, A., Muramatsu, R., … Goto, S. (2020). 
Suppression of tooth movement-induced 
sclerostin expression using β-adrenergic re-
ceptor blockers. Oral diseases, 26(3), 621-
629. doi: 10.1111/odi.13280

Vasyliv, A. P., Karpovskyi, V. I., & Danchuk, O. V. 
(2017). Kortykalna rehuliatsiia obminu 
bilkiv u svynei [Cortical regulation of pro-

tein metabolism in pigs: a monograph]. 
Kyiv: NULES.

Volkova, N. M. (2015)a. Vplyv blokuvannia 
M1-kholinoretseptoriv asotsiatyvnoi kory 
doroslykh shchuriv na avtonomnu rehuliat-
siiu sertsevoho rytmu pry hipoksychnomu 
vplyvi [The effect of blocking the M1-cho-
linoreceptors of the associative cortex of 
adult rats on the autonomic regulation 
of heart rate under hypoxic exposure]. 
Achievements of clinical and experimental 
medicine, (4), 8-11. doi: 10.11603/1811-
2471.2015.v24.i4.5797

Volkova, N. M. (2015)b. Doslidzhennia 
avtonomnoi rehuliatsii sertsevoho rytmu 
molodykh shchuriv pry poiednanomu vply-
vi hipoksychnoi atmosfery y melatoninu 
[Study of autonomic regulation of heart 
rate of young rats under the combined 
influence of hypoxic atmosphere and mel-
atonin]. Medical Informatics and Engineer-
ing, (3), 62-65.

Wehrwein, E. A., Orer, H. S., & Barman, S. M. 
(2016). Overview of the anatomy, physiol-
ogy, and pharmacology of the autonomic 
nervous system. Comprehensive Physiology, 
6(3), 1239-1278. doi: 10.1002/cphy.c150037

Zaefarian, F., Abdollahi, M. R., Cowieson, A., & 
Ravindran, V. (2019). Avian Liver: The For-
gotten Organ. Animals, 15(9)(2)), 63. doi: 
10.3390/ani9020063

Zhukov, M. S., Alekhin, Yu. N., & Morgunova, V. I. 
(2020). The state of the autonomic ner-
vous system of calves with different body 
weights at birth. Veterinarian, 6, 28-37. doi: 
10.33632/1998-698Х.2020-6-28-37

Динаміка вмісту білка в сироватці крові та продуктивності курей…

Студенок А. А., Шнуренко Е. О. , Трокоз В. О., Карповський В. І. (2021). 
ДИНАМІКА ВМІСТУ БІЛКА В СИРОВАТЦІ КРОВІ ТА ПРОДУКТИВНОСТІ КУРЕЙ 
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Анотація. Головна роль у підтриманні функціонування організму, його рості та 

розвитку належить білку. Він бере участь у формуванні м’язового каркасу та входить до 
складу ферментів, нейромедіаторів, гормонів. Вплив автономної нервової системи на ме-
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таболізм загального білка вивчений не достатньо. Відомо, що автономна нервова систе-
ма – це структура, яка відповідає за гомеостаз та сталість усього організму. Вона бере 
участь у регулюванні роботи серця, залоз внутрішньої та зовнішньої секреції, травного 
тракту, органів виділення тощо. 

У проведених нами дослідженнях було встановлено, що в курей кросу Кобб 500 в різ-
ним тонусом автономної нервової системи впродовж періоду вирощування з 35 до 60 доби 
спостерігався різний вміст загального білка, альбуміну, глобулінів та реєструвалася нео-
днакова маса тіла. Кури-ваготоніки демонстрували найнижчі показники білкового обміну 
у віці 35 та 45 діб (Р ˂ 0,05–0,001) порівнюючи з симпатикотоніками та нормотоніками, 
які мали тенденцію до зростанняи в період між 35 та 60 добою вирощування порівнюючи 
з іншими групами птиці, де досліджувані білкові фракції навпаки знижувались.

Кореляційні взаємозв’язки між загальним білком, альбуміном та масою тіла птиці 
мали високу лінійну залежність в усіх групах курей (Р ˂ 0,05–0,001) та негативну залеж-
ність у період між 45 та 60 добою вирощування в симпатикотоніків та нормотоніків. 
У птиці із домінуванням парасимпатичного тонусу автономної нервової системи така 
кореляція зберегла своє направлення із високою достовірністю (Р ˂ 0,05) між масою тіла 
та зальним білком на 60 добу вирощування.

Ключові слова: симпатикотонія, ваготонія, нормотонія, метаболізм білка, альбумін, 
глобуліни


