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Abstract

The negative effect of vibration, as the main physical production factor, should be thoroughly investigated. In this scientific work, the effect
of general vibration on protein metabolism in the body is studied using the example of laboratory animals. 2 series of experiments were
conducted on 30 white rats kept in the same conditions. At the same time, animals of group 1 were exposed to vibration, unlike animals of
group 2. Animals of group 1 were exposed to a general vertical sinusoidal vibration with a frequency of 20 Hz with a vibration velocity of
126 dB for 4 hours daily for 8 weeks. The results of the studies did not reveal significant changes in the total protein content. However, there
was a significant decrease in albumin in the content of protein fractions, as well as an increase in the fractions of a- and y-globulins. It was
found that by the end of the experiment, there was a decrease in the content of total amino acids in the blood serum of experimental animals:
aspartic acid (P<0.05), proline (P<0.05), glycine (P<0.01), valine (P<0.05), methionine (P<0.05) and phenylalanine (P<0.001). It should be
noted that, in general, there is a decrease in the number of hydrophobic (nonpolar) amino acids (valine, proline, phenylalanine, and
methionine) and slightly polar uncharged, as well as negatively charged (aspartic acid).
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INTRODUCTION from its adverse effects on the body and causes a great social

Of all the organic substances that make up living organisms, significance of this problem [8].

proteins are the most biologically important and the most L . . .
complex in structure. They are also the main component of The most significant negative physical production factors are

the body (proteins make up 20%, fats — 14.7%, inorganic salts vibrational actions [9, 10]. This was the basis for choosing the
— 4.9%, nucleic acids — 1.0%, carbohydrates — 1.0%) [1-3].  active factor — vibration for the present research. The
Considering the variety of functions of proteins in the body ~ !ltérature data on the effect of vibration on the body of
(catalytic, structural, energy, transport, transmission of ~ WOrkers are numerous [11-18]. Several researchers found a
heredity, protective, regulatory), the study of the state of v!olatl_on of the activity of various bo_dy systems in persons of
protein metabolism under the influence of various vibration-hazardous professions, which were later confirmed

environmental factors is of considerable interest [4, 5]. inexperimental work on animals [19-22]. However,
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factors in production leads to significant potential damage
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information on the effect of vibration on protein metabolism,
which is the basis of various processes in the body, is very
limited [23].

The purpose of the research is to study protein metabolism in
the body under the influence of physical factors of the
production environment (general vibration) using the
example of laboratory animals.

MATERIALS AND METHODS

To determine the negative effect of the vibration factor, two

series of experiments were conducted on 30 white laboratory

rats. Sexually mature Wistar rats weighing 220-250 g were

used in the experiment. All animals were in the same

conditions of care, nutrition, cleanliness of the environment,

sleep, and wakefulness. The animals were divided into 2

groups:

e group 1 —animals exposed to vibration;

e group 2—acontrol group of animals that were not exposed
to vibration.

The animals of group 1 were exposed to a general vertical
sinusoidal vibration with a frequency of 20 Hz with a
vibration velocity of 126 dB, created by the VSV-240-445
vibration stand installation (manufacturer Rostech, Russia).
When analyzing the data, the levels of the total dose of
vibration were used to reflect the accumulated dose of
vibration exposure. At the same time, these indicators are
similar in their physical meaning to the exposure widely
implemented in the international 1SO standards for noise and
vibration [24].

The most important indicators of protein metabolism include
the content of total protein in blood plasma, its distribution
into individual fractions, and the determination of amino
acids, the main structural component of proteins [25]. The

total protein in blood plasma was determined using an IRF-
464 refractometer (manufacturer Agroservice, Russia),
protein fractions were determined by electrophoresis on paper
[26], the amino acid content in blood serum on an automatic
AAA-500 amino acid analyzer (manufacturer INGOS, Czech
Republic).

The research results were subjected to standard statistical
processing with the calculation of the arithmetic mean (M)
and its error (m). The assessment of the reliability of the
difference between the compared values was carried out with
the calculation of the coefficient and the determination of the
percentage of reliability according to the Student's table.

REsuLTs AND Discussion

The successful solution to the issues of the mechanism of
action of general vibration largely depends on understanding
the changes in metabolic processes developing in the body, in
particular, the metabolism of proteins and amino acids [27].
Proteins, which form the basic material of cells, are
quantitatively the most important components of all living
things, especially highly organized organisms [28, 29]. In this
regard, studies have been conducted to clarify the nature of
changes in protein metabolism during experimental exposure
to vibration.

The results of the studies showed that when vibrating with
parameters (f = 35 Hz, Lv = 126 dB) for 4 hours after an 8-
week exposure (accumulated vibration dose of 150 dB), no
significant changes in the total protein content (Table 1) were
detected, the indicators in the experimental group were 6.18
1 0.11%, and in the control group — 6.35 £ 0.1%. However,
there was a significant decrease in albumin in the content of
protein fractions (from 55.18 to 49.20%), as well as an
increase in the fractions of a- and y-globulins (Table 1).

Table 1. Indicators of protein metabolism under the influence of vibration with parameters f = 35 Hz, Lv = 126

dB, time t = 4 hours, cumulative dose of vibration 150 dB

Protein fractions

Groups, Total protein, % _ Globulins, %
statistical Albumins, %
indicators a B Y
M+m
Control 6.35+£0.13 55.18+2.4 12.56+0.21 20.71+0.4 13.13+0.70
Experience 6.18+0.11 49.20+1.10 14.20+0.63 19.1+1.20 16.9+0.44
P >0.05 <0.05 <0.05 >0.05 >0.05

It can be assumed that the decrease in albumins is closely
interrelated with the metabolism of amino acids, in particular
with such an amino acid as tryptophan, necessary for the
synthesis of nicotinic acid (PP), the formation of serum
proteins and the synthesis of hemoglobin [30, 31].
Tryptophan is also a growth factor, the younger the body, the
higher the need for tryptophan. This explains the violation of

body weight gain in growing rats under prolonged exposure
to vibration [20, 32, 33].

It is known that amino acids in a living organism are
structural components of proteins and other biologically
active compounds [34]. However, they are often used as an
energy source [35]. The organism of higher animals actively
oxidizes both exogenous amino acids formed from digested
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food proteins and endogenous amino acids, the source of
which are the processes of metabolic renewal of the body
itself [36]. The research results showed that by the end of the

sk
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experiment, there was a decrease in the content of total amino
acids in the blood serum of experimental animals (Figure 1).
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Figure 1. Dynamics of changes in amino acid content under the influence of vibration with a cumulative dose of 150 dB

(confidence (P): * — 0,05; ** — 0,01; *** — 0,001)

Against the general background of a decrease in amino acids,
there was a significant decrease in the amount of aspartic acid
(P<0.05), proline (P<0.05), glycine (P<0.01), valine
(P<0.05), methionine (P<0.05) and phenylalanine (P<0.001).

It should be noted that, in general, there is a decrease in the
number of hydrophobic (nonpolar) amino acids (valine,
proline, phenylalanine, and methionine) and slightly polar
uncharged, as well as negatively charged (aspartic acid).
Special attention is paid to the decrease in the level of
methionine, which is involved in fat metabolism in the body
(regulating fat-phosphatide metabolism) and is one of the best
lipotropic substances, i.e. substances that prevent liver
obesity [37, 38]. Methionine is the best donor of methyl
groups for the synthesis of choline, this antisclerotic factor
[39]. When exposed to vibration, there is also a decrease in
the level of lysine, which is closely related to hematopoiesis,
with its deficiency, the number of red blood cells and the
amount of hemoglobin decreases [40]. In addition, with its
deficiency, there is a violation of bone calcification, and
muscle depletion [41].

The observed certain disturbances in protein metabolism and
amino acid metabolism may also be associated with shifts in
nitrogen metabolism, noted by some researchers under
vibration exposure [42-44].

CoONCLUSION

When exposed to vibration with a cumulative vibration dose
of 150 dB, there is a significant (P < 0.05) decrease in
albumins and an increase in protein fractions of a- and y-
globulins in the blood plasma of experimental animals, which
is closely interrelated with amino acid metabolism. Along
with some shifts in protein metabolism, vertical sinusoidal
vibration causes certain disturbances in the metabolism of
amino acids. Against the general background of a decrease in
amino acids, there was a significant decrease in the amount
of aspartic acid (P<0.05), proline (P<0.05), glycine (P<0.01),
valine (P<0.05), methionine (P<0.05) and phenylalanine
(P<0.001). Vibration with a cumulative vibration dose of 150
dB causes, mainly, a decrease in the number of hydrophobic
(nonpolar) amino acids in the body (valine, proline,
phenylalanine, and methionine), as well as negatively
charged (aspartic acid). When exposed to vibration, there is a
significant decrease in the levels of methionine and lysine,
which are closely related to fat metabolism and
hematopoiesis.
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