
ABSTRACT
Rheological features of erythrocytes significantly determine the processes of microcirculation in all vessels of the body. In people 
of mature age, even without obvious pathology, there is a gradual deterioration in the rheological properties of erythrocytes. In this 
regard, they need regular exercise to improve the properties of red blood cells important for microcirculation. The work was carried 
out on 38 men of mature age without obvious pathology and who have not been involved in any kind of sport during their life. During 
the course of the study, they began to regularly engage in race walking 4 times a week. The control group consisted of 35 men of 
mature age, who were engaged in race walking for at least 5 years at least 4 times a week. To obtain scientific information, traditional 
biochemical, hematological and statistical research methods were used. After six months of sports walking in the blood of physically 
untrained men, the level of arachidonic acid metabolites was optimized, the content of cholesterol and lipid peroxidation products 
decreased in the composition of erythrocyte membranes with an increase in phospholipids in them. After six months of physical 
training in previously untrained men, the level of altered types of red blood cells increased. For men of mature age with an initial low 
muscle activity, who began regular sports walking, gradual optimization of the surface characteristics of erythrocyte membranes is 
characteristic, which improved the course of their microcirculation processes.
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INTRODUCTION

Poor physical fitness is increasingly common among modern 
people of mature age (Filippov and Petrov, 2015; Bespalov 
et al., 2018). This circumstance provides conditions for the 
development of various pathologies to which a person has 
a predisposition (Drapkina and Shepel, 2015; Kotova et al., 
2017). Such a danger was revealed when examining different 
categories of the population in many countries of the world 
(Skoryatina and Zavalishina, 2017; Zavalishina, 2018a). In 
conditions of low physical activity in humans, the functional 
reserves of internal organs decrease, metabolism is inhibited 
and the overall resistance of the body weakens (Zavalishina, 
2018b; Zavalishina, 2018c, Checinska-Maciejewska et al., 
2019; Karpov et al., 2020).
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Long-term low muscle training provides a gradual 
aggravation of the course of existing diseases and 
the development of their dangerous complications 
(Zavalishina, 2018d; Tkacheva and Zavalishina, 2018a). 
Very quickly, weak muscle activity impairs the work of 
the cardiovascular system and the blood system (Carrizzo 
et al., 2013). The situation developing in the body leads to 
functionally extremely unfavorable changes (Zavalishina, 
2018e; Zavalishina, 2018f). Low physical fitness provides, 
especially in men in adulthood, a high risk of rheological 
disorders in their vascular bed. This is largely due to the 
deterioration of the surface properties of blood cells and 
especially erythrocytes. This contributes to the formation 
of hypoxia in all organs (Zavalishina, 2018g). The chronic 
oxygen deficiency in cells arising under these conditions 
further weakens anabolic processes and reduces the body's 
defenses (Zavalishina, 2018h). The resulting conditions lead 
to the formation of permanent vasospasm, which impairs 
the function of all cells (Tkacheva and Zavalishina, 2018b, 
Zavalishina et al., 2021b).
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It has been noticed that with poor physical fitness, conditions 
are quickly formed to increase the risk of atherosclerosis, 
surges in blood pressure and the appearance of persistent 
arterial hypertension (Zavalishina, 2018i; Tkacheva and 
Zavalishina, 2018c, Zavalishina et al., 2021b). Under 
these conditions, the rheological properties of the main 
population of blood cells, erythrocytes, are actively 
violated. In adulthood, this may additionally be facilitated 
by chronic pathology of varying severity (Zavalishina, 
2018j; Vorobyeva et al., 2018). Considering the large 
negative consequences of the low level of muscle training 
in relation to the functioning of the whole organism, it is 
urgent to continue the search for options for eliminating 
hypodynamia in people of mature age with an improvement 
in the state of the parameters of their blood and, first of all, 
erythrocytes. The purpose of the study: to establish changes 
in the rheological properties of erythrocytes in physically 
inactive mature men who began regular training in the 
framework of sports walking.

MATERIAL AND METHODS

The observation group consisted of 38 men of mature 
age (average age was 47.5±1.1 years). All of them during 
their life did not experience physical exertion higher than 
household. All of these men began regular free-pace race 
walking for an hour a day, 4 times a week. The control group 
consisted of 35 healthy men of mature age (the average age 
was 48.2±1.3 years), who regularly engaged in race walking 
for at least 5 years at least 4 times a week. The duration 
of one training session was at least 1 hour. The blood 
levels of thromboxane B2 and 6-keto-prostaglandin F1α 
were determined in the subjects taken under observation 
using an enzyme-linked immunosorbent assay using a set 
of reagents manufactured by Enzo Life Science (USA). 
After washing and resuspension of erythrocytes in the 
composition of erythrocyte membranes, the cholesterol 
content was assessed using an enzymatic colorimetric 
method using a kit manufactured by Vital Diagnosticum 
(Russia) and the concentration of total phospholipids by 
the amount of phosphorus present in erythrocytes (Kolb 
and Kamyshnikov, 1982). 

The intensity of the processes of lipid peroxidation inside 
erythrocytes was assessed after washing erythrocytes in the 
course of recording the amount of malondialdehyde and 
acyl hydroperoxides in them by using traditional research 
methods (Volchegorskiy et al., 2000). In the blood of the 
examined, the number of discoid and altered erythrocytes 
was recorded using light phase-contrast microscopy using 
a traditional technique. Representatives of the observation 
group were examined at baseline, after 3 months and 6 
months of systematic race walking. The entire control group 
was examined once. Statistical processing of the results of 
the observation were carried out by the student’s t-test.

RESULTS AND DISCUSSION

Physiologically unfavorable changes in the ratio of the 
products of arachidonic metabolism were revealed in the 
surveyed, who at the beginning had poor physical fitness. 
The level of thromboxane B2 in their plasma was higher 

than that in the control group by 25.2% (p <0.01), while 
the concentration of 6-keto-prostaglandin F1a in them was 
lower than the level in the control group by 14.6% (p<0.01) 
(table). In the examined untrained men in the erythrocyte 
membranes, the concentration of cholesterol was initially 
higher than that in the control group by 15.2%, while the 
number of total phospholipids was initially lower than 
the control by 17.7% (p<0.01). In mature men who did 
not regularly experience physical exertion, the outcome 
of the level of acyl hydroperoxides and the amount of 
malondialdehyde were higher than those in the control group 
by 35.6% (p<0.01) and 34.5% (p<0.01), respectively.

When taken under observation in the blood of men with poor 
physical fitness, the content of normal discoid erythrocytes 
was lower than in the control by 17.1% (p<0.01) (table). 
The number of erythrocytes in them, which had a reversibly 
and irreversibly disturbed shape, at the time of taking 
under observation was higher than in the control group, 
by 42.2% and 4.1 times, respectively (p<0.01). As a result 
of regular sports walking in the group of men with initial 
low training, the imbalance of the metabolic products of 
arachidonic acid decreased. At the end of the study, the 
amount of thromboxane B2 in the blood of these men 
decreased by 23.0% (p<0.05). This was accompanied by 
an increase in blood concentration of 6-keto-prostaglandin 
F1α by 13.6% (p<0.05) by the end of the study. In the 
membrane structures of erythrocytes in initially untrained 
men under conditions of regular sports walking, the 
cholesterol level decreased by 12.8% by the end of the 
entire observation. This was accompanied by an increase 
in the content of total phospholipids in their erythrocytes 
by 16.1% (p<0.05). By the end of the study, the levels of 
acyl hydroperoxides decreased by 33.0% (p<0.01) and the 
amount of malonic diadehyde by 34.5% (p<0.01) in men 
who began to experience physical activity in the structures 
of erythrocytes. 

Against the background of systematic physical training 
in the framework of sports walking, the level of normal 
erythrocytes-discocytes increased by 16.7% in the blood of 
mature men compared to the initial level (p<0.05) (table). 
During the observation period, the number of reversibly 
disturbed erythrocytes and the number of their irreversibly 
damaged varieties in the blood of those who started regular 
sports walking decreased by 39.1% (p<0.01) and 4.0 times 
(p<0.01), respectively. Long-term maintenance of the 
normal level of any parameters in a person can be only in 
conditions of regular dosed physical activity (Zavalishina, 
2020a). With prolonged low muscle activity, numerous 
disorders in the body always develop with the realization 
of a hereditary predisposition to pathological conditions 
(Karpov et al., 2020). 

The negative influence of low physical activity on the 
state of blood parameters and, first of all, its rheological 
properties is very strongly manifested (Sungurova et 
al., 2018). It has long been established that prolonged 
low muscle activity contributes to the formation of any 
violations of the rheological parameters of the blood 
and, above all, their largest group - erythrocytes. Under 
these conditions, a strong increase in the level of lipid 
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peroxidation products occurs, which leads to biologically 
unfavorable rearrangements in erythrocyte membranes 
and significantly disrupts their work (Zavalishina, 2018k). 
This is further aggravated by the appearance in conditions 
of weak muscle activity by changes in the ratio of lipid 
fractions in the composition of erythrocyte membranes. The 
current situation can significantly worsen the parameters of 
these blood cells (Zavalishina, 2020b). 

Disturbances in the level and ratio of phospholipid molecules 
and cholesterol molecules in their membranes form 
highly biologically unfavorable changes in erythrocytes 
(Zavalishina, 2018l). This disrupts the permeability of 
erythrocyte membranes and impairs the function of their 
membrane proteins due to the appearance of defects in their 
secondary and tertiary structure. The emerging situation 
has an extremely negative effect on all life processes in 
the membranes of the bulk of erythrocytes in the blood 
(Karpov et al., 2021).

Blood  Started training, n=38, M±m Long-term 
indicators    practitioners
  start of 3 months of 6 months of (control),
 observation observation observation n=35, M±m

Discoid erythrocytes, % 75.2±0.33 82.0±0.29 87.8±0.22 88.1±0.16
 P<0.01 P<0.05 p1<0.05 
Reversibly altered red blood cells, % 12.8±0.24 10.9±0.14 9.2±0.10 9.0±0.14
 p<0.01 p<0.01 p1<0.05 
  p1<0.01 
Irreversibly altered erythrocytes, % 12.0±0.16 7.1±0.11 3.0±0.05 2.9±0.23
 p<0.01 p<0.01 p1<0.01
  p1<0.05  
Thromboxane B2, pg / ml 197.1±0.45 172.3±0.60 160.2±0.71 157.4±0.74
 p<0.01 p<0.05 p1<0.01 
6-keto prostaglandin F1a, pg/ml 82.4±0.38 88.0±0.29 93.6±0.22 94.4±0.38
 p<0.01 p<0.05 p1<0.05 
Erythrocyte cholesterol,  1.06±0.010 0.99±0.016 0.94±0.009 0.92±0.014
μmol / 1012 erythrocytes p<0.01 p<0.05 p1<0.05 
Total phospholipids of erythrocytes,  0.62±0.014 0.67±0.018 0.72±0.006 0.73±0.016
μmol / 1012 erythrocytes p<0.01 p<0.05 p1<0.05 
Acylhydroperoxide of erythrocytes,  4.15±0.012 3.47±0.022 3.12±0.018 3.06±0.017
D233 /1012 erythrocytes p<0.01 p<0.01 p1<0.01 
Malondialdehyde of erythrocytes,  1.91±0.007 1.64±0.010 1.42±0.016 1.42±0.019
nmol /1012 erythrocytes p<0.01 p<0.05 p1<0.01 

Note: p is the statistical reliability of the differences between the indicators of the observation group and the 
indicators of the control group; p1 - statistical reliability of changes in the level of indicators in the observation 
group during the study.

Table 1. Levels of indicators taken into account in the surveyed

An increase in the level of erythrocytes with a reversible 
disruption of the shape, and an increase in the number of 
erythrocytes that have irreversibly lost their normal shape, 
lead to an increase in the number of aggregates formed 
by erythrocytes in the blood of untrained men, which can 
greatly impair their implementation of microcirculation. 
With prolonged low physical fitness in the vascular walls 
of mature men, there is a low activity of formation of 
biologically active compounds important for hemostasis and 
blood rheology. Under the conditions that have arisen, the 
level of proaggregants in the blood of these men significantly 
increases. There comes a pronounced intensification of 
thromboxane synthesis and the synthesis of its functional 
antipode - prostacyclin is suppressed. Due to this, there is 
a pronounced physiological imbalance of metabolites of 

arachidonic acid with a predominance of the activity of 
proaggregants. This situation is characterized by a violation 
of the microrheological parameters of erythrocytes, and then 
rheological processes in small vessels.

This has a very negative effect on metabolism in all organs 
and contributes to the formation of pathology in them. For 
the general improvement of the whole organism of men of 
mature age during their life, who avoided regular physical 
exertion, systematic training in the framework of sports 
walking was recommended. Against their background, in 
the erythrocytes of the surveyed men there was a decrease 
in the level of peroxidation products of lipid molecules. 
This situation provided the optimization of the structure 
and function of their cell membranes. It is clear that the 
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improvement in the parameters of erythrocytes in those 
who began to train for race walking developed largely 
due to the positive dynamics of the lipid composition of 
erythrocyte structures. This created conditions for positive 
changes in the surface characteristics of the membranes of 
their erythrocytes (Zavalishina et al., 2021a). 

Normalization of the level of phospholipids and cholesterol 
molecules in erythrocyte membranes is considered 
functionally very preferable. It promotes the normalization 
of the level of regulatory substances in the composition of 
erythrocytes, the degree of permeability and rigidity of their 
membranes and promotes the stimulation of the function of 
their membrane proteins acting as receptors (Zavalishina et 
al., 2021b). With regular sports walking, previously poorly 
physically trained men demonstrated a decrease in the 
content of altered types of red blood cells in their blood and 
an increase in the number of their normal forms. It is clear 
that a decrease in the content of altered erythrocytes in the 
blood in mature men leads to a significant weakening in their 
blood of the process of aggregation between erythrocytes. 
This circumstance significantly facilitates perfusion in all 
tissues of their body.

CONCLUSION

Low muscle activity often leads to an increase in the 
number of malformed red blood cells. This can impair 
blood circulation, especially in the capillaries, and inhibit 
metabolism. It was found that in mature men with low 
training, who began to regularly engage in race walking, 
the activity of lipid peroxidation processes decreased in 
erythrocytes. Against the background of regular physical 
training, the number of damaged red blood cells in their 
blood decreased, thereby improving microcirculation. 
Taking into account the optimization of the properties of 
the erythrocyte membrane in mature men after six months 
of sport walking, it is legitimate to widely recommend this 
type of physical activity to mature men to optimize their 
physical condition.
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