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	 The parameters of erythrocytes largely determine the processes of blood movement 
through small vessels and metabolism in tissues. The study included 37 young men who during 
the past life showed low muscle activity and, at their own request, started regular swimming 
lessons 3 times a week. The control group consisted of 42 young men who, before being included 
in the study, went in for swimming for at least 5 years at least 3 times a week. Traditional 
hematological, biochemical and statistical research methods were used. Weakly physically 
trained young men before the start of swimming had an increased amount of altered forms of 
erythrocytes in the blood, which negatively affected their microcirculation. After six months 
of swimming in the blood of young men, the level of arachidonic acid derivatives normalized, 
the content of cholesterol molecules and acyl hydroperoxides in erythrocytes decreased, and 
phospholipids increased in their membranes. In the blood of swimmers, the number of discoid 
erythrocytes increased and the number of erythrocytes with an altered shape decreased. 
The control group, which had a long experience in swimming, was characterized by a high 
preservation of the shape of erythrocytes and an optimum of biochemical parameters taken into 
account. By the end of the observation, the novice swimmers showed the output of erythrocyte 
and biochemical parameters to the level of the control group.
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	 The modern population of developed 
countries very often has weak and irregular muscle 
activity1,2. This leads to the early appearance 
of various pathologies3,4. This pattern has been 
observed in various categories of the population, 
and a relationship has been found between low 
physical activity and deterioration in the general 
health of the working population5,6. In the presence 
of weak daily physical activity in young people, 
the functionality of internal organs is significantly 

reduced, chronic diseases are formed and episodes 
of temporary disability become more frequent for 
a number of reasons7,8. A persistent decrease in 
muscle activity leads to the rapid progression of 
the existing pathology and the early development 
of its complications9,10.
	 Weak daily muscle activity very early 
begins to negatively affect hematological 
parameters11. Under these conditions, additional 
functionally unfavorable changes occur that 
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contribute to the weakening of the body12,13. A 
low level of physical fitness even in adolescence 
can lead to microrheological disorders, causing a 
tendency to hypoxia in the internal organs14. The 
oxygen deficiency formed under these conditions 
inhibits protein synthesis in all cells of the body15. 
The emerging conditions contribute to the creation 
of a pronounced vasospasm, which inhibits the 
activity of all cells16. It has long been established 
that under conditions of low muscle activity, 
conditions often arise that lead to an increase in 
blood pressure with the risk of arterial hypertension 
in the near future17,18. Under these conditions, the 
rheological characteristics of the main population 
of blood cells, erythrocytes, often deteriorate. 
Developing even at a young age, this situation can 
contribute to the formation of any pathology19,20. 
Due to the pronounced negative effect on the 
body of weak muscle activity, it seems important 
to continue the search for options for eliminating 
physical inactivity, which contribute to the 
optimization of hematological blood parameters 
in young men who have long-term low physical 
activity.
	 A very promising option for increasing 
physical activity is swimming, which can have a 
strong stimulating effect on the body21. Swimming 
training had a healing effect on a healthy body 
and on those with pathology22,23. The existing 
different variants of swimming lessons have 
always demonstrated very positive effects on 
various hematological parameters24,25. However, 
the influence of this variant of physical training 
on the rheological properties of the erythrocytes 
of the youthful organism has not yet been finally 
revealed.
	 Purpose of the study: to find out the 
dynamics of the surface properties of erythrocytes 
in physically inactive young men who started 
regular swimming lessons.

MATERIALS AND METHODS
	
	 The study was supported by the local 
ethics committee established at the Russian State 
Social University (protocol ¹5 dated May 11, 2020). 
The study was conducted from mid-May 2020 to 
December 2020.
	 The study group consisted of 37 young 
men (mean age 20.2±0.6 years). The participants 

in the study had an average height and normal body 
weight, their body mass index averaged 19.8±0.42 
kg/m2. All of them were university students located 
in the city of Moscow (Russia) and had a fairly 
balanced diet. Prior to the start of the study, all the 
young men in the study group did not experience 
regular muscle exercise. After being taken into the 
study, they began regular swimming lessons at least 
3 times a week. The duration of one swimming 
lesson was at least 40 minutes. The control group 
consisted of 42 healthy young men with an average 
age of 19.5±1.1 years. These surveyed regularly 
visited the pool at least 3 times during the week 
for at least 5 years. The duration of each of their 
swimming lessons was at least 40 minutes.
	 The content of thromboxane B2 and 
6-keto-prostaglandin F1á molecules was determined 
in the plasma of those examined using the 
EnzoLifescience (USA) enzyme immunoassay 
kit. In the composition of erythrocytes after their 
washing and resuspension, the cholesterol level was 
assessed using the enzymatic colorimetric method. 
For this, a set of reagents from Vital Diagnosticum 
(Russia) was used. In washed and resuspended 
erythrocytes, the content of phospholipids was 
estimated by the amount of phosphorus present 
in them26. The intensity of lipid peroxidation of 
erythrocyte structures was determined after their 
washing and resuspension by assessing the content 
of malondialdehyde and acyl hydroperoxides in 
them27.
	 In the blood of the examined using 
light phase-contrast microscopy, the number 
of erythrocytes having a discoid shape and the 
number of erythrocytes having an altered shape 
were determined.
	 The observation group was examined 
three times: initially and after three and six months 
of regular swimming lessons. The control group 
was examined once.
	 Statistical processing of all the results 
obtained in the study was carried out using 
Student’s t-test.
              

RESULTS

	 In physically untrained young men, when 
taken into the study, there was a violation of the 
optimum levels in the blood of metabolites of 
arachidonic acid. The concentration of thromboxane 



1439Karpov et al., Biomed. & Pharmacol. J,  Vol. 15(3), 1437-1443 (2022)

Table 1. Digital results obtained during the study

Hematological indicators		  Started sailing, n=37, M±m		  Control, 
	 sailing start	 3 months sailing	 6 months sailing	 n=42, M±m

Total erythrocyte phospholipids,	 0.67±0.010	 0.70±0.014	 0.75±0.008	 0.76±0.012
µmol/1012 erythrocytes	 p<0.05	 p<0.05	 p1<0.05
Erythrocyte cholesterol, 	 1.03±0.015	 0.96±0.016	 0.88±0.009	 0.88±0.016
µmol/1012 erythrocytes	 p<0.05	 p<0.05	 p1<0.05
6-keto-prostaglandin F1α, 	 85.3±0.53	 92.0±0.32	 98.2±0.28	 98.6±0.39
pg/ml	 p<0.05	 p<0.05	 p1<0.05
Thromboxane B2, 	 191.7±0.52	 168.7±0.61	 141.5±0.46	 142.5±0.68
pg/ml	 p<0.01	 p<0.05	 p1<0.01
Malondialdehyde in erythrocytes,	 1.81±0.007	 1.55±0.010	 1.31±0.008	 1.32±0.032
nmol/1012 erythrocytes	 p<0.01	 p<0.05	 p1<0.01
Erythrocyte acyl hydroperoxides, 	 3.97±0.012	 3.40±0.017	 2.92±0.022	 2.93±0.017
D233/1012 erythrocytes	 p<0.01	 p<0.01	 p1<0.01
Irreversibly altered erythrocytes, %	 8.8±0.10	 4.8±0.08ð<0.01	 1.2±0.07	 1.1±0.12
	 p<0.01	 p1<0.05	 p1<0.01
Reversibly altered erythrocytes, %	 13.7±0.17	 11.0±0.15ð<0.01	 9.6±0.19	 9.3±0.18
	 v<0.01	 p1<0.05	 p1<0.01
Erythrocytes are discoid, %	 77.5±0.26	 84.2±0.29	 89.2±0.34	 89.6±0.16
	 p<0.05	 p<0.05	 p1<0.05

Note: p - reliability of differences in indicators in the study group and in the control group; p1 -   the reliability of 
the dynamics of indicators in the study group compared with the baseline.

Fig. 1. Normally shaped erythrocytes

B2 in their blood was higher than the control level 
by 34.5% (p<0.01), while the level of 6-keto-
prostaglandin F1á was less than the same value in 
the control group by 15.6% (p<0.05 ) (table).
	 At the beginning of the observation, in the 
membrane structures of erythrocytes in the young 
men of the study group, the amount of cholesterol 
was higher than in the control by 17.0%, and the 
initial content of total phospholipids in them was 
lower than the control level by 13.4% (p<0.05). 
In the erythrocytes of physically inactive young 

men, the initial levels of acyl hydroperoxides 
and malondialdehyde significantly exceeded the 
values   in the control group by 35.5% and 37.1%, 
respectively.
	 At the beginning of the observation in the 
blood of the young men of the study group, the 
number of erythrocytes with a normal shape was 
lower than in the control by 15.6% (p<0.05) (table). 
At the same time, in this group, the initial number 
of erythrocytes with a reversibly and irreversibly 
transformed form exceeded the control level by 
47.3% and 7.3 times, respectively (p<0.01).
	 Against the background of regular 
swimming lessons in the blood of the young men of 
the study group, there was a decrease in the severity 
of the imbalance of arachidonic acid derivatives. 
By the end of the observation in the plasma of 
these young men, the amount of thromboxane B2 
decreased by 35.4% (p<0.01). At the same time, 
the level of 6-keto-prostaglandin F1á in their blood 
during the study increased by 15.1% (p<0.05).
	 In the membrane structures of erythrocytes 
after six months of swimming in the young men of 
the study group, a decrease in cholesterol content 
occurred by 17.0%. This was accompanied by an 
increase in the content of phospholipids in their 
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erythrocytes by 11.9% (p<0.05). At the same 
time, by the end of the observation, the content of 
acyl hydroperoxides in the membrane structures 
of erythrocytes in the young men involved in 
swimming decreased by 35.9% (p<0.01) and the 
concentration of malondialdehyde decreased by 
38.2% (p<0.01).
	 Under the conditions of regular swimming 
lessons in the blood of young men of the study 
group, an increase in the level of erythrocyte-
discocytes by 15.1% compared with the initial 
level (p<0.05) was noted (table). The numbers 
of reversibly transformed erythrocytes and 
erythrocytes with an irreversibly changed shape in 
their blood after half a year of swimming decreased 
by 42.7% (p<0.01) and 7.3 times (p<0.01), 
respectively.

Discussion

	 Previously, it was noted that weak 
physical activity is always accompanied by the 
appearance of many dysfunctions and various 
pathologies [28]. At the same time, in the modern 
world, physical activity is less and less in demand, 
and diseases associated with physical inactivity are 
becoming more common. Under these conditions, 
maintaining the physiological norm throughout the 

human body throughout his life becomes a difficult 
task, which should be solved with the use of regular 
dosed physical activity [29]. A special role in the 
long-term maintenance of health is played by the 
stable preservation of the optimum parameters of 
the blood, including the normal characteristics of 
its erythrocytes (Figure 1).
	 It has been precisely clarified that 
weak muscle activity causes the development 
of disturbances in the microrheological 
characteristics of cells in the blood and, first of 
all, its erythrocytes. Excessive lipid peroxidation in 
erythrocyte membranes, which is characteristic of 
hypodynamia, leads to damage to their membranes, 
which significantly weakens their functions30. The 
situation that has arisen is further aggravated by 
the lipid imbalance in erythrocyte membranes 
that is very often formed under conditions of 
physical inactivity, which also negatively affects 
their functioning31. Changes in the amount of 
phospholipids and cholesterol content noted in 
the erythrocytes of young men with low physical 
activity are biologically very undesirable32. The 
current situation violates the selective permeability 
of erythrocyte membranes and weakens the 
functionality of membrane proteins, including as 
a result of changes in their secondary and tertiary 
structure. All this negatively affects the exchange 

Fig. 2. Swimming lessons in the pool
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of ions and macroelements through the surface 
membranes of the main part of erythrocytes in the 
blood33.
	 An increase in the number of erythrocytes 
with reversible structural changes and an increase 
in the number of irreversibly altered erythrocytes 
inevitably leads to an increase in the level of their 
aggregates in the blood, which disrupts the course 
of microcirculation in all tissues. Under these 
conditions, in the structures of the walls of the 
vessels of young men with poor physical fitness, 
the synthesis of many regulatory compounds, 
including those that affect the state of blood cells, 
was weakened. Under these conditions, in the blood 
of the physically untrained, a situation arose of a 
functional increase in the plasma of substances 
with a proaggregant effect. The intensification of 
the synthesis of thromboxane and the weakening 
of the formation of its antagonist prostacyclin 
created a discrepancy between the existing activity 
of arachidonic acid products in plasma and the 
needs of the body. The resulting disturbances in the 
rheological parameters of erythrocytes worsened 
the processes of blood movement through the 
vessels and inhibited metabolism throughout the 
body, including in the walls of blood vessels, which 
aggravated the situation.
	 To overcome the existing situation of 
complete recovery of the body of young men who 
had poor physical fitness, systematic swimming 
lessons were recommended (Figure 2). 
	 As a result of regular swimming trainings, 
in all the boys of the study group, the level of fitness 
increased and the process of lipid peroxidation 
in erythrocytes weakened. This helped them to 
optimize their functions. The positive dynamics 
of erythrocyte parameters in those who started 
swimming training was also realized due to the 
optimization of the lipid composition of erythrocyte 
membranes. This situation created conditions for 
optimizing the properties of the membranes of 
erythrocytes circulating in the blood34. This was 
facilitated by the normalization of the content 
and ratio of phospholipids and cholesterol in 
the composition of erythrocyte membranes, 
which had a very positive effect on the function 
of membrane proteins. The found dynamics of 
the lipid composition also contributed to the 
improvement of the permeability and mechanical 

properties of erythrocyte membranes, thereby 
contributing to the intensification of metabolic 
processes in them35.
	 In the course of regular swimming lessons 
in the blood of the young men of the study group, 
there was a gradual increase in erythrocytes with 
an optimal discoid shape. This phenomenon had 
biologically extremely positive consequences. 
This led to a decrease in the blood of young men 
who increased their physical activity, the number 
of erythrocytes with a changed shape and created 
conditions for the weakening of erythrocyte 
aggregation, which improved the blood supply to 
all tissues of their body36,37,38.
	

CONCLUSION

	 Low muscle activity leads to a gradual 
increase in the number of erythrocytes with 
an impaired shape in the blood of young men. 
These changes can reduce the efficiency of their 
hemocirculation through the capillaries and weaken 
the metabolism. In previously physically untrained 
young men who started regular swimming 
lessons, the processes of lipid peroxidation were 
inhibited in the erythrocyte membranes and their 
lipid composition was optimized. Against the 
background of six-month swimming lessons, the 
level of normal-shaped erythrocytes in the blood 
increased to the control values. There is reason to 
believe that six months of swimming can optimize 
the rheological characteristics of erythrocytes in 
adolescence. Longer swimming sessions reinforce 
this result, which was noted in the control group. 
This contributes to the stable recovery of the young 
body and minimizing the appearance of various 
dysfunctions in it.
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