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Abstract
Purpose: to reveal morpho-functional changes in erythrocytes in  students with different levels of general endurance. 
Material: It was examined 80 students (17-19 years old). The students performed a 12-min shuttle run (20m endurance 

shuttle-run - bleep test). The ventilation function of the lungs was estimated according to the forced 
exhalation data. The gas composition of the blood was determined by the gas analyzer ОРТІ ССА-TS.

Results: It was determined that in students with lower than average and low levels of general endurance, the 
increase of lungs ventilation is stipulated by the increase in the frequency of respiration. This leads to rapid 
tiredness of the respiratory muscles, reduces ventilation of the lungs and gas exchange. Low levels of blood 
oxygenation, intensity of oxidative phosphorylation and ATP resynthesis lead to the appearance of atypical 
forms of erythrocytes. It is established that at the low level of cardiorespiratory endurance there is an increase 
in the concentration of acidic metabolism products in arterial blood and reduce in its alkaline reserves. 

Conclusions: Students with below average and low levels of physical fitness are characterized by: increased respiratory 
rate, reduced ventilation of the lungs and gas exchange. This leads to the formation of a hypoxic condition 
in the peripheral blood: a reduce of pO2, pCO2 level and the appearance of metabolic acidosis symptoms. 
For students with below average and low level of physical fitness hypoxic condition leads to violation of 
bioenergetic processes in peripheral blood erythrocytes, reduction of ATP product, increase in the content of 
intra-erythrocytic 2,3-BPG.
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Introduction1

Hypoxia is a widespread phenomenon which appears 
in violation of the cardiorespiratory system functions 
and the transport function of the blood. Hypoxia appears 
in physiological conditions with submaximal and 
maximum aerobic physical loads [1, 2]. The increase 
in oxygen deficit appears in the process of performing 
such physical activity. This significantly reduces the 
intensity of oxidative phosphorylation. As a result, there 
is accumulation of lactic acid in the muscle tissue and in 
the blood and reduce of energy formation [3, 4].

It is known that all life processes require energy. 
Therefore, reduction of adenosine triphosphate (ATP) 
level is considered one of the main symptoms of hypoxia 
[3]. The intensity of oxidative phosphorylation during 
physical activity is reduced by 15-20% in people with a 
low functional reserve of the cardiorespiratory system [5]. 
It negatively affects the morpho-functional condition of 
the organism.

The study of Kuzmin et al. [6] and Ocak [7] point to 
low reserve capabilities of the cardiorespiratory system 
of modern students. It can be the reason of the negative 
changes in red blood cells in aerobic physical loads [8]. 

Other studies determine:
•	 The obtained results indicated that hyperoxia causes 

deep changes both in the composition and character 
of bilayer lipids of erythrocyte membranes, which 
affects the functional characteristics of erythrocytes, 
primarily the oxygen-transport properties of 
erythrocyte haemoglobin [9];
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•	 The obtained results showed that the lipid phase plays 
an important role in the functioning of erythrocytes in 
health as well as in event of development of ischemic 
heart disease and other pathological processes that 
accompany hypoxia [10];

•	 The results of the study show that when the 
maximum physical load is performed, the microrelief 
is significantly enriched and the peripheral blood 
erythrocytes are deformed, which indicates the low 
stability of their membranes to the effect of various 
stress factors at a low level of somatic health of the 
students [11];

•	 RBC (red blood cell) deformability is influenced by 
age and endurance rate of the sport which suggests 
that the RBC system may adapt to changing 
conditions such as adolescence with the onset effects 
of sex hormones or physical exercise [12];

•	 Considering the variety of individual physiological 
processes in the oxygen transport system activity 
influenced by endurance training we studied the 
effective mechanisms of elements of adaptation in 
ski racers at rest. The obtained data suggested that 
wave characteristics (amplitude and frequency) of 
pulsatile arterial and venous blood flow (pressure) 
were essential for the circulation system functioning 
and for the high sport performance [13];

•	 Comparison of main stages of training and competitive 
conditioning in exercise tolerance revealed that 
activity of metabolic processes in hurdlers depended 
on the volume of specific muscle work in the zone of 
anaerobic-alactic energy supply [14];

•	 Changes in the TC (training camp) conditions 
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result in redistribution of generalized reactions of 
interchangeability of the functional stability and 
metabolic state, mutual substitution of regulating 
function systems, and oscillatory changes in the 
specific and functional system in the integrative 
activity of in the middle-distance runners and 
steeplechasers [15];

•	 The study provided information on the importance 
of indexes reflecting a correlation of various 
biochemical indicators to estimate the sufficiency of 
training loads. [16].

Thus, there is clearly a need for more profound 
studies concerning the rapid tiredness of the respiratory 
muscles of young people, the presence of a low level of 
cardiorespiratory endurance during exercise on endurance.

The aim of the work is to reveal the morpho-functional 
changes in erythrocytes in students with different levels 
of general endurance.

Material and methods
Participants
The study involved 80 students (17-19 years old). 

Students were asked to complete a 12-min shuttle run 
(Eurofit test). All students were divided into groups: the 
first group (DG-1) – students with a higher average level 
of general endurance (n = 20); the second group (DG-2) 
– students with average level of general endurance (n = 
20); the third group (DG-3) – students with below average 
level of general endurance (n = 20); the fourth group (DG-
4) – students with a low level of general endurance (n 
= 20). The intergroup comparison was performed for the 
analysis of experimental data. 

Design of research.
The ventilation function of the lungs was estimated 

according to the flow-volume curve of the forced 
exhalation. The SpiroCom + was applied (Kharkov, 
Ukraine). The gas composition of the blood was estimated 
by a gas analyzer РТІ ССА-TS (Ciba Corning, Germany).

Erythrocyte medications were prepared according to 
generally accepted rules [17]. Erythrocyte medications 
were examined in the electron microscope “JEOL-
25A-T3225” (Japan). The percentage of different types 
of erythrocytes was determined by “Biovision-4.01” 
software (USA).

The content of 2,3-bisphosphoglycerate (2,3-BPG) 
and adenosine triphosphoric acid (ATP) in erythrocytes 
was determined by method of Kim et al. and  [18]. All 
laboratory tests were performed before and after 12-min 
shuttle run. The research was conducted at the Department 
of Laboratory Diagnostics of the Central Clinical Hospital 
(№ 1, Ivano-Frankivsk, Ukraine). Students gave written 
consent for participation in the experiment. It was 
considered the requirements of the Helsinki Declaration 
(2008).

Statistical analysis.
The obtained data was processed by methods of 

nonparametric statistics applying the Mann-Whitney test. 
Computer processing of data was performed applying 
the statistical package Stat.Soft.Inc; Tulsa, OK, USA; 
Statistica 6. Selective parameters and text have the 
following meaning M – sample mean, m – standard 
error of the mean. Statistical changes were considered 
significant when the obtained significance level was 
determined at p <0,05-0,001.

Results
Indicators of external breathing in students are 

presented in Table 1.
Students of DG-3 and DG-4 have the radical reduce of 

indicators FEV1, MEF25; MEF50; MEF75
At the same time, students of DG-1 have higher level 

of partial pressure of СО2 (pCO2)  than students of DG-3. 
The alkaline surplus (ВЕ) in students of DG-1 is lower (p 
<0,05).

After testing, the frequency of breathing in students 
of DG-4 significantly increases. At the same time, it is 

Table 1. Indicators of ventilation lung function in students after a 12-min shuttle run, depending on the level of 
cardiorespiratory endurance (in % of the proper value, n = 80)

Indicators
The group of students by  the level of cardiorespiratory 
endurance р р1

DG-1 DG-2 DG-3 DG-4
VC 112.3±1.52 109.4±1.52 95.9±1.25 88.4±1.62 <0.01 <0.01
FVC 107.9±0.5 98.6±0.5 83.5±1.33 87.6±1.78 <0.05 <0.01
FEV1 94.2±0.25 89.5±0.25 66.3±1.05 62.8±1.44 <0.01 >0.05
FEV1/ VC   Tiffeneau index 93.9±0.25 83.2±0.25 74.2±1.22 66.7±1.53 >0.001 >0.05
MEF 25 92.1±3.31 86.2±4.44 39.9±1.15 28.3±1.07 >0.001 <0.01
MEF 50 85.6±0.72 80.7±0.53 31.5±1.01 29.1±1.23 <0.001 >0.05
MEF 75 83.9±0.57 80.5±0.61 38.8±1.14 32.7±1.51 <0.001 >0.05

Notes: 1. Corresponding units: VC is the vital capacity; FVC – forced vital capacity; FEV1 – forced expiratory volume in 1 
sec; MEF25 – forced  expiratory flow at 25% FVC; MEF50 – forced  expiratory flow at 50%  FVC; MEF75 – forced  expiratory 
flow at 75% FVC.

2. The level of significance between differences of DG-1 and DG-3 (p) and DG-1 and DG-4 (p1).
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revealed the reduce of AB indicator  (true values of 
bicarbonate – НСО3-act), the standard values of НСО3-std 
bicarbonates and the change of pH in the acid environment. 
Partial pressure of СО2 and oxygen saturation (SO2 sat) 
in students of DG-4 reduce, and basic buffer capacity 
increases.

Partial pressure of oxygen (рО2) in venous blood of 
DG-3 and DG-4 students after testing is reduced to a greater 
extent than in students of DG-1 and DG-2. It is observed 
the reduce in the total amount of haemoglobin against 
the background of a radical reduce of pO2 in peripheral 
blood of students with a low level of cardiorespiratory 
endurance. Therefore, in the venous blood of DG-3, DG-4 
students observe the increase of 2,3-BPG content. 

The morpho-functional changes of red blood cells of 
peripheral blood appear against the background (Fig. 1). 
The students of DG-3, DG-4 have reduce of the content 
of discocysts. However, the number of echinocytes, 
leptocytes and degenerative forms of erythrocytes has 
probably increased (p <0,05).

In students of DG-3, DG-4 after physical activity 
increase the level of lactate in peripheral blood in 2,3 
times (in comparison with students of DG-1 and DG-2). 
Students of DG-3, DG-4 have activate synthesis of 2,3-
BPG. In students of DG-4 this leads to  reduce in the 
content of ATP in erythrocytes of peripheral blood in 10,5 
± 1,03%.

 
Discussion
It is determined that in a low level of cardiorespiratory 

endurance there is an increase in the concentration of 
acidic metabolism products in arterial blood and its reduce 
in alkaline reserves.

At the same time, the level of pCO2 reduces at an 
average in 4,0 ± 0,12%, and BE index increases in 28,5 ± 
1,07%. According to Ocak data [7], this fact indicates the 
formation of compensated respiratory acidosis.

The novelty of our data is to determine a simultaneous 
increase in the respiratory rate among students of DG-4 
in 25,0 ± 1,93% (p <0,05). At the same time there is an 
increase in the amount of acidic products in the blood. 
This is observed against the background of reducing 
the indicators   of the true value of HCO3-act bicarbonate 
(in 8,9 ± 0,87%) and the standard values   of HCO3-std 
bicarbonates (in 6,12 ± 0,54%). These figures are not 
accidental. It is known that the change in the acid-base 
balance in the blood of DG-4 students leads to a shift 
of pH toward the acidic reaction. This is reflected by 
expressed symptoms of metabolic acidosis and hypoxia.

We for the first time discovered that at lower levels 
of cardiorespiratory endurance (students  of DG-3 and 
DG-4) partial pressure of СО2 reduces, and basic buffer 
capacity increases. There is reduce in НСО3-act (АВ) and 
saturation with oxygen (СО2 sat). Therefore, the condition 
of the expressed respiratory acidosis is observed in the 
blood of these students. Lactate acidosis is normally 
compensated by a carbonate buffer system and respiratory 
alkalosis [8].

According to Abdelha at al. [5], the same pattern 

is observed in tissue fluid. According to our data, it is 
stipulated by expressed venous hypoxia.

We have determined that against the background of a 
radical reduce of pO2 in the peripheral blood of DG-3 and 
DG-4 students there is an increase of hypoxemia in the 
arterial and venous blood. At the same time, the amount of 
oxygen reduces in 13,7 ± 1,4 g / 100 ml, and the saturation 
of haemoglobin  with oxygen reduces in 14,7 ± 1,01% (in 
comparison with DG-1). 

The increase in the figure of actual alkaline surplus in 
24,7% (in students of DG-4) indicates the hypoxic state 
symptoms of tissue structures. According to other authors 
[3], it is observed in many organs. We have found that 
morpho-functional changes are expressed in erythrocytes 
of peripheral blood (in the first place). It is known that 
their structural reconstruction is an integral cellular index, 
which indicates the development of membranopathy [8].

In reduce of the basic fraction of haemoglobin HbA 
and in increase of the minor component of HbA2, there 
are conformational changes in haemoglobin. This leads to 
premature destruction of red blood cells. It also leads to 
a decrease in the processes responsible for the transport 
of oxygen to tissues [5]. At the same time, if the students 
of DG-4 have increase of the thermolabel fractions 
content of haemoglobin, its conformational ability should 
radically change, which contributed to the violation of 
the connection of haema with globin [2]. As a result, the 
phenomenon is the oxidation of the iron atom before the 
formation of methaemoglobin [4]. It also changes the 
saturation of blood with oxygen. According to Karaseva 
& Metelitza data [19], this is due to a interrelation change 
of the haemoglobin with 2,3-BPG.

According to other authors [3], such changes are the 
limiting factor for the synthesis of ATP. This allows to 
explain the radical reduce in the content of ATP in students 
of DG-4 in erythrocytes of venous and arterial blood.

Thus, the results of our study confirm the data of 
scientific literature [5, 6, 20]. We could confirm that the 
expressed hypoxemia in students of DG-3 and DG-4 
after the maximum physical activity, provoke respiratory 
acidosis, suppresses the energy exchange.

It can be confirmed that the limiting factor in the 
energy supply of peripheral blood erythrocytes is the 
synthesis of ATP. This is stipulated by the low difference 
of this marker between arteries and veins. This causes 
direct pathological changes in erythrocytes of peripheral 
blood.

Many studies [2, 4] determined that the majority of 
people have no significant changes in the number of 
reticulocytes (even at maximum physical activity). In 
our opinion, the reason of the anemic states in prolonged 
physical activity is pathological changes of peripheral 
blood erythrocytes. 

We also defined that in the hypoxic state (after 12-
min shuttle run) in the students of DG-4 increase the 
destructive changes in peripheral blood erythrocytes. 
At the same time, a lot of degenerative forms appear. 
Simultaneously the energy processes violate: the content 
of ATP reduces and the content of 2,3-BPG increases.
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According to the other authors [8, 21, 22], it is 
consequently created multi-directional forces, which 
lead to deformation of the membrane. At the same time, 
red blood cells themselves may have extensive and deep 
cavities. For the first time we discovered that this is a 
morphological substrate for the appearance of various 
inverse and irreversible forms of peripheral blood red 
blood cells.

Particular attention should be paid to the fact that the 
students of DG-4 in reducing stages of the 20 m distances 
have hypoxia in the arterial (40,4%, p <0,05) and venous 
(in 41,4%, p <0,05) blood. The similar processes are also 
developing in the students of DG-3 (but to a lesser extent). 

Conclusions
1. Students with below average and low levels of 

physical fitness during the test of cardiorespiratory 
endurance are characterized by: increased respiratory 

rate, reduced ventilation of the lungs and gas exchange. 
This leads to the formation of a hypoxic state in the 
peripheral blood: reduce in the level of pO2, pCO2 and the 
appearance of metabolic acidosis symptoms.

2. Students with below average and low level of 
physical fitness have hypoxic state which leads to: 
violation of bioenergetic processes in peripheral blood 
erythrocytes, reduction of ATP product, increase in the 
content of intra-erythrocytic 2,3-BPG.

3. Increase of hypoxemia in peripheral blood in 
students with lower average and low level of physical 
fitness destructively affects membrane of erythrocytes. 
This reduces the content of discocysts and increases 
the number of echinocytes, leptocytes and degenerative 
forms of peripheral blood erythrocytes.

Conflict of interest
The authors declare that there is no conflict of interests.

c                                                                                                   d 
Fig. 1. Conformal changes in red blood cells of peripheral blood, depending on the level of physical fitness of students 
in performing the shuttle run test (12-min run in 20 m): a – above the  average, b – average, c – lower than average, 
d – low level of physical fitness . Method: scanning electron microscopy.

a                                                                                                      b	 	
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