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Examination of physical working ca-
pacity is an important element of the 
quantitative assessment of the level of 
health, and an assessment of the de-
gree of exercise tolerance can serve as 
a prognostic and objective criterion of 
the functional state and a quantitative 
indicator of individual human health [6]. 
A reduced level of motor activity is ac-
companied by a decrease in the overall 
working capacity of the organism and an 
increase in the "physical cost of the load," 
which is associated with a high tension of 
functioning systems involved in response 
to this load [10]. The autonomic nervous 
system plays an important role in modu-
lating the cardiovascular system in var-
ious situations [16], including physical 
exercise [17]. To maintain cardiovascular 
homeostasis during exercise, it is neces-
sary to connect mechanisms based on 
the rapid action of the autonomic nervous 
system [17]. Heart rate variability (HRV) 
characteristics are available and fast in 

use indicators reflecting changes in car-
diovascular homeostasis, and also are 
indirect indicators of vagal nerve activity 
of the heart. In doing so, they allow us 
to determine the relative contribution of 
the parasympathetic and sympathetic 
link in the regulation of the rhythm of the 
heart in stress testing, being an accessi-
ble measure of the overall function of the 
ANS [8, 15].

Cardiovascular reactions, in response 
to physical exertion, are characterized by 
a direct expressed decrease in the activ-
ity of the parasympathetic link of the au-
tonomic nervous system at the beginning 
of the test, with an increase in heart rate 
due to the activation of sympathetic activ-
ity. Immediately after the end of exercise, 
the heart rate decreases due to vagal re-
activation [19].

It is important to judge the peculiarities 
of the changes in metabolic processes 
during the performance of load tests, 
preferably using indirect calorimetry, 
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which consists in the fact that the com-
bustion of products generates thermal 
energy, the value of which can be deter-
mined from the results of measuring the 
body's consumption of oxygen and car-
bon dioxide [22].

The functional state of the capillary 
bed and the lability of the dynamic char-
acteristics of microcirculation create con-
ditions for the adaptation of blood flow to 
external loads [20]. Recent studies have 
shown that the values of capillary blood 
flow can differ significantly among com-
parable groups of people who lead a sim-
ilar way of life [4].

The purpose of this work was to study 
the urgent adaptation changes in the in-
dices of cardiorhythm, gas exchange, the 
characteristics of capillary blood flow in 
response to the cycle-ergometric test, as 
well as the identification of marker criteria 
for assessing the level of exercise toler-
ance.

Materials and methods. For the pur-
pose, 63 young men were studied - stu-
dents aged 17 to 19 years from among the 
Caucasians born in the region in the 1-2 
generation who are students of the North-
eastern State University (Magadan). The 
examination was conducted in physical 
education classes before the load, which 
implies the presence of medical admis-
sion, the absence of chronic diseases in 
the stage of exacerbation and complaints 
about the state of health, which was the 
direct criterion for inclusion in the studies.

Subjects were offered a modified 
PWC170 test with a standard load, ac-
cording to which a load of 900 kgm / min 
(150 W) was set on a cycle-ergometer 
with a pedaling speed of 60 rpm and du-
ration of 6 minutes. We showed earlier 
[5] that the degree of load tolerance can 
be determined on the 3rd minute of the 
cycle-ergometric load, so that the pedal-
ing time was reduced to 3 minutes. The 
differentiation of the subjects according 
to the level of resistance to physical ac-
tivity was carried out on the basis of the 
heart rate at the 3 minute of the sample. 
In the case of an increase in this index 
above 139 bpm at the peak of the load, 
the subject was assigned to 1 group with 
reduced exercise tolerance, whereas at 
a heart rate of less than 139 bpm, the 
examinee was assigned to group 2 with 
normal load resistance. Body length and 
body weight in the first group were 66.8 ± 
1.0 kg, 178.4 ± 0.08 cm, and in the sec-
ond group they were 72.1 ± 1.1 kg and 
180.1 ± 0.9 cm, respectively.

The recording of the heart rate vari-
ability was carried out both at rest and 
during the cycle-ergometric exercise with 
the help of the Varicard device and the 

VARICARD-KARDi software and taking 
into account the methodological recom-
mendations of the group of Russian ex-
perts [1]. Further the following HRV pa-
rameters were analyzed: the difference 
between the maximum and minimum 
values of the cardiointervals (MxDMn, 
ms); the square root of the sum of the dif-
ferences in the series of cardiointervals 
(RMSSD, ms); number of pairs of cardio-
intervals with a difference of more than 
50 ms in % of the total number of cardio-
intervals (pNN50, ms); standard deviation 
of the full array of cardiointervals (SDNN, 
ms); the index of the tension of regulatory 
systems (SI, unit units); total power of the 
heart rate spectrum (TP, ms2), the pow-
er of the spectrum of the high-frequency 
component of the heart rate variability in 
the range 0.4-0.15 Hz (respiratory waves) 
(HF, ms2); power spectrum low-frequen-
cy component of heart rate variability in 
the range of 0.15-0.04 Hz (LF, ms2); the 
power of the spectrum of a very low-fre-
quency component of the heart rate vari-
ability in the range 0.04-0.015 Hz (VLF, 
ms2). The total power of the cardiorhythm 
spectrum (TP) in the process of rebreath-
ing was calculated without taking into ac-
count the ultra-low frequency component 
(ULF) based on the requirements for the 
correctness of the application of the anal-
ysis of short time series using the Fourier 
transform method. In addition, the ratio 
of the low-frequency and high-frequency 
components of the heart rate variability 
(LF/HF, conventional units) was deter-
mined. To analyze the spectral charac-
teristics of HRV, a 3-minute stretch of 
the cardio-intervalogram was used to 
perform the cycle-ergometric exercise, 
which allowed having more than 250 car-
diointervals in the analyzed area, which 
is a necessary criterion for the analysis of 
cardiac rhythm [1].

The levels of energy metabolism, as 
well as the parameters of the external 
respiration system were studied using 
the Medgraphics VO2000 (USA) metab-
olograph. Energy expenditure in the state 
of rest per minute (Kcal / min, kcal), en-
ergy consumption in a state of rest per 
day (REE day, kcal), respiratory quotient 
(RQ, conventional units), respiratory rate 
(RR, cycle / min), total volume of low 
voluntary ventilation, TV LVV (Vt BTPS, 
ml), low voluntary ventilation (VE BTPS, 
L), carbon dioxide emission (VCO2, mL 
/ min), oxygen consumption (VO2, mL / 
min), carbon dioxide concentration and 
oxygen in the exhaled air (FET CO2, FET 
O2,%), the proportion of carbohydrates 
and fats in the energy substrate (CHO / 
REE, Fat / REE,%), oxygen consumption 
per kilogram weight, OC (Ox. Cons / kg, 

mL / kg) and oxygen utilization factor (Ox. 
Util. Fact., mL / L).

The rate of capillary blood flow was 
measured by the movement of erythro-
cytes in the capillary in the area of the 
cutaneous ridge of the nail bed using a 
computer capillaroscope "Capillaros-
can-1" (Russia, LLC "New Energy Tech-
nologies"). The software of the device 
made it possible to evaluate the average 
speed of the erythrocyte movement over 
the specifically studied capillaries, as well 
as the length and diameter of the capil-
lary sections. The temperature in the mi-
crocirculation study zone was measured 
using an infrared receiver built into the 
capillaroscope.

Examinations of young men were con-
ducted in a room with a temperature of 
19-21 °С, mainly in the first half of the 
day. The study was carried out in accor-
dance with the principles of the Helsinki 
Declaration (2008). The study protocol 
was approved by the Ethics Committee 
of Biomedical Research at the All-Russia 
Research Center of Far Eastern Branch 
of the Russian Academy of Sciences 
(Ethical Protocol No. 004/013, dated 
December 10, 2013). All subjects were 
informed of the nature, purpose of the 
study and gave written consent to partic-
ipate in it.

The obtained results were subjected 
to statistical processing with application 
of the package of applied programs Sta-
tistica 7.0. The normal distribution of the 
measured variables was checked based 
on the Shapiro-Wilk test. The results of 
nonparametric processing methods are 
presented as a median (Me) and inter-
quartile range in the form of 25 and 75 
percentile (C25 and C75), and parametric 
ones are mean value (M) and its standard 
error (± SE). For independent samples, 
the significance level of differences for 
samples with a distribution not differing 
from normal was determined using Stu-
dent's t-test for independent samples and 
in the case of samples with a distribution 
different from normal-the Mann-Whitney 
criterion was used. In dependent sam-
ples, the statistical significance of the dif-
ferences was determined using Student's 
t-test with parametric distribution and the 
non-parametric Wilconson criterion for 
coupled samples with a distribution dif-
ferent from normal. The critical level of 
significance (p) was assumed to be 0.05; 
0.01; 0.001.

Results and discussion. Table 1 
presents the main indicators of the fre-
quency characteristics of the heart rate 
variability at each stage of the cycle-er-
gometric exercise in representatives of 
two groups. An analysis of the minute 
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increase in the dynamics of heart rate re-
vealed a number of differences depend-
ing on the type of resistance to the load. 
For example, the boys of the 1st group 
showed statistically significantly higher 
HR values at each stage of the load rel-
ative to those in the 2nd group, as well 
as a higher rate of increase in heart rate, 
reaching 150 beats / min by the 3rd min-
ute, whereas in the group with a normal 
tolerance to the load, this value was 129 
bpm. Obviously, regardless of the type of 
load resistance, there were qualitatively 
similar shifts in the dynamics of RMSDD, 
the indices which, from the third minute, 
did not differ in the dynamics between the 
groups studied. But at the same time the 
RMSDD index had statistically significant-
ly lower values, in the group with a low 
tolerance at the 3rd minute of the load.

The higher informative value of the de-
gree of assessment of load tolerance can 
be attributed to the MxDMn and SDNN, 
in the dynamics of which there were dif-
ferences in the representatives of the two 
groups: in persons with normal stability, 
there was a lack of dynamics in response 
to the load already in the 2nd minute, 
whereas in the group with low resistance 
the decrease in these indicators was 
fixed until the end of the load. It is neces-
sary to note significantly higher SI indices 
from the 3rd minute of the 
load in the representatives 
of the 1st group. Analysis of 
the spectral characteristics 
of HRV (Table 2) revealed 
a decrease in all parame-
ters in response to the cy-
cle-ergometric test, with a 
more pronounced dynam-
ics observed in the group 
with reduced tolerance to 
the load. Table 3 presents 
the calculated coefficients 
reflecting the degree of in-
fluence in the provision of 
the heart rate sympathetic 
and parasympathetic link 
of the ANS. The obtained 
results indicate different 
dynamics of the estimated 
coefficients in the represen-
tatives of the two groups, 
which is more pronounced 
in the group with low resis-
tance to the load.

Table 4 shows the pa-
rameters of gas exchange 
and external respiration 
against the background 
and load during the per-
formance of the cycle-er-
gometric test in young 
men with different levels of 

tolerance to the load. In the intergroup 
comparison of people with different resis-
tance to exercise, it was found that the 
differences were observed against the 
background and at the 3rd minute of the 
sample, in contrast to the 2nd minute, 
where no significant differences were not-
ed. At rest, the oxygen concentration in 
the exhaled air was higher in people with 
low, and carbon dioxide - in people with 
normal tolerance to the load. In this case, 
the individuals from the second group 
had a significantly higher oxygen utiliza-
tion factor. By the third minute of the load, 
the number of differing values doubled, 
affecting the ratio of fats and carbohy-
drates in the energy substrate, as well as 
oxygen consumption. At the initial stage 
of the cycle-ergometric exercise on most 
indicators, the young men of both groups 
start to register statistically significant dif-
ferences. Note that this affects both time 
intervals: "background - the 2nd minute" 
and "2-minute - 3-rd minute", while the in-
crease in the indicators for young men of 
the two groups are observed.

Table 5 presents the indices of blood 
microcirculation at rest and at the peak 
of the cycle-ergometric test in young 
men with different levels of tolerance to 
the load. In a state of rest, both groups 
practically did not differ in terms of micro-

circulation, significant differences were 
noted only in the rate of blood flow in the 
arterial part of the capillary against the 
background. In response to the cycle-er-
gometric test, when comparing the two 
groups of subjects, an increase in the 
diameter of the venous and transitional 
part of the capillary was detected, and 
the temperature of the examined area of 
the skin also increased.

It is known that physical exercise, es-
pecially aerobic activity, affects the bal-
ance of the autonomic nervous system 
by increasing parasympathetic tone and 
reducing sympathetic activity [21] and 
improves the MOC (maximum oxygen 
consumption). Thus, our data obtained, 
along with the results of other authors 
[11] give us reason to conclude that 
the values of the heart rate of the back-
ground loading period may be a criterion 
for assessing the level of physical per-
formance, the numerical values of which 
are known to be due to greater activity 
of the parasympathetic link of the ANS 
[21]. The physical load intensity of more 
than 100 W is now considered as a suf-
ficiently high load leading to physiologi-
cal stress and to a complete depression 
of parasympathetic modulation (which 
results in a significant activation of the 
sympathetic link of the ANS). An analy-

Frequency characteristics of heart rate variability in young men with different levels of exercise 
tolerance during the cycle-ergometric test performance

Parameter
Cycle test stages Differences significance 

between groups

Baseline 1st min 2nd min 3rd min Baseline-
1st min

1st -2nd 
min

2nd -3rd 
min

Low exercise tolerance group (1)

HR, BPM *70.9
(63.7;79.5)

*117.9
(112.4;123.4)

*140.1
(131.8;144.8)

*150.1
(143.2;152.9) p<0.001 p<0.001 p<0.001

MxDMn, ms 366.1
(277.9;417.3)

207
(174;268)

66
(59;78)

*41
(33;61) p<0.001 p<0.001 p<0.001

RMSSD, ms 39..9
(33.6;53)

11.2
(8.9;17.5)

5.9
(4.6;7.4)

*5.7
(3.9;8) p<0.001 p<0.001 p=0.16

SDNN, ms 72
(49.6;83)

45.3
(40.4;57.4)

15.3
(12.5;17.6)

*8.4
(6.2;12.3) p<0.001 p<0.001 p<0.001

SI., c. u. 51.1
(30.8;82.6)

302.3
(208.6;435.3)

2364.9
(1615;3106.8)

*4757.9
(2447.4;10416) p<0.001 p<0.001 p<0.001

Normal exercise tolerance group (2)

HR, BPM 63.1
(58.6;67.7)

106.9
(104.6;112.3)

124.5
(121;129.3)

129.7
(126.5;137.6) p<0.001 p<0.001 p<0.001

MxDMn, ms 424.4
(312.7;535)

245
(199.8;333.3)

72.6
(48.8;98.8)

52.5
(45.8;76) p<0.001 p<0.001 p=0.15

RMSSD, ms 52.2
(41.5;64.2)

13.6
(10.3;16.7)

7.1
(4.8;14.1)

7.3
(5.8;15.7) p<0.001 p<0.05 p=0.20

SDNN, ms 73.9
(53.2;100)

53.9
(45.8;69.2)

15.6
(10.4;19.7)

10.8
(8.8;12.5) p<0.001 p<0.001 p=0.09

SI., c. u. 34.5
(22.3;71.6)

206.8
(150.5;331.1)

2003.1
(993.4;4324.5)

3901.1
(1794.7;5439.3) p<0.001 p<0.001 p<0.05

Note: here and below the * sign denotes statistically significant differences between groups with different 
exercise tolerance

Table 1



4’ 2019 29

sis of the minute increase in heart rate 
(Table 1) in response to the cycle-ergo-
metric test showed a more pronounced 
increase in its degree in the group with 
low resistance to exercise, reaching 150 
bpm to the 3rd minute of the load, where-
as in the group with normal exercise tol-
erance the heart rate was only 129 beats 
per minute. The rapid increase in HR at 
the beginning of the load is the result of a 
sharp parasympathetic decline, whereas 
sympathetic activation causes a relative-
ly slow increase in heart rate in submax-
imal performance [9].

Per-minute analysis of changes in the 
statistical indices of heart rate variability 
(Table 2) revealed a number of differenc-
es in their dynamics, depending on the 
group of subjects. At the same time, the 
MxDMn, SDNN parameters were char-
acterized by the highest degree of infor-
mativeness with respect to the parasym-
pathetic link of regulation, the significant 
decrease of which in response to the load 
reflected the degree of decrease in para-
sympathetic activity. It should be noted 

that in the sample with normal exercise 
tolerance, already from the 2nd minute, 
the decrease relative to the previous 
minute segment of the cycle-ergometer 
was not observed, and the subjects of 
this group were characterized by higher 
numerical values of MxDMn, SDNN at 
the peak of the load. In the group with 
reduced resistance to physical activity, 
the SI index, reflecting the degree of as-
sessment of sympathetic effects on auto-
nomic cardiac modulation, had statistical-
ly higher values in individuals of the 1st 
group at the 3rd minute of the load.

To assess the contribution of sym-
pathetic and parasympathetic supply of 
heart rate, we performed calculations 
of the ratio of cardiac rhythm and heart 
rate at rest and at each load minute and 
analyzed their dynamics, depending on 
the degree of resistance to physical ac-
tivity. Considering the high degree of in-
formativeness for the evaluation of the 
parasympathetic link, the MxDMn index 
was chosen, and SI for the sympathetic 
contribution (Table 3). The HR/MxDMn 

ratio had a more pronounced increase 
in the group with low resistance to exer-
cise due to high HR values against the 
background of low MxDMn values. The 
positive dynamics of this coefficient in-
dicates a decrease in the contribution of 
parasympathetic modulation in ensuring 
the level of heart rate at each stage of 
the load, which is more typical for young 
men of the 1st group. This fact may in-
dicate a constant decrease in the inhibi-
tory effect of the parasympathetic link at 
the heart rate, which leads to such high 
values when the peak load is reached 
in persons of this group. The coefficient 
reflecting the degree of activation of the 
sympathetic link (HR/SI * 1000) did not 
differ in dynamics and numerical values 
in the representatives of the two groups, 
which indicates that there is no difference 
in the degree of activation of the sympa-
thetic link in providing the loading heart 
rate. Based on the dynamics of the co-
efficients analyzed, it can be concluded 
that even at the 3rd minute of the load 
it is possible to assess the degree of 
resistance to the load, while the design 
coefficients reflecting the degree of de-
crease in the parasympathetic link of the 
ANS will be the markers of the autonomic 
maintenance of the level of the loading 
heart rate.

Analysis of the spectral characteristics 
of the cardiorhythm (Table 2) in response 
to the stress test also revealed the pres-
ence of a pronounced dynamics of all 
the studied indicators, but having certain 
features depending on the degree of re-
sistance to the load. Note that against 
the background of the absence of statis-
tically significant background intergroup 
differences between these indicators at 
the peak of the load, differences were 
observed due to a more pronounced 
decrease in the 1st group. A significant 
decrease in the loading cardiorhythmo-
gram of LF, HF and VLF waves, accom-
panied by a decrease in the duration of 
the cardiointervals, indicates a consistent 
increase in sympathetic and a decrease 
in parasympathetic influences reaching 
their poles at maximum heart rate [6]. 
However, in the group with a low de-
gree of resistance to the load, the shifts 
to the area of decrease in the activity of 
the parasympathetic link were more pro-
nounced than in young men with a normal 
level of tolerance to the cycle-ergometric 
sample. The balance of sympatho-vagal 
influences on the heart rhythm (LF/HF) at 
the peak of the load sharply shifted to-
wards the predominance of activity of the 
sympathetic link with the same degree of 
severity in the representatives of the two 
groups, which is also confirmed by the 

Heart rate variability spectral parameters in young men with different tolerance to 
exercise during the cycle-ergometric test performance

Parameter
Cycle test stages Differences 

significance 
between groupsBaseline 1st -3rd min of exercise

Low exercise tolerance group (1)
TP, ms2 3242.4 (1889.8;5472.2) *222.6 (141;389) p<0.001
HF, ms2 629 (361.1;1771.4) *32.8 (20.6;70.2) p<0.001
LF, ms2 1157.1 (898.9;1963.2) *101.2 (50.6;180) p<0.001
VLF, ms2 516.1 (361.3;768.8) *71.1 (46.7;128.1) p<0.001
LF/HF, c. u. 1.7 (1.1;3.4) 2.2 (2.1;3.7) p<0.001

Normal exercise tolerance group (2)
TP, ms2 3506.6 (2107.1;6361.4) 442 (292.5;565.5) p<0.001
HF, ms2 932.4 (582.2;1421.8) 57 (42.4;103.3) p<0.001
LF, ms2 1138.735 (715.992;1971.212) 218.6 (120.6;255.1) p<0.001
VLF, ms2 710.2 (301.0;1129.6) 132 (94.6;152.2) p<0.001
LF/HF, c. u. 1.3 (1.0;2.3) 2.1 (1.8;3.8) p<0.001

Table 2

Coefficients reflecting the degree of the parasympathetic and sympathetic link 
contribution in providing the heart rate at each exercise stage

in groups with different exercise tolerance

Parameters  studied Cycle test stages
Baseline 1st min 2nd min 3rd min

Heart Rate / MxDMn 0.19 0.61 2.12 3.61
0.14 0.43 1.71 2.52

Heart Rate / SI * 1000 1387 390 59 32
1828 516 62 33

Note: in the numerator there are indices of the low exercise tolerance group, in the denominator 
–  normal tolerance group indices

Table 3
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similar dynamics of the calculated heart 
rate / SI * 1000 (Table 3).

The results of the survey show that 
of the 13 indicators characterizing the 
state of gas exchange and external res-
piration, background differences in the 
young men of the two groups were ob-
served only in 3 values characterizing 
metabolic processes in the body (Table 
4). Thus, the value of the carbon diox-
ide content in the exhaled air (FET CO2) 
and the oxygen utilization factor (Ox. 
Util. Fact) were higher for young men 
resistant to the load. At the same time, 
the oxygen level in the exhaled air (FET 
O2) was statistically significantly higher 
in non-load resistant individuals, reach-
ing 16.8%. The obtained results indi-
cate a more intensive course of energy 
processes in young men from group 2. 
At the peak of the stress test, the oxy-
gen consumption (VO2), carbon dioxide 
(VCO2) and oxygen consumption (Ox. 
Cons / kg) were significantly increased in 
them, which indicates a more intensive 
flow energy exchange processes in the 
body, whose values (REE) were signifi-
cantly higher than the normative values 
[14]. It should also be noted that these 
individuals had a higher fat content as 
an energy substratum - 10%, while in the 
other group almost all the energy in the 
body was produced by the metabolism 
of carbohydrates. It is known that in a 
few minutes after the beginning of the 
cyclic loading the anaerobic processes 
of providing work begin to give way to 
a much more efficient aerobic stage of 
energy production - oxidative phosphor-
ylation. Strengthening lipolysis makes it 
possible to optimize the energy supply 
of muscle tissue, allowing more than an 
order to increase the amount of synthe-
sized ATP. Previous studies have shown 
that people with a high level of perfor-
mance during physical work, there is an 
accelerated transition of carbohydrate 
metabolism to fat [2].

In this connection, attention is drawn 
to the fact that in young men with a low 
tolerance to the load, a higher value of 
the respiratory quotient (RQ) was ob-
served, which also reflects the utilization 
of one or another energy substratum. 
The increase of this indicator is higher 
than one, due to the increase in the ratio 
of VCO2 to VO2, signals an increase in 
the anaerobic nature of metabolic pro-
cesses, in which the only way to regen-
erate ATP is an energy-poor glycolysis 
process [7].

One of the main compensatory mech-
anisms aimed at maintaining the level of 
oxygen in the blood, as well as satisfying 
the oxygen demand of the body in mus-

Indirect calorimetry and external respiration indicators in young men with different 
exercise tolerance during the cycle-ergometric test performance

Cycle test stages Differences significance 
between groups

Parameter Baseline 2nd min 3rd min Baseline
-2nd min 2nd-3rd min

Low exercise tolerance group (1)
REE day, kcal 1975±117.5 12818±166.8 13754±259.6 1.3×10-43 0.01
RQ, c. u. 0.85±0.03 0.93±0.02 1.08±0.02 0.05 3.7×10-05

RR, cycle/min 13.9±0.86 23±1.11 24.2±1.26 5.9×10-8 0.23
Vt BTPS, mL 641±40 1961±96 2222±144.8 8.7×10-17 0.07
VE BTPS, L/min 8.6±0.48 41.9±1.17 50.1±1.09 1×10-29 5.1×10-06

V CO2, ml/min 240.6±17.5 1660±41.2 1996±43.3 2.3×10-33 1×10-06

V O2, mL/min 280.4±16.2 1791±23.1 *1858±38.4 9.1×10-44 0.07
FET CO2, % *3.5±0.1 5±0.09 5±0.1 2.6×10-14 0.35
FET O2, % *16.8±0.15 15.5±0.11 *16±0.11 7.7×10-09 6.9×10-04

CHO/REE, % 50.5±8.7 69.9±5.73 *96.2±2.21 0.05 9.2×10-05

Fat/REE, % 48.9±8.7 37.8±6.21 *3.8±2.21 0.15 4.8×10-06

Ox. Cons/kg, mL/kg 4.1 ±0.25 26.6±1.08 27.5±1.23 6×10-25 0.29
Ox. Util. Fact., mL/L *33±1.37 43.2±1.06 *37.3±0.98 4.2×10-07 1.5×10-04

Normal exercise tolerance group (2)
REE day, kcal 2092±67.6 13069±285.5 14362±270.8 1.3×10-36 1.9×10-03

RQ, c. u. 0.84±0.02 0.89±0.02 1.03±0.02 0.05 4.6×10-06

RR, cycle/min 13.6±0.71 21.6±0.95 23.4±1.34 2×10-08 0.13
Vt BTPS, mL 668±30.8 2144±113.4 2286±123.9 1.3×10-16 0.2
VE BTPS, L/min 8.2±0.37 40.9±1.14 49±1.24 1.8×10-30 1.6×10-05

V CO2, mL/min 249.6±9.42 1635±40.6 1984±41.5 2.7×10-34 2.6×10-07

V O2, mL/min 298.5±9.52 1843±41.85 1968±41.4 7.3×10-36 0.05
FET CO2, % 3.9±0.09 5±0.11 5.2±0.1 1.5×10-10 0.17
FET O2, % 16.3±0.12 15.2±0.12 15.6±0.13 2.1×10-07 0.01
CHO/REE, % 46.8±4.8 61.6±4.5 89.9±2.51 0.05 1.5×10-06

Fat/REE, % 53.5±4.9 41.8±4.2 10.3±2.49 0.05 5.1×10-08

Ox. Cons/kg, mL/kg 4±0.1 24.8±0.72 26.4±0.67 1.7×10-31 0.05
Ox. Util. Fact., mL/L 37.3±1.1 45.6±1.09 40.7±1.1 2.4×10-06 2.9×10-03

Table 4

Blood microcirculation indices in young men with different exercise tolerance before
and after performing the cycle-ergometric test

Parameter baseline exercise, 3 min Differences 
significance

Low exercise tolerance group (1) Baseline - 
Exercise

Diameter of arterial department
of capillaries, mcm 9.3±0.3 *8.7±0.3 0.10
Venous department diameter, mcm 13.9±0.4 *15.8±0.3 1.4*10-3

Transition department diameter, mcm 18.1±0.5 20.7±1.1 0.05
Capillary length, mcm 337.2±17.8 325.0±18.4 0.32
Arterial department speed, mcm/s *239.0±15.8 *260.8±18.8 0.19
Venous department speed, mcm/s 170.3±14.1 *179.7±13.3 0.32
Transition department speed, mcm/s 189.3±13.0 186.8±16.1 0.45
Frequency of sludges, units 2.7±0.2 2.3±0.2 0.10
Temperature, оС 30.1±0.6 *31.7±0.2 0.01

Normal exercise tolerance group (2) Baseline - 
Exercise

Arterial department diameter, mcm 9.0±0.4 9.8±0.3 0.08
Venous department diameter, mcm 12.6±0.5 14.8±0.2 2.7*10-4

Transition department diameter, mcm 17.7±0.7 21.9±0.7 2.4*10-4

Capillary length, mcm 326.2±14.3 349.2±11.7 0.11
Arterial department speed, mcm/s 374.4±30.0 317.6±11.2 0.05
Venous department speed, mcm/s 217.8±19.7 241.1±13.4 0.39
Transition department speed, mcm/s 222.2±23.1 169.5±9.1 0.05
Frequency of sludges, units 3.0±0.2 2.2±0.3 0.01
Temperature, оС 31.2±0.6 34.1±0.1 6.9*10-5

Table 5
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cle activity is activation of the respiratory 
function [3]. In previous studies by other 
authors, it was shown that in the cycle-er-
gometry, the indicators of the LVV of the 
young men increased more largely due 
to the increase in TV LVV than in the RR, 
compared with those of the younger age 
groups, which is explained by the com-
pletion of the morphofunctional formation 
of the external respiration system [3]. 
In our studies, during a stress test, the 
black hole increased by less than 70% 
compared to the background indicators, 
while the TV LVV increased almost 3.5 
times. When comparing the 2nd and 3rd 
minutes of the load, this picture only in-
creased, and the growth of the RR prac-
tically ceased.

It can also be seen that, during the 
sample, individuals with normal tolerance 
to the load, as well as the background, 
were significantly higher than the oxygen 
utilization factor. Considering the prac-
tically identical fan supply of the organ-
ism (LVV) in persons of both groups, this 
may indicate an increase in the diffusion 
of oxygen between the alveolar air and 
blood and the improvement of the oxygen 
transport function in the body of the boys 
from the 2nd group.

Since the important function of blood 
circulation during muscular activity is 
thermoregulation, it is likely that an in-
crease in temperature in the idle parts 
of the body is associated with an inten-
sification of heat transfer during physical 
exertion. These data are confirmed in the 
studies of other authors [12, 13].

Analysis of the record of erythrocyte 
movement showed that a statistically sig-
nificant change in the rate of blood flow 
occurred only in a group with a normal 
level of resistance. Apparently, the de-
crease in the blood flow velocity in the 
skin of the distal phalanges of the fingers 
observed at the peak of the sample is 
due to the outflow of blood to the active-
ly working muscles. This redistribution of 
blood flow is necessary to meet the met-
abolic needs of the body [18]. The groups 
under comparison were also character-
ized by a more pronounced degree of dil-
atation of the capillary among boys with 
a normal level of resistance. Apparently, 
the observed changes are associated 
with an increase in the mass transfer of 
erythrocytes in the capillary bed. The 
lack of blood flow dynamics in the group 
with a low tolerance to physical activity 
indicates the rigidity of the vascular bed, 
which may be a factor in reducing resis-
tance to physical stress.

Conclusion. Given that the specific 
task of our research was the selection 
and justification of the most informative 

indicators reflecting the degree of tol-
erance to the load, we can say the fol-
lowing: the most important indicator re-
flecting the degree of resistance to the 
cycle-ergometric test is the HR index 
both at rest and during execution cy-
cle-ergometry.

Analysis of the HRV parameters al-
lowed us to conclude that the cardiac 
rhythm parameters at rest, with the ex-
ception of the heart rate, cannot be the 
criteria for assessing the degree of re-
sistance to physical activity, whereas the 
pattern of changes in the characteristics 
of the heart rate variability in the course 
of the sample is already at the 2nd min-
ute of the load can give an estimate of 
the degree of resistance to the load. 
The most informative criterion will be 
the MxDMn index in relation to the heart 
rate, reflecting the degree of decrease in 
parasympathetic activation in response 
to the submaximal power load. The pro-
nounced dynamics of the characteristics 
described above in the two groups exam-
ined reflects a decrease in the activity of 
the parasympathetic link in the regulation 
of the heart rhythm, which is more pro-
nounced in the group of persons with low 
resistance to exercise.

When considering the gas exchange 
parameters, it can be concluded that the 
marker values can be the values of the 
concentration of carbon dioxide in the 
exhaled air and the oxygen utilization 
factor (Ox. Util. Fact) at rest, which are 
higher in persons with normal tolerance 
to the load.

During the test, oxygen consumption 
(OC) can serve as such a criterion, the 
values of which in individuals with normal 
resistance continue to increase, while 
those with low tolerance go to the "pla-
teau" and do not change by the 3rd min-
ute of the load.

The noted changes in microcirculation 
indices indicate a different degree of re-
activity of the vascular bed, depending on 
the level of tolerance to physical activity. 
It is shown that the rate of capillary blood 
flow can be considered as one of the indi-
cators characterizing the functional state 
of the organism as a whole and determin-
ing the level of efficiency.

Thus, the degree of decrease in activi-
ty of the parasympathetic link in response 
to a functional test, the magnitude of 
background and exercise heart rate, the 
concentration of carbon dioxide in the ex-
haled air and the oxygen utilization fac-
tor at rest, the dynamics of oxygen con-
sumption, and the rate of capillary blood 
flow can be considered as prognostic 
criteria for assessing the level of physical 
working capacity.
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I.A.Goldina, E.V.Markova
ENDOGENOUS RETROVIRUS HERV - E 
λ 4-1 INFLUENCE ON IMMUNE CELLS 
FUNCTIONAL ACTIVITY IN MULTIPLE 
SCLEROSIS PATIENTS

Purpose: a comparative study of the blood immune cells functional activity in multiple sclerosis patients associated with the human endoge-
nous retrovirus HERV - E λ 4-1 activation, as well as the immunomodulating properties of the homologous to a conservative region of hydrophobic 
transmembrane protein p15E 17 - amino acid synthetic oligopeptide.  

Materials and methods. Human endogenous retrovirus HERV - E λ 4-1env gene expression was determined by the method of reverse tran-
scriptase polymerase chain reaction. The spontaneous and mitogen-induced blood mononuclear cells proliferative activity of patients with a pro-
gredient course of  disease, as well as blood mononuclear cells of central and peripheral organs of the immune system cells and of experimental 
animals when exposed to retroviral oligopeptide in culture was evaluated by the of tritium-labeled thymidine incorporation.

Results and discussion. We found that multiple sclerosis patients with activated retrovirus HERV - E λ 4-1 are characterized by a higher blood 
immune cells functional activity compared with healthy donors, as well as in multiple sclerosis patients, in whose blood mononuclear cells the 
expression of this retrovirus was not detected. Synthetic 17 - amino acid oligopeptide, homologous to the conservative region of the hydrophobic 
transmembrane protein p15E of the HERV retrovirus - E λ 4-1, increased the functional activity of blood mononuclear cells of multiple sclerosis 
patients, as well as the immune system central and peripheral organs cells and blood mononuclear cells of experimental animals in vivo. This 
oligopeptide’s effect was not genetically restricted.

Conclusion. Human endogenous retrovirus HERV - E λ 4-1 sequence - specifically increases the immune cells functional activity in multiple 
sclerosis patients, which determines its role in the disease pathogenesis.

Keywords: multiple sclerosis, progredient course, human endogenous retrovirus HERV - E λ 4-1, retroviral oligopeptide, thymocytes, spleno-
cytes, blood mononuclear cells, functional activity, genetic restriction.
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Introduction. Multiple sclerosis (MS) 
is a socially significant polyetiological au-
toimmune disease of the nervous system 
with immune-mediated damage to the 
brain gray and white matter as a result 
of the inflammatory foci with fibrosis and 
gliosis of the subarachnoid and intra-
cortical regions and secondary neurode-
generation formation [5,7]. Clinically, MS 
is characterized by progressive neuro-
logical dysfunction, cognitive insufficien-
cy and affective disorders [16]. The MS 
incidence is characterized by a unique 
geographic distribution, reflecting the sig-
nificance in the etiology of genetic sus-
ceptibility, disturbances of the epigenetic 
mechanisms of the gene expression reg-
ulation, as well as extragenetic factors, in 

particular, the latitude gradient, with the 
disease prevalence in the regions near 
the North and South Poles [1,9,14 ].

Among the autoimmune inflammation 
triggers in the nervous system in MS, 
endogenous retroviruses (ER) are con-
sidered to be one of the most significant 
that can induce polyclonal activation of T 
lymphocytes [8]. These retroviruses are 
an integrated as a provirus form of exog-
enous and are a type of mobile genome 
elements - RNA retrotransposons, DNA 
sequences that make up to 8% of the 
human genome, distributed in more than 
700,000 discrete loci [6].

In according to the modern classifi-
cation, ERs are combined into 3 class-
es, represented by 50 families of 3173 


