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Annotation. This study demonstrates how functioning of organism systems
depends on the level of CO;in blood. Various methods of influencing this level,
which are used internationally, were examined. The specific attention was given to
the issue of health problems of students and searching a way for solutions, which
could be easily adapted and used during the learning process. The use of oxy-pause
is the most suitable way to solve this task. Results of the experiment on
implementation of the given method within the “Physical culture and sports™ subject
are presented in this study.

Introduction. Physiology of human breathing is constructed in a way that the
regulation of this process is made through the respiratory centre, which is a
combination of nerve cells in various segments of the central nervous system. It is
important to note that nerve receptors, which cause activity in the centre, which is
the respiratory reflex, response to the level of carbon dioxide in blood, while oxygen
concentration does not affect it in any way. During hypercapnia (increased carbon
dioxide), there is an extension of vessels and impact on autoregulation, which allows
to reduce rises of blood pressure. Antioxidative activity gets stronger and the level
of acid-base balance is being controlled. Moreover, increase of CO; in blood and
decrease of level of O, which is related to the first process, contribute to the creation
of VEGFxxx isoforms, which are responsible for the creation of new blood vessels.
It is also important to note that without carbon dioxide, oxygen cannot separate from
hemoglobin, which indivertibly leads to the appearance of tissue hypoxia, in some
cases —to anemia[1l, 4, 11]. All these facts demonstrate the degree of impact of CO,
in blood on various systems of vital activity of a human. Maintaining this level
within normal values could contribute to the improvement of functioning of an
organism, which is the reason why we give special consideration to it.



Gas composition of atmosphere, alveolar and expiratory air, % (mm of Mercury)

Air gas Atmosphere Alveolar air Expiratory air
composition | air (PeT)

O 20,85 (160) 13,5 (104) 15,5 (120)
CO: 0,03 (0,2) 5,3 (40) 3,7 (27)

N2 78,62 (596) 74,9 (569) 74,6 (566)
H>0 0,5 (3,8) 6,3 (47) 6,2 (47)

Total 100,0 (760) 100,0 (760) 100,0 (760)

Table 1

Carbon dioxide content in atmosphere air is 0,03% (Table 1). If this
percentage value was increased to 5-7% during inhale, rebreathing or using special
training devices, this would be the reason for the increase of lung ventilation
approximately 6 times, which increases CO, content in alveolar air by 1% [9]. As a
standard, partial pressure of carbon dioxide in alveolar air (PerCO;) is 1-3 mm of
Mercury lower than pressure in arterial blood (PACO,). Values of PACO, acceptable
for vital activity, are 3,6-7,5%, with the further increase, the possibility of oxygen
uptake begins to decrease, and, as a result, the hypercapnic coma (loss of
consciousness, rapid decrease in blood pressure, cyanosis) happens. Decreased CO,
content could lead to apnea (complete respiratory arrest) due to cerebral hypoxia,
because the respiratory centre reports the need to inhale only on certain level of
carbon dioxide, oxygen deficit does not serve as a signal to it. Deep and hurried
breathing, which is also called hyperventilation, leads to this state. It also serves as
the reason for alkalosis — decrease of hydrogen ions [H+] and consequent increase
in pH in direction to the alkali area (>7,45), which decreases the content of calcium
ions in blood, and human will experience such symptoms as tingling, numbness,
muscle spasms and even cardiac arrest [1, 4, 8]. Understanding acceptable
boundaries and knowing the symptoms, which appear due to their violation, human
is able to consciously control the level of carbon dioxide in blood, which could help
them to normalize and improve, if needed, the work of main systems of an organism.

Control over the level of carbon dioxide in blood is represented in two tasks:
not allowing critical states to happen and normalizing your state or develop it to the
level of increased endurance in case of having health problems (Table 2). There are
several ways to control the increase of CO,. One of them is a process of physical
hypercapnia—natural increase in the level of carbon dioxide in blood during physical
loads. The statement that aerobic training (running on long distances, rowing,
swimming, running in place, ice-skating etc., all types of activity, which are



performed on low or average tempo) contributes to the development of endurance,
has already become self-evident. Thus, for example, running on 10 km distance with
average speed of 10 km/h would contribute to the increase of the breakage of
oxyhemoglobin into oxygen and hemoglobin approximately 2-3 times [7]. The given
feature, as the number of others, has already been noticed and actively used in the
training process of athletes. However, it is typical for science to improve the given
results, which encouraged scientists to search other ways leading to hypercapnia.

Table 2
Dependence of the human condition on the level of COz in arterial blood
PACO> Stage of state Reason Consequence
> 8,6% Death Critical increase of COz in Hypercapnic coma
7,6-8,5% | Critical inspiratory air O uptake decreases,

acidosis, cyanosis,
impaired judgment and
loss of consciousness
6,1-7,5% | Super-endurance Hypercapnic training Increased O uptake,
improved autoregulation,
blood pressure
normalizing, blood flow
improvement, stress

reduction
4,6-5,0% | Norm
3,6-4,5% | Having health | Camxenue ypoBHs O2 uptake decreases,
problems (bu3nUeCcKoit aKTHBHOCTH, increased vascular tone
BO3PACTHBIC H3MCHEHUS (blood flow increase),
stress increase
2,1-3,5% | Critical Hyperventilation Cerebral hypoxia,

alkalosis, loss of
consciousness

< 2% Death Apnea, cardiac arrest,
brain death

One of those solutions was the K.P. Butejko’s suggestion concerning the
breathing process. The yogi practice of reducing lung ventilation at rest was used as
the basis of his method. He tracked the connection between the human critical state
and frequency of their breathing, suggesting that with the obligatory control of inhale
and exhale duration, diseases could be cured. This suggestion was developed into
the “Voluntary Elimination of Deep Breathing Method” (VEDBM), in the basis of
which was the principle of control of external respiration due to delays of breathing
after exhale and the increase of exhale duration. With the use of this method, content
of carbon dioxide in blood was normalized, by which the main reason of many
functional disorders was eliminated, which is the tissue hypoxia [2, 3]. However,
despite the scientifically based effectiveness, this method is not suitable for
everyone. The reason for that is the course’s duration and increased emphasis on



conations of an individual, which was not always achievable due to various
psychological features of people.

It became possible to completely avoid or to decrease the effect of the
volitional factor to the minimum thanks to the use of hypercapnic respiratory training
devices. Their principle was mainly based on the obstruction of inhale and exhale
due to the closure of the lumina, through which air comes in and out. Moreover, the
methods of inhalation and invasive CO, intake during treatment of various diseases
gained wide use [5]. However, even though the use of training devices and the
method of artificial intake of carbon dioxide demonstrated its effectiveness, it still
could not solve the problem and make the use available for everyone. First, a specific
training device was needed, which is required not only to buy, but also to understand
how to use it. Therefore, with a shortage of funds and the absence of an instructor,
the person does not have the opportunity to use it. Second, conditions of an in-patient
facility were needed, in which, for obvious reasons, it is not possible to place
everyone, who needs a correction of the CO; level in blood. Our task was to find a
method, which could be used for everyone, for example within the educational
activity in the university.

The need for searching such method exactly for students of the university is
defined by a certain degree of abnormalities in the state of health of students, which
can be traced through the annual analysis of the health groups of applicants [10].
Such tendency could be the reason of the increasing role of computer technologies
in human’s life. The process of learning, working and even resting is related to
spending time with a computer, which, in most cases, could be the reason for
sedentary lifestyle and cause the number of accompanying diseases. The problem of
the imbalance in functional indicators of health is extremely relevant, especially
during the pandemic, when the incidence rate is especially high. The role of the
“physical culture” subject in such conditions is also increases. The teacher should
contribute to the formation of the motor activity culture in students, i.e., they should
try and give knowledge and foster abilities about health and capabilities of an
organism, which could be demanded by students in real life. We have decided to
draw their attention to the respiratory process and make an emphasis on the method
of a regulated control of breathing or the oxy-pause, which was simple in adaptation
for distance working and is, in fact, a simplified version of the Butejko’s method.
We decided to decrease the time of intervals of the hypercapnic training, which, by
contrast with the VEDBM, required a lot less conations, which means that it was
suitable for most students. Moreover, this method was available, since it did not
require special conditions or additional training devices, which is why using it during
classes was the most promising, which was the determining factor in its choice.



The purpose of this study is to give evidence that using hypercapnic training
during the learning process is able to normalize and improve indicators of the
functional state of students.

Methods and organization. 149 female students of the 1-3 year aged 17 to
23 years, who have chosen Pilates as the elective course of physical culture and
sports, participated in the experiment. The study was carried out during autumn
semester of 2020 in the Moscow City University. It is important to note that all
classes were carried out remotely in Microsoft Teams. Before the beginning of the
experiment and at the end of it, the questionnaire was given to students and their
functional indicators were registered (vital capacity, heart rate at rest and under
loads, level of blood pressure). During the initial questionnaire, we asked students
to state their full name, age, sleep duration, average time spent on a computer every
day, and also specify their approximate level of physical activity in hours per week.
Physical activity was divided into two types: passive (walking) and intense (training,
outdoor activities). Moreover, students were required to state their health complaints
and medical diagnoses, if there were any. During the final questionnaire, students
gave feedback on their well-being after the experiment.

Results and discussion. Implementation of oxy-pause in classes was carried
out in two stages. At the first stage, the students were given information about the
physiology of breathing; special attention was given to the dependency of the
functional state on degree of the carbon dioxide level in blood. Various methods of
influencing the respiratory process, which could increase or decrease the CO; level,
were examined. Only after that, the oxy-pause method was explained. The point of
this method was in splitting time of classes into segments in order to eliminate the
fatigue effect from the informational supersaturation. Duration of these segments
was 20-25 minutes, oxy-pause served as a delimitative barrier. Students were
required to make a continuous inhale for 15 seconds, then hold their breath for 30
seconds and make a gradual exhale with small “hissing” for 15 seconds, leaning their
tongue against the upper palate. It allowed creating the effect of the “limiting valve”,
which did not allow releasing all air at once. The duration of one exercise was 1
minute; one oxy-pause should last up to 5 minutes. Special emphasis was made on
posture during breathing exercises: students were required to straighten their back
and sit comfortably. The attention should be paid to breathing and the state of
comfort and relaxation, which helped to release stress and “reload” consciousness.
Students were recommended to perform the oxy-pause outside classes of physical
culture in case of first symptoms of fatigue or loss of concentration, registering the
number of pauses per day.

During the analysis of the initial questionnaire (Fig. 1), it was revealed that
every third student had officially determined medical diagnoses, in accordance to



which they were included in the physical culture group with reduced exercise load
or special group. 31% of interviewed students spent less than 1 hour a week on
physical activity, 32% spent 1 to 2 hours. This data demonstrated that every third of
all interviewed students spent time on physical activity higher than the
recommended minimum level equal to 2 hours a week and only every sixth exceeded
the limit of 3 hours.

Distribution of participants of the

experiment according to groups of health

B Main group (101 students)
B Group with reduced loads (40 students)

Level of physical activity per week

W DNore than 3 hours (24 students)
W 2-3 hours (32 studants)
1-2 hours (47 students)

Special group (§ students) B Less than 1 hour (46 students)

5%

\

319 16%

as

Average duration of evervday sleep per
week
W 3-10 hours (13 students)
W 7-3 hours (38 students)
-7 hours (39 students)
m 4-5 hours (37 students)

27%

Time spent on a computer every day

m Miore than § hours (34 students)
B 3-8 hours (62 students)

4-6 hours (37 students)
B 2-4 hours (16 students=)

11%

10%

25%
v

Fig. 1.Results of the initial questionnaire

Moreover, it is important to pay attention to the fact that 64% of the
experimental group spent time on a computer every day for more than 6 hours, and
most often this time was not divided by breaks, i.e. it was spent in one go. 90% of
students in average spent less than 8 hours on sleep. This data cannot be considered
as positive, most indicators were different from the norm adopted to determine
healthy lifestyle, which was approved by numerous complaints from students about
their health (Fig. 2).

Complaints mainly included recurrent headaches, loss of sleep, pain in the
back, neck and knee joints, the students were also concerned about the increased
level of stress, which worsened due to the pandemic and mandatory quarantine.
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Fig. 2. The most frequent symptoms and complaints, which were stated by the students during
the initial questionnaire (number of students)

Taking these facts into consideration, the implementation of hypercapnic
training into the educational process was more than justified. The use of the
oxy-pause method by students during classes and independently contributed to the
improvement of their functional indicators. The vital capacity in average was
increased from 2,5 | to 3 |. Positive dynamics were registered in all participants of
the experimental group with the insignificant margin of error. The heart rate at rest
and under loads was also decreased. If before the beginning of the experiment,
average indicators were 75 beats/min and 135 beats/min at rest and under loads, then
after the end they were 70 beats/min u 120 beats/min respectively. Stabilizing the
level of blood pressure was also typical. During the first measurement, the average
indicator was 123/81 (range of 123/81 to 134/87), during the measurement at the end
of the experiment is was at the level of 115/70, moreover, the range between the
lowest and the highest value was also decreased and it was from 105/63 to 125/80.
Aside from functional indicators, which were compared by us, answers of students
in the final questionnaire also give evidence on the oxy-pause effect. Students stated
an improvement of the quality of sleep, stabilizing of the psychoemotional state, and
improvement of general state of their organism, despite numerous external irritants.

More of the positive moments of the oxy-pause implementation into the
educational process was the increase of attention of students to their health.
Participants of the experiment became more aware of the signals sent by their
organism, and, most importantly, started to understand them. It all contributed to the
development of the motor activity culture among students and became a motivator
for those who know them, who started to show interest to such activity and new
knowledge, which is applicable to life and their own health. Questions about both



the method and health protection technologies in whole began to come from students
of other elective courses, who learned about the oxy-pause from participants of the
experimental group. The impact of the educational function should be noted, because
the task of any learning process is a maximum distribution of knowledge and
motivating the biggest number of people to get this knowledge. With this approach,
only the effect of the implemented method could be not one-time and local, but
extended and widespread, which is why in our case more attention was paid to the
explanation of the effect of carbon dioxide on an organism. Only by trying to show
students how to understand the point of the process the maximum effect could be
achieved, because in this case the students are able to distribute useful knowledge
by themselves and contribute to the development of not only their motor activity
culture, but also the motor activity culture of those, who know them.

Conclusion. The use of hypercapnic effect showed its effectiveness both for
therapeutic and health-improving purposes. Understanding principles of relationship
between the carbon dioxide level in blood and functioning of main systems of an
organism could help to increase the level of health of an individual if the approach
to its regulation is conscious. Thanks to the implementation of the oxy-pause into
the educational process of the “physical culture and sports” subject, results on
optimizing organisms of students in the mode of their educational activity were
achieved. The given method did not require additional training devices or special
conditions, which allowed adapting it even for distance learning. The method of
regulated breathing control has all evidence to become one of the basic keys to solve
issues on the formation of the motor activity culture of the society, which could be
achieved through the distribution of its use beyond the scope of one specific subject.
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