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Abstract

Athletic achievements are impossible without significant physical activity during training and
competitions, which puts forward extremely high requirements for the body. Therefore, today sport
cannot do without the pharmacology possibilities. For many years there are prohibited
pharmacological substances (doping) that artificially increase physical performance, endurance and, as
a result, the effectiveness of competitions, thereby creating a dishonest advantage of the athlete over
rivals. A safe and effective, and most importantly not prohibited, alternative to existing doping
substances is the use of carbon dioxide - non-invasive (baths, inhalation) and invasive (subcutaneous or
intradermal CO2 injection) carboxytherapy. Any methodological option for the use of carboxytherapy
(invasive or non-invasive) in different sequences and intensities activates the same mechanisms of self-
regulation, leading to the restoration of homeostasis: improving the function of extemal respiration
and synchronously with this autoregulation of vascular tone. Increasing blood flow and normalizing the
rheological properties of blood eliminates venous stagnation, mobilizes anaerobic (reserve) energy
exchange and reduces oxygen consumption by the heart muscle. Improvement of tissue oxygenation
and trophy stimulates neovascularization, metabolism and collagen formation and accelerates
reparative processes and excretion of lactic acid. As a result, there is a rapid restoration of impaired
performance, physical endurance of athletes and an increase in their tolerance to excessive physical
activity. Carboxytherapy is a simple and safe procedure. The safety and non-toxicity of medical CO2
usability guaranteed by the use of carboxytherapy system, certified in Europe and Ukraine and justifies
the possibility of using carboxytherapy in sports medicine as a safe and effective altemative to doping
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Athletic achievements are impossible without
significant physical activity during training and
competitions, which puts forward extremely high
requirements for the body. Which create a constant
need to find and implement means to increase and
restore physical performance to prevent athlete
overload. Therefore, today sport cannot do without
the pharmacology possibilities. For many years
there are prohibited pharmacological substances
(doping) that artificially increase  physical
performance, endurance and, as a result, the
effectiveness of competitions, thereby creating a
dishonest advantage of the athlete over rivals [1, 2,
3]

Control over doping absence is entrusted to the
World Anti-Doping Agency (WADA; World Anti-
Doping Agency - WADA), which defines and controls
substances and methods prohibited for use in
sports. The list of doping substances is an
international standard that regulates substances
and methods prohibited in sports. The list also lists
substances and methods prohibited for use in
certain sports. Each year, WADA publishes a new
version of the list with an updated list of prohibited
substances [4].

Prohibited  substances  primarily  include
androgens, anabolic steroids and their analogues,
peptide hormones, growth factors and their
analogues, B2-agonists (B2-adrenomimetics),
hormone antagonists, metabolism modulators,
diuretics and masking agents, CNS stimulants and
alcohol. Prohibited methods include manipulation of
blood and its components, chemical and physical
manipulations, gene doping [5].

Contrary to the listed prohibited substances and
methods, there are pharmacological drugs - non-
doping drugs - the use of which in athletes is not
limited. Unlike doping, these drugs do not cause an
excessive unproductive increase in  physical
endurance, performance and do not create an
artificial advantage for the athlete in comparison
with athletes who do not take these drugs. Non-
doping drugs for use in sports medicine are not
intended to enhance or suppress certain
biochemical, biophysical or physiological reactions,
but exclusively to modulate them and create
favorable metabolic and homeostatic conditions for
adaptation and realization of the athlete's existing
potential, without artificially increasing it[6].

A safe and effective, and most importantly not
prohibited, altemative to existing doping
substances is the use of carbon dioxide - non-
invasive  (baths, inhalation) and invasive
(subcutaneous or intradermal CO2 injection)
carboxytherapy. All cells of the body (neurons,
hepatocytes, cardiomyocytes, chondrogytes,
epithelial cells, etc.), regardless of the functions
performed, emit CO2 as the product of the
biochemical reactions of their vital activity [7, 8].

Today, carboxytherapy is an innovative direction
in medicine for the different disease’s treatment,
since it is capable to influence on an extensive set of
pathological symptoms, which impact explains by
the multifunctional participation of CO2 in many
metabolic and reflex processes of systemic self-
regulation of the body. CO2 acts as an intermediary
that triggers cascades of natural regulation
mechanisms in all body systems (respiratory,
transport, nervous, cardiovascular, excretory,
hematopoietic, immune, humoral, etc). All these
vital systems of the body play an important role in
maintaining its homeostasis. With a low level of CO2
and bicarbonates in the blood, the body ceases to
function normally and the cascade of natural
biochemical reactions in order to restore
homeostasis becomes ineffective [9, 10, 11, 12].

The body simultaneously undergoes many
biochemical processes with a catabolic or anabolic
orientation. The result of catabolic reactions is the
loss of carbon by the body through the breakdown
of carbon bonds and the release of this element
from the body in the form of CO2. The main
manifestation of anabolic reactions, on the contrary,
is the processes of carbon accumulation. The
carboxylation process takes one of the central
places in the metabolism and carbon cycle in the
biosphere. More than 20 carboxylation reactions
discovered in various microorganisms, as well as in
tissues of animals and humans. Consequently, the
rate of CO2 accumulation serves as an indicator of
the anabolic potential of the organism, while the
rate of oxygen consumption indicates the intensity
of catabolic oxidative processes [13].

The ratio of CO2 and O2 in the body characterizes
the dominant direction of metabolic processes
towards dissimilation or assimilation. An increase in
the intensity of carboxylation processes
accompanied by an increase in the synthesis of
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organic compounds, and a decrease in CO2 levels
can cause inhibition of anabolism in thebody [9].

Thus, the entire path of a person from birth to
death represents a process of progressive reduction
in CO2 utilization and an increase in dependence on
02 consumption to compensate for a reduced
carbon dioxide reserve. At the same time, the
body's own contribution to the processes of
maintaining the energy balance increases sharply,
independent of the extemal environment, and
recycle relations between the intensity of CO2
formation and the rate of O2 consumption are
formed. Metabolism in the body carried out with the
participation of aerobic and anaerobic processes.
The aerobic metabolism process in the body is
associated with the use of oxygen. The resistance of
newborns to oxygen deficiency is 8-10 times higher
than in adults [7].

If chemical reactions take place without oxygen,
such processes called anaerobic. Aerobic processes
in humans are basic, and anaerobic processes are
auxiliary or reserve, and almost constantly
accompany aerobic processes. In everyday life, we
do work within 35% of our absolute capabilities,
work in the range of 35-50% of absolute capabilities
leads to fatigue, and above 65% of absolute
capabilities lies the "mobilization threshold." Only
protected autonomous body reserves remain
outside this border. Anaerobic-type reactions lead
to oxygen starvation and the accumulation of
under-oxidized metabolic products in tissues: for
example, lactic and pyruvic acids, which cause a pain
reaction in muscles, limit the ability of the body to
use the mechanism of '"second breathing.»
However, the gradual use of the anaerobic type of
breathing leads the body to changes in the intemal
environment, which increases its resistance to
adverse factors. If with intensive skeletal muscle
work, aerobic processes increase tenfold and then
anaerobic processes increase hundreds of times as
the body's natural strategic reserve. Under these
conditions, the physiological concentration of CO2
in cells is necessary for the normal course of all
biochemical processes [14, 15,16 ].

The role of CO2 as a natural stimulator of
respiration is that with the slightest change in its
concentration (by 0.1%), numerous mechanisms are
included to quickly retum the concentration of CO2

to the physiological norm, since the body is a self-
healing and self-regulating system.

Carbon dioxide is the most important product of
cellular respiration, so there are many sensors in the
body that regulate its concentration. Therefore, CO2
level shift from physiological values turns on
numerous mechanisms of adaptation, which are in
detail described in the section physiological CO2
value in any party. The increase in CO2
concentration is a signal for increasing the intensity
of respiration and ciraulation, reducing tension and
muscle spasm, which contributes to analgesic and
anti-inflammatory effects, increasing the body's
resistance to adverse factors [17].

In hypoxia, occurring against the excessive
physical exertion. Due to the inclusion of reserve
anaerobic respiration as an effective means of
obtaining energy during short periods of intense
tension (when the delivery of oxygen to the muscles
is insufficient to maintain aerobic metabolism),
under-oxidized exchange products, in particular
lactic and pyruvic acids, accumulate in the muscles
of athletes, which cause a pain reaction. Under such
conditions, carboxytherapy due to the elimination
of hypoxia leads to a decrease in the formation of
lactic acid, eliminating pain [18, 19].

However, the ability of carboxytherapy to affect a
large pathological symptoms explains by the
participation of CO2 in many metabolic and reflex
processes of systemic self-regulation. Since CO2 acts
as a biochemical pacemaker, signaling molecule,
triggering the cascades of the above mechanisms in
all  body systems (respiratory, nervous,
cardiovascular, excretory, hematopoietic, immune,
humoral, etc) and plays an important role in
maintaining homeostasis.

Since carbon dioxide is a physiological stimulator
of respiration, a mixture of 02 (93-95%) and CO2 (5-
7%) called carbogen (non-invasive carboxytherapy)
is used in medical practice. With inhalation of
carbogen in a healthy person, the breathing volume
increases by 5-7 times. The stimulating effect of CO2
on breathing develops within the first 5-6 minutes.
This improves both general and cerebral blood
circulation.

Another example of non-invasive carboxytherapy
is the V.K Buteiko method - a complex of
respiratory exercises. The effectiveness of this
method verified in a number of randomized clinical
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trials. Method V.K. Buteyko proposes correction
of breathing due to reduction of frequency and
amplitude of respiratory movements: slow shallow
breathing with delays of inhalation and exhalation
acts leads to accumulation of CO2 in blood and
realization of its effects (antihypoxant, antioxidant,
vasodilator, etc.). There is no negative effect on the
volume of pulmonary respiration and other systems
of the body using the V.K. Buteiko method [20, 21].

Carbon dioxide baths as an example of non-
invasive carboxytherapy are useful not only for
patients, but also for healthy people to strengthen
the body with large physical and nervous loads, to
increase the body's resistance to adverse
environmental factors. Carbon dioxide baths are
widely used in sports medicine. When taken an hour
after or 3 hours before training, carbon dioxide
baths increase the tone of the nervous, respiratory
and cardiovascular systems, improve metabolism,
accelerate the excretion of lactic acid, which
contributes to faster recovery from physical activity
[22].

CO2 enhances metabolism in the brain, increases
mental performance and has a unique effect of
eliminating subcortical congestive foci of arousal,
since under the influence of CO2 nerve excitability
reduces. At the point of CO2 injection the sensitivity
of nerve endings changes, tissue trophy improves
and local protective processes intensified. Due to
antioxidant impact of CO2 on the body resistance to
adverse environmental factors is increased.

A doctor, who has completed a special course or
training and has a corresponding certificate, can
perform Carboxytherapy. After the course of
treatment, the same doctor observes the patient.
You should inform the doctor about all medications
taken before and after the procedure, as well as in
cases of any signs of allergy [23].

There are no specific indications after performing
the injection carboxytherapy, but it is desirable not
to wet the injection site during the first 4 hours.
Avoid sharp temperature differences within 2 days
after the session: do not visit the sauna, bath, do
not take hot baths, do not visit the solarium, do not
hypothermia.

Targeted patients for carboxytherapy are adults.
After injection in a certain area of the body, you
cannot immediately wear underwear with a
tightening effect.

Motor activity will only improve the effects of
CO2, so there is no need to change the lifestyle.

The use of carbon dioxide to stimulate breathing
should done with great care. Insufficient ventilation
of the lungs created when breathing weakened and
can lead to an accumulation of CO2 in the body and
cause poisoning.

On the day of the procedure, it is advisable to
drink a lot of liquid, better non-carbonated and
unsweetened water or tea.

Before carboxytherapy, fatty creams should not
use and not be exposed to UV radiation for a long
time. It is undesirable to come to the procedure
immediately after physical exertion, after sports
(long cycling, etc), in a state of stress.

The procedure does not require any special
rehabilitation regime.

The course of treatment requires 5-20 sessions,
between which there can be certain intervals
established by the doctor individually for each
patient. The duration of the first procedure should
not exceed 5-7 minutes. During the procedure of
carbon dioxide baths, it is necessary to constantly
monitor the pulse (a slowdown in the pulse is a sign
of good tolerance of the bath, an increase in the
pulse rate is sometimes a signal to stop the
procedure) [20].

To prevent excessive amount of CO2 from
entering the patient's body through the respiratory
organs, which is collected above the surface of the
water during the carbon dioxide bath procedure, it
is advisable to cover the mineral gas bath with a wet
sheet. With "dry" carbon dioxide baths, the cutout
of the bag around the patient's neck is compacted
so that heat and gas do not go out. The filling of
bags with CO2 begins after they fixed in the waist or
neck area.

After the mineral-gas and "dry" carbon dioxide
bath, the patient wipes with a heated sheet.

It is better to take a carbon dioxide bath after
rest, 30-40 minutes after a light breakfast. The
effectiveness of treatment increased if the baths
taken atthe same time.

The patient should immerse slowly in the bath to
prevent the release of CO2 and reduce its
concentration in the mixed water. During the
procedure, for better layering of gas bubbles on the
skin, the patient should lie calm, not move.
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After carbon dioxide baths, the patient can use
body cream or milk to prevent dry skin.

To mitigate the adaptation process after the
procedure recommended resting for 15-60 minutes.

Forbidden to take carbon dioxide baths if the
patient drank alcohol or potent drugs, as the threat
of heart failure increases.

Also forbidden to use electrical appliances at a
distance of not less than 1.5 meters from the bath.

During the 70-year history of carboxytherapy,
including almost 50 years of use in the practice of
aesthetic and traditional medicine, there are no
serious side effects. The risk of infection in
carboxytherapy is minimized by the use of sterile
gas (and bactericidal properties of CO2) and high-
tech equipment.

The above mechanisms of action of CO2 make it
possible to use widely carboxytherapy in sports
medicine in conditions accompanied by hypoxia and
tissue ischemia, fatigue and reduced physical
performance [24].

Any methodological option for the use of
carboxytherapy (invasive or non-invasive) in
different sequences and intensities activates the
same mechanisms of self-regulation, leading to the
restoration of homeostasis: improving the function
of extemal respiration and synchronously with this
autoregulation of vascular tone. Increasing blood
flow and normalizing the rheological properties of
blood eliminates venous stagnation, mobilizes
anaerobic (reserve) energy exchange and reduces
oxygen consumption by the heart muscle.
Improvement of tissue oxygenation and trophy
stimulates neovascularization, metabolism and
collagen formation and accelerates reparative
processes and excretion of lactic acid. As a result,
there is a rapid restoration of impaired
performance, physical endurance of athletes and an
increase in their tolerance to excessive physical
activity. Carboxytherapy is a simple and safe
procedure. The safety and non-toxicity of medical
CO2 usability guaranteed by the wuse of
carboxytherapy system, certified in Europe and
Ukraine and justifies the possibility of using
carboxytherapy in sports medicine as a safe and
effective altemative to doping
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