
   

 
Archives • 2021 • vol.3 • 1522-1531  

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

THE VERSATILITY OF CARBOXYTHERAPY IN PATHOGENIC THERAPY 

Drogovoz Svitlana1, *Kalko Kateryna1, Syrova Ganna2, Stoletov Yu. V.1,  

Borysiuk Iryna2, Kovalenko D. V.4, Khomenko V. M.5  
1National University of Pharmacy, Kharkiv, Ukraine 

2Kharkiv National Medical University, Kharkiv, Ukraine 
3Odessa national medical university, Odesa, Ukraine 

4Bogdan Khmelnytsky Melitopol State Pedagogical University 
5Donetsk National Medical University, Donetsk, Ukraine 

*ketrin27kalko@gmail.com 
 

 

Abstract  

Carbon dioxide is a powerful physiological regulator (physiological and pharmacological pacemaker) 
of numerous body systems: cardiovascular, respiratory, nervous, excretory, hematopoietic, immune, 
etc. Therefore, at present, carboxytherapy, due to the universal nature of pharmacodynamics, its 
physiology is one of the methods widely used in medicine for the treatment of a large number of 
diseases and has received official recognition in many countries worldwide. The use of CO2 in surgery is 
not limited to disinfection of surgical wounds, wound healing, anti-inflammatory, hemostatic and 
antioxidant effects. Inhaling carbon dioxide in a low concentration (3-5%) has a reflex stimulating effect 
on the respiratory and vasomotor centers of the medulla oblongata: it causes deep and rapid 
breathing, and excitation of the vasomotor center - an increase in heart rate and blood pressure. This 
reflex effect of CO2 is used during anesthesia to stimulate pulmonary ventilation with a mixture of CO2 
and O2 (carbogen) while suppressing pulmonary ventilation. Inhalation of CO2 helps with vascular 
collapse to increase cerebral blood flow. Thus, carboxytherapy in the complex of pharmacotherapeutic 
treatment of diseases is a worthy alternative to drugs that have synergistic pathogenetic (antioxidant, 
antihypoxic, anti-inflammatory) and symptomatic (vasodilator, analgesic, hypolipidemic, antiseptic, 
reparative) effects. 
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Carbon dioxide is a powerful physiological 
regulator (physiological and pharmacological 
pacemaker) of numerous body systems: 
cardiovascular, respiratory, nervous, excretory, 
hematopoietic, immune, etc. Therefore, at present, 
carboxytherapy, due to the universal nature of 
pharmacodynamics, its physiology is one of the 
methods widely used in medicine for the treatment 
of a large number of diseases and has received 
official recognition in many countries worldwide 
[8,9,12,20,21,29,37,48]. 

In recent decades, the positive effects of invasive 
carboxytherapy have been widely used in diseases 
of the musculoskeletal system, especially for solving 
problems and during the recovery period after 
injuries of the joints and spine [14, 38,25]. Today, in 
many recreational and medical facilities of the 
world, carboxytherapy is a non-surgical method of 
treating diseases of the spine and joints [8,49]. 
About a third of the world's population suffers from 
various disorders of the musculoskeletal system. 
First of all, carboxytherapy is used for joint diseases 
that are poorly amenable to therapy by other 
traditional methods. Course use of invasive 
carboxytherapy in orthopedics allows consolidating 
a positive therapeutic effect for a long time in the 
treatment of osteochondrosis, arthritis, arthrosis, 
synovitis, gout, and other joint diseases [16]. 
Carboxytherapy is used to eliminate inflammation, 
chronic joint and muscle pain, and restore joint 
function. The main targets of carboxytherapy in 
orthopedics are Zakharyin-Ged hyperesthesia zones, 
trigger points, myofibralgia zones, and acupuncture 
points. Due to the listed effects of carboxytherapy, 
stiffness in the joint area is eliminated and it is 
especially effective in the first and second phases of 
the pathological process in the joints (with 
desynchronization and functional disorders) [13]. Its 
analgesic effect is noticeable already at the “tip of 
the needle” and further extends to all parts of the 
musculoskeletal system: from exteroceptors, 
trigger, and acupuncture points, to joints, muscles, 
ligaments, and bone tissue itself.  

In invasive carboxytherapy, medical CO2 is 
injected directly into the tissue around the joint, 
which suffers from hypoxia, ischemia, and 
inflammation. The central nervous system, having 
received a signal from a local injection of CO2 in the 
joint area, reflexively stimulates the flow of oxygen-

enriched blood to the joint, resulting in pronounced 
local oxygenation, hyperemia of the periarticular 
bursa, and after 10-15 minutes the pain syndrome is 
relieved. Under the action of carboxytherapy, 
hypoxia, spasm, ischemia, muscle tension, stiffness 
are reduced, congestion (lymphatic and venous 
swellings) is eliminated, and also due to the rather 
pronounced antioxidant and anti-inflammatory 
effect of CO2, the functions of the spine and joints 
are restored [47,40,31]. In chronic inflammatory and 
degenerative diseases of the joints, CO2, acting on 
these reflexogenic zones, affects not only the 
musculoskeletal system but many internal organs.  

Consequently, CO2 injections around the joints, 
due to the reflex multifactorial impulse action, cause 
a decrease in the tone of terminal arterioles and 
capillaries, improve the oxygenation of the joints, 
change the activity of nerve endings, and, due to 
vasodilation and relaxation of muscle fibers, lead to 
an improvement in joint trophism, antispasmodic, 
analgesic and anti-inflammatory effects. [50, 32, 41].  

A common cause of pain is myofascial syndrome, 
in which the analgesic and antispasmodic effect of 
CO2 is achieved through changes in the sensitivity of 
nerve endings, vasodilation, and relaxation of 
muscle fibers [26]. The mechanism of invasive CO2 
administration involves not only its effect on 
neurotransmission but there are other positive 
components. When CO2 is administered 
intradermally, it irritates the nociceptors, thereby 
stimulating them to release endorphins. In addition, 
the CO2 injection itself is a mild nociceptive signal 
(causing "physiological pain") [51,35].  

Therefore, by acting purposefully on the tissues in 
the area of administration, carbon dioxide increases 
blood flow, providing analgesic, anti-inflammatory, 
antispasmodic and antioxidant effects. Changes in 
the activity of nerve endings (in response to 
changes in pH in the joints), vasodilation, relaxation 
of muscle fibers at the site of CO2 injection improve 
tissue trophism. Carbon dioxide administered during 
carboxytherapy is excreted from the body within 30 
minutes by the lungs and kidneys, and the processes 
launched by it in the body, including in the joints, 
slow down only by the end of 2-3 weeks [8,47].  

In addition, the resorptive analgesic effect of CO2 
in the body includes the main mechanisms of 
adaptation of homeostasis: a neurohumoral 
response with the inclusion of the hypothalamic-
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pituitary system of endogenous pain regulation 
and the ability to optimize antinociceptive self-
regulation (stimulation of endogenous synthesis of 
endorphins, which provide an analgesic effect). The 
analgesic effect of carbon dioxide injections is 
associated not only with the synthesis of endorphins 
but also with the improvement of tissue trophism at 
the site of local action of CO2. With muscle tension, 
CO2 has a beneficial effect on pain points. In this 
case, the placebo effect also plays an important 
role: the release of endorphins and the placebo 
effect are in close synergism during carboxytherapy 
[28,33].  

Thus, an important role in the mechanism of 
action of carboxytherapy belongs to the 
neurohumoral and reflex influence of CO2, which is 
carried out at the local, segmental, suprasegmental 
levels with the participation of the somatic and 
autonomic parts of the peripheral nervous system, 
subcortical-stem formations, and the cerebral 
cortex.  

The use of carboxytherapy in dermatology and 
cosmetology is also associated with the local and 
resorptive effects of CO2. Non-invasive 
carboxytherapy (baths, cosmetic masks, gels, and 
creams) has a pharmacological effect due to the 
ability of CO2 to penetrate well through the skin due 
to its high amphiphilicity [11]. During carboxytherapy 
at the injection site of CO2, a state of local 
hypercapnia occurs, which causes vasodilation, the 
flow of oxygen-enriched blood, increased metabolic 
processes, an increase in the rate of cell 
regeneration (fat burning, enhanced synthesis of 
collagen, elastin, and hyaluronic acid), improved 
lymphatic drainage and removal of intercellular 
fluid, reduction of inflammatory processes of the 
skin and the beginning of the processes of 
regeneration of skin cells (rejuvenation) [22].  

As a result of the local action of CO2 in the skin, 
the intensity of blood flow, cell proliferation, and 
the course of immune and inflammatory reactions 
change. In addition, subcutaneous injection of CO2 
stimulates fibroblasts, and this, in turn, has a 
positive effect on the processes of 
neocollagenogenesis, which is one of the important 
mechanisms of skin rejuvenation. Involvement of 
the deeper layers of the skin leads to a long and 
constant production of collagen and, as a result, to a 
general tightening of the skin of the face: eyelids, 

cheeks, and neck. The most pronounced aesthetic 
result of carboxytherapy is based on these 
mechanisms: the elasticity of the skin is increased, 
its flabbiness is eliminated [23 52,,18].  

Consequently, the mechanism of action of 
carboxytherapy in cosmetology is realized 
simultaneously in several directions: carbon dioxide 
saturating the tissues stimulates blood circulation 
and increases the release of oxygen, and with the 
help of oxyhemoglobin, tissues receive a powerful 
stimulus for regeneration. Under the action of 
carboxytherapy, platelets release factors present in 
alpha granules, which help to accelerate the repair 
and regeneration of endothelial cells. After several 
sessions of carboxytherapy, the subcutaneous 
tissue is restructured: fibrous adhesions are 
destroyed, tissue homogeneity is achieved [34,17]. 

In turn, with stretch marks in the lower eyelids, 
carboxytherapy stimulates the formation of 
collagen and reduces the volume of subcutaneous 
fat (there is a "compression" of the connective 
tissue frame). The same principle of the mechanism 
of action of carboxytherapy occurs with cicatricial 
tissue, scars, and traces of acne. The presence of 
carbon dioxide in the tissues leads to an intensive 
supply of oxygen from the bloodstream to the 
tissues. This stimulates red blood cells to deliver 
larger amounts of oxygen to cells, as well as 
metabolic processes. Within 30 minutes after the 
injection, the injected carbon dioxide is eliminated 
from the body, and at the injection site, the blood 
vessels expand, the blood flow increases, which 
stimulates the cell to function in a new mode: 
metabolic processes are accelerated, and toxins are 
actively eliminated. CO2 initiates the formation of 
biologically active substances and collagen in the 
skin, which leads to regeneration, accelerated tissue 
healing, and renewal [3]. 

The action of CO2 in cellulite is also associated 
with its positive microcirculatory effect on the 
altered network of microarteries, veins, and 
lymphatic vessels that cross the connective tissue 
[53]. With a dosed invasive administration of carbon 
dioxide, the body, quickly responding to an increase 
in its concentration, increases blood and lymph 
circulation at the site of CO2 injection, toxic 
metabolites begin to be actively eliminated, swelling 
decreases, and lipolysis and oxygenation processes 
intensify. In the process of carboxytherapy, CO2 
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enters the subcutaneous fatty tissue under 
pressure, which contributes to the mechanical 
destruction of fat cells, and also changes the acidity 
of the latter, and accelerates lipid peroxidation. 
Lipid vacuoles freed from adipocytes are eliminated 
by macrophages.  Diffusely distributed in the 
subcutaneous tissue, CO2 causes vasodilation, which 
eliminates the stagnation of lymph and venous 
blood in the tissues and improves the elimination of 
toxins. Expansion of blood vessels and increased 
blood circulation in the subcutaneous tissue leads to 
an increase in the process of lipolysis - the natural 
process of breaking down fat. Under the influence 
of carboxytherapy, the sensitivity of β2- andβ3-
adrenergic receptors to adrenaline increases, which 
leads to an increase in the natural process of 
lipolysis (in fat cells, β2- and β3-adrenergic receptors 
predominate). In addition, CO2 is directly involved in 
lipid hydrolysis in adipose tissue by activating cAMP, 
which in turn stimulates hormone-dependent lipase. 
It is also assumed that the anti-cellulite mechanism 
of action of CO2 is associated with hypercapnia 
(Verigo-Bohr effect). This has a positive effect on 
physiological oxidative and lipolytic processes, and 
activation of blood circulation promotes 
oxygenation of subcutaneous fat, which also 
improves the process of lipolysis and removal of 
toxins [19,30,45]. 

As can be seen from the above, the mechanisms 
of action of carboxytherapy are diverse and are 
associated with the active stimulation of reparative 
and metabolic processes in tissues: CO2 promotes 
tissue oxygenation; biochemical processes 
dependent on the latter, associated with the 
proliferation of fibroblasts and the function of 
protective mechanisms, increase. Along with solving 
local problems, CO2 has a systemic effect on the 
body: muscle relaxant, analgesic, anti-inflammatory, 
antioxidant, rheological, and the increased level of 
tissue oxygenation improves tissue trophism and 
the protective properties of the body. The 
resorptive action of CO2 starts from the 
exteroreceptors at the tip of the needle and ends 
with the internal organs. Consequently, 
carboxytherapy not only eliminates muscle-vascular 
spasm, relieves myofascial pain syndrome, 
eliminates venous-interstitial lymphatic stasis, 
improves tissue trophism, but also promotes 

detoxification processes, increases local skin 
immunity and tissue regeneration [45]. 

It follows from this that carboxytherapy activates 
basic defense mechanisms, facilitating the transition 
of the body to more beneficial ways of maintaining 
metabolism. As a result, all types of metabolism 
(carbohydrate, fat, protein, electrolyte), reparative, 
and metabolic processes in organs are enhanced. By 
restoring oxygenation and enhancing metabolic 
processes at the cellular level, fibroblasts are 
stimulated, which produce not only elastin and 
hyaluronic acid, but also collagen and interferons, 
and the function of the latter is associated with 
specific receptors on the cell surface. As a result, 
complex intracellular signaling mechanisms are 
activated with the onset of rapid activation of gene 
transcription. Genes stimulated by interferons 
modulate powerful physiological and biochemical 
effects that are important for the resistance of cells 
affected by viruses. In addition, interferons 
stimulate the production of cortisol, which has an 
anti-inflammatory effect [8].  

Consequently, the ability of carboxytherapy to 
affect an extensive pathological symptom complex 
can be explained by the participation of CO2 in many 
metabolic and reflex processes of systemic self-
regulation, that is, CO2 acts as a biochemical 
pacemaker that triggers cascades of the above-
described mechanisms of all body systems 
(respiratory, transport, nervous, cardiovascular, 
excretory, hematopoietic, immune, humoral, etc.) 
and plays an important physiological role in 
maintaining homeostasis [47].  

Subcutaneous injections of CO2 induce local mild 
alkalosis, which promotes analgesic and 
antispasmodic action; local hyperemia, oxygenation, 
which are accompanied by bactericidal (especially 
for aerobic microorganisms) and anti-inflammatory 
action. At the same time, tissue perfusion is 
improved due to vascular dilatation, reparative and 
metabolic processes are enhanced, and receptor 
sensitivity is restored. The tissue in the area of the 
CO2 injection receives a powerful stimulus for 
regeneration and, as a result, the tissues are 
restructured after just a few carboxytherapy 
procedures [8]. 

The same pharmacotherapeutic principles of 
carboxytherapy are used to treat diabetic foot 
[12,21,43,44]. Increasing the delivery of CO2 to the 
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ulcerated area increases the release of nitric 
oxide, which leads to an increase in oxygen content 
and blood flow to the ulcerated foot tissue. 
Improved angiogenesis and oxygenation promote 
ulcer healing (anti-inflammatory, reparative action). 
Simultaneously with the activation of blood 
circulation and the enhancement of metabolic 
processes at the site of the administration of carbon 
dioxide, the function of skin fibroblasts is 
stimulated, which affects the synthesis of collagen, 
elastin, and hyaluronic acid. It is these three 
components that are responsible for the condition 
of the skin and other tissues: the more there are, 
the better the skin looks. Fibroblasts, in addition to 
the formation of collagen, are producers of 
interferons, which are involved in providing 
bactericidal and anti-inflammatory effects [12, 21].  

The mechanisms of carboxytherapy are 
associated with the peculiarities of the ways of 
using carbon dioxide, so during the procedure of a 
"dry" carbon dioxide bath, CO2 freely penetrates 
the body in two ways: with inhaled air and through 
the skin, as a result, its content in the blood 
increases, blood vessels dilate, oxygenation, 
neoangiogenesis, neocollagenogenesis, immunity, 
regeneration processes are stimulated, 
inflammation, irritability, fatigue decrease. At the 
same time, there is an improvement in the blood 
supply to the skin, muscles, and internal organs. 
Inhalation of CO2 leads to increased breathing, as a 
result of which the lungs are more oxygenated [21].  

The physiotherapeutic effects of CO2 in 
balneology (the effect of aqueous and "dry" carbon 
dioxide baths) can be explained by the combined 
effect of thermal, mechanical, chemical, and reflex 
factors. The thermal factor of carbon dioxide baths 
is realized due to a pronounced reflex-irritating 
effect on the heat receptors of the skin, a decrease 
in the activity of cold receptors, and an increase in 
skin blood flow until the patient feels warm. The 
mechanical action (tactile massage) of carbon 
dioxide baths is associated with irritation of the skin 
baroreceptors with CO2 bubbles. Thermal and 
mechanical factors of carbon dioxide baths activate 
a cascade of positive reflex and neurohumoral 
processes. So, during the first hours after taking a 
bath, all patients note lightness and vigor. 
Penetrating the body through the lungs, carbon 

dioxide affects the respiratory center, slowing down 
and deepening breathing [26].  

The biochemical effect of carbon dioxide baths is 
due to the fact that during their administration, 
carbon dioxide penetrates the body with the inhaled 
air and through the skin, as a result of which its 
content in the blood increases and a cascade of the 
above-described effects appears, which improves 
oxygenation, vasodilation, vascularization and 
energy supply of all organs and body tissues [8]. 
CO2-containing beverages, irritating the taste buds 
of the oral cavity and chemoreceptors of the gastric 
mucosa due to mechanical and chemical action, 
reflexively increase appetite, stimulate the 
formation of hydrochloric acid and enzymes, 
absorbing, digesting, and motor activity of the 
gastrointestinal tract [47]. 

Thus, due to the polypathogenetic 
pharmacodynamics of carbon dioxide, 
carboxytherapy is an effective and safe method of 
treating many diseases, therefore today it is difficult 
to name a branch of medicine where the 
pharmacological properties of CO2 are not used and 
carboxytherapy would not receive confirmation of 
its efficacy and safety [8, 9,12,20,21,29,37,48]. 

In clinical neurological practice, the effectiveness 
of injectable carboxytherapy for encephalopathy, 
atherosclerosis, Meniere's syndrome, neuritis, 
neurasthenia, dizziness of various origins, post-
stroke hemiparesis, other types of paresis, and the 
consequences of cerebrovascular accident, 
migraine, sleep disorders, Parkinson's disease, 
vegetative-vascular dystonia, polyneuropathies, and 
postherpetic neuralgia is noted [46,1]. The effect of 
pain reduction is especially evident after the first 
procedures of invasive apparatus and non-invasive 
carboxytherapy for headaches associated with 
vestibular tension, migraine, chronic discirculatory 
ischemia and encephalopathy, arachnoiditis, 
intracranial hypertension, and vertebrogenic pain 
syndromes. In meteorological people with 
headaches, when using invasive carboxytherapy, 
there is a feeling of relief and an increase in mental 
performance without the use of analgesics. The 
ability of carboxytherapy to relieve pain allows its 
use in the treatment of these neurological diseases. 
In this case, carboxytherapy, in addition to the 
above effects, also has an anti-inflammatory effect, 
eliminates muscle-vascular spasms, relieves 
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myofascial pain syndrome, eliminates venous 
congestion, and reduces the number of analgesics 
used. The therapeutic effects of carboxytherapy in 
neurology are achieved due to the antihypoxic, anti-
ischemic, anti-inflammatory, analgesic, 
antispasmodic and antioxidant properties of CO2. 
However, this procedure is empirical, 
complementary, and is not considered a substitute 
for any other neurological treatment [5,28,48]. 

Marketing analysis indicates that carboxytherapy 
has found effective application in many fields of 
medicine, but especially a great deal of experience 
in its application has been accumulated in 
cosmetology and dermatology. Today 
carboxytherapy is an innovative modern method 
with the help of which aesthetic medicine achieves 
high results. CO2 therapy can be used to solve many 
cosmetic problems: when signs of skin aging 
appear, for body shaping during liposuction (before 
and after the procedure), for eliminating many 
cosmetic defects (stretch marks, scars, dark circles, 
wrinkles with lipodystrophy (cellulite)), and other 
skin pathologies, and also to protect the body from 
harmful physical and chemical factors. To rejuvenate 
the skin of the face and body, the most commonly 
used effects of carboxytherapy are vasodilation, 
oxygenation, and rapid restoration of the balance of 
intradermal collagen, elastin, and hyaluronic acid. 
The result of carboxytherapy does not take long to 
see and is clearly visible after 2 procedures or within 
the next 7-14 days. But for the correction of the 
shape of the lower eyelid, the fight against a double 
chin, as well as for rejuvenation, more 
carboxytherapy procedures and time are required. 
At a young age, an alternative to invasive 
carboxytherapy, as well as a good addition to 
enhance the result, can be the use of carboxy gel 
masks [39].  

Consequently, carboxytherapy in cosmetology 
and aesthetic dermatology allows solving skin 
problems of various etiologies caused by hypoxia, 
quantitative and qualitative impairment of collagen 
fibers, vascularization processes, regeneration, and 
restoration of the aesthetic appearance of the skin 
[42]. 

Recently, carboxytherapy has become popular in 
the West for the treatment of lipid dystrophy 
(cellulitis). Carboxytherapy is a widely used 
procedure for all stages of cellulite. A large clinical 

experience accumulated over 50 years has 
confirmed that carboxytherapy is a very effective 
procedure in the fight against lipodystrophy and 
local obesity. It provides mechanical destruction of 
fatty deposits due to CO2 pressure on them, 
elimination of lymph congestion, and, as a result, 
elimination of toxins. When assessing the local 
effect of carboxytherapy on adipose tissue, the 
positive effect of CO2 on the process of oxidative 
lipolysis has been established. Also, carboxytherapy 
is prescribed after liposuction to eliminate skin 
relief. Only 10-15 sessions make the skin smooth and 
taut [7]. 

CO2 therapy in dermatology is indicated for the 
treatment of such skin diseases: limited 
neurodermatitis, acne, focal scleroderma, psoriasis, 
eczema, cicatricial tissue of various origins, allergic 
dermatoses, as well as for improving blood 
circulation, enhancing the protective properties of 
the skin, faster healing of wounds (diabetic, 
ischemic, postoperative and post-traumatic), burns, 
ulcers, reduction of itching of the skin, allergic 
reactions and inflammatory processes. Trophic 
ulcers and keloid scars (with complicated diabetes 
mellitus) respond well to treatment with 
carboxytherapy. By enhancing the processes of 
oxygenation and regeneration, as well as the 
antibacterial properties of CO2, the healing and 
smoothing of the skin are accelerated [2, 27,4,24]. 

Carboxytherapy is used to treat psoriasis, a 
chronic autoimmune skin disease characterized by 
red, white and gray papules, hyperkeratosis, cracks, 
and sometimes pustules. The effects of CO2 in this 
pathology are achieved by improving local 
vascularization, oxygenation with the administration 
of CO2, as well as its anti-inflammatory, antiallergic, 
antihypoxic, antioxidant, regenerating, analgesic, 
and antimicrobial effects. In cosmetology and 
dermatology, CO2 gas injections are combined with 
mesotherapy, lipolytic mesotherapy, chemical 
peeling, hardware rejuvenation (photothermolysis 
and deencrustation), since CO2 greatly enhances 
their action due to the synergistic effects. In 
addition, several times fewer procedures are 
required [6, 10]. 

The use of CO2 in surgery is not limited to 
disinfection of surgical wounds, wound healing, anti-
inflammatory, hemostatic and antioxidant effects. 
Inhaling carbon dioxide in a low concentration (3-
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5%) has a reflex stimulating effect on the 
respiratory and vasomotor centers of the medulla 
oblongata: it causes deep and rapid breathing, and 
excitation of the vasomotor center - an increase in 
heart rate and blood pressure. This reflex effect of 
CO2 is used during anesthesia to stimulate 
pulmonary ventilation with a mixture of CO2 and O2 
(carbogen) while suppressing pulmonary ventilation 
[9, 29]. Inhalation of CO2 helps with vascular 
collapse to increase cerebral blood flow. 

Thus, carboxytherapy in the complex of 
pharmacotherapeutic treatment of diseases is a 
worthy alternative to drugs that have synergistic 
pathogenetic (antioxidant, antihypoxic, anti-
inflammatory) and symptomatic (vasodilator, 
analgesic, hypolipidemic, antiseptic, reparative) 
effects. 

 

References 

 
1. Aberegg SK, Carr J. Carbon Dioxide Narcosis or 

Sleep Deprivation? Ann Am Thorac Soc. 2019 Jun; 
16 (6): 777. doi: 10.1513 / AnnalsATS.201901-080LE. 
PMID: 30917005; PMCID: PMC6543479. 

2. Ahmed NA, Mohammed SS, Fatani MI. Treatment 
of periorbital dark circles: Comparative study of 
carboxy therapy vs chemical peeling vs 
mesotherapy. J Cosmet Dermatol. 2019 Feb; 18 
(1): 169-175. doi: 10.1111 / jocd.12536. Epub 2018 
May 16. PMID: 29767467. 

3. Al Taweel AI, Al Refae AA, Hamed AM, Kamal AM. 
Comparative study of the efficacy of Platelet-rich 
plasma combined with carboxytherapy vs its use 
with fractional carbon dioxide laser in atrophic 
acne scars. J Cosmet Dermatol. 2019 Feb; 18 (1): 
150-155. doi: 10.1111 / jocd.12561. Epub 2018 Apr 22. 
PMID: 29682870. 

4. Asawanonda P, Anderson RR, Taylor CR. 
Pendulaser carbon dioxide resurfacing laser 
versus electrodesiccation with curettage in the 
treatment of isolated, recalcitrant psoriatic 
plaques. J Am Acad Dermatol. 2000 Apr; 42 (4): 
660-6. PMID: 10727314. 

5. Baron JC. The effect of changing arterial blood 
pressure and carbon dioxide on cerebral blood 
flow. J Neurol Neurosurg Psychiatry. 2020 Jul; 91 
(7): 678-679. doi: 10.1136 / jnnp-2019-322432. Epub 
2020 Mar 25. PMID: 32213569. 

6. Brandi C, Cuomo R, Nisi G, Grimaldi L, D'Aniello C. 
Face Rejuvenation: a new combinated protocol 
for biorevitalization. Acta Biomed. 2018 Oct 8; 89 
(3): 400-405. doi: 10.23750 / abm.v89i3.6162. 
PMID: 30333466; PMCID: PMC6502127. 

7. Brandi C, D'Aniello C, Grimaldi L, Caiazzo E, 
Stanghellini E. Carbon dioxide therapy: effects on 
skin irregularity and its use as a complement to 
liposuction. Aesthetic Plast Surg. 2004 Jul-Aug; 
28 (4): 222-5. doi: 10.1007 / s00266-004-2068-z. 
PMID: 15599534. 

8. Bunyatyan ND, Drogovoz SM, Kononenko AV, 
Prokofiev AB. Karboksiterapiia - odno iz 
innovatsionnykh napravleniĭ v kurortologii 
[Carboxytherapy - an innovative trend in resort 
medicine]. Vopr Kurortol Fizioter Lech Fiz Kult. 
2018; 95 (5): 72-76. Russian. doi: 
10.17116/kurort20189505172. PMID: 30412151. 

9. Bunyatyan ND, Drogovoz SM, Shtroblya AL, 
Kononenko AV, Zelenkova H, Prokofyev AB, 
Sapovsky MM, Nikolaeva LL. Mekhanizm 
pul'moprotektornogo deĭstviia karboksiterapii 
[The mechanism of the pulmoprotective action 
of carboxytherapy]. Vopr Kurortol Fizioter Lech 
Fiz Kult. 2019; 96 (4): 58-62. Russian. doi: 10.17116 
/ kurort20199604158. PMID: 31513169. 

10. Calonge WM, Lesbros-Pantoflickova D, Hodina M, 
Elias B. Massive subcutaneous emphysema after 
carbon dioxide mesotherapy. Aesthetic Plast 
Surg. 2013 Feb; 37 (1): 194-7. doi: 10.1007 / s00266-
012-0006-z. Epub 2013 Jan 8. PMID: 23296768. 

11. Campolmi P, Brazzini B, Urso C, Ghersetich I, 
Mavilia L, Hercogova J, Lotti T. Superpulsed CO2 
laser treatment of basal cell carcinoma with 
intraoperatory histopathologic and cytologic 
examination. Dermatol Surg. 2002 Oct; 28 (10): 
909-11; discussion 912. doi: 10.1046 / j.1524-
4725.2002.02076.x. PMID: 12410674. 

12. Carboxytherapy as an alternative off-label 
method for diabetes mellitus treatment: a review 
/ Drogovoz S. M., Kalko K. O., Hailat I. A., Ivantsyk 
L. B., Kireyev I. V. Pharmacologyonline. Vol. 3. 
2021. Р. 447-455. 
https://pharmacologyonline.silae.it/files/archives/
2021/vol1/PhOL_2021_1_A051_Drogovoz.pdf 

13. Carboxytherapy as one of the innovative 
directions in balneology / S. M. Drogovoz, N. D. 
Bunyatyan [et al.] // Issues of balneology, 

http://pharmacologyonline.silae.it/


PhOL     Drogovoz, et al.    1529 (pag 1522-1531) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

physiotherapy, and physical therapy. - 2018. - Vol. 95. 
- No. 5. P. 72–76.  

14. Chan R, Schlechter J, Nguyen S, Lalonde F, 
Weinert C. Carbon dioxide gas arthrography for 
the evaluation of pediatric hip conditions: what is 
the risk and reliability? J Pediatr Orthop. 2014 Jun; 
34 (4): 411-4. doi: 10.1097 / 
BPO.0000000000000117. PMID: 24248590. 

15. Chen F, Chin K, Ishii H, Kubo H, Miwa S, Ikeda T, 
Bando T, Date H. Continuous carbon dioxide 
partial pressure monitoring in lung transplant 
recipients. Ann Transplant. 2014 Aug 5;19:382-8. 
doi: 10.12659/AOT.890898. PMID: 25105442. 

16. Davydova OB, Gorbunov FE, Krikorova SA. 
Uglekislye vanny v lechenii bol'nykh s 
nevrologicheskimi proiavleniiami poiasnichnogo 
osteokhondroza [Carbon dioxide baths in the 
treatment of patients with the neurological 
manifestations of lumbar osteochondrosis]. Vopr 
Kurortol Fizioter Lech Fiz Kult. 1994 Mar-Apr; (2): 
13-6. Russian. PMID: 8017033. 

17. Dunnigan AV, Salence B, McPherson T, Walker 
NPJ. A case of severe refractory Darier's disease 
of the feet in which management with carbon 
dioxide (CO2) laser therapy demonstrated 
superior outcomes to surgical excision. J Cosmet 
Laser Ther. 2020 Jul 3; 22 (4-5): 174-176. doi: 
10.1080 / 14764172.2020.1783453. Epub 2020 Jul 
13. PMID: 32654543. 

18. El Zawahry B, Zaki N, Hafez V, Abdel Hay R, Fahim 
A. Efficacy and safety of fractional carbon dioxide 
laser for treatment of unwanted facial freckles in 
phototypes II-IV: a pilot study. Lasers Med Sci. 
2014 Nov; 29 (6): 1937-42. doi: 10.1007 / s10103-
014-1610-8. Epub 2014 Jun 12. Erratum in: Lasers 
Med Sci. 2014 Nov; 29 (6): 1943. Hay, Rania Abdel 
[Corrected to Abdel Hay, Rania]. PMID: 
24917080. 

19. Eldsouky F, Ebrahim HM. Evaluation and efficacy 
of carbon dioxide therapy (carboxytherapy) 
versus mesolipolysis in the treatment of cellulite. 
J Cosmet Laser Ther. 2018 Oct; 20 (5): 307-312. 
doi: 10.1080 / 14764172.2017.1400175. Epub 2018 
Jan 17. PMID: 29338476. 

20. Elmously A, Stern JR, Greenberg J, Agrusa CJ, 
Schneider DB, Ellozy SH, Connolly PH. Carbon 
Dioxide Angiography in the Treatment of 
Transplant Renal Artery Stenosis. Ann Vasc Surg. 
2020 Feb; 63: 198-203. doi: 10.1016 / 

j.avsg.2019.08.085. Epub 2019 Oct 15. PMID: 
31626944. 

21. Experience and prospects of carboxytherapy in 
diabetes mellitus / S. M. Drogovoz, G. V. Belik, К. 
О. Kalko, S. I. Shevchenko, L. V. Derymedvid, I. V. 
Kireyev, А. L. Shtroblya. Problems of Endocrine 
Pathology. No. 4. 2021. P. 110-116.  

22. Fukagawa S, Takahashi A, Sayama K, Mori S, 
Murase T. Carbon dioxide ameliorates reduced 
desquamation in dry scaly skin via protease 
activation. Int J Cosmet Sci. 2020 Dec; 42 (6): 564-
572. doi: 10.1111 / ics.12641. Epub 2020 Aug 20. 
PMID: 32542869. 

23. Hallock GG. Value in microsurgery of the 
ultrapulse carbon dioxide laser for rapid skin 
deepithelialization. Microsurgery. 2000;20(2):47-
51. doi: 10.1002/(sici)1098-2752(2000)20:2<47::aid-
micr1>3.0.co;2-h. PMID: 10702736. 

24. Helmy AY, El Batreek MH, Abdel Fadeel DA, 
Tawfik AA, Samy NA. Efficacy of the topical 
cyclosporine cream assisted by fractional carbon 
dioxide laser vs topical clobetasol cream for the 
treatment of plaque psoriasis: Randomized 
comparative study. J Cosmet Dermatol. 2021 Nov 
17.doi: 10.1111 / jocd.14595. Epub ahead of print. 
PMID: 34791789. 

25. Howard JJ, Abinahed J, Navkar N, Peyrat JM, Al-
Ansari A, Sigalet DL, Zarroug AE. Robotic-assisted 
minimally invasive surgery of the spine (RAMISS): 
a proof-of-concept study using carbon dioxide 
insufflation for multilevel posterior vertebral 
exposure via a sub-paraspinal muscle working 
space. Int J Med Robot. 2017 Sep; 13 (3). doi: 
10.1002 / rcs.1781. Epub 2016 Oct 19. PMID: 
27758024. 

26. Julu POO, Shah M, Monro JA, Puri BK. Carbon 
dioxide therapy in hypocapnic respiratory failure. 
Med Hypotheses. 2018 Jan; 110: 101-104. doi: 
10.1016 / j.mehy.2017.11.010. Epub 2017 Dec 2. 
PMID: 29317050. 

27. Kamel AM, Abdelghani R. Carboxytherapy for 
treatment of localized chronic plaque psoriasis: 
Clinical and histopathologic evaluation. J Cosmet 
Dermatol. 2018 Jun;17(3):527-532. doi: 
10.1111/jocd.12494. Epub 2018 Jan 17. PMID: 
29341446. 

28. Kapurch CJ, Abcejo AS, Pasternak JJ. The 
relationship between end-expired carbon dioxide 
tension and severity of venous air embolism 

http://pharmacologyonline.silae.it/


PhOL     Drogovoz, et al.    1530 (pag 1522-1531) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

during sitting neurosurgical procedures - A 
contemporary analysis. J Clin Anesth. 2018 Dec; 
51: 49-54. doi: 10.1016 / j.jclinane.2018.08.007. 
Epub 2018 Aug 7. PMID: 30096518. 

29. Law GT, Wong CY, Kwan CW, Wong KY, Wong FP, 
Tse HN. Concordance between side-stream end-
tidal carbon dioxide and arterial carbon dioxide 
partial pressure in respiratory service setting. 
Hong Kong Med J. 2009 Dec; 15 (6): 440-6. PMID: 
19966348. 

30.Lee GS. Carbon dioxide therapy in the treatment 
of cellulite: an audit of clinical practice. Aesthetic 
Plast Surg. 2010 Apr; 34 (2): 239-43. doi: 10.1007 / 
s00266-009-9459-0. Epub 2010 Jan 29. PMID: 
20111965; PMCID: PMC2847160. 

31. Manwaring JM, Readman E, Maher PJ. The effect 
of heated humidified carbon dioxide on 
postoperative pain, core temperature, and 
recovery times in patients having laparoscopic 
surgery: a randomized controlled trial. J Minim 
Invasive Gynecol. 2008 Mar-Apr; 15 (2): 161-5. doi: 
10.1016 / j.jmig.2007.09.007. PMID: 18312984. 

32. Manwaring JM, Readman E, Maher PJ. The effect 
of heated humidified carbon dioxide on 
postoperative pain, core temperature, and 
recovery times in patients having laparoscopic 
surgery: a randomized controlled trial. J Minim 
Invasive Gynecol. 2008 Mar-Apr; 15 (2): 161-5. doi: 
10.1016 / j.jmig.2007.09.007. PMID: 18312984. 

33. May A, Humston C, Rice J, Nemastil CJ, Salvator 
A, Tobias J. Non-invasive carbon dioxide 
monitoring in patients with cystic fibrosis during 
general anesthesia: end-tidal versus 
transcutaneous techniques. J Anesth. 2020 Feb; 
34 (1): 66-71. doi: 10.1007 / s00540-019-02706-5. 
Epub 2019 Nov 7. PMID: 31701307. 

34. Nemeth B, Kiss I, Jencsik T, Peter I, Kreska Z, 
Koszegi T, Miseta A, Kustan P, Boncz I, Laczo A, 
Ajtay Z. Angiotensin-converting Enzyme 
Inhibition Improves the Effectiveness of 
Transcutaneous Carbon Dioxide Treatment. In 
Vivo. 2017 May-Jun; 31 (3): 425-428. doi: 10.21873 / 
invivo.11077. PMID: 28438873; PMCID: 
PMC5461455. 

35. Nesek-Adam V, Mrsić V, Smiljanić A, Oberhofer D, 
Grizelj-Stojcić E. Patofizioloski ucinci CO2-
pneumoperitoneja u laparoskopskoj kirurgiji 
[Pathophysiologic effects of CO2-
pneumoperitoneum in laparoscopic surgery]. 

Acta Med Croatica. 2007 Apr; 61 (2): 165-70. 
Croatian. PMID: 17585472. 

36.Pagourelias ED, Zorou PG, Tsaligopoulos M, 
Athyros VG, Karagiannis A, Efthimiadis GK. 
Carbon dioxide balneotherapy and 
cardiovascular disease. Int J Biometeorol. 2011 
Sep; 55 (5): 657-63. doi: 10.1007/s00484-010-0380-
7. Epub 2010 Oct 22. PMID: 20967468. 

37. Paiva EF, Paxton JH, O'Neil BJ. The use of end-
tidal carbon dioxide (ETCO2) measurement to 
guide management of cardiac arrest: A 
systematic review. Resuscitation. 2018 Feb; 123: 1-
7. doi: 10.1016 / j.resuscitation.2017.12.003. Epub 
2017 Dec 5. PMID: 29217394. 

38.Patel S, Fine JM, Lim MJ, Copp SN, Rosen AS, 
West JB, Prisk GK. Carbon Dioxide Exposure 
Resulting From Hood Protective Equipment Used 
in Joint Arthroplasty Surgery. J Arthroplasty. 2017 
Aug; 32 (8): 2386-2389. doi: 10.1016 / 
j.arth.2017.03.047. Epub 2017 Mar 31. PMID: 
28499626. 

39.Roberge RJ, Kim JH, Benson SM. Absence of 
consequential changes in physiological, thermal 
and subjective responses from wearing a surgical 
mask. Respir Physiol Neurobiol. 2012 Apr 15; 181 
(1): 29-35. doi: 10.1016 / j.resp.2012.01.010. Epub 
2012 Feb 2. PMID: 22326638. 

40. Rühle PF, Klein G, Rung T, Tiep Phan H, 
Fournier C, Fietkau R, Gaipl US, Frey B. Impact of 
radon and combinatory radon / carbon dioxide 
spa on pain and hypertension: Results from the 
explorative RAD-ON01 study. Mod Rheumatol. 
2019 Jan; 29 (1): 165-172. doi: 10.1080 / 
14397595.2018.1442640. Epub 2018 Mar 2. PMID: 
29451048. 

41. Rühle PF, Klein G, Rung T, Tiep Phan H, Fournier 
C, Fietkau R, Gaipl US, Frey B. Impact of radon 
and combinatory radon / carbon dioxide spa on 
pain and hypertension: Results from the 
explorative RAD-ON01 study. Mod Rheumatol. 
2019 Jan; 29 (1): 165-172. doi: 10.1080 / 
14397595.2018.1442640. Epub 2018 Mar 2. PMID: 
29451048. 

42. Saito I, Hasegawa T, Ueha T, Takeda D, Iwata E, 
Arimoto S, Sakakibara A, Akashi M, Sakakibara S, 
Sakai Y, Terashi H, Komori T. Effect of local 
application of transcutaneous carbon dioxide on 
survival of random-pattern skin flaps. J Plast 
Reconstr Aesthet Surg. 2018 Nov; 71 (11): 1644-

http://pharmacologyonline.silae.it/


PhOL     Drogovoz, et al.    1531 (pag 1522-1531) 

 

 
http://pharmacologyonline.silae.it 

ISSN: 1827-8620 

1651. doi: 10.1016 / j.bjps.2018.06.010. Epub 2018 Jun 
28. PMID: 30031765. 

43. Savych, A., & Nakonechna, S. (2021). 
Determination of amino acids content in two 
herbal mixtures with antidiabetic activity by GC-
MS. Pharmakeftiki, 33 (2), 116-123. 

44. Savych, A., Bilyk, O., Vaschuk, V., & 
Humeniuk, I. (2021). Analysis of inulin and 
fructans in Taraxacum officinale L. roots as the 
main inulin-containing component of antidiabetic 
herbal mixture. Pharmacia, 68 (3), 527-532. 

45.Scarano A, Amuso D, Amore M, Ferraro G, Iorio 
EI, Sbarbati A, Lorusso F, Petrini M. 
Carboxytherapy with oxygen propulsion 
treatment of cellulite is more effective in women 
not affected by periodontal disease. J Biol Regul 
Homeost Agents. 2020 Nov-Dec; 34 (6): 2337-
2342. doi: 10.23812 / 20-369-L. PMID: 33426858. 

46. Sochet AA, Bingham L, Sreedhar S, Teppa B, 
Vose LA, Nakagawa TA. Transcutaneous Carbon 
Dioxide Monitoring During Apnea Testing for 
Determination of Neurologic Death in Children: A 
Retrospective Case Series. Pediatr Crit Care Med. 
2020 May; 21 (5): 437-442. doi: 10.1097 / 
PCC.0000000000002225. PMID: 31834253. 

47. The antioxidant action of СО2 - one of the 
universal mechanisms of carboxytherapy / 
Drogovoz S. M., Kalko K. O., Ivantsyk L. B., 
Shtroblya А. L., Stoletov Yu. V., Drogovoz K. V., 
Ostasko V. F. Pharmacologyonline. 2021. Vol. 2. P. 
158-166. 
https://pharmacologyonline.silae.it/files/archives/
2021/vol2/PhOL_2021_2_A019_Drogovoz.pdf 

48. Tural U, Iosifescu DV. A systematic review 
and network meta-analysis of carbon dioxide 
provocation in psychiatric disorders. J Psychiatr 
Res. 2021 Nov; 143: 508-515. doi: 10.1016 / 
j.jpsychires.2020.11.032. Epub 2020 Nov 19. PMID: 
33250190. 

49. Verhagen AP, Bierma-Zeinstra SM, Boers M, 
Cardoso JR, Lambeck J, de Bie R, de Vet HC. 
Balneotherapy (or spa therapy) for rheumatoid 
arthritis. Cochrane Database Syst Rev. 2015 Apr 
11;2015(4):CD000518. doi: 
10.1002/14651858.CD000518.pub2. PMID: 
25862243; PMCID: PMC7045434. 

50. Verhagen AP, Bierma-Zeinstra SM, Boers M, 
Cardoso JR, Lambeck J, de Bie R, de Vet HC. 
Balneotherapy (or spa therapy) for rheumatoid 

arthritis. Cochrane Database Syst Rev. 2015 Apr 
11;2015(4):CD000518. doi: 
10.1002/14651858.CD000518.pub2. PMID: 
25862243; PMCID: PMC7045434. 

51. Verhagen AP, Bierma-Zeinstra SM, Boers M, 
Cardoso JR, Lambeck J, de Bie R, de Vet HC. 
Balneotherapy (or spa therapy) for rheumatoid 
arthritis. An abridged version of Cochrane 
Systematic Review. Eur J Phys Rehabil Med. 2015 
Dec;51(6):833-47. Epub 2015 Jul 9. PMID: 
26158921. 

52. Xu XG, Gao XH, Li YH, Chen HD. Ultrapulse-mode 
versus superpulse-mode fractional carbon 
dioxide laser on normal back skin. Dermatol Surg. 
2013 Jul; 39 (7): 1047-55. doi: 10.1111 / dsu.12174. 
Epub 2013 Mar 14. PMID: 23489446. 

53. Zerini I, Sisti A, Cuomo R, Ciappi S, Russo F, 
Brandi C, D'Aniello C, Nisi G. Cellulite treatment: a 
comprehensive literature review. J Cosmet 
Dermatol. 2015 Sep; 14 (3): 224-40. doi: 10.1111 / 
jocd.12154. Epub 2015 Jul 6. PMID: 26147372. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://pharmacologyonline.silae.it/

