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ReVieW

INtRODUctiON
Ozone is a gas with high oxidizing power and has been used for 
different purposes. The ozone therapy is the therapeutic admin-
istration for the treatment of various pathologies. The topical 
route has been used to treat extensive wounds, fungal, bacte-
rial and viral infections, ischemic lesions and other affections, 
showing efficiency, mainly in disinfection and wound healing.1,2

Topical application can be performed using ozonated oils. 
The ozonation of the oil promotes formulations containing 
ozone derivatives with adequate stability. In this context, this 
work aimed to carry out an integrative review of the ozonated 
oil by topical route in inflammations.3

SeARcH STRATeGy
The bibliographical survey was carried out in the Portuguese, 
English and Spanish languages, using the keywords: “ozone” 
and “ozone therapy.” The descriptors were consulted in the 
Descriptors in Health Science (DeCS) using “ozone,” since in 
DeCS the term ozone therapy does not appear. The inclusion 
criteria were original articles using ozone therapy, associated 
to the descriptors: “inflammation” and “patients” obtaining the 
result of 74 indications in PubMed with this association. The 
search and collection of the data were carried out in August 
and September, 2018. The exclusion criteria were all other 
types of publications (editorials, comments, reflection, and 
experience reports).

In the Bireme research portal, we used the filters article or 
thesis, all period, and the main topic ozone therapy. Thus, 14 
articles were found. Subsequently, an analysis of the content 

was carried out in Coordination of Superior Level Staff Im-
provement journals, using the same search filters from the 
Bireme portal, resulting in 4 articles.

After analyzing the title and content of the articles, 28 papers 
were selected.

ReSUlTS
inflammatory reactions
Inflammatory reactions represent an activated action mecha-
nism to hold the lesions’ progress, to resist pathogens’ attack 
and to repair damaged tissues. Despite physical discomforts 
(such as fever), inflammation is often beneficial and allows 
us to cope with daily stress and aggression.4-7

This process is complex and involves host cells and mol-
ecules such as proteins, transcription factors and chemical 
mediators to eliminate the initial cause of the cell lesion or 
necrotic cells and tissues resulting from the original lesion and 
then trigger the repair process.8

The inflammations are classified as acute and chronic. Acute 
is a rapid and short-lived response and it is designed to carry 
leukocytes and plasma proteins to the sites of the lesion. The 
stimuli for the acute lesions are infections, traumas, chemical 
and physical agents, tissue necrosis, foreign bodies and im-
mune reactions.9

Chronic inflammation lasts longer and can continue for 
weeks, months, or years. It is characterized by infiltration into 
the inflamed tissue of lymphocytes and macrophages and by 
proliferation of blood vessels in the site. The inflammation 
is activated and leads to destruction of the affected tissue. 
Conversely to tissue destruction, the repair of the region oc-
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curs, but the damaged tissue due to this type of inflammation 
is not fully regenerated and the result of healing is fibrosis.8

Ozone  
Ozone is formed during a reversible endothermic reaction 
that consumes 286.19 J. In the environment, ultraviolet 
rays, which are absorbed, catalyze this reaction and enable 
the ozone to controls the irradiation, protecting the planet 
Earth. Within the oxidizing agents, ozone is the third most 
powerful, preceded in order by fluorine and persulfate.10

Ozone is a highly reactive and unstable molecule. This low 
stability of approximately 3 seconds in the gas phase avoids 
its storage. Therefore, in situ generation of ozone becomes 
necessary. Ozone can be produced by three different tech-
niques: exposure of O2 to ultraviolet light, perchloric acid 
electrolysis and electrochemical discharge.11,12 

The lifetime of the ozone molecule is directly related to 
temperature. The higher the temperature, the shorter the 
lifetime of the ozone and, consequently, the lower its power 
of action. As an example, the ozone half-life is 140 minutes 
at 0°C, and reached only 40 minutes at 20°C.10

Ozone gas was discovered in 1840 in Switzerland by 
Christian Friedrich Schobein who, when working with high 
electricity in the presence of oxygen, produced an electric 
discharge with formation of an unpleasant odor gas. In 
1854, Werner Von Siemens built the first ozone generator. 
At that time, it was already known that ozone was unstable, 
having to be produced and then used. With the construction 
of the ozone generators, its use was initiated in industrial 
applications, or even to clean water, promoting its potent 
microbicidal action.10

Ozone has been used for the treatment of drinking water in 
Europe since the beginning of the 20th century, without loss 
in the organoleptic properties, and in relation to microorgan-
isms, its action is as effective as chlorine.12

Payr, an Austrian physician, Fisch, a Swiss dentist, and 
Wolff, a German physician are the pioneers in clinical 
research involving ozone,1 though their observations were 
empirical. Currently there are scientific reports that prove 
the benefits of ozone in the treatment of wounds, dental use, 
disinfection, treatment of herniated disc and hepatitis C.13

Ozone therapy: use of ozone in medicine
The practice of ozone began in tuberculosis treatment, fol-
lowed by its use in dental clinics and gangrene treatments. 
The surgeon Payr was the first one to be use the ozone rectal 
route.14

However, the inappropriate use of gas via intravenous by 
individuals with no practice in ozone therapy or in medicine 
resulted in death by embolism. In this way, the use of ozone 
was condemned in some countries.10

Ozone has the ability to assist in eliminating bacteria, 
viruses and parasites as well as biofilms. In this context, it 
was assumed that the intravenous injection of a gas mixture 
composed of O2 and O3 into bacterial sepsis in patients with 
HIV would inactivate the pathogens and would cure the dis-
ease. In the early 1990’s, technicians migrated to Africa and 
to West Indies to perform such procedure; indeed, it was seen 

that intravenous administration of O2–O3 caused embolism 
and patients’ death. The ozone administration by intravenous 
route has been banned in Europe since 1984.13 The use of 
ozone should never be used by inhalation or injection in ac-
cordance with the Madrid Declaration on Ozone Therapy.15 

However, there are publication proving the security of ozone 
by inhalation route in low concentrations.16

In countries such as Cuba, Russia and Ukraine this therapy 
is widely used for several treatments, in form of infusion of 
ozonated saline solution and rectal ozone insufflations due to 
the low cost and the applicability in thousands of patients.17 

In Brazil, the Brazilian Association of Ozone therapy was 
founded in 2006. However, the Federal Medical Council 
does not yet recognize the ozone therapy. The gas can be 
used in scientific research, according to Resolution 196/96 
of the National Health Council, which includes approval of 
the research project by Research Ethics Committee.18 In 2011, 
Federal Medical Council and the Brazilian National Sanitary 
Surveillance Agency argued that the ozone therapy has no 
scientific support to be regulated. In 2017, it was proposed 
the law project number 227 at senate, which provides the 
authorization for prescription of ozone therapy throughout 
the national territory. In August 2017, the Senate initiated a 
public consultation about of this law.19 In 2018, ozone therapy 
had a historic gain, and it was incorporated into the Integra-
tive and Complementary Practices of the Brazilian Unified 
Health System. The Integrative and Complementary Practices 
address comprehensive care for the population through prac-
tices involving diverse therapies.20 The use of this therapy, in 
Brazil and in other emerging countries, could be reduce the 
costs of public health, so efforts should be made to regulate. 

Considering the therapeutic standards, there are differences 
in the concentrations used of ozone. Acceptable patterns 
come from recommendations and adaptations according to 
the symptoms and illnesses of the patients. The safe thera-
peutic concentrations have been formerly defined as 10–40 μg 
ozone/mL blood.21 Until 2002, it was believed that low doses 
of ozone were stimulatory and high doses were inhibitory; 
however, this information is incorrect, because the ozone in 
complex form or in high doses is also effective and the pos-
sibility of adverse effects should be noted.17

Ozone therapy increases tissue oxygenation, stimulates 
the production of endogenous antioxidants, and causes an 
immunosuppressive effect (with the stimulation of oxytocin 
release) in the circulatory system.22 Ozone therapy acts by 
direct oxidation causing, for example, inactivation of mi-
croorganism or pain mediator and by activation of a nuclear 
effectors (Nrf2 or nuclear factor kappa B (NF-κB)) inducing 
a pharmacological response.15 In low doses ozone stimulates 
cell protective pathways without altering cell viability23 and 
ozone in high doses can be genotoxic.8

In tissue repair, the ozone therapy promotes the healing 
of the wounds24 and, by the topical route, can be used in the 
gaseous and oil forms.

Ozone action mechanism
Ozone acts as a bio-regulator releasing endothelial cell factors 
and normalizing cellular redox balance when in contact with 
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a biological fluid.25 It may also alter the levels of cytokines 
(interleukin-8, tumor necrosis factor-α, transforming grown 
factor beta, platelet-derived growth factor).26

Ozone by intravenous route dissolve in biological fluids 
(plasma, urine and lymph) and reacts with polyunsaturated 
fatty acids, antioxidants, reduced glutathione and albumin.27 

These compounds act as electron donors and undergo oxida-
tion, resulting in formation of hydrogen peroxide (H2O2) and 
lipid oxidation products.

H2O2 operates as an ozone messenger to initiate therapeutic 
and biological effects,27 acting as a signal transduction regula-
tor, activating immune defense.28 The process helps the cells 
to survive the injury. However, in excessive amount, it can 
be harmful to cells. 

Ozone stimulates the production of interferon, interleukins 
and antioxidant enzymes.29 The immune system can also 
be stimulated by the activation of neutrophils and release 
of cytokines. It has the ability to reestablish cellular redox 
homeostasis.30

Ozone is a bio-regulator that protects against damage caused 
by chronic oxidative stress, pre/ post-conditioning mecha-
nism,31 it regulates the levels of nitric oxide, the p65 subunit 
of NF-κB and the tumor necrosis factor-α.32 

The controlled administration of ozone promotes an adapta-
tion to oxidative stress, stimulating endogenous antioxidant, 
protecting against tissue damage.33

For cutaneous wounds ozone is used in high frequency 
generators, producing heat that results in local peripheral 
vasodilation, increased blood flow, oxygenation and cellular 
metabolism, accelerating the healing process.34

The effect on the skin is due to its reaction with the polyun-
saturated fatty acids and traces of water present in the upper 
layer of the dermis, generating reactive oxygen species (ROS) 
and lipo-oligopeptides, among which is H2O2. Only ROS and 
lipo-oligopeptides formed from this reaction can be partially 
reduced by the enzymatic antioxidants of the skin (glutathione 
oxidase, superoxide dismutase, catalase) and non-enzymatic 
low molecular weight molecules (isoforms of vitamin E, vita-
min C, glutathione, uric acid and ubiquinol) or to be partially 
absorbed via intravenous and lymphatic capillaries. ROS are 
the most effective natural agents against antibiotic-resistant 
pathogens. In addition, it improves metabolism and immune 
functions, contributing to a satisfactory recovery.35 

In patients with immunosuppression, ozone therapy is 
able in the activation and synthesis of ILs, leukotrienes and 
prostaglandins that will reduce inflammation and improve 
healing. It exerts effect in the activation of aerobic processes 
(glycolysis, Krebs cycle, beta-oxidation of fatty acids), se-
cretion of vasodilators (like nitric oxide), activation of the 
protein synthesis mechanism, and increases in the number 
of ribosomes and mitochondria in the cells.36 The increase 
of functional activity potentiates the tissue regeneration.37 

Ozone enters into the cell membrane of formed ROS, which 
activate the NF-κB pathways increasing their translocation to 
the nuclei, causing the activation of intracellular inflamma-
tion pathways, such as interleukin-1β, interleukin-6, tumor 
necrosis factor-α and cyclooxygenase-2, which awaken the 
apoptotic cascade.38

Ozonated oil: production and stability
The purpose of ozonated oil is to obtain formulations con-
taining ozone with better stability to facilitate handling, to 
improve its storage, to avoid its rapid degradation, to allow 
extra-hospital treatment and to reduce the risk of using it in 
gaseous form, in high and inadequate doses. The scientist 
Nicola Tesla bubble the ozone continuously for three weeks 
through the oil, creating a natural gel with ozone in suspension. 
This product was called “ozo-oil.”3

Ozone reacts with the double bonds of fatty acids present in 
vegetable oils, forming specially ozonides (1,2,4-trioxolanes) 
and peroxides such as hydroperoxides, H2O2, polymer perox-
ides and other organic peroxides.39,40

In order to characterize the ozonated oils it is essential to 
understand the physicochemical properties. Analytical tech-
niques have been used to determine the quality of vegetable 
oils and ozonated products.40

The characterization of the ozonated and pure oils by 
nuclear magnetic resonance, by peroxide and acid index, by 
determination of viscosity and molar mass showed a gradual 
decrease of the unsaturation with increase of ozonation time 
and formation of ozonides. Ozonation increased the peroxide 
and acid values. After long ozonation periods, upper and lower 
molar mass species were observed, as oligomeric ozonides 
and cross-ozonides.3

The first vegetable ozonated oil, known as OLEOZON®, was 
registered as a medicinal product for oral and topical therapeu-
tic purposes by the National Center for Scientific Research in 
Cuba. In a toxicological study, OLEOZON® not showed deaths 
or toxicity signals. The animals showed a normal behavior, 
without macroscopic alterations in any of the parenchymal 
organs in the both groups (treatment and control). OLEOZON® 
is not classified as an acute toxicity substance and its safety is 
greater than 2000 mg/kg body weight.41

The production of the ozonated oils can be directly related 
to the method for generating foams by means of gas diffusion. 
These methods explain the liquid phase oxidation process 
when an oxygen-based gas is injected into a vessel of a bubble 
column reactor containing an oxidizable organic liquid. This 
is a high energy system that produces small diameter uniform 
bubbles, strongly driven in jet form resulting in foaming. This 
technique is known as Compressed Air Foam and has been 
used for several decades in oil, food, cosmetics and pharma-
ceutical industry, among others.42 

To solidify ozonated vegetable oil is necessary two days 
of ozone gas continuously bubbled in vegetable oil, enabling 
that one gram of the oil contains about 160 mg of ozone. 
However, it can also be manufactured in less time becoming 
more viscous and less durable. When refrigerated it is valid 
for 2 years.10 Nonetheless these informations are imprecise 
because it does not explain what the ozone concentration 
produced by the generator, as well as, there is no ozone meter 
in oil available in the market. 

The stability of the resulting product is strongly influenced 
by the size of the bubbles, by the fraction of the liquid gas 
and by the circularity of the bubbles, which is the determinant 
factor of their persistence. As the bubbles became smaller and 
circular, their distribution is more uniform and higher, having 
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good quality and stability.43

Ozonated oil in inflammations
Ozone is recognized as one of the best bactericides, antivirals 
and antifungals, and has been used empirically as a clinical 
therapeutic agent for post-surgical fistulas and wounds, pres-
sure ulcers, as well as chronic wounds such as trophic ulcers, 
ischemic ulcers, diabetic wounds, psoriasis, and athlete's 
foot. The beneficial effects of ozone on wound healing are 
related to the reduction of microbial infection, debridement 
effect, modulation of the inflammatory phase, stimulation of 
angiogenesis as well as biological and enzymatic reactions 
that favor oxygen metabolism improving wound healing.13

Tissue repair and restoration is a complex and dynamic 
process. The improvement of this process characterized by 
the closure of the wound is crucial for several pathologies, as 
the case of diabetics.33

Ozonated oil presents an early response and has a larger 
number of cells involved in the repair process when used on 
wounds, as well as superior angiogenesis with increased vas-
cular endothelial growth factors and cyclin D1 expression.12

There are millions of patients with cutaneous lesions that 
degenerate into infected ulcers and with little expectation of 
cure, especially in diseases such as diabetes mellitus, ath-
erosclerosis and in the aging process, which implies a high 
socioeconomic cost. Daily use of ozonated oil in these lesions 
eliminates infection and promotes rapid healing.34 

The first evidence that evaluates the benefits of ozone in skin 
disease was provided by Shpektorova44 in 1964.

Diabetic complications can be also attributed to oxidative 
stress. In 2005, a clinical trial was published to investigate the 
ozone therapeutic effectiveness in the treatment of patients 
with type 2 diabetes who had diabetic feet and to compare 
ozone with antibiotic therapy.45 101 patients were selected 
and divided into two groups (52 patients treated with ozone 
(local and rectal gas insufflation) and 49 patients treated with 
topical and systemic antibiotics for 20 days). Ozone improved 
glycemic control, prevented oxidative stress, normalized or-
ganic peroxide levels and activated superoxide dismutase. It 
was also seen an improvement in the healing of the lesions, 
resulting in less amputations than in the control group. There-
fore, medical treatment with ozone activates the antioxidant 
system and may be an alternative therapy in the treatment of 
diabetes and its complications. This work was performed with 
high methodological rigor. 

 In 2003, 23 patients were treated with ozone in septic 
chronic complications and broad-spectrum antibiotic-resistant 
following trauma, surgical procedures, and secondary skin 
infections.46 Ozone therapy was administered superficially, 
by an authorial technique. Septic processes were inhibited 
and wound healing was much faster than normal in all patients 
receiving ozone therapy, confirming the advantages of surface 
ozone therapy in the treatment of septic wounds.

The effect of extra virgin olive ozonated oil was in vitro 
evaluated to validate antifungal activity and in vivo evaluated 
on oral levels of Candida spp. in patients with prosthetic sto-
matitis. The antifungal activity was performed against Candida 
albicans and five non-albicans species (Candida tropicalis, 

Candida dubliniensis, Candida krusei, Candida guilliermondii 
and Candida parapsilosis). The effects on planktonic C. albi-
cans and biofilm were also evaluated. In vivo, ozonated oil was 
used by 30 patients, and another 20 used sodium bicarbonate 
for 14 days. In vitro ozonated oil showed antifungal activity 
against all Candida species, as well as anti-biofilm activity of 
C. albicans. Oral candidiasis levels were lower than baseline 
after 14 days of intervention with both treatments. Remission 
of prosthetic stomatitis was observed in all patients after 7 days 
of treatment in both groups. Therefore, the study concluded 
that ozonated oil may be an alternative for biofilm control in 
patients with prosthetic stomatitis.47 

The effect of different ozonated oils (olive, sesame and 
linseed) on wound healing was compared in mice.48 Eight 
microliters of ozonated or non-ozonated oil were applied in 
36 mice divided into 4 groups of 9 mice each, twice daily in 
wounds for 14 days. Wounds were performed on the back 
of the mice preventing them from licking. The skin was 
compressed and folded to obtain a circular wound of equal 
diameter. The wounds were photographed at 0, 3, 7 and 14 
days. Olive oil, sesame oil and linseed without ozonization 
(control group) and the same ozonated oils (treatment group) 
were applied to each wound. The wound closure was greater 
than 90% in all cases, however the treatment group showed a 
significant increase in the closure rate in relation to the control 
group on the first day and was significantly higher on days 3 
to 7. Sesame oil showed a significant increase of the wound 
closure speed relative to the non-ozonated sesame oil in the 
first 7 days, demonstrating that the oil composition is important 
in the wound healing process. 

The therapeutic effects of topical ozonated olive oil were 
evaluated in the healing of surgical sites of gingival graft.49 
A randomized, triple-blind clinical trial with 20 patients was 
divided into 2 groups (treatment: ozonated oil or control: olive 
oil without ozonization). They were evaluated postoperatively 
by cytological analysis at the beginning of the study, after 24 
hours, 3, 7, 14 and 21 days, and 2, 3, 8 and 18 months. There 
was a significant improvement in epithelial healing at 7, 14 
and 21 days, as well as at 2, 3 and 8 months in the ozonated 
oil group. The efficacy of topical application of ozonated 
vegetable oil at gingival surgical sites has been proven. Ozon-
ated oil promoted a significant improvement in the epithelial 
healing of gingival wounds compared to the control group. The 
methodology of this study is well defined, but its limitation is 
not to have a sample calculation.

Ozonated oil and chlorhexidine gel were evaluated in the 
treatment of gingivitis. At the beginning of the treatment (up 
to the third week) the ozone presented advantages; however, 
at the end of the study there was no significantly statistical 
difference between the ozonated oil and the chlorhexidine 
gel. Gingival massage with ozonated oils shows an effective 
alternative against plaque-induced gingivitis.50

Ozonated oil and α-bisabolol were compared to control 
creams (vitamin A, vitamin E, talc and zinc oxide) in the 
vascular treatment of leg ulcer. Complete ulcer healing was 
greater with ozonated oil and α-bisabolol. In addition, changes 
in the surface area of the ulcer were significant only for ozon-
ated oil and α-bisabolol, with a significant and progressive 
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reduction of the wound surface by 34%, 59% and 73% after 
7, 14 and 30 days, respectively.51 This study was performed 
without double-blindness and sample calculation, and these 
facts may represent a limitation.

The effects of ozonated camellia oil were evaluated in atopic 
dermatitis.52 Eighteen mice were injured in the back and were 
treated with ozonated oil. Ozonated oil inhibited inflamma-
tion significantly and healed lesions within 7 days. Therefore, 
ozonated oil can suppress inflammation in atopic dermatitis 
demonstrating may be a potential treatment for the disease.

In acute skin wounds of guinea pigs, ozonated oil signifi-
cantly improved the healing process.53

Among the papers studies, several of them showed that ozon-
ated oil is effective in the healing of cutaneous wounds. How-
ever, some studies evaluating the ozonated oil in humans45-47,49-51 
indicate limitations in the methodologies used, without clear 
patients randomization, double-blinding or sample calculation.

cOnclUSIOn
Ozone via topical in gaseous form or into oils stands out as a 
treatment for tissue repair, since it promotes wound healing and 
has antimicrobial, immunological, antioxidant and oxygenat-
ing properties. The efficacy of ozonated oil may represent an 
integrative therapy in the treatment of tissue lesions, especially 
in patients presenting pathologies such as diabetes mellitus, 
atherosclerosis and in the aging process. For diseases such as 
ulcers or aphthous stomatitis, gingivitis, and dermatitis, ozon-
ated oil aids on the pain relief and healing process acceleration.
However, some studies showed limitations in the methodology, 
without randomization, or double-blind or sample calculation, 
demonstrating the need for further clinical studies to confirm 
the topical efficacy of ozone.

author contributions
All authors participated in the research of articles, construction and 
revision of the text.
conflicts of interest 
The authors have no conflicts of interest to declare.
Financial support
None. 
copyright license agreement
The Copyright License Agreement has been signed by all authors 
before publication.
Plagiarism check
Checked twice by iThenticate.
Peer review
Externally peer reviewed.
Open access statement
This is an open access journal, and articles are distributed under 
the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 License, which allows others to remix, tweak, and 
build upon the work non-commercially, as long as appropriate credit 
is given and the new creations are licensed under the identical terms.

RefeRenceS
1. Sunnen GV. Ozone in medicine: overview and future directions. J 

Adv Med. 1988;1:159-174.
2. Morette DA. Principais aplicações terapêuticas da ozonioterapia. 

Botucatu, Brasil: UNESP. 2011.
3. Sadowska J, Johansson B, Johannessen E, Friman R, Broniarz-

Press L, Rosenholm JB. Characterization of ozonated vegetable 
oils by spectroscopic and chromatographic methods. Chem Phys 
Lipids. 2008;151:85-91.

4. Kumar V, Abbas AK, Aster JC. Robbins Basic Pathology. 9th ed. 
Los Angeles: Elsevier Health Sciences. 2017.

5. Duris K, Lipkova J, Splichal Z, Madaraszova T, Jurajda M. Early 
inflammatory response in the brain and anesthesia recovery time 
evaluation after experimental subarachnoid hemorrhage. Transl 
Stroke Res. 2018. doi: 10.1007/s12975-018-0641-z.

6. Zha A, Vahidy F, Randhawa J, et al. Association between splenic 
contraction and the systemic inflammatory response after acute 
ischemic stroke varies with age and race. Transl Stroke Res. 
2018;9:484-492.

7. Yuen CM, Yeh KH, Wallace CG, et al. EPO-cyclosporine com-
bination therapy reduced brain infarct area in rat after acute isch-
emic stroke: role of innate immune-inflammatory response, micro-
RNAs and MAPK family signaling pathway. Am J Transl Res. 
2017;9:1651-1666.

8. Li Q, Shang J, Zhu T. Physicochemical characteristics and toxic 
effects of ozone-oxidized black carbon particles. Atmos Environ. 
2013;81:68-75.

9. Robbins KA. Patologia - Bases Patológicas Das Doenças. 9th ed. 
Elsevier. 2009.

10. Bocci V. Ozone: A New Medical Drug. Holanda: Springer. 2005.
11. Almeida E, Assalin MR, Rosa MA, Durán N. Tratamento de eflu-

entes industriais por processos oxidativos na presença de ozônio. 
Quim Nova. 2004;27:818-824.

12. Cardoso CC, Dias Filho E, Pichara NL, Campos EGC, Pereira MA, 
Fiorini JE. Ozonoterapia como tratamento adjuvante na ferida de 
pé diabético. Rev Assoc Med Minas Gerais. 2010;20:442-445.

13. Bocci V, Zanardi I, Travagli V. Oxygen/ozone as a medical gas 
mixture. A critical evaluation of the various methods clarifies posi-
tive and negative aspects. Med Gas Res. 2011;1:6.

14. Turcic J, Hancević J, Antoljak T, Zic R, Alfirević I. Effects of ozone 
on how well split-thickness skin grafts according to Thiersch take 
in war wounds. Results of prospective study. Langenbecks Arch 
Chir. 1995;380:144-148.

15. Schwartz A, Sánchez GM, Sabah F. Madrid declaration on ozone 
therapy. Madrid: International Scientific Committee of Ozone 
Therapy. 2015.

16. Cestonaro LV, Marcolan AM, Rossato-Grando LG, et al. Ozone 
generated by air purifier in low concentrations: friend or foe? En-
viron Sci Pollut Res Int. 2017;24:22673-22678.

17. Bocci V. Oxygen-Ozone Therapy- A Critical Evaluation. Holanda: 
Springer. 2002.

18. Processo-Consulta CFM Nº 6.121/09 – Parecer CFM Nº 14/10. 
http://wwwportalmedicoorgbr/pareceres/cfm/2010/14_2010htm 
Accessed by April 29, 2019.

19. Raupp V. Projeto de Lei do Senado no 227/2017. Brasília: Senado 
Federal. 2017.

20. Ministério da Saúde inclui 10 novas práticas integrativas no SUS. 
Brasil: Ministério da Saúde. 2018.

21. Beck EG, Wasser G, Viebahn-Hansler R. Current status of ozone 
therapy - Empirical developments and basic research. Forsch 
Komplementarmed. 1998;5:61-75.

22. Marques M. Estudo da ozonioterapia como contribuição para a 
odontologia veterinária. São Paulo: Faculdade de Medicina Vet-
erinária e Zootecnia. 2008.

23. Delgado-Roche L, Riera-Romo M, Mesta F, et al. Medical ozone 
promotes Nrf2 phosphorylation reducing oxidative stress and pro-
inflammatory cytokines in multiple sclerosis patients. Eur J Phar-
macol. 2017;811:148-154.

24. Melo MS, Alves LP, Carvalho HC, et al. Ozonioterapia Em Quei-
maduras Induzidas Por Laser De Co 2 Em Pele De Ratos. XXIV 
Congresso Brasileiro de Engenharia Biomédica. 2014.

25. Iliakis E, Petropoulos I, Iliaki A, Agapitos E, Agrogiannis G. Is 
medical ozone safe when injected a comparative histological study 
in rat. Int J Ozone Ther. 2008;7:59-68.

26. Bocci V, Valacchi G, Corradeschi F, Fanetti G. Studies on the bio-
logical effects of ozone: 8. Effects on the total antioxidant status 
and on interleukin-8 production. Mediators Inflamm. 1998;7:313-
317.

27. Guven A, Gundogdu G, Sadir S, et al. The efficacy of ozone 
therapy in experimental caustic esophageal burn. J Pediatr Surg. 
2008;43:1679-1684.

28. Reth M. Hydrogen peroxide as second messenger in lymphocyte 
activation. Nat Immunol. 2002;3:1129-1134.



Medical Gas Research ¦  March  ¦ Volume 10 ¦ Issue 1 59

Anzolin, Silveira-Kaross et al. / Med Gas Res www.medgasres.com

29. Bocci VA. Scientific and medical aspects of ozone therapy. State of 
the art. Arch Med Res. 2006;37:425-435.

30. Vaillant JD, Fraga A, Diaz MT, et al. Ozone oxidative postcondi-
tioning ameliorates joint damage and decreases pro-inflammatory 
cytokine levels and oxidative stress in PG/PS-induced arthritis in 
rats. Eur J Pharmacol. 2013;714:318-324.

31. León OS, Menéndez S, Merino N, et al. Ozone oxidative precon-
ditioning: a protection against cellular damage by free radicals. 
Mediators Inflamm. 1998;7:289-294.

32. León Fernández OS, Ajamieh HH, Berlanga J, et al. Ozone oxida-
tive preconditioning is mediated by A1 adenosine receptors in a rat 
model of liver ischemia/ reperfusion. Transpl Int. 2008;21:39-48.

33. Ajamieh HH, Menéndez S, Martínez-Sánchez G, et al. Effects of 
ozone oxidative preconditioning on nitric oxide generation and 
cellular redox balance in a rat model of hepatic ischaemia-reperfu-
sion. Liver Int. 2004;24:55-62.

34. de Oliveira LMN. Utilização do ozônio através do aparelho de alta 
frequência no tratamento da úlcera por pressão. Rev da Atenção à 
Saúde. 2011;9:41-46.

35. Sanchez CMS. A utilziação do óleo ozninzado par ao tratamento 
tópico de lesões em porquinho da índia - relato de caso. Sao Paulo: 
Universidade Castelo Branco. 2008.

36. Ferreira R, Sant'ana ACP, Rezende MLRD, Greghi SLA, Zang-
rando MSR, Damante CA. Ozonioterapia: uma visão crítica e atual 
sobre sua utilização em periodontia e implantodontia: revisão de 
literatura. Innov Implant J Biomat Esthet. 2014;9:35-39.

37. Bocci V, Aldinucci C. Biochemical modifications induced in hu-
man blood by oxygenation-ozonation. J Biochem Mol Toxicol. 
2006;20:133-138.

38. Manoto SL, Maepa MJ, Motaung SK. Medical ozone therapy as a 
potential treatment modality for regeneration of damaged articular 
cartilage in osteoarthritis. Saudi J Biol Sci. 2018;25:672-679.

39. de Almeida NR, Beatriz A, Micheletti AC, de Arruda EJ. Ozon-
ized vegetable oils and therapeutic properties: A review. Electron J 
Chem. 2012;4:313-326.

40. Zanardi I, Travagli V, Gabbrielli A, Chiasserini L, Bocci V. Physi-
co-chemical characterization of sesame oil derivatives. Lipids. 
2008;43:877-886.

41. Pérez MEA, Mirabal JM, Barro AMB, Navarro BG, Rodríguez ZZ, 
Montero ACR. Clasificación toxicológica del OLEOZON®. J Re-
vista CENIC Ciencias Biológicas. 2001;32:57-58.

42. Silver SF, Inventor Acrylate copolymer microspheres. US Patent 
3691140. 1972.

43. Graiver D, Patil M, Narayan R. Recent advances in ozonation of 
vegetable oils. Recent Patents Mater Sci. 2010;3:203-218.

44. Shpektorova RA. Ozone therapy of some skin diseases. Vestn Der-
matol Venerol. 1964;38:44-46.

45. Martínez-Sánchez G, Al-Dalain SM, Menéndez S, et al. Therapeu-
tic efficacy of ozone in patients with diabetic foot. Eur J Pharma-
col. 2005;523:151-161.

46. Bialoszewski D, Kowalewski M. Superficially, longer, intermittent 
ozone theraphy in the treatment of the chronic, infected wounds. 
Ortop Traumatol Rehabil. 2003;5:652-658.

47. Crastechini E, Koga-Ito CY, de Fátima Machado S, et al. Effect of 
ozonized olive oil on oral levels of Candida spp. in patients with 
denture stomatitis. Braz Dent Sci. 2018;21:111-118.

48. Valacchi G, Zanardi I, Lim Y, et al. Ozonated oils as functional 
dermatological matrices: effects on the wound healing process us-
ing SKH1 mice. Int J Pharm. 2013;458:65-73.

49. Patel PV, Kumar S, Vidya GD, Patel A, Holmes JC, Kumar V. 
Cytological assessment of healing palatal donor site wounds and 
grafted gingival wounds after application of ozonated oil: an 
eighteen-month randomized controlled clinical trial. Acta Cytol. 
2012;56:277-284.

50. Indurkar MS, Verma R. Effect of ozonated oil and chlorhexidine 
gel on plaque induced gingivitis: A randomized control clinical 
trial. J Indian Soc Periodontol. 2016;20:32-35.

51. Solovăstru LG, Stîncanu A, De Ascentii A, Capparé G, Mattana 
P, Vâţă D. Randomized, controlled study of innovative spray for-
mulation containing ozonated oil and alpha-bisabolol in the topi-
cal treatment of chronic venous leg ulcers. Adv Skin Wound Care. 
2015;28:406-409.

52. Lu J, Chen M, Gao L, et al. A preliminary study on topical ozon-
ated oil in the therapeutic management of atopic dermatitis in mu-
rine. J Dermatological Treat. 2018;29:676-681.

53. Kim HS, Noh SU, Han YW, et al. Therapeutic effects of topical 
application of ozone on acute cutaneous wound healing. J Korean 
Med Sci. 2009;24:368-374.

Received: August 13, 2019
Reviewed: August 19, 2019
Accepted: September 8, 2019

cORRectiON

correction: Retraction: a survey of 

anaphylaxis etiology and treatment

 
This article corrects: Retraction: A survey of anaphylaxis etiology 
and treatment. Med Gas Res 2019;9:54.1 Article first published 
online: 28 March 2019. This article has been retracted at the re-
quest of: Author ‘A survey of anaphylaxis etiology and treatment’, 
by Ahanchian H, Behmanesh F, Azad FJ, Ansari E, Khoshkhui 
M, Farid R, Hassanpur Y, Kouzegaran S. The above article, first 
published online on Medical Gas Research (www.medgasres.
com), and in Med Gas Res 2019;9:54, has been retracted by 
agreement between the authors, the journal, and the publisher. 

The original retraction note was incorrect,2 since the first author 
Dr. Hamid Ahanchian and the corresponding author Dr. Samaneh 
Kouzegaran submitted and published the paper, and also signed 
the copyright form on behalf of Dr. Yalda Hassanpour without 
her permission, after the further investigation, there was no proof 
of all the other authors’ credit to the paper. Therefore, the deci-
sion has been made to retract this article. The journal would like 
to apologize to the readers for the error and any confusion this 
may have caused. 

doi: 10.4103/2045-9912.280284

RefeRenceS
1. Ahanchian H, Behmanesh F, Azad FJ, et al. Retraction: A survey of 

anaphylaxis etiology and treatment. Med Gas Res 2019;9:54.
2. Ahanchian H, Behmanesh F, Azad FJ, et al. A survey of anaphy-

laxis etiology and treatment. Med Gas Res 2018;8:129-134.

Zaheer.Shaikh
Rectangle


