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Ozone therapy in veterinary medicine:
clinical indications and techniques
Ozonioterapia na medicina veterinaria: técnicas e indicacées clinicas

Juliana Midori Sumida®* @, Ayne Murata Hayashi?

ABSTRACT: Ozone therapy application and research have increased recently. The mixture of oxygen-ozone (O,-O,) has been
used as a therapeutic agent for the treatment of several diseases with beneficial effects. This brief literature review has the
objective of disclosing the mechanisms of action and main clinical indications and possibilities of ozone therapy for different
conditions. The local and systemic approaches and techniques described for human treatment can be easily transposed for use
in animals, such as rectal insufflation; bag therapy; ozonated oil; intradiscal and paravertebral applications; in acupuncture
points; minor autohemotherapy, and major autohemotherapy. The possibilities of clinical indications and dosages were also
described, including immunological and infectious diseases. Although it is a minimally invasive and relatively safe approach,
more clinical studies are necessary to standardize techniques, doses, and clinical indications.

KEYWORDS: pain; antioxidant; disk disease; chemical acupuncture; autohemotherapy; COVID-19.

RESUMO: A aplicagio e a pesquisa da terapia com ozénio aumentaram recentemente. A mistura de oxigénio-ozonio (O,-O.)
tem sido utilizada como agente terapéutico para o tratamento de diversas doengas com efeitos benéficos. Esta breve revisao de
literatura tem o objetivo de divulgar os mecanismos de agdo e as principais indicagoes clinicas e possibilidades da ozoniote-
rapia para diferentes condicoes. As abordagens e técnicas locais e sistémicas descritas para o tratamento em humanos podem
ser facilmente transpostas para uso em animais, como insuflacao retal; terapia topica de “bagging”; éleo ozonizado; aplicacoes
intradiscal e paravertebral; em pontos de acupuntura; auto-hemoterapia menor e auto-hemoterapia maior. Também foram
descritas as possibilidades de indicacées clinicas e dosagens, incluindo doencas imunolégicas e infecciosas. Embora seja uma
abordagem minimamente invasiva e relativamente segura, mais estudos clinicos sdo necessdrios para padronizar técnicas, doses
e indicacoes clinicas.

PALAVRAS-CHAVE: dor; antioxidante; discopatia; acupuntura quimica; autohemoterapia.
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INTRODUCTION

Therapeutic ozone is generated when pure medicinal oxygen is
converted through ozone generators, producing a mixture of the
two gases, oxygen-ozone (O,-O,), with its ozone concentration
ranging from 0.05 to 5% (1 to 107 pg/mL) and consequently
oxygen concentration ranging from 99,95% to 95% (OLIVEIRA
JUNIOR; LAGES, 2012; SCHWARTZ ez al., 2020).

Ozone therapy is a modality increasingly used for vari-
ous diseases in medicine and veterinary. Although in veteri-
nary medicine most publications are on large animals, their
use in dogs and cats has grown exponentially in recent years,
requiring further research and studies (TEIXEIRA ez 4/.,2013,

HAYASHI; FRIOLANI, 2018, KAWAHARA et 4l., 2019,
SCIORSCI ez al., 2020).

The oxidative effect of ozone promotes bactericidal, fun-
gicidal, and virucidal properties. It is used in the treatment of
circulatory arterial diseases, external ulcers, skin lesions, immu-
nodeficiency, hepatitis, supportive therapy in cancer patients,
inflammations, and dental treatments. Because of the ozone
virucidal effect and indirect immunity stimulation, several
studies for the treatment of herpes and human immunodefi-
ciency are being done (PENIDO; LIMA; FERREIRA, 2010).

Since 2011, a consensus is being published: “Madrid
Declaration on ozone therapy”. In 2020 an update included
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a veterinary and a dentistry addendum (SCHWARTZ;
SANCHEZ, 2012; SCHWARTZ; SANCHEZ; SABAH,
2015; SCHWARTZ ¢ al., 2020).

The purpose of this brief literature review is to disclose
the mechanisms of action, main indications, and possibili-
ties for the use of ozone therapy under different conditions
in veterinary medicine. Also, to describe the several types of
applications in small animals.

HISTORY

Martinus van Marum discovered ozone in 1781 and Christian
Friedrich Schonbein characterized ozone in 1840, when, work-
ing with a voltaic pile in the presence of oxygen, he noticed
the appearance of gas with an “electric and pungent smell”,
which they called ozone, from the Greek ozein (odor). And
Nikola Tesla patented a generator for producing ozone in
1896. The use of ozone in medicine developed during the
last century and it was stimulated by the lack of antibiotics
and the positive disinfectant ozone properties (BOCCI, 2005;
MASAN; SRAMKA; RABAROVA, 2020; SCHWARTZ;
SANCHEZ, 2012).

In the 1970s, Alexander Balkanyi in Zurich was perhaps
the first to inject small volumes of ozone into patients affected
by tendonitis and myofascial pain. Others used ozone to treat
polyarthritis, osteoarthritis, epicondylitis, carpal tunnel syn-
drome, and Morton’s disease or neuroma with intra-artic-
ular or periarticular insufffation of a gas mixture of O,-O,

(BOCClI ez al., 2015).

MECHANISM OF ACTION

The ozone (O,) is a potent oxidizer and it has a more selec-
tive activity over organic compounds (PENIDO; LIMA;
FERREIRA, 2010). The likely mechanisms of action of this
mixture of oxygen-ozone (O,-O,) are due to the biochemi-
cal properties of O, producing analgesic, anti-inflammarory,
antioxidant and immunomodulatory effects. The events that
promote these effects can be resumed by: activation of cel-
lular metabolism, reduction of proinflammatory prostaglan-
dins synthesis or release of algogenic compounds, increase of
release of immunosuppressive cytokines, reduction of oxidative
stress through the induction of the synthesis of antioxidant
enzymes (superoxide dismutase, glutathione peroxidase, and
catalase), increase of O, supply at tissues and stimulation of
angiogenesis (BOCCI, 2006; LATINI ez 4/., 2019; PENIDO;
LIMA; FERREIRA, 2010).

The therapeutic efficacy of ozone therapy is due to the
controlled and moderate oxidative stress produced by O,
reactions with various biological components (Figure 1).
The calculated and transient oxidative stress induced by O,
generates several second messengers in several intracellular
signals (BOCCI, 2006; LATINI ez a/., 2019). This property
of ozone is known as paradoxical action because it plays a role

as an oxidizing molecule and can increase the antioxidant

properties of regions affected by the disease (SCIORSCI
et al., 2020).

INSTRUMENTAL AND OZONE APPLICATION
TECHNIQUES

Several instruments and techniques of ozone application will
be described below. As it is a highly unstable molecule, the
proximity of the ozone generator device during the applica-
tion is necessary, so that its collection is performed moments
before the treatment, allowing the reliability of the correct
dose and concentrations. The equipment necessary to pro-
duce the ozone is described as well as the several applications
(items 4.1 and 2.2)

Ozone generator devices

There are several medical ozone generator devices with easy pur-
chase and certified by Agéncia Nacional de Vigilancia Sanitdria
(ANVISA). The costs can range approximately from R$ 7000
to R$ 11000,00 (https://www.ozonioline.com.br/produto/
gerador-de-ozonio-c-maleta-com-rodas-para-ozonioterapia-
certificado-anvisa-com/362507; https://loja.philozon.com.
br/gerador-de-ozonio-philozon-medplus-v) according to the
manufacturers. Usually, a complete device includes the medi-
cal ozone generator and an oxygen rechargeable cylinder when
the treatment is not performed at a veterinary clinic or hos-
pital with oxygen support.

Commercial ozone production is carried out by the elec-
tric discharge process, also called the corona process. This con-
sists of two electrodes subjected to a high potential difference
(approximately 1000 V). Ozone is generated by the passage of
air or pure oxygen between the two electrodes (SCHWARTZ;
SANCHEZ, 2012; SILVA et al., 2011). When the electrons
have enough energy to dissociate the oxygen molecule, colli-
sions start to occur that cause the dissociation of oxygen and the
consequent formation of ozone (SCHWARTZ; SANCHEZ;
SABAH, 2015).

03+ blood/plasma/lymph =
reacts in seconds with water
of these fluids

Formation of ROS (mainly hydrogen peroxyde) and LOP

ROS reacts with erythrocytes h e

LOPs are distributed in tissues - act on
receptor molecules in different parts of body
% within circulatory system = LATE PHASE
), REACTION AND LAST LONGER

SIGNALLING MOLECULE ' b

Hydrogen peroxide diffusing from
plasma into cells and activates
metabolic pathways - activate pentose
phosphate pathway increasing ATP

PARADOXICAL EFFECTS OF OZONE

0, = ozone; ROS = Reactive Oxygen Species; LOP= Lipid Oxidation
Product; ATP= Adenosine Triphosphate. Font: LATINI et al., 2019
Figure 1. Oxidative effects of ozone
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Ozone (O,) is generated when a diatomic oxygen
molecule (O,) is separated. The free oxygen resulting from
the breakdown of the molecule reacts with other diatomic
oxygen (O,) molecules forming the triatomic ozone mole-
cule (O,). For the oxygen molecule to break down, a large
amount of energy is required which may be due to electrical
discharges, chemical electrolysis, and ultraviolet light radi-
ation. It can still be produced by thermal, radiochemical,
and electrochemical methods (SCHWARTZ; SANCHEZ,
2012; SILVA et al., 2011).

The triatomic form is unstable and its stability is temper-
ature-dependent. Thus, at 20 ° C the average life of the O,
gas is 40 minutes and at 30 ° C, the average life is 25 minutes
(BOCCI, 2005). Thus, it cannot be stored and its use must
be carried out right after its collection.

Ozone Therapy techniques

Several techniques of applying medical ozone are described.
Both local and systemic via are described. The different ways
of ozone therapy can be used alone or together to obtain a
synergistic effect. Usually, the frequency of applications is
variable according to the general conditions of the patient,
age, and primary disease, it can be done two times a week,
but adaptations must be done in each case. The general rule is
each five ozone sessions, an increase of ozone dose as a cycle,
and this cycle can vary between 15 or 20 sessions. Clinical
improvement is observed between five to ten applications, due
to activation of the self-defense antioxidant mechanism. All
materials must be ozone resistant, like glass, silicon probes/
tubes/syringes (SCHWARTZ; SANCHEZ; SABAH, 2015).
It is described as a therapeutic window of secure ozone con-
centrations between 10 to 60 plg/mL, without toxicity or side

effects (KAWAHARA et al., 2019).

Local techniques

A- Rectal Insufflation

The rectal application of drugs is an initially local modal-
ity, but it can be used for the administration of systemic
drugs. Rectal ozone insufflation has low toxicity and cor-
responds to a popular via in veterinary medicine due to
its easy application and because it is an alternative to the
use of major autohemotherapy (SANCHEZ; RE, 2012;
TEIXEIRA ez al.,2013).

It consists of the ozone rectal application assisted with an
urethral probe. The gas quickly dissolves within the content
of the intestinal lumen, reacts with mucoproteins and other
released substances with antioxidant activity, and produces
reactive oxygen species (ROS) and lipid peroxidation prod-
ucts (LODPs) that penetrate the mucosa. They are absorbed via
blood and lymphatic circulation (SCHWARTZ; SANCHEZ;
SABAH, 2015).

The rectal insufflation dosage of ozone can below (10-15 g/
mL), medium (20-25 pg/ m) and high (30-35 g/ mL) doses. The
volume to apply is 3mL/kg of weight SCHWARTZ ez 4l., 2020).

B - Ozone Bagging

The ozone bagging is widely used in veterinary medicine for
wounds and purulent skin infections, ulcers, and skin diseases.
The O,-O, mixture is pumped into an ozone-resistant bag, such
as silicone or polypropylene, that is then placed around the area
to be treated but previously moistened with distilled water to
facilitate the penetration through the lesion site. Ozone reacts
with minerals, so the bi-distilled/distilled water or water puri-
fied by the reverse osmosis process has lesser reagents to produce
not desirable products (BHATT ez al., 2016; SCHWARTZ;
SANCHEZ; SABAH, 2015). The O, -O, mixture is inflated by
a vacuum system until the bag is full. The wound to be treated
will be surrounded by the gas, and it must be acting for 20 to
30 minutes (Figure 2) (SCHWARTZ; SANCHEZ; SABAH,
2015). The concentration usually used is 15-30 plg/mL in a low
dose, 30-40 ug/mL in a medium dose, and 40- 70 ug/mL in
a high dose (SCHWARTZ ¢t al., 2020).

C - Ozonated oil

The oil is the result of the interaction between vegetable oil and
ozone and produces a mixture of chemical compounds such as
ozonides and peroxides with a germicidal effect. (LINCHETA
etal., 1998). Ozonated oil can be used topically and orally. This
kind of ozone application was very safe and has demonstrated
activity for use in the prevention and treatment of chronic
local infections, topical antimicrobial agents, in treatment of
wounds and foot ulcers in patients with diabetes, anaerobic
infections, herpetic infections (HSV I and II), trophic ulcers
and burns, cellulitis, abscesses, anal fissures, decubitus ulcers
(bed sores), fistulae, fungal diseases, furunculosis, gingivitis,
and vulvovaginitis (BOCCI, 2005; UGAZIO et al., 2020).
Ozonated oil is produced by incorporating the O,-O, mix-
ture into triglycerides where gaseous ozone chemically reacts
with unsaturated substrates leading to therapeutically active

Figure 2. Ozone generator device and a dog receiving ozone
bagging for skin wound with an ulcer at the distal extremity of the
right thoracic limb. (SUMIDA, 2020)
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ozonated derivatives (ozonide). The ozonide compositions
deliver active O, and/or other useful species deep within the
lesion without causing primary skin irritation. They can elimi-
nate the pathogens and then, by releasing oxygen (O,), acti-
vate the proliferation of fibroblasts, hence the building of an
intercellular matrix with the consequent proliferation of ker-
atin blasts and successive healing. The most commonly used
oils are olive oil, sesame oil, and sunflower oil (TRAVAGLI
et al., 2010; UGAZIO et al., 2020). Successful treatment
with the topic of ozonated oil was described for skin lesions
in a dog (SILVA JUNIOR ez 4/.,2019). Oral treatment can
be also administered for H.pylori infection in human patients

(SOTO; ROMO-VASQUEZ; WEBER-CHULIA, 2018).

D - Intradiscal

The intradiscal route, consists of the O, — O, mixture applica-
tion in the altered intervertebral disk space, assisted by radio-
graphic control using the radiological arc mobile or fluoroscopy
or computed tomography. Ozone dissolves in the interstitial
fluid and reacts with the biomolecules of the local tissue. A
cascade of ROS is generated by reacting with the proteogly-
cans, of the nucleus pulposus, leading to their rupture and
degeneration of the matrix with progressive decrease and dis-
appearance of the herniated material. Because of the reduc-
tion of mechanical irritation, the sensitivity of axons decreases,
although there are other mechanisms of pain in disk disease
and spinal cord lesions (BOCCI ez 4l., 2015). The intradiscal
route can be performed by using a 2.5 inch 22 G spinal needle
inserted through the skin and epaxial muscles and positioned
from the lateral side of the articular facet to the center of the
herniated disk. Immediately after production by an ozone
generator device, a volume of 1.5 to 2 ml O,-O, moisture
with an O, concentration of 32 pg/ul (HAN ez al., 2007).

E - Paravertebral

The ozone is immediately produced by a medical device and
collected by a syringe. With the help of a 27G scalp or 30
G hypodermic needle (13 x 30mm) is applied to the para-
vertebral region. The paravertebral dosage of ozone can be
low (5 ug/ mL), medium (10 pg/ m) and high (20 pg/ mL)
doses. The volume to apply is about 0.5 - 10 mL/application
(SCHWARTZ et al., 2020).

It consists of the application of O, — O, in the paraver-
tebral region, being minimally invasive, safe, and effective to
relieve pain. The advantage observed was that this technique
is easy to perform especially in small animals and horses, not
requiring computed tomography or anesthesia (BIAZZO;
CORRIERO; CONFALONIERI, 2018).

The paravertebral muscles are used as a route for O,-O,
infiltration, (Figure 3). A systematic review and meta-analysis
of ozone therapy for low back pain secondary to herniated disk

et

Figure 3. Paravertebral ozone application with a syringe and 27G
scalp in a dog suffering thoracolumbar disk disease, also called
chemical acupuncture. (SUMIDA, 2020)

indicated the level of evidence is II-3 (evidence obtained from
diagnostic studies of uncertainty) for ozone therapy applied
intradiscally and II-1 (evidence obtained from at least one prop-
erly conducted diagnostic accuracy study of adequate size) for
ozone therapy applied at the paravertebral muscle and perifo-
raminally for long-term pain relief based on USPSTF - levels
of evidence-based on the quality data available in the literature
(USPSTE- U.S. Preventive Services Task Force criteria). The
available evidence produced a 1C strength of recommenda-
tion (strong recommendation, low quality or very low-quality
evidence - may change when higher quality evidence becomes
available) for ozone therapy applied to the disk and 1B (strong
recommendation, moderate-quality evidence - can apply to
most patients in most circumstances without reservation) for
ozone applied at the paravertebral muscles or periforaminally

(HARRIS ez al., 2001; MAGALHAES ez al., 2012).

F- Vesicourethral insufflation

Direct ozone into vesicourethral is described as inflammatory,
neoplasia, interstitial, bacterial, or radiation cystitis (TEKE ez L.,
2017). It can be done with an urethral probe. The medium
dosage is 15 pg/mL. It can be previously combined with ozon-
ated water insufflation (CLAVO ez al., 2005; SCHWARTZ;
SANCHEZ; SABAH, 2015; SCIORSCI et 4., 2020).

The low dosage is 10 pg/mL, the medium dosage is 15
pg/m Land the high dosage is 25 pg/mL The volume can vary
from 5 to 50 mL/application (SCHWARTZ ez al., 2020).

4.2.1 Systemic application techniques

Ozone can be used for systemic action and the most com-
mon will be described. The local ozone rectal insufflation is
also considered systemic, but it has been previously described.

A- Intraperitoneal

This kind of ozone application is considered in the initial
study phase and is not yet recommended for application in
humans and animals. However, it is described in experi-
mental studies for the treatment of neoplasms (SCHULZ
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et al., 2008; ROSSMANN et 4/., 2014) and demonstrated
improvement in neurodegenerative changes in the cerebral
cortex of elderly rats (EL-MEHI; FARIED, 2020). This kind
of insufflation is experimental and recommended an ozone
generator device with an integrated intra-abdominal pres-
sure control which avoids high abdominal pressures during
the process. Also a sterile plastic tube and stopcock to the
“backflush” of the ozone generator device and to connect to
a catheter to insert through the abdominal wall (SCHULZ
et al., 2008). Intraoperative abdominal lavage is described
in humans with peritonitis using 5 to 10 liters of ozonized
saline solution in a concentration of 4 a 6 ng/mL for 20
minutes (SCHWARTZ et al., 2020).

B - Major ozonated autohemotherapy

The Major ozonated autohemotherapy (MAH) consists of col-
lecting a sample blood volume in a bag containing anticoagu-
lant, then mixing it with 02—03 and administering intrave-
nously. Variations in microcirculation and metabolic changes
that have been stable over time have been observed, such as
an increase in cerebral oxygenation after about 1.5 hours of
ozonated blood infusion and an increase in cytochrome c oxi-
dase activity and concentration for up to 40 min after the end
of treatment (BALLARDINI, 2006; RIMINI et 4l., 2016;
TSUZUKI et al., 2015).

One can collect ImL/kg of blood sample and ozone dos-
age can be low (10-20 pg/ mL), médium (20-30 pug/ mL) and
high (30-35 pg/ mL). The total volume of application is cal-
culated: 1-1,5 mL/kg of weight (SCHWARTZ ez al., 2020).

It is indicated for arterial circulation diseases, infections,
rheumatic arthritis, immunostimulation, and carcinoma in
geriatric patients (PENIDO; LIMA; FERREIRA, 2010). The
AMD (dry age-related macular degeneration) has been treated
with major ozonated autohemotherapy with a positive influ-
ence on visual acuity (BORRELLI ez 4/, 2012).

C - Minor ozonated autohemotherapy

It works as an autovaccine, widely used for immunomod-
ulation. It consists of the application of autologous blood
collected through a syringe with previously ozone content.
After homogenization of blood with ozone, it is applied
intramuscularly or at an acupuncture point (Figure 4) with
the purpose of immunomodulation. Indications are in gen-
eral for dermatological diseases like dermatitis, psoriasis,
allergies, and adjuvant for oncological disease and chronic
debilitating diseases. A blood sample can be collected at
0,1-0,5mL/kg (SCHWARTZ; SANCHEZ; SABAH, 2015;
SCHWARTZ et al., 2020). The ozone dosage can below
(10-15 ug/ m), medium (15-30 pg/ mL) and high (30-40
ug/ mL) and the volume of application is 0.1-0.2 mL/kg
(SCHWARTZ et al., 2020).

Figure 4. A- Autologous blood collection with ozone already in a
syringe for minor autohemotherapy. B - Minor autohemotherapy
applied at an acupuncture point - GV14, localized between C7 -T1
vertebrae for immunological modulation. The dog had seizures
(suspected imune-mediated etiology) and thoracolumbar disk
disease. (SUMIDA, 2020)

The therapeutic ozone dosages are divided according to
their mechanism of action and route of application. The low
doses are used for immunomodulatory effect and when the
immune system is very much compromised, like in neopla-
sia, elderly and debilitated patients. The medium doses are
used for immunomodulatory function and can stimulate the
antioxidant enzyme defense system. It is indicated for chronic
degenerative diseases such as diabetes, atherosclerosis, chronic
obstructive pulmonary disease (COPD), Parkinson’s syndrome,
Alzheimer’s, and senile dementia. The high doses are used for
the inhibitory effect on the mechanisms, which occur in auto-
immune diseases like rheumatoid arthritis and lupus, or to
treat ulcers or infected injuries (SCHWARTZ ez al., 2020).

Other routes of ozone administration can be used such
as intra-articular, subcutaneous, paratendon, and trigger
points. For intraarticular ozone route, the dosage can vary
from low (8 g/ mL), medium (10 pg/ mL) and high (25
pg/ mL). The volume varies from 0.5 to 10 mL per applica-
tion (SCHWARTZ et al., 2020).

CONTRAINDICATIONS, SIDE EFFECTS, AND CARE

Contraindications for the use of ozone in humans are described,
such as Glucose-6-Phosphate-Dehydrogenase deficiency
(Favism, acute hemolytic anemia), hemochromatosis, toxic
hyperthyroidism (Basedow-Graves’ disease). In severe throm-
bocytopenia in humans, it is recommended not to use when
below 50,000 platelets. Also, if there is severe cardiovascular
instability, acute myocardial infarction, alcohol intoxication,
treatment with iron or copper, and seizure status it is not rec-
ommended the ozone application (SCHWARTZ; SANCHEZ;
SABAH, 2015). There are no studies in veterinary medicine
to establish the recommended limits.
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The incidence of side effects of ozone therapy-related in
literature is very low, estimated at 0.0007%. One can mani-
fest euforia, nausea, headaches, and fatigue (HERNANDEZ
et al, 2021).

One must take care during the use of ozone and not direct
inhale it because it is toxic to the upper airway and lungs. Signs
of epiphora, rhinitis, cough, headache, and less common,
nausea and vomiting are side effects (BHATT ez al., 2016;
BOCKCI, 2005; SCIORSCI ez al., 2020). Important interac-
tions with ozone are the antioxidants, like vitamin C and E,
so they must be administered before or after ozone therapy,
not during the therapy, because of the interference with ozone
mechanisms of action and results. Ozone increases the effects
of angiotensin-converting enzyme inhibitors. Treatment with
copper and iron is contraindicated together with ozone ther-
apy. However, synergic effects are observed with laser, mag-
netic therapy, acupuncture, and diathermy (SCHWARTZ;
SANCHEZ; SABAH, 2015).

Overall, it is a safe therapy if applied correctly with the
recommended dose, avoiding complications with air embo-
lism using the correct practice and certified equipment

(HERNANDEZ et al, 2021).

POSSIBILITIES OF CLINICAL INDICATIONS

In small animals, the great application of ozone therapy has been
in pain control (BIAZZO ez al., 2018; SUMIDA; MATERA;
HAYASHI, 2019; TEIXEIRA et 4l., 2013), intervertebral disk
disease (HAN ez al., 2007), arthropathies (AVILES, 2013;
TARTARI ¢t 4l., 2020), dermatopathies (BORGES ez 4/, 2019;
JORDAN ez al., 2019) and in the treatment of infectious dis-
eases such as ehrlichiosis (GARCIA ez al., 2010), leishmani-
asis (MODA ez al., 2014), and feline viral immunodeficiency
(KAWAHARA et al., 2019). In large animals, in addition to
diseases common to small animals such as arthropathies, disk
disease, and treatment of pain and wounds in horses (BHATT
et al., 2016), mastitis and reproductive disorders in domes-
tic ruminants (DURICIC et a/., 2016; IMHOF ez al., 2019;
SAMARDZIJA ¢t al., 2017).

A chronic increase in oxidative stress is seen in serious
conditions such as myocardial infarction, stroke, chronic limb
ischemia, COPD, type II diabetes, and AMD. Initial inflam-
mation occurs followed by excessive release of ROS, causing
a diffuse cell injury that must be corrected by an inducible
expression of the innate detoxifying and antioxidant system.
ROS could activate the transcription factor (nuclear fac-
tor erythroid 2-related factor 2) Nrf2, which increases the
expression of antioxidant enzymes. Nrf2 could be activated
by ozone therapy, and when properly activated, can restore
redox homeostasis, and possibly improve health (BOCCI;
VALACCH]I, 2015). Reports of studies with various diseases
in animals have demonstrated the effect of ozone therapy in
neutralizing oxidative stress such as an improvement in the
antioxidant capacity after MAH application in thoroughbred

horses (TSUZUKI ez al., 2015), cisplatin-induced nephro-
toxicity (BORREGO ez al., 2004), reduced lipid and protein
oxidation markers and decreased lipofuscin pigment deposi-
tion in rat liver and kidneys in a pre-aging ozone administra-
tion (SAFWAT ez al., 2014), reperfusion injury of hepatic and
renal ischemia (AJAMIEH et al., 2004; YU et al., 2017) and
diabetic nephropathy (MORSY; HASSAN; ZALAT, 2010)
and improvement in neurodegenerative changes in the cere-
bral cortex in rats (EL-MEHI; FARIED, 2020).

The most frequent animal diseases treated with ozone
therapy and their most common application routes can be
seen elsewhere. For example, gastrointestinal diseases, pancre-
atitis, chronic gastroenteritis, anemias, and immune-mediated
thrombocytopenias with Ht >20% and acute and chronic kid-
ney disease could have the ozone application route like major
autohemotherapy, minor autohemotherapy, and rectal insuf-

flation (SCIORSCI et 4l., 2020; SCHWARTZ ez al., 2020).

Neurological diseases

Ozone therapy is described in the treatment of neurodegen-
erative diseases such as Multiple Sclerosis, Parkinson’s disease,
Alzheimer’s and Wilson’s disease, amyotrophic lateral sclero-
sis, Huntington’s disease, and cognitive disorders. Its effect
can be explained by its neuroprotective action, minimizing
the effects of oxidative stress in these pathologies (MASAN;
SRAMKA; RABAROVA, 2020). For example, studies in rats
have shown that intraperitoneal application therapy with con-
trolled ozone induces oxidative preconditioning, thus revers-
ing oxidative stress, with an improvement in neurodegenera-
tive changes in the cerebral cortex of elderly rats (EL-MEHI;
FARIED, 2020).

Inflammatory and infectious diseases

Recently, cohort studies and case reports using ozone ther-
apy as a complementary treatment have been published in
patients diagnosed with the pandemic virus COVID-19.
The articles describe the ozone techniques used: major auto-
hemotherapy (HERNANDEZ et 4l., 2020; HERNANDEZ
etal., 2021; ZHENG; DONG; HU, 2020; WU et al., 2020),
intramuscular application (BROWNSTEIN ez al., 2020),
rectal insufflation (FERNANDEZ-CUADROS ez al., 2020;
FERNANDEZ-CUADROS et al., 2020) and intravenous
ozonized saline solution (SCHWARTZ ez /., 2021). In these
studies, improvement in symptoms such as dyspnea, weak-
ness, and decrease in body temperature was observed and cor-
responded to an improvement in chest radiographic findings,
oxygen saturation, and laboratory findings due to the decrease
in inflammation markers (D-dimer, urea, ferritin, fibrinogen,
LDH, IL-6 and C-reactive protein). A reduction in mortality
was seen and side effects were not noticed (FERNANDEZ-
CUADROS, M.E. ez al, 2020; SCHWARTZ, et 4l., 2020).

Acta Veterinaria Brasilica December 16 (2022) 294-304

299



300

Sumida et al.

A twice-daily ozonated autohemotherapy for 5 consecutive
days in 18 human patients with COVID-19 severe pneumo-
nia was associated with a significant reduction in the time of
clinical improvement (HERNANDEZ ez al., 2021).

Some reports related good results on ozone therapy for
inflammatory and infectious diseases in veterinary medicine.
An application of rectal ozone insufflation in animals with
positive PCR for canine parvovirus study, demonstrated 20
times higher mortality in the control group when compared
to the dogs of the treated group (TRALDI, 2019). Garcia
et al. (2010) reported the use of ozonated MAH in canine
ehrlichiosis treatment. This therapy was effective in revers-
ing different hematological parameters and improving renal
damage. The use of ozone therapy as an adjuvant treatment
for visceral leishmaniasis is described by Moda ez 4/. (2014).
Infected dogs undergoing rectal insufHlation treatment showed
a decrease in serum urea and creatinine values at the end of
treatment, showing better performance than the intra-abdom-
inal treatment.

Kawahara er /. (2019) described the successful treat-
ment of a cat with feline viral immunodeficiency with ozone
therapy using minor and major autohemotherapy and rectal
insufflation. No side effects were observed.

Musculoskeletal diseases

Avilés (2013), studied the anti-inflammatory and analgesic
effects of ozone and growth factors derived from ozone-acti-
vated platelets in dogs with osteoarthritis in the hips and with
spinal pain or pain in the extremities. O,~O, was applied in
the periarticular region and painful paravertebral regions,
resulting in a significant improvement.

An experimental study in horses evaluated the transient
inflammatory reactions induced by intra-articular adminis-
tration of medicinal ozone affecting joint components, by in
vivo inflammatory evaluation, anti-inflammatory, and oxida-
tive biomarkers, and extracellular matrix degradation products
in synovial fluid in healthy horse’s joints. Analyzes of synovial
fluid did not reveal significant changes in the concentrations of
the main biomarkers of cartilage inflammation and catabolism,
indicating that intra-articular application of medicinal ozone
in horses seems to be safe (VENDRUSCOLO ez 4/., 2018).
Another study verified the action of ozone therapy application
on an experimental model of rheumatoid arthritis in Wistar
rats. It was observed effectively reduced inflammation through
the reduction of pro-inflammatory cytokines and activation
of IL-10 anti-inflammatory cytokine (TARTARI ez al., 2020).

Coelho ez al. (2015), reported a mare case diagnosed with
chronic laminitis (grade IV according to Obel) with signs of
lameness and reluctance to walk, radiographic measurements
revealed displacement of the distal phalanx. Corrective cut-
ting and administration of O,-O, (intramuscularly, periten-
dinous and rectal insufflation) was performed. The animal

showed improved body condition, and better ambulation and
the radiological evaluation after treatment showed a normal
relationship between the dorsal hull wall.

Intervertebral disk diseases

For the treatment of disk disease, two methods are described:
direct and indirect. The direct method consists of an intradiscal
application and the indirect method, in a paravertebral appli-
cation. This last form is also considered chemical acupuncture,
due to the beneficial results being obtained with the appli-
cation of ozone as a chemical reagent through the insertion
of the needle. The role of this technique is related to obtain-
ing a complex series of neurological and chemical reactions
that lead to decreased pain in the majority of patients with
pain in the spine, with positive responses in 70-80% of cases
(BOCCI ez al., 2015). In an observational and prospective
study realized in humans in Guantanamo, ozone therapy was
applied paravertebrally in diseases of the spine. Most patients
moved to a lower pain category and 80.7% were evaluated
in the mild-moderate category after ozone therapy (CUBA
RODRIGUEZ ez al., 2019).

The effects of the application of intradiscal and paraverte-
bral ozone are: inhibition of prostaglandin E2 and phospho-
lipase A2, similar to steroids; inhibition of other pro-inflam-
matory cytokines (IL 1, 2, 8. 12, 15, interferon- a); (IL 1,
2, 8. 12, 15, interferon- o); increased release of immunosup-
pressive cytokines (IL10, factor B1) producing analgesic and
anti-inflammatory effects; increase of local microcirculation;
reduce venous stasis and hypoxia in the nerve root produc-
ing an analgesic effect; effect on the mucopolysaccharides and
proteoglycans of the nucleus pulposus, which is called ozon-
olysis, producing a chemical discolysis with the loss of water
and dehydration; matrix degeneration, which is replaced by
collagen fibers reducing the volume of the disk (SCHWARTZ;
SANCHEZ, 2012).

Han et al. (2007), reported the percutaneous application
of intradiscal O,-O, guided by fluoroscopy in dogs with tho-
racolumbar disk disease. A significant reduction of the inter-
vertebral disk volume was observed in computed tomography
and all dogs recovered their gait function and did not pres-
ent recurrence. Jang et a/, (2009) described the application of
ozone on a Shih-Tzu dog with spinal cord compression in the
cervical region and presenting progressive tetraplegia. O,-
O, was applied intraoperatively in the affected intervertebral
spaces together with ventral decompression surgery in the
intervertebral space. After the procedure, there was no more
cervical pain and complete resolution of neurological deficits.

Painful conditions
Biazzo et al. (2016), reported the application of O,-O, in

intramuscular paravertebral lumbar regions, every seven days
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for a total of six sessions, for the treatment of low back pain
in humans. It was observed that 79% of the patients showed
improvement in pain conditions.

Teixeira ez al. (2013), investigated the postoperative anal-
gesic effects of ozone administered intrarectally or at acupunc-
ture points compared with meloxicam, in bitches submitted
to ovariohysterectomy. All groups obtained satisfactory anal-
gesia for 24 hours, but the group that received ozone at the
acupuncture points needed analgesic rescue (n=2), however
without significant differences in pain scales. The authors
used a modified Glasgow pain scale and the visual analog
scale. Ozone had no measurable adverse effects and was a
good option to promote pain relief, being the intrarectal route
with analgesic control in 24 hours.

Ballardine (2005) and Vigliani ez /. (2005) reported the
use of O,~O, in sports horses with musculoskeletal disorders
and pain. Ozone’s subcutaneous and paravertebral applica-
tion was performed, remission of symptoms was good, and
pain relief was noticed.

Two dogs with neck pain refractory to analgesic
medication have been treated by ozone. The O,-O,. was
applied by rectal insufflation and at acupuncture points
bilaterally in the two paravertebral cervical points, GV14,
GB21, BL23, lumbar Bai Hui, obtaining pain control, with
DIVAS=0 after four applications (SUMIDA; MATERA;
HAYASHI, 2019).

Oncologic conditions

Rossmann ez al. (2014) reported a considerable efficacy
of the application of O,-O, intraperitoneally in rabbits
implanted with papilomavirus associated auricular car-
cinoma VX2, which serves as a model for the study of
head and neck cancer in humans. Host acquired tumor
resistance and tumor regression were observed. Another
study by Schulz ez /. (2008) using rabbits inoculated with
squamous cell carcinomas of the head and neck, observed
a complete remission of 50% of the animals treated also
with intraperitoneal administration.

Other studies in an animal model and humans, refer to
the use of ozone as an adjuvant in the treatment of cancer,
which may accelerate the healing after tumor resection surgery.
Other effects described were the ozone's capacity to induce
direct damage to tumor cells, enhance the radiotherapy and
chemotherapy effects, immune modulation, alter locoregional
blood flow and cause tumor hypoxia that provides additional
support for potential beneficial effects during cancer treatment

(CLAVO ez al., 2018).

Dermatologic conditions
In veterinary medicine, skin diseases are very common condi-
tions and can be one of the main indications for the application

of ozone therapy. For modulation of immunity both meth-
ods, systemic and local applications can be used. The local
application also has antiseptic, antibacterial, antifungal, and
healing stimulation effects. Borges et a/. (2019) and Jordan
et al. (2019) described the use of ozone bagging and rectal
insufflation in dermatologic cases and obtained remission
of circumscribed, alopecic skin lesions, distributed diffusely
along the body, with crusty and scaly, mild itching, and vari-
ous bacterial infections.

Lincheta ez al., 1998 reported the effective result of using
ozonized oil in the treatment of herpes simplex, fungal der-
matitis, and pyodermas.

Hepatic diseases

The combination of rectal ozone insufflation and the chinese
formula (Yigan Fuzheng Paidu) was used in the induced acute
liver injury. This treatment combination was superior when
compared with the other groups (ozone or chinese formula
alone, and control). It managed to control the dog’s general
conditions and also, and the survival rates were higher with
normal levels of liver enzymes and less liver damage on his-
topathological examination (LI ez al., 2007).

Ophthalmologic diseases

There are reports of ozone application for ophthalmic diseases
in the treatment of dry eye syndrome, diabetic retinopathy,
endophthalmitis, choroidal dystrophy, AMD, retinitis pigmen-
tosa, and chronic glaucoma in human medicine (BORRELLI
et al., 2012; SCHWARTZ; SANCHEZ; SABAH, 2015). In
veterinary medicine, Marchegiani ez /. (2019) and Spadea
et al. (2018), described the use of the Ozodrop® liposomal
ozone lubricating ophthalmic solution (Fb Vision, Ascoli
Piceno, Italy) based on hypromellose, liposomes, and ozon-
ized oil It was observed that ozone-based eye drops have anti-
inflammatory and bactericidal activity, promote tissue repair,
and can be successfully used in various ophthalmic pathologies
like recurrent conjunctivitis and chronic keratitis.

CONCLUSION

Recently, the use of ozone therapy has been intensified in
clinical practice due to its multiple applications, minimally
invasive, and relatively safe approach. However, the under-
standing of all biochemical and pharmacodynamic mech-
anisms is not yet fully elucidated. More scientific clinical
studies are essential to expand its applicability and stan-
dardize effective doses and techniques for several diseases

in veterinary medicine.
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