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Abstract: The aim of this study was to evaluate the efficacy of ozone therapy in the treatment of 50 patients with periph-

eral vestibulocochlear syndrome. Ozone was injected in the cervical region C2-C3, for 20 sessions. Evaluation criteria was 

based in the evolution of nystagmus, tinnitus, hearing loss and vertigo. Also, oxidative stress parameters were measured. 

Results demonstrated that patient improvements, according to vertigo, hearing loss, tinnitus and nystagmus, were of 90, 

80, 65 and 100 %, respectively. These patients were initially under condition of systemic oxidative stress, however, at the 

end of the study a redox balance was achieved. No side effects were observed. 
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INTRODUCTION 

Vestibulocochlear syndrome is the name given to a group 
of affections characterized by hearing and equilibrium dis-
turbances. This affection has an important prevalence and 
represents high economical expenses, due to the range of 
medicaments and long treatments that are used [1,2]. 

Vertigo is the main symptom, though hearing loss, tinni-
tus, pain and humid sensation can also be present [3,4]. The 
anamnesis, the clinical examination and the evolution will 
permit us to orientate through the etiologic diagnose of a 
vertiginous syndrome and the exam of the 8th cranial nerve 
will give us important elements for the differential diagnosis 
[5]. 

On the other hand, tinnitus represents a worldwide major 
health care problem with an enormous social and economic 
demand for therapeutic treatment [6]. According to epidemi-
ological investigations, more than 37 million Americans 
experience tinnitus, about 20% of them have prolonged tin-
nitus requiring clinical intervention [7,8] and approx. 90% of 
all tinnitus patients are affected by impaired hearing [9,10]. 

Vestibulocochlear syndrome, regarding to its origin and 
for a better treatment, can be classified in 2 groups: central 
vestibulocochlear syndrome (5 to 10 %) and the peripheral 
vestibulocochlear syndrome (~90 %) [11]. The central vesti-
bulocochlear syndrome normally obeys to tumour or vascu-
lar causes that affect the vestibular nucleus, though occa-
sionally toxic disturbances or viral infections can also exist. 
It can be presented in diseases as: multiple sclerosis, en-
cephalomyelitis, granulomatosis meningitis and epilepsy of 
the temporal lobule [2,11]. The peripheral vestibulocochlear 
syndrome is, generally, of a benign course. It presents fre-
quently a triad of symptoms as: vertigo, tinnitus and sen-
sorineural hearing loss of a mild intensity. In these cases, 
vertigo has a sudden beginning, severe and its evolution is  
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by crisis (episodic), influenced by cephalic movements. The 
nystagmus is generally horizontal or mixed, but always in 
the same direction, with a behaviour proportionally to the 
vertigo intensity, with the rapid phase in the opposite posi-
tion of the lesion and being usually inhibited by visual fixa-
tion [2,11]. 

With respect to the etiology of the peripheral vestibulo-
cochlear syndrome, there is a hypothesis that related it with 
degenerative osseous alterations of the cervical spine, of 
spondylo-arthrosis form. Its origin is attributed to this physi-
cal damage, that normally appears in the 5th and 6th decade of 
life [2,11]. It was argued that the presence of arteriosclerosis 
in these patients could generate a vascular deficit in the inner 
ear, not in an isolated form, since it is very improbable that 
this deficit is only for the vestibule. For that reason, hearing 
loss, vertigo and tinnitus are added as ischemic manifesta-
tions of the central nervous system [2,11]. Nowadays, there 
is a tendency to assure that its etiology is because of vestibu-
lar receptors (labyrinth) or 8th cranial nerve lesions. Respect 
to the causes, peripheral vestibulocochlear syndrome can be 
classified in 4 main groups: vascular, tumor, toxic and idio-
pathic (Menière´s disease, labyrinthitis, labyrinthine neuritis 
and positional vertigo) [2,11]. 

Ischemia and hypoxia are known to greatly affect the 
function of cochlea [12,13]. Occlusion of labyrinthine artery 
leads to almost complete degeneration of the inner ear [14-
16]. Ischemic conditions impact the expression of a number 
of hypoxia inducible factor 1 (HIF-1)-dependent genes, 
which are involved in acute as well as chronic changes in 
circulation and in the signal transduction [17,18].  

Free radicals in otorhinolaryngology participate in the 
pathogenesis of many diseases [19-21]. Oxidative stress 
supports the origin of nasal polyposis, takes part in distur-
bances of the hearing. In otitis media the level of lipoperox-
ides may be the marker of the severity of the disease. In 
Menière's disease the total antioxidant capacity is decreased. 
It has been demonstrated that oxidative stress is involved in 
the development of endolymphatic hydrops and that cellular 
damage and apoptotic cell death might contribute to the sen-
sorineural hearing loss found in later stages of Menière´s 
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disease [22-24]. Also, increased reactive oxygen species 
(ROS) are engaged in tinnitus. There are evidences that oxi-
dant activity production is increased and nitric oxide produc-
tion reduced in brain circulation reflux blood of patients with 
tinnitus [25-27]. These conditions are able to cause a general 
cerebro-vascular endothelial dysfunction, which in turn in-
duce a dysfunction of microcirculation in the inner ear [28-
30].   

While excess ROS are toxic, regulated ROS, however, 
play an important role in cellular signaling. The ability of a 
cell to counteract stressful conditions, known as cellular 
stress response, requires the activation of pro-survival path-
ways and the production of molecules with anti-oxidant, 
anti-apoptotic or pro-apoptotic activities [30].   

It is well known different biological effects of ozone that 
can help to improve the peripheral vestibulocochlear symp-
toms, as: improvement in the oxygen deliver to tissues, the 
stimulation of the antioxidant defence system counteracting 
the intracellular pro-oxidant status, the calcium homeostasis, 
the immunological modulation, the vasodilation through the 
NO modulation, among others [31-48]. For all those reasons, 
the aim of this study was to evaluate the efficacy of ozone 
therapy in the treatment of patients with peripheral vestibu-
locochlear syndrome.  

PATIENTS AND METHODS 

This prospective and controlled clinical trial was ap-
proved by an institutional review board (Scientific and Eth-
ics Committees of the Institutions) in accordance with the 
principle of the Declaration of Helsinki (1997). All patients 
gave their informed consent to be enrolled after receiving 
appropriate information about the study (characteristics, 
benefits and possible side effects). Before enrolling, all par-
ticipants attended a training program designed to familiarize 
them with the study objectives and treatment plans. 

Adult patients, of both sex and different ethnic origins, 
that present a peripheral vestibulocochlear syndrome are 
eligible to participate in the study. 

Exclusion criteria were: patients that present central ves-
tibulocochlear syndrome, tumour of the acoustic nerve 
(schwannoma or neurinoma), tumors of the middle ear/inner 
ear/cerebellopontine angle, lesions of the brain stem, severe 
hypertension, severe septic conditions, multiple sclerosis, 
retinal disorders, liver/hematological/cardiovascular dis-
eases, hypersensibility to the medication that will be used, 
pregnancy or breast-feeding women, inability to cooperate 
with the requirements of the study, recent history of alcohol 
or drug abuse, abnormal laboratory values (e.g., creatinine 
clearance <30 ml/min, elevation of aspartate aminotrans-
ferase (AST) or alanine aminotransferase (ALT)  3-fold 
upper limit of normal). 

All patients that present a peripheral vestibulocochlear 
syndrome must receive an exhaustive neurological study, 
because the presence of motor and sensitive disorders of any 
cranial pair nerve can constitute an index of important or-
ganic lesions. For that reason, before the study was started, 
all patients included in the study underwent a baseline 
evaluation including detailed medical history, otorhinolaryn-

gologic examination, CAT, NMR, audiometry, auditory 
evoked potential, vascular carotid and vertebrobasilar Dop-
pler, in order to corroborate the diagnosis. 

The study was carried out in 50 patients, with diagnose 
of mild peripheric vertigo-MPV (34), labyrinthitis (4), MPV 
+ acoustic trauma (2), Menière´s disease (7) and MPV + 
otosclerosis (3). They presented hearing loss, tinnitus (last-
ing for more than 3 months), mild peripheric vertigo and 
nystagmus. Hearing loss is one of the important symptoms 
and it can be the expression of a lesion in the transmission 
apparatus or in the perception of the sounds. Tinnitus, fre-
quently very annoying to patients even modifying their psy-
che, can be continuous or intermittent and of acute or grave 
tones. Vertigo is the sensation of moving around in space 
(subjective vertigo) or of having objects moving around the 
person (objective vertigo) and is a result of a disturbance of 
equilibratory apparatus. Nystagmus is mainly horizontal and 
inhibited by visual fixation.  

Treatment 

The ozone was obtained by means of a Cuban Ozone 
Generator (OZOMED), being its ozone concentration cali-
brated spectrophotometrically at 254 nm. Ozone was in-
jected (using G27 x 1.5 inches needles), at a concentration of 
20 mg/L and a volume of 5 mL, into the points localizable in 
the paravertebral muscle, corresponding to the cervical re-
gion C2-C3, at 2 cm calculated bilaterally to the spinal proc-
ess (twice per week, for 20 sessions).  

Evaluation Criteria 

The evaluation criteria was based in the evolution of ver-
tigo (by means of the evaluation of the static equilibrium and 
the behaviour of the march), nystagmus, hearing loss and 
tinnitus at the beginning, after fifth and tenth sessions and at 
the end of the treatment. Also, oxidative stress parameters 
were measured in a sample of 25 patients, at the beginning 
and at the end of the treatment. 

Respect to vertigo, for the behaviour of the static equilib-
rium, Romberg test was performed. Patients standing up 
with feet joined, in a firm position (in order to diminish the 
support base), and with eyes closed (to eliminate the visual 
help to equilibrium). When a non-compensate vestibular 
affection exists (labyrinth asymmetry), the patient presents 
impossibility to maintain his position and then he falls to-
ward the side where is the disabled labyrinth (lateral pul-
sion). For the behaviour of the march, Babinsky Well Star 
and Osterhamser tests were performed. For the first one, it 
was indicated to patients to walk 6 steps forward and then 
backwards, with the eyes closed. When there is a peripheral 
vestibular disability, patient can not go towards the start 
point, instead, in each cycle of march he is deflected towards 
the same side where the disability is. If, hypothetically, a 
line is traced on the floor, following the direction of the 
march, we can found that a figure that resembles a star is 
drawn (Babinski Well Star). Osterhamser test is based in the 
same principle, but the patient does not walk, but he has to 
mark the step lifting the knees. In the positive case, patient 
will rotate in an axis in the direction of the disabled laby-
rinth. It is very important that the patients maintain their 
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eyes closed, because if they look, they will correct the march 
involuntarily [2, 49-52].  

For the measurement of nystagmus, the patient will be in 
decubitus or seated, in a room slightly illuminated, using 
Frenzel goggles for the elimination of the visual fixation (to 
avoid the disappearance of vestibular nystagmus of less in-
tensity and the lessen of the intense ones) [2,49-52].  

For the measurement of the hearing loss, audiometric 
measurements were conducted at tone exposures with vary-
ing frequencies from 0.125 kHz to 10 kHz (pure tone audio-
gram) [2,49-52].  

For the measurement of tinnitus, a subjective evaluation 
was performed. It was asked to the patients if the tinnitus has 
changed with respect to the initial evaluation (disappearance 
or improvement). An index of improvement is if the tinnitus 
changes from continuous to intermittent or from grave to 
acute tones.  

Also, as an evaluation criterion, it was taken into account 
the behaviour of different biochemical parameters as: re-
duced glutathione (GSH), glutathione peroxidase (GPx), 
catalase (CAT), superoxide dismutase (SOD) and thyobarbi-
turic acid reactive substances (TBARS). Blood samples for 
biochemical profile analysis were obtained after 12 h over-
night fast, at the beginning and 24 h after the last ozone 

treatment. All biochemical parameters were determined by 
spectrophotometric methods. Blood (from superficial vein of 
forearm) was taken from individuals into anticoagulant tubes 
containing ACD (a mixture of citric acid, sodium citrate and 
dextrose) and measurements made by duplicate. GSH was 
measured in erythrocytes using the method of Beutler [53]. 
GPx activity was measured in erythrocyte by the modifica-
tion of Foraji [54] to the method of Thomson [55]. SOD ac-
tivity was measured in erythrocyte by the modification of 
Bolann [56] to the method of Marklund [57]. CAT activity 
was measured in erythrocyte by the modification of Berg-
meyer [58] to the method of Beers [59]. The lipid peroxida-
tion assay is used to determine TBARS levels. One part of 
the blood was centrifugated at 1500 x g for 20 min and the 
plasma taken for analysis. Plasma TBARS was measured 
according to the method of Satoh [60]. Hemoglobin estima-
tion in blood was measured by a manual method using 
Drabkin´s solution. Briefly, a volume of 20 microliter was 
added to 5 milliliter of ferrycyanide-cyanide reagent (Drab-
kin´s solution) to convert the pigment to cyanmethemoglo-
bin and then reading the optical density at 540 nm [53].  

Statistical Analysis 

The OUTLIERS preliminary test for detection of error 
values was initially applied. Afterwards, data were analyzed 
by one-way analysis of variance (ANOVA) followed by a 
homogeneity variance test (Bartlett-Box). In addition, Wil-
conson Rang Sum test [61] for mean values ± SD (standard 
deviation) was used. The level of statistical significance used 
was p < 0.05.  

RESULTS AND DISCUSSION 

The distribution of the number of patients according to 
the group of ages can be seen in Fig. (1). A great number of 
patients corresponds to the range between 46 and 55 years 
old (42 %). Also, there is a prevalence of females sex (56 %) 
(Fig. 2). 

Respect to the presence of symptoms and signs, vertigo 
was present in 100 % of patients. In Romberg test, the pa-
tients fall toward the side of the lesion. In Babinski Well 
test, a trend to lean to the opposite side of the nystagmus was 
observed. In Osterhamser test, a rotation toward the disabled 
labyrinth was provoked. Tinnitus, nystagmus and hearing 
loss were present in 74, 88 and 68 % of patients, respectively 
(Fig. 3). 

 

Fig. (1). Distribution of the number of patients according to the 
group of ages. 

 

Fig. (2). Distribution of the number of patients respect to sex. 

 

 

 

 

 

 

 

 

Fig. (3). Behaviour of vertigo, tinnitus, nystagmus and hearing loss 

at the beginning of the treatment. 
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Patients in the group between 46 and 55 years old pre-
sented a great number of symptoms and signs. Only one 
male patient was in the group of > 75 years old, presenting 
vertigo, hearing loss and tinnitus (Fig. 4). 

The evolution of patients according to the disappearance 
of vertigo, hearing loss, tinnitus and nystagmus was very 
favourable. All these symptoms were decreasing with fol-
lowing ozone treatments. After the 5th ozone treatment, tinni-
tus was still present in all patients; however, vertigo, hearing 
loss and nystagmus disappeared in 20, 6 and 52 %, respec-
tively. At the end of the treatment (after 20 ozone sessions), 
nystagmus completely disappeared and vertigo, hearing loss 
and tinnitus were eliminated in 90, 62 and 62 %, respectively 
(Fig. 5). The values of tinnitus and hearing loss were more 
discreet in comparison with the disappearance of nystagmus 

and vertigo. Taking into account how difficult the treatment 
of tinnitus and hearing loss is, to achieve a positive result 
(62%), it can be considered that ozone therapy has made a 
good effect and it can be recommended for the treatment of 
these symptoms and signs. 

At the end of the treatment, if the improvement of the 
symptoms and signs is considered, the results according to 
vertigo, hearing loss, tinnitus and nystagmus were of 90, 80, 
65 and 100 %, respectively (Fig. 6). With respect to hearing 
loss and tinnitus, there were patients with disappearance of 
symptoms and signs, but some of them only presented an 
improvement. That is the reason why their values increased 
with respect to Fig. (5), where the disappearance of symp-
toms and signs is only present. 

The results of the biochemical parameters measured are 
shown in Table 1. Laboratory data for healthy individuals 
(n=20) were taken as normal reference values (control 
group). This group of subjects corresponded in terms of age, 
sex and ethnicity with the group of patients enrolled in this 
study. 

It can be observed that patients with vestibulocochlear 
syndromes were, at the beginning of the treatment, under 
condition of systemic oxidative stress. Therefore, there ex-
ists a kind of dangerous central and systemic presence of 
reactive molecules, aimed toward the polyunsaturated fatty 
acids and homeostatic complex enzymes that are not com-
pensated by the natural antioxidant defence. However, after 
the ozone treatment they achieved a redox homeostasis. 
TBARS that presented increased values, at the beginning of 
the treatment, reduced significantly (p<0.05) its figures even 
below the control group. GSH, GPX, SOD activities were 
increased after the ozone sessions and also respect to control 
group, preventing oxidative damage. CAT activity increased 
significantly (p<0.05) with respect to the initial value, being 
similar to the control group. GPX and CAT increase were 
enough to overcome lipid peroxidation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4). Presence of symptoms and signs respect to the group of 
ages. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5). Patient evolution, respect to the number of ozone sessions and according to the disappearance of vertigo, hearing loss, tinnitus and 
nystagmus. 
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Ozone therapy increased the intrinsic capacity of vulner-
able ganglion cells to maximize antidegenerative mecha-
nisms, such as stress response and thus cytoprotection 
[37,48]. Positive changes in the redox status of glutathione, 
the primary antioxidant produced within the cochlea and the 
major endogenous antioxidant, associated with abnormal 
expression and activity of carbonic anhydrase, contributed to 
decrease oxidative stress and to avoid disruption of systemic 
redox homeostasis, which can be associated to possible al-
terations on vulnerable neurons such as spiral ganglion neu-
rons and consequent cellular degeneration [24]. Ozone 
avoided GSH depletion as a result of the prevention of oxi-
dative stress. This result was in line with the reduction of 
lipid peroxidation, which suggests the preservation of mem-
brane integrity by ozone treatment. 

There are some studies in Menière disease, that due to 
this lack of redox balance, had use a product made from re-
duced glutathione, thioctic acid, cysteine, rebamipide, vita-
min C and other antioxidants as a multipurpose antidote to 
this element of etiopathogenesis, obtaining good results. Of 
22 patients, 21 showed marked improvement of vertigo 
(95%); 12/27 ears showed improvement of hearing disorders 
(44%); 17/27 ears showed improvement of tinnitus (62.6%) 
and 18/25 patients showed improvement of disability [23]. It 
is concluded that the treatment using radical scavengers has 

the potential to become an effective new therapy for this 
disease [22-24]. 

Treatment with radical scavengers has the potential to 
become an effective new therapy for age-related hearing loss 
and vertigo [21,62]. Rebamipide, alpha-lipoic acid and vita-
min C were given orally for at least 8 weeks to 46 elderly 
patients with age-related hearing loss. Hearing levels after 
treatment were significantly improved at all frequencies 
[21].  

Cases of tinnitus are initiated by at least 11 short-term 
stressors or other cycle mechanisms. Such cycle elements as 
N-methyl-D-aspartate activity; oxidative stress; nitric oxide; 
peroxynitrite; vanilloid activity; NF-kappaB activity; and 
intracellular calcium levels are all reported to be elevated in 
tinnitus [63]. A special role of hypoxia and ischemia are 
involved in the pathogenesis of tinnitus [64]. 

Ozone, under controlled doses, by means of a slight and 
transient oxidative stress, activates several biological func-
tions without the presence of side effects. This ozone oxida-
tive preconditioning is able to produce the stimulation of the 
antioxidant defence system counteracting the intracellular 
pro-oxidant status, achieving a homeostasis redox 
[31,34,37,40-42,45,48]. By means of the detoxifying via of 
glutathione system it is produced a glycolysis activation, 

Table 1. Behaviour of the Oxidative Stress-Related Parameters Measured in Blood of Patients with Vestibulocochlear Syndrome 

Treated with Ozone Therapy 

Ozone Group 

Biomarkers Control Group (n=20) 

                   Initial                                            Final 

GSH (micromol/g.Hb) 4.89 ± 0.63a 

3.61 ± 0.58b 

5.78 ± 0.71c 

GPx (U/g.Hb) 25.24 ± 3.14a 

18.4 ±  2.97b 

29.21 ± 3.52c 

TBARS (micromol/L) 1.97 ± 0.06a 

2.67 ± 0.09b 

0.82 ± 0.06c 

SOD (U/g.Hb) 256.1 ± 21.5a 

175.0 ± 15,7b 

410.2 ± 20.8c 

CAT (kU/g.Hb) 25.67 ± 2.65a 

18.20 ± 1.47b 

28.15 ± 2.33a 

GSH: reduced glutathione, GPx: glutathione peroxidase, TBARS: thyobarbituric acid reactive substances, SOD: superoxide dismutase, CAT: catalase. Data are means ± S.D. Means 

having different superscript letters indicate significant difference (p<0.05) between groups and comparing initial and final values in the ozone group. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6). Percent of improved patients at the end of the treatment, respect to vertigo, hearing loss, tinnitus and nystagmus. 

90

80

65

100

0

20

40

60

80

100

120

Vertigo Hearing loss Tinnitus Nystagmus

Improved patient (%) 



326    Reviews on Recent Clinical Trials, 2012, Vol. 7, No. 4 Menéndez et al. 

increasing 2,3 diphosphoglycerate (2,3-DPG) and the ionic 
interchange at membrane level with a final production of 
energy in the form of ATP. The 2,3-DPG has certain impor-
tant functions as acting upon the oxyhemoglobin to release 
more oxygen to tissues. The oxygen increase and the benefi-
cial ozone effects in ischemic diseases can be associated to 
this microrelease of ATP from erythrocytes and the vasodila-
tion found [37,39,46,48,65]. The lipid peroxides formed dur-
ing the ozone therapy can induce oxidative stress proteins, as 
the hemo-oxygenase 1 (HO-1), that after breaking the hemo 
group release useful compounds as carbon monoxide (CO) 
and bilirubin [66]. Bilirubin, lipophylic antioxidant, and the 
CO cooperate with nitric oxide (NO) in the vasoditation 
regulation, activating the production of cyclic GMP [37,48].   

It has been considered that in the vestibulocochlear syn-
drome there are vascular disorders that can compromise 
blood circulation to labyrinth via vertebral arteries, produc-
ing a central nervous system ischaemia. In vertebrobasilar 
deficiency there are atheromatous stenosis lesions and embo-
lism of parietal and cardiac origin. These cases have been 
described after anomalous and prolonged positions 
[2,11,67]. In this study, patients with a prevalence between 
46 and 55 years old, maintained sometimes a working activ-
ity that requires uncomfortable positions for long time peri-
ods and this could be one of the mainly causes of this syn-
drome. All this was accompanied by a release of ROS com-
promising even more their clinical evolution [11-13,19].  

In patients with acute tinnitus, low NO levels were found 
in brain circulation reflux blood taken from the internal 
jugular vein and also detected increased plasma levels of 
oxidative markers, where the blood was taken from the bra-
chial veins. These conditions are able to cause a general 
cerebro-vascular endothelial dysfunction, which in turn in-
duce a dysfunction of microcirculation in the inner ear [29]. 
Tinnitus is comorbid with some putative NO/ONOO- cycle 
diseases. Most important, multiple agents that down-regulate 
NO/ONOO- cycle biochemistry are reported to be helpful in 
the treatment of tinnitus and related diseases. Other inner-
ear-related defects, such as acute or progressive hearing loss, 
vertigo, and dizziness, may also be NO/ONOO cycle dis-
eases [30,63].  

There is experimental evidence that the regional cochlear 
blood flow is actively regulated by the NO-system 
[25,30,63,68]. NO is produced by vascular endothelium and 
acts on the vascular smooth muscle to dilate the vessels and 
increase blood flow. In cochlear vasculature, NO plays a 
pivotal role in the regulation of vascular tone [25,30,63]. NO 
stimulates the soluble guanylate cyclase with subsequent 
cGMP formation, which activates protein kinases and leads 
to dephosphorylation of the myosin light chain [68]. cGMP 
levels were shown to act on pericytes, which ultimately leads 
to vasodilatation in the stria vascularis improving blood sup-
ply to hair cells [25,63]. Hence, drugs acting through the NO 
pathway should be highly capable of improving cochlear 
microcirculation.  

Multiple agents that down-regulate NO/ONOO- cycle 
biochemistry are reported to be helpful in the treatment of 
tinnitus and related diseases [30]. Previous studies suggested 
that NO/ONOO cycle diseases may be best treated with 
complex combinations of agents predicted to lower 

NO/ONOO- cycle biochemistry, and such combinations may 
be helpful in tinnitus treatment. Other inner-ear-related de-
fects, such as acute or progressive hearing loss, vertigo and 
dizziness, may also be NO/ONOO cycle diseases [63]. 

NO can react with superoxide anion to form peroxynitrite 
(ONOO), which is very damaging to hair cells. Peroxynitrite 
is considered as a putative cytotoxin, which has been impli-
cated in the pathophysiology of a variety of processes [69]. 
However, it has been reported that the inhibition of nitric 
oxide synthase (NOS) activity reduces peroxynitrite forma-
tion but increases neutrophil accumulation, which suggests 
that the anti-inflammatory function of NO is more important 
than the cytotoxic potential of peroxynitrite in acute inflam-
mation [70]. Therefore, a modulation of NO must be 
achieved in order to obtain good results.  

The contribution of ozone to NO generation may be a 
consequence of its action on gene expression. Pendino et al 
[71] have shown that exposure to ozone causes NO produc-
tion in macrophages and type II cells of rats. Also, it has 
been found that ozone-induced lung hypermeability is asso-
ciated to iNOS [72]. In this study we have not measured the 
NO content, but it has been demonstrated in several investi-
gations that ozone can modulate the NO production 
[34,39,45]. In this study, SOD activity was increased after 
the ozone treatment. It suggests that superoxide accumula-
tion is reduced and then, in the presence of NO less forma-
tion of peroxynitrite is achieved, preserving NO contents, 
modulating NO/ONOO- cycle. 

Besides, it is known that the inner ear disturbances due to 
free calcium, decrease negative generation potential [73] and 
the alterations in the chloride and potassium contents can 
modify the hair cell morphology [74]. Both phenomena can 
influence in the inner ear membranes when they are altered 
by important process that affects the active metabolism of 
the vestibulocochlear organ. Ozone, due to its regulating 
capacity in calcium homeostasis [31] and in cell oxidative 
metabolism [37,48,65], exerts a positive effect in these al-
terations, knowing that the stria vascularis represents one of 
the tissues with a great metabolic activity [75].  

There are clinical experiences which demonstrate the 
stria vascularis improvement when guinea pigs were submit-
ted to an ototoxic damage with streptomycin sulphate and 
then treated with ozone [76]. Also, it is referred clinical trials 
in patients with vestibulocochlear syndrome and in sen-
sorineural hearing loss and its psicopedagogic results after 
three and five years of ozone therapy treatment, applying 
cycles of 20 sessions of rectal insufflation every six months 
[77,78]. In all these papers, improvement achieved by these 
patients after ozone treatment has been demonstrated. 

Ozone exerts different therapeutical effects as: improve-
ment of oxygen metabolism and modulation of oxidative 
stress, NO and free calcium levels, among others 
[31,39,46,48] that has possibly influenced in the positive 
results achieved in this study. In fact, it has been well dem-
onstrated that the homeostasis redox was achieved. How-
ever, in order to increase the improvement in tinnitus and 
hearing loss (where the hair cell morphology and the vesti-
bulocochlear organ metabolism are very affected, as well as 
the presence of other mechanisms that can increase the dam-
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age) it will be necessary to study the effectiveness of the 
combination of paravertebral ozone application with cycles 
of rectal or major autohemotherapy (between 15 or 20 ozone 
sessions per cycle of treatment) repeated every six months. 
Up to now, good results have been reported using repeated 
cycles of ozone therapy in diseases as: sensorineural hearing 
loss, retinitis pigmentosa, asthma, diabetes, etc 
[41,45,77,79].  

CONCLUSIONS 

Ozone was able to maintain an adequate cellular redox 

balance. High SOD, GSH, GPx and CAT levels and low 

lipid peroxidation were obtained. Improvements in vertigo, 
hearing loss, tinnitus and nystagmus of 90, 80, 65 and 100 

%, respectively, were achieved. Ozone therapy, in patients 

with peripheral vestibulocochlear syndrome, is effective, 

ease to perform, no structural damage is produced and can be 

used in outpatients with a minimum recovery time. No side 

effects were observed during the study. Thus, we encourage 

to continue the research on the therapeutic capabilities of 

ozone in vestibulocochlear syndromes and suggest to per-

form a randomized phase III clinical trial. 
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