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Abstract

Retinitis Pigmentosa (RP) is characterized by bad night vision, decrease of visual field

and/or acuity, with electroretinogram (ERG) diminished in amplitude and finally, non

reproducible. Taking into account some of the ozone biological effects, as: improvement

in the oxygen metabolism, increase in the cell energy, the immunomodulator capacity

and enhancement of the antioxidant defense system the aim of this paper is to assess

ozone therapy’s efficacy in these patients, treated twice a year during 20 years. A

controlled and retrospective clinical study was performed in 56 patients with Typical

Retinitis Pigmentosa (non-associated), with sample homogeneity, in age, sex and

stage of the disease, and with signed informed consent. Forty patients received ozone

daily, by rectal way, during 20 sessions (at a concentration of 40 mg/L and a volume

of 200 mL) as only treatment, with repetition of this cycle every 6 months, and 16

received other medical treatments (control group). Results showed that, after 10

years, patients in stages I and II had a better response to ozone therapy, and this

response was more lasting, with an improvement attained as of 4 months, which is

the shortest time period for patients in stages II and IV. After 20 years of treatment,

50.1 % of patients improved their visual field, 31.1 % remained the same and 18 %

followed the course of the disease. In respect to visual acuity, we observed that 37.5%

of patients improved, 34.9 % remained stable and 27.6 % continued the course of the

disease. It is recommended to apply ozone therapy at six-month intervals in order to

delay the course of the disease and maintain the visual capabilities. No side effects

were observed. Ozone therapy is a good therapeutic choice in the treatment of patients

with RP increasing their quality of life.
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Introduction

Retinitis Pigmentosa (RP) is the name for a heterogeneous group of heredodegenerative retinochoroidal

diseases of unknown origin, with variable gene expression [1-3]. Its average incidence ranges between

3.2 and 4.5 for every 10000 people in the world, therefore, being an important cause for blindness in

the world [2]. It is characterized by initially affecting visual cells and the pigment epithelial layer and by,

afterwards, extending to all retinal and choriocapillaris layers. Basically, there are two forms of presentation:

typical ones, when degeneration begins in the rods, and atypical ones, when beginning in the cones. It

can be found associated to other systemic and ocular diseases, where the presence of cataract,

glaucoma, and vitreous and macular alterations can be noticeable. People suffering from the disease

lose their visual field and/or visual acuity [1-3].

Patients complain about night blindness and progressive reduction of the visual field, and can even

initially present a ring scotoma and, finally, in gun barrel, being noticed that in very advanced stages, in

some cases, there can be a loss of central vision. In this disease, electroretinogram (ERG) can appear

abnormal or non recordable. [1-3]. 

Within the physical examination of the eye, it can be observed waxen or pale disks, dimmed or very fine

vessels and pigments in the form of osseous spicules in the peripheral means, initially, and, in the most

advance stage, it can be distributed to the 4 quadrants. Diagnose is made by exams of visual acuity,

visual field, eye fundus and ERG [1-3].

At their beginnings the retinal pigmentary epithelium cells start to [4-8]:

•Remodel its molecular structure and anatomical and histophysiological relations.

•Adapt to new challenges imposed on them by the cell stress, producing this disease, but if the

stress increases, an irreversible process begins to develop leading to a cell death.

•Develop neuroplasticity mechanisms, depending on its capacity to obtain diverse growth factors

and neurogenic elements, which are necessary in this process.

Hemodynamic studies carried on by researchers have demonstrated the following [4-8]:

-Significant decrease in the blood flow

-Great decrease of vascular diameter.

-Increase in blood viscosity.

-Marked oxygen deficit in the retina.

-Deficit of the necessary nutrients for the metabolism of visual cells.

Normally, these cells need great quantities of oxygen from the choriocapillaris, which is closely related

to the photoreceptors, ensuring normal functioning. However, histopathological studies have shown the

choriocapillaris is atrophied and disappears within the affected retinian areas [6].  Despite this, there are

cell groups resisting prolonged stress, exhibiting a molecular and functional structure apparently normal,

which allows them to survive and relate among them [4].

There is not yet a specific treatment to eliminate the cause for production of alteration in the gene.

Notwithstanding, some countries have carried on different efforts in searching for therapeutic alternatives

to improve the quality of live of these patients [1-3]. There have been several therapeutic assays for the

common formularies of RP. But none of them have demonstrated a detention of the degenerative process

up to now. It is necessary to continue research in methods to introduce, in the photoreceptors, any

substance capable of prolonging the functional and anatomical condition of them, taking into account

the genetic pattern mainly. At the moment, current treatments are mainly aimed at diminishing development

of alterations provoked by the pathology in the retina [1-11].

In RP, a process to shorten the external photoreceptor segments is produced, initially caused by the
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incapacity to adequately use the opsins contributing to the external segment disk formation, redistributing

these opsins to the internal segments, unleashing an immunological reaction. The incapacity of the retinal

pigmentary epithelium cells to transport the waste elements from the photoreceptor produces [4-8]:

-Free radical formation.

-Changes in the photoreceptor metabolism

-Decrease of oxygenation and glutathione levels in the retinal pigment epithelium.

-Release of citotoxic and genotoxic aldehydes, derived from lipid peroxidation.

-Decrease of the subretinal space.

Taking into account the ozone’s biological effects as [12,13]: improvement in the oxygen metabolism,

increase in the cell energy, the immunomodulator capacity and increase in antioxidant defense systems,

ozone therapy’s effectiveness, as only treatment in patients with typical Retinitis Pigmentosa diagnose

treated for 20 years in six month intervals treatment cycle, was studied.

Patients and Methods

It was carried out a controlled and retrospective study. This study was accepted by the Scientific Council

and Ethics Committee of the Institution, following the principles of the Declaration of Helsinki (1997). All

patients gave their informed consent, after receiving the adequate information of the study. The universe

was made up of 56 adult patients of both sexes and of different ethnical origin who had been diagnose

with Typical Retinitis Pigmentosa and were treated in the National Reference Center for Retinitis

Pigmentosa, based in Havana City, Cuba. Forty patients received treatment with ozone therapy, daily

(from Monday to Friday), applying, by rectal way, 200 mL of a mixture of gas composed of medical oxygen

(O2) and O3 (generated by OZOMED equipments, Habana, Cuba) at a concentration of O3 of 40mg/L,

during 20 sessions. This treatment cycle was maintained every 6 months during 20 years. These patients

were provided with antioxidant vitamins in intercycles of treatment with ozone therapy.

In the ozone group, patients were classified (10 in each stage) according to the stage of the disease

(from I to IV), in accordance with the Cuban Classification of Retinitis Pigmentosa [2]. Patients in stage

I presented an initial ophthalmologic manifestation of their base eye disease with visual acuity from 0.6

to 1.0 and visual field with a discrete drop of the peripheral isopters. Patients in stage II had visual acuity

between 0.3 and 0.5, with a visual field with pericentral ring scotoma. Patients in stage III presented

visual acuity from 0.05 to 0.2 and visual field between 5 and 10 degrees. In this stage, some patients

with incipient cataracts, macular alterations of dystrophic type or with glaucoma could be observed.

Patients in stage IV presented visual acuity inferior to 0.05 and visual field lesser than 50. This classification

was made taking these parameters found in the best eye.

The control group was made up of 16 patients who received other medical treatments as: antioxidant

vitamins, electro stimulus [14], dilating vessel medicaments and were allowed to evolve during 20

years.

Improvement Criteria

Visual field (VF), was carried out by Goldman perimeter (it was measured the V4 isoptera and the

white stimulus, calculating the area in % and mm2) and visual acuity (VA), applying Snellen chart. It

was considered a significant increase of the visual field area by ≥ 25% on the area of basal VF in at

least 2 consecutive exams in the year, and in relation to visual acuity, an increase of VA > 2 lines of

the Snellen chart.
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Results and Discussion 

Significant improvement was seen in the variables analyzed, though a group of patients followed the

natural course of the disease and whose treatment had been varied according to the cause of this

deterioration. It was observed that patients in stages I and II had a better response to ozone therapy

(Figures 1 A and 1B) and this response was more lasting in time, with result of a decrease of these effects

improvement as of the 4 months, being this the shortest period in patients in stages II and IV.

Figure 1. Behavior, with respect to visual acuity (A)and visual field (B) and the different stages of the disease,

after 20 years of treatment with ozone therapy

In the cessation in the 10th year (Table 1) it was observed that patients treated with ozone maintain,

in relation to the visual field, improvement by 70 % and the 30 % remained the same. In respect to

visual acuity, it was observed that 19.0 % of the patients improved, 68.0 % remained the same and

13 % continued the natural course of the disease, with the appearance of macular alterations and

presence of glaucoma or cataract, as a typical characteristic of the patient whose disease has maintained

its course.

Table 1. Behavior after 10 years of treatment with ozone therapy.

Note: Worse-as indicative of the normal course of the disease, not because an impairment due to ozone therapy

treatment.

After 20 years of treatment (Table 2), 50 % of the patients improved their visual field, 31.1% remained

the same and 18.8 % continued the course of his/her disease. Regarding visual acuity we noticed that

37.5 % of the patients improved, 34.9 % remained stable and 27.6 % continued the course of the

disease.
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Table 2.  Behavior after 20 years of treatment with ozone therapy.

Note: Worse-as indicative of the normal course of the disease, not because an impairment due to ozone therapy

treatment.

A significant decrease (p=0.040) of the visual field in the control group in respect to the ozone group was

observed (Table 3). The visual field behaviour, for the 20 years of ozone treatment in comparison with

the control group, is shown In Figure 2. There is a slow down in the visual field in patients treated with

ozone. This is indicative of an increase in the quality of life of these patients. 

Table 3. Campimetric results after applied ozone therapy during 20 years. 

Figure 21 Response to ozone therapy in patients with Retinitis Pigmentosa at long term

Retinitis Pigmentosa patients treated with ozone therapy during 20 years. Cuban experiences.
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The main risk factor for the loss of the retinal ganglion cell (RGC) and its axons is the increase in the

intraocular pressure (IOP) (Mechanical Theory), the bad perfusion of the head of the optic nerve

(Ischemic Theory) or any hemodynamic ocular alteration above defensive levels of the optic nerve.

It is also found the structural injury of the trabecular meshwork and of the juxtacanalicular trabecula,

possibly associated an optic nerve ischemia, as well as the decrease in the perfusion with accumulation

of oxytocins and glutamate activating the cell death programmed or apoptosis [1.4-6].

Therefore, it is important to preserve the RGC. Among strategies [1.4-6] to prevent death of RGC and

justification of the use of ozone therapy are:

-An increase in the cAMP levels. Ozone oxidative preconditioning exerted protective effects

against liver ischemia/reperfusion injury through activation of A1 adenosine receptors [15]. Adenosine

has been preserved and nitric oxide (NO) level modulated by ozone playing a role in the pathways

of cellular signaling which promote preservation of the cellular redox balance, mitochondrial function,

glutathione pools, as well as the regulation of the nuclear transcription factor NF-kB and heat

shock protein (HSP-70). Adenosine is a major component of vascular homeostasis playing an

important role in regulating smooth muscle tone acting via cAMP-mediated cascades to induce

vascular smooth muscle relaxation [16].

-An increase of the antioxidant capacity. Ozone may induce an adaptation to oxidative stress or

an oxidative preconditioning that under controlled doses, by means of a slight and transient

oxidative stress, may stimulate the endogenous antioxidant mechanism, preparing the host

to face physiopathologic conditions mediated by reactive oxygen species. This effect has been

demonstrated in several papers [17-30].

-The use of inhibitors of nitric oxide synthase (NOS) blocking the peroxynitrite formation. Ozone

diminishes the peroxynitrite levels when incrementing activity of superoxide dismutase (SOD),

which scavenges the superoxide anion (O2- •) [21,31] and, therefore, the following reaction will

be seen decreased:

O2- • +  •ON                   •OONO

Peroxynitrite (•OONO) is considered as a putative cytotoxin, which has been implicated in the

pathophysiology of a variety of processes [32]. It should be pointed out that NO is the only known

biological molecule generated in high enough concentrations under pathological conditions to

compete and overcome the effects of endogenous SOD for superoxide [33]. The use of i-NOS-

specific inhibitor has to be careful because it can increase lipid peroxidation and tissue damage,

as it has been referred in hepatic ischemia/reperfusion (I/R) injury [34]. However, NO donor

increased the activity of iNOS and decreased the hepatic injury, thus NO production has a

beneficial role in hepatic I/R injury [16]. Also, it has to be considered that an excess of NO with

a decrease in SOD increases peroxynitrite formation, with a damage effect. In the model of

liver injury, ozone prime and activate the genes associated to NOS expression, which promotes

NO formation in the required concentrations for protecting against liver I/R injury [31]. Then, a

modulation of NO, as ozone is able to produce, is necessary to achieve a positive result.

-The use of antioxidants (to decrease lipid peroxidation). Ozone decreases lipid peroxidation,

suggesting the preservations of the membrane integrity. There are several studies (preclinical

and clinical) that confirm this ozone effect [17-30].

-To minimize the apoptosis phenomenon. Ozone improves chronic ischemia, one of the causes

for apoptosis [12, 13]. Also, in the model of nephrotoxicity after cisplatin application [35], ozone

reduced the increase in serum creatine levels and the renal necrosis, inducing a lesser decrease
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of the Bax expression (proapoptotic proteins) in cisplatin-treated kidneys. Bax is Bcl-2-like protein

that binds and antagonizes the protective effect of Bcl-2 and BclxL, rendering cells more sensitive

to death. In this sense, the ratio of expression of Bcl-2 or Bcl-XL to Bax appears to determine

cell fate in an adverse environment [38]. Ozone reverted and protected from cisplatin-induced

renal damage by modulation of the Bax protein expression, as it can be seen in the following

reaction:

Cells more sensitive Antagonism Protects cells

to death by apoptosis        BAX                                               Bcl-XL       from death

Conclusions

It is recommended the application of cycles of ozone therapy every 6 months to slow down the course

of the disease and, hence, maintain visual capacities of our patients for the longest possible time,

improving their quality of life. This campimetric response is transitory, being more significant in the first

4 months post treatment. The evolutionary stage of the disease influences in the response to treatment

negatively, better results are obtained in the initial stages. Non adverse effect was observed during this

20 years of study.

Berson EL. Retinitis Pigmentosa and allied diseases in: Albert, D.M., Jacobietz, F.A. eds., Principles and

Practice of Ophthalmology: Clinical Practice, Vol. 2. Philadelphia, USA: WB Saunders; 1994, p.1214-

1237.

Peláez O. Retinosis Pigmentaria, Experiencia Cubana. La Habana, Cuba:Ed. Científico Técnica; 1997.

Alemany Martorell J, Marrero Fernández E, Villar Valdés R, Oftalmología. La Habana: Ed Pueblo y

Educación;1987:137. 

Hicks D, Forster V, Dreyfus H, Sahe, J. Survival and Regeneration of Adult Human Photoreceptors in 

Grunwald JE, Maguire AM, Dupont J. Retinal Hemodynamics in Retinitis Pigmentosa. Am J Ophthalmol

1996;122(4):502-508.

Milam AH. Histopathology of Human Tapetoretinal Degenerations. Department of Ophthalmology,

University of Pennsylvania, Scheie Eye Institute, Philadelphia, PA, USA. 1998.

The 2002 Eye and Chip World Conference on Artificial Vision. Lawrence Tech University, Southfield

Michigan, USA, June 2002.

Marc RE, Jones BW, Watt CB, Strettoi E. Neuronal Remodeling in Retinal Degeneration. Progress in

Retinal and Eye Research 2003;4-20030326.

Marmer R, Parks S. Ozone treatment in retinitis pigmentosa: effect on color perception and blood gasses.

Ann Opthalmol 1998;30(3):161-3.

Marmer R, Parks S. Ozone treatment in retinitis pigmentosa: effect on photo stress and contrast sensitivity.

Ann Opthalmol 1998;30(3):164-166.

References

Retinitis Pigmentosa patients treated with ozone therapy during 20 years. Cuban experiences.

Revista Española de Ozonoterapia, vol. 1, nº 1. pp. 13-22, 2011

REOz_Mirta_Copello:Maquetación 1  29/05/2011  21:34  Página 20



Copello M, Eguía F, Menéndez S, Menéndez N. Ozone therapy in patients with Retinitis Pigmentosa.

Ozone-Sci Eng 2003;25(3):223-232.

Bocci V. Oxygen-Ozone Therapy. A critical Evaluation. Dordrecht, The Netherlands: Kluwer Academic

Publisher, 2002:121-170. 

Menéndez S, González R, Ledea OE, Hernández F, León OS, Díaz M: Ozono. Aspectos básicos y

aplicaciones clínicas. La Habana, Cuba: Editorial CENIC; 2008:10-320.

Yamadoa SO. Electrical stimulation enhances the survival of axotimized retinal ganglion cells. Neuroreport

2002;13:227-230.

León OS, Ajamieh HH, Berlanga J, Menéndez S, Viebahn R, Re Lamberto, Carmona AM. Ozone oxidative

preconditioning is mediated by A1 Adenosine receptors in a rat model of liver ischemia/reperfusion.

Transplant International, 21:39-48, 2008.

Hsu CM, Wang JS, Liu CHl. Kupffer cells protect liver from ischaemia reperfusion injury by an inducible

nitric oxide synthase-dependent mechanism. Shock 2002;17:280-285.

León OS, Menéndez S, Merino N, Castillo R, Sam S, Pérez L, Cruz E, Boci V. Ozone oxidative

preconditioning: a protection against cellular damage by free radicals. Med Inflamm 1998;7:289-

294.

Bocci V. Scientific and medical aspects of ozone therapy. State of the art. Arch Med Research

2006;37:425-435.

Borrego A, Zamora Z, González R, Romay C, Menéndez S, Hernández F et al. Protection by ozone

preconditioning is mediated by antioxidant system in cisplatin induced nephrotoxicity in rats. Mediat

Inflamm 2004;13(1):13-19.

Martínez G, Al-Dalain SM, Menéndez S, Giuliani A, León OS.  Ozone treatment reduces blood oxidative

stress and pancreas damage in a streptozotocin-induced diabetes model in rats. Acta Farm Bonaerense

2005;24(4):491-497.

Al-Dalain SM, Martínez G, Candelario-Jalil E, Menéndez S, Re L, Giuliani A et al. Ozone treatment

reduces markers of oxidative and endothelial damage in an experimental diabetes model in rats.

Pharmacol Res 2001;44(5):391-396.

Ajamieh HH, Berlanga J, Merino N, Martínez Sánchez G, Candelario-Jalil E, Menéndez S et al. Role of

protein synthesis in the protection conferred by ozone oxidative preconditioning in hepatic ischemia/reperfusion.

Transpl Int 2005;18:604-612

Ajamieh HH, Menéndez S, Merino N, Martínez G, Re L, León OS. Ischemic and ozone oxidative

preconditioning in the protection against hepatic ischemic-reperfusion injury. Ozone-Sci Eng

2003;25(3):241-250. 

Ajamieh HH, Merino N, Candelario-Jali E, Menéndez S, Martínez G, Re L et al. Similar protective effect

of ischemic and ozone oxidative preconditionings in liver ischaemia/reperfusion injury. Pharmacol Res

2002;45(4):333-339.

21

Copello, Mirta. Menéndez, Silvia

Revista Española de Ozonoterapia, vol. 1, nº 1. pp.13-22, 2011

REOz_Mirta_Copello:Maquetación 1  29/05/2011  21:34  Página 21



Candelario-Jalil E, Mohammed-Al-Dalain S, León OS, Menéndez S, Pérez G, Merino N et al. Oxidative

preconditioning affords protection against carbon tetrachloride-induced glycogen depletion and oxidative

stress in rats. J Appl Toxicol 2001;21:297-301.

Hernández F, Calunga JL, Turrent J, Menéndez S, Montenegro A. Ozone therapy effects on blood

biomarkers and lung function of asthma patients. Arch Med Res 2005;36(5):549-554.

Zamora Z, Borrego A, López O, Delgado R, González R, Menéndez S et al. Effects of ozone oxidative

preconditioning on TNF- release and antioxidant-prooxidant intracellular balance in mice during endotoxic
shock. Mediat Inflamm 2005;1:16-22.

Calunga JL,Trujillo Y, Menéndez S, Zamora Z, Alonso Y, Merino N and Montero T. Ozone oxidative

postconditioning in acute renal failure. J Pharm Pharmacol, 2009;61:1-7.

Calunga JL, Zamora Z, Borrego A, del Río S, Barber E, Menéndez S, Hernández F, Montero T,  Taboada

D. Protective Effect of Ozone/Oxygen Mixture on Rats Submitted to Subtotal Nephrectomy: Role of

Antioxidant System. Mediat Inflamm 2005;4:221-22. 

Hernández F, Calunga JL, Turrent J, Menéndez S and Montenegro A. Ozone therapy effects on blood

biomarkers and lung fuction of asthma patients. Arch Med Res 2005;36(5):549-554.

Ajamieh HH, Menéndez S, Martínez-Sánchez G, Candelario-Jalil E, Re L, Giuliani A, León OS. Effects

of ozone oxidative preconditioning on nitric oxide generation and cellular redox balance in a rat model

of hepatic ischaemia-reperfusion. Liver International 2004;24:55-62.

Tunkay AD, Cakici I, Kanzik I. Peroxynitrite a putative cytotoxin. Pharnacol Toxicol 1998;82:113-117.

Beckman JS, Kappenol WH. Nitric oxide, superoxide and peroxynitrite: the good, the bad and the ugly.

Am J Physiol 1996;271:C1424-C1437.

Hiness IN, Harads H, Bharwani S. Enhanced post-ischemic liver injury in iNOS-deficinet mice: a

cautionary note. Biochem Biophys Res Commun 2001;284:972-976.

Borrego A, Zamora Z, González R, Romay Ch, Menéndez S, Hernández F, Berlanga J and Montero T.

Ozone/Oxygen mixture modifies the subcellular redistribution of Bax protein in renal tissue from rats

treated with cisplatin. Arch Med Res 37:717-722, 2006

Ortiz A, Lorz C, Catalán Mp, Danoff TM, Yamasaki Y, Egido Jl. Expresión of apoptosis regulatory proteins

in tubular epithelium stressed in culture or following acute renal failure. Kidney Int 2000;57969-981.

22

Retinitis Pigmentosa patients treated with ozone therapy during 20 years. Cuban experiences.

Revista Española de Ozonoterapia, vol. 1, nº 1. pp. 13-22, 2011

REOz_Mirta_Copello:Maquetación 1  29/05/2011  21:34  Página 22


