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AbstrAct:   Introduction: Atrophic rhinitis (AR) is a disease characterized by atrophy of the mucosa, submucosa, bone tissue due 
to an unknown cause and excessive nasal cavity enlargement. The disease still has no complete treatment, and the 
treatment of functional loss of atrophic cells in AR is still a matter to be investigated. Ozone (O3) therapy has been 
shown to enhance cell metabolism, angiogenesis, fibroblast activity and collagen synthesis.

  Aim: To determine whether ozone treatment affects the disease histopathologically, in experimentally created AR.

  Material - Method: Twelve Wistar Hanover strain albino male rats were included in the study. Atrophic rhinitis was 
induced in animals by administering Pasteurella multocida toxin diluted with saline for 21 days to both nasal cavities. 
A total of 12 animals included in the study were divided into 2 groups as control and study. Ozone gas (60 μg/mL) was 
administered rectally to the study group for 21 days. After 2 weeks, the rats were decapitated, the nasal cavities were 
removed as a block, and atrophic rhinitis parameters (epithelial hyperplasia, goblet cell loss, cilia loss, inflammatory 
infiltration and vascular ectasia) were evaluated under light microscopy by histopathological examination and statis-
tically interpreted.

  result: The incidence of vascular ectasia was significantly lower in the ozone group compared to the control group 
(p<0.05). There was no significant difference between the groups regarding other histopathologic findings.

  conclusion: Ozone treatment was moderate at the histopathological level. We concluded that ozone therapy has no 
or very limited effect on atrophic rhinitis.
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INtrodUctIoN

Atrophic rhinitis is a chronic rhinitis characterized by the pro-
gressive atrophy of the nasal mucosa and conchae, the presen-
ce of viscous secretion rapidly turning to crusts and foul smell. 
First, in 1876, Fraenkel described atrophic rhinitis as crust for-
mation, nasal mucosal atrophy and foul smell triad (1). Atrophy 
and dryness of the nasal mucosa are accompanied by symp-
toms such as halitosis, nasal obstruction, anosmia and create 
the ground for secondary infections. Worldwide, the prevalence 
varies, and it is observed more in tropical regions. It is frequ-
ently seen in middle-aged young women and of Asian, Spanish 
descent, and Afro-American descent, as getting close to the 
equator, the prevalence decreases. (2). In the last century, the-
re has been a decrease in the incidence of the disease. This is 

thought to be due to the fact that infections may be effectively 
treated with antibiotics (3). The diagnosis may be made by ta-
king the patient’s anamnesis, examining the internal structures 
of the nose, performing computerized tomography (CT) with 
endoscopic nasal and nasopharyngeal examination, as well as 
culturing of nasal secretions. Treatment is aimed at elimina-
ting predisposing factors and moistening the nasal cavity, cle-
aring crusts, making the mucosa functional (4).

Atrophic rhinitis is a progressive inflammatory process 
characterized by the development of atrophic and fibrotic 
changes of all parts of the nose (5). It has been seen that the 
nasal mucosa limited to respiratory epithelium shows me-
taplastic changes ranging from ciliated stratified columnar 
epithelium to squamous epithelium. Partial or severe meta-
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MAterIAL-MetHod

Ethics Committee

This study was carried out at Bağcılar Training, and Research 
Hospital Experimental Research and Skills Development Cen-
ter with the approval of ethics committee numbered 2013/8. 

Healthy, adult, Wistar Hanover strain, 12 albino male rats we-
ighing 250-350 grams were included in the study. The animals 
in the experiment were housed in polyethylene cages, 6 in each, 
and fed with standard laboratory bait. The veterinarian exami-
nation of the animals showed no systemic or nasal pathology. 

Creating experimental AR
Active Pasteurella multocida toxin (PMT) was prepared by di-
luting homogenously with saline by calculating minimal toxic 
dose per kilogram (0.4 ug/kg) (9-10). All rats were given 0.1 
cc PMT to both nasal cavities during inspiration for 21 days 
to create experimental AR. After 21 days, a punch biopsy was 
taken from the nasal cavity of 2 rats, and the AR findings were 
confirmed by the pathologist (Figure 1).

Grouping
A total of 12 animals were randomly assigned to two groups:

Group 1: After creating atrophic rhinitis in 6 rats, 3 mL intra-
rectal ozone gas (60 μg/mL) (Hyper Medazon, Germany) was 
administrated 2 times a day for 21 days. (study group) (Figure 1).

Group 2: No treatment was given to 6 rats after creating atro-
phic rhinitis (control group) (Figure 1).

Histopathological Examination
Two weeks after ozone treatment, the rats were decapitated 
by cervical dislocation after anesthesia with 50 mg/kg keta-
mine hydrochloride and 5 mg/kg xylazine combination in-
traperitoneally. The nasal cavities of the sacrificed rats were 
removed as an enblock together with lip skin and sent to pa-
thological examination in 10% buffered formaldehyde. Right/
left tissue sections were taken from the excised specimens to 
include nasal mucosa and injection site. The tissues were fi-
xed for 1 day in 10% buffered formol solution. After routine 
tissue processing, they were bathed in paraffin and sections 
with a thickness of 3 μm were taken. After staining with He-
matoxylin and Eosin (H&E), the preparations were evaluated 
under light microscopy (Olympus BX51) for detection of hi-
stopathological changes.

plasia may be seen with keratinization or without keratiniza-
tion (6).  Lamina propria and submucosa may show chronic 
cellular infiltration granulation and fibrosis. The flattened 
squamous epithelium loses its mucociliary clearance abili-
ty, thus causing secondary crusting. Also, glandular atrophy 
occurs. Glands disappear in the lamina propria, submucosa. 
Seromucous glands cannot fulfill their functions and lose 
their moisturizing properties (7). At the electron microsco-
pe, the cilia are observed either damaged or missing, which 
makes the mucus movement ineffective. Vascular structures 
are also affected in the disease (8).

In order to understand the pathophysiology of the disease and 
to develop more effective treatments, toxigenic Bordetella 
bronchiseptica or Pasteurella multocida bacteria are generally 
inoculated after chemical irritation of the nasal mucosa or by 
injecting bacterial toxin to establish disease models to create 
atrophic rhinitis models in animals (9). 

Bordetella bronchiseptica and Pasteurella multocida or their 
toxins are known to cause AR in pigs and some other herd ani-
mals (10). Bordetella bronchiseptica and Pasteurella multocida 
toxins have destructive effects on tissues by changing cellular 
events by affecting intracellular second messenger proteins (11).

Ozone was discovered in 1840 for the first time by chemist 
Christian Friedrich Schönbein (12). Ozone forms one of the 
most important gases in the stratosphere that surrounds the 
earth and absorbs harmful UV rays from the Sun. Thus, it plays 
an important role in the continuation of the biological equili-
brium of the Earth. (13)

Ozone has a strong anti-oxidation ability. For this reason, 
it acts as bactericide, virucide, and fungicide. Due to the-
se properties, it is used to correct nearly 260 pathological 
conditions. (12,14) It is stated that after ozone administra-
tion, there are 12 different effects occurring in the orga-
nism. These are mainly showed as: activation of cell meta-
bolism, stimulation of erythrocyte metabolism to increase 
oxygen uptake capacity of hemoglobin and thus increasing 
the amount of oxygen in tissues, strengthening the immune 
system, lowering free radical levels, angiogenesis, increasing 
fibroblast activity and collagen synthesis. This provides ac-
tivation of the endothelial, parenchymal and blood cells that 
enable an organism to respond therapeutically and biologi-
cally to diseases. (12,13,15)

In this study, we aimed to determine histopathologically whe-
ther or not this antioxidant, cell renewal, angiogenesis actions 
of ozone have any positive effect on atrophic rhinitis which is 
created by Pasteurella multocida toxin.
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significant difference was observed when both groups were 
compared to each other (p<0.05) (Table 1), (Figure 3).

dIscUssIoN

Atrophic rhinitis, also known as ozaena, is a chronic and pro-
gressive disease characterized by nasal mucosa crusts and nasal 
cavity enlargements. Although the cause of the disease is not 
known, Klebsiella ozaenae, Corynebacterium diphtheria and 
Perez-Hofer bacillus strains are cultured from humans.  The 
agent for atrophic rhinitis in animals is Pasteurella multocida 
and Bordetella bronchiseptica (17).

Histopathological analysis was performed using histologic scales in 
accordance with the literature, including epithelial hyperplasia, go-
blet cell loss, cilia loss, inflammatory infiltration and vascular ectasia 
in the surface epithelium (Figure 2). Previous studies were taken as 
reference for scoring over 3; 1=minimal, 2=moderate, 3=severe. (16).

Statistical Method
Mean, standard deviation, median, lowest and highest values   
were used in the descriptive statistics of the data. The distribu-
tion of the variables was controlled with Kolmogorov Smirnov 
test. The Mann-Whitney U test was used for quantitative ana-
lysis. SPSS 22.0 program was used in the analyzes.

resULts

The incidence of epithelial hyperplasia was 1.63 ± 0.52 in the 
ozone group and 1.83 ± 0.75 in the control group. No statisti-
cally significant difference was found when both groups were 
compared to each other (p>0.05) (Table 1) (Figure 3).

The incidence of goblet cell loss was 1.63 ± 0.52 in the ozone 
group and 2.17 ± 0.75 in the control group. No statistically si-
gnificant difference was found when both groups were com-
pared to each other (p>0.05) (Table 1) (Figure 3).

The incidence of cilia loss was 1.88 ± 0.64 in the ozone group 
and 2.50 ± 0.55 in the control group. No statistically signifi-
cant difference was found when both groups were compared 
to each other (p>0.05) (Table 1) (Figure 3).

The incidence of inflammatory infiltration was 1.63 ± 0.52 in 
the ozone group and 2.17 ± 0.75 in the control group. No sta-
tistically significant difference was found when both groups 
were compared to each other (p>0.05) (Table 1) (Figure 3).

The incidence of vascular ectasia was 1.38 ± 0.52 in the ozo-
ne group and 2.17 ± 0.75 in the control group. A statistically 

Fig. 1.  Process of experimental animal study

tab. I. Statistical analysis of histological parameters between groups.

coNtroL GroUp ozoNe GroUp

MeAN±s.d.    MedIAN MIN-MAx MeAN± s.d.   MedIAN MIN-MAx p

Epithelial hyperplasia 1,83 ± 0,75 2,0 1–3 1,63 ± 0,52 2,0 1–2 0,607

Goblet cell loss 2,17 ± 0,75 2,0 1–3 1,63 ± 0,52 2,0 1–2 0,147

Cilia loss 2,50 ± 0,55 2,5 2–3 1,88 ± 0,64 2,0 1–3 0,082

Inflammatory infiltration 2,17 ± 0,75 2,0 1–3 1,63 ± 0,52 2,0 1–2 0,147

Vascular ectasia 2,17 ± 0,75 2,0 1–3 1,38 ± 0,52 1,0 1–2 0,049

Mann-Whitney U test
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less common type with capillary vasodilatation. Histopatho-
logic findings of atrophic rhinitis, epithelial status, the status 
of tunica propria, status of blood vessels and status of mucosal 
glands are evaluated. The epithelium is generally dominated by 
squamous metaplasia at various levels. While granulation tis-
sue in tunica propria is observed, mucosal glands show mostly 
decrease in size and number. (20) Five parameters of atrophic 
rhinitis were used to histologically observe the effects of ozo-
ne therapy on AR in our study (Figure 2). Although vascular 
ectasia was statistically significant in the ozone therapy group 
compared to the control group, the difference between the two 
groups regarding other parameters was not significant. Despi-
te being insignificant, it was found that epithelial hyperplasia, 
goblet cell loss, cilia loss and inflammatory infiltration were 
less frequent in the ozone group than in the control group (Ta-
ble 1).  It may be said that the ozone has a moderate effect on 
this vascular injury which is deteriorated in atrophic rhinitis.

 Atrophic rhinitis is often created by direct bacterial inocula-
tion or bacterial toxin injections to form animal models. In our 
study, however, we gave the toxin to nasal mucosa topically and 
created atrophic rhinitis. In the literature, in an animal model, 
Jordan et al. described in 2003 the following: nasal mucosa in 
rats was destroyed with acetic acid for seven days, and then to-
xigenic Pasteurella multocida bacteria were inoculated to the 
nasal cavity. In this way, the bacteria were colonized in the na-
sal cavity, and AR was created (18). In our study, after the toxin 
was diluted with saline, the method described by Rohrbach et 
al. used in their study was similarly applied to the nasal cavity 
by a minimally invasive method (19).

Two characteristic pathological findings of atrophic rhinitis 
that include vascular structures are described in humans. The 
most common type 1 endarteritis obliterans, periarteritis is 
periarterial fibrosis seen in the distal arteries. Type 2 is the 

Fig. 2.   a: Goblet cell presence (black arrow) and cilia in the group treated with ozone (H&E;x200). b: Cilia and goblet cell loss in the Pasteurella multocida inoculated group 
(control group) (H&E;x400). c: Thick-walled vascular structures (black arrows) accompanying epithelial hyperplasia are noted (H&E;x100). d: Apparent hyperplasia in 
the respiratory epithelium in the Pasteurella multocida inoculated group (control group) (H&E;x100).
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long-term exposure of chronic wounds to pure ozone delays 
wound healing, while administration of ozone as oxygen/ozo-
ne mixtures or as ozonated oils provide benefits by reducing 
bacterial counts, providing oxygenation, and accelerating wo-
und healing (22). The dose of ozone used in wound healing is 
also very important. Travalgi et al. showed that the application 
at very low and very high doses delayed wound healing and 
that much more positive results could be obtained at mode-
rate ozone concentrations (23). In the acute or chronic wound 
area exposed to ozone, it is stated that the activity of growth 
factors, which are extremely important in wound healing, is 
increased. Accordingly, angiogenesis, fibroblast activity, and 
collagen synthesis have been shown to increase (24,25,26). In 
a study by Lee MG et al., prolonged ozone inhalation for 8 ho-
urs/day for 3 months has been shown to reduce cutaneous in-
jury in cytotoxicity due to 1-nitronaphthalene (1-NN) in the 
nasal mucosa (26). In our study, we also obtained positive re-
sults in atrophic rhinitis similar to the effective results of the 
ozone treatment mentioned in the literature. Five parameters 
were used for histopathological observations of the effects of 
intrarectal ozone treatment on AR in our study which are epi-
thelial hyperplasia of the atrophic rhinitis, goblet cell loss, cilia 
loss, inflammatory infiltration and vascular ectasia. Although 
the mean values   of epithelial hyperplasia, goblet cell loss, cilia 
loss and inflammatory infiltration were found to be decreased 
in the study group compared to the control group, the differen-
ce between the two groups was not statistically significant. In 
this study, vascular ectasia was found to be significantly lower 
in the study group than in the control group. Therefore, it was 

A wide variety of protocols have been tried in the literature 
in the treatment of atrophic rhinitis. However, most of these 
treatments are conservative (such as nasal irrigation, glucose-
-glycerin, liquid paraffin) (4). The vicious circle between anti-
biotics, vasodilator drugs and atrophic rhinitis infection and 
atrophy was attempted to break (21). Surgery has been used 
for the same purpose by reducing the size of the nasal cavity 
and preventing mucosal dryness. For this purpose, cartilage 
or prosthesis have been used mostly (8). In the treatment of 
atrophic rhinitis, it is also aimed to improve the nasal mucosa 
healing besides narrowing the nasal cavity. Although many ma-
terials have been tried, still satisfactory results have not been 
obtained, and studies continue.

Ozone creates an oxidative effect in the organism, activating 
the antioxidant enzyme systems. Subsequent to the admini-
stration, ozone immediately reacts with antioxidants such as 
polyunsaturated fatty acids, uric acid, ascorbic acid, and albu-
min. During these very fast-developing reactions, all ozone is 
neutralized. Especially, hydrogen peroxide (H2O2), reactive 
oxygen radicals (ROS) and lipid oxidation products (LOP) ari-
se. Activation of antioxidant enzymes (superoxide dismutase 
(SOD), catalase (CAT) and glutathione peroxidase (GSH-Px)), 
which provide body defense against these increased free radi-
cals, is increased. Activation of endothelial, parenchymal and 
blood cells, which provides the therapeutic and biological re-
sponse of the organism to diseases, is thus provided (14,15). 
There are many studies in the literature that examine the ef-
fect of ozone on wound healing. Valacchi et al. reported that 

ryc. 3.  Graphic evaluation of histopathological parameters of control group and ozone group. * statistical significant
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coNcLUsIoN:

As a result of our study, it was observed that one of the patho-
logical parameters of atrophic rhinitis (vascular ectasia) de-
creased statistically significantly in the ozone therapy group. 
Apart from this, although it was not statistically significant, 
epithelial hyperplasia, goblet cell loss, cilia loss and inflamma-
tory infiltration were found to be less pronounced in the ozone 
group compared to the control group. According to results of 
our study, ozone treatment in atrophic rhinitis has no or very 
limited effect at the histopathologic level.

determined that this histopathological criterion of atrophic 
rhinitis was significantly reduced by ozone therapy.

 Our work had some limitations. When the animal model was 
planned, we observed that live bacteria were used in the lite-
rature, however since isolation conditions were not provided 
in our laboratory, AR was created with Pasteurella multocida 
toxin. We also believe that it is better to increase sample num-
bers and better standardize histologic findings so that the di-
sease can be better modeled. We think that more studies are 
needed to develop more curative treatments for AR.
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