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Abstract
The effect of ozone treatment in experimental rat gout arthritis was investigated. Twenty adult albino male rats were divided into 4 groups: 
Group 1 (Control) was followed without any medication, Group 2 (Gout control) was injected with a single dose of 0.2 mL (10 mg) monosodium 
urate (MSU) intraarticulary to 1st metatarsophalangeal joint to create experimental Gouty arthritis. Group 3 (Gout + Ozone) was injected 
intraarticulary to 1st metatarsophalangeal joint  with a single dose of 0.2 mL (10 mg) MSU to generate experimental gout, followed by ozone 
therapy to the rats a single dose of 1 mL (10 µg/mL) intraperitoneally  daily for 3 weeks. The Group 4 (Ozone control) ozone therapy was 
given a single dose of 1 mL (10 µg/mL) intraperitoneally daily for 3 weeks without gout formation. The results were recorded and compared 
statistically between the groups. In conclusion, the low level of inflammation in the third group (Gout + Ozone) was considered statistically 
significant as compared to the second group. With Ozone treatment the gout joint has been shown to have reduced acute inflammation, it 
has not been affected by the chronic proliferation process.
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Deneysel Olarak Gut Oluşturulmuş Ratlarda Ozon Terapinin Etkisi

Öz
Bu çalışmada deneysel olarak Gut artriti oluşturulmuş rat ekleminde ozon tedavisinin etkisi araştırıldı. Yirmi adet albino cinsi erişkin erkek rat 4 
gruba bölünerek: 1. Gruba (Kontrol) herhangi bir ilaç verilmeden takip edildi, 2. Gruba (Gut kontrol) deneysel Gut artriti oluşturulmak üzere tek 
doz 0.2 mL (10 mg) monosodyum ürat (MSU) 1. metatarsofalengeal  ekleme enjekte edildi, 3. Gruba (Gut + Ozon) deneysel Gut oluşturulmak 
üzere tek doz 0.2 mL (10 mg)  monosodyum ürat (MSU) 1. metatarsofalengeal  ekleme intraartiküler olarak enjekte edildi ve arkasından ratlara  
3 hafta süreyle günde tek doz 1 mL (10 µg/mL) intraperitoneal ozon terapi verildi, 4. Gruba ise (Ozon kontrol) Gut oluşturulmaksızın  3 hafta 
günde tek doz 1 mL (10 µg/mL) intraperitoneal ozon terapi uygulandı. Sonuçlar patolojik olarak kayıt altına alındı ve gruplar arası istatistik 
olarak karşılaştırıldı. Sonuç olarak 3. Gruptaki (Gut + Ozon) inflamasyon düzeyindeki düşüklük 2. Gruba göre istatistikse olarak anlamlı kabul 
edildi. Ozon tedavisinin Gut oluşturulan eklemde akut inflamasyonu azalttığı gösterilse de kronik olan proliferasyon sürecine etkisi görülmedi.

Anahtar sözcükler: Gut, Ozon, Antiinflammatuar ajan, İmmünomodülatörler

INTRODUCTION
Gout disease is the most common cause of inflammatory 

arthritis in adults at the time of the US registry [1]. Gout 
disease is a chronic disorder associated with self- limiting 
acute gout attacks (gout flare), caused by accumulation 
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of monosodium urate (MSU) deposits in joints and 
surrounding soft tissue and bursa [1]. Acute attacks of gout 
disease are one of the most important causes of adverse 
health-related quality of life [2,3]. It has also been reported that 
12 to 15% of individuals aged 40-60 years worldwide have 
hyperuricemia and 3% are affected with gout arthritis [4]. 
As the molecular basis of gout disease, oxidative stress 
has been noted in studies that have shown promise in the 
pathogenesis of gout.

In the extracellular compartment, the uric acid molecules are 
present in 98% of the MSU at dense sodium concentration 
and physiological pH. If the urate concentration exceeds 6.8 
mg/dL, the urate molecules will crystallize and precipitate 
and play a role in the initiation of the inflammatory reaction. 
In addition to exceeding the value of the urate density, 
conversion to MSU crystal formation is also implicated in a 
number of factors such as ambient temperature, hydrogen 
ion formation, concentration of cations, and the viscosity 
of the joint fluid [5,6]. This suggests that Gout arthritis 
is more common in peripheral joints, such as the first 
metatarsophalangeal joint [7]. MSU crystals are detected 
and presented to phagocytes by receptors such as Toll-
Like Receptor (TLR) 1 and 2 and surface antigens such as 
CD14 [8-10]. In this context, anti-inflammatory treatments 
have found wide use in the treatment of gout arthritis, 
especially acute gout attack (gout flare) and chronic gout 
prophylaxis. These include interleukin 1 antagonists (anakinra, 
canakinumab, rilonacept), uricosuric drugs (probenecid, 
benzbromarone), xanthine oxidase inhibitors (allopurinol, 
febuxostat), cyclooxygenase 2 (COX2) inhibitors, colchicine 
and steroids that inhibit the migration of inflammatory 
cells [11].

Medical ozone treatment consists of 95% Oxygen (O2) and 
5% Ozone (O3) mixture. The present rates are therapeutic 
ratios. There is toxic effects of ozone (O3) ratio above 5%  
in ozone treatment [12]. On the other hand, ozone therapy  
has shown that ozone can be safely used at doses 
between 10 and 80 μg/mL and immunomodulators, anti- 
inflammatory, bactericidal, antifungal and analgesic effects 
are at these doses [13]. Medical ozone therapy affects anti- 
inflammatory activity in two phases. Studies have shown 
that in the first phase, the levels of proinflammatory 
mediators such as prostaglandin E2, phospholipase A2, 
cyclooxygenase I-II, callicrein and bradykinin are reduced. 
In addition, ozone treatment reduces levels of molecules 
responsible for joint destruction such as metalloproteinase, 
collagenase, and gelatinase. In the second phase, ozone 
therapy increases the levels of antioxidant enzymes, 
molecules and cytokines. Examples include oxidative 
shock proteins (hemo-oxygenase-1), Interleukin 4 and 
Interleukin 10, Transforming Growth Factor-β (TGF-β). 
It has also been shown that ozone therapy induced new 
vessel formation (neoangiogenesis), increases nitric oxide 
(NO) endorphin, adrenocorticotropic hormone (ACTH)  
and cortisol levels [14].

In the face of this wide spectrum of activities, today’s ozone 
therapy is available in many different system diseases such 
as osteomyelitis, chronic obstructive pulmonary disease, 
hepatitis, cystitis, rheumatoid arthritis, osteoarthritis, back 
pain, multiple sclerosis and coronary artery disease [15]. The 
aim of our study was to examine the effects of nontoxic 
ozone administration on the gout-induced joint model in 
therapeutic doses and to create an alternative to current 
in the future.

MATERIAL and METHODS
Following approval from the Kafkas University Local 
Experimental Animals Ethics Committee (KAÜ-HADYEK/ 
2017-012) twenty adult albino male rats were used in 
the study. Rats were randomly divided into 4 groups and 
group 1 (Control, n=5) was followed up without any drug. 
0.2 mL (10 mg) MSU was injected intra-articularly to 1st 
metatarsophalangeal joint through the right footpad to 
create experimental gout in the 2nd group (Control group, 
n=5) and was followed without additional treatment. 
A single dose of 0.2 mL (10 mg) MSU was injected 
intraarticularly to 1st metatarsophalangeal joint   through 
the right footpad to create an experimental gout in 
group 3 (Gout + Ozone, n=5) followed by intraperitoneal 
1 mL (10 µg/mL) ozone therapy daily in rats. Group 4 
(ozone control, n=5) Ozone therapy was administered 
intraperitoneally 1 mL (10 µg/mL) daily without gout. 
Group 3 and group 4 administered once daily dose of 1 
mL (10 µg/mL) intraperitoneally for 3 weeks. After 3 weeks 
of treatment, euthanasia was performed according to the 
condition of the rats and then the right hind paws were 
cut, and histopathology examined.

RESULTS
Confirmed radiological imaging of rats with gout (Fig. 1). 
The pathological results of the groups were compared 
statistically (P=0.003) (Table 1). In addition, the rate of 
suppression of inflammation in the ozone group was 
significantly higher than the control group (P=0.005).On 
the other hand, no statistically significant inflammation 
was observed in the 4th group which was given only 
ozone according to the control group (P=0.03). Control 
group (1st group) and ozone control group (4th group) and 
gout control group (2nd group) and ozone control group 
(3th group) were compared between each other in terms 
of epithelization (Fig. 2A,B,C,D). There was no statistically 
significant difference between the groups.

DISCUSSION 

Gout is a common disease that causes severe pain and 
loss of work power during an acute exacerbation. The 
etiopathogenesis has been well researched with a wide 
range of treatments ranging from monoclonal antibody 
therapy to anti-inflammatory therapy in the treatment 
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of the disease. These treatments are given in the form of 
step-by-step treatment and are constantly updated as 
both side effects and treatment costs are considered [1].  
Glucocorticoids and non-steroidal anti-inflammatory drugs 
are the leading cost-effective treatments for gout.  Although 
its efficacy in long-term therapy has been proven, 
alternative forms of treatment are still needed in terms 
of potential side effects (Chronic Renal Failure, Diabetes 
Mellitus, Cushing Syndrome). In addition, xanthine oxidase 
inhibitors (allopurinol), selective xanthine oxidase inhibitor 
(febuxostat), drugs that increase uric acid excretion 

(losartan, fenofibrate), turgous drugs (rasburicase) that 
provide resorption of tofus  are tested among current 
medical treatments [16]. In the treatment of gout, two 
main titles are being considered today; to reduce the uric 
acid increase and to minimize the destructive effect of 
increased uric acid.

Ozone treatments instead of conventional therapy has 
been experimented on for many diseases because of the 
better understanding of the mechanism of action and 
lowering of treatment costs. It has been shown that ozone 

Fig 1. Radiological image of gut-generated rats

Table 1. Histopathological evaluation of the groups

Rat Number Group Name Inflammation Proliferation Reactive Epithelium

1 Control No No No

2 Control No No No

3 Control No No No

4 Control No No No

5 Control No No No

6 Gout control Distinct Yes Yes

7 Gout control Distinct Yes Yes

8 Gout control Distinct Yes Yes

9 Gout control Distinct Yes Yes

10 Gout control Distinct Yes Yes

11 Gout+Ozone Moderate Yes Yes

12 Gout+Ozone Moderate Yes Yes

13 Gout+Ozone Moderate Yes No

14 Gout+Ozone Slight Yes No

15 Gout+Ozone Slight Yes Yes

16 Ozone control No No Yes

17 Ozone control No No No

18 Ozone control No No No

19 Ozone control No No No

20 Ozone control Slight No No
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treatment reduces serum uric acid levels in patients with 
osteoarthritis and also reduces VAS (visual analogue scale) 
and WOMAC (Western Ontario and Mac master index) 
scores and reduces joint pain [17,18]. Li and Ni [19] evaluated 
gut arthritis-associated pain-associated VAS scores in their 
study of ozone at a dose of 20 μg/mL on subjects with gout 
disease and found that the VAS score fell from 5.35±2.78 to 
3.30±2.21. As mentioned above, although there are studies 
in which the ozone treatment is given in the form of major 
hemotherapy in hyperuricemic patients and intraarticular 
in osteoarthritic patients, there is no study in the literature 
that examines the ozone effect in experimental gout joints 
in the literature. In ozone-treated patients, as indicated in 
other publications, it has been shown that the molecules 
responsible for joint destruction are reduced. In the study 
we conducted, a significant proliferation increases in 
the ozone Gout group was observed compared to the 
control group. Bilge et al.[20] studies on ozone treated rats 
with osteomyelitis found higher total serum antioxidant 
capacity and histopathologically found more positive 
results in terms of inflammation and abscess formation. 
Similarly, in our study ozone-induced inflammation was 
significantly suppressed. Although our study did not prevent 
the formation of proliferation or reactive epithelium when 
given intraarticularly, it showed suppressed inflammation, 

and there was no significant pathologic change in the 
joints in the osteonecrosis test group 4. As a result, 
intraarticular ozone treatment was considered to be one of 
the advanced treatment options considering the potency 
and efficacy in Gout.
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