
Int J Clin Exp Med 2016;9(11):22126-22133
www.ijcem.com /ISSN:1940-5901/IJCEM0031761

Original Article
Gastroprotective effect of Oxygen-Ozone therapy  
in the model of indomethacin induced  
acute gastric ulcer in rats

Senol Bicer1, Cebrail Gursul2, Ilhan Demiryilmaz3, Ismail Demiryilmaz4, Necla Aydin Peker5,  
Huseyin Eken4, Orhan Cimen4, Levent Demirtas6, Secil Cakarli1 

Departments of 1Pediatric Surgery, 2Physiology, 4General Surgery, 5Pediatrics, 6Internal Medicine, Erzincan Univer-
sity, Faculty of Medicine, Erzincan, Turkey; 3Department of Orthopedics, IbniSina Hospital, Kayseri, Turkey

Received April 30, 2016; Accepted September 17, 2016; Epub November 15, 2016; Published November 30, 
2016

Abstract: We evaluated the effects of a panel of pharmaceutical interventions in an experimental model of gastric 
ulcer. The aim of this study is to investigate the protective effect of ozone therapy in an experimental rat model 
of acute gastric ulcer induced by indomethacin. Twenty-eight Wistar-albino male rats were used in this study. The 
rats were divided into four groups of seven animals in group as follows: Group 1 (control), Group 2 (sham), Group 
3 (ozone), and Group 4 (lansoprazole). After 24 hours of fasting, 5 ml ozone-oxygen mixture was administered to 
Group 3, 30 mg/kg lansoprazole-5 ml distilled water mixture was administered to Group 4, and 5 ml distilled water 
was administered to Group 2 by gavage. Five minutes later, 25 mg/kg of indomethacin was administered to stom-
achs of all rats by gavage except for the control group. After six hours, all animals were anesthetized and stomach 
tissue was extracted. Ulcers on the gastric surface were measured at the time of collection. Myeloperoxidase (MPO), 
malondialdehyde (MDA), catalase (CAT), total glutathione (tGSH), superoxide dismutase (SOD), and 8-hydroxy-de-
oxyguanosine (8-OHdG) were measured in the stomach tissue. Administration of ozone and lansoprazole led to 
decreased macroscopic gastric ulcer size induced by indomethacin. Ulcer area was elevated in the sham group 
(71.47 ± 17.08 mm2) relative to the treatment groups. Ulcer area was 20.79 ± 12.88 mm2 in ozone group, signifi-
cantly lower than sham group but significantly greater than the lansoprazole group. MPO, MDA, CAT, and 8-OHdG 
levels after ozone administration were significantly reduced and tGSH and SOD levels were higher relative to the 
lansoprazole group (P<0.01). Ozone therapy has a protective effect on acute gastric ulcer induced by non-steroidal 
anti-inflammatory drugs through an antioxidative mechanism.
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Introduction

Gastric ulcer is a multifactorial disease. 
Endogenous factors (leukotrienes, gastric acid, 
pepsin), bacterial infections, excessive use of 
alcohol, and non-steroidal anti-inflammatory 
drugs (NSAIDs) may cause gastric injuries. On 
the other hand, prostaglandins, bicarbonate, 
mucus, and mucosal blood flow are known gas-
troprotective factors [1, 2]. Proton pump inhibi-
tors (omeprazole, lansoprazole), H2 receptor 
blockers (ranitidine, famotidine) and herbal 
medicines are widely used for the prevention 
and treatment of gastric ulcers [3, 4]. NSAIDs 
lead to oxidative damage to the gastric mucosa 
with the effect of reactive oxygen products [5]. 
Lansoprazole blocks the release of gastric acid 

by inhibiting the proton pump and reduces oxi-
dative stress on the gastric mucosa [6].

Ozone is a gaseous molecule consisting of 
three oxygen atoms. The oxygen molecule (O2) 
is stable, but ozone (O3) is an unstable struc-
ture. The use of ozone-oxygen gas mixture in 
treatment is known as ozone therapy [7]. The 
biological and therapeutic effects of ozone, a 
powerful antioxidant, originate from the genera-
tion of hydrogen peroxide. An innate defense 
system including antioxidant enzymes is stimu-
lated as a result of reduced antioxidant levels 
and the generation of hydrogen peroxide, result-
ing in increased resistance to oxidative injury 
[8]. Numerous studies have shown that ozone 
therapy is useful in the treatment of toxic muco-
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sal injuries, burns, circulatory diseases, and 
the prevention of ischemia-reperfusion injury 
[9-12]. 

The beneficial effects of drugs in the treatment 
of gastric ulcers can be assessed by animal 
models of ulcer. The aim of this study is to 
investigate the protective effects of ozone ther-
apy on gastric ulcer induced by indomethacin, a 
non-steroidal anti-inflammatory drug, in an 
experimental rat model.

Materials and methods

This study was approved by the Ethical 
Committee for Animal Experimentation of the 
Atatürk University, Erzurum, Turkey (27.05.20- 
15-111).

Animals and experimental groups

Twenty-eight Wistar-albino male rats weighing 
250-335 g were randomly allocated into four 
groups of seven animals in each. The rats used 
in the experiments were obtained from the 
Atatürk University Medical Practice and 
Research Center and were housed in aerated, 
plastic, breeding cages at a constant tempera-
ture of 21 ± 1°C with a cycle of twelve hours of 
darkness followed by twelve hours of light. The 
rats were divided into four groups of seven ani-
mals as follows: Group 1 (control), Group 2 
(sham), Group 3 (ozone), and Group 4 (lanso-
prazole). Animals were fasted for twenty-four 
hours prior to the study. After the fasting peri-
od, no further treatment was administered in 
Group 1. The remaining groups received experi-
mental treatments by oral gavage. Group 2 
received 5 ml distilled water. Group 3 received 
5 ml ozone-oxygen mixture. Group 4 was treat-
ed with 30 mg/kg lansoprazole in 5 ml distilled 
water. Five minutes later, 25 mg/kg of indo-
methacin in 5 ml distilled water solution was 
administered by oral gavage to all animals in 
Groups 2-4.

Ozone production

Ozone (O3) was created using an ozone genera-
tor (OZONO-SAN Photonik 1014, Hansler 
GmbH; Nordring&Iffezheim, Germany). The 
ozone flow rate was kept constant at 60 mg/ml 
concentration, 97% oxygen + 3% ozone gas 
mixture at 3 L/min. 

Surgery and sample collection

Each rat was anesthetized using ketamine 
hydrochloride (80 mg/kg) and xylasine hydro-

chloride (10 mg/kg) delivered intraperitoneally 
6 hours after the administration of indometha-
cin. Ulcers on the gastric surface were mea-
sured. Stomach tissue was stored at -80 °C for 
later biochemical examination after measure-
ment of the ulcers.

Measurement of ulcer area

The stomachs of all experimental animals were 
extracted and the ulcer foci on the gastric sur-
face were assessed macroscopically. The width 
of the ulcer area on the gastric surface was 
measured using a mm2 scale [13, 14].

Biochemical evaluation

Tissue samples procedure

Tissues were rinsed in ice cold phosphate buff-
ered saline (PBS) (pH=7.2-7.4) and weighed 
before homogenization. The tissues were 
minced to small pieces in PBS (pH=7.2-7.4). 
Afterwards, the tissues were homogenized 
using tissue grinders and the homogenates 
were centrifuged for 20 minutes at 2,000-
3,000 rpm. The supernatant was removed, ali-
quoted, and stored at -20°C for ELISA.

ELISA assays

Tissue CAT, SOD, MPO, MDA, GSH and 8-OHDG 
levels were quantified using an ELISA kit 
(Shanghai Sunred Biological Technology Co., 
Ltd, Shanghai, China). All assay procedures 
were carried out according to the manufactur-
er’s instructions. The limit of detection for the 
CAT, SOD, MPO, MDA, GSH and 8-OHDG assays 
was 0.52 ng/ml, 0.016 ng/ml, 0.25 ng/ml, 
0.024 nmol/ml, 10.25 mg/L and 0.027 ng/ml, 
respectively. Absorbance was measured at 
450 nm wavelength using an Epoch spectro-
photometer for both standards and samples 
(BioTek Instruments, Inc., Winooski, VT, USA). A 
standard curve was plotted with concentration 
on the x-axis and absorbance on the y-axis to 
determine the levels of CAT (ng/ml), SOD (ng/
ml), MPO (ng/ml), MDA (nmol/ml), GSH (mg/L) 
and 8-OHDG (ng/ml) in the samples.

Statistical analysis

Descriptive statistics of continuous variables 
are shown as mean ± standard deviation and 
frequency (%). Variables were evaluated after 
evaluation of normality and variance homoge-
neity (Shapiro Wilk and Levene test). In the data 
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analysis, one-way Analysis of Variance and 
Tukey HSD test of multiple comparison tests 
were used for comparison of three or more 
groups, and the Kruskal-Wallis and Bonferroni-
Dunn test for multiple comparisons were used 
to evaluate variables that did not conform to 
the normal distribution. The level of statistical 
significance was accepted as α=0.01. All data 
were evaluated using SPSS, Chicago IL, Version 
17 software. SPSS Statistics 17.0 is a compre-
hensive system for analyzing data. SPSS 
Statistics can take data from almost any type 

20.79 ± 12.88 mm2 in ozone group and this 
was significantly lower than the sham group but 
significantly higher than the lansoprazole treat-
ment and control groups. The ulcer area was 
5.80 ± 3.85 mm2 in the lansoprazole treatment 
group, which was significantly greater than the 
control group but significantly less than the 
ozone or sham treatment groups (Table 1).

The statistical analysis of MPO, MDA, CAT, 
tGSH, SOD, and 8-OHdG measurements are 
summarized in Table 2. MPO (36.34 ng/ml), 
MDA (2.78 nmol/ml), CAT (87.21 ng/ml), and 

Figure 1. Macroscopic views of gastric mucosa. A. The Gastric mucosa was 
normal in the control group. B. moderate ulcers were apparent in the Ozone 
therapy group. C. ulcer area was minimal in the Lansoprazole treatment 
group. D. and severe ulcers were apparent on the gastric surface in the 
Sham group.

of file and use them to gener-
ate tabulated reports, charts, 
and plots of distributions and 
trends, descriptive statistics, 
and complex statistical analy-
ses. SPSS Statistics makes 
statistical analysis more ac- 
cessible for the beginner and 
more convenient for the expe-
rienced user. Simple menus 
and dialog box selections 
make it possible to perform 
complex analyses without typ-
ing a single line of command 
syntax. The Data Editor offers 
a simple and efficient spread-
sheet-like facility for entering 
data and browsing the work-
ing data file.

Results

The Macroscopic appearance 
of the stomach is shown for all 
groups in Figure 1. Normal 
gastric mucosa was observed 
in the control group (Figure 
1A). Moderate ulcer area was 
observed in the Ozone thera-
py group (Figure 1B), minimal 
ulcers were observed in the 
Lansoprazole treatment gr- 
oup (Figure 1C), and severe 
ulcer occurred on the gastric 
surface in the Sham group 
(Group 2) in which no treat-
ment was given (Figure 1D).

The sham group had the larg-
est ulcer area (71.47 ± 17.08 
mm2); this result differed sig-
nificantly from the other gr- 
oups. The ulcer area was 
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8-OHdG (13.97 ng/ml) levels were elevated in 
the sham group but were significantly reduced 
in the treatment groups. The decrease in MPO, 
MDA, and 8-OHdG was greater in the ozone 
therapy group compared to the lansoprazole 
group (P=0.001). On the other hand, the levels 
of tGSH (210.68 mg/L) and SOD (2.74 ng/ml) 
reduced in the sham group but significantly 
elevated in the treatment groups. This increase 
was more significant in ozone therapy group 
compared to the lansoprazole group (P=0.001) 
(Table 2).

Discussion

Gastric ulcer, one of the most common diseas-
es of gastrointestinal tract, is caused by 
increased gastric acid secretion and by degra-
dation of gastric mucosal integrity. Non-
steroidal anti-inflammatory drugs (NSAIDs) 
such as indomethacin are major causes of gas-
tric ulcer formation. Numerous studies have 
evaluated a range of potential medical treat-
ments for gastric ulcer [15]. The aim of this 
study is to investigate the protective effects of 
Ozone, a powerful antioxidant, on gastric ulcer 
induced by Indomethacin relative to Lan- 
soprazole, a commonly used proton pump 
inhibitor with proven clinical efficacy. 

Most of NSAIDs, including Indomethacin are 
polar molecules with high affinity for the lipo-

(H2)-receptor antagonists [17]. Lansoprazole 
confers additional protection to the gastric 
mucosa through the reduction of oxidative 
stress and increased production of antioxi-
dants [6]. Ozone has multiple therapeutic 
effects in wound healing mediated by the 
release of nascent oxygen, which has bacteri-
cidal capabilities, and the stimulation of anti-
oxidant enzymes. Previous clinical and experi-
mental studies have demonstrated the ben- 
eficial effects of ozone therapy in wound heal-
ing and ulcer treatment [18-20].

In this study, the mean ulcer area was 71.47 
mm2 in the gastric mucosa of sham-treated ani-
mals. The ulcer area was 20.79 mm2 in the 
ozone therapy group, a significant reduction 
relative to the sham group. Lansoprazole had 
the greatest protective effect, with ulcer area 
comparable to the control group (5.80 mm2). 
These findings support the conclusion that 
Lansoprazole, widely used in the treatment of 
gastric ulcer, has a strong protective effect 
against NSAID-induced stomach ulceration. 
Although Ozonated water was not as effective 
as Lansoprazole, it had a clear macroscopic 
protective effect on gastric ulcer formation 
induced by indomethacin.

Free oxygen radicals are produced during tis-
sue damage, resulting in increased and oxida-
tive stress. Lipid and protein oxidation products 

Table 1. Comparison of groups in terms of ulcer area

Group 1 (Control) mm2 Group 2 (Sham) 
mm2

Group 3 
(Ozon) mm2

Grup 4 (Lansopra-
zole) mm2

1) 0 1) 92.8 1) 35.3 1) 2.7
2) 0 2) 70.6 2) 24.2 2) 5.3
3) 0 3) 88.3 3) 23.1 3) 4.5
4) 0 4) 78.4 4) 8.3 4) 3.7
5 )0 5) 68.8 5) 13.7 5) 3.1
6) 0 6) 57.5 6) 37.2 6) 13.7
7) 0 7) 43.9 7) 3.7 7) 7.6
Mean: 0 71.4 20.7 5.8

N Mean
Std. 

Devia-
tion

Std. 
Error

Mini-
mum

Maxi-
mum p

Control 7 0 0 0 0 0

0.001**
Sham 7a 71.47 17.08 6.45 43.90 92.80
Ozone 7a,b 20.79 12.88 4.87 3.70 37.20
Lansoprazole 7a,b,c 5.80 3.85 1.45 2.70 13.70
Total 21 32.69 31.16 6.80 2.70 92.80
**P<0.01; a: Different  from Group 1; b: Different  from Group 2; c: Different from 
Group 3.

philic regions of cell mem-
branes. The polar groups of 
these drugs can cause lipid 
peroxidation and membrane 
damage through the loss of 
structural phospholipids and 
membrane proteins [16]. Lan- 
soprazole, a benzimidazole 
derivative, is a widely used 
proton pump inhibitor that 
inhibits gastric acid secretion. 
The efficacy of this agent has 
been demonstrated in the 
treatment of reflux esophagi-
tis, active gastritis, duodenal 
ulcer, and the treatment of 
gastric and duodenal ulcers 
induced by non-steroidal anti-
inflammatory drugs (NSAIDs). 
Lansoprazole selectively inhi- 
bits the membrane enzyme 
H+/K+ ATPase in gastric pari-
etal cells. Lansoprazole is 
more effective than histamine 
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Table 2. Statistical analysis of biochemical data

 N Mean Std.  
Deviation

Std. Error  
Mean Minimum Maksimum P

MPO Group 1 7 13.18 2.93 1.11 8.62 16.70

0.001** 
Group 2 7a 36.34 4.85 1.83 30.16 44.06
Group 3 7a,b 20.53 4.07 1.54 14.07 25.78
Group 4 7a,b,c 23.25 3.45 1.30 19.06 27.96
Total 28 23.32 9.28 1.75 8.62 44.06

MDA Group 1 7 0.68 0.18 0.07 0.40 0.92

0.001** 
Group 2 7a 2.78 0.93 0.35 1.57 4.02
Group 3 7a,b 1.07 0.22 0.08 0.83 1.41
Group 4 7a,c 2.02 0.26 0.10 1.81 2.55
Total 28 1.64 0.96 0.18 0.40 4.02

CAT Group 1 7 17.41 8.01 3.03 0.00 23.80

0.001** 
Group 2 7a 87.21 5.11 1.93 80.02 94.54
Group 3 7a,b 31.64 2.84 1.08 28.01 35.83
Group 4 7a,b,c 41.49 3.23 1.22 36.54 45.62
Total 28 44.44 27.07 5.11 0.00 94.54

tGSH Group 1 7 605.45 87.29 32.99 515.68 752.91

0.001**
Group 2 7a 210.68 57.06 21.57 142.60 294.64
Group 3 7a,b 485.62 67.45 25.49 415.07 588.74
Group 4 7a,b,c 349.72 33.37 12.61 286.01 386.27
Total 28 412.87 162.16 30.65 142.60 752.91

SOD Group 1 7 9.80 1.21 0.46 8.21 11.53

0.001**
Group 2 7a 2.74 0.61 0.23 2.01 3.65
Group 3 7a,b 6.47 0.60 0.23 5.71 7.49
Group 4 7a,b,c 4.66 0.46 0.17 4.11 5.55
Total 28 5.92 2.75 0.52 2.01 11.53

8-OHdG Group 1 7 5.77 0.53 0.20 5.12 6.67

0.001**
Group 2 7a 13.97 0.82 0.31 12.84 15.12
Group 3 7a,b 6.53 0.43 0.16 6.11 7.08
Group 4 7a,b,c 7.94 0.64 0.24 6.95 8.78
Total 28 10.52 10.43 1.97 5.12 61.01

**P<0.01; a: Different from group 1; b: Different from group 2; c: Different from group 3.

are elevated during oxidative stress and anti-
oxidant enzymes are decreased. MDA, an end 
product of lipid peroxidation, causes destruc-
tion of cells. tGSH neutralizes free radicals and 
peroxides [21]. Ozone, an antioxidant agent, 
increases tGSH levels but decreases MDA con-
centrations [22]. Increased MDA in the gastric 
tissue following indomethacin administration is 
evidence of the presence of oxidative stress. 
Elevation of MDA in the sham group relative to 
the other groups indicates that oxidative dam-
age was greatest in this group. After ozone 
administration, MDA was reduced and tGSH 
was elevated relative to animals that received 
Lansoprazole. This condition suggests that 

Ozonated water is a more powerful antioxidant 
than Lansoprazole. Reactive oxygen species 
(ROS) are superoxide radicals (O2⋅− ) formed in 
small amounts during normal oxygen metabo-
lism and include hydrogen peroxide (H2O2), and 
hydroxyl radical (OH•). Superoxide radical (O2⋅−) 
occurs as a result of one-electron reduction of 
molecular oxygen (O2) in almost all aerobic 
cells. The auto-oxidation of reduced transition 
metals can generate superoxide radicals. 
Superoxide radicals are more reactive at low 
pH. SOD is an enzyme that plays an important 
role in prevention of free radical damage. This 
enzyme converts superoxide into hydrogen per-
oxide. CAT is localized in peroxisomes and con-
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verts hydrogen peroxide into water and oxygen 
[23]. In this study, one explanation for the 
remarkable efficacy of Lansoprazole may be 
that Lansoprazole reduced the reactivity of 
superoxide radicals by decreasing pH through 
inhibition of the proton pump. Boyacıoglu et al. 
pointed out that increased CAT activity follow-
ing indomethacin treatment of the rat stomach 
was reduced by lansoprazole and lycopene, an 
antioxidant substance; however, SOD levels 
were increased under these conditions [24]. 
Our study produced similar results. Indo- 
methacin administered to gastric mucosa after 
ozonated water and lansoprazole administra-
tion reduced CAT activity but increased SOD 
activity. Since CAT levels in ozone group were 
lower than in the Lansoprazole group and SOD 
activity was higher in ozone group, we propose 
that ozone is a more powerful antioxidant than 
lansoprazole. MPO activity is an acute inflam-
mation marker that reflects polymorphonuclear 
cell infiltration. MPO activity can also be used 
to assess the degree of ulceration, and MPO 
increases in the gastric tissue of rats treated 
with indomethacin [25]. In this study, MPO 
activity was increased by indomethacin admin-
istration, but inhibited by Ozone and Lanso- 
prazole treatment. The decrease in MPO activi-
ty was more significant in the Ozone group com-
pared to the Lansoprazole group (P = 0.001). 
The antioxidant effects of ozonated water may 
be more effective in limiting ROS generation 
after indomethacin treatment in comparison to 
lansoprazole.

2’-deoxyguanosine is oxidized to 8-hydroxy-
2’-deoxyguanosine (8-OHdG) by ROS in DNA. 
8-OHdG is a substrate for several DNA-based 
excision repair systems and is released from 
cells after DNA repair. Because of this feature, 
8-OHdG is used as a biomarker of oxidative 
DNA damage [26]. It has been used in some 
studies to measure gastric DNA damage 
caused by NSAIDs and to evaluate the efficacy 
of protective agents [27]. Increase in 8-OHdG 
levels following indomethacin treatment indi-
cates that DNA damage. 8-OHdG level de- 
creased after ozone and lansoprazole adminis-
tration, and this decrease was more significant 
in ozone group. This demonstrates that both 
lansoprazole and ozone prevent DNA damage 
through an antioxidative effect. DNA damage 
decreased more significantly following ozone 
administration due to the antioxidant effect of 
ozonated water.

Zamora et al. [28] evaluated Ozonated sunflow-
er oil and Cimetidine in ulcer treatment in an 
experimental study of indomethacin-induced 
gastric mucosa damage. We first administered 
Lansoprazole and Ozone and then adminis-
tered indomethacin in our study in order to 
investigate protective effect of Oxygen-Ozone 
therapy on acute gastric ulcer formation. 
Freshly ozonated water is widely used than 
olive or sunflower oils. Ozone production time is 
between 5-20 minutes in water ozonation. 
Ozonation of either olive or sunflower oils 
requires a much longer time and the procedure 
needs to be well-standardized in for gas-flow, 
O3 concentration, oil volume, and temperature. 
In addition, water ozonation is much less 
expensive in comparison to ozonated oils [29]. 
The high efficacy of ozonated sunflower oil rela-
tive to Cimetidine reported in previous studies 
is not consistent with the findings of the pres-
ent study. Our study evaluated Lansoprazole,  
a more potent antiulcer agent in comparison  
to Cimetidine. Thus, the clinical differences 
between Cimetidine and Lanopazole may be 
more significant than the apparent differences 
between ozone-based therapies. There may be 
clinical differences between the protective and 
therapeutic effects of these agents. 

In summary, ozonated water is a potent antioxi-
dant that protects against acute gastric ulcer 
formation induced by indomethacin in a rat 
model. Ozone therapy has a more significant 
antioxidative effect than lansoprazole. However, 
the gastroprotective effect of ozonated water is 
macroscopically much weaker than lansopra-
zole, a potent proton pump inhibitor.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Senol Bicer, De- 
partment of Pediatric Surgery, Faculty of Medicine, 
Erzincan University, Erzincan 24000, Turkey. Tel: 
+90.446.212 2215; +90.505.6943470; Fax: +90. 
446.212 2218; E-mail: drsenolbicer@gmail.com

References

[1] Mehmet IT, Habib B, Ismail D, Fatma BO, Huse-
yin B, Murat T, Halis S. Effects of Hypericum-
perforatumand Hippophaerhamnoides ex-
tracts on indomethacin-induced gastric oxi- 
dative stress in rats. Biomed Res 2013; 24: 
314-319.

mailto: drsenolbicer@gmail.com


Gastroprotective effect of oxygen-ozone therapy in model of acute gastric ulcer

22132 Int J Clin Exp Med 2016;9(11):22126-22133

[2] Wang QS, Zhu XN, Jiang HL, Wang GF, Cui YL. 
Protective effects of alginate-chitosan micro-
spheres loaded with alkaloids from Coptischi-
nensisFranch. And Evodiarutaecarpa (Juss.) 
Benth.(Zuojin Pill) against ethanol-induced 
acute gastric mucosal injury in rats. Drug Des 
Devel Ther 2015; 9: 6151-65.

[3] Nishino M, Sugimoto M, Kodaira C, Yamade M, 
Uotani T, Shirai N, Ikuma M, Tanaka T, Sugimu-
ra H, Hishida A, Furuta T. Preventive effects of 
lansoprazole and famotidine on gastric muco-
sal injury induced by low-dose aspirin in Heli-
cobacter pylori-negative healthy volunteers. J 
Clin Pharmacol 2011; 51: 1079-86.

[4] Hiruma-Lima CA, Gracioso JS, Bighetti EJ, 
Grassi- Kassisse DM, Nunes DS, Brito AR. Ef-
fect of essential oil obtained from Croton caju-
caraBenth. on gastric ulcer healing and protec-
tive factors of the gastric mucosa. Phy- 
tomedicine 2002; 9: 523-529.

[5] Chattopadhyay I, Bandyopadhyay U, Biswas K, 
Maity P, Banerjee RK. Indomethacin inacti-
vates gastricperoxidase to induce reactive-oxy-
gen-mediated gastric mucosal injury and cur-
cumin protects it by preventing peroxidase 
inactivation and scavenging reactive oxygen. 
Free RadicBiol Med 2006; 40: 1397-1408.

[6] Agnihotri N, Kaur H, Kaur N, Sarotra P. Role of 
oxidative stress in lansoprazole-mediated gas-
tric and hepatic protection in Wistar rats. Indi-
an J Gastroenterol 2007; 26: 118-21.

[7] Di Paolo N, Gaggiotti E, Galli F. Extracorporeal 
blood oxygenation and ozonation: clinical and 
biological implications of ozone therapy. Redox 
Rep 2005; 10: 121-30.

[8] Yıldırım AO, Eryılmaz M, Kaldırım U, Eyi YE, 
Tuncer SK, Eroğlu M, Durusu M, Topal T, Kurt 
B, Dilmen S, Bilgiç S, Serdar M. Effectiveness 
of hyperbaric oxygen and ozone applications in 
tissue healing in generated soft tissue trauma 
model in rats: an experimental study. Ulus 
Travma Acil Cerrahi Derg 2014; 20: 167-75.

[9] Tasdemir S, Tasdemir C, Vardi N, Ates B, Tasli-
dere E, Karaaslan MG, Sapmaz HI, Sagir M, 
Kurt A, Baser CA. Effects of ozone therapy on 
cyclophosphamide-induced urinary bladder 
toxicity in rats. Clin Invest Med 2013; 36: E9-
17.

[10] Guven A, Gundogdu G, Sadir S, Topal T, Erdo-
gan E, Korkmaz A, Surer I, Ozturk H. The effi-
cacy of ozone therapy in experimental caustic 
esophageal burn. J Pediatr Surg 2008; 43: 
1679-84.

[11] Guven A, Gundogdu G, Vurucu S, Uysal B, Oz-
tas E, Ozturk H, Korkmaz A. Medical ozone 
therapy reduces oxidative stress and intestinal 
damage in an experimental model of necrotiz-
ing enterocolitis in neonatal rats. J Pediatr 
Surg 2009; 44: 1730-5.

[12] Isik A, Peker K, Gursul C, Sayar I, Firat D, Yilmaz 
I, Demiryilmaz I. The effect of ozone and narin-
gin on intestinal ischemia/reperfusion injury in 
an experimental model. Int J Surg 2015; 21: 
38-44.

[13] Pirbalouti AG, Amirmohammadi M, Azizi S, 
Craker L. Healing effect of hydro-alcoholic ex-
tract of Ephedra pachycladaBoiss. in experi-
mental gastric ulcer in rat. Acta Pol Pharm 
2013; 70: 1003-9.

[14] Odabasoglu F, Halici Z, Cakir A, Halici M, Aygun 
H, Suleyman H, Cadirci E, Atalay F. Beneficial 
effects of vegetable oils (corn, olive and sun-
flower oils) and alpha-tocopherol on anti-in-
flammatory and gastrointestinal profiles of in-
domethacin in rats. Eur J Pharmacol 2008; 
591.

[15] Ateufack G, DomgnimMokam EC, Mbiantcha 
M, DongmoFeudjio RB, David N, Kamanyi A. 
Gastroprotective and ulcer healing effects of 
piptadeniastrum Africanum on experimentally 
induced gastric ulcers in rats. BMC Comple-
ment Altern Med 2015; 15: 214. 

[16] Tanaka J, Yuda Y. Lipid peroxidation in gastric-
mucosallesionsinduced by indomethacin in 
rat. Biol Pharm Bull 1996; 19: 716-20.

[17] Gremse DA. Lansoprazole: pharmacokinetics, 
pharmacodynamics and clinical uses. Expert 
Opin Pharmacother 2001; 2: 1663-70.

[18] Reis FJ, Correia H, Nagen R, Gomes MK. The 
Use of Ozone in High Frequency Device to Treat 
Hand Ulcers in Leprosy: a Case Study. Trop 
Med Health 2015; 43: 195-9.

[19] Kesik V, Yuksel R, Yigit N, Saldir M, Karabacak 
E, Erdem G, Babacan O, Gulgun M, Korkmazer 
N, Bayrak Z. Ozone Ameliorates Doxorubicine-
Induced Skin Necrosis - results from an animal 
model. Int J Low Extrem Wounds 2015; [Epub 
ahead of print]. 

[20] Wainstein J, Feldbrin Z, Boaz M, Harman-
Boehm I. Efficacy of ozone-oxygen therapy for 
the treatment of diabetic foot ulcers. Diabetes 
Technol Ther 2011; 13: 1255-60.

[21] Simona J, Joško O, Janja M. Molecular impact 
of glutathione peroxidases in antioxidant pro-
cesses. Biochemia Medica 2008; 18: 162-
174.

[22] Peralta C, León OS, Xaus C, Prats N, Jalil EC, 
Planell ES, Puig-Parellada P, Gelpí E, Roselló-
Catafau J. Protective effect of ozone treatment 
on the injury associated with hepatic ischemia-
reperfusion: antioxidant-prooxidant balance. 
Free Radic Res 1999; 31: 191-6.

[23] Archibald FS, Fridovich I. The scavenging of su-
peroxide radical by manganous complexes: in 
vitro. Arch Biochem Biophys 1982; 214: 452-
63.

[24] Boyacioglu M, Kum C, Sekkin S, Yalinkilinc HS, 
Avci H, Epikmen ET, Karademir U. The effects 



Gastroprotective effect of oxygen-ozone therapy in model of acute gastric ulcer

22133 Int J Clin Exp Med 2016;9(11):22126-22133

of lycopene on DNA damage and oxidative 
stress on indomethacin-induced gastric ulcer 
in rats.Clin Nutr 2016; 35: 428-35.

[25] Pérez Y, Oyárzabal A, Mas R, Molina V, Jiménez 
S. Protective effect of D-002, a mixture of 
beeswax alcohols, against indomethacin-in-
duced gastric ulcers and mechanism of action. 
J Nat Med 2013; 67: 182-9. 

[26] Ogasawara Y, Imase M, Oda H, Wakabayashi H, 
Ishii K. Lactoferrin directly scavenges hydroxyl 
radicals and undergoes oxidative self-degrada-
tion: a possible role in protection against oxida-
tive DNA damage. Int J MolSci 2014; 15: 1003-
13.

[27] Yanaka A, Zhang S, Sato D, Tauchi M, Suzuki H, 
Shibahara T, Matsui H, Nakahara A, Hyodo I. 
Geranylgeranylacetone protects the human 
gastric mucosa from diclofenac-induced injury 
via induction of heat shock protein 70. Diges-
tion 2007; 75: 148-55. 

[28] Zamora Z, González R, Guanche D, Merino N, 
Menéndez S, Hernández F, Alonso Y, Schulz S. 
Ozonized sunflower oil reduces oxidative dam-
age induced by indomethacin in rat gastric mu-
cosa. Inflamm Res 2008; 57: 39-43. 

[29] Travagli V, Zanardi I, Valacchi G, Bocci V. Ozone 
and ozonated oils in skin diseases: a review. 
Mediators Inflamm 2010; 2010: 610418. 


