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This research was performed in order to determine the potential protective e!ects of ozonized sunflower oil (OSO) in the injury
of rat gastric mucosa induced by absolute ethanol and as well as to elucidate the role of reactive oxygen species (ROS), lipid per-
oxidation, and some important constituents of antioxidant defense such as superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px), and catalase (CAT) in these e!ects. OSO was administered to rats intragastrically by a cannula and it was applied dur-
ing four days to animals. The doses of OSO administered daily to each group of rats were 4, 12, and 24 mg/kg, respectively, and
one hour after the last treatment, absolute ethanol (1 mL/200 mg body weight) was administered. Our results showed that gastric
ulcer index was significantly reduced in rats pretreated with OSO as compared with ethanol-treated controls. However, in rats
pretreated with OSO, no significant reduction of TBARS content in gastric mucosa was found as compared to those rats treated
with ethanol alone. In contrast, SOD and GSH-Px activities were significantly increased in gastric mucosa of OSO-pretreated rats
with respect to those treated with ethanol alone. In summary, our results demonstrate that OSO pretreatment exerts protective
e!ects in ethanol-induced gastric ulcers in rats. Furthermore, these results provide evidence that these protective e!ects of OSO are
mediated at least partially by stimulation of some important antioxidant enzymes such as SOD and GSH-Px, which are scavengers
of ROS and therefore prevent gastric injury induced by them.

Copyright © 2007 Zullyt B. Zamora Rodrı́guez et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

1. INTRODUCTION

Ozonized sunflower oil (OSO) for oral application is a regis-
tered drug that is obtained from the reaction between ozone
and sunflower oil under appropriate conditions according to
a process developed in our center.

OSO has shown antimicrobial e!ects against virus, bacte-
ria, and fungi [1]. In addition, preclinical toxicological stud-
ies with OSO have demonstrated that this drug is safe and not
genotoxic [2], whereas in clinical trials Phase II and Phase III
have reported very few and no severe adverse reactions in pa-
tients.

On the other hand, the use of OSO in the treatment of
Giardia lamblia infection has been studied in animal models
and humans by oral administrations which have demonstrat-
ed the therapeutic e!ectiveness of OSO in this disease [3].

The lipid peroxidation mediated by reactive oxygen
species (ROS) is an important cause of destruction and dam-
age to cell membranes and it is involved in the pathogen-
esis of acute mucosal injury induced by ethanol, ischemia-
reperfusion, and indomethacin [4, 5]. In addition, Glutathi-
one (GSH) is an important constituent of intracellular pro-
tective mechanism against a number of noxious stimuli, and
it is known as a major low molecular weight scavenger of
free radicals in cytoplasm. Sulphydryl (SH) containing com-
pounds, and also agents that modify SH groups, prevents the
acute hemorrhagic erosions caused by ethanol, nonsteroidal
anti-inflammatory drugs (NSAIDs), or stress in animal mod-
els [6]. In the same way, various antioxidant enzymes such
as superoxide dismutase (SOD), an important radical super-
oxide scavenger, and Glutathione peroxidase (GSH-Px), an
enzyme involved in the elimination of hydrogen peroxide
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and lipid hydroperoxides, play an important role in cell pro-
tection [7, 8].

Recently, the role of neutrophils in the gastric lesions
induced by NSAIDs, acetic acid, or ethanol has been point-
ed out [9, 10]. These leukocytes adhere to endothelial cells,
thereby blocking capillaries and inducing damage to the en-
dothelial cells through the release of proteases, leukotrienes,
and active oxidants [11, 12].

Taking into account that lipid oxidation products may
exert anti-inflammatory properties [13, 14], the aims of this
study were to determine whether the treatment with OSO (4,
12, and 24 mg/kg) might reduce acute gastric ulceration in-
duced by absolute ethanol and if it is so, to determine the
potential changes in the activities of certain antioxidant en-
zymes such as SOD, catalase (CAT), and GSH-Px. Thiobarbi-
turic acid reactive substances (TBARS) were also measured.

2. MATERIALS AND METHODS

2.1. Chemicals

All reagents used for determinations of SOD, CAT, GSH-
Px, and TBARS were purchased from Sigma Chemicals (St.
Louis, Mo,USA). Other reagents of analytical grade were ob-
tained from normal commercial sources.

2.2. Animals and treatments

Male Sprague/Dawley rats (180–200 g) were purchased from
National Center for Laboratory Animal Production (CEN-
PALAB, Havana, Cuba). They were randomly assigned to six
groups. The animals were housed in macrolon cages (Tecni-
plast, Italy), in a standard bioclean animal room, and kept
under a 12-hour light-dark cycle at 22–24!C and humidity
70–75%.

The animals were deprived of food for 24 hours before
the experiments but had free access to water, and were al-
lowed to acclimatize for one week before the experiment.
All of them were carried out in accordance with the ethi-
cal guidelines for investigations with laboratory animals and
were approved by Ethical Committee for Animal Experimen-
tation of National Center for Scientific Research, Havana,
Cuba.

OSO was administered intragastrically by a cannula, and
was applied during four days (one daily) to each group.
The doses of OSO applied for groups were (4, 12, and
24 mg/kg). Control rats received the vehicle orally (sunflower
oil 0.12 mg/kg). Standardization of the preparation of OSO
was carried out according to the following parameters: per-
oxide index (PI), which indicates the quantity of peroxide
available in OSO, was 650 mmol/kg; iodine index, which is
a measure of the unsaturation rate of OSO, was between 50
and 90 units; viscosity, which is a measure of the polymeriza-
tion by condensation of the peroxides forming in OSO, was
between 100 and 450 mPa·s.

Ulceration was induced as described by Robert [15] in-
stilling absolute ethanol (1 mL/200 g body weight). OSO was
administered 1 hour before the administration of ethanol.

One hour after the experimental period, the animals were
euthanized using ether overdose, and their stomachs were
removed and opened along the greater curvature, and their
lesions were examined macroscopically.

2.3. Ulceration index

The length and width of each lesion were measured by stere-
oscopy (Carl Zeiss, Berlin, Germany) and the sum of the
products was expressed in terms of the ulcer index (UI,
square millimeters). The measurement of ulcer index was de-
termined by protocol-blinded researcher.

The gastric mucosa was scraped with glass slides and
frozen at "20!C, for subsequent biochemical determina-
tions.

2.4. Biochemical assays

Gastric mucosa was weighted and homogenized in 10% w/v
of a solution of KCl 100 mM with EDTA 0.3 mM for TBARS,
GSH-Px, and SOD, using a tissue homogenator Ultratur-
rax T25 Polytron at 4!C. Gastric mucosa homogenates for
CAT enzymatic assay were obtained with a 50-mM phos-
phate bu!er (pH 7) containing 1% Triton X-100 (1 : 9 w/v).
The homogenates were centrifuged at 600 g for 60 minutes at
4!C and the supernatants were taken for biochemical analy-
sis.

2.5. Determination of TBARS content

The levels of TBARS in the gastric mucosa taken as lipid
peroxides index (LP) were measured according to a method
described by Ohkawa et al. [16] with minor modifications.
Briefly the homogenate was supplemented with 8.1% sodium
dodecyl sulphate (SDS), 20% acetic acid, and 0.8% Thio-
barbituric acid (TBA), and boiled at 100!C for 1 hour. Af-
ter cooling, the reactants were supplemented with 2.5 ml n-
butanol-pyridine (15 : 1) mixture, shaken vigorously for
1 minute, and centrifuged for 10 minutes. Absorbance was
measured at 532 nm and the results were expressed as nmol
of TBA per gram of proteins.

2.6. Determination of SOD activity

SOD activity was determined by the modified version from
the method of Minami and Yoshikawa [17]. Briefly, fifty mi-
croliters of mucosa homogenate were mixed with 450 µL of
cold deionized water, 125 µL of chloroform, and 250 µL of
ethanol. The mixture was centrifuged at 8000 g for 2 minutes
at 4!C. Five hundred microliters of the extract were added
to the reaction mixture containing 500 µL of 72.4 mM tris-
cacodylate bu!er with 3.5 mM diethylene pentaacetic acid
(pH 8.2), 100 µL of 16% Triton X-100, and 250 µL of 0.9 mM
nitroblue tetrazolium (NBT). The reaction mixture was in-
cubated for 5 minutes at 37!C before adding 10 µL of 9 mM
of pyrogallol dissolved in 10 mM HCl. Then, it was incu-
bated for exactly 5 minutes at 37!C. The reaction was stopped
with the addition of 300 µL of 2 M formic bu!er (pH 3.5)
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containing 16% Triton X-100. The absorbance was measured
at 540 nm in a spectrophotometer. One unit of SOD enzy-
matic activity is equal to the amount of enzyme that dimin-
ishes the initial absorbance of nitroblue tetrazolium by 50%.

2.7. Determination of GSH-Px activity

Glutathione peroxidase was measured using a modified ver-
sion of the method of Faraji et al. [18]. All reaction mixtures
were dissolved in 20 mM sodium phosphate bu!er contain-
ing 6 mM EDTA (pH 7.0). The reaction mixture consisted of
98.8 µL of phosphate bu!er, 700 µL of 2.86 mM GSH, 100 µL
of 1 mM sodium azide, 100 µL of 1 mM NADPH, and 4.2 µL
of GSH reductase (0.5 unit). Then, 10 µL of the tissue ho-
mogenate supernatant were added to the reaction mixture
and incubated at room temperature for 10–15 minutes. Af-
terward, 10 µL of 30 mM t-butyl hydroperoxide dissolved in
bidistilled water were added to the reaction mixture and
measured at 340 nm for 7 minutes in the spectrophotometer.
A molar extinction coe"cient of 6.22#103 µmol was used to
determine the activity of GSH-Px. The enzyme activity was
expressed as international units of enzymatic activity/mg of
protein. International units are expressed as µ moles of hy-
droperoxides transformed /min/mL of enzyme.

2.8. Determination of CAT activity

CAT was determined according to the method of Rice Evans
and Diplock [19]. Homogenate of rat gastric mucosa was di-
luted with bu!er, as described before, in order to obtain an
adequate dilution of the enzyme. Then, 2 mL of the enzyme
dilution were added to the cuvette and mixed with 1 mL of
30 mM H2O2, measuring the absorbance at 240 nm for 100
seconds. Initial absorbance of the reaction mixture must be
around 0.5. The enzyme activity is expressed as the first-
order constant that describes the decomposition of H2O2 at
room temperature.

2.9. Protein assay

Protein concentrations were determined by the method of
Lowry et al. [20] using bovine serum albumin as standard.

2.10. Histological evaluation of gastric mucosa

The samples of the gastric mucosa were taken from rats
treated with OSO and compared with those taken from rats
treated with ethanol. The gastric mucosa tissue was fixed in
10% formalin, then embedded in para"n, and finally stained
with hematoxylin and eosin (H&E). The histological study
was performed using a light microscope, and it was per-
formed by a pathologist blinded to the treatment protocol.

2.11. Statistical analysis

Data were expressed as means ± SEM and analyzed statisti-
cally using Kruskall Wallis test followed by Mann Whitney
test which was applied for the rest of the markers. The 0.05
level of probability was used as statistical significance.

3. RESULTS

In Table 1, the protective e!ects of OSO on ethanol-induced
gastric lesions are shown. Oral administration of absolute
ethanol (1 mL/200 g body weight) induced multiple, elon-
gated, reddish bands of hemorrhagic erosions in rat gas-
tric mucosa. The ulcer index was 115.75± 20.29 mm2. In
this experimental model, oral pretreatment with OSO be-
fore ethanol administration prevented ulceration. The UI (3
± 2.27 mm2) was significantly lower than in the rats receiving
ethanol alone.

Using TBARS content in the gastric mucosa as an index,
lipid peroxidation was significantly increased (P < .05) from
basal concentration of 0.038± 0.06 nmol/g of protein to 0.55
± 0.20 nmol/g of protein after administration of ethanol.
OSO did not reduce significantly the levels of TBARS in the
gastric mucosa (Table 2).

Table 2 also shows that ethanol induced a remarkable and
significant decrease of GSH-Px activity in rat gastric mucosa,
whereas OSO induced a significant reversion of ethanol e!ect
on this enzyme.

In similar manner, SOD activity was significantly de-
creased in gastric mucosa after absolute ethanol treatment,
but in the rats pretreated with OSO, a significant reversion
of SOD activity was observed especially with greater doses of
OSO (Table 3).

In contrast, neither OSO nor ethanol induced significant
changes in CAT activity (Table 3).

Figure 1 shows a normal histological structure of rat gas-
tric mucosa. Figure 2 shows the histopathological injury in
the rat gastric mucosa 1 hour after treatment with ethanol.
OSO pretreatment reduced necrosis induced by ethanol
(Figure 3).

4. DISCUSSION

Available data suggest that ROS plays a main role in tissue
injury during the pathogenesis of various disorders of the di-
gestive tract [21]. Oral administration of absolute ethanol in
rats is noxious for the stomach, a!ecting the gastric mucosa
topically by disrupting its barrier and provoking pronounced
microvascular changes in few minutes after its application.
Thus, rapid and strong vasoconstriction is accompanied by
rapid and vigorous arteriolar dilation and this combination
of microvascular events induces damage in mucosal capil-
laries [22, 23]. Currently, there is consensus that the for-
mer deleterious e!ects of ethanol on gastric mucosa are
consequence of enhanced lipid peroxidation and decreased
glutathione (GSH) levels. The involvement of oxygen radi-
cals in ethanol-induced gastric injury was confirmed in cul-
tured mucosal cells. Exposure to ethanol increased, in a dose-
dependent manner, the generation of superoxide anions and
the extent of cellular damage [24]. Salim [5] and Brzozowski
et al. [25] have demonstrated that ethanol induces mucosal
damage and impairs healing of lesions.

Our findings demonstrated that ethanol increases lip-
id peroxidation with respect to nontreated control rats,
but no significant di!erences were found with respect to
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Table 1: Gastric ulcer index (UI, mm2) in rats treated with abso-
lute ethanol using di!erent doses of OSO and the percentage of re-
duction of the lesions. UI was measured by stereoscopy (Carl Zeiss,
Berlin, Germany) and the sum of the products was expressed in
terms of the ulcer index (UI, Square millimeters) and % of reduc-
tion. The results are the means ± s.e.m. of five stomachs samples.

Groups UI (mm2) Reduction (%)

Nontreated control 0 —
Ethanol (1 mL/200 g) 115.75 ± 20.29 —
Sunflower oil (0.12 mg/kg)
and ethanol

115 ± 11.62 0

OSO (4 mg/kg) and ethanol 18.5 ± 5.65$ 84.01
OSO (12 mg/kg) and ethanol 7 ± 5.45$ 93.95
OSO (24 mg/kg) and ethanol 3 ± 2.27$ 97.40
$P < .05 compared with group treated with ethanol alone.

Table 2: Thiobarbituric acid-reactive substances (TBARS) and glu-
tathione peroxidase (GSH-Px) in gastric mucosal damage induced
by ethanol and pretreated with OSO. Data are expressed as nmol/mg
prot of TBARS. The results are the means ± s.e.m. of five stomachs
samples.

Groups
TBARS
(nmol/g of protein)

GSH-Px
(UI/g of protein)

Non treated control 0.038 ± 0.06 423.55 ± 65.96
Ethanol (1 mL/200 g) 0.551 ± 0.20 182.49 ± 32.16

Sunflower oil
(0.12 mg/kg)
and ethanol

0.539 ± 0.28 373.795 ± 85.74

OSO (4 mg/kg)
and ethanol

0.515 ± 0.21 463.06 ± 63.06$

OSO (12 mg/kg)
and ethanol

0.509 ± 0.18 440.018 ± 49.13$

OSO (24 mg/kg)
and ethanol

0.506 ± 0.04 396.286 ± 36.43$

$P < .05 compared with group treated with ethanol alone.

Table 3: Superoxide dismutase (SOD) and catalase (CAT) activi-
ties on gastric mucosal damage induced by ethanol and pretreated
with OSO. The results are the means ± s.e.m. of five animals per
group. CAT activity is described as the first-order constant of the
decomposition of H2O2 at 25!C/g of wet tissue. k15 is the constant
kinetic of the first-order that describes the decomposition of H2O2

at room temperature. SOD activity is expressed in units of enzy-
matic activity/mg of proteins.

Groups
SOD
(U/g of protein)

CAT
(k15/g of tissue)

Non treated control 61.14± 6.13 4.83± 1.09
Ethanol (1 mL/200 g) 40.08± 5.29 5.174± 0.54
Sunflower oil (0.12 mg/kg)
and ethanol

58.91± 7.71 4.260± 1.37

OSO (4 mg/kg) and ethanol 50.28 ± 22.94 3.906 ± 0.34
OSO (12 mg/kg) and ethanol 87.73 ± 17.78$ 3.716 ± 0.67
OSO (24 mg/kg) and ethanol 70.01 ± 9.28$ 4.862 ± 0.72
$P < .05 compared with group treated with ethanol alone.

Figure 1: Normal histological structure of rat gastric mucosa.

Figure 2: Histological appearance of the gastric ulcers 1 hour after
ethanol treatment. Severe erosion with necrosis of gastric mucosa,
detachment of necrotic gastric mucosa (arrow) H&E magnification,
X 250.

Figure 3: Rat pretreated with OSO, slight erosion of the gastric mu-
cosa is observed. Arrow: H&E; magnification, X 100.

OSO- treated rats. It may be due to the presence of some
aldehydes and hydroperoxides in OSO which might con-
tribute to increase TBARS content in rat gastric mucosa.

The results also revealed a decrease of GSH-Px activity in
gastric mucosa after ethanol treatment. GSH-Px is an impor-
tant enzyme which plays a key role in the elimination of hy-
drogen peroxide and lipid hydroperoxides in the gastric mu-
cosa cells [8].

In contrast with SOD and GSH-Px activities, which were
significantly increased in rats treated with OSO (Tables 2 and
3), CAT activity was not significantly modified by treatments
neither with ethanol nor with OSO (Table 3). This finding
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seems to be due to the fact that GSH-Px plays a much greater
role than CAT in the removal of low steady-state concentra-
tions of H2O2. Therefore, it seems that GSH-Px is the main
antioxidant enzyme to remove H2O2 and CAT shows a lower
a"nity for that ROS. In this context, our result is in concor-
dance with that reported by Billici et al. [26] and Kanter et al.
[27].

The antioxidant activity of GSH-Px is coupled with the
oxidation of reduced glutathione (GSH), which can subse-
quently be reduced by glutathione reductase with NADPH as
reducing agent. Thus, inhibition of this enzyme may result
in the accumulation of H2O2 with subsequent oxidation of
lipids.

In contrast, OSO pretreatment 4, 12, 24 mg/kg induced
a significant increase in GSH-Px activity after ethanol ad-
ministration. This enhancement of GSH-Px activity suggests
that the antiulcerogenic e!ect of OSO may be connected with
GSH metabolism.

In summary, our results suggest that the gastroprotec-
tive e!ect of OSO in the rat gastric mucosal injury induced
by ethanol might be mediated at least partially by its stimu-
lant e!ect on antioxidant enzymes such as SOD and GSH-Px
which constitute endogenous scavengers of ROS.
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