
Abstract. Background/Aim: Alcoholic liver disease is an
important health problem which is reversible during early
stages of liver damage, but becomes permanent with time.
Nowadays, many studies focus on various agents that
prevent, reduce or slow the progression of the toxic effects
of alcohol. In our study, we investigated the efficiency of
ozone and selenium against oxidative damage in a model of
alcohol-induced liver damage. Materials and Methods:
Forty-eight female Wistar Albino rats between 4 and 6
months of age and weighing 190-250 g were included in the
study and were used as models of alcohol liver damage.
Aspartate aminotransferase (AST), alanine aminotransferase
(ALT), serum and tissue total oxidant levels, serum and
tissue total antioxidant levels, and the histopathological
evaluation of the liver were performed in 8 groups. Results:
In the statistical analysis, it was observed that ozone and/or
selenium therapies decreased the AST levels. Total oxidant
and antioxidant serum levels were found to vary in serum
and tissue. Ozone and/or selenium therapies decreased liver
damage, according to histopathological findings.
Conclusion: Through ozone and/or selenium therapies, less
damage was observed histopathologically compared to the
alcohol group. It is thought that the results of our study can
be used in individual treatments following confirmation of
liver damage in alcoholic patients.

Alcoholic liver disease is a spectrum of pathological

conditions commonly encountered, especially in western
societies, and can result in liver cirrhosis or even
hepatocellular carcinoma (1). Both excessive and long-term
alcohol consumption may cause alcoholic liver disease (2).
Even though alcohol is considered as hepatotoxic and more
than 90% of people who consume alcohol excessively show
signs of accumulated fat within their bodies, only 30% of
these cases develop serious forms of alcoholic liver disease
(3). Complex interactions of alcohol with gender, heredity and
immunity have been implicated in the pathogenesis of the
disease; however, their role still remains unclear (3). It is
known that the metabolism of alcohol in the liver initiates a
pathological process that includes the production of protein
aldehyde compounds and endotoxins, oxidative stress,
immunological activities and proinflammatory cytokine
release. When all these parameters are included, steatosis
(fatty liver), steatohepatitis and variable stages of fibrosis can
be observed by histopathology (4). For the development of
hepatic steatosis, which is the first stage of alcoholic liver
disease, daily consumption of more than 60 grams of alcohol
is adequate (5, 6). In alcoholic liver disease, histopathological
features in the liver are still reversible, especially during early
stages, however, as the disease progresses, these become
irreversible and end up with liver fibrosis (7).

Ozone and selenium are agents that are clinically used in
medicine and have antioxidant properties (8, 9). Ozone used
as a mixture of O2/O3 in medical applications and is known
to be involved in the management of antioxidant enzymes,
nitrite oxide pathways and a large number of different
cellular activities (10). In experimental studies, the positive
effects of ozone in activating superoxide dismutase and
reducing glutathione levels in acetaminophen-induced liver
injury and liver ischemia reperfusion injury are reported (11,
12). Medical ozone gas, used in clinical practice, is produced
in ozone generators and is used for the treatment of several
diseases, such as in vascular disease affecting circulation,
wound healing, viral diseases, such as hepatitis and AIDS
and autoimmune diseases (13). Selenium is found in
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glutathione peroxidase, which is one of the most important
antioxidant enzymes, and of selenoproteins. Selenoproteins
are also important for a large number of immune system
tasks, such as leukocyte and NK cell function, T lymphocyte
proliferation and immunoglobulin production (14, 15).

In our study, we applied ozone and selenium therapy on
experimentally induced alcoholic liver disease in rats, and
evaluated their effect within the framework of oxidant,
antioxidant and histopathological parameters. 

Materials and Methods
This study was approved by the Kafkas University Experimental
Animal Research Ethics Committee (Approval number: KAU-
HADYEK 2016/052). Animal procedures were performed according
to the “Guide for the Care and Use of Laboratory Animals”
principles (10). All steps of the study were conducted at the
experimental research center of the university. Study reporting was
done in accordance with the CONSORT principles (16). 

Animals. Forty-eight female Wistar Albino rats between 4 and 6
months of age and weighing 190-250 g were included in the study,
supplied from the Unit of Breeding Laboratory Animals at Atatürk
University. The animals were fed ad-libitum and were kept at a
temperature of 25˚C in a place with a 12-hour light-dark cycle and
ventilation. Animals were divided into 8 groups randomly, each
consisting of 6 rats, as follows:
i) Group I: Control group which was fed ad-libitum without any
applications.
ii) Group II: Rats in which alcoholic liver damage was induced by
giving them 7 g/kg/day ethyl alcohol+50% water for 14 days.
iii) Group III: Rats in which intraperitoneal ozone was applied (95%
O2+5% O3, 0.5 mg/kg) for 7 days without inducing alcoholic liver
damage.
iv) Group IV: Rats in which intraperitoneal selenium of 0.2 mg/kg
was applied for 7 days without inducing alcoholic liver damage.
v) Group V: Rats in which both intraperitoneal selenium of 0.2 mg/kg
and intraperitoneal ozone therapy (95% O2+5% O3, 0.5 mg/kg) were
applied for 7 days without inducing alcoholic liver damage. 
vi) Group VI: Rats in which alcoholic liver disease was firstly
induced by giving ethyl alcohol 7 g/kg/day+50% water for 14 days
and then intraperitoneal ozone (95% O2+5% O3, 0.5 mg/kg) was
applied for 7 days.
vii) Group VII: Rats in which alcoholic liver disease was firstly
induced by giving ethyl alcohol 7 g/kg/day+50% water for 14 days
and then intraperitoneal selenium of 0.2 mg/kg was applied for 7
days, and
viii) Group VIII: Rats in which alcoholic liver disease was firstly
induced by giving ethyl alcohol 7 g/kg/day+50% water for 14 days
and both intraperitoneal selenium of 0.2 mg/kg and intraperitoneal
ozone therapy (95% O2+5% O3, 0.5 mg/kg) was applied for 7 days.

At the end of the study, the animals were not fed for one night and
were anesthetised with ether, followed by cervical spine dislocation, in
accordance with standards for ethical use and care of animals (17).
Blood and liver samples of the animals were collected to be tested
physiologically and biochemically and histopathologically, respectively.

Sample preparation. Following the collection of blood samples,
some parts of the tissues were kept in 10% neutral buffered formalin

for histopathological analysis. Following a wash with lactated ringer
solution, the rest of the tissue samples were put into tagged
polyethylene bags and were kept at –20˚C for future analysis. In
accordance with the procedure of the kits (Total Oxidant Status
Assay Kit, Total Antioxidant Status Assay Kit; REL Assay
Diagnostics, Gaziantep-Turkey) used in the analyses, small parts of
the liver tissue samples were weighed and homogenised through a
homogeniser by adding phosphate buffer solution nine times heavier
than the samples. Homogenates separated from the homogenized
tissue samples by centrifugation were then taken into polyethylene
tubes. Blood, tissue oxidant measurements were conducted in
accordance with the manufacturers’ instructions of assay kits (Total
Oxidant Status Assay Kit, REL Assay Diagnostics, Gaziantep-
Turkey), as well as the antioxidant measurements (Total Antioxidant
Status Assay Kit; REL Assay Diagnostics, Gaziantep-Turkey). 

Following tissue embedding, paraffin blocks were prepared and
4 μm thick sections were stained with hematoxylin and eosin and
were examined through a light microscope (Clinical Microscope
Model BX46, Olympus, Japan) for fatty changes, inflammation,
fibrosis, hepatocyte degeneration and congestion.

Statistical analyses. The SPSS 18 package program was used to
evaluate the bio-statistical data obtained from the study. t-Test was
used for independent variables in the 95% Confidence Interval (CI),
and p<0.05 was considered statistically significant.

Results

In our study, liver enzyme measurements, serum and tissue
total oxidant status (TOS) and total antioxidant status (TAS)
values and their distribution in the different groups are given
in Table I. When these values were examined, we observed
that aspartate aminotransferase (AST) and alanine transferase
(ALT) increased in the alcohol group compared to the control
group. In the ozone group, we found higher averages
compared to both the control and the alcohol groups. The
highest AST and ALT values were observed only in the ozone
group, while the lowest values were observed in the alcohol
+ ozone group. It was noted that the AST values measured in
the groups were lower compared to the alcohol and the control
groups. Concerning the ALT values, we observed that the
alcohol + selenium and the alcohol + ozone + selenium groups
reached higher values compared to both the control and the
alcohol groups. In addition, the AST values were found to be
very close to each other in the alcohol + ozone and the alcohol
+ selenium groups, while the alcohol + ozone + selenium
group had higher values. The statistical analysis revealed a
level of significance between the control group and the alcohol
+ ozone group (p=0.041). We observed that the application of
ozone in the group of alcohol damage reduced the value of
AST below the value of AST in the control group. In the
alcohol group analysis, a statistical significance was observed
between the alcohol + selenium (p=0.007) and the alcohol +
ozone + selenium (p=0.007) groups in terms of the effects of
different applications on decreasing AST values. When the
substance applications in the alcohol groups were considered
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among themselves, it was found that a statistical significance
was found between the alcohol + ozone and the alcohol +
selenium group (p=0.002) and the alcohol + ozone + selenium
group (p=0.035) and that the alcohol + ozone group had lower
AST values. In the statistical analyses of ALT, considering the
values between the alcohol + selenium group (p=0.006) and
the alcohol + ozone + selenium group (p=0.023), the control
group had lower values. There were no statistically significant
differences compared to the alcohol group. When the
substance applications in the groups were considered among
themselves, there was a statistical significance between the
alcohol + ozone group and the alcohol + ozone + selenium
group, favouring of the alcohol + ozone group (p=0.01).

The serum TOS values of the control group were higher
compared to the alcohol group. It was also observed that for
the alcohol + substance the application values were higher
compared to the alcohol group and that the highest value was
in the alcohol + selenium group. While there was no
difference between the control group and the other groups,
there was a statistical significance between the alcohol group
and the alcohol + selenium group (p=0.000) and the alcohol
+ selenium groups (p=0.004) in terms of lower values. When
the alcohol and the alcohol + substance groups were
compared, it was found that there was a significant
difference between the alcohol + ozone and the alcohol +
selenium groups in terms of lower values (p=0.005) and that
there was a statistical significance between the alcohol +
selenium and the alcohol + ozone + selenium groups in
favour of the alcohol + selenium group (p=0.002). 

The serum TAS values of the control group were higher
compared to those of the other groups. It was observed that
the alcohol + ozone application increased the value of serum
TAS compared to the alcohol application and that the other
substance applications showed lower values than the alcohol
group. There was no significant statistical significance.

When the tissue TOS measurements were evaluated, the
values of the alcohol group were found to be lower compared
to the control group. When compared to the control group and

the alcohol group, a high increase was observed in the values
of all the alcohol + substance groups, but this was not
statistically significant. When the alcohol + substance
applications groups were compared between themselves, the
highest value was observed in the alcohol + ozone group, but
these differences were not significant either.

The ozone + selenium application in tissue TAS
measurements was very high compared to the other groups. It
was found that the alcohol application significantly increased
the TAS average (p=0.011) compared to the control group and
that there was a statistically insignificant increase in the alcohol
+ substance group compared to the control group. In addition,
the alcohol group had statistically higher values than the
alcohol + selenium group (p=0.000) and the alcohol + ozone
+ selenium group (p=0.000).

Histopathological examinations revealed that there were
no symptoms apart from mild congestion in 4 rats and
moderate congestion in 2 rats in the control group (Figure
1A). In the alcohol group, 1 rat had severe (Figure 1B), 3
rats had moderate (Figure 1C) and 2 rats had mild hepatocyte
injuries, while the lesions were focal in 1 rat and widespread
in 2 rats. In 2 rats, a mild hepatocyte injury was observed. A
severe periportal inflammation was observed in 1 rat with a
moderate focal hepatocyte injury and in 1 rat with a
moderate injury (Figure 1D). In 6 rats of this group, varying
levels of microvascular steatosis were observed (Figure 1E).
The histopathological findings observed in the ozone group
were similar to those of the control group (Figure 1F). In the
selenium group, there was a mild periportal inflammation in
2 rats (Figure 1G), while congestion was observed in all the
other rats. In addition, a mild hepatocyte injury was observed
in 1 rat. The findings observed in the ozone + selenium
group were similar to those of the selenium only group and
differed slightly as the mild hepatocyte injury was focal
(Figure 1H). In the alcohol + ozone group, 1 rat had a focal
moderate hepatocyte injury (Figure 2A), whereas 1 rat had a
widespread mild hepatocyte injury and 4 rats had a mild
focal hepatocyte injury. In 2 rats, a mild periportal
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Table I. Mean AST, ALT, serum TOS, serum TAS, tissue TOS and tissue TAS values in the groups.

Group No:               AST                               ALT                         Serum TOS                  Serum TAS                    TissueTOS                    Tissue TAS

1                          42.93±7.22                  137.52±13.94                  11.07±5.44                   1.63±0.29                      40.15±3.95                    15.99±3.78
2                          48.97±3.37                  145.70±17.27                    7.58±1.38                   1.49±0.70                      37.91±3.06                    20.88±0.58
3                          76.40±42.65                438.29±367.28                12.60±4.33                   1.40±0.21                      40.02±6.51                    16.62±1.25
4                          51.57±5.07                  224.23±3.60                      7.00±2.68                   1.44±0.25                      38.38±1.91                    18.99±1.12
5                          45.52±5.74                  209.52±73.23                    7.82±3.87                   1.44±0.12                      37.76±4.14                    91.44±178.60
6                          34.95±4.20                  124.37±19.33                  10.70±1.71                   1.56±0.36                      41.17±1.91                    16.83±1.33
7                          34.98±9.45                  185.40±30.75                  16.37±1.50                   1.48±0.12                      40.71±5.51                    16.80±1.81
8                          41.67±5.28                  196.48±51.77                  10.09±1.55                   1.43±0.10                      40.89±4.83                    16.76±1.36

AST: Aspartate aminotransferase; ALT: alanine aminotransferase; TOS: total oxidant status; TAS: total antioxidant status.



inflammation was observed, whereas arying levels of
microvascular steatosis were observed in four rats (Figure
2A), while microvascular steatosis was not observed in two
rats. In the alcohol + selenium group, all the rats had varying
levels of congestion and 5 rats exhibited a mild periportal
inflammation (Figure 2B). Varying degrees of microvascular
steatosis in all the rats and a mild hepatocyte injury in 3 rats
(2 focal, 1 widespread) were observed. In the alcohol +
ozone + selenium group we noticed a mild hepatocyte injury
in 4 rats, a mild focal hepatocyte injury and varying degrees
of microvascular steatosis in 3 rats (Figure 2C). 

Discussion 

Alcoholic liver disease can result in cirrhosis and
hepatocellular carcinoma, lead to serious socioeconomic

problems and reduce the quality of life (18). Early signs
observed in liver might be steatosis or steatohepatitis or
hepatitis (4). In our study, we evaluated the effects of the
ozone and selenium applications on alcoholic liver damage
using histopathological analyses and assessment of serum
AST and ALT levels. It has been reported in various studies
that AST and ALT levels increase independently of the cause
of the damage (19-21). It has also been reported that selenium
application with N-acetylcysteine has a protective effect on
lead and mercury toxicity (19, 20), lowers ALT activity in
thioacetamide-induced cirrhosis and AST and ALT in arsenic
toxicity (21). In the case of alcohol, it is reported that ebselen,
an organoselenium compound, reduces elevated ALT in rats
treated with alcohol (22). There are no studies on the use of
ozone in alcohol-induced liver injury in the literature, but
there are studies suggesting that the use of ozone in
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Figure 2. (A) Focal moderate hepatocyte injury and microvesicular steatosis in the alcohol+ozone group (H&E, 200×). (B) Moderate periportal
inflammation in the alcohol+selenium group (H&E, 400×). (C) Mild focal hepatocyte injury and microvesicular steatosis in the
alcohol+ozone+selenium group (H&E, 400×). 

Figure 1. (A) Liver tissue with vascular congestion in the control group (H&E, 200×). (B) Severe hepatocyte injury in the alcohol group (H&E,
400×). (C) Widespread moderate hepatocyte injury in the alcohol group (H&E, 200×). (D) Severe periportal inflammation in the alcohol group
(H&E, 100×). (E) Microvesicular steatosis in the alcohol group (H&E, 400×). (F) Vascular congestion in the ozone group (H&E, 100×). (G) Mild
periportal inflammation in the selenium group (H&E, 200×). (H) Focal hepatocyte injury in the ozone+selenium group (H&E, 100×). 



acetaminophen-induced liver injury decreases AST and ALT
(11, 13). In addition, it is reported that ozone decreases AST
and ALT in ischemia reperfusion injury (23) and that, in the
experimental damage model created by radiation, ozone
suppresses the rise of AST and ALT levels (24). In our study,
we found that the ozone, selenium and ozone + selenium
applications were effective in alcoholic liver injury in terms
of AST, but the most effective application was the alcohol +
ozone application.When we evaluated our ALT data, it was
noted that in all the applications ALT had high values
compared to the control group, and despite a numerical
difference between the alcohol group and the substance
applications, this was not reflected in the statistical analyses.
When the alcohol and alcohol + substance groups were
evaluated, the ozone application was the most effective of all.
In this context, if we consider the AST and ALT values, we
suggest that the most efficient substance is the use of ozone.

Oxidant and antioxidant mechanisms play an important role
in liver damage induced by other toxic agents. Fatima SN et
al. have reported that selenium in thioacetamide-induced liver
cirrhosis increases antioxidant enzyme levels (25). In another
study, selenium in combination with N-acetylcysteine was
reported to reduce oxidative stress in mercury-induced liver
damage (20), while selenium can also reduce oxidative stress
when liver toxicity is induced by isotretinoin, an agent used
for acne treatment (26). Similarly, selenium could reduce
oxidative stress in carbontetrachloride-induced liver fibrosis
when it was supplementing probiotic treatment (27). A
different study reported that selenium can decrease cadmium-
induced hepatic and renal oxidative stress (28), however,
Ghaffarian-Bahraman et al. pointed out that selenium only
application was not adequately hepatoprotective in cadmium
toxicity and that the application of both magnesium and
selenium strengthened the protective effect of the latter (29). 

Because ozone itself is oxidant, it is known that its low-
dose application activates antioxidant mechanisms (10). In a
study conducted by Gültekin et al., it has bben reported that
ozone therapy provides organ protection by boosting the
endogenous antioxidant defense mechanisms in radiation-
related organ damage (24), while, in another study Gültekin
et al. suggested that ozone therapy can reduce the ischemia-
reperfusion injury in the liver of partially hepatectomized rats
and that it could be used as hepatoprotective, due to its
stimulating effect on hepatocyte regeneration (30). Ozone
therapy has been found to have a positive effect on rat kidneys
and liver by neutralizing age-related chronic oxidative stress
(31), while it could decrease high MDA values and other
antioxidant enzymes related to to acetaminophen damage (11).
In our study, we observed that the use of alcohol decreased
serum TOS values compared to the control group, while the
drug application increased these values compared to the use
of alcohol. We found that the alcohol + selenium application
showed a statistical significance in the substance application

and showed the highest TOS value. In addition, we found that
the selenium and selenium +ozone applications to healthy
liver showed a decrease in TOS values, similar to the alcohol
application but with no statistically significant difference.
Despite the fact that no statistical significance was observed
when we compared TOS tissue values in our different models,
the values of the alcohol group were lower compared to the
control and the alcohol + substance groups. For this reason,
we became sceptical about the dose of alcohol in our study
that decreased oxidation and believe that there should be
additional studies examining this issue in the future. 

The results of our analyses on antioxidant values showed
that the average of the serum TAS values in the control group
was the highest among the groups. In the alcohol + ozone
group, the serum TAS value was higher compared to the
alcohol group; however, it was not the case in the other
substance application groups. The analyses showed that this
difference was not statistically significant, suggesting that the
substance application has no beneficial effect with respect to
serum antioxidant values. In the examinations performed on
the tissue TAS averages, it was observed that the alcohol
application increased the values significantly compared to the
control group. In the alcohol + selenium and the alcohol +
ozone + selenium groups, a statistically significant decrease in
the tissue value of TAS was found. Besides, the ozone +
selenium application in healthy liver tissue had a synergistic
effect and increased the tissue TAS values. This indicates that
alcohol might increase the antioxidant capacity of the liver, and
have a beneficial effect during early stages of consumption.
Additionally, only ozone+selenium administration caused a
peak in antioxidant levels, leading to the consideration that the
protective effect of this combination is dominant over the
therapeutic properties.

Concerning the histopathological findings, selenium-
supplemented diet in rats in the form of seleniometionin,
prevents the early signs of damage in alcohol-related liver
disease developed in the Lieber-DeCarli experimental model
(9). Ebselen, an organoselenium compound, has been
reported to reduce necrosis, inflammation and fat
accumulation in rats treated with alcohol (22). In a study
investigating the effects of selenium enriched probiotics on
liver fibrosis induced by carbon tetrachloride, selenium was
found to suppress hepatic inflammation and reduce hepatic
stellate cells by inducing apoptosis (27). In addition, 
N-acetylcysteine (NAC) and selenium, applied as
combination therapy, have been shown to have a marked
positive effect on histopathological findings in animals
exposed to lead (19). There are no studies investigating the
effects of ozone on apoptotic hepatocytes, inflammation,
necrosis and steatosis (32, 33), which is reported in
histopathological analyses in alcoholic liver disease.

In our study, we pointed out that ozone does not have any
negative effects on the histopathology of the healthy liver,
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however in the selenium group there was a mild periportal
inflammation in 2 rats and a widespread mild hepatocyte
injury in 1 rat. These data made us question the usefulness
of selenium in healthy liver or that of ozone + selenium
treatment. When the alcohol + ozone group was compared
to the alcohol group, we observed that the ozone application
decreased the severity and prevalence of hepatocyte injury
and periportal inflammation, as well as of steatosis. When
the alcohol + selenium group was compared to the alcohol
group, mild periportal inflammation was observed in many
rats. The ozone application seemed to be more effective in
terms of periportal inflammation. Concerning hepatocyte
injury, it was observed that it decreased the severity and
prevalence of the injury and was a better option compared to
the alcohol + ozone group. In addition, the alcohol +
selenium group reduced the microvesicular steatosis
compared to the alcohol group, but failed to reduce it to be
comparable to the alcohol + ozone group. When the alcohol
+ ozone + selenium group was compared to the alcohol
group, reduced hepatocyte injury and microvascular steatosis
was observed. When the alcohol + ozone + selenium group
was compared to the alcohol + ozone group, reduced
periportal inflammation was seen, albeit less compared to the
alcohol group, whereas compared to the alcohol + selenium
group periportal inflammation was reduced more succesfully.
The alcohol + ozone + selenium group is superior to both the
alcohol + ozone and the alcohol + selenium groups in terms
of reducing microvascular steatosis. In a previous study,
ozone therapy was shown to prevent liver necrosis in liver
damage caused by paracetamol and that, when adjuvant
therapy was used as an adjuvant therapy it could lead to
improvements in paracetamol toxicity (11). Similarly, Tezcan
et al., have reported that ozone can decrease necrosis and
inflammation and positively regulate liver regeneration (13).

Collectively, we propose that the most effective agent
concerning AST and ALT levels is ozone, while from
histopathological evaluations it was ozone or/and selenium that
appeared to be a more effective treatment following biopsy
analysis. In addition, we suggest that selenium is more
effective in cases predominantly with hepatocyte injury and
that ozone is more effective in cases predominantly with
periportal inflammation, while the combination of ozone +
selenium is more effective in cases with steatosis. The results
of our findings regarding oxidants and antioxidant evaluations
are not in harmony with those of the literature, and this might
be related to the fact that the dose of alcohol we applied might
have had a positive effect on the oxidant and antioxidant levels
in the early stages of liver response, which might, therefore,
result in changes in these parameters during later stages. 
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