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day of hypoxia (Group 4) were significantly higher than 
the Sham group (Group 1) but significantly lower than 
the non-treatment group (Group 2).

Plasma malondialdehyde level
On examination of the blood samples collected, the 

highest mean MDA levels were detected in the plasmas 
of the rats in Group 3. Plasma MDA levels were found to 
be 11.720 ± 7.486 nmol/ml in Group 1, 19.705 ± 6.163 
nmol/ml in Group 2, 24.775 ± 9.488 nmol/ml in Group 
3, and 24.166 ± 10.966 nmol/ml in Group 4. Between-
group comparison of the plasma MDA levels revealed 
significant differences in the pairs Group 1 vs Group 3 
and Group 1 vs Group 4 (p =0.008 and p =0,018, respec-
tively); however, no significant difference was detected 
between other groups.

Superoxide dismutase enzyme activity assay
The highest mean SOD enzyme activity was detected 

in the blood samples collected from the rats in Group 3. 
SOD levels were 2.857 ± 0.987 U/ml in Group 1, 2.444 
± 1.206 U/ml in Group 2, 3.519 ± 1.426 U/ml in Group 
3, and 3.060 ± 1.162 U/ml in Group 4. A between-group 
comparison of the SOD enzyme activity revealed no sig-
nificant difference (p =0.253).

Morris water maze learning and memory tests 
When we examined the times to find the platform for 

each group on Day 1, Group 1 had the shortest times, 
and there was a significant difference between Group 1 
and Group 3 (p =0.035). No significant difference on Day 
1 was found between the other groups regarding times 
finding the platform. Group 1 rats also found the plat-
form in the shortest time on Day 2. Group 4 scored the 
second-best results, and there was no significant differ-
ence between Group 1 and Group 4 (p =0.483). Group 1 
had significantly shorter times to find the platform than 
the other three groups (p <0.001). Times finding the plat-
form in Group 4 rats were significantly shorter than only 
Group 3 (p <0.001). On Day 3, Group 1 rats came first 
again with the shortest times finding the platform, which 
were significantly shorter than those of each of the other 
three groups (p <0.001). No significant difference was 
found between the other groups. On Day 4, again, Group 
1 rats found the platform in the shortest time, signifi-
cantly shorter from those of the other groups (p <0.001 
between Group 1 and Groups 2, 3 and 5; p =0.04 between 
Group 1 and Group 4). Group 4 had the shortest mean 
time after Group 1. Group 4 rats, too, found the platform 

in a significantly shorter time than Groups 2, 3, and 5 
(p <0.001). Comparison of the difference in times find-
ing the platform between Day 1 and Day 4 revealed no 
significance between Group 1 and Group 4, the groups 
which shortened the time to find the platform the most 
and scored as the best learners. There were significant 
differences between these groups and Groups 2, 3, and 5 
(p <0.001 between Group 1 and other groups; p =0.015 
between Group 4 and Group 2; p =0.001 between Group 
4 and Group 3; p =0.037 between Group 4 and Group 5) 
(Table 3). On Day 5 of the learning and memory tests, the 
platform was removed, and the periods spent by the rats in 
the eastern quadrant (where the platform had previously 
been) were examined. It was found out that Group 1 and 
Group 4 spent the most time in the eastern quadrant. The 
times spent in the eastern quadrant of these two groups 
were significantly longer than the times they spent in the 
other quadrants (p <0.001). There was no significant dif-
ference for the other groups (Group 2, p =0.577: Group 3, 
p =0.382; Group 5, p =0.111).

Discussion
HIBI and complications secondary to HIBI are among 

the most significant causes of newborn mortality and mor-
bidity in developed and developing countries. Despite the 
recent developments in maternal and newborn follow-up, 
there has not been a substantial difference in their inci-
dence, and there is no sufficiently effective treatment 
modality yet25. It is known that late treatment after HIBI 
development is not effective enough. Thus, researchers 
have focused on early treatment to reduce injury. While 
no other treatment than supportive care has been imple-
mented until recently, many treatment options have been 
proposed based on a better understanding of HIE physio-
pathology. These treatment options include allopurinol, 
magnesium sulfide, erythropoietin, melatonin, xenon, 
free radical scavengers, nitric oxide synthase suppres-
sors, calcium channel blockers, hypothermia treatment, 
stem cell transplant, and growth factors therapy26. 

Ozone is known to cause the formation of oxygen 
radicals and lipid peroxidation8. Therefore, it has been 
suggested that it stimulates the antioxidant system, thus 
improving its efficiency9. Furthermore, ozone increases 
2,3-DPG, which results in an elevated oxygen release 
from hemoglobin to the tissues27. It has been suggested 
that ozone increases tumor necrosis factor alpha (TNFα), 
interferon gamma (IFNγ), interleukin (IL)-2, and IL-8, 
triggers vascular prostacyclin (PGI2) synthesis, and is 
an immunomodulator28,29. A study reported that ozone 

Table 2: Quantification of apoptotic neurons via terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TU-
NEL) assay.

Group Right Hemisphere Left Hemisphere p-value
Group 1 (n =8) 2.900 ± 0.737 2.800 ± 0.632 0.678
Group 2 (n =8) 10.900 ± 1.728 5.000 ± 1.632 0.0001
Group 3 (n =8) 6.400 ± 1.173 2.800 ± 1.032 0.0001
Group 4 (n =8) 5.888 ± 1.054 3.333 ± 0.707 0.0001

Values are given as mean ± standard deviation, n: number.


