
HIPPOKRATIA 2021, 25, 2: 56-62

RESEARCH ARTICLE

Relationship of ozone application and time in rats with hypoxic-ischemic brain 
injury
Resitoglu B1, Yalcın C2, Komur M3, Polat A4, Erdogan S5, Beydagi H6

1Department of Anesthesia, Vocational School of Health Services
2Department of Neonatal Intensive Care Unit
3Department of Pediatric Neurology
4Department of Pathology
5Department of Biostatistics
6Department of Physiology
School of Medicine, Mersin University, Mersin, Turkey

Abstract
Background: Despite the important advances in pregnancy and newborn follow-up, hypoxic-ischemic encephalopathy 
is still one of the prominent causes of newborn mortality and disability worldwide, and there is no sufficiently effective 
treatment for it yet. This study aimed to investigate whether the ozone injection, administered in a single-dose as a pre-
conditioning agent before the hypoxia and in single and repeated doses on different days following the hypoxia, would 
affect the spatial memory performance of the rats in the Morris water maze test or on their apoptotic cell numbers. 
Methods: The study consisted of 102 seven-day-old male Wistar baby rats randomly divided into five groups. Rats in 
all groups were induced with hypoxic-ischemic brain injury (HIBI) except for the Sham group, and 1.2 mg/kg ozone 
was administered intraperitoneally. For the apoptosis evaluation, eight rats from each of the first four groups were de-
capitated by cervical dislocation. Terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling (TUNEL) 
assay was used for immunohistochemical quantification of apoptosis in the excised brains. Blood malondialdehyde 
(MDA) and superoxide dismutase (SOD) levels were measured in the blood samples collected through cardiac puncture. 
Fourteen-week-old rats underwent the Morris water maze test to test their long-term spatial memory. 
Results: On apoptotic quantification in the right hemisphere using the TUNEL assay, the numbers of apoptotic neurons 
in the ozone preconditioning group (Group 3) and the group given ozone on the day of hypoxia (Group 4) were found 
to be significantly higher than the Sham group (Group 1), but significantly lower than the non-treatment group (Group 
2) (p <0.001; p <0.001, respectively). Group 3 rats had the highest mean MDA level and SOD activity. Considering the 
platform finding times in the first four days of the tests, Group 4 had the shortest times after Group 1; and on Day 4, 
Group 4 found the platforms significantly sooner than Groups 2, 3, and 5 (p <0.001). Comparison of Groups 1 and 4 
revealed significantly shorter times for Group 1 for each day except for Day 2.
Conclusions: Other studies have shown that controlled application of ozone would result in oxidative preconditioning 
and reduce the damage induced by reactive oxygen species through enabling adaptation to oxidative stress. Our study 
obtained remarkable and encouraging findings for ozone administration in HIBI by examining Group 4’s performance 
in the first four days and the difference in its platform finding times between Day 1 and Day 4. HIPPOKRATIA 2021, 
25 (2):56-62.
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Introduction
Neonatal hypoxic-ischemic encephalopathy (HIE), 

affecting an estimated 15 per 10.000 live births, is con-
sidered one of the most common causes of neurologi-
cal deficit in children. Several studies have shown that 
therapeutic hypothermia reduced mortality and became 
a standard treatment protocol for most newborn centers 
in developed countries1. Besides therapeutic hypother-
mia, there are other methods and agents which have 

been used for the treatment of hypoxic-ischemic brain 
injury (HIBI), such as erythropoietin administration, 
stem cell transplant, neural growth hormone therapy, 
phospholipase A2 inhibitors, cyclooxygenase inhibitors, 
lipoxygenase inhibitors, xanthine oxidase inhibitors, sup-
pression of nitric oxide synthase, selenium, vitamin E, 
N-acetylcysteine, and ascorbic acid2-6. In HIBI, ischemia 
plays a more critical role. The reperfusion period follow-
ing hypoxia and ischemia is the critical phase of heavy 
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injury and could be possible to reduce or prevent HIBI 
with the administration of treatments prior to this phase7.

Ozone is one of the most important gases found in the 
stratosphere. Though its mechanism of effect is yet to be 
fully understood, ozone is known to cause the formation 
of oxygen radicals and lipid peroxidation8. Therefore, it 
has been suggested to stimulate the antioxidant system, 
thus improving its efficiency9. Based on recent pharma-
cological studies, ozone could be regarded as a prodrug. 
In specific non-toxic doses, it may induce biochemical 
pathways’ remodeling and activate the secondary mes-
sengers in most systems. Currently, it has been shown 
that antioxidant enzymes, nitric acid pathways, and other 
cellular activities can be reorganized with a low dose of 
ozone10. Recently, ozone has been used in treating fibro-
myalgia and osteoarthritis, wound healing, cancer treat-
ment, and SARS-CoV-2/COVID-19 studies11-14. Other 
studies have shown that ozone treatment did not have any 
side effects, and it increased the life quality of patients 
with peripheral arterial disease15. A study reported that 
ozone administration protected against ischemia-reperfu-
sion injury in the liver16. Another study with rats conclud-
ed that ozone showed a neuroprotective effect in the brain 
ischemia model17. In light of this information, the present 
study aimed to show the effects of ozone administered at 
different times on HIBI.

Material and methods
The present study was conducted by the Departments 

of Physiology, Pediatrics, Pathology, and Medical Bio-
chemistry, Faculty of Medicine, Mersin University. It 
was carried out in the Laboratory Animal Research Cen-
ter of the Faculty of Medicine and Behavioral Laboratory 
of the Department of Physiology of Mersin University. 
Mersin University’s Local Ethics Committee for Animal 
Experiments approved the present study (decision No 
2010/38). The study consisted of 102 seven-day-old male 
Wistar baby rats, randomized into five groups. In rats of 
all groups except for the Sham surgery group HIBI was 

induced.
Group 1 (Sham surgery) (n =26): Neck dissection was 

performed following anesthesia and the right carotid ar-
teries were found but not ligated, and no hypoxia was 
induced either.

Group 2 (n =22): Physiological serum (PS) was ad-
ministered intraperitoneally following the induction of 
hypoxia.

Group 3 (n =21): Ozone was administered intraperi-
toneally (1.2 mg/kg) one day before the induction of hy-
poxia.

Group 4 (n =21): Ozone was administered intraperi-
toneally (1.2 mg/kg) straight after the procedure of hy-
poxia induction on Day 7.

Group 5 (n =12): Ozone was administered intraperi-
toneally (1.2 mg/kg) following hypoxia on Days 96, 97, 
and 98 right before the Morris water maze test (Table 1).

Anesthesia was induced using the inhalation anesthet-
ic agent isoflurane in the seven-day-old baby rats includ-
ed in the study. Under the microscope, the right carotid 
arteries were identified following medial neck dissection 
and ligated for all rats except those in the Sham group. 
Following this ligation procedure, all the rats except the 
Sham Group were taken to the hypoxic chambers18. Tem-
perature and oxygen levels in the hypoxic chambers were 
constantly monitored; the temperature was maintained at 
33.5 ± 0.5 °C, and the oxygen level at 8 %. In order to 
show the induced HIBI and evaluate the neuronal apop-
tosis, eight rats from each of the first four groups were 
decapitated using cervical dislocation (their weights were 
calculated as 11,884 ± 0,961, 11,772 ± 1,017, 11,880 ± 
0,956, 11,890 ± 1,284 (gr), respectively). One or two 
samples representing the subthalamic nuclei, the hippo-
campus, and the parietal cortex from the excised brains, 
were studied. 

The terminal deoxynucleotidyl transferase-mediated 
dUTP nick end-labeling (TUNEL) assay (In Situ Apopto-
sis Detection Kit, catalog no. S7101, Biogen, Cambridge, 
Massachusetts, USA) was used for immunohistochemi-

Table 1: The procedure schedule for all five groups included in the study, comprised in total 102 seven-day-old male Wistar 
baby rats.

Name of the Procedure Time
Day 6 Day 7 Day 96 Day 97 Day 98 Week 16

Ozone preconditioning (Gr.3) x
HIBI induction (Gr.2,3,4,5) x
Ozone application (Gr.4) x
Decapitation for apoptotic quantification (Gr.1,2,3,4) 
(8 rats per group) 

x

Blood sample collection for SOD and MDA 
(Gr.1,2,3,4)

x

Ozone application (Gr.5) x x x
Behavior experiments (Gr. 1,2,3,4,5) x

Gr.: Group, Group 1: Sham surgery, Group 2: Physiological serum administered intraperitoneally following hypoxia, Group 3: Ozone admin-
istered intraperitoneally before hypoxia, Group 4: Ozone administered intraperitoneally straight after hypoxia, Group 5: Ozone administered 
intraperitoneally following hypoxia on Days 96, 97, and 98, HIBI: hypoxic-ischemic brain injury, SOD: superoxide dismutase, MDA: malo-
ndialdehyde.



58 RESITOGLU B

cal quantification of apoptosis19,20. Levels of malondial-
dehyde (MDA), a by-product of lipid peroxidation, were 
measured in the blood samples collected through cardi-
ac puncture from decapitated rats on Day 7 after birth. 
The presence of MDA was identified by incubating the 
samples with thiobarbituric acid (TBA) at pH 3.4 and 95 
ºC under aerobic conditions and superoxide dismutase 
(SOD) enzyme activity assay was performed as well21,22. 
Evozone Basic Plus Ozone Unit was used as the ozone 
generator. This device runs at a flow rate of 10 ml/s and 
a concentration range of 0-80 μg/ml. The present study 
used an ozone concentration of 25 μg/ml. Ozone was 
administered intraperitoneally (1.2 mg/kg). Anti-ozone 
injectors with special coating were used for ozone injec-
tion. 

Behavioral experiments were conducted in a room 
measuring 2.9 m wide, 3.9 m long, and 3.1 m high. The 
windows of this room were insulated against light and 
sound. Room temperature was maintained at a constant 
23 ºC. Furthermore, during the experiments, an automat-
ic dimmer was used to obtain a lighting rhythm of 12-
hour light and 12-hour dark with four dimmable halogen 
lamps. All the experimental phases were recorded using 
the software Noldus Ethovision XT. Rats in the relevant 
group to be tested were taken to the behavioral laboratory 
two days before each experiment to ensure that all the 
rats included in the study were exposed to the same stress 
factors and they all spent the same amount of time in the 
experiment area for habituation. Spatial memory was as-
sessed when the rats were 14 weeks old. The Morris wa-
ter maze test was performed using a 150 cm diameter and 
60 cm deep temperature-controlled stainless steel vessel. 
Visible and fixed visual clues were placed around the 
vessel. Tests were performed from 09.00 to 13.00 every 
day. The vessel was filled with water at 22 ± 1 ºC up to 
42 cm. For the first four days of the experiment, a plat-
form of 15 cm diameter, reaching up to 40 cm from the 
bottom, was submerged and fixed in the middle of the 
eastern quadrant. On Day 1, all the rats were put in the 
water facing the vessel wall once in each quadrant, be-
ginning from the western quadrant and going clockwise, 
meaning they were released into the water four times in 
total. On Days 2, 3, and 4, it was ensured that the first 
release each day would be from a different quadrant by 
following a clockwise pattern. We allowed rats to swim 
for 60 seconds at each release, and those getting on top 
of the platform and standing there for five seconds within 
those 60 seconds were considered to have completed this 
phase of the test. Times to find the platform were record-
ed at each release for four days. On Day 5, the platform 
was removed from the vessel, and the rats were released 
from the western quadrant only once and recorded for 60 
seconds. Upon completion of these 60 seconds, the mean 
time spent in the eastern quadrant (where the platform 
had previously been), the swimming speed, and the dis-
tance covered swimming were recorded in seconds, cm/s, 
and cm respectively23,24.

Statistical analysis
We performed the statistical analysis using the SPSS 

for Windows, Version 11.5 (SPSS Inc., Chicago, IL, 
USA) software. The normality of continuous variables’ 
distribution was determined using the Shapiro-Wilk test, 
revealing that the data had a normal distribution. We used 
a one-way analysis of variance (ANOVA) to test the dif-
ferences between the groups for SOD enzyme activity 
and MDA levels. We used Levene’s test to determine the 
homogeneity of variances. For multiple comparisons in 
one-way ANOVA, we used Tukey’s honestly significant 
difference test, while for the quantification of difference 
between left and right hemispheres apoptotic cells in the 
brain within each group, the paired sample t-test was 
used. To determine the differences between the groups on 
the left and right hemispheres measurements, we utilized 
the one-way ANOVA. Considering the comparisons relat-
ing to Days 1, 2, 3, and 4 of the long-term spatial memory 
test, differences between groups and the days pertaining 
to each group were analyzed using a two-factor analysis 
of variance (two-way repeated-measures ANOVA). We 
used repeated-measures ANOVA for the analysis of the 
differences between days 1, 2, 3, and 4 in each group. We 
used one-way ANOVA and Welch tests to test differences 
between the groups within each day. One-way ANOVA 
was used when variance was homogenous, whereas we 
used the Welch test when it was not homogenous. Ad-
justing for multiple comparisons, we used the Bonferroni 
test in one-way ANOVA while in Welch test statistics the 
Games-Howell test. Also, we used repeated-measures 
ANOVA to analyze the differences between the northern, 
southern, eastern, and western quadrants on Day 5 of the 
long-term spatial memory test. Descriptive statistics are 
shown as the mean ± standard deviation. The level of sta-
tistical significance was set at p <0.05.

Results
Of the 102 seven-day-old rats included in the study, 

32 were decapitated as planned. Upon the death of two 
rats for unknown reasons, learning and memory tests pro-
ceeded with 68 rats.

Quantification of apoptotic cells in the brain via TUNEL 
assay

Within-group comparison of the number of apoptotic 
cells in the right and left hemispheres of the brain was 
determined using the TUNEL assay, and revealed that 
the hypoxia model used created a significant increase 
in the number of apoptotic cells in the right hemisphere 
compared to the left hemisphere, except for the Sham 
surgery group (Table 2). Statistical analysis of the num-
ber of apoptotic neurons identified in the right hemi-
sphere of the brain did not find a significant difference 
only between Groups 3 and 4 (p =0.803), whereas there 
was a significant difference between all other groups (p 
<0.001). In conclusion, the numbers of apoptotic neurons 
in the right hemisphere of the group preconditioned with 
ozone (Group 3) and the group administered ozone on the 
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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.
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administration protected against ischemia-reperfusion in-
jury in the liver16. Likewise, the ozone administration was 
observed to reduce the apoptotic cell number in our study. 
Another study used ozone for preconditioning in brain 
ischemia and compared its effects with hyperbaric oxy-
gen therapy30. It was first suggested in 1996 that ozone 
induced adaptation to chronic oxidative stress31. Since 
then, other studies have shown that controlled ozone ad-
ministration resulted in preconditioning and could reduce 
the reactive oxygen species-induced injury by enabling 
adaptation to oxidative stress32. 

There are studies on utilizing ozone as a precondi-
tioning agent against ischemia-reperfusion injury in the 
literature. Ajamieh et al compared the effects of ischemic 
preconditioning and ozone preconditioning in the hepatic 
ischemia-reperfusion model they induced in rats. Another 
study showed that ozone therapy could reduce the renal 
injury in the rats with ischemia-reperfusion injury model 
by inhibiting the oxidative stress and inflammation in the 
early phase and preventing myofibroblast activation and 
renal interstitial fibrosis up to the late phase33. In their 
study, Cai et al showed that ozone therapy helped main-
tain redox homeostasis by increasing SOD activity and 
reducing MDA levels in ischemia-reperfusion injury34.

Ischemic preconditioning is a potent and endogenous 
mechanism that is believed to provide protection against 
repeated short-term ischemia-reperfusion and the subse-
quent ischemia-reperfusion injuries. Besides, low doses 
of ozone have been shown to create oxidative precon-
ditioning by enabling the protection and activation of 
the endogenous antioxidant systems10. Stadlbauer et al 

administered intraperitoneal ozone to cardiac graft do-
nors and recipients before transplantation and showed, 
histologically and biochemically, its effect of reducing 
ischemia-reperfusion injury developing during transplan-
tation35. In light of the data from these studies, our study 
used a preconditioning group. Although histopathologi-
cal findings on apoptotic neuron number yielded more 
favorable results for the preconditioning group compared 
to the HIBI group, behavioral experiments gave unfavor-
able results. For more favorable results in behavioral ex-
periments with the preconditioning group, increasing the 
ozone dose and repeated administration on consecutive 
days may be recommended in further studies. Reinfusion 
of the blood mixed with ozone results in vasodilatation, 
SOD activation, and decreased glutathione levels in the 
site of ischemia. It was shown that oxidative stress was 
reduced as a result of these effects36. Compliant with 
these previous studies, the present study found that SOD 
activity decreased in the HIBI group and increased in the 
ozone groups. It was thought that this SOD activity in-
crease in the ozone groups could, in turn, reduce oxida-
tive stress. 

It was shown that the neurons in the subthalamic 
nuclei, hippocampus, and the parietal cortex are more 
susceptible to HIBI, and it was recommended that these 
regions be examined for the histopathological evaluation 
of apoptosis8,37. The present study examined these brain 
regions in particular. Studies have shown that the number 
of apoptotic neurons in neonatal rats increased in both 
brain hemispheres, only more in the hemisphere where 
the carotid artery was bound, following ischemia and a 

Table 3: Average platform finding times of the groups by day and the difference in platform finding times between Days 1 and 
4 for each group in the learning and memory tests.

 
Platform Finding Time (sec.) Difference in platform 

finding time Between 
Days 1 and 4 (sec.)

Day 1 Day 2 Day 3 Day 4

Group 1 48.82 ± 20.64 32.08 ± 21.72 18.52 ± 16.88 12.28 ± 12.21 38.97 ± 19.53
Group 2 54.75 ± 15.11 48.80 ± 20.03 41.74 ± 22.88 40.25 ± 22.59 19.23 ± 22.22
Group 3 57.37 ± 10.68 55.29 ± 11.94 43.35 ± 23.28 43.67 ± 21.23 15.24 ± 20.54
Group 4 49.60 ± 19.53 38.91 ± 23.57 35.06 ± 23.62 22.27 ± 22.54 32.50 ± 22.42
Group 5 53.75 ± 17.29 48.41 ± 21.86 40.44 ± 21.63 40.72 ± 23.31           19.90 ± 22.96
p1 0.352 <0.001 <0.001 <0.001
p2 0.035 <0.001 <0.001 <0.001
p3 1.000 0.483 <0.001 0.040
p4 0.631 0.001 <0.001 <0.001
p5 0.842 0.256 0.997 0.931
p6 0.548 0.141 0.572 0.001
p7 0.998 1.000 0.998 1.000
p8 0.102 <0.001 0.400 <0.001
p9 0.733 0.319 0.969 0.967
p10 0.791 0.233 0.759 0.001

Between-group comparisons for difference in platform finding times are shown by P values (P1 - P10) for each set of groups. Group 1: Sham 
surgery, Group 2: Physiological serum administered intraperitoneally following hypoxia, Group 3: Ozone administered intraperitoneally before 
hypoxia, Group 4: Ozone administered intraperitoneally straight after hypoxia, Group 5: Ozone administered intraperitoneally following hy-
poxia on Days 96, 97, and 98. The first set from P1 to P4 indicates the comparison of Group 1 to Groups 2, 3, 4, and 5, respectively. The second 
set from P5 to P7 indicates the comparison of Group 2 to Groups 3, 4, and 5, respectively. The third set from P8 to P9 indicates the comparison 
of Group 3 to Groups 4, and 5, respectively. Lastly, the fourth set P10 indicates the comparison of Group 4 to Group 5.
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one to three-hour hypoxia38. Considering an increase in 
the number of apoptotic neurons will result in a high se-
verity of HIBI, the finding that quantification of apoptot-
ic neurons via TUNEL assay revealed significantly lower 
numbers of apoptotic neurons for Groups 3 and 4 com-
pared to HIBI Groups suggests that ozone administration 
may affect the number of neurons undergoing apoptosis. 
Our conclusion is also supported by the macroscopic im-
ages and weights of the excised brains. Previous studies 
in the literature have reported that the Morris water maze 
test is used to assess spatial learning in particular, and this 
skill is associated with hippocampal functions39. It was 
found out that rats with HIBI had longer times finding 
the hidden platform than the control group40. Investigat-
ing the times the study groups’ rats found the platform 
in the first four days, our study showed that these times 
decreased significantly as days passed for all groups. 
When the parameters of the times to find the platform in 
the first four days, the difference in the times to find the 
platform between Day 1 and Day 4, and the time spent in 
the eastern quadrant are considered together, the group 
which was administered ozone immediately after HIBI 
induction (Group 4) encourages us to carry out further 
studies on the use of ozone in the treatment of HIBI.
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