
HIPPOKRATIA 2021, 25, 2 57

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.


