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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.


