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A BST R AC T   

 

Aim: Preterm infants encounter hyperoxia relatively early on as they leave the intrauterine 

environment earlier than expected, while also being exposed to a higher level of hyperoxic stress due 

to insufficiencies in their antioxidant defense mechanisms. With that in mind, we investigate whether 

running exercises performed during pregnancy can contribute to the development of tolerance to 

neonatal hyperoxic brain damage.  

Method: While two female rats maintained a sedentary pregnancy, one female rat performed the 

mandatory running exercise for 30 minutes for five days a week throughout the pregnancy. Following 

delivery, the sedentary rats and the exercised rat were kept together with their offspring for five days 

at oxygen concentrations above 80 percent in order to induce brain damage. The offspring were 

sacrificed on postnatal Day 7 and brain/body ratio measurements were obtained.  

Results: The brain/body ratios in the control, hyperoxia and exercise-hyperoxia groups were found 

to be median (IQR) 0.074(0.68-0.77), 0.065(0.06-0.067) and 0.064(0.060-0.068), respectively. The 

brain/body ratios of the offspring of the mothers in the hyperoxia group were found to be significantly 

lower than the control group (p=0.002), irrespective of exercise (p=0.007). No statistically significant 

difference was noted between the offspring of the sedentary and the exercised mothers in the 

hyperoxia group (p=0.94). 

Conclusion: Hyperoxia was found to result in lower brain mass relative to total body mass. This 

finding, which indicates the presence of microcephaly, reflects the negative effects of hyperoxia on 

brain development. Contrary to expectations, exercises performed during pregnancy had no 

significant effect on the brain/body weight ratio of the offspring.  

Keywords: Gestational exercise; cognitive functions; hyperoxic brain injury; neonatal; rat model; 

offspring. 
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Introduction 

Preterm infants encounter hyperoxia relatively 

early on as they leave the intrauterine 

environment earlier than expected, and are also 

exposed to a higher level of hyperoxic stress 

due to the insufficiencies of their antioxidant 

defense mechanisms. Both experimental and 

clinical trials have demonstrated the toxic 

effects of hyperoxia on the brain. Exposure to 

high concentrations of oxygen has been 

identified as the main in the pathogenesis of 

bronchopulmonary dysplasia and premature 

retinopathy, which are the main causes of long-

term morbidity in preterm infants [1]. 

Exercising throughout pregnancy can have 

beneficial effects on the health of both the 

mother and infant [2]. Exercising during 

pregnancy is known to have positive effects on 

antioxidant capacity and neuronal 

development, while its potential influence on 

brain damage in preterm infants exposed to 

oxidative stress is currently unknown. In the 

present study, we investigate the effects of 

exercise on hyperoxia-induced brain damage. 

 

Methods 

The study was approved by the AIBU Animal 

Research Local Ethics Committee and was 

carried out in AIBU Experimental Animals 

Application and Research Center. Female 

Wistar rats were fed with standard pellets and 

water and were grown in standard cages at 

room temperature and 50–60 percent humidity 

under a 12-hour light /dark cycle. 

A female rat that was eligible for the running 

exercise was selected from among the 

nulliparous rats. The rats were forced to 

exercise for one week before inclusion, and 

then up until the time of delivery. Exercises 

were performed for a total of 30 minutes, five 

days per week, including running at 3 

meters/minute for five minutes, 5 meters/min 

for five minutes, and 8 meters/min for 20 

minutes [3]. The rats thus became accustomed 

to running on a treadmill. The other two female 

rats were kept in normal cages.  

Consistent with the literature, hyperoxia was 

induced by exposing the rats to oxygen in an 

incubator after birth until postnatal day 5. 

Oxygen flow was adjusted to keep oxygen 

concentrations in the incubator at 80–85 %, 

with a flow rate of 4 L/hour. Humidity was 

maintained above 80 %. During exposure, 

oxygen concentrations were measured at least 

twice a day and were maintained at a constant 

rate [4-6].  

The offspring of one of the mothers provided 

with normal care in sedentary cages 

constituted the control group, while the 

offspring of the other mother was exposed to 

hyperoxia after birth and constituted the 

hyperoxia group. The offspring of the mother 

that exercised was exposed to hyperoxia and 

constituted the exercised mother offspring 

group.  

The offspring were weighed on postnatal day 

5 and then sacrificed under ether anesthesia. 

The brains were extracted by a craniotomy and 

weighed, and the brain/body weight ratio was 

calculated. Mann-Whitney U test was 

compared with two groups. The data were 

analyzed using SPSS 18.0 statistical analysis 

software. 
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Results 

The brain/body ratios in the control (n=9), 

hyperoxia (n=7) and exercise-hyperoxia (n=7) 

groups were found to be median (IQR) 

0.074(0.68-0.77), 0.065(0.06-0.067) and 

0.064(0.060-0.068), respectively. The 

brain/body ratios of the offspring of the 

mothers in the hyperoxia group were found to 

be significantly lower than the control group 

(p=0.002), irrespective of exercise (p=0.007). 

No statistically significant difference was 

noted between the offspring of the sedentary 

and exercised mothers in the hyperoxia group 

(p=0.94) (Figure 1). 

 

 
Figure 1. The brain/body ratios in the groups. 

 

Discussion 

Recent studies have shown that increased 

oxidative stress and a decreased activation of 

the neurotrophin pathways after the exposure 

of immature mice to hyperoxia resulted in 

extensive apoptosis in various regions of the 

brain [7, 8]. Oxygen triggers inflammation, 

resulting in the production of various cytokines 

in the body [9, 10], and leading consequently 

to neurodegeneration [11]. The results of the 

present study showed that the brain/body 

weight ratio was lower than in the control 

group, both in offspring of the exercised 

mothers exposed to hyperoxia and the 

offspring of the sedentary mothers exposed to 

hyperoxia. This indicates that hyperoxia 

reduces brain mass, or slows its development. 

Both aerobic and resistance exercises 

performed during the second trimester of 

pregnancy were shown to increase the levels of 

eNOS and NO and to decrease free oxygen 

radicals in the placenta [12]. Recent studies 

have demonstrated that swimming exercises 

performed by mothers during pregnancy can 

improve the memory function of their 

offspring, while also increasing hippocampal 

neurogenesis and neurotrophic factors [13]. 

Swimming exercises during pregnancy have 

also been associated with increased antioxidant 

levels in the brain tissue of the offspring, and 

mitochondrial mass was reported to be higher 

in the exercised group [2, 14]. Running 

exercises performed during pregnancy were 

shown to increase the levels of BDNF and 

VEGF in the brain tissue of the offspring, and 

the exercised group had more successful 

results in behavioral tests, such as open space 

and locomotor [3, 15-18]. It was considered in 

the present study that through all of these 

mechanisms, exercise during pregnancy may 

have a positive effect on brain development, in 

addition to showing protective effects in terms 

of brain damage caused by hyperoxia. That 

said, we were unable to find any significant 

difference between the brain/body weight 

ratios of the offspring of the sedentary and 

exercised mothers.  

Hyperoxia was found to cause lower brain 

mass relative to total body mass. This finding, 

which indicates the presence of microcephaly, 

indicates also the negative effects of hyperoxia 

on brain development. Contrary to the 

expectations, exercises performed during 

pregnancy had no significant effect on the 

brain/body weight ratio. There is an apparent 
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need for additional studies evaluating the 

effects of exercise performed during 

pregnancy on postnatal hyperoxia exposure 

through different measurement methods. 
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