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Introduction 

Hypoxia is a decrease in tissue oxygen concentration, 

normally caused by a reduction in the partial pressure of 

atmospheric oxygen.1 Hypoxia is an important pathogenic 

factor in different injuries of CNS such as cerebral 

ischemia, tumorigenesis, head injury, acute mountain 

sickness, and in pulmonary disease such as COPD.2-5 Due 

to the exposition to hypoxia, reactive oxygen species are 

continuously generated.6 The rate of ROS production from 

mitochondria is also increased in a variety of pathologic 
conditions including ischemia, reperfusion, aging and 

chemical inhibition of mitochondrial respiration.7 Reactive 

oxygen species (ROS) such as superoxide anion, hydrogen 

peroxide, and hydroxyl radical are generated continuously 

in cells grown aerobically.8 These free radicals can interact 

with bimolecules such as DNA, carbohydrates, protein, 

and lipids and damage various cellular components.9 An 

increase in free radicals causes overproduction of malonyl 

dialaldehyde (MDA) in oxidative stress conditions.10 

The brain has a high oxygen consumption, which 

comprises 20-25% of total body O2 consumption.11,12 In 

addition, neurons comprise about 5% of the brain volume, 
whereas they consume one-quarter of total cerebral O2.

12
 

Oxygen, due to its radical nature together with its 

usefulness as an electron acceptor, is also a source of free 

radicals and consequently a potent toxin for the cells.1 

Therefore, the central nervous system is vulnerable to 

oxidative damage.13  

Ghrelin, a 28-amino acid peptide, is a brain-gut peptide.14 

Ghrelin passes into the BBB following systemic 

administration.15 Its receptors are expressed in various 

regions of the brain, such as hypothalamus, pituitary, 

hippocampus, and cerebral cortex.16 Studies have 

indicated that ghrelin has multiple functions in the CNS 

such as learning and memory, anxiety and depression, 
reward and motivation, neuroprotection, and 

neurogenesis.17 Ghrelin also decreases brain edema 

induced by hypoxia.18 In addition, ghrelin has several anti-

inflammatory properties and decreases neuronal 

apoptosis.19- 22 Antioxidant properties of ghrelin have also 

been demonstrated in recent studies.23- 25 

Therefore, the aim of this study was to evaluate the effects 

of ghrelin on the blood levels of MDA and TAC and brain 

levels of MDA, SOD, GPx and CAT in the normobaric 

systemic hypoxia situation in rats. 

 

Materials and Methods  

Animals  
Adults male Wistar rats (220-250g) were housed in 

standard cages in a temperature controlled room (22-

24ºC), humidity (40-60%), and light period (12h dark-
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Abstract 
Purpose: Hypoxia is one of the important factors in formation of reactive oxygen species 
(ROS). Ghrelin is a peptide hormone that reduces oxidative stress. However, antioxidant 
effect of ghrelin on blood and brain in normobaric hypoxia condition has not yet been 

investigated.  
Methods: thirty-two animals were randomly divided into four (n=8) experimental groups: 
Control (C), ghrelin (Gh), hypoxia (H), hypoxic animals that received ghrelin (H+Gh). 
Normobaric systemic hypoxia (11% O2) was induced in rats for 48 hours. Effect of ghrelin 
(80 μg/kg, i.p) on serum TAC and MDA and brain SOD, CAT, GPx and MDA were 
assessed.  
Results: Hypoxia significantly (p<0.001) increased both blood and brain MDA Levels. 
Ghrelin treatment significantly (p<0.001) decreased blood MDA levels both in control and 

hypoxia, and brain MDA levels in hypoxia conditions. Brain SOD, CAT and GPx variations 
were not significant in two days of hypoxia. Ghrelin treatment also could not significantly 
increase activity of SOD, CAT and GPx in brain. Total antioxidant capacity of serum 
increased in ghrelin treatment both in control and hypoxic conditions, although it was only 
significant (p<0.01) in control conditions.  
Conclusion: Our findings showed that administration of ghrelin may be useful in reducing 
blood and brain oxidative stress in normobaric hypoxia condition. 
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12h light). Food and water were available ad libitum. All 

experiments were performed in agreement with 

guidelines of the Tabriz University of Medical Sciences 

for care and use of laboratory animals. 

 

Experimental groups 

Thirty two animals were randomly divided into four 
(n=8) experimental groups:  

Control (C): animals that were placed in room air (21% 

O2)  

Ghrelin (Gh): animals that received ghrelin (80 

μg/kg/day, i.p) for two days 

Hypoxia (H): animals exposed to 11% O2 for two days 

Hypoxia with ghrelin (H + Gh): animals exposed to 11% 

O2 and received ghrelin (80 μg/kg/day, i.p) for two days 

Control and hypoxia groups received saline (1ml/kg/day, 

i.p.) and ghrelin (Innovagen, Sweden) was administered 

intraperitoneally at a dose of 80μg/kg once daily for 2 
consecutive days.

18
  

 

Hypoxia induction 

Environmental chamber 

Control and ghrelin groups were placed in room air (21% 

O2), hypoxic groups were placed into the hypoxia 

chamber (GO2 Altitude-Biomedical Australia). Systemic 

normobaric hypoxia (10.5%-11% O2) was induced for 48 

h. Animals were daily emitted for 10-15 min to clean the 

cages and receive injections.18 

 

Tissue processing and homogenate preparation 
At the end of experiment, rats were deeply anesthetized 

with ketamin (60 mg/kg) and xylasin (6 mg/kg), 

decapitated and blood samples were collected from trunk 

vessels. Immediately, brains were excised, frozen in 

liquid nitrogen and stored at deep freeze (-70 °C) for 

later measurements. For antioxidant activities 

measurement the brain samples were homogenized in 

1.15% KCl solution. The homogenates were centrifuged 

at 1000 rpm for 1 min at 4°C. Then, tissue homogenate 

were used for determination of lipid peroxides (MDA) 

and activities of SOD, GPx and catalase.26 

 

Total Antioxidant Capacity, Catalase, Malonyl 

dealdehyde Assessment 

The total antioxidant capacity (TAC) in homogenates 

was measured using a commercially kit, according to the 

manufacturer's instruments and with reference to the 

Miller method.27 Catalase activity in blood and tissue 

homogenates was determined based on its ability to 

decompose H2O2 and measured at 240 nm.28 Malonyl 

dealdehyde (MDA) levels were measured using the 

thiobarbituric acid reactive substances (TBARS) 
method.29 

 

Glutathione Peroxidase and Superoxide Dismutase 

Assessment in brain 

To measure cytosolic enzyme activity, the brain samples 

were homogenized in 1.15% KCl solution. Glutathione 

peroxidase (GPx) activity was measured according to 

Paglia and Valentine using Randox (United Kingdom). 

Tissue superoxide dismutase (SOD) was assayed by a 

spectrophotometric method based on the inhibition of a 

superoxide-induced reduced nicotinamide adenine 

dinucleotide (NADH) oxidation according to Paoletti et 

al.26 

 
Statistical analysis 

Data were statistically analyzed using One way analysis 

of variance (ANOVA) followed by Tukey’s test. The 

significant level was set at p<0.05. Results are expressed 

as Means± SEM. 

 

Results 

Effect of ghrelin on blood MDA level in normobaric 

hypoxia  

The effect of two days of ghrelin (80 µg/kg/day) 

treatment on blood MDA level in animals showed that 
administration of ghrelin significantly (p<0.001) 

decreased MDA level in (Gh) group compared to 

control group. Induction of normobaric hypoxia (11% 

O2) significantly increased blood MDA level in (H) 

group. Administration of ghrelin also significantly 

(p<0.001) decreased MDA level in (H+Gh) group 

compared to (H) group. Interestingly, administration 

of ghrelin significantly (p<0.001) decreased MDA 

level in (H+Gh) group compared to both control and 

(H) group (Figure 1). 

 

 
Figure 1. Depicts the effect of two days of ghrelin (80 µg/kg/day) 

treatment on blood MDA level. Groups are abbreviated as 

following: Control (C), animals that received ghrelin (Gh), 
hypoxia (H), hypoxic animals that received ghrelin (H+GH). Data 
are shown as Mean±SEM. *** p<0.001 when compared with 

control group and 
###

 p<0.001 when compared to hypoxia group. 

 

Effect of ghrelin on brain MDA level in normobaric 

hypoxia  

Induction of normobaric hypoxia (11% O2) 

significantly (p<0.001) increased brain MDA level in 
(H) group compared to control group. The effect of 

two days of ghrelin (80 µg/kg/day) treatment on brain 

MDA level in (H+GH) groups showed a significant 

(p<0.001) decrease in brain MDA levels Compared to 

(H) group (Figure 2). 
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Figure 2. Depicts the effect of two days of ghrelin (80 µg/kg/day) 

treatment on brain MDA level. Groups are abbreviated as 
following: Control (C), animals that received ghrelin (Gh), 
hypoxia (H), animals with hypoxic condition that received ghrelin 

(H+GH). Data are shown as Mean±SEM. *** p<0.001 when 
compared with control group and 

###
 p<0.001 when compared to 

acute hypoxia group.  

 

Effect of ghrelin on serum TAC level in normobaric 

hypoxia 

The effect of two days of ghrelin (80 µg/kg/day) treatment 

on serum total antioxidant capacity (TAC) level in (Gh) 

group showed that administration of ghrelin significantly 

(p<0.01) increased TAC level in (Gh) group compared to 

control group. Administration of ghrelin although 

increased serum TAC level in (H+Gh) group compared 

with (H) group, it was not significant (Figure 3). 

 
Figure 3. Depicts the effect of two days of ghrelin (80 µg/kg/day) 

treatment on serum TAC level. Groups are abbreviated as 

following: Control (C), animals that received ghrelin (GH), 
hypoxia (H), animal with hypoxia that received ghrelin (H+GH). 
Data are shown as Mean±SEM. **p<0.01 when compared with 

control group.  

 

Effect of ghrelin on brain SOD, GPx and CAT level in 

normobaric hypoxia  

The effect of two days of ghrelin (80 µg/kg/day) 
treatment in hypoxia investigated on brain SOD, GPx 

and CAT levels. SOD, GPx, and CAT levels in brain 

homogenates did not significantly change by hypoxia or 

ghrelin treatment (Table 1). 

 
Table 1. Brain Tissue SOD, GPx, and CAT activity 

Enzymes C Gh H H+Gh 

SOD (U/ mg protein) 2.37±0.05 2.72±0.15 2.41±0.10 2.54±0.06 

GPx (U/ mg protein) 0.147±0.002 0.162±0.006 0.147±0.004 0.159±0.003 

CAT (U/ mg protein) 0.006±0.003 0.022±0.017 0.005±0.001 0.010±0.002 

Tab 1. Depicts the effect of two days of hypoxia and ghrelin (80 µg/kg/day) treatment on brain SOD, 

GPx, and CAT level. Data are shown as Mean±SEM. 

 

Discussion 

In the present study, induction of normobaric hypoxia in 

rats led to an increase in oxidative stress both in blood 
and brain tissues; and treatment of rats with ghrelin (80 

µg/kg/day) decreased blood and brain MDA levels in 

hypoxia. Ghrelin also increased serum TAC levels in 

control and hypoxia conditions, although it was only 

significant in control condition.  

Oxygen is an essential element for most organisms and 

various redox reactions in the cell need oxygen. In 

addition, oxygen may be a source of the formation of 

reactive oxygen species.12 The level of oxygen, low 

(hypoxia) or high (hyperoxia), can induce oxidative 

injury and increase morbidity and mortality.30 Studies 

have proved that the intensity of oxidative stress is 
proportional to the exposure time and the severity of 

hypoxia.31 The exposure of cells or tissues to moderate 

hypoxia increases the production of ROS by the 

mitochondria and the oxidative stress associated with 

increased generation of ROS triggers apoptosis.32,33 

In our study, two days of hypoxia (11% O2) led to an 
oxidative stress both in blood and brain and ghrelin 

exhibited some antioxidant properties. Ghrelin has 

multiple functions in the CNS such as neuroprotection 

and neurogenesis.17 Intrahippocampal injection of ghrelin 

has been shown to have inhibitory effect against PTZ-

induced seizure that is probably mediated via brain 

GABAergic or neuropeptide-Y systems.34-36 Previous 

studies have also demonstrated that ghrelin pretreatment 

diminishes oxidative stress and prevents the decrease in 

antioxidant enzyme activities in erythrocytes, liver and 

brain in a PTZ model of seizure.37 In addition, ghrelin 

pretreatment reduced the level of lipid peroxidation and 
enhanced the antioxidant defense against exercise-

induced stress oxidative injury in rats’ brain and liver.38 

Ghrelin also have some protective effects against the 
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oxidative brain and kidney injuries induced by carbon 

tetrachloride.39 Kheradmand’s studies showed that 

ghrelin has antioxidant properties in the rat testis and 

ovary tissues.40,41 Moreover, one study proposed that 

ghrelin increases activity of SOD, CAT, GSH-Px in 3T3 

L1 preadipocytes.42 

In our study activity of brain GPx, SOD and catalase 
were not influenced significantly by ghrelin 

administration. In this context, it can be explained that 

the contents and activities of enzymes of antioxidant 

system in adult brain are lower than other organs, such as 

liver, kidneys and heart.12 Studies have also proved that 

superoxide dismutase content and activity of catalase in 

the rat brain is low.43,44 Moreover, although GPx is 

considered to have special importance for the brain 

antioxidant defense system, in the rat brain GPx activity 

is two times lower compared to the liver.12,45 According 

to these explanations, probably, brain tissue utilizes other 
antioxidant defense against oxidative stress. 

Fat-soluble antioxidants, such as α-tocopherols, 

coenzyme Q, and α-lipolic acid are very important for 

the brain.44,46 Ascorbate is another vital antioxidant 

molecule in the brain that can be rapidly accumulated in 

the brain.47 Low-molecular-weight antioxidants also 

contribute to brain antioxidant defense. Thyoredoxin 

system and histidine-containing compounds, such 

carnosine, homocarnosine, and anserine are very 

important antioxidants in brain.41,48 The ability of 

carnosine to protect tissues against oxidative stress has 

been previously demonstrated in in vivo experiments 
under hypoxic and ischemic conditions.49,50 

Involvement of some other mechanisms of antioxidant 

effect of ghrelin should also be considered. The NADPH 

oxidase is a multi-subunit enzyme that catalyzes the 

reduction of molecular oxygen to form superoxide 

(O2•−) and associated reactive oxygen species in the 

CNS.51 Tong et al showed in their study that ghrelin 

decreased intracellular reactive oxygen species content 

by inhibiting NADPH oxidases 1.52 Therefore, in our 

study ghrelin may have played its antioxidant role in the 

brain through inhibition of the NADPH oxidase or 
potentiation of the effect of Low-molecular-weight 

antioxidants. 

 

Conclusion 

In summary, our findings showed that administration of 

ghrelin may be useful in reducing blood and brain 

oxidative stress in normobaric hypoxia condition. 

Ghrelin shows its antioxidant effect in blood by 

increasing the total antioxidant capacity.  
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