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It is known that the altitude area causes hypoxic conditions due to the low oxygen partial pressure. 
This study was conducted to estimate oxidative stress indices in the heart tissue after Wister rats exposure to 
the acute intermittent hypobaric hypoxia. Hypobaric hypoxia exposure was simulated by keeping the rats in a 
hypobaric chamber for 1 min at 35,000 feet altitude. After that the altitude was gradually reduced to 30,000 
and 25,000 feet and maitained for 5 min. 25 male Wistar rats were divided into control group and four treat-
ment groups (I-IV), consisting of rats exposed 1, 2, 3 and 4 times to hypobaric hypoxia with a frequency once 
a week. The animals were removed from the experiment at the  height of 18,000 feet and the heart tissue was 
obtained. The carbonyl groups and  MDA levels and superoxide dismutase and  catalase activity were exami
ned in the supernatant of the heart tissue homogenate. In the samples of group I, the decrease  in catalase 
activity with a simultaneous notable increase in carbonyl groups level was observed compared to control. In 
the samples of groups III and IV, the carbonyl level normalized and the activity of  both antioxidant enzymes 
increased significantly. It was concluded that the increase of antioxidant enzymes activity can contribute to 
cardiac tissue adaptive response to acute hypobaric hypoxia exposure.
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High altitude can result in hypoxia because 
of decrease oxygen partial pressure (hypo-
baric hypoxia). Physiological responses will 

be performed from cellular to molecular to adapt to 
low oxygen level. The altitude, that stimulates the 
physiological changes that significantly affect cardio-
pulmonary performance, typically begins at higher 
than 2500 m [1]. These physiological changes in-
clude increase in erythrocyte number and blood oxy-
gen transport capacity, change in cardiac output and 
metabolic modifications at the cellular level [1, 2]. 

Hypobaric hypoxia causes increase in reactive 
oxygen species (ROS) production, hence increase 
in oxidative damage caused by ROS attacks on the 
macromolecules such as lipids, proteins and DNA 
[3]. Reactive oxygen species act as free radicals that 
attack carbon-carbon double bonds in lipids, espe-

cially polyunsaturated fatty acids (PUFAs) resulting 
in lipid peroxidation. Malondialdehyde is one of lipid 
peroxidation markers [4]. Free radicals can also at-
tack protein molecules resulting in carbonylation of 
protein and carbonyl substance is a marker [5].  

Oxidative stress is a condition whenever the 
free radicals (ROS) production is higher than anti-
oxidant defenses. In our body, it has been completed 
by ROS scavenger system including antioxidant 
enzymes. Superoxide dismutase is a family of an-
tioxidant enzymes which catalyzes the dismutation 
of superoxide radical anion into hydrogen peroxide 
and oxygen [6]. Catalase, one endogenous antioxi-
dant enzymes, will catalyze the rapid decomposition 
of hydrogen peroxide into water [7]. Some previous 
studies have demonstrated that rats placed in a hypo-
baric chamber experience increased oxidative stress 
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as results of hypoxia exposure [8, 9]. Another study 
reported that oxidative stress is increased after both 
acute and chronic exposure to high altitude [10].   

In the Indonesia air force army, there is rou-
tine training to high altitude exposure using a hypo-
baric chamber. This training is purposed to induce 
adaptation and detect hypoxia condition whenever 
the fighter plane is operated. Air operation at high 
altitudes has a risk for its crew from the physical, 
physiological and psychological disturbances, which 
may occur at sudden high altitude [11]. The exact 
analytical skills as a combat pilot are very impor-
tant, so it needs to be trained in hypoxic conditions. 
But there is no study to evaluate the effects of this 
training in the future, especially that occur in heart 
organ. So in this study, we investigated the impact 
of acute intermittent hypobaric hypoxia on oxida-
tive stress status (oxidative marker and antioxidant) 
in heart organ to predict heart health in the future.

Materials and Methods

Experimental design. The experiments were 
performed in vivo at Biochemistry and Molecular 
Biology Laboratory, Faculty of Medicine Univer-
sity of Indonesia and Aerophysiology Laboratory in 
Lakespra Saryanto TNI AU. Samples were 25 male 
Wistar rats (6-8 weeks old) which determined with 
Federer formula. Rats were randomly divided into 
5 groups (n = 5 per group): a control group (without 
altitude simulation) and four treatment groups (with 
altitude simulation). The treatment groups were ex-
posed to acute hypobaric hypoxia by placing rats 
into the hypobaric chamber once a week. Group I 
was exposed 1 time, group II – 2 times, group III – 3 
times and group IV – four times. All rats had meal 
and water ad libitum. Protocol of hypobaric hypoxia 
was designed for altitude studies and air force sol-
diers’ special training. Hypobaric hypoxia exposure 
given is a simulation of altitude at 35,000 feet for 
1 min. After that, the altitude is gradually reduced to 
30,000 and 25,000 feet and it maintained for 5 min. 
The rats were sacrificed at height of 18,000 feet and 
the heart organs were collected. Flight/altitude simu-
lation is described in Fig. 1.

Tissue preparation. The heart organ was 
weighed as much as 100 mg and homogenized in 
1000 uL phosphate buffer saline (PBS) 0.01  M 
pH  7.4. The homogenate was centrifuged at 
3000 rpm for 10 min and the supernatant was kept. 
This supernatant was used for measurement of 
MDA, carbonyl, specific activity of SOD and cata-

lase. The supernatant was added with PMSF (phe-
nylmethylsulfonyl fluoride) as a protease inhibitor in 
examination of specific activity of SOD and catalase.

Examination of MDA level. The measuring 
MDA level was conducted using the Wills method. 
Thiobarbituric acid (TBA) reacts with MDA giving 
pink color. Standard curve is produced using tetra 
ethoxy propane (TEP) diluted by water 1: 80,000 as 
standard solution. Samples were added with trichlo-
roacetic acid (TCA) 20% to precipitate protein. After 
centrifugation at 6000 rpm for 5 min, the superna-
tant was collected. Thiobarbituric acid 0.67% was 
added to supernatant and incubated at boiling wa-
ter 95-100°C. Pink color arose appropriate to MDA 
level and the color was read by spectrophotometer 
at 530 nm.

Examination of carbonyl level. Examination 
of carbonyl level was conducted using 2,4-dinitro-
phenylhydrazine (DNPH) that react with carbonyl 
substances in samples giving yellow color [12]. The 
samples were added with 10 mM DNPH in 2.5 M 
HCl and incubated in dark at room temperature. 
Trichloroacetic acid (TCA) 20% was added to the 
samples and incubated on ice for 5 min. After that, 
it was centrifuged at 10.000 g for 10 min and the 
supernatant discarded. Subsequently, TCA 10% was 
added and incubated on ice for 5 min. The superna-
tant was discarded after centrifugation of samples at 
10.000 g for 10 min. The pellet was resuspended in 
ethanol : ethyl acetate solution (1:1). Guanidine HCl 
was added and the yellow color arose. The absorban
ce was read at wavelength 360-385 nm. The carbonyl 
level is presented per mg of protein.

Examination of SOD specific activity. Exami-
nation of specific activity of SOD enzyme was con-
ducted using RanSOD kit, Randox®. This kit gene
rates superoxide anion through reaction xanthine 
with uric acid which catalyzed by xanthine oxidase. 

Fig. 1. Scheme of flight/altitude simulation using hy-
pobaric chamber
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Superoxide anion reacts with 2-(4-iodophenyl)-3-(4-
nitrophenol)-5-phenyl tetrazolium chloride (I.N.T) 
and results in a red formazan dye. This color was 
read by spectrophotometer at 505 nm. If the sam-
ple contains some activities of SOD, then the color 
formed is reduced as much as superoxide anion also 
reduced. The activity of SOD enzyme is obtained by 
the subtraction of the absorbance between the first 
reading (30 sec after samples mixing) and the second 
reading (3 min later after the first reading). The spe-
cific activity of SOD is resulted from enzyme ac-
tivity (U/ml) divided by total protein concentration 
(mg/ml).

Examination of catalase specific activity. 
Examination of specific activity of catalase was con-
ducted using hydrogen peroxide (H2O2) which added 
to samples [13]. Catalase enzyme breaks down hyd
rogen peroxide into oxygen and water. Hydrogen per-
oxide has a high absorbance at 240 nm. The activity 
of catalase enzyme was obtained by the reduction of 
the absorbance between the first reading (30 sec after 
samples mixing) and the  second reading (3 min later 
after first reading). The reduction of absorbance is 
appropriate with decreasing hydrogen peroxide. The 
specific activity of catalase is resulted from enzyme 
activity (U/ml) divided by total protein concentra-
tion (mg/ml).

Statistical analysis. Statistical analysis was 
performed using SPSS software version 20. The ob-
tained data were normally distributed, therefore we 
analyzed the data using independent t-test to com-

pare each treatment group to control group, signifi-
cant if P < 0.05. Data were presented by bar chart 
showing mean ± SD.

Results and Discussion

Malondialdehyde level in rat’s heart can be 
seen in Fig. 2 after exposure to acute intermittent 
hypobaric hypoxia. In group I, II and III, there is no 
significant difference in MDA level compared to the 
control group. Only in group IV, the MDA level is 
significantly increased (P < 0.05) compare to con-
trol group. Carbonyl level shows that the significant 
increase occurs in group I (P < 0.001) compared to 
the control group. However, in group II, III and IV, 
carbonyl level decreases near to the control group 
(Fig. 3).

Specific activity of SOD in rat’s heart shows 
that an increasing activity along to the number of 
repeated exposures. There are not significant ac-
tivity differences in group I and II, but there is 
significant increase in group III (P < 0.05) and IV 
(P < 0.001) compare to the control group (Fig. 4). 
Specific catalase activity in rat’s heart after hypo-
baric hypoxia exposure demonstrated significant 
decrease in group I (P < 0.05) compared to control 
group, and gradual increase in group II, III and IV. 
Significant increase is found in group III (P < 0.05) 
and group IV (P < 0.001) compared to the control 
group (Fig. 5).

Oxidative stress is resulted from a higher state 
of prooxidant or free radicals compare to antioxidant 

Fig. 2. MDA level in rat heart after acute intermittent hypobaric hypoxia exposure. Control group – no treat-
ment; group I, II, III and IV – experiment groups with hypobaric hypoxia exposure 1, 2, 3 and 4 times, re-
spectively (mean ± SD). The difference is statistically significant compared to the control group (independent 
t-test, *P < 0.05)
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Fig. 3. Carbonyl level in rat heart after acute intermittent hypobaric hypoxia exposure. Control group – no 
treatment; group I, II, III and IV – experiment groups with hypobaric hypoxia exposure 1, 2, 3 and 4 times, 
respectively (mean ± SD). The difference is statistically significant compared to control group (independent 
t-test, *P < 0.05)

Fig. 4. Specific activity of SOD in rat heart after acute intermittent hypobaric hypoxia exposure. Control 
group – no treatment; group I, II, III & IV – experiment groups with hypobaric hypoxia exposure 1, 2, 3 and 
4 times, respectively (mean ± SD). The differences are statistically significant compared to the control group  
(independent t-test,*P < 0.05, **P < 0.001)
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as free radical scavenger, hence causes oxidative 
damage in cells or tissues. MDA has been widely 
used as biomarker of lipid peroxidation. It arises 
largely from peroxidation of polyunsaturated fatty 
acids (PUFAs) with more than two double bonds, 
such as linolenic, arachidonic and docosahexaenoic 
acids. Besides MDA, lipid peroxidation also forms 
aldehydes such as propanal, hexanal and 4-hydroxy
nonenal (4-HNE). Results of MDA level in rat heart 

after acute intermittent hypobaric hypoxia exposure 
show no significant difference in MDA level be-
tween group I, II, III and control. Only group IV has 
significant increase in MDA level compared to the 
control group. It seems that acute intermittent hy-
pobaric hypoxia exposure increases ROS production 
compared to the control group, although it increases 
in the late exposure group. In this study, we measure 
MDA level by TBA (thiobarbituric) test that yields 
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Fig. 5. Specific activity of catalase in rat heart after acute intermittent hypobaric hypoxia exposure. Control 
group – no treatment; group I, II, III and IV – experiment groups with hypobaric hypoxia exposure 1, 2, 3 
and 4 times, respectively (mean ± SD). The differences are statistically significant compared to control group 
(independent t-test, *P < 0.05, **P < 0.001)
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pink color. The TBA test is one of the oldest and the 
most frequently used for measuring lipid peroxida-
tion, but it has controversy in MDA quantification 
from in vivo samples because it is not specific [4]. 
However, TBA test is quite sensitive and easy to con-
duct. 

The two most frequent ROS which affect bio-
molecules are hydroxyl radical (HO•) and hydroper-
oxyl radical (HO2

•). Hydroxyl radical (HO•) is gener-
ated through Fenton reaction, where free iron (Fe2+) 
reacts with hydrogen peroxide (H2O2) [14]. Carbonyl 
compounds are derived from the oxidation of car-
bohydrates, lipids, and amino acids. The result of 
carbonyl level shows a different pattern to MDA in 
this study. Carbonyl level is significantly increased 
in early exposure group (I) compared to the control 
group. After that, the carbonyl is decreased parallel 
to the repeated exposure (II, III and IV). It proves 
that the repeated hypobaric hypoxia exposure de-
creases the carbonyl level in the heart organ.

The antioxidant enzymes measured in this 
study, SOD and catalase, have significantly increased 
parallel to repeated exposure number (group III and 
IV). Hypoxia exposure promotes ROS production 
because of lack oxygen that can inhibit the electron 
transport chain in mitochondria, hence increasing 
superoxide radicals generation at complex III [15]. 
Therefore why catalase enzyme activity decreased in 

the early exposure group, although SOD activity is 
not different from the control group. Another study 
demonstrated increased ROS and RNS production 
after high altitude exposure [16]. However, we found 
an increasing SOD and catalase activity in repeated 
exposure groups (III and IV). It shows that repeated 
or intermittent hypobaric hypoxia exposure stimu-
late an adaptation response, especially antioxidant 
defenses toward free radicals (ROS) generation. 

Previous study reported that repeated hypoxia 
exposure could induce an adaptation to oxidative 
stress. A study using rat brain shows that intermit-
tent hypobaric hypoxia exposure stimulates an ade
quate adaptive response that proven by significantly 
increasing of specific activity of SOD and catalase 
and decreasing of MDA and carbonyl level [17]. 
Other study demonstrated that intermittent hypoxia 
promotes preconditioning-like effects and enhances 
the susceptibility of the heart to oxidative stress, 
which is characterized by increased thioredoxin 
levels and decreased oxidative markers [18].

Based on the result, it is concluded that heart 
organ produces an adaptive response to acute in-
termittent hypobaric hypoxia, demonstrated by de-
creased carbonyl level and increased specific activity 
of SOD and catalase.
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Окcидативний стрес у 
серці щурів із гострою 
гіпобаричною гіпоксією
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Відомо, що висотна зона спричинює 
гіпоксію через низький парціальний тиск кис-
ню. У дослідженні оцінено показники окисно-
го стресу в тканині серця щурів лінії Вістар за 
гострої переривчастої гіпобаричної  гіпоксії. 
Гіпобаричну гіпоксію змодельовано перебу-
ванням тварин у гіпобаричній камері на висоті 
10,7  км (35000 футів) протягом 1 хв. Висоту 
поступово зменшували до 9,1 та 7,6 км (30000 
та 25000 футів) та утримували протягом 5 хв. 
Щурів (25 самців) було розподілено на кон-
трольну та чотири експериментальні (I-IV) гру-
пи тварин, яких піддавали гіпобаричній гіпоксії 
відповідно 1, 2, 3 та 4 рази з частотою один раз 
на тиждень. На висоті 5,5 км (18000 футів) тва-
рин видаляли з експерименту та одержували су-
пернатант гомогенату тканини серця для оцінки 
рівня МДА та карбонільних груп, активності су-
пероксиддисмутази та каталази. У зразках тва-
рин групи I було виявлено зниження активності 
каталази за одночасного істотного підвищення 
рівня карбонільних груп порівняно з контролем. 
У зразках III та IV груп рівень карбонільних 
груп нормалізувався, а активність суперок-
сиддисмутази та каталази значно зростала. 
Дійшли висновку, що підвищення активності 
антиоксидантних ензимів сприяє адаптаційній 
реакції серцевої тканини на гостру гіпобаричну 
гіпоксію.

К л ю ч о в і  с лова: гостра переривчаста  
гіпобарична гіпоксія, серце, оксидативний стрес, 
антиоксидантні ензими.
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