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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-1V), 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 I11 and 1V, 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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igh altitude can result in hypoxia because
H 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 |
was exposed 1 time, group Il — 2 times, group 11 -3
times and group 1V — 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-
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Fig. 1. Scheme of flight/altitude simulation using hy-
pobaric chamber

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
HCI 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 HCI
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.
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Superoxide anion reacts with 2-(4-iodophenyl)-3-(4-
nitrophenol)-5-phenyl tetrazolium chloride (1.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 (H,0,) 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-
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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
hypaobaric hypoxia. In group I, Il and 111, there is no
significant difference in MDA level compared to the
control group. Only in group 1V, the MDA level is
significantly increased (P < 0.05) compare to con-
trol group. Carbonyl level shows that the significant
increase occurs in group | (P < 0.001) compared to

the control group. However, in group I, 111 and 1V,
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 | (P < 0.05) compared to control
group, and gradual increase in group 11, 111 and IV.
Significant increase is found in group III (P < 0.05)
and group 1V (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
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Fig. 2. MDA level in rat heart after acute intermittent hypobaric hypoxia exposure. Control group — no treat-
ment; group I, I, Il 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, I, I11 and 1V — 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)
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Fig. 4. Specific activity of SOD in rat heart after acute intermittent hypobaric hypoxia exposure. Control
group — no treatment; group I, 11, 111 & 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)

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 1, I1, 111 and control. Only group 1V 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, I1, Il 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)

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 (HO,"). Hydroxyl radical (HO") is gener-
ated through Fenton reaction, where free iron (Fe®*)
reacts with hydrogen peroxide (H,O,) [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 (I1, 111 and 1V). 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 111 and
1V). 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 111 [15].
Therefore why catalase enzyme activity decreased in
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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 (111 and 1V). 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.

Conflict of interest. Authors have completed
the Unified Conflicts of Interest form at http://ukr-



S. Dewi, M. Sadikin, W. Mulyawan

biochemjournal.org/wp-content/uploads/2018/12/
coi_disclosure.pdf and declare no conflict of interest.

Acknowledgement. This study was supported
by Hibah Publikasi Terindeks Internasional Q3
(PUTI Q3) 2020 from Directorate of Research and
Community Services Universitas Indonesia.

OKCUJATUBHUI CTPEC ¥V
CEPI LI{YPIB I3 TOCTPOIO
I'IOBAPUYHOIO I'MOKCIEIO

S. Dewit™, M. Sadikin!, W. Mulyawan?

!Department of Biochemistry and Molecular
Biology, Faculty of Medicine,

Universitas Indonesia, Jakarta, Indonesia;
2Department of Aerophysiology, Lakespra Saryanto,
Air Force Indonesian National Army, Jakarta, Indonesia;
He-mail: syarifah.dewi@ui.ac.id

Bimomo, 1m0 BHCOTHa 30Ha CIPUYUHIOE
TIMOKCiI0 Yepe3 HU3bKUN MapIiiaJbHUN THUCK KHC-
HIO. Y IOCHIDKEHH] OI[HEHO ITOKA3HUKH OKMCHO-
ro CTpecy B TKaHWHI cepiis mrypiB JiHii Bictap 3a
rocTpoi TepepuBYacTOi TimoOapuyHOi  TIMOKCIi.
lmoGapuyHy TINOKCII0 3MONENTHOBAHO TMepely-
BaHHSIM TBapHH y TinoOapu4Hili KaMmepi Ha BHCOTI
10,7 xm (35000 ¢yriB) mpotsarom 1 xB. Bucoty
MOCTYTOBO 3MeHITyBaiu 10 9,1 ta 7,6 xm (30000
ta 25000 ¢yTiB) Ta yTPUMYBaIH MPOTITOM 5 XB.
ypiB (25 cammiB) Oyno po3MOALIIEHO HAa KOH-
TPONBHY Ta YOTHPH ekcriepuMmenTanbHi (I-1V) rpy-
I TBApHH, AKUX ITiA1aBaH TiT00apUIHIH TiMOKCiT
BiamoBiaHO 1, 2, 3 Ta 4 pa3u 3 4aCTOTOIO ONWH pa3
Ha TK1aeHb. Ha Bucori 5,5 kM (18000 ¢yTiB) TBa-
PUH BUAAISIIH 3 €KCIIEPIMEHTY Ta OJIeP’KYBaJIH Cy-
MIepHATAHT TOMOT'€HATY TKAHWHU CEPIS IS OI[IHKU
piBHst MJIA Ta kapOOHITBHUX T'PYTI, aKTUBHOCTI Cy-
MEPOKCUUCMYTa31 Ta KaTajaszu. Y 3pa3Kkax TBa-
puH Tpynu [ Oys0 BUSBICHO 3HWKEHHS! aKTHBHOCTI
Karaja3u 3a OAHOYACHOIO ICTOTHOIO IiJBUIICHHS
PiBHS KapOOHITBHUX TPYTI OPIBHSHO 3 KOHTPOJIEM.
VY 3paskax III ta IV Tpyn piBeHb KapOOHITBHUX
Tpynl HOpPMai3yBaBCsi, a aKTHUBHICTh CYIEPOK-
CHAAMCMYTa3d Ta KaTaja3d 3HA4YHO 3pocTaja.
JIIAIM BUCHOBKY, IO TIiIBHUINEHHS aKTHBHOCTI
AHTHOKCHUJIAHTHUX CH3UMIB CIIpUsE aganTalliifHin
peaxtii cepieBoi TKAHWHH Ha TOCTPY TirnmoOapuyuHy
TIMTOKCITO.

KnmouoBi coBa: rocTpa mnepepuBYacrta
rino0apuyHa rinokKcis, cepie, OKCHAaTUBHUH cTpec,
AHTHOKCUIAHTHI EH3UMH.
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