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Abstract—Intermittent hypobaric hypoxia (IHH) is believed to
have neuroprotective effect. IHH induces changes in gene
expression and intracellular signaling pathways that lead to the
emergence of intracellular adaptation through HIF-1 alpha gene
activity. IHH induction decreased brain cortical tissue damage,
and increased microvascular density. Further study is needed to
understand physiological and behavioral response after 1HH
induction. The aim of this study is to investigate the effect of IHH
on neuronal function in conducting neurotransmitters. A total of
25 Sprague-Dawley rats were divided into 5 groups: 1 group as
control and 4 groups exposed to hypobaric hypoxia (HH). 1 group
were exposed to single HH, and 3 groups exposed to HH
intermittently (1 week interval) in Indonesian Air Force Institute
of Aviation Medicine using hypobaric chamber. After the
induction, the rat brain was taken for immunochemistry analysis.
The level of GABAA receptor and glutamate receptor (NMDAR)
decreased significantly in single HH group, but raised significantly
after intermittent induction compare to control group (p<0.05).
IHH induction shows adaptation respons in neurotransmitter
conduction in Sprague-Dawley rats brain.
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l. INTRODUCTION

Hypoxia at early stage will caused responses of the
cardiovascular and respiratory system, and if the condition
continued would lead pathological effect to target organ such as
the brain. Hypoxia is not always cause damages. Sublethal
exposure to hypoxia known as hypoxia preconditioning is
believed to have neuroprotective effect. Hypoxia
preconditioning induces changes in gene expression and
intracellular signaling pathways that lead to the emergence of
intracellular adaptation through the process of erythropoiesis,
angiogenesis, glucose transport and anaerobic glycolysis
through HIF- 1 alpha gene activity [1,2].

Mohamad Sadikin, Sri WA. Jusman
Centre of Hypoxia and Oxidative Stress Study
Departement of Biochemistry and Biology Molecular
Faculty of Medicine, University of Indonesia
Jakarta, Indonesia

Intermittent hypobaric hypoxia (IHH) is part of
hypoxia preconditioning by exposing to sublethal hypoxia on
barometric low pressure and repeated within a certain period.
The literature describes that induction to IHH also provide
neuroprotective effect. IHH induction decreased brain cortical
tissue damage and increased microvascular density [3,4].

IHH trigger presynaptic neuron release glutamate
resulting in depolarization, increased Ca?* in the post-synaptic
neuron. Increased Ca?* induces many molecules that play an
important role in the process of synaptic plasticity activate
intracellular signaling cascade that occurs neuroplasticity and
ultimately lead to the growth of new dendrites The emergence
of new dendrites bulge is thought to increase and improve the
structure and function of neurons due to unfavorable conditions
occurring on the network such as hypoxia, brain injury and
others [5-7].

The aim of this study is to investigate neuronal adaptation
after induction of IHH measuring the expression of glutamate
receptors (NMDA) and GABA receptors as one of the major
neurotransmitter in the brain tissue.

1. METHODS

A. Design Experiment

This experimental animal study was conducted in the
Indonesian Air Force Institute of Aviation Medicine (Lakespra
Saryanto). A total of 25 Sprague Dawley rats were divided into
5 different groups. Control group without exposure to
hypobaric hypoxia, group 1 exposed to single exposure
hypobaric hypoxia (HH/day-1), group 2 exposed to 2 period of
hypobaric hypoxia (IHH 1 time intermittently/day-1 and 8),
group 3 exposed to 3 times hypobaric hypoxia (IHH 2 times
intermittently/day 1,8,15), group 4 exposed to 4 period of
hypobaric hypoxia (IHH 3 times intermittently/day 1,8, 15, 22).
After acclimatization to room temperature of 25°C for a week,
group 1-4 were exposed to type | hypobaric chamber training
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until 35,000 ft of altitude, then descending gradually to 30,000

ft, 25,000 ft and 18,000 ft of altitude (Fig.1). After the
induction, the brain was taken for immunochemistry analysis.
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Fig. 1. The flight plan of intermittent hypobaric hypoxia exposure [8].

'
i
i
i
i
[
i
P
) i
4 minutes | P
V
W
§
i
i
¥

B. Immunochemistry

The rats were sacrificed by dislocated their heads by
stretching the cervical bones from the thoracic vertebrae. The
head was decapitated, the brain removed. Brain tissue was
immersed in to 10% formaldehyde solution. Tissue was
dehydrated in serial step of alcohol (80%, 90%, 100%). Tissue
was immersed in xylene for 2 times and immersed in liquid
paraffin for 3 times, last was embedded in paraffin block.
Frontal sections were cut by 5um microtome from 1.5 to 2.5
mm in front of bregma. The sections were embedded on
polysine coated premium. The antibody used was mouse
monoclonal primary antibody glutamate receptor, N-Methyl D-
Aspartate 2a (GRIN2A) and Anti-GABA A receptor alpha 1
antibody [S95-35]. Sections were pictured with microscope
Olympus inverted 1X73. Number of NMDAR and GABA
receptor expression were count by optilab software.

1l. RESULTS

A. Immunohistochemistry for glutamate receptor (NMDAR)
NMDAR expression was calculated on the frontal cortex.
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Fig. 3. IHC slide of frontal cortex (40x magnification).labelled with antibody
anti NMDAR (GRIN2A) A. Control B. single hypobaric hypoxia C. hypobaric
hypoxia 1 time intermittent D. hypobaric hypoxia 2 times intermittent E.
hypobaric hypoxia 3 times intermittent

Before ANOVA test, data is tested for normality and
homogeneity. One-way ANOVA results showed p <0.05. It can
be concluded that there is a significant difference to the number
of NMDA receptors after IHH induction. Fig. 3 shows that the
highest number of NMDAR expression is in IHH 2 times
intermittent, and the lowest is in single hypobaric hypoxia
group (group 1). Post Hoc test results are significant differences
between the control group with hypoxic hypobaric group, and
there are significant differences between hypobaric hypoxia
group with 2 and 3 times intermittent.
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Fig. 3. ANOVA analysis for NMDAR
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B. Immunohistochemistry for GABAA receptor (GABRA1)
GABRAL1 expression was calculated on the frontal cortex
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Fig. 4. IHC slide of frontal cortex (40x magnification).labelled with antibody
anti GABA receptor A.Control  B. hypobaric hypoxia C. single hypobaric
hypoxia 1 time intermittent D. hypobaric hypoxia 2 times intermittent E.
hypobaric hypoxia 3 times intermittent

Before the ANOVA test, data is tested for normality and
homogeneity. One-way ANOVA results showed p <0.05, it can
be concluded there is a significant difference to the number of
GABAA receptor cells after induction of IHH. Fig. 5 shows that
the highest number of GABRA1 expression found in IHH 2
times intermittent and the lowest in single hypobaric hypoxia
group. Post Hoc result significant difference between the
control group with the single hypobaric hypoxia and 1 time
intermittent, there are significant differences between single
hypobaric hypoxia group with groups 2 and 3 times

intermittent.
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Fig. 5. ANOVA analysis for GABA receptor.
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V. DisCUSSION

This study analyzed the expression of glutamate
receptors NMDA (N-methyl-D-Aspartate) and GABA
receptors (GABRA) from immunohistochemistry preparations
(IHC) of brain tissue. For IHC results to be well secured,
positive and negative controls need to be made. Positive control
is a tissue to express antigens and negative control is a tissue
that necessarily does not express antigen. This study used mice
brain tissue as a positive control and brain tissue of
experimental animals that were not labeled antibodies as
negative controls.

Comparison between IHC tissue labeled with
antibodies with negative control originated from the same
tissue, showing differences in the color intensity. It was
indicates that the IHC process has successfully identified the
NMDA protein. IHC detects protein antigens in the tissues by
using the principle of binding of specific antibodies against the
antigen.

NMDA and GABRA expression analysis was
performed by counting the number of neuron cells that had
brown membrane walls. NMDA and GABRA receptors can be
seen in neuronal cells, glial and throughout the brain region.

When compared with the control group, NMDA
expression in hypoxic hypobaric exposure decreased
significantly. This raises the notion that neurotoxicity is the
cause of cells death because cells have not been trained in
hypoxia. Neurotoxicity caused an influx of calcium ions in
large quantities, which causes the activation of nitric oxide
synthase to form nitric oxide, calcium sensitive to proteases and
mitochondrial damage. NO which is part of ROS caused
nitration of proteins, protein oxidation, lipid peroxidation and
DNA damage that ends with cells death. This fact had also been
reported by Mulyawan?®, stated that first exposure of hypoxia
caused the degree of brain tissue damage of the most high
compared with exposure to hypoxia in the next group. Brain
tissue damage decreased significantly to HHI treatment in the
fourth week. It was observed also by Gascon S et al, which
examined the effects of cerebral ischemia excitotoxicity and
against NMDA NR2B subunit and PSD NR2a and 95. The
study concluded that in the conditions of ischemia there were
the neuronal cell morphological changes in the form of
condensation nucleus and cell body size changes. The changes
that occur indicate a progressive ischemic state towards cell
death.

NMDA expression increased at first treatment of HHI
and reached its peak at second treatment of HHI. At third HHI
exposure, NMDA expression decreased again, although the
decrease was statistically not significantly different from the
control group. The decrease is due to the occurrence of cellular
adaptation processes to the hypoxic conditions that occur where
HIF 10 as master swich gene has activated its downstream gene
to maintain cellular oxygen availability. The pattern of NMDA
receptor expression change is in line with the changing pattern
of HIF la expression of HHI post exposure investigated by
Mulyawan [8]. The study concluded that there was an increase
of HIF la expression in hypobaric hypoxic treatment, and the
expression decreased with intermittent exposure at subsequent
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HHI treatment. Although it can not be proven that NMDA
expression works under the control of HIF la, it can be
presumed that intermittent treatment provides a protective
effect of cell death due to increased oxygen and glucose
delivery into neuron cells. At the last exposure, cell function
has been recovered including functions related to glutamate so
that the condition returns to its initial state.

Another factor that causes a decrease in neurotoxicity is in
the intermittent conditions occurs a glial activation of the
transporter-1 glutamate (GLT-1). This is proven by research of
Gong et al [9], which concluded that exposure to HHI increases
regulatory activity (GLT-1). With the activity of GLT-1, large
amounts of glutamate in the extracellular can be carried by
GLT-1 into astrocytes. This keeps the condition of
neurotoxicity at a lower level when compared with hypoxic
exposure without intermittent.

A. Interaction between NMDA and GABA

It is known that under hypoxic conditions, excitatory
neurotransmitters (glutamate) are released massively from
presynaptic neurons that contribute to cell death. When hypoxia
is a depolarized neuron followed by an increase in extracellular
potassium concentration and decrease intracellular sodium.
This condition causes the synapse release glutamate
neurotransmitter and activate its receptor NMDA, causing
calcium into the cell, activating Ca?* dependent enzymes, NO
synthetase. Simultaneously, the release of inhibitory
neurotransmitters also increased in order to compensate the
increased number of excitatory/glutamic neurotransmitters.
GABA's inability to cope with increased glutamate will lead to
a pathological condition of seizures and may end in cell death
[9].

In the correlation test between NMDA receptors and
GABA, it can be seen that the correlation is positive which the
increase in glutamate will be followed by an increase in GABA
receptors. In the hypoxic hypobaric day treatment until the
second HHI group, there was an increase in the number of cells
expressing NMDA receptors, the same thing also occur in
GABA receptors. In the third HHI treatment, NMDA decrease
also followed by a decrease in GABA receptors. This fact
shows that intermittent hypoxia provides an opportunity for
nerve cells to achieve a balance between excitatory and
inhibitory functions [10].

B. Hypobaric Hypoxic and Intermittent Hypobaric Hypoxia

In the hypobaric hypoxic group, oxidative stress occurs
most severely. Production of ROS by mitochondria increases in
the event of resistance to electron transport, then a cell
membrane polarization changes that may cause a response to
the Fas signal and excessive expression of Bax so that apoptosis
may occur [11]. Massive calcium enhancement is also a trigger
factor for ROS formation, protease enhancement, nuclease and
NO. In this group, the state of severe hypoxia experienced leads
to cell death due to the condition of the neurotoxicity that
occurs. The rate of cortical damage in this group is the heaviest
with the lowest microvascular density [12]. With severe cellular
damage, it certainly interferes with the work of the NMDA and
GABA receptors located on the cell membrane, so it appears
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that in this group the receptor expression is lowest compared to
the other groups. With impaired neurotransmitter conduction, it
will affect the ability of motor and cognitive function. The
cognitive and motor abilities of hypobaric hypoxic groups are
the worst compared to other groups. But on the other hand,
hypobaric hypoxic exposure induces HIF stability 1, activating
downstream genes in an effort to cope with providing sufficient
energy.

If hypoxia occurs intermittently, the formation of ROS will
follow intermittent pattern and cell adaptation will occur, so the
reaction of using the antioxidants becomes more efficient. By
decreased oxidative stress and apoptosis, as well as the stability
of HIF 1a in the intermittent group [8], indicates that there was
an adaptation to hypoxic exposure. The oxygen delivery to the
cells is better, the angiogenesis process occurs which leads to
improved microvascular density and decreases cellular damage.
So it can be said that cellular conditions no longer lead to cell
death but are already neuroprotective. The expression of
NMDA and GABA receptors also undergoes adaptation due to
neuroplasticity response. Under ordinary circumstances, it is
very difficult to perform HHI exposure as done in hypobaric
chamber. However, intermittent hypoxia conditions can be
achieved by exerting an excess burden on the body for a brief
period. Measurably this can be done with regular physical
activity such as exercise. In this state there is relative hypoxia
so that body cells are exposed to oxygen depletion conditions
and are trained to deal with it. It can be expected that regular
physical activity in the form of exercise will provide observable
benefits to HHI exposure as we report to the brain.

V. CONCLUSION

Intermittent hypobaric hypoxic responds physiologically
to the expression of glutamate and GABA neurotransmitters
in in Sprague-Dawley rats brain.
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