The Indonesian Biomedical Journal, Vol.18, No.5, October 2026, p.416-519 Print ISSN: 2085-3297, Online ISSN: 2355-9179

RESEARCH ARTICLE

Intermittent Exposure to Hypobaric Hypoxia Increases MDA and LC3 Levels
and Differentially Affects GSH Levels in Rat Brain Tissue

Riska!, Ninik Mudjihartini**, Ani Retno Prijanti?

"Master’s Programme in Biomedical Science, Faculty of Medicine, Universitas Indonesia, JI1. Salemba Raya No. 6, Jakarta 10430, Indonesia
*Department of Biochemistry and Molecular Biology, Faculty of Medicine, Universitas Indonesia, JI. Salemba Raya No. 6, Jakarta 10430, Indonesia

*Corresponding author. Email: ninikbiokim@gmail.com

Received date: Aug 6, 2026; Revised date: Oct 7, 2026; Accepted date: Oct 13, 2026

Abstract

ACKGROUND: Intermittent hypobaric hypoxia (IHH) induces repeated episodes of reduced oxygen availability that
may elicit adaptive responses in the brain. Oxidative stress, antioxidant defences, and autophagy-related processes
are interconnected during hypoxic adaptation. However, the relationship among malondialdehyde (MDA), reduced
glutathione (GSH), microtubule-associated protein 1 light chain 3 (LC3), and mechanistic target of rapamycin (mTOR)
during repeated IHH exposure remains incompletely characterized. This study was conducted to evaluate these biomarkers
simultaneously to provide an integrated perspective on the cerebral response to repeated IHH exposure.
METHODS: Twenty-five male Sprague-Dawley rats were divided into five groups: a control group and 4 THH groups
subjected to either 1, 2, 3, or 4 exposures, respectively, to a simulated altitude of 25,000 feet for 5 minutes at one-week
intervals. Brain tissues were collected one hour after the final IHH exposure, homogenized and centrifuged to obtain tissue
supernatants for analysis. MDA and GSH levels were measured using colorimetric assays, while LC3 and mTOR protein
levels were assessed using sandwich enzyme-linked immunosorbent assay (ELISA).
RESULTS: MDA concentrations were significantly higher in all IHH groups compared with control group (p<0.05), with the
highest level observed after three exposures. GSH levels were significantly lower in groups receiving one and four exposure(s)
compared with control group (p<0.05), whereas groups receiving two and three exposures did not differ significantly from the
control. LC3 protein levels were significantly higher in all IHH groups than in control group (p<0.05), reaching the highest
level after three exposures and remaining elevated after four exposures. In contrast, total mMTOR protein levels did not differ
significantly among the experimental groups (p>0.05).
CONCLUSION: Repeated IHH exposure was associated with increased oxidative stress and alterations in antioxidant and
autophagy-related responses in the rat brain, as indicated by elevated MDA and LC3 expression and fluctuating GSH levels.
Total mTOR protein levels remained unchanged in IHH groups, suggesting that repeated IHH may induce dynamic oxidative
stress and autophagy responses without detectable changes in total mTOR.
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the duration and severity of the deficit.(1) Environmental

Introduction oxygen deprivation at elevated altitudes is further

compounded by diminished barometric pressure. This

Cellular equilibrium is significantly compromised when
tissue oxygenation falls below physiological thresholds,
triggering diverse pathological responses depending on

479

phenomenon is designated as hypobaric hypoxia and
directly reduces the partial pressure of inspired oxygen.(2,3)
This oxygen restricted state poses a profound challenge to
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metabolic systems, especially the central nervous system.
Although the brain accounts for merely 2% of total body
mass, it requires approximately 20% of systemic oxygen
consumption to maintain normal functional integrity.(4)
Intermittent hypobaric hypoxia (IHH), characterized by
cyclic exposures to hypobaric conditions punctuated by
normoxic recovery phases has gained prominent attention
for investigating physiological adaptations under recurrent
oxygen deficits. Unlike continuous chronic exposure,
IHH can foster cellular conditioning and endogenous
neuroprotection, though the precise physiological outcome
remains strictly dependent on exposure frequency and
interval length.(5)

The central nervous system’s heightened susceptibility
to oxygen deprivation arises from its demanding
bioenergetic needs, restricted capacity for anaerobic
metabolism, and high concentration of peroxidizable
membrane lipids. Hypoxia driven oxidative stress
induces the overproduction of reactive oxygen species
(ROS), driving lipid damage characterized by elevated
malondialdehyde (MDA) alongside the rapid exhaustion of
endogenous reserves like glutathione (GSH).(6) In response,
cells initiate autophagy, which is a specialized lysosomal
catabolic mechanism designed to eliminate damaged
organelles and protein aggregates to preserve cellular
stability.(7) This highly conserved intracellular pathway
serves as a regulator of cell fate, survival, and proliferation
by recycling damaged structural components into reusable
metabolic substrates.(8,9)

Microtubule-associated protein 1 light chain 3
(LC3) functions as a key structural component during
autophagic activation, recruiting autophagic receptors
through specific LC3-interacting regions (LIRs) to deliver
targeted ubiquitinated cargo to autophagosomes.(10)
Consequently, tracking LC3 expression provides a reliable
quantitative index of autophagic activity.(11) Meanwhile,
the mammalian target of rapamycin (mTOR) serves as a
primary nutrient sensor and central repressor of autophagy
under physiological conditions; however, under hypoxic
stress, autophagic processes can inversely downregulate
mTOR via lysosomal degradation of mTOR complex 1
(mTORC1) constituents.(12) Although previous studies
have examined oxidative stress, antioxidant responses, and
autophagy-related mechanisms during intermittent hypoxic
exposure, these responses have largely been investigated
separately. The simultaneous evaluation of MDA, GSH,
LC3, and mTOR in the same experimental model remains
limited. Therefore, the present study was conducted to

evaluate these biomarkers comprehensively to provide
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an integrated description of oxidative stress, antioxidant
status, and autophagy-related responses in rat brain tissue
following repeated IHH exposure.

Methods

Study Design

An experimental post-test control group design was
conducted using 25 male Sprague-Dawley rats (8 weeks
of age, average weight of 200 g). The sample size
was determined a priori using the Federer formula
for experimental studies, resulting in five animals per
group. The animals were randomly assigned into five
groups: an unexposed control group maintained under
normoxic atmospheric conditions (Control), alongside
four intervention groups subjected to IHH at increasing
frequencies. Specifically, group receiving a single IHH
exposure (Group 1), group receiving two IHH exposures
(Group 2), group receiving three IHH exposures (Group 3),
and group receiving four IHH exposures (Group 4), with
each repeated session separated by a one-week interval. Rats
in Group 1 were sacrificed one hour after the first exposure.
Meanwhile, for rats in Group 2, Group 3, and Group 4 where
subsequent exposure sessions were performed at one-week
intervals, the animals were sacrificed one hour after their
respective final exposure. Control group was maintained
until the end of the experimental period and sacrificed
approximately four weeks after the Group 1 (Figure 1).
All procedures performed was according to the approved
ethical clearance.

Hypobaric Hypoxia Protocol

Hypobaric exposure was conducted at Lakespra Saryanto
Air Force Aerophysiology Laboratory. Hypobaric hypoxia
was induced using a specialized decompression chamber
calibrated to simulate an altitude of 25,000 feet (282,4
mmHg) for 5 minutes per session, with pressure of
approximately 37.65 kPa (282.4 mmHg; 11.12 inHg) under
standard atmospheric conditions. Animals were sacrificed
one hour after final exposure, and brain tissues were
collected for analysis. The detailed altitute and times of this
protocol was illustrated in Figure 2.

Tissue Preparation

Tissue homogenization and all subsequent biochemical
analyses were performed at the Department of Biochemistry
and Molecular Biology, Faculty of Medicine, Universitas
Indonesia. Brain tissue samples were collected one hour
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Figure 1. Experimental protocol and timeline showing intermittent hypobaric hypoxia (IHH) exposure frequency and animal

sacrifice schedule.

after the final IHH exposure. For tissue preparation,
100 mg of brain tissue was homogenized in 1 mL of ice-
cold phosphate-buffered saline (PBS) at pH 7.4 using a
mechanical homogenizer. The resulting homogenates were
centrifuged at 10,000xg for 5 min at 4°C. The cleared
supernatants were subsequently collected, aliquoted, and
preserved at —80°C for the measurement of MDA, GSH,
LC3, and mTOR.

Measurement of MDA Levels

Lipid peroxidation in brain homogenates was evaluated
by determining MDA levels using the thiobarbituric
acid reactive substances (TBARS) spectrophotometric
assay. Briefly, a 400 pL volume of tissue supernatant was
combined with 200 pL of 20% trichloroacetic acid (TCA) to
precipitate proteins, followed by centrifugation at 5,000 rpm
for 10 min. A 400 pL aliquot of the resulting supernatant
was then reacted with an equal volume (400 pL) of 0.67%
thiobarbituric acid (TBA) solution and heated in a 100°C
water bath for 10 min. After cooling to room temperature,
the optical density of the pink MDA-TBA chromophore
was recorded at 530 nm on a spectrophotometer. MDA
concentrations were interpolated using a standard linear
regression curve (Y = a X + b, where Y = optical density
and X = MDA concentration in nmol/mL).(13)

Measurement of GSH Levels

Endogenous reduced GSH concentration was quantified
using a spectrophotometric 5,5'-dithiobis-(2-nitrobenzoic
acid) (DTNB) assay. Briefly, a 50 pL volume of brain

481

homogenate supernatant was treated with 200 uL of 5%
TCA and centrifuged at 3,000xg for 10 min to remove
proteins. The cleared supernatant was subsequently diluted
with phosphate buffer (pH 8.0) and mixed with 25 pL of
0.01% DTNB. Following a l-hour incubation period at
room temperature, absorbance was measured at 412 nm.
Total GSH levels were calculated against a calibration curve
generated from known glutathione standards.(14)

Measurement of LC3 and mTOR Levels

Quantitative evaluation of LC3 was performed with
sandwich enzyme-linked immunosorbent assay (ELISA)
using Indolisa® Rat MAP1LC3B ELISA (Cat. No. ID-
ER14314; PT Indogen Intertama, Jakarta, Indonesia),
which targets MAP1LC3B (LC3B) protein. Meanwhile the
evaluation of mTOR protein expression was performed using
Indolisa® Rat mTOR ELISA (Cat. No. ID-ER12549; PT
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Figure 2. Hypobaric hypoxia exposure design.
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Indogen Intertama). Supernatants from tissue homogenates
were loaded onto pre-coated microplates to allow target
antigen capture. Biotin-conjugated detection antibodies
specific to LC3 or mTOR were subsequently introduced,
followed by the addition of avidin-horseradish peroxidase
(HRP) conjugate.
through washing, after which 3,3',5,5'-tetramethylbenzidine

Unbound reagents were removed

(TMB) substrate was added, developing a color intensity
directly proportional to target protein concentration. Color
development was arrested using 1 M sulfuric acid stop
solution, and optical density was recorded at 450 nm on a
microplate reader. Sample concentrations were interpolated
using standard calibration curves constructed from serial
dilutions of purified LC3 and mTOR standards.

Statistical Methods

Statistical evaluations were conducted using GraphPad
Prism version 9.0 (GraphPad Software Inc, San Diego,
CA, USA), with statistical significance established at
p<0.05. Differences among the control and experimental
groups were analyzed using one-way analysis of variance
(ANOVA) followed by Bonferroni's post-hoc test for
multiple comparisons. All data were verified for normality
and variance homogeneity prior to final analysis.

Results

IHH Elevated MDA Concentrations

The cerebral lipid peroxidation levels were determined
across all experimental to evaluate hypoxia-induced
oxidative damage. Relative to the normoxic control group
(0.0990+0.0350 nmol/mg protein), exposure to IHH
resulted in statistically significant elevations in brain MDA
concentrations across all treatment groups (p<0.05). Group
1 marked a significant rise in MDA content (0.255+0.0605
nmol/mg protein), while Group 2 yielded a value of
0.211+0.0429 nmol/mg protein. Peak lipid peroxidation
was recorded following Group 3 (0.294+0.0122 nmol/
mg protein). In Group 4, MDA levels exhibited a minor
attenuation (0.234+0.0426 nmol/mg protein) compared to
Group 3, yet remained significantly higher than baseline
control values (p<0.05) (Figure 3).

IHH Differentially Affected GSH Concentrations

Evaluation of reduced GSH levels demonstrated frequency-
dependent fluctuations across the different hypobaric
exposure protocols. Compared to baseline Control group
(0.412+0.133 pg/mg protein), animals subjected to Group 1
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Figure 3. Brain MDA levels following IHH exposure. Data
are presented as mean+SD (n=5/group). Statistical significance
(¥p<0.05) was determined by one-way ANOVA followed by
Bonferroni’s post hoc test.

(0.256+0.0513 pg/mg protein) and Group 4 (0.256+0.0385
pug/mg protein) exhibited statistically significant reductions
in cerebral GSH content (p<0.05). Conversely, Group 2
(0.296+0.0764 pg/mg protein) and Group 3 (0.312+0.0286
pg/mg protein) maintained GSH levels that were not
statistically different from the normoxic control (»p>0.05),
reflecting a non-linear modulation of endogenous

antioxidant capacity (Figure 4).
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Figure 4. Brain GSH levels following IHH exposure. Data
are presented as mean+=SD (n=5/group). Statistical significance
(*p<0.05) was determined by one-way ANOVA followed by
Bonferroni’s post hoc test.
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IHH Increased LC3 Protein Concentrations
of LC3
significant autophagic activation following hypobaric

Quantitative  analysis expression revealed
exposure. Compared to the Control group (2.59+0.7 ng/mg
protein), all IHH-treated groups demonstrated statistically
significant elevations in cerebral LC3 levels (p<0.05).
Initial exposure (Group 1) induced a rapid upregulation
to 9.132+1.987 ng/mg protein, followed by a moderate
elevation in Group 2 (7.44+1.86 ng/mg protein). Maximal
LC3 accumulation occurred in Group 3 (12.48+2.89 ng/mg
protein) and remained elevated in Group 4 (12.23+2.82 ng/
mg protein), suggesting a saturation threshold in autophagic
induction after three exposure cycles (Figure 5).

IHH Did Not Affect the Total mTOR Protein
Concentrations

The evaluation of total mTOR protein expression
stable

conditions, with no statistically significant differences

demonstrated levels across all experimental
detected between any IHH-exposed group and the Control
group (15.65+3.343 pg/mg protein, p>0.05).

numerical fluctuations were observed, with Group 1

Minor

exhibiting 11.49+3.152 pg/mg protein, Group 2 recording
12.614£2.116 pg/mg protein, and Group 4 measuring
12.36+2.101 pg/mg protein. Meanwhile, mTOR expression
in Group 3 (15.30+0.5788 pg/mg protein) closely
approximated control values (Figure 6). These data confirm
that THHdid not significantly alter total mTOR protein
abundance under the evaluated conditions.
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Figure 5. Brain LC3 levels following IHH exposure. Data
are presented as mean+SD (n=5/group). Statistical significance
(*p<0.05) was determined by one-way ANOVA followed by
Bonferroni’s post hoc test.
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Discussion

The complex interaction among oxidative stress,

antioxidant  responses, autophagy-related processes,
and mTOR signaling provides a broader perspective
on the adaptive response of the rat brain following
IHH. Functioning as an established model of hypoxic
preconditioning, IHH has been proposed to enhance cellular
adaptation to repeated oxygen deprivation. Previous studies
have shown that repetitive short-duration hypoxic protocols
improve cerebral blood perfusion and systemic oxygen
saturation, suggesting that intermittent hypoxic exposure
may induce adaptive physiological responses rather than
persistent tissue injury.(15)

Hypoxia hypobaric stress provokes an overproduction
of ROS, initiating oxidative stress. The central nervous
system remains exceptionally vulnerable to ROS-mediated
lipid degradation owing to its high lipid density, specifically
the abundance of polyunsaturated fatty acids within
neuronal cell membranes.(6,16,17) Previous reports have
established that hypobaric hypoxia causes significant MDA
accumulation across both cerebral cortical and cerebellar
structures, serving as a classic indicator of oxidative
lipid damage.(18,19) Consistent with these observations,
all THH-treated groups in the present study displayed
elevated MDA concentrations relative to normoxic
controls, indicating increased lipid peroxidation following

repeated IHH exposure. MDA concentrations reached the
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Figure 6. Brain mTOR levels following IHH exposure. Data
are presented as mean+SD (n=5/group). Statistical significance
(*p<0.05) was determined by one-way ANOVA followed by
Bonferroni’s post hoc test.
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highest level after three exposure cycles and subsequently
declined after four exposures. This non-linear pattern may
reflect changes in the balance between oxidative stress and
endogenous adaptive responses during repeated exposure.
Elevated MDA concentrations have been reported to
activate nuclear factor erythroid 2-related factor 2 (Nrf-2)
signaling, which subsequently promotes the expression of
antioxidant enzymes including superoxide dismutase (SOD)
and glutathione peroxidase (GPx).(19) Such antioxidant
responses may contribute to the regulation of oxidative
stress during repeated IHH exposure.

As a vital non-enzymatic endogenous antioxidant,
reduced GSH operates in tandem with the enzymatic
catalyst GPx to convert hydrogen peroxide (H20.) into water
(H20). In the current investigation, cerebral GSH reserves
experienced marked depletion in Group 1 and Group 4.
This reduction may reflect increased utilization of GSH in
response to oxidative stress following hypobaric exposure.
Intriguingly, despite the marked difference in exposure
frequency, Group 1 and Group 4 displayed nearly identical
levels of GSH reduction. This equivalence points to either
a distinct threshold in hypoxia-induced oxidative stress or
a metabolic recalibration of cellular antioxidant capacity.
The sharp decline in GSH observed in Group 1 following
a single session aligns with earlier evidence demonstrating
that acute oxygen deprivation (e.g., 7% O: for 6 hours)
significantly lowers brain GSH content and alters the GSH/
oxidized glutathione (GSSG) redox ratio.(20)

Conversely, GSH concentrations in Group 2 and
Group 3 remained close to normoxic baseline values,
indicating that IHH disturbs redox balance only at specific
exposure frequencies. This physiological profile suggests a
compensatory induction of antioxidant defences, wherein
two or three exposure sessions stimulate adaptive machinery
to preserve GSH availability, attenuate oxidative injury,
and support cellular adaptation under oxidative stress. In
agreement with these observations, preconditioning models
utilizing an IHH regimen (3 h/day at 460 mmHg across 8
days) preserved both cortical and hippocampal GSH pools
during subsequent hypoxic challenges.(21) Taken together,
these findings reinforce the concept that IHH may induced
adaptive responses associated with oxidative stress
regulation through integrated mechanisms, encompassing
improved cerebrovascular regulation, upregulation of
antioxidant and anti-apoptotic cascades (such as Nrf-2,
hypoxia-inducible factor (HIF)-1a), mitigation of excitotoxic
pathways, and dynamic modulation of autophagic flux.(22)

During conditions of cellular oxygen deprivation,
energy supply becomes severely restricted, prompting
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autophagy to operate as a critical survival mechanism.
(23) By systematically recycling damaged organelles and
macromolecular complexes, autophagic processes supply
essential metabolic substrates to preserve nutrient balance
and energy homeostasis during acute oxidative stress.
(8,24,25) Findings from the current study demonstrate that
expression of the autophagic marker LC3 escalated in a
frequency-dependent manner with successive hypobaric
sessions, reaching maximal values after three exposures
and remained elevated after four exposures without a
significant difference from Group 3. Group 3 displayed
the most pronounced autophagic response. This finding
coincided with peak MDA levels and relatively preserved
GSH levels. This pattern may reflect an autophagy-related
response associated with cellular adaptation to oxidative
stress. However, because the present study measured LC3B
protein levels rather than autophagic flux, the observed
increase in LC3B cannot by itself establish increased
autophagic activity. This alignment suggests that LC3
response might initially prioritizes the selective removal
of damaged intracellular structures to limit ROS-induced
injury and prevent downstream neurodegeneration.(26)
These observations followed the established molecular
models establishing H-O- and superoxide radicals (O2") as
key upstream triggers of autophagic induction.(27,28)

A significant divergence in LC3 expression was
observed when comparing Group 2 to Group 3 and Group
4, reflecting a possible frequency-dependent escalation in
autophagic induction as hypoxic exposures accumulated.
This distinct shift between two and three sessions points
to a critical physiological threshold required to achieve
maximal autophagic engagement. Similar patterns have
been documented in rat H9¢c2 cardiomyocytes and C57BL/6
mouse models subjected to intermittent hypoxic protocols
(4-20% every 30 minutes across 1-4 days), where key
including LC3-II and Beclin-1,
increased progressively from day-1 to -3 before reaching a
peak on the third day.(29)

In Group 4, sustained autophagic turnover likely

autophagic markers,

serves a vital compensatory function, clearing oxidized
macromolecules to offset depleted GSH reserves and limit
ongoing lipid damage. The lack of significant difference
in LC3 levels between Group 3 and Group 4 indicates
that autophagic capacity reaches a plateau beyond three
exposure cycles. Together, these observations demonstrate
that IHH triggers a robust autophagic response in cerebral
tissue, with peak activation occurring after three exposures.
These findings align with earlier work confirming that
intermittent hypobaric exposure upregulates autophagic flux
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in the central nervous system, thereby preserving vascular
endothelial integrity and fostering neuronal survival.(30,31)
Overall, autophagy-related processes and GSH antioxidant
capacity may represent complementary cellular responses
to oxidative stress during hypobaric hypoxia. Autophagy-
related mechanisms can contribute to the removal of damaged
cellular components, while GSH helps maintain intracellular
redox balance and protect against oxidative damage. mTOR
is a key regulator of cellular metabolism and autophagy
that integrates nutrient availability and environmental stress
signals.(32,33) While our results established statistically
significant alterations in MDA, GSH, and LC3 markers, no
statistically significant differences were observed in mTOR
protein levels across any experimental groups relative to
the control baseline. Under physiological, nutrient-replete
conditions, active mTOR complex signaling exerts tonic
repression on autophagic initiation; conversely, stress state
transition disinhibits autophagic processing to facilitate
organelle recycling and energy survival pathways.

In the present study, however, total mTOR protein
levels did not differ significantly among the experimental
groups, despite significant changes in MDA, GSH, and LC3.
Although the IHH groups showed numerically lower mTOR
values than the control group, these differences were not
statistically significant and therefore should be interpreted
with caution.

The increase in LC3 expression observed following
repeated IHH exposure occurred without a corresponding
change in total mTOR protein levels. This finding indicates
that the increase in LC3 expression occurred without a
detectable change in total mTOR protein abundance under
the present experimental conditions; however, it does not
establish whether mTOR signaling activity was altered.
Because the present study measured total mTOR protein
levels rather than phosphorylated mTOR or downstream
signaling components, changes in mTOR pathway activity
cannot be determined. Previous studies have reported that
hypoxic stress can regulate autophagy through mTOR-
dependent as well as mTOR-independent pathways.(34-37)
Therefore, the increased LC3 expression observed in this
study may reflect activation of autophagy-related processes
through mechanisms that were not directly evaluated.
Further studies
mTORCI1 activity, and additional autophagy markers

examining mTOR phosphorylation,
are needed to clarify the role of mTOR signaling during
repeated intermittent hypobaric hypoxia.

Taken together, the combined evaluation of MDA,
GSH, LC3, and mTOR provides an integrated view of
the biological response to repeated intermittent hypobaric
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hypoxia. The increase in MDA indicates oxidative stress
induced by repeated hypoxic exposure, whereas the
preservation of GSH in Group 2 and Group 3 suggests the
activation of antioxidant adaptation during intermediate
elevated LC3
expression might indicate activation of autophagy-related

exposure frequencies. Concurrently,
processes during the same exposure period. In contrast,
the absence of significant changes in mTOR protein
levels suggests that alterations in oxidative stress and LC3
expression were not accompanied by detectable changes
in total mTOR abundance under the present experimental
conditions. Even though the small sample size limits the
strength of the conclusions, but the result of current study
provides a broader perspective and integrated assessment
on the coordinated oxidative stress and autophagy-related
responses to repeated IHH exposure. Further studies
evaluating mTOR signaling activity and autophagic flux
are warranted to clarify the mechanisms underlying these
responses.

Conclusion

In conclusion, repeated IHH exposure was associated with
alterations in oxidative stress, antioxidant status, and LC3
expression in the rat brain. IHH exposure increased MDA
concentrations across all treatment groups, while GSH
levels showed a fluctuating response across increasing
exposure frequencies. LC3 expression was also increased
following repeated IHH exposure, with the highest level
observed after three exposures. In contrast, total mTOR
protein levels did not differ significantly among the
experimental groups. Overall, these findings suggest that
repeated THH exposure may induce a dynamic oxidative
stress and autophagy-related response in the rat brain, while
no detectable alteration in total mTOR protein abundance
was observed under the present experimental conditions.
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