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ABSTRACT. Oxygen is very important to the existence of life. Oxygen deficiency, defined as
hypoxia, elicits adaptive responses in cells and tissues. Lower oxygen concentration can cause the
alteration of renal function, affects the maintenance of a balance of the body fluids, electrolytes,
pH, and blood pressure homeostasis. Impaired fluid regulation could, in addition, contribute to the
precipitation of pulmonary edema and exacerbate hypoxemia which may accelerate the
progression of chronic kidney disease. In this context, the present study attempted to evaluate the
association of renal injury and oxidative stress at different atmospheric pressures (1829, 3657,
and 5486 m). Limited fecal analysis of experimental animals was also done to evaluate the impact
of hypobaric hypoxia on the composition of dominant gastrointestinal microbiota. The study was
performed on 24 male Wister strain rats and divided into four groups (C, HA-I, HA-II, and HA-
III), and exposure was carried out for seven days period. In hypoxic exposure rats, plasma urea,
creatinine, electrolytes and malonaldehyde level elevated and catalase and superoxide dismutase
level diminished significantly compared to the controls. Increase in blood uremia profile, toxicity
markers, and lipid peroxidation marker enzymes indicated that hypoxia causes renal failure.
Histological structures of the kidney of group HA-II and HA-III animals showed severe
disorganization of glomerulus and dilation of renal tubules. These results indicate nephrotoxicity
or acute renal failure can occur at hypobaric hypoxia and it also affected the gut microbial
population. This alteration was observed significantly above 3000 m.
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Introduction

Oxygen is very important to the endurance of
mammalian cells and tissues. Deficiency of
adequate oxygen supply, defined as hypoxia or
hypoxemia (lower concentration of O2 in the
blood) which develop from varieties of physio-
logical difficulties including changes of body
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weight and hematological changes.1 Gastro-
intestinal (GI) disorders and acute mountain
sickness are collectively called altitude related
sickness.2 This is due to low level of oxygen in
the air, improper exchange of gases in the lungs
(ventilation, diffusion, and perfusion), not
enough hemoglobin for oxygen transfer and
improper function of cardiovascular system.3

Researchers revealed that these causes are not
only critical in cardiopulmonary conditions but
also in the regulation of the microenvironment
of every cell.4 The oxygen delivery in the body
and the kidneys are clinically important ones
in both health and disease.5

Kidney shows an amazing difference between
blood supply and oxygenation. Even though it
has high blood flow and oxygen delivery,
oxygen tensions in the kidney are compa-
ratively low, in particular in the renal medulla
(average PO2 ≤10 mm Hg) compared to renal
cortex (average PO2 of approximately 30 mm
Hg). The reason is the parallel arrangement of
arterial and venous preglomerular and post-
glomerular vessels, which allows oxygen to
pass from arterioles into the postcapillary
venous system via shunt diffusion. During
renal filtration, most tubular segments have a
very inadequate ability for anaerobic energy
generation, thus are reliant on oxygen to
continue active transtubular reabsorption of
solutes, in particular, sodium. Erythropoietin
(EPO), responsible for hematopoiesis gives a
signal from the renal cortex of the kidney. The
synthesis or induction of EPO in peritubular
fibroblasts of the renal cortex of kidney is
regulated by a negative feedback loop res-
ponses to renal tissue hypoxia.6,7 So, the limi-
tations of oxygen supply in renal tissue render
the kidney susceptible for hypoxia and may
lead to the pathogenesis of acute renal injury.

Literature reveals that the hypobaric-hypoxic
stress is solely dependent on the rise in altitude
from sea level. An increase of 1 km above sea
level drops 10 kPa air pressure; with a sea
level air pressure of 101.3 kPa (at 15°C and
0% humidity).8 It has been well known that
individuals, in hypobaric atmospheric pressure
>1493 m and extreme high altitudes >5486–
6096 m suffer from several pathophysiological

disorders. These may lead to modulation of the
GI microbial community.9 An imbalance of GI
microbiome ecology ultimately affects the gut
physiological homeostasis associated with
several GI complications.10 In this context, the
present study attempts to evaluate the asso-
ciation of renal injury and hypoxic stress at
different atmospheric pressures and the rela-
tion to microbial alterations. Fecal analysis of
experimental animals was also done to eva-
luate the impact of hypobaric hypoxia on the
composition of dominant GI microbiota.

Materials and Methods

Selection of animals and diet
The study was conducted with twenty four

healthy, adult, male albino rats of Wistar strain
(Supplied from Ghosh animal, Animal foods
and animal cages Supplier, Kolkata – 700 054)
having the body weight of 108.47 ± 1.53 g.
They were acclimatized in the laboratory
condition for two weeks prior to conducting
experiment. Animals were housed at room
temperature (20°C ± 3°C) with 12–12 h dark-
light conditions with humidity of 60% ± 10%.
Normal diet was used for their feed and
purified water was used for drinking ad
libitum at regular intervals. The guidelines of
the National Institute of Health, USA were
followed for taking care of the experimental
animals, throughout the experiment.11 Animal
experiments were permitted by the Ministry of
Environment, Government of India under
registration no. 1905/PO/Re/S/ 2016/CPCSEA
issued by Committee for the Purpose of
Control and Supervision of Experiments on
Animals and approved by the Institutional
Animal Ethic Committee of Department of
Nutrition, Raja N. L. Khan Women’s College,
Midnapore, West Bengal, India. All animals
used in these experiments were free from any
type of infection.

Grouping of animals and experimental
procedure

Animals were selected randomly and divided
into four groups having six animals each.
Group C served as control and was exposed to
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normal room air (normoxia). Group HA-I,
HA-II and HA-III were exposed to different
barometric pressures, as shown in Table 1.
Exposure was carried out in a decompression
chamber (Instrumentation India, India) for 7
days following the protocol of Maity et al.12

Collection of blood, kidney, and liver from the
rat
  After seven days, animals were sacrificed by
mild chloroform anesthesia.13 Blood was col-
lected into heparin-coated sample bottles for
analyzed hematological parameters like mea-
surement of red blood cell (RBC), white blood
cell (WBC) present in the blood. The blood
cells were counted by hemocytometer and
hemoglobin (Hb) by standard kit method
(Merck, Japan). Plasma was separated by
centrifugation at 3000 rpm for 20 min and
preserved at −20°C. Livers and kidneys were
immediately dissected out, washed and stored
in ice cold normal saline (0.9% NaCl) for
different biochemical examination.

Blood uremia profile

Biochemical estimation of blood urea
Urea level of plasma was measured by

commercially available standard Blood Urea
Kit (Merck, Japan) and detected by Semiauto-
analyser (Merck, Japan) according to the me-
thod of Burtis et al14 with slight modification.

Biochemical estimation of blood creatinine
Creatinine (Cr) level of separated plasma

fraction was determined by standard blood Cr
kit (Merck, Japan) following the standard
protocol for photometric determination of Cr
based on Jaffe kinetic method.14

Antioxidant enzymes

Biochemical assay of catalase activity
Catalase (CAT) activity was measured

through biochemically. Briefly, 0.5 mL of
hydrogen peroxide (H2O2) and 2 mL of phos-
phate buffer (PBS) were mixed in a spectro-
photometric cuvette, and tissue supernatants
and plasma were added to it at a volume of 20
µL. The spectrophotometric readings were
noted after every 30 the second interval at 240
nm.15

Biochemical assay of superoxide dismutase
Kidneys were homogenized in ice-cold 100

mM Tris-cacodylate buffer (LOBA Chem,
India) to give a tissue concentration of 50
mg/mL centrifuged at 10,000 g for 20 min at
4°C and also the whole blood was centrifuged,
and plasma fraction was separated. The super-
oxide dismutase (SOD) activity of kidney
tissue and plasma will be estimated by mea-
suring the percentage of inhibition of the pyro-
gallol auto-oxidation by SOD using spectro-
photometer at 420 nm and values were
expressed as mmol of H2O2 consumption/dL
of plasma/min.15

Estimation of lipid peroxidation from the
levels of malondialdehyde (MDA)

The kidneys and livers were homogenized
separately at the tissue concentration of 50
mg/mL in 0.1 M of ice-cold PBS (pH-7.4).
The homogenates were centrifuged at 10,000 g
at 4°C for 5 min individually. After centrifu-
gation, the supernatants were separated used
for the estimation of MDA. The whole blood
was centrifuged, and the plasma fraction was
separated. The MDA in samples were estimated

Table 1. Exposure of animals (group) to different barometric pressure.
Groups

Control (C)
Moderate altitude
exposure (HA-I)

High altitude
exposure (HA-II)

Extreme high altitude
exposure (HA-III)

Sea level (<500 m) 6000 feet/1829 m 12,000 feet/3657 m 18,000 feet/5486 m
Barometric pressure:
14.7 psia

Barometric pressure: 11.8
psia

Barometric pressure:
9.3 psia

Barometric pressure: 7.3
psia
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using the extinction coefficient and expressed
in the unit of nM/mg of tissue and nM/mL of
plasma.16

DNA fragmentation assay
The extent of DNA fragmentation in the

kidney tissue was determined by the method as
described by Lin et al.17 Briefly, kidney tissue
homogenates were treated with 100 mM Tris
buffer, pH 8.0, 1 mM EDTA and 0.5% triton
X-100 followed by centrifugation at 10,000 g
at 4°C for 5 min. The supernatant was trans-
ferred carefully in a tube, and then 1 mL of
25% TCA was added to it. The mixture was
gently vortex vigorously and incubated over-
night at 4°C in refrigerator.

Histological studies
Kidneys from the normal and experimental

rats were fixed with 10% buffered Bouin’s
reagent and were processed for paraffin sectio-
ning. Paraffin-embedded specimens were cut
into section followed by staining with
hematoxylin-eosin stain for light microscopic
examination. All section of kidney samples
was examined for characteristic histological
changes including tubular necrosis or derange-
ment of renal tissue.17

Limited analysis of fecal
Limited analysis of fecal microbiota was

conducted from all experimental animal groups.
Fresh fecal samples were collected from indi-
vidual animals before and after seven days of
the experiment. Samples were re-suspended in
PBS saline at an approximate concentration of
0.03 g/mL. Serial dilutions were prepared, and
0.1 mL aliquots from dilutions of 10−6 and 10−7

were cultured on single-strength trypticase
soya agar (TSA, Himedia, India) and reduced
Wilkins Chalgren agar (WCA, Micromaster,
India) for enumerating of total aerobic and
anaerobic fecal bacteria, respectively. Man,
Rogosa, Sharpe (MRS) (HiMedia, India) agar
was used to obtain lactic acid bacterial popu-
lation, thiosulfate-citrate-bile-sucrose agar was
used for Vibrio sp., and MaConkey agar for
enumeration of total enteric bacteria. Salmo-
nella sp. and Shigella sp. were isolated by

using xylose lysine deoxycholate agar. All
experimental Petri plates were incubated at
37°C for 48 h.18,19

Growth direction index (GDI)
Colony-forming units (cfu) represent the

actual number of bacteria present in the fecal
sample. These cfu values were converted to
their logarithmic value and tallied with the
corresponding experimental set of specified
conditions. When the log value of control cfu
is higher than the log value of test cfu, then
GDI is designated as negative, and the reverse
event is designated as GDI positive. GDI gives
the expansion or contraction of bacterial
populations in a particular biosystem.12,20

Statistical Analysis

Analysis of variance followed by a multiple
two-tailed t-test were performed and this along
with Bonferroni’s modification was used for
statistical analysis of the collected data. Diffe-
rences were considered statistically significant
when P <0.05.

Result

Somatic index and hematological parameter
After seven days of the experiment, the body

weight increased in group C, HA-I and
decreased in the group HA-II, HA-III in
comparison with their initial body weight. In
HA-I animals, the percentage of increase in
body weight was dramatically less than the
Group C. On the other hand, it decreased in
the group HA-II and group HA-III, due to
hypobaric induced oxidative stress (Table 2).
Although the weight of kidney and liver in the
Group HA-I, HA-II and HA-III were also
slightly decreased. Total RBC, total WBC, and
hemoglobin level were significantly increased
in the blood of HA-I, HA-II and HA-III ani-
mals group, comparison to Group C. However,
expansion in HA-II and HA-III group is much
higher with respect to group HA-I (Table 3).

Estimation of uremia profile
The blood urea and Cr levels were significantly
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increased in Group HA-I, HA-II and HA-III
animals (hypobaric-hypoxic exposure animals)
compared to group C. However the increase of
urea, Cr was significantly higher in HA-II and
HA-III in comparing with the group HA-I
(Table 4). From the study, it was observed that

sodium level was significantly decreased in
hypobaric-hypoxic exposure animals (Table 4).

Estimation of antioxidant enzymes (CAT and
SOD)

After exposure of low atmospheric pressure

Table 2. Changes in body weight, kidney, and liver somatic index of rats at a different altitude.

Groups
Initial body
weight (g)

Final body
weight (g)

Elevation/
diminution in body

growth (g%)

Kidney
somatic index

Liver somatic
index

C 107.1 ± 4.52a 125.6 ± 4.76a +17.4 0.81 ± 0.01a 2.28 ± 0.07a

HA-I 110.5 ± 3.87a 112.7 ± 3.27b +2.09 0.80 ± 0.01a 2.26 ± 0.04a

HA-II 107.4 ± 3.86a 95.2 ± 4.34c −11.9 0.76 ± 0.03b 2.21 ± 0.08a

HA-III 108.8 ± 1.87a 94.6 ± 1.89c −12.9 0.71 ± 0.02c 2.02 ± 0.12b

Data are expressed as mean ± SE (n = 6). ANOVA followed by multiple two-tailed t-test and data with
different superscripts (a, b) in a specific vertical column differ from each other significantly (P <0.05).
SE: Standard error, ANOVA: Analysis of variance.

Table 3. Effect of different atmospheric pressure on hematological parameters (red blood cell , white
blood cell , and hemoglobin) of male rats.

Groups RBC (cumm×1,000,000) WBC/cumm×1000 Hemoglobin [g %]
C 6.69 ± 0.37a 7.62 ± 0.35a 8.35 ± 0.24a

HA-I 8.16 ± 0.43b 9.22 ± 0.51b 10.24 ± 0.29b

HA-II 11.59 ± 0.59c 13.43 ± 0.52c 12.96 ± 0.57c

HA-III 13.07 ± 0.27d 14.28 ± 0.45c 14.06 ± 0.29d

Data are expressed as mean ± SE (n=6). ANOVA followed by multiple two-tail t-test and data with
different superscripts (a, b, c, and d) in a specific vertical column differ from each other significantly (P
<0.05). RBC: Red blood cell; WBC: White blood cell, SE: Standard error, ANOVA: Analysis of
variance.

Table 4. Changes of uremia profile and oxidative stress markers of rats at a different altitude.
Groups

Parameters
C HA-I HA-II HA-III

BUN (mg/dL) 22.55 ± 0.57a 27.72 ± 0.85b 38.49 ± 1.31c 41.16  ± 0.66d

Creatinine (mg/dL) 0.53 ± 0.03a 0.64 ± 0.02b 0.94 ± 0.08c 1.04 ± 0.10d

Sodium (mmol/L) 160.03 ± 1.73a 155.38 ± 2.32b 143.35 ± 0.72c 141.35 ± 2.05c

Potassium (mmol/L) 6.27 ± 0.36a 6.61 ± 0.42a 7.09 ± 0.39b 8.92 ± 0.39c

Chlorine (mmol/L) 104.35 ± 1.52a 111.01 ± 2.76b 112.3 ± 2.74b 115.64 ± 1.36b

Blood CAT (mmol/mL/min) 0.79 ± 0.02a 0.47± 0.02b 0.41 ± 0.04c 0.32 ± 0.03d

Kidney CAT (mmol/mL/min) 0.59 ± 0.07a 0.35 ± 0.04b 0.28 ± 0.04c 0.27 ± 0.03c

Liver CAT (mmol/mL/min) 0.69 ± 0.03a 0.50 ± 0.02b 0.36 ± 0.03c 0.26 ± 0.03d

Blood SOD (mmol/mL/min 1.09 ± 0.06a 0.80 ± 0.08b 0.52 ± 0.08c 0.39 ± 0.05d

Kidney SOD (mmol/mg/min) 1.9 ± 0.47a 0.99 ± 0.19b 0.94 ± 0.35b 0.53 ± 0.22c

Liver SOD (mmol/mg/min) 0.93 ± 0.17a 0.76 ± 0.08b 0.49 ± 0.08c 0.37 ± 0.04d

Blood MDA (nM/mL) 31.18 ± 1.70a 47.71 ± 2.32b 55.9 ± 1.31c 62.2 ± 1.92d

Kidney MDA (nM/mL) 50.61 ± 2.13a 62.94 ± 2.20b 89.05 ± 1.84c 87.34 ± 2.18c

Liver MDA (nM/mL) 41.18 ± 1.95a 53.38 ± 0.74b 66.44 ± 1.02c 69.03 ± 3.68c

Estimation of uremia profile and oxidative effect in blood, kidney and liver of experimental male albino
rats at three different high altitudes. Data are expressed as mean ± SE (n = 6). ANOVA followed by
multiple two-tailed t-test (Dunkan’s multiple test) and data with different superscripts (a, b, c, d and e) in
a specific horizontal row differ from each other significantly with respect to control (P <0.05).  SE:
Standard error, ANOVA: Analysis of variance
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(Group HA-I, HA-II, and HA-III animals), the
antioxidant enzymes activity in blood plasma,
kidney and liver were decreased significantly,
in all experimental groups in compared to group
C (control). At the end of the experiment, the
activities of those enzymes in above men-
tioned tissues had decreased significantly in
Group HA-II and HA-III. The rate of reduction
of CAT and SOD is respectively more in
kidney and blood of the group HA-III at the
end of experiment (Table 4).

Quantification of lipid per oxidation by
malonaldehyde level

Quantities of MDA altered significantly in
blood plasma, kidney, and liver among all test
groups (P <0.05). After seven days of low
atmospheric pressure blood, kidney, and liver
parameters were elevated in the Group HA-I,
HA-II, and HA-III (Table 4).

DNA fragmentation assay
DNA fragmentation analyses were performed

for further verification of hypobaric hypoxic
induced renal damage and it showed that

random fragmentation of genomic DNA of
kidney tissues along with subsequent forma-
tion of a DNA smear on agarose gel without
ladder formation (Figure 1).

Histological assessment
Histological assessments of kidney segments

of control and experimental animals are pre-
sented in Figure 2. Kidney sections of hypo-
baric hypoxic unexposed animals (group C)
and exposed Group HA-I showed well orga-
nized kidney tissue shown in Figure 2a and b,
respectively. On the other hand, kidney sec-
tions of hypobaric hypoxic exposed animal of
Group HA-II and group HA-III showed the
moderate and massive glomerular and renal
tubular damage by inflamed and necrotic epi-
thelial cells shown in Figure 2c and d,
respectively.

Limited analysis of fecal matter
The population of total aerobes was 6.13

log10 CFU/g in the fecal matter of C group
(without exposure animals). However, it was
reduced drastically in HA-II and HA-III groups

Figure 1. DNA fragmentation assay. (a) Effect of hypoxia on the extent of DNA, (C) Normal control
rats, HA-I (6000 feet/1829 m), HA-II (12,000 feet/3657 m) and HA-III (18,000 feet/5486 m)
experimental rats. Each column represents mean ± SE (n = 6). ANOVA followed by multiple two-tail t-
test and data with differentsuperscripts (a, b, c, d) in a specific vertical column differ from each other
significantly (P <0.05). (b) DNA isolated from experimental kidney tissues was loaded on 1% (w/v)
agarose gels. (C) Normal control rats, HA-I, HA-II and HA-III high altitude exposure treated kidney
DNA.
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(P <0.05) by 4.77 and 2.94 with final GDI of
−2.08 (log10C/log10HA-III7). The quantity of
total anaerobes increased [9.1–11.16 (log10

CFU/g)] with GDI of +1.22. The ratio (ratio of
log10CFU/g of total aerobe and anaerobic
population was altered from 1:1.48 (control) to
1:1.44 (HA-I); 1:1.48 (control) to 1:2.48 (HA-
II) and 1:1.48 (control) to 1:3.79 (HA-III),
respectively. The Escherichia coli content was
expended with positive GDI in hypoxic
condition. The quantity of strict anaerobes
such as Bacteroides sp. and Bifidobacterium
sp. was increased with GDI of +1.23 and +1.42
after the seven day of exposure in HA-III.
Normally they were present (at base level) in
fecal sample at a ratio of 1:1.03 (ratio of log10

CFU/g) that changed to 1:1.01 (HA-I), 1:1.13
(HA-II) and 1:1.19 (HA-III) respectively after
seven days of hypoxic stress (Table 5). Total
lactic acid bacterial population and selected
pathogen like Salmonella sp. was also
increased.

Discussion

Loss of body weight at hypobaric hypoxic
condition had been described in several
studies. In this study final body weight of the
animals in HA-II and HA-III groups decreased
significantly (P <0.05) compared to initial
body weight. This alteration occurred probably
due to higher metabolic rate, different energy
output, loss of body water and several endo-
crine factors. The weight of kidney and liver in
group HA-I, HA-II and HA-III were slightly
decreased (Table 2). The reasons for these
changes were mentioned in the previous work
done by Benso et al21 and Wall et al22 In our
study blood RBC, Hb, and WBC increased
(Table 3). At hypobaric hypoxic condition
partial pressure of oxygen (PO2) is decreased
which cause the excessive secretion of erythro-
poietin to carry out cellular function by
increasing blood RBC, Hb, and WBC.23 It was
a great capacity for physiological adjustments

Figure 2. Representation of light microscopy of kidney tissue section H and E ×100. (a) Histology of
kidney tissue in group C (Control), (b) Histology of kidney tissue in group HA-I (6000 feet/1829 m), (c)
Histology of kidney tissue in group HA-II (12,000 feet/3657 m), (d) Histology of kidney tissue in group
HA-III (18,000 feet/5486 m)
NG: Normal glomerulus, NT: Normal renal tubules with intact well organized cellular boundary that are
not affected due to the lower atmospheric pressure, DG: Damaged glomeruli and DT: Damaged tubules
are dilated with loss of cellular boundary.
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to compensate for this reduced pressure
gradient.

Blood urea and Cr supplementation levels
were considered to be nephrotoxicity bioche-
mical markers.24 Hypobaric hypoxic exposure
of rat (group HA-II and HA-III) resulted in a
significant elevation of blood urea and Cr
when compared with control rats (group C)
(Table 4). In renal disease, the blood urea
accumulates because the rate of blood urea
production exceeds than the rate of clearance.
Elevation of urea and Cr levels in the blood is
taken as the index of nephrotoxicity. Cr, on the
other hand, is mostly derived from endogenous
sources by tissue Cr breakdown.25 Thus blood
urea concentration is may be a more reliable
renal function predictor than plasma Cr.

Hypobaric-hypoxic related oxidative stress in
blood, kidney and liver tissue was established
in this study. Observation of the low activities
of SOD and CAT, both important antioxidant
enzymes, which were consistent with the other
studies (Table 4). During kidney injury, super-
oxide radicals are generated at the site of
damage. That modulates SOD and CAT. This
ensuing in the loss of activity and accumu-
lation of superoxide radicals, eventually leads
to kidney damage.26 MDA is an indicator of
the degree of lipid peroxidation.27 Significant
increase in MDA levels was observed in
plasma cell, kidney and liver tissue of rats
exposed with hypoxic condition (HA-II and
HA-III) compared to control (Table 4). This free

radical mediated chain reaction causes damage
the cell membranes.27

DNA fragmentation analyses were performed
for additional confirmation of hypobaric induced
renal injury. Hypobaric induced random frag-
mentation of genomic DNA along with sub-
sequent formation of a DNA smear on agarose
gel without ladder formation. DNA fragmen-
tation assay suggested that hypobaric hypoxic
environment induced renal cell damage through
necrotic pathway with apoptosis (Figure 1).
On the other hand, the hypobaric-hypoxic
induced renal injure is reliable with acute
tubular necrosis. In this study, the results of
histopathological examination showed clear
evidence of nephrotoxicity. Necrosis of kidney
tissue is a key marker for detection of histo-
pathochemical changes. Kidney histology of
control group shows a normal morphology of
renal parenchyma with normal tubular (NT)
brush-borders and intact normal glomerulus
(NG) and surrounding Bowman’s capsule
(Figure 2). Furthermore, the lower hypoxic
exposure (HA-I and HA-II) does significantly
alter the histopathology of kidney. However in
the group HA-III, disorganized glomerulus
(DG) was clearly seen due to glomerular com-
pressing and partial endothelial damage in
capsule. Proximal tubules were dilated with loss
of cellular boundary and epithelial degeneration.

Fecal analysis showed that the total aerobes
of fecal samples decreased (-GDI) in signifi-
cant level during hypobaric hypoxic exposure

Table 5. Changes of microbial load in faecal sample after in vitro treatment of graded hypobaric (11.8
psia, 9.3 psia and 7.3 psia) conditions  alteration after 7 days with GDI.

Groups (Hypobaric hypoxic exposure for 7 days)Microbial
parameter C HA-I HA-II HA-III

GDI
(log10C/log10HA7)

Total aerobes 6.13 ± 0.50a 6.30 ± 0.24a 4.77 ± 0.43b 2.94 ± 0.46c -  2.08

Total anaerobes 9.1 ± 0.05a 9.10 ± 0.07a 11.10 ± 0.05b 11.16 ± 0.07c + 1.22

Escherichia coli 6.9 ± 0.33a 6.91 ± 0.33a 8.00 ± 0.30b 8.95 ± 0.42c + 1.29
Bacteroidetes sp. 5.03 ± 0.37a 5.20 ± 0.15a 5.78 ± 0.24b 6.23 ± 0.08c + 1.23
Total lactic acid
bacteria

6.05 ± 0.08a 6.14 ± 0.07a 7.17 ± 0.05b 7.35 ± 0.04c + 1.21

Bifidobacterium
sp.

5.21 ± 0.49a 5.27 ± 0.58a 6.51 ± 0.35b 7.42 ± 0.59c + 1.42

Salmonella sp. 2.17 ± 0.08a 2.28 ± 0.17a 3.52 ± 0.16b 4.29 ± 0.56c + 1.97
Microbial population density was expressed (mean of log10 CFU/g ± SE). Letters (a, b, c, d) in a row
are significantly different at P <0.05
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of HA-II and HA-III group. Total anaerobes
increased (+GDI) after seven days of HA
exposure. It in a higher anaerobic state of
intestinal epithelia and alterations of GI
mucosal microenvironment were the major
limiting factors for such group.12 It was well
known that the E. coli population was
generally 102 times higher than total aerobes in
feces. Total aerobes, facultative anaerobes (E.
coli) and total anaerobes present in the ratio of
4.36:1:4.03 × 105. However, this may differ
within species and even between individuals in
the same species.28 At lower level of oxygen,
this ratio was changed to 1:2.94 × 104:2.16 ×
107. E. coli cell proliferation (106) was higher
as it possessed elaborate genetic regulatory
network for sensing oxygen.19 Researcher
revealed that 6 h immobilization stress initiates
the increase of the concentration of E. coli in
the proximal sections (the duodenum and the
jejunum) of the digestive tract.29 This rapid
expansion of E. coli population may encourage
the growth of other strict anaerobes like
Bacteroidetes sp. Bifidobacterium sp. and
Lactobacillus sp. and pathogenic Salmonella
sp.30 it does not eventually decrease that the
growth of Bacteroidetes sp. and lactic acid
bacteria were lower than other anaerobes.

Conclusion

It may be said that the lower pressure of
atmospheric oxygen at high altitude (hypoxia)
reduced the blood PO2 that alter the physio-
logical buffering system, as a result nephro-
toxicity or acute renal failure occur. It also
affects the gut microbial ecology.
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