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Abstract

Aim: Oxidative stress during early phase of acute
hypobaric hypoxia may predispose an individual
susceptible to critical altitude illness while
ascending rapidly to high altitudes. We assessed
the biochemical parameters and examined the
histological changes to check the oxidative stress
status of the lung tissues of Sprague-Dawley rats,
susceptible and tolerant to acute hypobaric
hypoxia during early phase of exposure.

Methods: A simulated acute hypobaric hypoxia
of one hour at 9144 m and 24°C was given to
susceptible male, normal male (moderate),
tolerant male and female groups of rats. Reactive
oxygen species (ROS) levels, malondialdehdye
(MDA) and oxidized glutathione (GSSG) content,
total catalase (CAT) activity, superoxide
dismutase (SOD) inhibitory activity and
glutathione peroxidase (Gpx) activity were
measured using standard protocols in lung tissue
samples isolated from the different groups of
hypoxia stressed and normoxic rats. Histological
changes were also studied by haematoxylin and
eosin staining in these tissue samples.

Results: Marked neutrophil infiltration, alveolar
wall collapse and interstitium thickening was
visible in susceptible lung tissues showing
maximum ROS levels, MDA equivalents and
GSSG activity comparative to other test samples.
Although SOD inhibitory activity increased in

susceptible and normal groups in comparison to
both the tolerant groups, however, Gpx activity
showed an opposite trend. Catalase activity was
recorded highest in the normal rat group as
compared to other groups.

Conclusion : Increased neutrophil infiltration
coupled with higher oxidant’s levels in susceptible
rat lungs, and increased antioxidant enzyme
activity in normal and tolerant rats demonstrate
the differential physiological states in lung tissues,
which could be diagnosed even in early phase
of acute hypobaric hypoxia stress.

Key words hypobaric hypoxia, high altitude,
antioxidants, oxidative stress, Sprague-Dawley

Introduction

Mountaineers ascending rapidly to high
altitudes develop acute hypobaric hypoxia due
to severe decrease in partial pressure of oxygen
in atmosphere. As the oxygen gradient falls,
oxygen intake by lungs decreases creating
oxidative stress in alveoli. During normal
respiration, Complex | and Il of electron transport
chain in mitochondria release reactive oxygen
species (ROS) generated as by-products during
the serial electron transfer to the terminal
acceptor, oxygen, in order to form water molecule
and generate ATP (1). These ROS are capable
of oxidizing and damaging the cellular lipids,

Biochemical and histological changes in acute hypobaric hypoxia
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proteins and DNA by initiating a cascade of
reactions. However, their cellular levels are kept
under control by the production of their
scavengers or antioxidants, whose levels
significantly rise during oxidative stress in order
to maintain the steady state of homeostasis.
When this redox balance is disturbed, excess
ROS production may lead to lipid peroxidation in
cell membranes out bursting into several peroxyl
radicals and formation of a prominent mutagen,
malondialdehyde (MDA), which has long been
employed as a biomarker of lipid peroxidation
(2). The antioxidant enzyme, superoxide
dismutase(s) (Sod1, Sod2 and Sod3) localized
in various organelles and cytoplasm of the cells
as well as the extracellular spaces convert the
superoxides into hydrogen peroxide (3).
Although, hydrogen peroxide is also an ROS and
a signaling molecule, its levels are kept in control
by antioxidant enzymes such as catalase found
in the peroxisomes and glutathione peroxidases
having many isoforms reported in mammals. In
the subsequent reaction, Gpx is oxidized by H,O,
and reversibly reduced by glutathione.

Inside a normal cell, the ratio of GSH
(reduced form) to GSSG (oxidized glutathione)
is regulated such that small amount of GSSG is
found owing to its enzymatic reduction and de
novo synthesis of its reduced form (4). However,
the higher amount of GSSG lowers this ratio
during oxidative stress and drives the cells
towards apoptosis due to unfolding protein
response and disruption of the integrity of nuclear
components, which otherwise thrive and function
in a reduced environment. The apoptotic cells
are engulfed by alveolar macrophages, the
depletion of which results in the acute
inflammation following marked neutrophil
infiltration and activation, when the alveolar-
capillary barrier is broken during acute lung
hypoxia (5). Acute hypobaric hypoxia, therefore,
may lead to the development of critical high
altitude illness such as Acute Mountain Sickness
(AMS) and High Altitude Pulmonary Edema
(HAPE) in lungs. However, an individual may be
genetically predisposed to susceptibility or

tolerance to these altitude disorders, as
pathophysiological changes in lung tissues may
show the variable extent of oxidative stress
recognizable during early phase of hypobaric
hypoxia exposure. We, therefore, assessed the
oxidative stress status by studying biochemical
parameters and histopathogical changes during
early phase of hypoxia exposure to the lungs of
susceptible and tolerant rats.

Materials and methods

Animal maintenance and ethical clearance:
Sprague-Dawley rats (both male and female)
were provided standard nutritional pelletized diet
with sterile water daily and hygienically
maintained at 24+2°C with 12 hours routine
cycles of day and night in the animal house facility
of Defence Institute of Physiology and Allied
Sciences (DIPAS), Defence Research
Development Organisation (DRDO), New Delhi.
These conditions and the protocol of providing
simulated acute hypobaric hypoxia exposure to
animals were in compliance with all the guidelines
of the Committee for the Purpose of Control and
Supervision of Experiments on Animals
(CPCSEA), India and were approved by the
Institute’s Animal Ethical Committee, DIPAS,
DRDO.

Screening of rats for group segregation : All
the rats weighing 180+10 g were subjected to
simulated altitude of 9754 m at 32°C and 205.6
mm Hg of atmospheric pressure, with 914.4 m
per minute rate of decrease inside a
decompression chamber (Decibel Instruments,
India) till the arrival of first gasping. Based on
this gasping time, four groups with their
respective gasping time were identified namely:
susceptible [Sus(M)] with < 5 minutes; normal
[Nor(M)] between 15-20 minutes; tolerant male
[Tol(M)] with > 45 minutes and tolerant female
[Tol(F)] rats with > 1 hour gasping time. This
protocol has been followed earlier in our studies
on acute hypobaric hypoxia (6,7,8).

Simulation of acute hypobaric hypoxia :Above
groups of rats were subjected to acute hypobaric
hypoxia stress by exposure to a simulated altitude

Sharma et al
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of 9144 m (at 225.6 mm Hg) inside the
decompression chamber for 1 hour at 24°C with
relative humidity 40-50% maintained with airflow
2 I/min. Normoxic male [Nor(M)] and female
[Nor(F)] rats were kept as control without any
hypoxia treatment. After anaesthetizing with
ketamine (80 mg kg body weight, i.p.) and
xylazine (20 mg kg body weight, i.p.), animals
were perfused using a blunt-tipped 20-gauge
perfusion needle, inserted into the left ventricle
of heart (9). The blood was allowed to flow out
by incising right atrium for perfusion using the
Phosphate Buffer Saline (PBS) pH 7.2. The lungs
were removed, quickly immersed and washed
repeatedly using PBS. These samples were
submerged into liquid nitrogen and thereafter
preserved at -80°C for antioxidant assays.

Histopathological studies : The haematoxylin
and eosin stained slides of lung tissues were
studied under a compound microscope to
visualize the hypoxia induced histological
changes. For lung tissue fixation, perfusion with
4% paraformaldehyde fixative solution was
performed after perfusion with PBS. The lung
tissue samples thus obtained were immersed into
10% neutral buffered formalin and kept for 48
hours at room temperature for proper fixation.
The tissues dehydrated with increasing
concentration of ethanol were submerged into
100% xylene solution and hardened by
embedding in the heated paraffin wax. The
paraffin embedded tissue blocks were finely
sectioned using a microtome, melted and kept
in 100% xylene. These slides were rinsed with
water and stained with haematoxylin for 5 min,
washed and quickly dipped for few times in 0.5%
aqueous HCI. In a similar manner, 5% eosin was
used to stain slides for few minutes with quick
dips into increasing concentration of ethanol
(95% and 100%) followed by xylene.

Estimation of biochemical parameters : The
assays mentioned below were performed to
examine the oxidant and antioxidant levels to
estimate the oxidation status of the biochemicals
such as lipids, proteins and DNA inside the lung
tissue of animals exposed to hypobaric hypoxia.

The total protein content in each lung tissue
sample was estimated using Bradford’s assay
by first obtaining the standard curve using
different known concentrations of Bovine Serum
Albumin (BSA) protein prepared in phosphate
buffer saline at 595 nm.

Determination of reactive oxygen species :
For measuring reactive oxygen species (ROS)
content in the tissue sample, 100 uM 2’-, 7°-
dichlorohydrofluoroscein diacetate was added to
the supernatant obtained from the tissue
homogenate (20 pug in 0.1 M PBS pH 7.4), and
centrifuged at 10000 rpm for 10 min in the dark.
The fluorescence intensity was read on excitation
at 485 nm and emission at 530 nm in Fluorstar
Optima (BMG Labtak, Germany). The amount
of dichlorofuorescein (DCF) formed as a product
was calculated as nmol min™ mg™" of protein
directly proportional to the ROS content.

Malondialdehyde (MDA) estimation : The
QuantiChrom TBARS assay kit from BioAssay
Systems was used for estimating total
malondialdehyde (MDA) that reacts with
thiobarbituric acid (TBA) to form a pink coloured
substance. The tissue samples in ice-cold PBS
containing protease inhibitors were sonicated for
20 seconds at 40 volt. 200 ul ice cold 10% TCA
was added to the 100 ul of each sample and the
sample was incubated for 15 minutes on ice. It
was then centrifuged for 5 min at 14,000 rpm.
200 pl of each sample supernatant was added
to 200 ul TBA reagent, vortexed and incubated
at 100°C for 60 min. About 100 ul from each tube
in triplicates was loaded to the individual wells
on Grenier 96 flat bottom assay plate and
absorbance was read at 535 nm in Fluorstar
Optima (BMG Labtak, Germany). The absorbance
of blank was subtracted from O.D. values of all
standard and sample values. The concentrations
of all MDA standards were plotted against their
average O.D. values obtained to determine the
slope of the standard curve. The concentration
of thiobarbituric acid reactive substances
(TBARS) of each test sample was calculated as:

Concentration of TBARS (in uM MDA
equivalents) = [A A, Ix n/slope uM™,

Sample -
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where ASample and A, are the OD_ nm values
of the sample and distilled water blank and n is

the sample dilution factor.

Comparative oxidised glutathione level
estimation : 20 pl of lung tissue homogenate in
100 mM solution was centrifuged at 10000 rpm
for 15 minutes to extract the supernatant. 200 ul
of 20% TCA was added to it and again centrifuged
at 10000 rpm for 15 minutes to collect the
supernatant. One third of N-methyl malemide
(NEM) was added to it and incubated for 30
minutes at 37°C followed by addition of 1 ml of
0.1N NaOH. To an aliquot of 0.1 ml of this
solutions 1.8 ml of 0.1N NaOH and 0.1 ml of 1
mg/ml o-phthaldialdehyde (OPT) solution were
added and incubated for 15 minutes at room
temperature. The excitation spectrum was
recorded at 350 nm and emission at 420 nmin a
fluoro-spectrophotometer Fluorstar Optima
(BMG Labtak, Germany).

Estimation of antioxidant activity of selected
enzymes

Superoxide dismutase assay : The working
standard test solution 1 provided in the
superoxide dismutase (SOD) activity assay kit
from Biovision Inc. could be reduced by
superoxide ion into a water-soluble formazan dye,
the reaction rate of which is linearly related to
the xanthine oxidase (XO) activity. Therefore,
activity of SOD to inhibit this reaction was
determined by a colorimetric method at 450 nm
using a microplate reader. Tissue homogenised
with 100 mM PBS was washed with same buffer
to remove any red blood cells. Tissue was
homogenized in ice cold 0.1M Tris/HCI, pH 7.4
containing 0.5 % Triton X-100, 5 mM B-ME, 0.1
mg/ml PMSF. The crude tissue homogenate was
centrifuged at 14000 x g for 5 minutes at 4°C.
The supernatant containing the total SOD activity
was added to the wells of Grenier 96 flat bottom
assay plate. The plate was incubated at 37°C for
20 minutes before recording the absorbance at
450 nm in Fluorstar Optima (BMG Labtak,
Germany) to calculate percentage inhibition rate
and the corresponding SOD activity in U ml-.

Catalase assay : The catalase activity was
measured by using Cayman Chemicals
Company kit that utilizes the peroxidase activity
of catalase in the presence of hydrogen peroxide
to convert methanol into formaldehyde.
Formaldehyde forms a colourless complex with
purpald (chromogen) that is oxidized to give
purple colored product to be detected
spectrophotometrically at 540 nm. For this assay,
the lung tissue was homogenised in 5-10 ml of
cold buffer (i.e., 50 mM potassium phosphate pH
7.0, containing 1 mM EDTA per gram tissue) and
centrifuged at 10000 x g for 15 minutes at 4°C to
remove supernatant. The samples for
formaldehyde standard and positive controls
were prepared as directed in kit protocol. The
test sample wells were prepared by adding 100
wl diluted assay buffer, 30 ul methanol and 20 ul
of the supernatant. To start the reaction, 20 ul of
diluted hydrogen peroxide was added to all the
wells. The time of the beginning of the reaction
was noted and plate incubated on a shaker for
20 minutes at room temperature. 30 ul of diluted
potassium hydroxide was added to each well to
terminate the reaction followed by 30 ul of
catalase purpald (chromogen). Plate was
incubated for 10 minutes at room temperature
and 10 pl of catalase potassium periodate was
added to each well with incubation of five minutes
at room temperature. The average absorbance
of each standard and sample was recorded at
540 nm using a plate reader Fluorstar Optima
(BMG Labtak, Germany) and subtracted from all
other standards and samples. The formaldehyde
concentration of the samples was calculated from
the linear regression of the standard curve
substituting corrected absorbance values for
each sample.

Formaldehyde (uM) =
absorbance - (y-intercept)]/slope

[sample

The CAT activity of the sample was calculated
from the following equation:

CAT Activity (nmol min™ ml') = (uM of
sample/ 20 min) x sample dilution
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Glutathione peroxidase assay : Conversion of
reduced glutathione (GSH) to oxidized
glutathione (GSSG) by glutathione peroxidase
(Gpx) with reduction of lipid hydroperoxides to
their corresponding alcohols or free hydrogen
peroxide to water was utilized in total glutathione
peroxidase activity assay kit (Biovsion Inc). The
generated GSSG was reduced to GSH with
consumption of NADPH by the glutathione
reductase (GR). Decreasing level of NADPH
(measured at 340 nm) was proportional to the
GPx activity. 100 mg tissue samples were
homogenized on ice in 0.2 ml cold assay buffer
and centrifuged at 10000 x g for 15 min at 4°C.
The supernatant was collected for assay and
stored onice. 25 ul of the 40 mM NADPH solution
was added to 975 ul dH,0 to generate 1 mM
NADPH standard. The final volume was brought
to 100 ul with assay buffer. The absorbance was
measured at 340 nm for obtaining the NADPH
standard curve. 5 - 10 ul GPx was added as
positive control into the desired well(s) and
adjusted to 50 ul with assay buffer and 50 ul of
assay buffer was added into a well as a reagent
control. For each well, 40 pl reaction mix was
added to 33 ul assay buffer, 3 ul 40 mM NADPH
solution, 2 ul GR solution and 2 ul GSH solution.
40 ul of the reaction mix was added to each test
sample and positive control, incubated for 15
minutes to deplete all GSSG in the sample. 10 ul
cumene hydroperoxide solution was added to
start GPx reaction and the OD 340 nm was
measured at one time point to read absorbance
in Fluorstar Optima (BMG Labtak, Germany). The
absorbance was also read at OD 340 nm again
at second time point after incubating the reaction
at 25°C for 5 min in the dark to calculate the
difference.

Statistical analysis of biochemical assays:
The mean values with their standard deviations
(n = 6) obtained in all the six assays performed
to determine ROS levels (hmol min'mg™), MDA
equivalents (uM), GSSG levels (UM mg™), SOD
activity (U ml), CAT activity (nmol m™ ml),
and GPx activity (mU ml') were used to check
the statistical significance of the results obtained

using the software Graphpad Prism version 6.00
for windows. One way ANOVA and F test were
used to test check whether there existed any
statistically significant difference in these mean
values when all male rat groups were compared
(null hypothesis rejected any such differences).
Barlett’s statistic (corrected) was also included
to check the significant variation in standard
deviation (null hypothesis stating that there is no
such difference). For evaluation of the variation
in mean values due to gender difference, two way
ANOVA and F test were used in order to compare
control male, control female, tolerant male and
female groups with each other. Since GSSG
levels were calculated with respect to control
levels in each case, therefore, t test (unpaired
and two-tailed) was used to compare two sets
i.e. Tol(M) vs Con(M), and Tol(F) vs Con(F).

Results

Histological studies : The control lung tissue
sample showed Type | and Type Il alveolar
epithelial cells and tissue macrophages at certain
places as shown in figure 1a, while susceptible
and normal samples showed absence of alveolar
macrophages in the luminal spaces (figures 1b
and 1c) and susceptible sample rather showed
aggregates of neutrophils in the interstitial
spaces. The tissue samples exposed to acute
hypobaric hypoxia revealed heightened infiltration
of alveolar septae by polymorphonuclear
leucocytes (PMN) and interstitial thickening of
alveoli with luminal collapse at certain focal points
in the descending order of susceptible [Sus(M)]
> normal [Nor(M)] > tolerant [Tol(M)] rat lung
samples as compared to control [Con(M)] sample
(figures 1a-d).

Biochemical parameters : The DCF levels,
which are directly proportional to the levels of
ROS in the tissues, were found to increase by
37% in Sus(M) and decrease by 71% in Tol(M)
samples comparative to levels in Con(M)
samples, whereas there was a marginal increase
(4.72%) in lung samples of Tol(F) and 35.3%
increase in Nor(M) samples as compared to
Con(F) and Con(M) samples, respectively (figure
2a). Malondialdehdyde (MDA) assay revealed an

Biochemical and histological changes in acute hypobaric hypoxia
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Fig. 1a-d: Histological examination of rat lung tissues of (a) Con(M): control or normoxia male; (b) Sus(M):
hypobaric hypoxia susceptible male; (c) Nor(M): hypobaric hypoxia normal male; and (d) Tol(M): hypobaric

hypoxia tolerant male.

estimated increase of 55% in peroxide radicals
in terms of MDA equivalents in susceptible tissue
samples as compared to normoxic or control
sample, while only 14-15% increase was
recorded in tolerant male and female group
samples (figure 2b). The oxidized GSSG content
in susceptible tissue was found to be maximum,
i.e. 3.566+0.36 pM mg™', while both tolerant male
and female groups exhibited 1.85+0.26 pM mg
and 1.88+0.29 uM mg', respectively and normal
samples showing intermediate value of
2.31+£0.13 pM mg' as shown in figure 2c.
Superoxide dismutase inhibitory activity
decreased in Tol(M) and Tol(F) samples by 42%
and 37%, respectively comparative to values
recorded in Con(M) and Con(F). An increase in
inhibitory activity of SOD by 29.7% in susceptible
and 17.6% in normal male samples was recorded
as compared to Con(M) rat lung samples (figure
3a). Total catalase activity (42.33%) and total
glutathione peroxidase activity (23.37%)

observed in Sus(M) samples were the lowest
ones compared to the values found in other
groups (figures 3b and 3c). Increase of 130%,
89% and 76% in total catalase activity was also
recorded in Nor(M), Tol(M) and Tol(F) samples,
respectively as compared to Con(M) samples.
The glutathione activity in Nor(M), Tol(M) and
Tol(F) rat samples remained 115.2%, 144% and
314% (highest), respectively as compared to their
normoxic counterparts.

Statistical analysis : One way ANOVA carried
outin all the six assays to compare mean values
in all four male groups i.e. Con(M), Sus(M),
Nor(M) and Tol(M) yielded statistically significant
difference (p < 0.001) (table 1). Similarly, standard
deviation in different groups as revealed by
Barlett’s statistic (corrected) with p- value > 0.05
in each case led to the conclusion that these
samples belonged to the same population, thus,
accepting the null hypothesis.
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Significant difference of 32.82% (p <
0.0001) in mean ROS level values was found
when the control group was compared to the
tolerant group. On the other hand, difference of
24.82% was estimated between male and female
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Fig. 2a-c: Estimation of oxidant level in rat lung
tissues as determined through (a) dichloro-fuorescein
(DCF) directly proportional to reactive oxygen species
(ROS), (b) malondial-dehyde (MDA), and (c) oxidized
glutathione. Samples studied included Con(M):
control or normoxia male; Con(F): control or normoxia
female; Sus(M): hypobaric hypoxia susceptible male;
Nor(M): hypobaric hypoxia normal male; Tol(M):
hypobaric hypoxia tolerant male, and Tol(F):
hypobaric hypoxia tolerant female rats.

groups (p < 0.0001) as shown in table 2. There
was no significant difference in control and
tolerant group in terms of MDA levels, whereas,
42% total variation of MDA (p < 0.0005) was
observed in tolerant male and tolerant female.
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Fig. 3a-c: Antioxidant enzyme activity estimation
using different enzyme systems (a) superoxide
dismutase, (b) catalase, and (c) glutathione
peroxidase in Con(M): control or normoxia male;
Con(F): control or normoxia female; Sus(M):
hypobaric hypoxia susceptible male ; Nor(M):
hypobaric hypoxia normal male; Tol(M): hypobaric
hypoxia tolerant male and Tol(F): hypobaric hypoxia
tolerant female rats.
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Mean SOD activity was 60% significantly different
(p < 0.0001) in control and tolerant samples, while
no significant differences existed in male and
female groups. Both tolerant male and female
differed with each other (p < 0.0003) and with
their control counterparts as well in terms of
catalase activity (p < 0.0001). When unpaired t
test (two tailed test) was carried out using
average relative values of GSSG assay,
experimental sets namely, Tol(F) vs Con (F), and
Tol(M) vs Con(M) indicated no significant
difference (t = 0.2377, degree of freedom =10,
R=0.0056) as compared by F test statistic (p <
0.05). All these results are well corroborated with
the graphical representation of mean values
shown in figures 2 and 3.

Discussion

During higher altitude ascent, trekkers,
army personnel and pilgrims might suffer from
acute mountain sickness with symptoms such

as shortness of breath, headache, fatigue,
nausea, malaise, anorexia, dizziness and mental
disturbance. In case of high altitude pulmonary
edema, most prominent symptom is the non-
productive cough with pink frothy sputum (10).
These problems arise due to oxygen depletion
in body cells subjected to oxidative stress.
Genetic susceptibility of an individual towards
development of altitude illness accounts for a
significant factor of pathogenesis (11). Hence,
extent of oxidative stress in lung tissues of model
rats susceptible and tolerant to acute hypobaric
hypoxia may differ, when an early phase of
hypoxic exposure is examined. The oxidative
stress in turn, as stated before, depends upon
the balance between oxidants and antioxidants.
Therefore, we studied various biochemical
parameters and histological changes, which
could describe the pathophysiological state of the
tissue.

Table 1 Results of statistical analysis performed in all four male rat groups including Con(M),
Sus(M), Nor(M) and Tol(M) using one way ANOVA, F test and Barlett’s statistic.

Parameter ROS MDA GSSG SOD CAT GPX
level equivalent | level activity activity | activity

Number of samples 24 24 18 24 24 24

R? 0.997 0.702 0.871 0.836 0.995 0.998

p-value < 0.0001 [ <0.0001 |<0.0001 [<0.0001 | <0.0001 [<0.0001

Statistically Yes Yes Yes Yes Yes Yes

significant difference

in means(p < 0.05)

F (Dfn, Dfd)* F(3,20) | F(3,20) |F(2,15) |[F(3,20) | F(3,20) | F (3, 20)
= 2647 =15.71 =50.46 =34.03 = 1296 =4730

Bartlett’s statistic 7.829 5.636 0.4101 4.800 2.992 0.5034

(corrected)

p-value 0.052 0.1307 0.8146 0.1871 0.3928 0.9182

Statistically No No No No No No

significant

difference in

standard deviation

(p < 0.05)

*Dfn: Degree of Freedom numerator; Dfd: Degree of freedom denominator
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Table 2 Two way ANOVA with F test statistic to compare oxidant and antioxidant levels in
hypobaric hypoxia tolerant male i.e. Tol(M) and female Tol(F) rats with each other and with
control male and female samples, respectively.

Assay Variation Interaction Control vs Tol(M) vs
Tolerant Tol (F)
ROS % of total
levels variation 41.86 32.82 24.84
p-value <0.0001* <0.0001* <0.0001*
F (Dfn, Dfd)** F (1,20) = 1740 F (1,20) = 1364 F (1,20) = 1033
MDA % of total variation 0.1639 9.635 41.96
equivalent p-value 0.7970 0.0594 0.0005*
levels F (Dfn, Dfd) F (1, 20) = 0.06797 F (1, 20) = 3.995 F (1,20)=17.40
SOD % of total variation 0.3242 59.59 1.555
activity p-value 0.6860 < 0.0001* 0.3797
F (Dfn, Dfd) F (1,20) = 0.1683 F (1, 20) = 30.93 F (1, 20) = 0.8070
CAT % of total variation 0.1872 98.73 0.5291
activity p-value 0.0171 < 0.0001* 0.0003*
F (Dfn, Dfd) F (1,20) = 6.764 F (1, 20) = 3567 F (1, 20) = 19.11
GPx % of total variation 0.1443 99.10 0.6258
activity p-value 0.0001* <0.0001* < 0.0001*
F (Dfn, Dfd) F (1, 20) = 21.81 F (1, 20) = 14980 F (1, 20) = 94.59

*Statistically significant variation as p-value was found to be < 0.05.
** Dfn: Degree of Freedom numerator; Dfd: Degree of freedom denominator.

The preliminary histological observations
highlighted the damaged alveolar interstitia and
profound neutrophil infiltration in injured
susceptible lung tissues as compared to normal
and tolerant lung samples (figures 1a-d). The
alveolar macrophages were almost depleted in
susceptible and normal samples as compared
to control and tolerant tissue samples, which
along with interstitial edema might have caused
increased infiltration neutrophils as occurs during
acute lung injury (5). As otherwise, the lung
alveolar macrophages secrete anti-inflammatory
molecules and regulate this infiltration (12).

A few earlier studies have reported that
antioxidant protein expression and activity in

blood increases in hypobaric hypoxia tolerant rats
compared to susceptible rats (13,14,15). We
evaluated changes in the oxidant levels and
antioxidant activity in lung tissues during an early
phase of acute hypobaric hypoxia in order to
determine the differential response of the
susceptible and tolerant rats to the oxidative
stress. Markedly increased ROS levels in Sus(M)
samples signal a greater necessity to decrease
ROS levels by increasing activity of antioxidant
machinery as evident from highest SOD levels
in these susceptible rats. However, reduction in
catalase and glutathione peroxidase activity
indicates inefficient removal of ROS from the
cellular systems, as against effective treatment
and clearance of ROS as observed through
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increased levels of activities found in both Tol(M)
and Tol(F) rats. Marginal increase in the level of
reactive oxygen species in tolerant female rat
samples may enhance the life span during acute
hypobaric hypoxia as reported in some earlier
studies, which proved that increased longevity
and tissue regeneration results from increased
ROS levels and ROS mediated signaling (16,17).
It was long ago observed that MDA levels, SOD
and Gpx activity rise in rat lungs during exposure
to hypobaric hypoxia (18). In our study, we found
the highest increase in oxidant MDA, ROS and
GSSG in lungs of susceptible rats as compared
to other groups, as expected from their
physiological susceptibility to acute hypobaric
hypoxia. Higher SOD activity in susceptible rat
lungs also indicates higher production of
hydrogen peroxide, which ultimately contributes
to ROS levels, signaling and lipid peroxidation.
Other antioxidant enzymes such as CAT and Gpx
were observed to show maximum activity in
normal male, tolerant male and female samples.
Our results corroborate well with our previous
study on antioxidant enzyme activity in blood
plasma, when same groups of rats were exposed
to identical simulated altitude conditions (6).
However, in our tissue-specific study, we also
studied normoxic male and female along with
tolerant females to figure out gender-specific
differences.

These parameters studied in the present
study suggest that the susceptible, normal and
tolerant rats exhibit physiological differences
even in the early phase response to acute
hypobaric hypoxia. Thus, these physiologically
different groups can further be studied in terms
of global gene expression and proteome studies
to explore the further cause of such variability as
well as gender biasness towards development
of higher altitude illness. This will also lead to
the development of specific markers in terms of
proteins and genes, as oxidative parameters
though showed difference, but cannot be solely
used to distinctly diagnose physiologically
different groups.
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Abstract

Plant molecular identity (ID) is necessary
to describe molecular characteristics of plants,
which should contain all of the required
information. Using Inter-Simple Sequence
Repeat (ISSR) and Random Amplified
Polymorphic DNA (RAPD) primers, molecular ID
can be described. Complete molecular ID system
is described in this study for Soybean, which is
important for the modern breeding and
biotechnology point of view. Using five Soybean
cultivars, we analysed the products of PCR with
ISSR and RAPD primers and discussed the
strategy for establishing their molecular ID. Using
the segmented naming method, we designate
the simple names and the full name systems of
five Soybean cultivars.

Key words: Soybean; Molecular identity; Simple
name; Full name; segmented naming method

Introduction

DNA markers have proven to be an efficient
tool for molecular characterization in plant
breeding, and are widely used in fingerprinting,
diversity analyses, and gene mapping (1; 2).
Random Amplified Polymorphic DNA (RAPD)
and Inter Simple Sequence Repeats (ISSR)
markers, on the other hand, require only small
amount of DNA sample without involving
radioactivity tests and are simpler as well as
faster. RAPD has proven to be quite efficient in
detecting genetic variations (3), even in closely
related organisms such as two near isogenic lines

(NIL). ISSR technique is also very simple, fast,
cost-effective, highly discriminative and reliable
(4). At present, RAPD and ISSR markers have
been successfully applied to detect the genetic
similarities or dissimilarities in micro-propagated
material in various plants (5; 6; 7; 8).

The inter simple sequence repeat (ISSR)
technique is another PCR-based method, which
involves amplification of the DNA segments
present at an amplifiable distance in between
two identical microsatellite repeat regions
oriented in opposite directions. The technique
uses microsatellites, usually 16- 25-bp long, as
primers in a single primer PCR reaction targeting
multiple genomic loci to mainly amplify ISSR
sequences of different sizes. ISSR-PCR is a
simple, quick, and efficient technique with high
reproducibility. ISSR markers are highly
polymorphic and are useful in studies on genetic
diversity, phylogeny, gene tagging, genome
mapping, and evolutionary biology (9; 1).
Random amplified polymorphic DNA (RAPD) is
easy to perform and requires no information
about the DNA sequence to be amplified. It has
been used, therefore, to study the genetic
diversity in various plant species (10; 11),
authenticate the herbal medicinal materials (12),
and detect adulterants (13; 14). These molecular
IDs have proven very helpful in spice
classification, identification, and germplasm
protection. However, molecular IDs can vary a
lot depending on the methods for naming the IDs
as well as the construction system of the
molecular IDs. It would be possible to establish
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a plant ISSR and RAPD based ID system if a
standard naming system were developed that
contains enough information to reflect PCR
conditions, such as primers used in the
experiment for a certain plant, annealing
temperatures, and PCR products. In general, the
same crop should have the same molecular ID,
and different plants should be distinguished with
ISSR and RAPD markers. Using five Soybean
cultivars, a complete ISSR and RAPD based
molecular ID system is described in this study,
which can be easily used and expanded with
much more information. The objective of this
study is an attempt to develop a plant molecular
identity system in soybean using the DNA
banding patterns from RAPD and ISSR marker
systems. This can be useful in identity testing of
plant varieties especially in case of disputes with
respect to varietal identification.

Material and Methods

Five commonly used major Soybean
(Glycine Max) cultivars ASO-138, ASO-104,
ASO-NRC37, ASO-JS9305 and ASO-JS335
were taken in this study (Table 1 and Fig. 1). The
all five cultivar showing different growth pattern
in terms of Flower color, Pods hair, Days to 50%
flowering and Plant height (cm.) and on the basis
of above characters these cultivar were finalized.
After election Genomic DNA was isolated by a
modified cetyl-trimethylammonium bromide
(CTAB) protocol (Doyle and Doyle, 1990).
Genomic DNA was quantified on 0.8% and later
NanoDrop Spectrophotometer. PCR was
performed with 8 RAPD and 5 ISSR markers
(Table 2). The PCR mixture contained:
approximately 50 ng template DNA, 10 pL 2X
Tag MasterMix, 1 pyL 10 pM primer, and topped
with distilled water to a total volume of 20 pL.
The PCR program was run as follows: 5 min at
95°C for pre-denaturation; 36 cycles each at 94°C
for 1 min, step down annealing temperature (Tm
in°C,) for 1 min, and 72°C for 1 min; with a final
extension at 72°C for 10 min. PCR products were
electrophoresed on 1.8% agarose gels. DNA
fragment size (bp) was calculated with gel
documentation system (Bio-Rad) by comparing
the DNA bands to a DNA ladder (Merck).

Results

Proper ISSR and RAPD primers were
selected based on clearly detectable PCR bands
under optimized PCR conditions. The reaction
products were electrophoresed on a 1.8%
agarose gel. Clearly detectable amplified ISSR
and RAPD bands were obtained ranging in size
from 120 to 1200 bp for the five Soybean
cultivars. Among the 14 primers, 5 were suitable
ASO-138,AS0-104, ASO-NRC37, ASO-JS9305
and ASO-JS335. Out of five primers three RAPD
(RIPC3, RPIC4 and OPB4) and two ISSR
(B17899 and HB12) could be used for all five
cultivars, and there were no PCR products
observed for eight primers (RPIC 7, OPY 11,
RPIC 9, OPB 4, B17898, A17898, HB10, and
OPG 4).

The ISSR and RAPD fingerprinting profile
for ASO-138, ASO-104, ASO-NRC37, ASO-
JS9305 and ASO-JS335, based on the selected
primers, are shown in Figure 2. A complete
molecular ID was used to describe the ISSR and

Table 2. List of markers used in this study

Sr. No. Primers Tm (in °C)
1 RPIC 3 (RAPD) 35
2 RPIC 7(RAPD) 35
3 OPY 11(RAPD) 32.8
4 OPB 4(RAPD) 26.4
5 RPIC 9(RAPD) 35
6 OPB 4(RAPD) 26.4
7 B17899(1SSR) 47.7
8 B17898(I1SSR) 447
9 A17898(ISSR) 40.1
10 HB10(ISSR) 37.4
11 HB12(ISSR) 56.2
12 RM1 (R,F)(SSR) 66.3
13 OPG 4(RAPD) 29.2
14 RPIC 4(RAPD) 35
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Fig.1. Seed Morphology of Five Soybean Varieties

Fig. 2. ISSR and RAPD based fingerprinting profile of five Soybean cultivars with different primers. (M:
100bp DNA ladder and 1 to 5: AS0-138, AS0-104, AS0-NRC37, AS0-JS9305 and AS0-JS335)

Table 1. List of five genotypes used in this study and their morphological traits

Seed type ASO0-138 AS0-104 ASO- ASO- ASO-
Features (1) (2) NRC37 JS9305 JS335
(3) 4 ()
Flower color PINK WHITE WHITE PINK PINK
Pods hair SMOOTH HAIRY HAIRY SMOOTH | SMOOTH
Days to 50% flowering 35 35 46 41 40
Plant height (cm.) 60 80 50 40 50
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RAPD fingerprinting features for a certain plant.
The ID should contain the molecular ID naming
part and the related explanatory part. The
explanatory part should contain information
related to the suitable primer sequences,
optimized annealing temperature for the ISSR
and RAPD-based PCR reaction, the PCR
reaction system, and the electrophoresis image.
Considering the informative characteristics and
ease of use, we named the molecular ID with
two forms: a simple name and a full-informative
name. For the simple name, we designated the
molecular ID with numbers reflecting the bands
obtained from PCR. The complete name
contains detailed information of the ISSR
fingerprint profile

Band numbers
under S00bp

1

RPIC3 1

|

The simple name was designed with six
digital serial numbers (Figure 3). The 1st five
letters (for RAPD primers and six latter in case
of ISSR markers) digits represent the primer
name (e.g., RPIC), and the 4th represents band
numbers smaller than and including 500 bp, the
5th represents band numbers between 500 and
1000 bp, and the 6th represents band numbers
larger than 1000 bp.

The full-informative name should contain
all of the details of the ISSR fingerprinting profile.
It is segregated into four parts, which include
name of primer (A), total no of bands (B), PCR
bands number (C), I, Il, 1ll, etc., to indicate the
PCR fragment size (bp), and a final part, @ablr
which provides information about the institute
(Figure 4).

Band numbers
abovel000bp

1

2 3

Band numbers in
S00 to 1000bp

Primer name

Fig. 3. Demonstration of the simple name

Fig. 3. Demonstration of the simple name

Name of primer

| | information offer unit

I :VBand size
A (RPIO) i (09)  C120011 500X 1200 @ablr
| Lead the primer [ Total 8o, of band | | Lead the band Lead the nformation offer unit

Hitiie | numbers

Fig. 4. Demonstration of the full name
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Simple name of ASO-138
RPIC3241-RPIC4021-B17899431-HB12440-OPB4730
Simple name of ASO-NRC37
OPB4730-RPIC3030-RPIC4022-B17899441-HB12430
Simple name of ASO-104
RPIC3030-RPIC4021-B17899241-HB12430-OPB4730
Simple name of ASO-JS9305
RPIC3331-RPIC4021-B17899441-HB12330-OPB510
Simple nam
RPIC3331-RPIC4031-B17899441-HB12330-OPB4740

Full name of ASO-138
ARPIC3B07CI200114501116001V700V800VI1000VII1200 @ ablr
ARIPC-4B03CI8001110001111150 @ ablr
AB17899B09CI28011350111450V500VI600V1I700VII10001X1200 @ ablr
AHB12B08CI1380114001114201V490V550VI590VII700V11I800 @ ablr
AOPB4B10CI120111801112501V290V400VI1450V11500VI1116001X700X900 @ ablr
Full name of ASO-NRC37
AOPB4B10CI120111801112501V290V400V1450V11498VI1116001X700X900 @ ablr
ARPIC3B03CI60011700111750 @ ablr
ARPIC4B04CI7501190011111001V1200 @ ablr
AB17899B10CI1280113501114501V500V600VI7Z700VIII7Z50I1X1000X1200@ ablr
AHB12B07CI1380114001114201V490V550VI700VII800 @ ablr

Full name of ASO-104

ARPIC3B03CI60011700111750 @ ablr

ARPIC4B03CI8501110001111200 @ ablr
AB17899B07CI280I13501116001V700V750VI1000VII1200 @ ablr
AHB12B07CI1380114001114201V490V550VI700VII800 @ ablr
AOPB4B10CI1120111801112501V290V400V1450V11498VI116001X604 X700 @ ablr
Full name of ASO-JS9305
ARPIC3B07CI200112501114501V600V700VI800VII1100 @ablr
ARPIC4B03CI7501110001111200 @ ablr
AB17899B09CI280113501114501V500V600VI700VII750VIII10001X1200 @ ablr
ABH12B06CI1350114001114201V550V700VI800 @ ablr
AOPB4B06CI200112201112501V460V498VI1700 @ ablr

Full name of ASO-JS335
ARPIC3B07CI200112501114501V600V700VI800VII1100 @ablr
ARPIC4B04CI700117501110001V1200 @ ablr
AB17899B09CI280112501114501V500V600VI700VII750VIII10001X1200 @ ablr
AHB12B06CI1380114001114201V550V700VI800 @ ablr
AOPB4B11CI1120111801112801V290V400V1450V11498VI1116001X604X700XI900 @ ablr

Discussion detailed information of target plants. To establish

ISSR marker analysis is an easy, fast, the representative molecular ID, it is critical to
inexpensive, accurate, and reliable technique for  collect and reflect all of the information from the
genetic analyses of various plant species (2). A amplified ISSR profile. The molecular IDs
complete molecular ID should contain all of the currently used are relatively quite simple and
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incomplete. Most of the time, the PCR band is
scored as 1 when it is present and as 0 when it
absent, and serial numbers are assigned to
molecular IDs based on PCR results (16; 17; 18;
19). In 2009, a molecular identity (ID) dataset,
based on numeralized data from polyacrylamide
gel electrophoresis (PAGE) bands, was
established with ID Analysis software for 83
Soybean cutivars in Heilongjiang, China (20).
Subsequently, more molecular IDs of more plants
were established in China, including those of
sweet sorghum (21) kenaf (22), flax (23), hybrid
rice (19), peach (24), sugarcane (25), peanut
(17), and Spiraea (16). Such molecular IDs are
difficult to be widely used across plants due to
their limitations and low information content. In
the present study, we established naming
systems, which fully reflect the plant
characteristics of molecular ID. The names
contain information related to primers, the PCR
reaction system, bands obtained, and the
information provider. The system is also easy to
use. For example, primer RPIC3 can be used to
distinguish ASO-138 and ASO-NRC37, ASO-
JS9305 with their simple names RPIC3241,
RPIC3030 and RPIC3331, it is easy to find the
full name difference between ASO-138
(ARPIC3B07CI2001145 0l116001V700V8
00VI11000VII1200@ablr), ASO-NRC37 (ARPIC
3B 03C 160 011700111750 @ ablr) and ASO-JS9305
(ARPIC3B07C 1200112501114 501V600V700VI8
00VII1100@abilr). Both simple and full names can
be easily used or combined according to specific
needs. As the 1st four letters represent the primer
name, the molecular ID database can also be
easily expanded when more primers are
introduced into the experiment. For this system,
more than 999 primers can be chosen for one
plant.

In conclusion, we designated a complete
naming system that includes descriptive
information and molecular ID information. The
descriptive part should contain the detailed
information of ISSR and RAPD amplification
conditions, and the molecular ID part should
contain the simple name and full name system

using the segmented naming method. Therefore,
a new complete molecular ID system was
established, which can be easily used and
expanded as more information becomes
available. Hopefully, this system will provide an
improved solution for the characterization of ISSR
and RAPD markers.
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Abstract

An efficient procedure has been
developed for inducing somatic embryogenesis
from mature internodes of Caralluma sarkariae
an important medicinal plant. Internodal explants
cultured on Murashige and Skoog’s (MS) medium
supplemented with picloram 2.0 mg/l was very
effective in inducing somatic embryos. Globular
stage embryos developed on induction medium
containing picloram 2.0 mg/l. These embryos
developed into torpedo and cotyledon stage
embryos upon sub culture on medium containing
MS salts + B, vitamins + BAP 2.0 mg/l + 2-iP 1.0
mg/l + NAA 0.5 mg/l with 3% sucrose. About 100
mg of callus induce more than 100 embryos.
Embryo germination and plantlet formation was
achieved by sub culturing mature embryos on
fresh sub culturing medium (MS salts + B,
vitamins + BAP 2.0 mg/l + 2-iP 1.0 mg/l + NAA
0.5 mg/l). The plantlets were acclimatized under
field conditions with 75% survival. This simple
regeneration system through somatic
embryogenesis may be beneficial for mass
propagation of Caralluma sarkariae.

Key words: Caralluma sarkariae; endemic,
medicinal plant, somatic embryogenesis.

Introduction

In vitro clonal propagation of medicinal
plants enables large - scale production of
therapeutically high value taxa for
commercialization and sustainable utilization in
the industrial sector. Caralluma sarkariae, a
member of Asclepiadaceae, is an important

indigenous medicinal plant with restricted
distribution in India. Caralluma sarkariae is an
endemic succulent herb, growing in Nagamalai
hills, in Madurai district in Tamilnadu. Plants
belonging to this genus are rich in esterified
polyhydroxypregnane glycosides, some of which
showed antitumour activity and others were
postulated as precursors of cardenolides (1, 2).
The genus is also characterized by the presence
of flavone glycosides (3,4). The hypoglycemic
effect of aqueous and alcoholic extracts of whole
plant of Caralluma species was investigated by
Jayakar et al. (5) in both normal and alloxan
induced diabetic rats. The species of Caralluma
found in India are edible and the medicinal
properties of Caralluma include anti-
inflammatory, anti-nociceptive, anti-ulcer,
antidiabetic, carminative, febrifungal, anti-pyretic
and antioxident effects. Caralluma extracts have
also been found to be appetite suppressant, a
property which is well known to Indian tribal and
hunters. Indian folklore records its use as a
potent appetite suppressant and weight loss
promoter. Some Caralluma species are used in
the treatment of obesity. The extract of Caralluma
sp. in the form of capsules has been released
under trade name GENASLIM for body weight
control (6).

Apparently due to non — availability of
sufficient quality planting materials, commercial
plantations of this important medicinal species
have not been widely attempted and presently
only the wild population is exploited for extraction
purposes. Due to overexploitation and lack of
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organized cultivation, the wild population is
declining fast. Overexploitation of natural stands
has caused depletion of these plants in nature.
There are a number of constraints for the
propagation and conservation through
conventional methods like vegetative and seed
propagation.

In our present study propagation of
Caralluma sarkariae through seed is held back
by low percentage of viability and low germination
rate of seeds. The major ones are variations in
edaphic and climatic factors, low percentage of
seed set and seasonal dormancy. The
propagation in its natural habitat is a rare
phenomenon evidenced by close field
observation. The above mentioned causes
prompted us to find an alternate method of rapid
propagation of this species.

In view of medicinal importance there is an
urgent need to conserve this species ex - situ
through in vitro methods. Sreelatha et al. (2008,
2009) reported micropropagation of Caralluma
sarkariae through axillary buds but there are no
reports on somatic embryogenesis in this
species. The aim of this work is to present the in
vitro propagation of Caralluma sarkariae through
somatic embryogenesis.

Materials and Methods

Caralluma sarkariae was collected from
Nagamalai hills of Madurai district in Tamilnadu.
The stems were potted in pots and maintained
at Botanical garden, Botany department, Sri
Krishnadevaraya University, Anantapur. Plants of
Caralluma sarkariae with actively growing shoots
were collected from the garden to provide the
explant source. The shoots were separated from
the plant defoliated and cut into small pieces of
about 5-8 cm length. The shoot pieces were
initially disinfected by rinsing in 1% (v/v) Tween
— 20 (Merck) for five minutes with constant
agitation. Then they were rinsed in distilled water
thrice and then taken into the laminar air flow
chamber where they were rinsed with sterile
double distilled water. The explant material was
immersed in 70% ethanol for 1 min. followed by

surface sterilization in aqueous solution of 0.1%
(w/v) HgCl, for five min. and 3-4 rinses in
sterilized double distilled water. Stem segments
0.5-1.0 cm long containing the internodal region
was aseptically cut from the surface sterilized
shoot pieces and inoculated on to the sterilized
nutrient medium one explant /tube.

The basal medium used in the present
study was MS (9) medium and MS salts + B,
vitamins (10) medium. Addition of plant growth
regulators to medium was done with filter
sterilization in aseptic conditions and unless it is
specified all media were fortified with 3% sucrose
(w/v) and 0.8% agar. The p" of medium was
adjusted to 5.8 prior to the addition of agar and
autoclaved at 121°C for 15 min. All cultures were
incubated at 25 + 2°C and under 16h light / 8h
dark photoperiod with light intensity of 50iE m=
s provided by cool — white fluorescent lamps.

Internodal explants were inoculated on MS
medium containing 2,4-D, Picloram, 2,4,5-T and
2,4,5-TP. Embryogenic callus with globular stage
embryos were transferred onto following embryo
maturation media: (a) medium containing MS
medium (EMO) + 3% sucrose, solidified with 0.8%
agar; (b) medium containing MS medium + (BAP
2.0 mg/l (EM1), BAP 2.0 mg/l + NAA 0.5 mg/l
(EM2) and BAP 2.0 mg/l + 2-ip 1.0 mg/l + NAA
0.5 mg/l (EM3) ) + 3% sucrose, solidified with
0.8% agar; (c) medium containing MS salts + B,
vitamins (10) + 3% sucrose (EM4) solidified with
0.8% agar; (d) medium containing MS salts + B,
vitamins + BAP 2.0 mg/l + NAA 0.5 mg/I (EM5),
2-iP + NAA 0.5 mg/l (EM6), BAP 2.0 mg/l + 2-iP
1.0 mg/l + NAA 0.5 mg/l (EM7) ) + 3% sucrose,
solidified with 0.8% agar. All the experiments
were repeated thrice and twenty explants were
used per treatment. Then 3.0 to 4.0 mm long
somatic embryos (cotyledonary stage) were
isolated from embryogenic cultures and
transferred to EM4 medium then after 20 days
they were transferred to EM7 medium for
germination.

In vitro developed plantlets were taken out
of culture tubes, washed under running tap water
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to remove agar, and transplanted into plastic pots
containing vermiculate. The plants were covered
with polythene bags and kept in a culture room
at 25 + 2°C temperature and 16h/day illumination
with cool fluorescent light for 15 days. The
plantlets were every day irrigated with ¥z strength
MS solution without sucrose. After 2 weeks, the
plants individually transferred to pots containing
soil, sand and farmyard manure (1:1:1) and were
reared in the greenhouse and subsequently to
field conditions.

For histological studies, the calli with
somatic embryos were fixed for 24h in FAA
(formalin + glacial acetic acid + 70% ethanol).
Following dehydration tertiary butanol the
material was in filtered and embedded in paraffin
wax. The paraffin blocks were cut using a
Spencer microtome (USA) attached with a steel
knife. The sections were mounted on microslides
dewaxed and stained with safranin. Photographs
were taken under Nikon light microscope.

Results and Discussion

Mature internodal segments cultured on
MS medium supplemented with various auxins
like 2,4-D, Picloram, 2,4,5-T and 2,4,5,-TP
expanded in size during the 15 days of culture
and developed callus at cut ends. In another 2
weeks, entire explants were covered with callus
masses but texture, amount and colour varied
depending on the type and concentration of the
growth regulators. The explants cultured on
growth regulator free medium did not respond
and became necrotic. Embryogenic callus
formed from explants cultured on media that
contained various hormones are shown in Table
-1.

Non embryogenic calli were induced with
the internodal segments in most of media
containing different concentrations of 2,4-D (1.0
mg/l to 3.0 mg/l), picloram (1.0 mg/l and 3.0 mg/
), 2.4.5-T (0.5 mg/l and 1.0 mg/l) and 2.4,5-TP
(1.0 mg/l and 2.0 mg/l). The quantity and quality

Table 1. Effect of different auxins on somatic embryogenesis from internodal explants of Caralluma

sarkariae
Plant growth Concentration Percent of Number of
regulators mg/I| cultures embryos / callusing
showing explant
response
2,4-D 1.0 30 - ++
2.0 85 - A+
3.0 70 - A+
picloram 1.0 50 - +++
2.0 70 35 ++
3.0 55 - A+
2,4,5-T 0.1 50 20 ++
0.5 55 - A+
1.0 75 - ++++
2,4,5-TP 0.5 46 25 +
1.0 70 - +++
2.0 65 - A+
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of callus formed was more in 2.4-D when
compared to other concentrations. Embryogenic
calliformed from explants cultured on media that
contained picloram (2.0 mg/l), 2.4,5-T (0.1 mg/l)
and 2,4,5-TP (0.5 mg/l). The concentration of
picloram (2.0 mg/l) in medium significantly
affected the number of embryos production
compared to other concentrations (Table 1). The
calli were green, granular and nodular and they
were bearing globular stage embryos on the
surface particularly 2.0 mg/l of picloram alone
resulted in an average of 35 globular embryos
(Table 1) (Fig 1A).

Somatic embryo development stopped at
the globular stage. A maturation treatment was
necessary for the further development of
Caralluma sarkariae somatic embryos.
Embryogenic calli of Caralluma sarkariae were
cultured on MS medium (EMO) supplemented
with different levels of cytokinins and auxin
concentrations (EM1, EM2 and EM3) and MS
salts and B, vitamins medium (EM4) containing
(8) various levels of cytokinins and auxin
concentrations (EM5, EM6 and EM7). Different
levels of MS medium EMO, EM1, EM2 and EM3
and MS salts and B, vitamins medium EM4, EM5
and EM6 did not induce maturation. However,
the embryogenic calli cultured on EM7 medium
produced torpedo and cotyledon stage embryos
with 20 days of culture (Fig 1B). Similar beneficial
effect of cytokinins (alone or combination with
auxins) on somatic embryogenesis has been
demonstrated in Gymnema sylvestre (11), and
in rose (12, 13).

Mature somatic embryos (cotyledon stage)
were sub-cultured on EM8 medium for
germination. Sixty percent of somatic embryos
germinated into plantlets in 5 weeks (Fig 1C).
The regenerated plants were transplanted to
small plastic pots containing vermiculate and kept
in culture room for 10 days. The plants were
irrigated once in 2 days with %2 strength MS
solution. Then plants were individually transferred
to pots containing soil, sand and farmyard
manure (1:1:1) and were reared in the
greenhouse. The plantlets were acclimatized

26
Fig.1. Somatic Embryogenesis of Caralluma
sarkariae
A. Globular stage somatic embryos developed

on embryogenic callus on medium containing MS+
Picloram 2.0 mg/I.B. Torpedo and cotyledon stage
embryos developed on MS salts + B,vitamins + BAP
2.0 mg/l + 2-iP 1.0 mg/l + NAA 0.5 mg/l. C.
Germination of somatic embryos. D. Plants obtained
from somatic embryos transferred to soil (after 20
days). E. A section of a 35 d-old callus showing
initiation of heart shaped and cotyledonary shape
stages and showing initiation of shoots from the
meristems (arrow marks X 100).
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under field conditions with 75% survivability rate
(Fig 1D).

The histological analysis of the somatic
embryo producing regions confirmed that the
induction of the development process was
embryogenic nature. Development of somatic
embryos appeared to progress through typical
globular, heart, torpedo and cotyledonary stage
embryo development. Light microscopic
observations of embryogenic mass revealed the
presence of nodular structures containing
cytoplasmic cells at the central region. The heart
shape stage embryo (Fig 1E) was bilaterally
symmetrical. The cotyledonary stage embryos
showed the presence of two prominent
cotyledons (Fig 1E). Some of the structures also
has vascular tissue with bipolar meristems which
ultimately surrounded by parenchymatous tissue.
At this stage, development of clear bipolar
embryos with organized shoots portion was
observed (Fig 1E).
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Abstract

Metabolism of complex carbohydrates
by probiotics in human gastrointestinal (Gl) tract
is generally accepted to significantly improve the
health and resistance to diseases for the host.
Presence of sufficient amounts of carbohydrates
that selectively can stimulate the growth and
viability of these beneficial bacteria is imperative.
Some probiotic species of bifidobacteria and
lactobacilli have the ability to utilize
xylooligosaccharides (XOS) and produce short
chain fatty acids which is having beneficial effect
on health. Current article reviews the results of
several studies available on degradation and
utilization of XOS by beneficial gut microbiota and
discusses their future prospective as emergent
prebiotic in synbiotic preparations with reference
to biological effects observed on human and
animal health.

Key words: xylooligosaccharides, prebiotic,
Weissella, xylanase, immunomodulatory, gut
microflora

Introduction

Diet is an important determinant of disease
risk associated with changing lifestyle in
population of all age groups. Recent evidences
support that functional food ingredients can have
an impact on a number of gut-related diseases.
In colon, probiotic bacteria and the saccharolytic
microbiota utilize the carbohydrates that resist
hydrolysis by human digestive enzymes and are

not absorbed on transit through the small
intestine. Non-digestible oligosaccharides
(NDOs) which beneficially affect the host by
selectively stimulating the growth and D or activity
of one or a limited number of probiotic bacteria
in the colon are termed as prebiotics (1, 2). More
refined definition of prebiotic states that a
prebiotic is a selectively fermented ingredient that
allows specific changes, both in the composition
and/or activity in the gastrointestinal microflora
that confers benefits Gibson (3). To date,
probiotics and prebiotics are predominantly used
in food, and their application in medicine is rising
significantly. Consumption of probiotic in
combination with a suitable prebiotic (synbiotic)
can result in synergistic effects, by improving the
growth of the strain in the colon and by increasing
autochthonous bacteria. Prebiotics possess
remarkable functional and physiological attributes
such as low energetic value, low sweetness, non-
cariogenicity, and hypolipidaemic and
hypocholesterolaemic properties (4). They are
indigestible by human gastrointestinal enzymes
and are not degraded by low gastric pH; however,
they are fermented in the large bowel and
enhance the population of beneficial microbes
such as lactobacilli and bifidobacteria (5).
Postulated health benefits of prebiotics include
immunomodulation, inhibition of pathogens,
stimulation of calcium absorption and
effectiveness in colon cancer.

Some well known prebiotics are inulin,
lactulose, fructooligosaccharide (FOS),
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galactooligosaccharide (GOS), isomalto
oligosaccharides and lactosucrose. Numerous
researchers have demonstrated potential
prebiotic effects of GOS and FOS on the growth
of bifidobacteria and lactobacilli (6, 7, 8).
Currently, xylooligosaccharides (XOS) is also an
emerging prebiotic that are sugar oligomers
made up of xylose units and obtained from
bamboo shoots, fruits, vegetables, milk, and
honey (9, 10).

Depending upon various xylan sources
used for XOS production, the structures of XOS
vary in degree of polymerization (DP), monomeric
units, and types of linkages. Generally, XOS are
mixtures of oligosaccharides formed by xylose
residues linked through B-(1-4)-linkages (2, 4).
The number of xylose residues involved in their
formation can vary from 2 to 10 and they are
known as xylobiose, xylotriose, and so on. XOS
also exhibits a various bioactive properties such
as reducing cholesterol, anti-microbial, anti-
inflammatory, anti-allergy and improves mineral
absorption (4, 11). In addition, XOS show
favourable technological features including
stability in wide range of pH, resistance to heat,
ability to offer lower available energy and ability
to achieve significant biological effects at low daily
intakes which would be useful for food industry
(9). Bifidobacteria possess a wide range of genes
involved in carbohydrate catabolism (12) and
have been described for their ability to grow on
FOS and XOS (13, 14). Prebiotic effect of XOS
has not yet been effectively exploited for LAB
compared to FOS and GOS (15, 16).

Production and purification of XOS : XOS are
obtained from xylan containing lignocellulosic
materials (LCMs) by chemical methods, direct
enzymatic hydrolysis of a susceptible substrate
or a combination of chemical and enzymatic
treatments (17, 18). The production of XOS with
chemical methods can be accomplished by
steam, diluted solutions of mineral acids, or
alkaline solutions. However, extraction of xylan
with steam or acid produces large amounts of
monosaccharides and their dehydration products
(18, 19).

The usual purity of commercial XOS lies
in the range of 75% to 95%. Thus, to produce
food-grade XOS, the autohydrolysis liquors have
to be refined by removing both monosaccharides
and nonsaccharide compounds to obtain a
concentrate with an XOS content as high as
possible (4). Solvent extraction and precipitation,
adsorption and chromatographic separation are
most commonly employed methods for the
purification of XOS. Though expensive,
ultrafiltration and nanofiltration are the most
promising methods for refining and concentrating
oligosaccharides.

Degradation and utilization of XOS by
bacteria : The degradation and utilization of XOS
are strain-specific and are also affected by the
DP of oligomers present in XOS mixture (4).
Bifidobacterium strains are found to efficiently
ferment XOS and to produce metabolically active
compounds such as short chain fatty acids
(SCFA) (20, 21). Only some Lactobacillus strains
have been found to utilize XOS. In a study
conducted by Crittenden et al. (2), they reported
that except L. brevis none of the tested
Lactobacilli showed XOS utilization during
fermentation. However, in another study Van
Laere et al. (22) found that an L. acidophilus strain
was able to ferment xylobiose, -triose, and -
tetraose as revealed by high Performance Anion
Exchange Chromatography (HPAEC) analysis of
the samples.

Madhukumar and Muralikrishna (23)
reported that XOSs from wheat bran are having
more prebiotic activity than Bengal gram husk
xylooligosaccharides as indicated by their
prebiotic activity experiments, which may be due
to their relatively higher arabinose content. Out
of all the microorganisms tested P. pentosaceus
NCDO 813 and L. brevis NDRI strain RTS utilized
more effectively both WBO and BGO followed
by P. pentosaceus ATCC 8081, B. adolescentis
NDRI 236, B. bifidum NCDO 2715, B. bifidum
ATCC 29521 and L. plantarum NDRI strain 184.
Acetate was found to be the major SCFA
produced as the end product of xylo-
oligosaccharides fermentation.

Ami Patel and J. B. Prajapati



Current Trends in Biotechnology and Pharmacy

30

Vol. 9 (1) 28-36 January 2015, ISSN 0973-8916 (Print), 2230-7303 (Online)

Table 1. Studies related to XOS degradation by LAB and Bifidobacteria.

Strain able to
ferment XOS

Source and xylooligosaccharides
(XOS) type

References

B. adolescentis, B. longum, and
B. infantis

A mixture of xylose,xylobiose,
xylotriose, and other saccharides

Okazaki et al.(47)

Bifidobacteria

Commercial XOS (DP 2-4)

Hopkins et al.(48)

L. brevis PEL1, B. adolescentis
VTT E-991436, B. angulatum
ATCC 27535

Commercial xylan

Crittenden et al.(2)

L. acidophilus (swine faeces
isolate), B. adolescentis ATCC
15708, B. longum ATCC 15707

Plant cell wall polysaccharides-XOS

Van Laere et al.(22)

Leu. lactis SHO-47, Lc. lactis
SHO-54, Lc. lactis 10-1

Hydrolyzed birch wood xylan

Ohara et al.(26)

B. adolescentis CECT 5781, B.
longum CECT 4503, B. infantis
CECT 4551, B. breve CECT 4839

XOS obtained from rice husk liquor

Gullon et al.(49)

isolates of Weissella cibaria and
W. confusa

Hydrolyzed birch wood xylan

Patel et al.(16)

Abbreviation: B.- Bifidobacterium; L.-Lactobacillus; Leu.-Leuconostoc, Lc.- Lactococcus, W. -Weissella

Recently, we reported utilization of
hydrolyzed birch wood xylan from novel probiotic
isolates of genus Weissella (16, 24). Total six
isolates of genus Weissella, belonging to either
W. confusa or W. cibaria were checked for
growth on hydrolyzed birch wood xylan by optical
density measurements in microtiter plates and
secondly in batch cultures also confirming
concomitant decrease in pH. Out of six, four
strains namely 85, 92, 145 and AV1 showed
growth in hydrolyzed xylan with remarkable
decrease in pH. Analysis of XOS before and after
growth established consumption in the DP2 -
DP5 range in the four XOS-fermenting strains.
XOS were consumed simultaneously with
glucose, while xylose was consumed after
glucose depletion. The SCFA profile revealed that
lactate and acetate were the major SCFA
produced as the end product of xylo-

oligosaccharides fermentation while propionate
or butyrate production was below the detection
level and could not be confirmed (16).

Mechanism of XOS Degradation and
Utilization : The ability of bifidobacteria to
metabolize XOS depends on the efficiency of
their xylanolytic enzyme systems. Figure 1
demonstrates the degradation of various XOS
and their end products. One xylosidase and a
few arabinosidases have been purified and
characterized from bifidobacteria. They are 4-D-
xylosidase from B. breve K- 110 and
arabinosidases from B. adolescentis DSM20083
(22) and arabinosidase from B. breve (25). Ohara
etal. (26) cultivated strains of Leuconostoc lactis
SHO-47 and L. lactis SHO-54 with a hydrolyzed
birch wood xylan along with Lc. lactis 10-1 and
found that xylosidase enzyme of these strains is
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localized in their cytoplasm. There are no studies
reported on the xylan or XOS fermenting ability
of the genus Weissella and Pediococcus.

In another experimental approach it was
found that xylanase activity was higher in the
culture broth inoculated with wheat bran
oligosaccharides compared to that of Bengal
gram husk oligosaccharides; this might be due
to the presence of higher DP xylooligosac-
charides in the earlier substrate (23). In contrast
to that, cell-associated Exylosidase activity was
detected in the XOS fermenting strains of
Weissella (16). Analysis of genomic data
suggests this activity to be linked to genes
encoding glycoside hydrolases from family 3, 8
or 43. No endo- Exylanase activity was
detectable.

Biological Properties of XOS as prebiotic and

their applications : In general, XOS have been
reported to possess antimicrobial activity (27, 28);
immunomodulatory activity (30, 31, 32); anti-
inflammatory activity (33, 34, 35); and anti-cancer

activity (36). The other health beneficiary effects
of XOS include antioxidant activity (37), blood-
and skin-related effects; anti-allergy, anti-
hyperlipidemic effects (17) and applications in
cosmetics. Besides biological effects concerning
human health, XOS have been employed for
phyto-pharmaceutical and feed applications.
These properties are mainly attributed to acidic
oligosaccharides containing uronic substituents,
which can be produced from hardwoods by a
combination of enzymatic and/or chemical
treatments. There is no any side effect or toxic
effect has been reported for XOS during clinical
applications still date. The dose of XOS is also
not standardized, however like other prebiotic
oligosaccharides it is incorporated in milli gram
guantities during food or therapeutic application.

a. Anti-tumor activity: Earlier, Hashi and
Takeshita (36) reported significant inhibition of
the growth of sarcoma-180 and other tumors
from glucuronic acid-containing acidic xylans.
Conversely, no systematic attempts have been
carried out to establish the active principle of

Fig.1. Degradation of Xylan and Xylooligosaccharides in microorganisms with their end products
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