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ABSTRACT

Comparative adaptability in five halophytes (Bruguiera gymnorrhiza,
Excoecaria agallocha, Heritiera fomes, Phoenix paludosa and Xylocarpus
granatum, of which, H. fomes and X. granatum presently are stressed in
Sundarbans area) were evaluated with respect to occurrence of total phenol,
flavonoids, and radical scavenging ability following ABTS [2, 2'-azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid)], DPPH (1, 1-diphenyl-2-
picrylhydrazyl) assayand Fe,+ chelatingability.

Amount of total phenol (TP) and flavonoids (TF) were much higher in all
taxa grown in Sundarbans than those of mesophytic one. TP and TF were
significantly augmented as the substrate salinity increased in B.
gymnorrhiza, E. agallocha and P. paludosa but disordered in H. fomes and X.
granatum, where increment occurred only up to a certain salinity level.
Percent of free radical scavenging of extractants by DPPH and ABTS radical
perceived significant correlation with salinity in former three but differ in H.
fomes and X. granatum. Ferrous ion chelating ability also showed the similar
trend.

Owing to polyphenols occurrence and ROS scavengers, the present work
clearly indicates the better adaptibility of B. ggmnorrhiza, E. agallocha and P,
paludosa in elevated substrate salinity than those of the other two. Lower
ROS scavenging ability of H. fomes and X. granatum also points to their
perilous occurrence in elevated saline zones.
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INTRODUCTION

Mangroves considered as frontline defense of tropical and subtropical
coastal and estuarine ecosystem, can efficiently mitigate sea surges
(Mclvor et al, 2012). But unfortunately, world-wide mangrove area
deteriorated from 198,000 km? to 146,530 km? since 1980 to 2000 (FAO,
2007) that while a more recent estimation described as 137,760 km®
which is about 0.7% of the total tropical forest of the world (Giri et al.,
2011). These indicate the magnitude of mangrove loss, and calls for
serious attention to the significance of mangrove restoration programme.
The mangrove formation has immense importance to the coastal
inhabitants in both productive (resources of forest products) and
protective ways (against cyclonic violence, soil erosion etc.) (Alongi,
2009).

In the Indian subcontinent, Sundarbans mangrove swamp is the
world's largest and having richest floral diversity (21°31"' - 22° 30' N and
88°10" - 89°51' E), formed by two major rivers - the Ganga and the
Brahmaputra and with their numerous tributaries (Dasguptaetal.,, 2012).
Environmental (tectonic upliftment in north-western part, India and
subsidence in the east, Bangladesh) and demographic compulsion
(damming on river, urban sewage and industrial wastes expedite siltation
in the riverbed) are interrupting the fresh water discharge through river
systems, leading to salinity elevation of this zone. The present soil salinity
registers between 15 and 27 ppt (Nandy et al., 2007). Haq et al. (1999)
estimated that salinity has elevated by 20% in the Sunderbans since 1990.
Sea level rise, human intervention and reformed ecology are the prime
factors of salinity escalation which pose the major threat to the vegetation
and triggered rapid annihilation to the forestand even caused extinction to
some existing species (Parani et al, 2000). These demographic and
environmental adversities have been proved catastrophic for some
important plant species of Sundarbans including Aegialitis rotundifolia,
Heritiera fomes, Nypa fruticans, Xylocarpus granatum and X. mekongensis
(Banerjee, 1999; Upadhayaetal., 2002).

Considerable scientific evidences suggest that wunder oxidative
stress, reactive oxygen species (ROS) such as superoxide, hydroxyl and
peroxyl radicals are generated and the stability between anti-oxidation
and oxidation is supposed to be a critical concept for maintaining a
biological homeostasis (Davies, 2000). Consequently, research on
antioxidant principles of plants has been fast-tracked and halophytes
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have been recognized for marked antioxidant potential activities (Tiwari,
2001). Polyphenols are antioxidants, having redox properties, act as
reducing agents, hydrogen donators and singlet oxygen quenchers. A
number of secondary metabolites were traced from mangroves
periodically and have been recognized as pivotal bioactivities towards
efficient slat management (Bandarnayeke, 2002; Ravikumar et al.,, 2010,
2011). Despite of innumerable bioactivities, polyphenols perhaps are
mostly attributed to antioxidant property (Sahidi, 2000; Cushnie and
Lamb, 2005; Alam, 2011). Some essential phenols and flavonoids were
traced from several mangroves (Krishnamoorthy et al., 2011; Yongxin et
al.,2012). Avariety of antioxidants and their free radical scavenging ability
were evaluated from Indian mangroves by Vadlapudi and Naidu (2009).

Polyphenols in plants are well established as a defensive force against
detrimental impact of abiotic stress which leads to generate free radicals
(Ostrowskaa et al, 2001; Zurina et al., 2010; Lee et al., 2012). The
commonly utilized methods of antioxidant activity are ABTS [2, 2'-azino-
bis (3-ethylbenzothiazoline-6-sulphonic acid)] and DPPH (1, 1-diphenyl-
2-picrylhydrazyl) assay. Both of them have intense reproducible
characteristics under certain assay conditions. ABTS" can be dissolved in
aqueous and organic media, in which the antioxidant activity can be
measured, due to the hydrophilic and lipophilic nature of the compounds
occurringin the plant cells (Arnao, 2000). In contrast, DPPH has been used
extensively as a free radical evaluating reducing substances (Cotelle et al.,
1996) and for studying the free radical scavenging activities of polyphenol
compounds (Duan et al., 2006). DPPH can only be dissolved in organic
media, especially in ethanol, and this has a limitation when interpreting
the role of hydrophilic antioxidants. Both radicals show similar bi-phase
kinetic reactions with many antioxidants. Hydrogen peroxide itself is not
very reactive, but it would provide highly reactive species OH- through
Fentonreaction (Halliwell and Cross, 1994). Earlier reports suggested that
H,0, could induce DNA breakage in the intact cell (Imlay, 2003). Thus
removal of H,0, is decisive for cellular homeostasis. The reducing capacity
of a compound may serve as indicator of its potential antioxidant ability
(Meir et al., 1995). The antioxidant capacity of compounds has been
attributed to various factors such as prevention of chain reaction,
chelating metals, reductive capacity and radical scavenging ability
(Diplock, 1997;Yildirim etal., 2001).

In view of this, the present work deals with five mangroves taxa of
which, two are presently in emaciated occurrence in Sundarbans area,
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taken from five islands with increasing soil salinity. A comparative account
of the prevalence of total phenols and flavonoids among the taxa would be
indicative regarding the adaptive ability in in-situ condition. The
differential magnitude of antioxidative capability among these species has
been determined by free radical scavenging result using ABTS and DPPH
assay. The antioxidant ability has also been looked into by Fe,+ chelating
capacity. All these information might be informative towards the
sustainability of the species. For the sake of better appreciation of the
process, the same replicas of the taxa are also taken from the mesophytic
habitat.

MATERIALS AND METHODS

Leaves of well matured (about 12-15 years) five taxa were collected in
which, two were in distressed condition (Heritiera fomes and Xylocarpus
granatum) while the other three were profusely occurring (Bruguiera
gymnorrhiza, Excoecaria agallocha and Phoenix paludosa) in the same
regime. The collection sites were chosen from naturally occurring in five
different islands according to increasing salinity gradient, namely
Sajnakhali (22° 08’ 48" N, 88°50' 10" E), Sudhanyakhali (22°07' 35" N, 88°
48' 19" E), Sonargaon (22° 06’ 19" N, 88° 45’ 47" E), Jharkhali (22° 02’ 25"
N, 88° 42’ 29" E) and Dobanki (21° 58" 17" N, 88° 45’ 57" E) (Fig. 1A - D).
The soil salinities of these placeswere 11.77 +2.1,12.25+1.96,12.4 £ 1.18,
13.98 + 2.29 and 15.23 * 2.16 ppt respectively (Dasgupta et al. 2012). A
controlled mesophytic (at the premises of Indian Statistical Institute,
Kolkata where the soil salinity is 2 ppt, (Nandy et al., 2009)) replicas of the
studied taxa of well matured up to 12 - 15 years old, were also taken for
comparative study (Table 1).

Preparation of extraction

Methanolic extracts were prepared by maceration of mature leaves (10gm) with
250ml of 95% ethanol, at room temperature for 24 hours and then filtered. The
procedure was repeated thrice. The extracts were filtered and centrifuged
(4500rpm, 15min). The solvent was evaporated on rotary evaporator (Neocool
Circulator, CF 300, Yamato). The concentrated methanolic leaf extracts were
kept frozen (-20°C) until further use (Huda-Faujan ez al., 2009). Leave samples
were collected from three individuals of each species from each site.
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Fig. 1. A-D. Maps of location areas. A. Map of India; B. Map of West Bengal; C. Map of lower
Bengal basin, where the Sundarbans mangrove forest included; D. Expanded map of
study site of the islands of Sundarbans, indicating the geographic position.



Table 1. Location and soil salinity of the collecting sites.
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Name of Islands Lat/Long values Salinity (ppt) Named as
IST Garden 22°38'43" N, 2.0+ 1.21 Site 1
(mesophytic) 88°22' 33" E
Sajnakhali 22°08' 48" N, 11.77+2.1 Site 2
(Sundarbans) 88°50' 10" E
Sudhanyakhali 22°07' 35" N, 12.25+£1.96 Site 3
(Sundarbans) 88°48' 19" E
Sonargaon 22°06' 19" N, 124+ 1.18 Site 4
(Sundarbans) 88°45'47" E
Jharkhali 22°02' 25" N, 13.98 £2.29 Site 5
(Sundarbans) 88°42' 29" E
Dobanki 21°58' 17" N, 15.23 £2.16 Site 6
(Subdarbans) 88°45' 57" E

Determination of Total Phenol

Total phenol contents in the extracts were determined following modified
Folin-Ciocalteu method (Singleton and Rossi, 1965). Aliquots (0.05-0.3 mg ml’
") of the extractants were prepared for all the samples. To 0.1 ml of the
methanolic solution of the extractants, 2 ml of Folin-Ciocalteu reagent
(previously diluted with water at 1:10 v/v) and 1.6 ml (7.5%) of Sodium
carbonate (Na,CO,) were added. The mixture was allowed to react at room
temperature for 30min for colour development. Spectrophotometric absorbance
(He\ios v, Thermo Electron Corporation) was measured at 765 nm. Gallic acid
was used as a positive control in the same concentrations. The total phenolic
content was expressed as gallic acid equivalents (GAE) in mg g of dry material
based on the calibration curve, where X was the absorbance and Y was the gallic
acid equivalent (mg g"). Each experiment was carried out in triplicates.

Determination of Total Flavonoids

Estimation of total flavonoids in the plant extracts was carried out
following Jia et al. (1999). Aliquots (0.2-1.2 mg ml ™) of the extractants were
prepared for all the samples. To 0.1 ml of methanolic solution of the
extractants, 0.3 ml of 5% Sodium nitrite (NaNO,) was added and mixed
well. The mixture was kept at 25°C temperature for 5 min. Then, 0.3 ml of
10% Aluminum chloride (AICl,) was added. The tubes were then allowed to
stand at room temperature for 5 min. After which, 1 mM Sodium hydroxide
(NaOH) solution was added and the absorbance of the solution was
measured at 510 nm. Quercetin was used in the same concentration as a
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positive control. Total flavonoid content was calculated as quercetin
equivalent (mg g") using the following the calibration curve, where X was
the absorbance and Y was the quercetin equivalent (QE mg g"). Each
experimentwas carried outin triplicates.

ABTS+scavenging assay

To determine ABTS radical scavenging assay, the method of Re et al.
(1997) was adopted. The working solution was prepared by mixing two
stock solutions 7mM ABTS solution and 2.4 mM potassium per-sulfate
solution, in equal quantities and allowing them to react for 12 hours at
room temperature in the dark. This solution was diluted 60 times while
working. Fresh ABTS solution was prepared for each assay. Plant extract
(0.1ml) in methanol containing 0.005-0.03 mg ml" conc. of the extract
were allowed to react with 3 ml of the ABTS solution and the absorbency
was taken at 734 nm after 7 min. Butylated Hydroxy Toluene (BHT) in the
same concentration as the sample was used as positive control. Each
experimental data was taken in triplicates. The ABTS scavenging capacity
of the extract was calculated as:

ABTSradical scavengingactivity (%) ={(A.-A)/A}x100

Where 4, is the absorbance of the blank reaction and 4,is the absorbance in
presence of the sample of the extracts. Each experiment was carried outin
triplicates.

DPPH quenching assay

The free radical scavenging activity of different plant extracts was
determined using the stable radical DPPH (1, 1-diphenyl-2-
picrylhydrazyl) following Ribeiro et al. (2002). Freshly prepared DPPH
solution (25 mg L") in methanol was prepared and 3.9 ml from this was
mixed with 0.1 ml of extract in methanol containing 0.05-0.3 mg ml” conc.
of the extract. The absorbance was measured at 517 nm after 30 minutes.
Butylated Hydroxy Toluene (BHT) in the same concentration as the sample
was used as positive control. Each experimental data was taken in
triplicates. The capability to scavenge the DPPH radical was calculated
using the following equation:
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Ac- At

DPPH radical scavenging activity (%) = { e } x 100

Where A, is the absorbance of the blank reaction and 4, is the absorbance in
presence of the sample of the extracts. Each experiment was carried out in
triplicates.

Fe,” chelating study

The chelating activity of the extracts for ferrous ion was measured
following Haro-Vicente et al. (2006) with minor adjustments. The reaction
was carried out in HEPES buffer (20 mM, pH 7.2). Various concentrations
of the plant extracts (0-300 mg ml") were added to 12.5 mM ferrous
sulfate solution and the reaction was initiated by the addition of ferrozine
(75 mM). The mixture was shaken vigorously and incubated for 20 min at
room temperature. The absorbance is measured at 562 nm. Three repeats
were done for each test. EDTA was used as a positive control.

Ac- At
Ac

Fe”" Chelation ability (%) ={ } x 100
Where A4, is the absorbance of the blank reaction and 4, is the absorbance in
presence of the sample of the extracts.

In all scavenging/chelating ability are expressed in terms of IC,,. It is
defined as the concentration of the plant extract that's needed to
scavenge/chelate 50% of the scavengers/chelating ions present were
calculated by the following equation:

IC, - Percent Inhibition } <50

Concentration of the sample

Pearson coefficient, (two-tailed bivariate correlation coefficient) was
estimated for each parameter such as amount of incidence of total phenols and
flavonoids, percent inhibition of free radical scavenging by DPPH and ABTS
assay and percent ability to Fe,” chelation in respect to salinity increment were
considered. The correlations among the said parameters were derived using
SPSS (version 12.0) software.

RESULTS AND DISCUSSION

Estimated total phenol (TP) in all studied plants was much higher in plants
grown in Sundarbans than those of the mesophytic individuals. In mesophytic
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plants, highest TP was observed in P. paludosa (35.59 GAE mg g") and in other
taxa, ranged within 8.68 —12.65 GAEmg g"'. The amount increased consistently
along the increasing soil salinity in B. gymnorrhiza, E. agallocha and P.
paludosa but this trend was disrupted in H. fomes and X. granatum. Amount of
total phenol increased up to site 4 in H. fomes (32.54 mg g ") and up to site 3 in X.
granatum (38.48 mg g"), beyond which it decreased. TP increment in H. fomes
was nominal from site 3 to site 4 (31.54 and 32.45 mg g respectively) and in X.
granatum TP increment over mesophytic condition was up to site 3 and it went
downinsite4,5and 6 (35.59,31.56and 31.48 mg g respectively) (Fig.2A).

The incidence of Total Flavonoids (TF) was expressed in Quercetin
equivalent. In B. gymnorrhiza, E. agallocha and P. paludosa, TF was recorded
as maximum from site 6 (46.42 mg g" in E. agallocha, 43.55 mg g'in B.
gymnorrhiza and 39.54 mg g"in P. paludosa) over the control plants and the
increment was consistent as the salinity rise from site 1 to site 6 (Fig. 2B). But in
other two taxa, these trends were not found with the raised soil salinity. In H.
fomes, the increment of TF recorded over the control environment was up to site
3, beyond this it gradually decreased (highest in site 3, 26.72 mg g") in site 4, 5
and 6 (Fig. 2B). The highest TF occurrence in X. granatum was recorded from
sites 3 and 4 over control plants (almost same in the two sites, 16.54 and 16.59
mg gmg g). It gradually came down with the soil salinity increase in site 5 and
6(14.39and9.57 mg gmg g respectively).

To determine the free radical scavenging as an index of antioxidant
ability of the investigated taxa, DPPH assay was performed. In this
experiment, the percent inhibitions were increased as the substrate
salinity increased in B. gymnorrhiza, E. agallocha and P. paludosa over the
mesophytic individuals. But in H. fomes and X. granatum, the percent
inhibition decreased beyond the site 4 (Fig. 2C). IC,, values were calculated
in all the cases which reflected the usual reverse diagrams (Fig. 2D). The
highest percent inhibition was recorded in E. agallocha (17. 8) grown in
highest substrate salinity level. The magnitude of inhibition in H. fomes and
X. granatum observed in site 4 (6.248 and 4.865 respectively), where in
other three taxa in the same salinity level were 15.23 (B. gymnorrhiza),
9.87 (E. agallocha) and 8.64 (P. paludosa) and beyond this, the percent
inhibition increased further for these three taxa as the salinity increased.

Antioxidant ability was further studied in all taxa with ABTS+ radical
scavenging efficiency along the substrate salinity gradients. In this assay,
similar results were obtained as DPPH assay in B. ggymnorrhiza, E. agallocha
and P, paludosa, the percent inhibition of cation radical were enhanced as
the salinity level hiked. But this trend was discontinues at site 4 in H. fomes
and at site 5 in X. granatum, where beyond these sites along the salinity
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gradient, the percent inhibition dwindled. Highest inhibition occurred at
site 6 as 34.29 (E. agallocha), 31.95 (P. paludosa) and 25.26 (B.
gymnorrhiza).In the same site H. fomes and X. granatum showed 18.84 and
23.26 percent of inhibition (Fig. 2E). Incidence of 50% inhibition (IC,,)
depicted reverse of percent scavenging (Fig. 2F).

The Fe,+ chelating assay determines the antioxidants confined in the
samples as reductants in colorimetric reaction, which is redox-linked and
the results reveal the antioxidants reducing power. A higher absorbance
tallies to a higher ferric reducing ability and IC,, values were calculated,
which denotes the concentration of samples required for scavenging 50%
of the free radicals. The present experiment publicized that in B.
gymnorrhiza, E. agallocha and P paludosa the reducing ability were
distinct along with the increasing salinity, though in P. paludosa the
increment was not as high as the other two. The percent inhibitions were
noted from these three taxa maximized in site 6 (35.86 in B. gymnorrhiza,
36.85 in E. agallocha and 21.98 in P. paludosa). But H. fomes touched peak
in site 2 (18.39), after that the value reduced as salinity increased and in
last two sites, remain more or less the same. X. granatum exhibited its
highest ferric reducing ability at site 2 (17.66), it reduced at next 4 sites
with increased salinities. The graphical representation of percent
inhibition was depicted in Fig.2G and the bar diagram of IC,, represented
thereverse of the percentinhibition diagram (Fig. 2H).

Atwo-tailed bivariate correlation coefficient (Pearson coefficient) was
calculated (using SPSS 12.0 softwere) for each parameter in respect to
salinity (Table 2). In this part, amount of increment of total phenols and
flavonoids, percent inhibition of free radical scavenging by DPPH and
ABTS assay and percent ability to Fe,” chelation in respect to salinity hike
were considered. The analysis revealed that all studied taxa showed fairly
positive correlation with the salinity, the correlation values were
significant (p< 0.01) in B. gymnorrhiza, E. agallocha and P. paludosa
(r’=0.974, 0.944 and 0.949 respectively), but in case of H. fomes and X.
granatum,the correlation values were 0.822 and 0.860 (p< 0.05).In case of
flavonoids, significant correlation only exist in former three species
(0.889, p< 0.05in B. gymnorrhiza; 0.952, p< 0.01 in E. agallocha and 0.904,
p<0.05in P paludosa), other two have no significant relationships.

Percentinhibition of free radicals by DPPH and ABTS also exhibited the
significant relationship with salinity in case of former three species. These
three species showed high significant correlation in ferric ion chelation
ability with salinity, whereas rest two did not reveal significant correlation
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values. Percent inhibition of DPPH radical is well correlated with the
incidence of TP and TF in all cases at significant level p< 0.01, except H.
fomes (p< 0.05). In X. granatum, DPPH and flavonoids occurrence was not
significantly correlated. ABTS assay of free radical scavenging and
occurrence of TP and TF also produced the same trend for X. granatum.
Ferricion chelating ability in respect to TP revealed maximum correlation
in B. gymnorrhiza, E. agallocha, X. granatum and P, paludosa (p< 0.01), but
H. fomes showed least. In case of TF, except H. fomes and X. granatum, all
other studied taxa were significantly correlated.

Table 2. Correlations among salinity and other investigated factors for each plant

B. gymnorrhiza E. agallocha H. fomes P. paludosa X granatum Treatments
0.974%** 0.944%* 0.822* 0.949%** 0.860* Phenols

‘g 0.889* 0.952%* 0.329 0.904* 0.294 Flavonoids

= 0.928%* 0.856* 0.582 0.981%* 0.414 ABTS

« 0.946%** 0.890* 0.646 0.884* 0.734 DPPH
0.966** 0.962** 0.316 0.919** 0.738 Fey"

DPPH  0.831* 0.968%* 0.892* 0.922%* 0.956%** Phenols
0.944** 0.934%* 0.864* 0.963** 0.596 Flavonoids

ABTS  0.993** 0.978%** 0.868* 0.981%** 0.870* Phenols
0.971** 0.942%* 0.865* 0.959%** 0.544 Flavonoids

Fey* 0.989%* 0.963** 0.733 0.921%** 0.975%* Phenols
0.963** 0.986** 0.736 0.852* 0.575 Flavonoids

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed)..

The present work demonstrated the amount of total phenols,
flavonoids and free radical scavenging ability of five mangroves, among
which three are abundantly growing in Sundarbans region and while the
other two exhibited scarce occurrence from five different islands of
varying substrate salinity. The same plants were taken from mesophytic
conditions, considered as control experiment. Incidence of total phenol in
all studied taxa has a strong positive association with the salinity though
this affinity was less significant in two taxa, H. fomes and X. granatum. TP
increment was observed up to a certain limit of salinity, beyond which it
decreased. In mangrove species, normally total phenols are copious
components, which avert damage from herbivores (Feller et al., 1999;
Hernesetal,2001), butbasically their major role in plant system is involve
in antioxidative radical scavenging (Banerjee et al., 2008; Rahim et al,
2008;Zhangetal., 2010).

Phenolic compounds are commonly found in plants and have been
reported towards several biological activities including a strong
antioxidant activity (Duh et al, 1999; Chandini et al, 2008). The
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Continuation of Figure 2
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antioxidant capacity of phenolic extracts is very often attributed to their
radical scavenging ability mediated by hydroxyl groups (Hatano et al.,
1989).

The flavonoids have been recognized as important components in
Plantleaves. Metcalfe (1987) opined that 20% of the carbon that have been
fixed by photosynthesis have channelized through phenylpropanoid
pathway leading to generate most of the naturally occurring polyphenols.
It is established that plant polyphenols and, especially, flavonoids are the
most important defensive antioxidants in stressful condition (Agati and
Tattini, 2010; Pollastri and Tattini, 2011; Brunetti et al., 2013). Agati et al.
(2012) commented that flavonoids effectively absorb the active solar
wavelengths (UV-B and UV-A), hinder the generation of reactive oxygen
species (ROS) and scavenge ROS once they are formed. With several
endogenous antioxidants, flavonoids play a role in optimum protection
from oxidative stress caused by the increased level of ROS. Antioxidative
mechanism of flavonoids includes suppressing ROS formation (by
inhibition of enzymes or chelating trace elements involving ROS
generation), direct ROS scavenging and up-regulating or protecting
antioxidant defenses (Middleton and Kandaswami, 1993; Pietta, 2000). In
the present observation, incidence of flavonoids in the leaves extracts from
the three species (B. ggymnorrhiza, E. agallocha and P. paludosa) were high
than those of the two (H. fomes and X. granatum). As the substrate salinity
elevated in different sites, the flavonoids occurrence also increased in the
former three species indicating their better suitability in increased
salinity, whereas, the latter two species show different trend. The
flavonoids increment over the control plants was continued up to a certain
limit of substrate salinity in these two species, beyond that, its diminution
designating their weaker adaptability in high saline environment.
Scientific suggestion revealed that, under abiotic stress, excess generation
of ROS, such as superoxide, hydroxyl and peroxyl radicals occurs and the
balance between antioxidation and oxidation is supposed to be a critical
perception for keeping a well biological system (Davis, 2000).

It has been demonstrated that salt stress is expected to encourage the
generation of ROS in plants (M'Rahs et al., 2007). Plants respond to salt
stress by decreasing stomatal conductance to avoid excessive water loss.
This in turn decreases the internal CO, concentrations and slows down the
reduction of CO, by Calvin cycle. This response leads to depletion of the
oxidized NADP" which acts as a final acceptor of electrons in PSI, and
alternatively increases the leakage of electrons to O, forming 0 (Hsu and
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Kao, 2003). Furthermore, Na'/Cl toxicity resulting from salt stress could
disrupt the photosynthetic electron transport and provoke electron
leakage to O,. Nychas et al. (2003) claimed that polyphenols are
antioxidants (having redox properties), potentially act as reducing
agents, hydrogen donators and singlet oxygen quenchers.Jithesh et al.
(2006) commented that in increased salinity, physiological water deficit
causing abscisic acid regulated stomatal closure in leaves leading to limited
CO, availability, ultimately over reduction of electron transport chain, and
finally generation of ROS. In this work, free radical scavenging ability also
evaluated by percent reduction of leaves extracts by DPPH, ABTS and
chelation of ferric ion and were well correlated with the increasing soil
salinity, atleastin those species, which are predominant in in situ condition
(B. gymnorrhiza, E. agallocha and P. paludosa), but these trends were
interrupted in H. fomes and X. granatum - the taxa which are now
precarious in nature. Mangroves are inhabitants in extreme inimical
microclimate with high salinity, irradiation and depleted nutrition with
rapid tidal fluctuation (Naskar and Guha Bakshi, 1995). These leading to
production of excess ROS and to nullify the deleterious consequences,
amount of antioxidative enzymes and secondary metabolites are also
sufficiently elevated. Scientific evidences proved that mangroves are
generously endowed with polyphenol compounds (phenols and
flavonoids), which help to cope with the oxidative stress by exploitation of
potentantioxidant (Banerjee et. al., 2008; Chandini et al., 2008).

Beside the genetic regulator, a biochemical mechanism, which are
regulated in a way that allows halophytes to nurture and flourish in salt
stress environment contributing them a definite advantage over other
glycophytes. Inductions of antioxidants (enzymes and secondary
metabolites) were shown to protect halophytes against ROS, leading
toprevention of lipid peroxidation during salt stress (Hasegawa et al,
20004, b; Jithesh et al., 2006). This confirms that these antioxidants are
indispensable towards adaptive defense mechanism against salt stress in
halophytes. In the present work, it publicized that the salinity plays a major
role in occurrence of TP and TF in all taxa, except the two (H. fomes and X.
granatum), where up to a certain limit of substrate salinity, TP and TF
amplified, further than which, it dropped down indicating their less ability
to salt adaptability. The antioxidative response in plants is complex and
scavenging of ROS takes place by interaction of enzymatic and non-
enzymatic components. Jithesh et al. (2006) also pronounced that most
salttolerance studies have explored antioxidant status in leaves. This is not
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surprising considering the fact that salt stress aggravates ROS mainly in the
chloroplast compartments of leaf cells. It has long been established that
antioxidant ability of polyphenols and flavonoids is attributed to extent of
free radical scavenging (Hatano et al, 1989). Present investigation
confirmed that efficient free radical scavenging aptitude signify the
efficacious existence of plant taxa in salt stress. The substrate salinity of
Indian Sundarbans is presently much higher and imposing much
inhospitality to some key species of this area for their sustainable existence
(Haq et al., 1999; Nandy et al., 2007). Accumulation of elevated and
positively correlated antioxidative enzymes and other compatible
metabolite (low molecular proteins and amino acids) have demonstrated
as combat force against salinity stress in B. ggymnorrhiza, E. agallocha and P
paludosa along with some other predominant flora of this area, but H. fomes
and X. granatum are lagging behind in these regards (Dasgupta et al.,
2013). The present opinion on relative incidence of antioxidative
secondary metabolites and ROS scavenging ability with respect to
substrate salinity would be symptomatic towards the emaciated
occurrence of H. fomes and X. granatum than those of the other three
investigated taxa.
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