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5. DISCUSSION
For fulfilling most of the primary needs such as food, fodder, water etc. for
times immemorial; human civilization have always depended up on wetlands from the
beginning of their journey towards modern society (Swapna et al. 2011). Wetland
ecosystem is also significant in providing livelihood to the thousands of people
residing in the close proximity of these areas. Nowadays many researchers are trying
to gather as much knowledge related to the use of wetland plants from the local
people living in the vicinity of these wetlands. In the present study, many new aspects
regarding the use of wetland plants from the different regions of northern part of West
Bengal has been assessed. Briefly, an extended survey was conducted which revealed
the usage of wetland plants as food and medicine by the local peoples. A total of
fifteen plants were eventually selected on which the detail study was further
conducted. Earlier workers have also reported the medicinal properties of wetland
plants apart from their economic importance. Panda and Misra (2011) reported 48
ethnobotanically important wetland plants from the wetlands of Eastern Ghat region
of Orissa. They reported some similar plants as described in Table 1-4 which included
the plants like Alternanthera sessilis, Bacopa monnieri, Eclipta prostrata, Enydra
fluctuans, Glinas oppositifolius, Heliotropium indicum, Hygrophila auriculata,
Nelumbo nucifera, Ipomoea aquatica, Ludwigia adscendens, Nymphaea nouchali,
Nymphaea pubescens, Marsilea sp., Monochoria vaginalis, Nymphoides indica,
Oldenlandia corymbosa, Pistia stratoes, Scoparia dulcis that were found to be
ethnobotanically important in the present study. Chowdhury and Mukherjee (2012)
reported 84 wild edible plant species used by the local inhabitants of Malda, West
Bengal. Among the 84 plants recorded, some were wetland plants and also found
ethnobotanically very important in this current study. Some common wetland plants
that appeared in the previous study include Nelumbo nucifera, Alternanthera sessilis,
Colocasia esculenta ,Bacopa monnieri, Enhydra fluctuans, Amaranthus spinosus, A.
viridis, Argemone mexicana, Lasia spinosa, Chenopodium album, Diplezium
esculentum, Euryale ferox, Hygrophila auriculata, Glinus oppositifolius, Ipomoea
aquatica, Oxalis corniculata, Marsilea minuta, Nymphaea nauchali, Nymphaea
pubescens, Ottelia alismoides, Portulaca oleracea, Ricinus communis, Xanthium
indicum etc. Similarly, Saha et al. (2014) documented ethnoveterinarily useful 60
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different plants from Malda district of West Bengal. Among these 60 plants Ricinus
communis,

Heliotropium

indicum,

Achyranthes

aspera,

Eclipta

prostrata,

Amaranthus spinosus were also found ethnobotanically important in the present study.
Thus, in this study effort has been made to enlist the different locally available
wetland plants and finally screen for the reported medicinal properties of the 15
selected plant samples collected from various wetlands of North Bengal region, for
the presence of different phytochemicals along with the in vitro and in vivo estimation
of antioxidant, antimicrobial, antidiabetic and anticancer activities.
Phytochemical screening of the powdered plant samples of Cryptocoryne
retrospiralis, Barringtonia acutangula, Hydrocotyle sibthorpioides, Eclipta prostrata,
Enhydra fluctuans, Amaranthus spinosus, Marsilea minuta, Amaranthus viridis,
Glinus oppositifolius, Portulaca oleracea, Hygrophila auriculata, Phyla nodiflora,
Pilea microphylla, Diplazium esculentum and Ipomoea aquatica revealed the
presence and absence of glycosides, steroids, anthraquinones, amino acids, alkaloids,
saponins, reducing sugar, resin, cardiac glycosides, terpenoid, tannin, carbohydrates,
protein, phenol and flavonoids in these plants. Wadkar et al. (2017) reported the
presence of saponins, glycosides, tannins, alkaloids, steroids and flavonoids in C.
retrospiralis. Kathirvel et al. (2012) reported presence of alkaloids, phenols,
flavonoids, protein, amino acid, carbohydrate, steroids, saponins, anthroquinones in B.
acutangula which resembled the result of the present study. However in this study
phytochemical screening of H. sibthorpioides reveals the presence of saponins,
glycosides, tannins, amino acids, carbohydrates, protein, phenol and flavonoids not
getting any other supporting works done by any worker. Lunavath et al. (2013)
reported the presence of alkaloid, tannin, flavonoids, amino acid, saponins, glycosides
and carbohydrate in Eclipta prostrata as seen in present study. Amino acids,
alkaloids, saponins, reducing sugar, terpenoides, tannins, phenols, and flavonoids
were also detected in Enydra fluctuans. Presence of saponins, flavonoids, protein,
reducing sugar and phenols was reported in E. fluctuans previously by Kuri et al.
(2014). Screening of phytochemicals in dried plant samples in two species of
Amaranthus revealed that both A. spinosus and A. viridis contained glycosides, amino
acids, reducing sugar, cardiac glycosides, protein, phenols, flavonoids and
triterpenoids. However, saponins were detected in A. spinosus but it was found absent
in A. viridis. Presence of cardiac glycosides, saponins and flavonoids were also
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reported in A. spinosus previously (Amabye, 2015). Present study revealed that,
amino acid, saponins, reducing sugar, tannins, carbohydrates, protein, phenols and
flavonoids were present in detectable amount in dried powdered sample of M. minuta.
Presence of similar type of active phytochemicals has been reported in M. quadrifolia
(Meenatchi and Jenitha, 2015). In this study, in Glinus oppositifolius anthroquinones,
resin and terpenoid were not detected and detection of alkaloid, carbohydrate, phenol,
protein, steroid and tannin showed resemblances with the study of Ramaseshan et al.
2016. In Portulaca oleracea steroid were not detected along with anthraquinones,
resins etc and the presence of glycosides, amino acids, saponins, cardiac glycosides,
terpenoids, tannins, proteins and triterpenoids was confirmed by the qualitative tests.
Similar works by Okafor and Ezejindu (2014) also supporting this result up to certain
level. Phytochemical profile of Hygrophila auriculata showed the presence of amino
acids, alkaloids, saponins, reducing sugar, terpenoids, tannins, carbohydrate, protein,
phenols and flavonoids. This result is in accordance of the findings of Hussain et al.
(2011). Also the presence of amino acid, alkaloids, flavonoids, terpenoids and
saponins were detected in Phyla nodiflora which correlated with the similar
investigations of by Priya and Ravindhran 2015. In Pilea microphylla amino acid,
alkaloids, saponins, tannins, phenols and flavonoids were detected which reciprocated
with the findings of Bansal et al. (2011). The phytochemical profiling of Diplazium
esculentum revealed the presence of anthraquinones, alkaloid, saponin, reducing
sugar, terpenoid, carbohydrate, protein, phenol, flavonoid and triterpenoids that
resembles the works of Zannah et. al. (2017). Also, in Ipomoea aquatica presence of
amino acid, reducing sugar, resin, protein, phenol, flavonoid and triterpenoid were
detected, that resonated with the phytochemical screening of Sivaraman et al. (2010).
Among the naturally occurring aromatic phytocompounds, anthraquinones
possess antioxidant, antimutagenicity and antitumor activities (Demirezer et al. 2001;
Lee et al., 2005; Kimura et al., 2008). In our study only B. acutangula confirms the
presence of anthraquinones. Tannin shows antiulcer, antiviral, antibacterial, antiinflammatory and antioxidant activity in various experiments. Tannins are also
effective in the treatment of burns due to its unique property to precipitate proteins
from the exposed tissues and formation of a protective layer. Tannins are also used to
treat gonorrhoea, leucorrhoea, piles, inflammation etc. Some studies also pointed
towards the inhibitory effect of tannin on the HIV replication. In many astringent and
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diuretic drugs mainly tannins are the principal compound (Lu et al., 2004; Akiyama et
al., 2001; Kolodziej et al., 2005). Since long, terpenoids have been used in
pharmaceutical industries as antiseptic, antibiotics, anthelminthic and insecticidal
(Duke, 1992; Parveen et al., 2010). These are multi-cyclic compounds and are derived
from 5-hydrocarbon isoprene units (CH2=C(CH3)-CH=CH2) (Elbein et al.1999;
Langenheim, 1994). Almost in all living organisms these natural lipids (terpenoids)
are present and are commercially used in cosmetics, foods and agricultural products
and also as flavouring agent and in fragrances (Elbein et al., 1999; Harborne et al.,
1991).
Plant phenolics are the group of secondary metabolites bearing a common
aromatic ring with one or more hydroxyl groups (Chirinos et al., 2009). In the recent
years, significant attention has been paid towards the research on plant phenolics
(Manach et al., 2004). As a result of intensive research, within the past decade, more
than 8000 plant phenolic structures have been elucidated. Phenolic compounds are
present at varying concentrations in different plants parts and thus contribute
immensely towards the medicinal properties of the plants. Plant phenolics help in
reducing inflammation and are also effective as vasodilators. Apart from this,phenolic
compounds have anticancerous, antioxidant, antidiabetic and antimutagenic that has
been proven scientifically by many workers alongwith their protective role in various
neurodegenerative diseases (Padilla et al., 2005; Mohanlal et al., 2013; Zhang et al.,
2011; Jin et al., 2006; Kusirisin et al., 2009; Scalbert et al., 2005; Luo et al., 2002;
Parekh and Chanda, 2007). In the present study, quantification of phenolics reveals
that Hydrocotyle sibthorpioides contains highest amount of phenols and Portulaca
oleracea contained the least.
Among other polyphenols flavonoids are the chief compounds and having
antifungal, antiviral, anti-allergic, antibacterial, anticancer and anti-inflammatory
activities (Di Carlo et al., 1999; Montro et al., 2005). It has 15 carbon atoms with a
flavan nucleus. Flavonoids have the ability to scavenge most of the harmful oxidizing
molecules or reactive oxygen/nitrogen molecules involved in various diseases (Bravo,
1998). Flavonoids are reported to exhibit protective role against cancers and
cardiovascular diseases. The development of cancer is inhibited by flavonoids as it
suppresses the production of enzymes (estrogen synthetase) involved in the synthesis
of estrogen (Okwu and Omadamiro, 2005). Among the 15 studied plants, A.viridis
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contains maximum amount of flavonoids and least amount of flavonoids was recorded
in P. oleracea.
One of the most important and abundantly available biomolecule is
carbohydrate. Glycosylated natural products are used as anticancerous and
antimicrobial drugs, eg. nojirimycin, streptomycin etc (Dewick, 2001; Asano, 2003).
Effective immunomodulatory activity of many polysaccharides isolated from
medicinal plants from China has been reported (Jayabalan et al., 1994). In the present
dtudy, the highest amount of soluble sugar was present in E. prostrata and least
present in I. aquatica. Chlorophylls are also known to possess several effective role in
maintaining good health (Negishi, 1997; Dashwood et al, 1998). Numerous reports
have suggested strong antioxidant activity of chlorophyllin and its usage to treat
number of human diseases without evident harmful effects (Sato et al., 1984; Sato et
al., 1985; Kamat et al., 2000; Kumar et al.,2001). In this study, highest amount of
total chlorophyll was recorded in E. prostrata and least in D. esculentum. Chlorophyll
a and Chlorophyll b was also recorded in these 15 plant materials studied. Proteins are
identified as a potent antioxidant by some workers. Acording to our findings A.
spinosus contains highest amount of protein and P. microphylla contains lowest.
Alkaloids are the natural compounds and are known to have antimicrobial,
antiprotozoal and antimalarial activities (Singh and Kapoor, 1980; Quetin- Lacqlercq
et al., 1995; Frederich et al., 2002).

Cardiac glycosides have antifungal activity

along with cardioprotective ability (Abbassy et al., 2007). Cardiac glycosides inhibit
Na+/K+ pumps and increases the Na+ and Ca2+ levels in the myocytes reducing cardiac
arrest. Cardiac glycosides also increase the proficiency of heart under a controlled
dosage as both toxic and therapeutic doses are very close to each other (Denwick,
2002).
Saponins possess a property of foaming in an aqueous solution; thereby
saponins are efficient foaming and surface active agent. Industrial applications of
saponins are not only important, but also the use of this phytochemical in medical
science is highly prized. Saponins are compounds useful in precipitation and
coagulation of RBCs (Okwu, 2004; Sodipo et al., 2000) and exhibit antifungal
(Aboaba et al., 2001), antihyperglycemic (Sauvaire et al., 1996; Vats et al., 2003),
antimicrobial (Mandal et al., 2005), antioxidant (Gulcin et al., 2004) and antiinflammatory activities (Gepdireman et al., 2005). In the present study, saponin was
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detected in all plant samples except C. retrospiralis and A. viridis only. Plant extracts
rich in saponins have been reported by Falodun et al. (2006) to be medicinally
important. Steroid was detected only in B. acutangula, E. prostrata and G.
oppositifolius amongst the 15 plant studied. There are several studies that suggest that
plant steroids are able to reduce cholesterol, regulate immune responses and are
pharmacologically very important for their ability to associate with various sex
hormones (Shah et al., 2009; Santhi et al., 2011). Cardiovascular, antibacterial, antiinflammatory, hepatoprotective and antitumor activity of some steroid was also
reported by several workers (Bermejo et al., 2000; Guisalberti, 1998; Emam et al.,
1997). Glycoside is a molecule in which sugar is bound to a non-carbohydrate moiety,
usually a small organic molecule. Glycosides play numerous important roles in living
organisms like fungi, bacteria and moots. Stored inactive glycosides can be activated
by enzymes’ hydrolysis, which causes the sugar parts to be broken off making the
chemical available for use. Many of such glycosides are used for medications.
(Imohiosen et al. 2014). In the present study, however, glycosides were not detected
in B. acutangula, Eclipta prostrata, E. fluctuans and M. minuta.
In the present study, phytochemical screening was followed by quantification
of some bioactive components. Highest amount of protein was observed in A.
spinosus followed by A.viridis and lowest in P. microphylla. Andini et al. 2013 also
reported similar types of result. Similarly the free amino acid content was also
measured and G. oppositifolius contains highest level and the C. retrospiralis with
lowest free amino acid levels. Likewise, very high phenol content was recorded in H.
sibthorpioides and the lowest amount recorded in P. oleracea. Environmental stresses
are known to be responsible for the production of phenolic compounds in plants; for
example light intensity, duration of exposure has been shown to have great influence
on the synthesis of phenols and flavonoids. Increased levels of flavonoids
(antioxidants) have been reported in the plants available in higher altitudes as many
prevailing stresses such as decreased pressure, low atmospheric temperature, exposure
to higher UV rays etc augments its synthesis (Chanishvili et al., 2007).
Carbohydrates are abundantly available biomolecules that find its application
in various natural products that needs to be glycosylated, many of which have been
used as anticancerous and antimicrobial drugs. For example, iminosugars like
nojirimycin, aminoglycosides like streptomycin etc are some commonly used
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glycosylated natural products (Dewick, 2001; Asano, 2003). Further, carbohydrates
have been reported to exhibit antioxidative activity. Basu et al. (2012) reported Pusa
Basmati polished seeds containing higher sucrose and starch content revealed better
superoxide and hydroxyl scavenging capacity. Photosynthetic pigments like
chlorophylls have been known to possess several beneficial properties for example
chlorophyllin (water soluble analogue of chlorophyll) was proven to be more efficient
than the parent compound (Negishi, 1997; Dashwood et al., 1998). Vitamins are
organic compounds which cannot be produced in vivo and are required in a very small
quantity for performing several biochemical functions. Thus, it is essential to obtain
from the diet or consume as a supplement (Peter, 1990). Vitamin C is known for its
antioxidative activity and for its potential to prevent atherosclerosis (Addo, 2004).
In the present study, both qualitative and quantitative analysis revealed the
presence of varied bioactive components in a varying amount in all the wetland plants
studied. Though, in many cases differences in the finding with that of other workers
was evident which may be attributed to numerous factors like age of the plant, time
and percentage of humidity of the harvested plant samples, geographical differences,
varying distribution of biological compounds in the plant organs and method used for
determination. Hence, taking into the consideration of beneficial role of these
phytochemicals (both primary and secondary metabolites) in human health, these
wetland plants may be regarded as the potential source of complementary alternative
medicines.
In recent times, natural products of plant origin such as flavonoids, phenols,
terpenoids, steroids etc. have gained substantial attention due to their diverse
application in therapeutics / nutraceuticals mainly because of their antioxidant activity
(Takeoka and Dao, 2003; DeFeudis et al., 2003) Antioxidants are the substances that
are involved in inhibiting and scavenging free radicals thereby protecting humans
against various infection and dreadful diseases. These antioxidant compounds may be
extracted using different solvents from the plant samples. In the present study, for
determining the antioxidative potential of the selected wetland plants, the samples
were extracted in methanol. Here the highest extractive yield was observed in
methanolic extract of M. minuta and lowest in A. Spinosus. The methanolic extracts
have been shown to possess better antioxidant activities in comparison to the
extraction in other solvents as propounded by various researchers (Zeliński and
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Kozlowska, 2000; Hasmida et al. 2014). Plant derived natural antioxidants has
recently received considerable attention because of its multifaceted activity in
improving or correcting numerous human disorders / diseases. Moreover, in
comparison to the synthetic drugs, ingestion of natural antioxidants are generally
accepted to be safer. Presence of several antioxidant compounds makes it rather
difficult to claim the role of a single compound which can be attributed towards the
antioxidant potential of the plants. Thus numerous methods varying in the chemistry
i.e in terms of target molecules or difference in the generation of free radicals have
been developed in the measurement of total antioxidant activity. Many reports have
been published periodically for revealing the antioxidative potential of plants (Bora et
al., 2005; Gayathri et al., 2005; Wang et al., 2007; Mimica-Dukicet al., 2008; Hort et
al., 2008; Lai et al., 2010; Paulsamy et al., 2013; Valizadeh et al.,2015).
In the present study, methods such as ABTS scavenging, DPPH radical
scavenging, FRAP assay, OH- scavenging, nitric oxide scavenging, superoxide
scavenging and metal chelating activity have been employed to evaluate the
antioxidant potential of the methanolic extracts of plant samples. DPPH radical
scavenging activity is a very common and an easy in vitro method to evaluate the
antioxidant capacity of different plant extracts. In this method scavenging of the free
stable DPPH radical (2,2’-diphenyl-1-picrylhydrazyl radical) by some antioxidant
substances present in plant extract can be adjudged. The colour of DPPH solution is
deep purple (absorption at 517 nm) which turns into yellow after being exposed with
the proton donating compounds ie. antioxidants present in the extract solution
(Sharma Bhat 2009). Generally, a decrease in the absorbance values of the reaction
mixture indicates the antioxidative efficiency of samples under study. The DPPH
scavenging activity highest observed in H. sibthorpioides followed by B. acutangula,
H. auriculata, C. retrospiralis, I. aquatica, P. oleracea, D. esculentum, A.viridis, E.
prostrate, P.nodiflora, A. spinosus, G. oppositifolius, P. microphylla, M. minuta, E.
fluctuans.
The ABTS (2,2-azinobis-3-ethylbenzothiazoline-6- sulphonate) method in
comparison to the DPPH assay offers flexibility in a way that this assay can be done
at different pH levels and therefore useful while studying the antioxidant activity of
various compounds in a wide range of pH of the reaction mixture. In this assay
interaction between antioxidant and ABTS radical cation (ABTS•+) is studied which
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has a typical color showing maxima at 645, 734 and 815 nm (Rice-Evans 1996, Miller
and Rice-Evans 1996). The ABTS assay determines the relative ability of natural
antioxidants in scavenging the ABTS•+ generated in aqueous phase and compared to
the activity of trolox standard (Boligon et al. 2014). This assay is also very useful for
the measurement of antioxidant activity of plant samples extracted in acidic solvents.
Also as ABTS is soluble in both aqueous and organic solvents it is thus very useful in
assessing antioxidant activity of samples in different solvent systems. In this present
study, the studied plant extracts showed variable results, H. sibthorpioides showed
maximum antioxidant activity and E. fluctuans showed the least activity. Other
studied plant samples shows intermediate activity.
The ferric reducing antioxidant potential (FRAP) was determined using the
method of Benzie & Strain (1996). The fresh FRAP reagent was prepared by mixing
acetate buffer (300 mM; pH 3.6), 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) (10 mM),
and FeCl3·6H2O (50 mM) and the spectrophotometric measurement was performed at
593 nm. Vitamin C was used as a standard antioxidant to compare the antioxidant
potential of the studied plant samples. In the present study, the highest FRAP activity
was recorded for B. acutangula and least activity for P. microphylla. Similarly,
hydroxyl radical scavenging activity was also used to evaluate the antioxidant
potential of the 15 plant samples. Hydroxyl radicals are able to reduce disulfide bonds
specifically in fibrinogen, resulting in abnormal spatial configurations and this
reaction is found to be responsible for the occurrence of many diseases such as
cancer, atherosclerosis and neurological disorders. This type of adverse effects of the
reaction of hydroxyl radicals can be prevented by non-reducing substances obtained
from natural sources (Lipinski 2011). In the present study, the scavenging potential of
the plant extracts on hydroxyl radicals was measured at 560 nm in a
spectrophotometer against a blank according to the method of Yu. et al. (2004).
Among the 15 plant studied C. retrospiralis shows maximum activity followed by P.
oleracea, I. aquatica. D. esculentum, A. spinosus, H. sibthorpioides, G. oppositifolius,
A.viridis, M. minuta. NO scavenging activity of the plant extracts was also performed
and for this study the NO radicals were generated from sodium nitroprusside at
physiological pH. The nitric oxide thus generated interacts with free oxygen to form
nitrite ions which is then estimated with the reaction with Griess reagent at 540 nm.
Nitric oxide (NO) is also a very reactive free radical associated with many diseases
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(Chen et al., 2008; Ebrahimzadeh et al., 2009). Scavenging of the harmful NO
radicals by the plant extracts may lead to the screening and development of beneficial
plant products which can be useful to combat the ill effects of excessive NO generated
in human body. In the present study, sharp decrease was observed in absorbance with
the increase in the concentration of plant extracts. It is evident from the study that
plant samples having three to nine folds lesser effectiveness in NO scavenging
activity than ascorbic acid. Among the plant extracts, the lowest IC50 value was
recorded for C. retrospiralis and the highest IC50 value was recorded for E. fluctuans.
Lower IC50 value indicates higher NO scavenging capacity of plant extract.
In living cells when oxygen is taken up by the cell superoxide anion radicals
are immediately produced inside cells. Superoxide anion radicals are highly reactive
free radicals produced endogenously by xanthine oxidase which converts
hypoxanthine to uric acid. Harmful effects of these radicals on various cellular
components leading to numerous diseases and are also involved in lipid peroxidation
(Attarde et al., 2011). With the help enzyme superoxide dismutase biological systems
naturally eliminates its toxic effect. (Chung et al. 2005). In this study H.
sibthorpioides and C. retrospiralis showed very good scavenging activity. Ferrozine
can chelate with Fe2+ and form a reddish complex (Dinis et al, 1994). In presence of
other chelating agents this reaction results in a sharp decrease of the reddish colour of
the ferrozine-Fe2+ complex. Measurement of the color reduction is measured
spectrophotometrically to estimate the chelating activity of the extract. (Soler-Rivas
et al. 2000). The antioxidant of plant extracts forms a complex with the metal ions
and inhibit the electron transfer. In this way oxidation reaction is suppressed and no
free radicals are produced. Among 15 plant samples studied Portulaca oleracea
showed highest metal chelating activity and B. acutangula least.
On the basis of in vitro antioxidant activity two plants, Cryptocoryne
retrospiralis and Hydrocotyle sibthorpioides were selected for further study. The
methanolic extracts were tested against bacterial strains such as B. subtilis, E. coli
(MTCC 452) and Mycobactrium avium (MTCC 1723). Both the plant extracts showed
antimicrobial activity against B. subtilis and E. coli, but the extracts could not show
any antibacterial activity against M. avium. Moreover, inhibition of spore germination
of different plant pathogenic fungus like Alternaria alternata, Curvularia lunuta and
Fusarium oxysporum was also exhibited by the plant extracts. Antibacterial activity
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by the ethanolic extract of of C. retrospiralis was demonstrated by Wadkar et al.
(2017). Antimicrobial efficacy of Hydrocotyle javanica against human pathogenic
bacteria was also reported by Mandal et al. (2016). In case of antifungal activity,
better result showed by C. retrospiralis in comparison to H. sibthorpioides. Presence
of different bioactive compounds attributed for antibacterial as well as antifungal
activity.
The in vitro hypoglycaemic activity of all the plant extracts were also
evaluated by α-amylase inhibitory activity. α-amylase present in the small intestine
and responsible for carbohydrate metabolism. Rising of postprandial blood glucose
level is due to the breaking down of polysaccharides to monosaccharide in presence
of this enzyme. This enzyme hydrolyses alpha bonds of large polysaccharides, such as
starch and glycogen, and producing glucose and maltose. Thus any plant material or
any compound able to inhibit α-amylase activity can be very useful in the treatment of
diabetis (Bressler and Johnson, 1992). The risk of cardio-vascular diseases is related
to the alteration in lipid profile has been encountered in diabetes mellitus (Maghrani
et al., 2005). Elevated levels of cholesterol, triglycerides and LDL with the decreased
HDL-cholesterol are commonly encountered with hyperglycaemic condition (Uttra et
al., 2011).
The hypoglycaemic effect of both the plant extracts were also evaluated on
streptozotocin induced diabetic rats. After 25 days of induction a significant decrease
in blood glucose level was recorded in both plant extract feed rat groups. In this study,
two concentrations 200 and 400 mg/kg of body weight were administrated and it was
evident that crude extract helps to lower blood glucose level in dose dependent
manner. Higher percentage (39.37) of lowering of blood glucose was recorded H.
sibthorpioides with a concentration of 400 mg/kg of body weight. Comparatively,
lower degree of blood glucose decrease was recorded when rats were administrated C.
retrospiralis (28.34%). However, decrease in blood glucose concentration is quite
higher (71.65%) in metformin applied group. Several authors reported promising
activity of plant extracts against type II diabetes (Ahmad et al. 2008; Hafizur et al.
2012; Gaber et al. 2013). Kumar et al. (2011) demonstrated the antidiabetic activity of
methanolic bark extract of Albizia odoratissima in alloxan induced diabetic mice.

176
Decreased body weight is one of the major phenomenons of diabetic patients.
During diabetes, body cells unable to utilize glucose as energy source and seem to
utilize proteins as an alternative energy source leading to metabolic imbalance in
protein metabolism with consequent loss of body weight or continuous excretion of
glucose from the body (Kirana et al. 2011; Rajasekar et al. 2014). In present study, a
sharp decrease (28%) was observed in body weight of diabetic control rats. Whereas,
increase in body weight was observed in H. sibthorpioides and C. retrospiralis
administrated rats. It was observed that, gain in body weight is relatively higher in H.
sibthorpioides (11.8 %) administrated rats when applied at a dose of 400 mg/kg body
weight. However, the gain in body weight is higher (13.92 %) in metformin
administrated rats. It was evident that both plant extracts reversed the detrimental
effect of diabetes there by increasing the body weight of treated rats. Alamin et al.
(2015) demonstrated significant increase in body weight in diabetes induced rats
when administrated with the aqueous extract of Tinospora bakis at a concentration of
400 mg/kg of body weight.
Hepatoxicity is also very common in diabetic condition. Hepatoxicity is
related with the elevation of liver marker enzymes (SGOT and SGPT) (Ghosh and
Suryawanshi, 2001). Nephropathy in diabetic rats can be identified with the increased
levels of serum urea and creatinine (chief marker) (Idonije et al., 2011). Thus, the
reduction in urea and creatinine levels, SGOT and SGPT of diabetic rats after
treatment with the C. retrospiralis and H. sibthorpioides indicated that these extracts
may have prohibited further kidney and liver damages upto certain level in the
diabetic treated rats. Understanding the chemical nature of the extracts following the
isolation and characterization of lead compounds responsible for biological activities
is important for pharmaceutically exploiting these compounds, thereby leading to the
discovery and development of newer drugs (Mariswamy et al.,2011).Thus, we have
made an attempt to characterize the active compounds underlying the various
activities shown by C. retrospiralis and H. sibthorpioides extract.
For partial characterization, a array of experiments were conducted. FTIR was
performed to identify the functional groups present in the methanolic extract of H.
sibthorpioides and C. retrospiralis. The main stretching vibrations of C. retrospiralis
appear at 3394 cm-1 (broad), 2924 cm-12852 cm-1, 2265 cm-12065cm-1, 1640 cm-1,
1407 cm-1 and 1237 cm-1. Similarly we get same type of FTIR spectra of H.

177
sibthorpioides (Figure 14). The main stretching vibrations of H. sibthorpioides appear
at 3397cm-1 (broad), 2926 cm-12855 cm-1, 2265 cm-1, 2065 cm-1, 1648 cm-1 and 1411
cm-1. Spectral differences are considered as the objective reflection of componential
differences. Therefore, fingerprint characters of FT-IR spectrum can be used to judge
the origin of different extracts accurately and effectively, trace the constituents in the
extracts, identify the medicinal materials true or false and even evaluate the qualities
of medicinal materials (Mriswamy, et al. 2012).
HPLC profiling of all the preliminary selected fifteen plants were done to
determine the presence of phenolic compounds in methanolic plant extracts. Earlier
works with different plant extracts detected the presence of phenols and polyphenols,
which contribute to the antioxidant potentiality (Siger et al. 2012). Highest numbers
of peaks were detected in M. minuta. Pteridophytes are rich in phenols which are
responsible for its several bioactivities. Finally selected two plants, viz. C.
retrospiralis and H. sibthorpioides showed comparatively less numbers of peaks in
their methanolic extracts. HPLC analysis of H. sibthorpioides revealed fifteen
putative phenolic compounds. However, only twelve peaks could be detected in C
retrospiralis. Kumari et al. (2016) detected catechin, epicatechin, quercetin and
chlorogenic acid in H. sibthorpioides extract by ultra-high pressure liquid
chromatography-mass spectrometry (UPLC-MS/MS).
The compounds identified in these samples may act as potential ligands or
lead compounds against antidiabetic target proteins/enzymes. Moreover, both the
extracts had revealed appreciable results in an in vivo antidiabetic study; thus, we
have made an in silico molecular approach to understand some of the possible
mechanisms of action behind the antidiabetic activity of C. retrospiralis and H.
sibthorpioides to select the potential antidiabetic components by docking some of the
compounds against target proteins/enzymes involved in glucose metabolism such as
peroxisome proliferators activated receptor gamma (3DZY). Natural products have
been described as a promising pool of structures for drug discovery, and a significant
research effort has recently been undertaken to explore the PPARγ-activating
potential of a wide range of natural products originating from traditionally used
medicinal plants or dietary sources (Wang et al. 2014). Presence of diversified types
of bioactive components may have attributed to the antioxidant, antimicrobial and
antidiabetic activities exhibited by these wetland plants. There is no previous report of
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such work from these plants of this region. These plants could be considered as the
potential source for exploiting their applications in pharmaceuticals. Molecular
docking approach to elucidate the probable mechanism of function by the plant
extracts may be exploited to decrease time and labour as well as lowering the use of
costly chemicals. In their study, Natarajan et al. (2016) applied molecular docking
approach to elucidate (4Z, 12Z)-cyclopentadeca-4, 12-dienone from Grewia hirsuta
with some targets related to type 2 diabetes. It was found that the compound (4Z,
12Z)-cyclopentadeca-4, 12-dienone is a promising candidate which docks well with
various targets related to diabetes mellitus.
GCMS reveals presence of 9 compounds from C.retrospiralis and 10
compounds from H. sibthorpioides methanolic extract. Among these compounds
some are known to have some role and others role is not yet known to us. Phytol is a
compound found in C. retrospiralis is an acyclic diterpene alcohol and can be used as
a precursor for the production of synthetic forms of vitamin E and vitamin K
(Netscher and Thomas 2007). It is also an important compound reported with
antimicrobial,

cytotoxic,

and

antioxidant

properties

(Wei

et

al.

2011).

Octadecadienoic acid is a monounsaturated fat and according to some workers its
consumption reduces low-density lipoprotein (LDL) cholesterol, and possibly
increases high-density lipoprotein (HDL) cholesterol. According to Martin-Moreno
(1994) consumption of oleate in olive oil has been linked with a decreased breast
cancer risk. Isopropyl Stearate used as a skin care product and in some medicine as
inactive ingredients. Testosterone enanthate is a well known steroid which
significantly increases sports person performance by increasing muscular strength
within 6-12 weeks of administration (Rogerson 2007). n-hexadecanoic acid inhibits
phospholipase A2, hence it is an anti-inflammatory compound. This study validate
the use of oils rich in n-hexadecanoic acid for treating of rheumatic symptoms in
ethno medical systemas well as

Ayurveda of India (Vasudevan et al. 2012).

Hexadecanoic acid is one of the major phytoconstituent detected by GC-MS analysis
that is present in both the plant extracts which is known to possess strong
antimicrobial activity (Preethi et al. 2010). Anti-inflammatory and cytotoxic potential
of hexadecanoic acid, methyl ester was reported by Othman et al. (2015). It was
reported by Hussein et al. (2016) that Curan-17-oic acid, 2,16-didehydro-20-hydroxy19-oxo, methyl ester shows anti yeast activity.
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The cytotoxic effect of the plant extracts were evaluated against human
hepatocarcinoma cell line (HepG 2) was purchased and maintained in Ham’s F-12
medium, with 10% Foetal Bovine Serum in a humidified CO2 -Incubator at 5% CO2
level and 37 °C. The methanolic extract of C. retrospiralis and H. sibthorpioides at
different concentration showed significant cytotoxicity against the human
hepatocarcinoma cell line (HepG 2). Nuclei of the extract treated cells appeared
smaller, indicating nuclear shrinkage. With an increase in concentration, a notable
degree of nuclear fragmentation was also evident when observed under Floid Cell
Imaging Station (Life Technologies, USA). At a concentration 100 μg/ml these
extract showed 17.38% and 30.41% cell death respectively for C.retrospiralis and H.
sibthorpioides extracts, which accelerated with increasing concentration of the
extract. At maximum concentration of the plant extracts tested i.e 500 μg/ml, the cell
death increased to 57.12 and 68.32 respectively. For recent years it has been a new
trend to search for alternative anticancerous drug from plant sources with less adverse
effects. Quintanilla-Licea et al. (2016) reported cytotoxic effect of methanol extracts
of Pachycereus marginatus (DC.) Britton & Rose and Ibervillea sonorae (S. Watson)
against the murine lymphoma L5178Y-R cell line. Presence of bioactive compounds
like alkaloids is the probable candidate for cytotoxicity against different cancer cell
like. Methanol is good solvent and known to be efficient to dissolve active
constituents from different dried plant materials. Orange et al. (2016) investigated the
cytotoxicity effects of Scrophularia oxysepala methanolic subfractions and the
underlying mechanism responsible for cell death in human breast carcinoma (MCF-7
cells) and mouse fibrosarcoma (WEHI-164 cells). Results clearly indicated that S.
oxysepala methanolic subfractions induce apoptosis in MCF-7 and WEHI-164 cells.

