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Abstract

Nypa fruticans Wurmb is an underutilized mangrove plant in India. Mangroves generally contain more secondary
metabolites to thrive in a saline environment. The present study focuses on estimation of primary metabolites like
carbohydrates, proteins, lipids etc and secondary metabolites like flavonoids, phenols, tannins etc from different parts of
Nypa plant such as leaf, stem, male flower, bracts, unripe endosperm and ripe endosperm. Total phenolic content
(79.91+1.63 mg/g) and flavonoid contents (99.5+0.936mg/g) were high in the leaves compared to young and mature
endosperm. The antioxidant activity using DPPH and SOD scavenging assay also showed very high in leaves. ICsy value of
leaves for DPPH scavenging assay was 6.11+£1.68 ug/ml and SOD scavenging assay was 11.85+1.16 ug/ml. GC-MS and LC-
MS analysis of NFME of leaves identified several bioactive compounds. Brenzcatechin, 4-vinylphenol, 4-vinyl 2-methoxy-
phenol, hexadecanoic acid etc were some of the compounds obtained from GC-MS analysis. In vitro study of methanolic
extract for anti-diabetic, anti-arthritic, and anti-inflammatory activity were evaluated and % inhibition was high. Percentage
of a-amylase inhibition of the NFME at 500 ug/ml concentration was 69.87% which showed a significant level of anti
diabetic activity. Inhibition of haemolysis of erythrocytes at high temperature was 72.94% which indicated the anti
inflammatory potential of NFME. Protein denaturation inhibition of methanolic extract was also significant (53.08%) that
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showed the anti arthritic activity.
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Introduction

Nypa fruticans Wurmb was reported from Muziris Pattanam
wetlands of Ernakulam district of Kerala'. The usage of this
plant is scarce in India, but used in countries like Malaysia,
Nigeria, and Philippines etc. Nypa palm is a unique prostrate
palm flourishes in a mangrove environment. It is the only palm
considered as mangrove®. It yields oil, starch, sugar etc. Large
amount of sap and potential for sugar production has given it the
name sugar alternative having minerals and low glycaemia
index’. Nypa plant is useful in many aspects as it gives variety
of useful products like coconut palm. This plant can produce
alcohol which can be useful as biofuel. But there is lack of
scientific report on Nypa fruticans. Wurmb. as a fuel or alcohol
producing plant and also the plant is not much familiar among
common people.

Primary metabolites are the compounds essential for the plant
and are directly involved in the metabolism. Carbohydrates,
proteins and lipids are required for the overall development of a
plant and are present in sufficient quantities in every parts of the
plant. Secondary metabolites on the other hand are not directly
involved in the plant metabolism but provide some defenses to
the plants from external factors’. These defense chemicals
present in plants are also known as phytochemicals. Phenols and
flavonoids are largely distributed secondary metabolites in the
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plant kingdom. Mangroves are rich source of phenols and
flavonoids and are related with the antioxidant property of
plants. Many of these phytochemicals are useful to mankind by
acting as drugs, pharmaceuticals, antioxidants, anti-diabetic
compounds, stimulants etc. Secondary metabolites have wide
range of applications in the modern world as many of the
synthetic products are causing adverse results. Prasad and co-
workers™® reported that the antioxidant activities of the edible
part of immature and mature Nypa fruits were related to the
phenolics.

In this paper plant parts such as leaf, stem, male flower, bracts,
unripe endosperm and ripe endosperm of Nypa plant are used to
analyse the presence of primary and secondary metabolites.
Many of the phenolic and flavonoid compounds were identified
from the endosperm of Nypa fruticans. Wurmb. Some of the
identified phenolics in endosperm of N. fruticans are
chlorogenic acid, protocatechuic acid and kaempferol®. Total
phenolic compounds present in Nypa fruticans. Wurmb varied
between the plant parts. Leaves are the major site of stored
phenolic compounds, which could be utilized as a source of
substances in scavenging the radical ions and antioxidant’. In
this paper, we conducted Antioxidant study of plant parts such
as leaf, young endosperm and mature endosperm and compared
the ICs, values. GC/MS and LC/MS analysis made easier to find
several useful phytochemicals especially in the category of
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flavonoids and phenols. In this paper we have investigated the
GC/MS and LC/MS composition of NFME of leaves and
verified the relation between various phytochemicals and their
role in curing diseases. Although several studies conducted in
anti-diabetic property™’, we tried to analyse the in vitro potential
in curing diabetes. In this paper along with the anti-diabetic
study, in vitro studies conducted for anti-inflammatory and anti-
arthritic property.

Materials and methods

Stem, leaflets, flowers, fruits etc of Nypa fruticans. Wurmb
were collected from the Muziris Pattanam wetlands of
Ernakulam district, Kerala. These plant parts were air dried and
powdered using an electric grinder and used for estimation.
Analytical grade chemicals were used during experiment.

Estimation of total Carbohydrates content: Estimated by the
method of Dubois et al, 1956°. 1gm sample was extracted using
20ml 1M H,SO, by keeping in a boiling water bath at 100°C for
1 hour. 1ml filtered sample taken in 100ml beaker and 1ml 5%
phenol is added followed by 5 ml concentrated H,SO, under
cold condition. Absorbance was measured at 485 nm after 30
minutes and standard glucose solution was used for calibration.

Estimation of total Protein content: Proteins were estimated
by Lowry’s method'’. 0.01gm sample in 10ml 2N NaOH
extracted at 80°C for 2 hours. Added cu-reagent mixture shake
well continuously for 10 minutes. Then add 1ml 1:1 folin
reagent, kept for 40 minutes and read absorbance at 750nm.
BSA was used for calibration.

Estimation of total Lipid content: Estimated by Barnes and
Blackstock, 1973"" method. 0.01gm sample is mixed with 2:1
chloroform- methanol reagent. Heated at 60°C for 30 minutes.
Pipetted and evaporated to dryness in a desiccator for 2 to 3
days. Conc.H,SO, added and kept in a boiling water bath at
100°C for 10 minutes. After cooling vanillin reagent was added
and reading taken in spectrophotometer at 520 nm.

Estimation of total phenolic content: Estimated by Folin-
Ciocalteu method'?. The extract was mixed with 5ml of Folin-
Ciocalteu reagent and after 5 minutes 7.5% (W/V) Na,CO; was
added, mixed for 20 seconds. Incubated at room temperature for
2 hours in the dark absorbance was measured at 740nm using
UV-visible spectrophotometer. Using a six point calibration
curve the total phenolics were determined by comparing the
values obtained within the calibration curve of standard.

Estimation of total Flavonoid content: Flavonoids were
analysed by Aluminium chloride colorimetric assay'. Air dried
powdered sample weighed and extracted with 80% methanol.
An aliquot of the extract or standard solution of catechin was
added tol0 ml volumetric flasks containing 4ml of distilled
water. Added 0.3ml of 10% AICI; and after 5 minutes pipette
2ml IM NaOH and the total volume was made up to 10ml in
distilled water. Absorbance was measured against the prepared
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reagent blank at 510nm and the total flavonoid content was
obtained in relation with the values obtained for the standard.
Estimation of total Tannin content'*'">: 0.0lgm sample
extracted with 10ml .05M NaOH in boiling tube placed in a
water bath at 60°C 1", hour. Extract centrifuged and 5 ml
pipetted and to this added Iml citrate buffer, 1ml folin reagent
and 10 ml carbonate tartarate reagent. After 30 minutes and read
the optical density at 760 nm in a spectrophotometer using
standard tannic acid to reach the results.

GC/MS analysis of NFME of leaves: GC/ MS of methanolic
leaf extract of the plant was by using Shimadzu GC-MS
instrument Model Number: QP 2010S. For MS detection, Rxi-5
Sil MS used and capillary column of size 30mx 0.25mm, 0.25
um film thickness was used. GC/MS solutions software was
used for the analysis of data. Major compounds were identified
by their retention times and mass fragmentation patterns using
data of standards from the NIST 11, WILEY 8 libraries.

LC/MS analysis of NFME of leaves: LC/MS of methanolic
leaf extract of the plant was carried out using Xevo G, QTOF
system. Capillary voltage of 3.00 KV in the positive ion mode
and 2.5 KV in the negative ion mode were used, sampling cones
of 30V and extraction cones of 1KV were used in both positive
and negative mode. For chromatographic separation, the column
was held at 95% solvent A (0.1% acetic acid in water) and 5%
solvent B (methanol) in different gradient. Optimum parameters
were followed throughout the MS experiment.

Antioxidant activity - SOD Scavenging assay'®: Fresh
sample of 0.5gm ground with 3 ml of potassium phosphate
buffer, centrifuged for 10 minutes and the supernatants were
used for the experiment. The solution consisted of 1.2ml of
sodium pyrophosphate buffer, 0.1ml of PMS, 0.3ml of NBT,
0.2ml of the enzyme preparation and water in a total volume
of 2.8ml. 0.2 ml of NADH added and the mixture was
incubated at 30°C for 90 seconds and stopped the reaction
adding of 1.0 ml of glacial acetic acid. Shaken with 4.0ml of
n-butanol, kept for 10 minutes and centrifuged. Chromogen in
the butanol layer was measured at 560nm in a
spectrophotometer.

Antioxidant activity-DPPH Scavenging assay'’: 0.1 gm
sample powder extracted with 20ml of 70% methanol placed in
a shaker for 48 hours. It is evaporated in a hot water bath and
0 .0Igm weighed and to this added 10 ml methanol. Different
volume of extracts prepared (10, 30, 50 ul) and 1ml is taken
from this and added 2 ml DPPH solution after appropriate
dilution. Methanol used as the blank and DPPH in methanol
used as the positive control The radical scavenging activity was
calculated as follows:

Percentage Inhibition= [Absorbance of control — Absorbance of
test sample)/Absorbance of control]/ x 100]
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Anti-arthritic activity'®: 0.05 ml different concentrations of
test samples were taken mixed with 0.45 ml (0.5% w/v) BSA.
Incubated the samples at 37°C for 20 minutes and then the
temperature was increased by keeping the samples at 57°C for 3
minutes. After cooling, added 2.5 ml of phosphate buffer to the
above solutions. The absorbance was measured using UV-
Visible spectrophotometer at 416nm. The control used with
100% protein denaturation. The percentage inhibition was
calculated as.

Percentage Inhibition= [Absorbance of control — Absorbance of
test sample)/Absorbance of control]/ x 100]

Anti-diabetic activity'’: Different concentration of the extracts
taken (Stock-10mg/ml). Adding phosphate buffer of pH 6.9
volume made in to 0.5ml and phosphate buffer used as blank
0.5ml of alpha amylase (0.5mg/ml) added and incubated at 25°C
for 10 minutes. 1% starch solution (0.5 ml) was mixed with
sodium phosphate buffer of pH 6.9 to all the tubes, and then
incubated at 25°C for 10 minutes. Reaction stopped by adding 1
ml of DNS and then kept in boiling water bath for 5 minutes
further to room temperature. 8 ml distilled water added and read
the absorbance of the solution in calorimeter at 570 nm against
blank solution.

Percentage Inhibition= [Optical density of control — Optical
Density of test)/ Optical density of control}/ x 100]

Anti-inflammatory activity by Heat induced haemolysis™:
10 ml fresh whole human blood was collected and transferred to
the centrifuged tubes and centrifuged at 3000 rpm for 10 min
and were washed three times with equal volume of normal
saline. The volume of the blood was made into 10% v/v
suspension with normal saline. The reaction mixture consisted
of different concentration of test and Iml of 10% RBCs
suspension, instead of test, saline was added to the control test
tube. Reaction mixture were incubated in a water bath at 56°C
for 30 min. The reaction mixture was cooled and centrifuged at
2500 rpm for 5min and the absorbance of the supernatants was
measured at 560nm.

Percentage Inhibition= (optical density of control — optical
Density of test)/optical density of control}/ x 100]

Results and discussion

Nypa fruticans. Wurmb selected in this phytochemical study is
one of the mangroves which has limited occurrence in Kerala.
Several investigations have shown that Nypa palm has
antioxidant properties and therapeutic potential and it might be
due to their phenolic components®. Although the sap is used as a
beveragezl, the leaves, stem, flowers, fruits etc are discarded.

Two types of metabolites occur in plants and primary
metabolites control the growth and metabolism. The results of
our investigation showed that the primary metabolites and
secondary metabolites in the plant are high. Among primary
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metabolites, carbohydrate content is very high in the stem
(566£1.527mg/g) and unripe endosperm (426+1.285mg/g).
Protein content is higher in the stem (86.151+0.653mg/g) and
lipid content is higher in the flower (100.868+1.99mg/g) and
leaf (87.91£1.55mg/g) (Figure-1).

Phenolics and flavonoids are rich in fruits and vegetables that
has potential antioxidant activities™. Several investigations in
plants have shown that phenols and flavonoids are indicators of
antioxidants. Phenols and flavonoids are the most widely
distributed secondary metabolites in plant kingdom. Phenols,
flavonoids and tannins are defensive metabolites in plants and
can act against reactive oxygen species. Flavonoids have been
found to possess anti-oxidant and anti-radical properties™. Thus
antioxidant activity and the occurrence of flavonoids and
phenols is much related.

All the parts analyzed have the content of phenols, flavonoids
and tannins. Here in the above investigation, flavonoids were
very high in the leaf, bract, unripe endosperm and ripe
endosperm. Flavonoid content in the plant ranged from 11.34 £
0.12mg/g in the flower to 99.5 + 2.3mg/g in the leaf. Phenol
content was also higher in the leaf (79.231 + 1.34mg/g), bract
(74.253+1.206mg/g) and wunripe endosperm (56.393 =+
1.143mg/g). Tannin content was very less in all parts selected
for the study (2.112 + 1.06m/g in ripe endosperm t03.569 +
0.112mg/g in bract) (Figure-1).

Although the sap of the inflorescence is used as a beverage®**,

fruits and leaves are discarded. Higher antioxidant activity was
also reported in other palm trees that contains high
phenolics*>?**. Methanol extract of leaves, unripe endosperm
and ripe endosperm showed that DPPH scavenging activity was
highest in the leaves. ICs, values for leaves were 6.11+
1.68pug/ml, this lower ICs, related with higher antioxidant
activity (Figure-8), (Table-3). This DPPH scavenging activity of
the leaves might be contributed by the phenolic and flavonoid
compounds. ICsy value for SOD scavenging activity was also
less in the leaves (Figure-9). Unripe endosperm showed low
IG5y value compared to ripe endosperm for both DPPH
scavenging activity and SOD scavenging activity (Figure-8 and
9) (Table-3). All results thus proved that the low ICs, are the
reflection of high amount of phenols and flavonoids. Above
results agreed with the previous report’ that leaves are the
important source of phenols, flavonoids and antioxidants.

In the present study, excellent separation of compounds
occurred during GC/MS analysis of methanolic leaf extract of
NF (Figure-2). After comparing the peaks with library 14
compounds obtained and that are given in the Table-1.
Compounds identified are biologically active in different
aspects. 2, 3-Dihydro-3, 5-Dihydroxy-6-Methyl-4H-Pyran-4-
One is an Antioxidant that prevents colon cancer growth by
inhibiting NF-Kappa B cell”®. Brenzkatechin is a natural phenol
and antioxidant, included in the chemical family of flavonoids.
4-Vinylphenol is a phenolic compound found in beer and vine.
4-Vinyl-2-Methoxy-Phenol and 7-Tetradecenal, (Z)- are
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compounds acting as pheromones”~’. 9-Octadecenoic Acid (Z)-
is used an emulsifying agent, emullient’’, common
monounsaturated fat in human diet.

LC/MS QTOF analysis of methanolic leaf extract of NF
revealed compound chromatograms for positive and negative
ions. Some of the selected mass of negative ion compounds
further analysed through MS/MS spectrum. Chromatograms
(Figure-3-7) for fragmented ions were obtained and compared
the spectral characteristics with previous references detected the
occurrence of bioactive flavonoid and phenol compounds
(Table-2).

Identified flavonoid catechins were widely used natural phenol
and antioxidant. As flavonoids, catechins arein vitro
antioxidants in high concentration but compared with other
flavonoids, their antioxidant potential is less®*. p-Coumaric acid
has antioxidant properties and has potential to reduce the risk of
stomach cancer” by reducing the formation of carcinogenic
nitrosamines™. p-Coumaric acid in honey also demonstrate in
vitro anti-inflammatory activity™. Chlorogenic acid is an
antioxidant compound and some review articles in 2011°° and
2014 report moderate blood pressure lowering effects from
chlorogenic acid administration. Procyanidins are a group of
proanthocyanidins occur in apples, grapes, pine bark, cinnamon,
grape seeds, grape skin®®, cocoa, red vines” etc. Rutine s
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a citrus flavonoid glycoside found in many plants including
buckwheat™.

In vitro anti-arthritic activity was performed using the method
of inhibition of protein denaturation. Concentrations ranging
from 100ug/ml to 1000ug/ml were tested to find out the %
inhibition and 50% inhibitory concentrations. A dose dependent
increase in the % inhibition and anti-arthritic activity from
30.86ug/ml to 85.32ug/mlICsy value of NFME was
391.92+1.021 pg/ml (Table-4). ICsovalue of standard drug
Diclofenac was reported as 40ug/ml®. a- amylase inhibitory
activity of NFME showed a concentration dependent increase
from 25.45% to 90.56% at 100ug/ml to 1000ug/ml. The extract
gave an ICsy value of 380.519+ 3.271 pg/ml (Table-5). The
standard  drug  Acarbose showed ICsy value of
325.5044.7ug/mlI’’. The NEME of different concentrations
showed haemolysis at high temperature. The results showed that
the extract at higher concentrations 500ug/ml and above protect
the erythrocyte membrane against lysis induced by heat. The %
of inhibition varied from19.32% t085.39 % at concentration of
100 pg/ml to 1000 pg/ml (Figure-10). It is comparable with
standard drug Diclofenac sodium which at 100 pg/ml offered a
protection against damaging effect of heat solution®®. Calculated
ICs¢ value of anti-inflammatory activity was 303.33+4.06pg/ml
(Table-4).
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Figure-1: Concentration of Primary metabolites (Carbohydrates, Proteins and Lipids) and Secondary metabolites (Phenols,

Flavonoids and Tannins)
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Figure-4: MS/MS spectrum of p-Coumaric acid.
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Figure-7: MS/MS spectrum of Rutine.
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Table-1: Library search results

Int. Res. J. Biological Sci.

Peak# Name Formula R.Time Area Area %
1 2,3-Dihydro-3,5-Dihydroxy-6-Methyl-4H-Pyran-4-One CcHsO4 10.070 137810 4.76
2 Brenzkatechin C¢H4(OH), 11.558 76547 2.64
3 4-Vinylphenol CgHO 12.139 32545 1.12
4 5-(Hydroxymethyl)-2-Furaldehyde CsHgO5 12.251 124646 4.30
5 4-VINYL-2-Methoxy-Phenol CoH 40, 14.609 21308 0.74
6 2-TERT-BUTYL-4-(1,1,3,3-Tetramethylbutyl) Phenol CisHso 19.639 34250 1.18
7 Tridecanoic acid C3H60, 20.909 24068 0.83
8 Tetradecanoic Acid, 12-Methyl-, Methyl Ester Ci6H3,0, 28.820 35454 1.22
9 Hexadecanoic Acid C,6H3,0, 29.547 858749 29.66
10 Tetradecanal C4H; 32.346 133919 4.62
11 Oxacycloheptadec-8-EN-2-ONE C6H250, 32.742 225842 7.80
12 7-Tetradecenal, (Z)- CsHy0 32.863 785643 27.13
13 9,12-Octadecadienoic Acid (Z,7)- C,3H3,0, 32.964 294314 10.16
14 9-Octadecenoic Acid (Z)- C,3H3,0, 33.296 110462 3.81

Table-2: Characterization of Phenolic and Flavonoid compounds in NFME of leaves by LC-QTOF/MS and MS/MS data.

. Molecular [MS]- .
Compounds Rt (min) formula m/z [MS-MS]- m/z of fragment ions

125.0219, 137.0220, 151.0376, 161.0581,

(+) - Catechin 3.108 Ci5Hy4 Og 289.0702 179.0329, 203.0686, 221.0794, 245.0799,
271.0585, 289.0702

P-Coumaric Acid 3.239 CyH;30; 163.0131 119.0492, 145.0301

Chlorogenic Acid 3.274 C6H ;309 353.0813 135.0433, 191.0549

Procyanidin B2 2560 CaoHaO1 577 1349 289.0712,407.0768,425.0879, 451.1031,
577.1349

Procyanidin

B3/B4/BS 2.560 C30H26015 577.1349 289.0712, 407.0768

Rutine 4.013 CrHaOre 609.1467 179.0577

Table-3: IC;, values for DPPH assay and SOD assay.
Sample IC5, for DPPH (ug/ml) IG5 for SOD (ug/ml)

Nypa fruticans- Leaves 6.11£1.68 11.85+1

Nypa fruticans- Unripe Endosperm 152.53+4.01 146.83+£2.04

Nypa fruticans- Ripe Endosperm 342.75+3.7 371.88+£3.07
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Figure-10: Anti-inflammatory, Anti-diabetic and Anti-arthritic activity of NFME of leaves.

Table-4: IC 5, values for Anti-inflammatory, Anti-diabetic and Anti-arthritic activity of NFME of leaves.

Sample IC 5o Value for Anti-inflammatory IC 50 Value for Anti-diabetic IC 50 Value for Anti-arthritic
Activity Activity Activity
Methanolic Leaf
Extract of Nypa 303.33+1.06pg/ml 380.519+ 1.271ug/ml 391.92+1.021ug/ml
fruticans
Conclusion 2. Ebana R.UB., Etok C.A. and Edet U.O. (2015).
Phytochemical screening and Antimicrobial activity of
Present study supports the folkloric and local use*' of this plant Nypa fruticans harvested from Oporo Riverin the Niger
in relieving pain and diabetes as the plant is a potential source of Delta Region of Nigeria. Infernational J of Innovation
phenols, flavonoids and tannins. Many of the phenolic and Appl.Sci, 10(4), 1120-1124.
flavonoids compounds reported here in LC/MS analysis and . . .
GC/MS analysis are the components of drugs and antioxidants. 3. Cheynier V., Comte G., Davies .K'M" Lattanzio V. and
However Nypa palm is not considered as a valuable plant in Mar.terns. S. (2013,)‘ Plant Phenohcs: Recent.Advances on
many of the countries. Acclimatization of this plant in kerala is Thelr‘ B10§ynth651s, Genetics and Ecophysiology. Plant
very important as it can protect our coastal areas from Physiol. Biochem., 72, 1-20.
environmental hazards and it can be utilized for other purposes 4. Prasad K.N., Zabidah A.A., Azrina A., Amin 1. and Zulfiki
like extraction of drugs, Nira**’, natural fuels®, vinegar’. B.R. (2012). Antioxidant Capacity of Nypa fruticans
Wurmb. Fruit. Intl. J. Nutrition, Food Public Health., 5(1-
Acknowledgement 3), 61-78.
Authors sincerely extend their gratitude to Kerala Forest >+ FPrasad K.N., Yang B., Kong K.W., Khoo H.E., Sun J.,
Research Institute, Peechi, Thrissur, Kerala, Mahathama Gandhi Azrina A_" Ismail A'. e}nd Romli ) Z.B. (2013).
University Kottayam, Kerala and Department of Botany, Phytochemicals and Antlopdant Capacity from Nypa
St’teresa’s College Ernakulum, Kerala for providing laboratory fruticans Wurml?. Fruit. E\{zc{ence-Based Complementary
facilities for the conduction of Research work. and  Alternative  Medicine, ~ 1-9.  http://dx.doi.
org/10.1155/2013/154606
References 6. Aziz A. and Jack R. (2015). Total Phenolic content and
Antioxidant activity in Nypa fruticans extracts. Journal of
1. Lovly M.S. and Merlee Teresa M.V. (2016). Nypa palm Sustainability of Science and Management, 10(1), 87-91.
(Nypa fruticans Wurmb.) A new record from Kerala.
7. Yusoff Nor Adlin, Ahmad Mariam, Hindi Bassel al,

International Journal of Advanced Research, 4(6), 1051-
1055.

International Science Community Association

Widyawati Tri, Yam Mun Fei, Mahmud Roziahanim,

50



International Research Journal of Biological Sciences

ISSN 2278-3202

Vol. 6(6), 42-52, June (2017)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Khairul Niza Abdul Razak and Mohd Zaini Asmawi
(2015). Aqueous Extract of Nypa fruticans.Wurmb.
Vinegar Alleviates Postprandial Hyperglycemia in
Normoglycemic Rats. Nutrients, 7(8), 7012-7026.

Reza Hasan, Haq Wahid Mozammel, Das Asish K.,
Rahman Shahnaz, Jahan Rownak and Rahmatullah
Mohammed (2011). Anti-hyperglycemic and
Antinociceptive activity of methanol leaf and stem extract
of Nypa fruticans wurmb. Pak. j. pharm. sci., 24(4), 485-
488.

Dubois M., Gilles K.A., Hamilton J.K., Rebers P.A. and
Smith F. (1956). Calorimetric Method for determination of
Sugars and related Substances. Anal. Chem., 28(3), 350-
356.

Lowry O.H., Rosebrough N.J., Farr A.L. and Randall R.J.
(1951). Protein measurement with the Folin phenol reagent.
J. Biol. Chem., 193, 265-275.

Barnes H. and Blackstock J. (1973). Estimation of lipids in
marine animals and tissues: Detailed investigation of the
sulphosphovanillin method for ' total' lipids. J. Exp. Mar.
Biol. Ecol., 12,103-118

Marinova D. Ribarova F. and Atanassova M. (2005). Total
phenolics and total Flavonoids in Bulgarian fruits and
vegetables. Journal of the University of chemical
technology and metallurgy, 40(3), 255-260.

Hossain M.A. and Nagooru M.R. (2011). Biochemical
profiling and total flavonoids contents of leaves crude
extract of endemic medicinal plant Corydyline terminalis L.
Kunth. Pharmacogn J., 3(24), 25-30.

Boham A.B. and Kocipai A.R. (1994). Flavonoid and
condensed tannins from leaves of Hawaiian vaccinum
vaticulum and vicalycimum. Pracific Sci., 48, 458-463.

Ranganna S. (1986). Handbook of Analysis and Quality
Control for Fruit and Vegetable Products. Tata McGraw
Hill Publishing Co. Ltd., New Delhi, 190-210.

Nishikimi M., Rao N.A and Yagi K. (1972). The
occurrence of superoxide anion in the reaction of reduced
phenazine methosulfate and molecular oxygen. Biochem
Biophys Res Commun., 46(2), 849-854.

Shimada K., Fujikawa K., Yahara K. and Nakamura T.
(1992). Antioxidative properties of xanthan on the
autoxidation of soybean oil in cyclodextrin emulsion.
Journal of Agricultural and Food Chemistry, 40(6), 945-
948.

Mizushima Y. and Kobayashi M. (1968). Interaction of
anti-inflammatory drugs with serum proteins especially
with some biologically active proteins. J Pharm
Pharmacol, 20(3), 169-173.

Thalapaneni N.R., Chidambaram K.A., Ellappan T.,
Sabapati M.L. and Mandal S.C. (2008). Evaluation of a-
amylase, a-glucosidase and aldose reductase inhibitors

International Science Community Association

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Int. Res. J. Biological Sci.

ethyl acetate extract of endophytic fungi isolated from
antidiabetic medicinal plants. Journal of Complementary
and Integrative Medicine, 5(1), 1-10.

Sakat S., Juvekar Archana R. and Gambhire Manoj N.
(2010). In vitro Antioxidant and Anti-inflammatory activity
of methanol extract of Oxalis corniculata.Linn.
International Journal of Pharma and Pharmacological

sciences, 2(1), 146-155.

Joshi L., Kanagaratnam U. and Adhuri D. (2006). Nypa
fruticans—useful but forgotten in mangrove reforestration
program. Resilience, Rights and Resources.
http://www.worldagroforestrycentre.org.

Bravo L. (1988). Polyphenols: chemistry, dietary
sources,metabolism, and nutritional significance. Nutrition
Reviews, 56(11), 317-333.

Nakayoma J. and Yamada M. (1995). Suppression of active
oxygen-indeed cyto- toxicity by flavonoids. Biochem
Pharmcol, 45, 265-267.

Paivake A.E.A. (1985). Tapping practices and sap yields of
the nipa palm (Nypa fruticans) in Papua New Guinea.
Agric. Ecosyst. Environ., 13(1), 59-72.

Tsuji Koji, Ghazalli Mohd Nor Faizal, Ariffin Zulhairil,
Nordin Mohd Shukor, Khaidizar Maya Izar, Dulloo
Mohammad Ehsan and Sebastian Leocadio S. (2011).
Biological and Ethnobotanical Characteristics of Nipa Palm

(Nypa fructicans Wurmb.): A Review. Sains Malaysiana,
40(12), 1407-1412

Neo Y.P., Azis A., Tan C.P. and Tan Y.A. (2008).
Determination of Oil Palm Fruit Phenolic Compounds and
Their Antioxidant Activities Using Spectrophotometric
Methods. Intl. J. Food Sci. Technol., 43(10), 1832-1837.

Zhang W, Li B., Han L. and Zhang H. (2009). Antioxidant
Activity of Extract from Areca (Areca catechu L) Flower,
Hush and Seed. African J. Biotechnol., 8(16), 3887-3892.

Ban J.O., Hwang 1.G., Kim T.M., Hwang B.Y., Lee U.S,,
Jeong H.S., Yoon Y.W., Kim D.J. and Hong J.T. (2007).
Anti-proliferate and pro-apoptotic effects of 2,3-dihydro-
3,5-dihydroxy-6-methyl- 4H-pyranone through inactivation
of NF-xB in human colon cancer cells. Arch Pharm
Res., 30(11), 1455-1463.

Huang Z., Dostal L. and Rosazza J.P. (1993). Microbial
transformations of ferulic acid by Saccharomyces
cerevisiae and Pseudomonas fluorescens. Applied and
Environmental Microbiology. 59(7), 2244-2250.

Steck W.F., Underhill E.W., Bailey B.K. and Chisholm
M.D. (1982). (Z )-7-Tetradecenal, a Seasonally Dependent
Sex Pheromone of the w-Marked Cutworm, Spaelotis
clandestina (Harris) (Lepidoptera: Noctuidae). Environ
Entomol, 11(5), 1119-1122

Carrasco F. (2009). Dictionary of Cosmetic Ingredients 4th
ed.. Francisco Carrasco Otero, 428.



International Research Journal of Biological Sciences

ISSN 2278-3202

Vol. 6(6), 42-52, June (2017)

32.

33.

34.

3s.

36.

37.

Pietta P.G. (2000). Flavonoids as antioxidants. Journal of
Natural Products, 63(7), 1035-1042.

Ferguson L.R., Shuo-tun Z. and Harris P.J (2005).
Antioxidant and antigenotoxic effects of plant cell wall
hydroxycinnamic acids in cultured HT-29 cell. Molecular
Nutrition & Food Research, 49(6), 585-593.

Kikugawa K., Hakamada T., Hasunuma M. and Kurechi T.
(1983). Reaction of p-hydroxycinnamic acid derivatives
with  nitrite  and its relevance to  nitrosamine
formation. Journal of  Agricultural and Food
Chemistry, 31(4), 780-785.

Kassim Mustafa, Achoui Mouna, Mustafa Mohd Rais,
Mohd Mustafa Ali and Yusoff Kamaruddin Mohd (2010).
Ellagic acid, phenolic acids, and flavonoids in Malaysian
honey extracts demonstrate in vitro anti-inflammatory
activity. Nutrition Research, 30(9), 650-659.

Zhao Y., Wang J., Ballevre O., Luo H. and Zhang W.
(2011). Antihypertensive effects and mechanisms of
chlorogenic acids. Hypertension Research, 35(4), 370-374.

Onakpoya LJ., Spencer E.A., Thompson M.J. and
Heneghan C.J. (2015). The effect of chlorogenic acid on
blood pressure: a systematic review and meta-analysis of

International Science Community Association

38.

39.

40.

41.

42,

43.

Int. Res. J. Biological Sci.
trials. Journal

randomized clinical
Hypertension, 29(2), 77-81.

Souquet J., Cheynier Véronique, Brossaud Franck and
Moutounet Michel (1996). Polymeric proanthocyanidins
from grape skins. Phytochemistry, 43(2), 509-512.

Yang J. and Xiao Y.Y (2013). Grape phytochemicals and
associated health benefits. Crit Rev Food Sci Nutr., 53(11),
1202-1225.

Kreft S., Knapp M. and Kreft 1. (1999). Extraction of rutin
from buckwheat (Fagopyrum esculentumMoench) seeds
and determination by capillary electrophoresis. Journal of
Agricultural and Food Chemistry, 47(11), 4649-4652.

Baja-Lapis A.C., David M.E., Reyes C.G. and Audije B.S.
(2004). Asean’s 100most precious plants. European
Commission (Phillipines).

Paivoke A., Adams M.R. and Twiddy D.R. (1985). Nipa
Palm Vineager in Papua-New-Guinea. ProcessBiochem.,
19, 84-87.

Hamilton L.S. and Murphy D.H. (1988). Use and
management of Nypa palm (Nypa fruticans, Arecaceae): a
review. Economic Botany, 42(2), 206-213.

of  Human

o)1
\9)



