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ABSTRACT

Objectives: The aim of the present study was to investigate the antioxidant activity of Pteris biaurita L. along with the qualitative analysis and
quantification of various natural metabolites.

Methods: The antioxidant activities of hot water (HW), methanol (MeOH) and ethanol (EtOH) extracts were evaluated by DPPH free radical
scavenging activity, Hydrogen peroxide scavenging activity assay (H20-), Nitric oxide scavenging activity assay (NO), Superoxide scavenging activity
and Ferric Reducing Antioxidant Power assay (FRAP). Qualitative and quantitative analysis of phytochemicals were screened/done by using
standard methods.

Results: The crude extract revealed vast array of phytochemicals and considerable amount of protein, total and reducing sugars, phenol, flavonoid,
carotenoid and vitamin C and E. All the three extracts i.e, HW, MeOH and EtOH showed appreciable antioxidant activity in a dose-dependent
manner. HW extract showed highest DPPH activity while MeOH extract revealed highest H.0;, NO, superoxide and FRAP activity. Correlations
analysis of flavonoid content with DPPH activity and FRAP activity showed good relation with R?=0.993 and R?=0.866 value respectively, then of
total phenol with the antioxidant activities.

Conclusion: Overall methanolic extract showed higher antioxidative activity in comparison to the other extracts. Good correlation was obtained

between flavonoid content and antioxidant activity signifying that flavonols may be responsible for the antioxidant activity of the plant.

Keywords: Pteris biaurita, Phytochemicals, Phenol, Flavonoid, Antioxidants, DPPH, FRAP.

INTRODUCTION

Plants have always been known to possess medicinal properties due
to the fact that they produce various compounds, which must have
perhaps developed to protect themselves against different biotic and
abiotic environmental factors [1]. The most commonly found
secondary metabolites in plants extracts are phenolic acids,
flavonoids and tannins [2,3]. Their role as the powerful scavengers
of reactive oxygen species (ROS) have been stated by many authors
[4,5]. Free radicals or ROS are generated from the cellular reduction
and oxidation processes, basically when cells happen to utilize
oxygen to produce energy. The commonly formed reactive oxygen
species are superoxide anions, hydrogen peroxide, hydroxyl radical,
nitric oxide and peroxynitrite radicals [6-8]. Free radicals are
extremely unstable as they contain one or more unpaired electrons
and can donate or receive single electron, which in turn accounts for
their high reactivity with other molecules [9]. Although, the
existence of extremely developed antioxidative defense mechanism
in healthy person balances the production of free radicals, but
sometimes as a consequence of deficit in antioxidant levels, free
radicals are generated which leads to oxidative stresses [10,11].
There are reports of beneficial effects of ROS on various cellular and
immunological responses at lower concentrations. However, higher
concentrations have resulted in oxidative stress that causes
detrimental diseases such as cancer, autoimmune disorders,
rheumatoid arthritis, cataract, aging, cardiovascular and
neurodegenerative diseases [6,12]. Thus, sometimes when body fails
to overcome the stress, antioxidants can be taken externally in the
form of food or other types of supplements [6]. Antioxidants
counteract the damages caused due to the higher levels of ROS [13].
Huge numbers of plants have been used ethno-medicinally to treat
various diseases related to oxidative stresses [14].

For a long time, ferns have been used as traditional medicines to
treat many diseases like ascarid disease, cold, diarrhea, burn,
trauma bleeding etc yet they are applied at lesser rates than the
flowering plants in modern chemotherapy [15-17]. But in recent
years, many workers have explored the biological and medicinal
properties of pteridophytes [18-22]. Pteris biaurita L. commonly
known as Brake fern belongs to family Pteridaceae and is
available abundantly in various habitats and has been used as
traditional medicine from ages. Ethno-medicinally, the rhizome

and fronds decoction of the plant is used to treat chronic
disorders [23,24] and the rhizome paste is applied to relief the
body pain [25]. Antibacterial activity of P.biaurita L. was
reported earlier [26], and compounds such as eicosenes and
heptadecanes have also been isolated [27]. Phytochemical
analysis, both qualitative and quantitative of Pteris biaurita L.
along with other ferns has also been done previously [26, 28].
Antioxidant activity of other pteridophytic species has been
reported by many authors [5, 29-35]. However, the detailed
study on antioxidant status of P.biaurita L. has not been reported
so far. Therefore the aim of the present study was to analyze the
antioxidant property and evaluation of bioactive compounds of
P.biaurita L.

MATERIAL AND METHODS
Chemicals

2,2-Diphenyl-1-picrylhydrazyl(H), acetic acid(M), chloroform(M),
H2S04(M), methanol(M), aluminium chloride, NaNO2(M), catechin,
BSA, L-ascorbate acid, ferulic acid(H), hydrogen peroxide(SDFCL),
acetone(M), NaOH(M), ethanol, Nelson’s arseno molybdate, 2,2’-
Bipyridyl (H), hexane(M), 2,4-dintrophenylhydrazine(H),
thiourea(H), Folin-Ciocalteau reagent(M), Na:CO3(H), disodium
hydrogen phosphate(H), sodium dihydrogen phosphate di-
hydrate(M), NaOH, potassium ferricyanide, trichloroacetic acid
(TCA), gallic acid monohydrate(H), FeCl3, sodium nitroprusside(H),
sulphanilic acid(M), glacial acetic acid , N-(1-
napthyl)ethylenediamine dihydrochloride(H), nicotinamide adenine
dinucleotide (NADH)(H), nitroblue tetrazolium chloride (NBT)(H),
phenazine methosulphate (PMS)(H) , mercury (II) chloride(M),
potassium iodide. All chemicals used including solvents were of
analytical grade obtained from Merck (M) Himedia (H) and SDFCL
India Ltd, Mumbai.

Plant collection

The disease free mature fronds of Pteris biaurita L. was collected
from the campus of University of North Bengal. Plants were
identified and the voucher specimen has been deposited and
preserved in the North Bengal University Herbarium, Department of
Botany, University of North Bengal, India.
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Preparation of Extracts

The fronds were washed thoroughly initially with tap water then
with double distilled water and dried using blotting paper. The air
and shade dried plant material were ground to obtain fine powder
and was stored at 4°C for further use. The sample was extracted
using three different solvents: ethanol (EtOH), methanol (MeOH)
and hot water (HW). Method described by Okwori et al. (2006) [36]
with slight modification was used for ethanol and methanol
extraction. 10g each of the powdered samples were soaked in 100
ml of ethanol or methanol for 72 hr at room temperature stirring
with magnetic stirrer at 24 hr interval. The soaked samples were
filtered using blotting paper for 3-4times followed by filter paper
(Whatman No.1). The filtrates were concentrated using rotary
evaporator at 40°C and were lyophilized for complete solvent
removal. For hot water extraction, method of Coban and Konuklugil
(2005) [37] was followed with slight modification. The dried
powder was mixed with boiling double distilled water in the ratio of
1:10 and kept for 15mins.The mixture was kept overnight and
filtered and concentrated as mentioned above. The extractive values
as yield percentage were determined on dry weight basis using the
formula:

weightofdr yextract
weighttakenforextraction

%yield = x100

The extracts were stored at -20°C, which was made to desired
concentrations before use.

DPPH free radical scavenging activity

The free radical scavenging activity of the plant extract and
reference substance was determined using the method described by
Lim & Quah (2007) [38]. Different concentration of each extract (hot
water, methanol and ethanol) and reference sample was mixed with
equal volume of DPPH methanolic solution (100pM). The mixture
was incubated in dark condition at room temperature for 30
minutes, after which the absorbance was recorded at 517nm against
blank solution. The control was prepared taking all the reagents
except the extract. L-ascorbic acid was used as antioxidant standard.
The percentage inhibition was calculated according to the formula:

0- Al)

%DPPHinhibition = (A— x100
A0

Where, A0 was the absorbance of the control and Al was the
absorbance of the extract/standard.

Hydrogen peroxide scavenging activity assay

The scavenging activity of the extracts was measured using the
method of Ruch et al. (1989) [39] with minor changes. 5ml of the
plant extract (50-500 pg/ml) was mixed with a solution of H202 (1
ml, 2mM) prepared in phosphate buffer (0.1M, pH 7.4) and
incubated for 10 minutes at room temperature. The absorbance was
determined at 230nm against a blank solution containing phosphate
buffer without hydrogen peroxide. Ascorbic acid was used as
positive control. The percentage of hydrogen peroxide scavenged
was calculated using the following formula:
A0 - AL
%scavenged(H,0,) = (A—O) x100

Where, A0 was the absorbance of the control and Al was the
absorbance of the extract/standard.

Nitric oxide scavenging activity assay

The ability of the extracts to scavenge nitric oxide was determined
using the protocol described by Jagetia et al. (2004) [40] and Packer
et al. (1998) [41]. The principle of this procedure lies on the
competition of scavengers of nitric oxide with oxygen leading to the
reduced production of nitric oxide. Sodium nitroprusside in an
aqueous solution at physiological pH spontaneously produce nitric
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oxide which interacts with oxygen to generate nitrite ions that can
be estimated by the Griess reagent. Nitric oxide scavengers compete
with oxygen reducing the production of nitric oxide. The reaction
mixture containing 2ml of sodium nitroprusside (10mM), 0.5ml of
phosphate buffer saline ( pH:7.4,0.1M) and 0.5ml of the extract was
incubated at 25°C for 150mins. Then, 0.5ml of the incubated solution
was mixed with 1ml of sulphanilic acid (0.33% in 20% glacial acetic
acid) and allowed to stand for 5min. After 5min, 1ml of
naphthylethylene diamine dihydrochloride (NED) was added, mixed
thoroughly and incubated for another 30mins at 25°c. The
absorbance of the pink chromophore was taken at 540nm.L-ascorbic
acid was taken as the reference standard. The nitric oxide
scavenging percentage was calculated according to the formula:

%nitricoxid escavenged (NO) = % x100

Where, A0 was the absorbance of the control and Al was the
absorbance of the extract/standard.

Superoxide scavenging activity

Measurement of superoxide anion radicals (generated in a non-
enzymatic PMS-NADH system) scavenging activity was based on the
method described by Nishikimi et al (1972) [42] with slight
changes. The superoxide anions generated in a non-enzymatic
system through the reaction of PMS, NADH and oxygen was detected
by the reduction of nitro blue tetrazolium (NBT). The reaction
mixture contained 1ml sample, 1ml of NBT (312uM prepared in
phosphate buffer pH 7.4) and 1ml of NADH (936 pM in phosphate
buffer pH 7.4). The reaction was accelerated by adding 0.2ml of PMS
(120 uM). Reaction mixture was incubated for Smins at 25° C and the
absorbance was read at 560nm against blank samples taking
vitamin-C as a positive control. Percentage of superoxide anion
radical scavenged was measured using the equation as follows:

(A0— A1)

%(superoxideanion)scavenged = x100

Where, A0 was the absorbance of the control and Al was the
absorbance of the extract/standard.

Ferric Reducing Antioxidant Power (FRAP) assay

The ferric reducing power of ethanol, methanol and water extracts
were evaluated using an assay described by Oyaizu (1986) [43] with
slight modification.1ml (20-100pg/ml) of extracts was mixed with
2.5ml (0.2M,pH 6.6) of phosphate buffer and 2.5 ml of 1% potassium
ferricyanide. The mixture was incubated for 20 minutes at 50°C. The
solution was allowed to cool at room temperature after which 2.5ml
of Tri-carboxylic acid (10%) was added and centrifuged at 3000rpm
for 10 minutes. Upper layer of the centrifuged solution was taken
and mixed with equal volume of double distilled water. To this,
0.5ml of 0.1% ferric chloride was added and incubated for
10min.Absorbance was taken against appropriate blank solution at
700nm after allowing the solution to stand for 10 minutes at room
temperature. Vitamin C was taken as a positive control. Results were
expressed as mg gallic acid equivalent (GAE)/g dry weight using
standard graph of gallic acid.

Phytochemicals analysis

The small fraction of crude powder was analyzed for the detection of
various secondary metabolites using various standard methods [44-
53].

Total flavonoids estimation

Total soluble flavonoids were quantified using the method Sultana et
al. (2009) [54]. A 500pl aliquot of solution was mixed with 4ml of
distilled water and 300pl of NaNO2z (5%). After incubation for 5 min
at room temperature 300ul of 10% AICl3.6H20 was added. At 6™ min
2ml of NaOH, followed by 2.4ml of distilled water was added. The
absorbance of the mixture was read at 510 nm.

414



Chakraborty et al.

Total phenol determination

Extraction method given by Mahadevan and Sridhar (1982) [55] was
followed for total phenolic content. For estimation, 1ml of extract,

1ml of 1N Folin ciocalteau’s phenol reagent and 2ml of 20% Na:CO3
solution was mixed thoroughly and boiled in water bath for 1min.
The reaction mixture was cooled under running tap water and then
diluted with distilled water to make the final volume up to 25ml. The
absorbance was recorded at 650nm in a colorimeter against
appropriate blank solution [56].

Estimation of total Protein content

Soluble protein was extracted using the standard protocol given
by Chakraborty et al. (1995) [57]. Fresh sample (1g) was
homogenized with 5ml of sodium phosphate buffer (pH-7.2) and
polyvinyl-pyrrolidone which was then centrifuged at 10,000 rpm
for 15 minutes. The supernatant was collected and used for
further estimation. Estimation of protein content in the extract
was done according to Lowry et al. (1951) [58]. The reaction
mixture containing 1ml of extract and 5ml alkaline reagent (2%
Naz2CO03 in 0.1N NaOH, 1% CuSOs and 2% Na* - K* tartarate) was
mixed thoroughly and allowed to stand for 15mins. Then, Folin
Ciocalteau’s phenol reagent was added which was further
incubated for 20 minutes and the absorbance was read at 690
nm.

Total and reducing sugar estimation

The method described by Harborne (1998) [59] with slight
modifications was used for total and reducing sugar extraction.

Total sugar estimation was done according to the Anthrone’s
method explained by Plummer (1978) [60]. In 1ml of test solution,
4ml of Anthrone’s reagent was added (0.2% Anthrone in conc.
H2S04), which after mixing thoroughly was placed in boiling water
for 10mins (precaution were taken to prevent the water loss). The
reaction mixture was cooled under running tap water before
measuring the absorbance in a colorimeter at 620nm against a
suitable blank solution. A calibration curve was constructed using D-
glucose and results were expressed as mg glucose equivalent (GA)/g
dry weight.

For the estimation of reducing sugar, Somogyi-Nelsons method as
described by Plummer (1978) [60] was used in which 1ml of the test
solution was mixed with 1ml of Alkaline copper tartarate solution
(4g-CuSO4, 24g- NazC0s3 anhydrous, 16g- Na*-K* tartarate, 180g-
Na2SO0sanhydrous-in 1000ml of distilled water) and was heated over
a boiling water bath for 20mins (taking necessary precautions).The
reaction mixture was cooled under running tap water and 1ml of
commercially available Nelson’s arseno molybdate reagent and 2ml
of distilled water was added sequentially. Absorbance at 515nm
was taken after mixing the reaction mixture properly in a
colorimeter and the reducing sugar content was calculated from a
glucose standard curve.

Chlorophyll content

Chlorophyll was extracted and estimated according to the
procedure given by Harborne (1973) [59] and Arnon (1949) [61]
respectively. 1g of fresh leaf tissue was homogenized in 80%
acetone and filtered through Whatman No.1 filter paper. The
residue was repeatedly re-extracted using 80% acetone until
suitable volume was obtained. The filtrate was taken directly for
recording absorbance at 663nm and 645nm in a
spectrophotometer. The total chlorophyll, chlorophyll a and b
content were expressed as mg/g fresh tissue.

Ascorbate

The fresh sample (1g) was homogenised using 6% Trichloroacetic
acid under chilled condition and filtered. The filtrate (4ml), 2ml (2%
Dinitrophenylhydrazine) and 1 drop of 10% Thiourea was mixed
properly and kept in boiling water bath for 15mins. After cooling,
5ml of 80% (v/v) sulphuric acid (H2S04) was added at 0°C and the
absorbance was observed at 530nm against blank solution and
quantified from the standard curve of ascorbic acid [62].
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Carotenoids

Carotenoids extraction and estimation was done according to the
procedure of Lichtenthaler (1987) [63]. 1g of the fresh tissue was
extracted with methanol and filtered through Whatman filter paper
1.The absorbance of the filtrate was noted at 480nm, 645nm and
663nm and contents was calculated using standard formula.

a-Tocopherol (Vitamin E) content

Vitamin E (a-Tocopherol) was estimated following the method of
Jayaraman (1996) [64] with minor modifications. Leaf tissue was
homogenized in 5ml of hexane and was shaken vigorously and
filtered. Then to 2ml of the extract, 2ml of absolute ethanol was
added and mixed thoroughly followed by the addition 0.2ml of 2,2’-
Bipyridyl solution (0.5% in ethanol) and 0.2ml of ferric chloride
solution (0.2% in ethanol). The mixture was shaken properly and
then incubated in dark for 15mins. After the development of red
colour 4ml of distilled water was added and mixed well. Two layers
were formed which was then separated out by a separating funnel
and the red coloured aqueous layer was collected which was stable
for 30mins. The absorbance was measured against a blank at 520nm
and quantified using a standard curve of a-tocopherol.

Statistical analysis

All analyses were carried out in triplicate and data are expressed as
mean * standard deviation (SD). The mean, standard deviations and
correlation analysis were calculated using MS-Excel spreadsheet.
ICso values were calculated using KyPlot (v2Zbetal5) software.

RESULTS & DISCUSSION

In the present study, preliminary phytochemical analysis of the
dried plant sample of P.biaurita showed the presence of flavonoids,
phenols, alkaloid, tannins, terpenes, steroid, cholesterol and cardiac
glycosides. The test showed negative result for saponin and
anthraquinone (Table 1). In an earlier study carried out with several
Pteris species [28], authors had obtained maximum positive results
for phytochemicals in methanol extracts of P. biaurita (including
saponin and anthraquinone) followed by P. vittata, P. argyreae and
P. confusa. Minimum tests were positive in P. multiaurita extract.
The difference in the result obtained for the same plant may be due
to the variation in the methods used particularly the extraction
procedures and the amount of the samples used.

The presence of various bioactive compounds signifies that the plant
can be beneficial [65]. Misra et al. (2008) [66] has reported that the
secondary metabolites are responsible for the antioxidant activity of
the plants. Phytochemical screening of the methanolic root extract of
Gentiana kurroo Royle (Gentianaceae) revealed the presence of
tannins, alkaloids, saponins, cardiac glycosides, terpenes, flavonoids,
phenolics, and carbohydrates [67]. Kumudhavalli and Jaykar (2012)
[68] evaluated the petroleum ether, chloroform, acetone, ethanol
and aqueous extracts of the fern Hemionitis arifolia for preliminary
phytochemical screening. The ethanol and aqueous extracts showed
the presence of flavonoids, carbohydrates, phenolic compounds and
sterols were the major phyto constituents.

The dried powder of P.biaurita L. showed highest extractability in
alcohol followed by hot water and methanol. The yields as
percentage of dry whole plant powder of alcohol, hot water and
methanol were 29.77, 21.14 and 14.28 respectively (Table
2).Quantification of bioactive compounds revealed 10.399 mg/g dwt
of total phenol, 14.539 mg/g dwt of flavonoid, 37.09 mg/g fwt of
total protein, 1.62 mg/g fwt of ascorbate, 0.94 mg/g dwt of a-
Tocopherol, 125 mg/g dwt of total sugar, 110.505 mg/g dwt of
reducing sugar, 0.895 mg/g fwt of total chlorophyll, 0.604 mg/g fwt
of chlorophyll a (chl.a), 0.291 mg/g fwt of chlorophyll b (chl.b) and
62.26pug/g fwt of carotenoid (Table 3). Rasool et al. (2010) [69]
confirmed the earlier report of Prunella vulgaris been consumed for
its taste and nutritional value as it good content of carbohydrate,
protein and fat. Moreover, there are polysaccharides which have
shown to be immunomodulatory (Jayabalan et al. 1994) [70].

The plant sample tested can be considered nutritional as it has good
amount of carbohydrate and protein. A considerable quantity of
vitamin has been detected in the fronds of Pteris biaurita. Vitamins
play an important role in many biochemical functions
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Table 1: Phytochemical compounds of P. biaurita

Phytochemical compounds

Present/absent

Flavonoids
Phenols

Tannins

Alkaloid

Cardiac glycosides
Saponins
Terpenes

Steroid
Cholesterol
Anthraquinone

o+ o+ o+ o+

+ + +

+ = present, - = absent

Table 2: Percent yield of HW, MeOH and EtOH extract from P.biaurita

Sample (extract) Yield (%)

HW 21.14 £0.413
MeOH 14.28+0.035
EtOH 29.77+ 0321

HW = Hot water extract, MeOH = Methanol extract

EtOH = Ethanol extract, + = SD

Table 3: Quantitative analysis of phytochemicals in P.biaurita

Chemicals Content
Flavonoids 14.539+ 0.00
Total phenol (mg/g dwt) 10.399+0.052
Ascorbate (mg/g dwt) 1.620+0.002
a -Tocopherol (mg/g dwt) 0.94+0.003
Total sugar (mg/g dwt) 125.00+0.011
Reducing sugar (mg/g dwt) 37.09+0.038
Total protein (mg/g fwt) 110.51+0.015
Total chl (mg/g fwt) 0.90+0.035
Chl a (mg/g fwt) 0.60+0.070
Chl b (mg/g fwt) 0.29+0.037
Carotenoid (Bg/g fwt) 62.26+0.001

Dwt= dry weight tissue, fwt=fresh weight tissue, chl=chlorophyll, + = SD

We must obtain vitamins from foods/fruits, as it cannot be produced
in-vivo (Peter, 1990) [71]. Vitamin C has been reported to prevent
arteriosclerosis and, to protect against harmful reactive oxygen
species produced during normal metabolic processes [72].
Tocopherols (o, $,y, and 8) are also involved in scavenging oxygen
free radicals, lipid peroxy radicals, and Oz [73]. Carotenoids are one
of the major non-enzymatic anti-oxidants that have a role in defense
against water stress by scavenging of singlet oxygen and
suppressing lipid peroxidation in all photosynthetic organisms [74].
Naik et al. (2005) [3] reported that the aqueous extract from the
different parts of the four medicinal plants, Momordica charantia,
Glycyrrhiza glabra, Acacia catechu and Terminalia chebula are the
rich sources of enzymatic and non-enzymatic antioxidants. The
amount of phenol and flavonoid obtained in the present study is in
accordance with the finding of Gracelin et al. (2013) [28].
Polyphenolic compounds like flavonoids and phenolic acids
commonly found in plants have been reported to contribute
significantly to the total antioxidant activity of plants [75].There are
reports of phenols having good anti-oxidative, anti-mutagenic and
anti-cancerous properties [76].

Determination of antioxidant potential of the extract was carried out
next. DPPH is a stable free radical containing an odd electron having
a characteristic absorption at 517nm (deep purple colour). The deep
purple colour usually gets decolorized when exposed to antioxidant
in the solution. Lower the absorption, higher is the radical

scavenging activity of the extract [77]. Results obtained from DPPH
radical scavenging activity showed dose-dependent inhibition. It
was observed that hot water extract showed significantly higher
DPPH inhibition activity compared to methanol and ethanol.
However, ascorbic acid which was used as positive control showed
highest inhibition at the same concentration. The ICso values for HW,
MeOH, EtOH and ascorbic acid are 1.107, 1.84, 5.09 and 0.142
mg/ml respectively (Figure 1). Chai and Wong (2012) [78], reported
the concentration-dependent DPPH radical scavenging activities in
the aqueous extract of Selaginella willdenowii. Likewise, it was
reported that the aqueous extract of D. solida rhizome contained a
high phenolic compound and showed a strong DPPH scavenging
activity [79]. In the study conducted by Chang et al. (2007) [5] with
six folk medicinal ferns “Gusuibi”, they found that all the samples
irrespective of solvent showed scavenging activity in a
concentration dependent manner.

Phenolics (which can donate electrons to H20: thus reducing it to
water) present in the extract, may be responsible for the H:0:
scavenging ability of the sample [80,81]. The hydrogen peroxide
scavenging activity of EtOH extract was the least among the three
extract. MeOH extract showed higher hydrogen peroxide scavenging
activity than HW and EtOH extract, but the activity is lesser than
positive controls at the same concentration. ICsp values of Vitamin C,
MeOH, HW and EtOH extract was found to be 71.749, 146.608,
152.351 and 398.759ug/ml respectively (Figure 2).
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Fig. 1: DPPH activity of HW, MeOH and EtOH extracts from Pteris biaurita. Ascorbic acid was used as the positive control.
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Fig. 2: Hydrogen peroxide scavenging activity of HW, MeOH and EtOH extracts from Pteris biaurita.

Nitric oxide is a ROS which is associated with inflammation,
cancer and other pathological conditions [80,82]. Thus the
ability of the extracts to reduce/scavenge nitric oxide may be
considered advantageous for health as it can evade the ill effects
of excessive NO generation. In case of nitric oxide scavenging
activity, MeOH extract exhibited slightly higher activity than
EtOH extract with ICso values of 694.825pg/ml and
708.007pg/ml respectively. HW extract showed very less activity
with ICso value of 915.137pg/ml. However, the activity of

ascorbic acid was more prominent than the other three extracts
with ICso value of 329.246pug/ml. The percentages of inhibition
increased appreciably with increasing concentration of the
extracts (Figure 3). Banerjee et al. (2011) [83] reported the dose
dependent increase of NO scavenging activity in the ethanolic
extracts of Ixora coccinea. Methanolic extract in comparison to
petroleum ether and chloroform extract from leaves of Limonia
acidissima Linn. (Rutaceae) were reported to show higher NO
scavenging [84].
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Fig. 3: Nitric oxide scavenging effect of HW, MeOH and EtOH extracts from Pteris biaurita. Ascorbic acid was used as the positive control.

Superoxide anions are the most reactive free radicals produced
endogenously by flavo-enzymes like xanthine oxidase, which
converts hypoxanthine to uric acid. In the presence of
antioxidants, decrease in the absorbance at 560nm is observed
indicating that the superoxide anions are consumed in the
reaction mixture [85].Superoxide anions can be effectively
scavenged by flavonoids [86]. Percentage inhibition on
superoxide radical by MeOH, HW and EtOH extract was found to
increase in a dose dependent manner, showing ICso value of
37.076, 39.885 and 41.656ug/ml respectively, when compared
to the ICso value 16.254pg/ml of ascorbic acid. Among the
extracts, MeOH showed better inhibition (Figure 4). Arya and
Yadav (2011) [87] reported that in case of C.occidentalis the
methanolic extract of seeds showed maximum superoxide
radical scavenging activity as compared to leaves and stem
extracts. Similarly, methanolic extract of Spondias pinnata stem
exhibited dose dependent increase in the superoxide radical
scavenging activities of the plant extract and the reference
compound [88]. In the reducing power assay, Fe3* is reduced to
Fe?* in the presence of antioxidants. The electron donated by the
sample reduces Fe3* to Fe2* complex (Perl’s Prussian blue) which
can be quantitatively measured at 700nm. The reductive
capabilities of the plant extract compared to ascorbic acid have
been shown in (Figure 5).The reducing ability of extracts was
found to be appreciable, which increased gradually with the rise
in concentration. Methanolic extract showed highest reducing

activity among the three extracts. Increased absorbance of the
reaction indicated increased reducing power. Result for FRAP
were expressed as mg gallic acid equivalent (GAE)/ml extract.
Higher the FRAP value, higher is the reducing capability of the
tested plant sample, thus greater the antioxidant activity. Our
finding was in accordance with Karimi et al. (2012) [89] as they
have also obtained that the methanolic extract of the Citrus
aurantium showed higher reductive potential than the boiling
water and ethanolic extracts. Similar trend have been observed
by Yin et al. (2008) [90] where methanol extract had higher
reducing ability than water extract. Ebrahimzadeh et al. (2010)
[91], in their studies found that the reducing powers of all the
extracts increased with the increase in their concentrations.
From the above results it is clear that among the different
extracts, methanol extract could be considered as having higher
antioxidant activity than the others. Analysis on the correlations
between total phenol and the DPPH activity measured showed
good relation with R2=0.918 value. However analysis on the total
phenol content and FRAP data revealed moderate correlation
(R2?=0.5). The correlation analysis between flavonoid content and
the antioxidant properties measured showed good correlation
between flavonoid with DPPH (R2=0.993) and FRAP (R?=0.866).
Oki et al. (2002) [92], Siriwardhana and Shahidi (2002) [93]
have reported strong positive correlation between total
polyphenol content and DPPH activity.
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Fig. 4: Scavenging effect on superoxide radical of hot water, methanol and ethanol extracts from Pteris biaurita in comparison to ascorbic acid.
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Fig. 5: Reducing power of HW, MeOH and EtOH extracts from Pteris biaurita. Ascorbic acid was used as the positive control. Correlation
between Total phenol and flavonoid content with DPPH and FRAP activities

Flavonoid-type compounds are the most prevalent groups of
natural phenolics which are mainly responsible for the
antioxidant activity of the plants [94]. Excellent correlation of
flavonol class of phenolics with DPPH and NO (p<0.01) was
reported by Ghosal and Mandal (2012) [95]. Good correlation
between flavonoid content and antioxidative properties may be
because of the higher amount of flavonoid content in the sample.

CONCLUSION

From the present study, it was observed that HW, MeOH and EtOH
extracts of Pteris biaurita L. exhibited appreciable antioxidant
activity. However, among the three extract methanolic extract was
seen to show better activity.

Phytochemical analysis showed wide array of secondary
metabolites. Good correlation was seen between flavonoids and
antioxidant activity .However, in- vivo assays are essential to
characterize them as biological antioxidants.
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