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ABSTRACT

The Total Phenolic Content (TPC) and Total Flavonoid Content (TFC) of Chloroform (CEDE),
Methanol (MEDF) and Hydroalcoholic (HEDF) extracts of an Indian ayurvedic plant Dendrophthoe
faleata (L.f) Ettingsh were measured using Folin-ciccalteau and aluminum chloride colorimetric
methods, respectively. The in vitro antioxidant activities were also investigated by using irn viiro
antioxidant models including 2,2%-azincbis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTSY),
1,1-diphenyl-2-picrylhydrazyl (DPPH), Nitric Oxide (NO), hydroxyl radical (OH™), Super Oxide
(80) and reducing power (Fe™ to Fe” transformation) assay. The TPC were 7.43+1.145,
10.783+0.702 and 19.833+0.550 mg gallic acid equivalents (GAE)/g extract, while TFC were
4.983+£0.175, 9.8346+0.610 and 14.932+£1.033 ug quercetin equivalents (QRT)/g extract sample for
CEDF, MEDFEF and HEDF, respectively. Analysis of the free radical scavenging activities of the
fractions revealed a concentration-dependent antiradical activity resulting from reduction of ABTSY,
DFPH, NO, OH™ and S0 radicals to non-radical form. The scavenging activity of ascorbic acid, a
known antioxidant used as positive control, was however higher and scavenging potential was in
the order: Ascorbic acid>HEDF>MEDF>CEDF'. The reducing power of ascorbic acid, CEDF, MEDF
and HEDF increased gradually with increasing concentration. The order of the reduction potential
was ascorbic acid>HEDF>MEDEF>CEDEF. These results obtained in the present study indicate that
D, faleata extracts can be a potential source of natural antioxidant with strong antiradical capacity.

Key words: Dendrophthoe faleata, total phenolic content, total flavonecid content, antiradical
activity, reducing power

INTRODUCTION

Oxidative stress depicts the existence of products called free radicals and Reactive Oxygen
Species (ROS) which are formed under normal physiclogical conditions but become deleterious
when not being eliminated by the endogenous systems. In fact, oxidative stress results from an
imbalance between the generation of reactive oxygen species and endogenous antioxidant systems.
ROS are major sources of primary catalysts that initiate oxidation in vive and in vitro and create

oxidative stress. These oxidative stress results in numerous diseases and disorders (Rackova et al.,
2007) such as cancer (Kinnula and Crape, 2004), cardiovascular disease (Singh and Jialal, 2008),
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Alzheimer’s disease (Smith et al,, 2000}, parkinsons disease (Bolton ef al., 2000) and atherosclerosis
{(Upston et al., 2003). Oxygen derived free radicals such as superoxide anions, hydroxyl radicals
and hydrogen peroxide are cytotoxic and give rise to tissue injuries (Jainu and Shyamala Dewi,
2005). In addition, oxidative stress causes inadvertent enzyme activation and oxidative damage
to cellular system (Pemp et al., 2010),

Cells are equipped with different kinds of mechanisms to fight against ROS and to maintain
the redox homeostasis of cell. For example, antioxidant enzymes such as Superoxide Dismutase
(50D), Catalase (CAT) and Glutathione Peroxidase (GPx) play important roles in scavenging the
free radicals and preventing cell injury (Rakesh ef al., 2010). Molecules such as ascorbic acid and
e-tocopherol inhibit lipid peroxydation in cell. When the mechanism of antioxidant protection
becomes unbalanced in human body, antioxidant supplement may be used to help reduce oxidative
damage.

Medicinal plants are an important source of antioxidants (Rice-Evans, 2004). Natural
antioxidants increase the antioxidant capacity of the plasma and reduce the risk of certain diseases
such as cancer, heart diseases and stroke (Prior and Cao, 2000). The secondary metabolites like
phenoclics and flavonoids from plants have been reported to be potent free radical scavengers. They
are found in all parts of plants such as leaves, fruits, seeds, roots and bark (Mathew and Abraham,
2006). There are many synthetic antioxdidants in use. It is reported, however, they have several side
effects, such as risk of liver damage and carcinogenesis (Meenakshi ef al., 2009). There 1s a need
for more effective, less toxic and cost effective antioxidants. Medicinal plants appear to have these
desired comparative advantages, hence the growing interest in natural antioxidants from plants.

Dendrophthoe faleata (L.f) Ettingsh, commonly known as Banda (Hindi) is an evergreen
hemiparasitic shrub with bark smoeoth grey, leaves opposite unequal, thick 1.6-25.4 em long, flowers
single, orange-red or scarlet softly pubescent, berries soft ovoid-oblong, 1.3 em diameter and
indigenous to India, Srilanka, Thailand, Indo-china, Australia. The tribal of India uses the aerial
parts 1n wounds, menstrual troubles, asthma, psychic disorders, pulmonary tuberculosis,
consumption and mania. Leaf paste 1s used in skin diseases and abortion. Its paste 1s applied on
boils, setting dislocated bones and extracting pus. Traditional physicians of Korku, a tribe
inhabiting the forest areas of Melghat region of Amravati district, Maharastra state of India, use
D, falcata as antifertility agent in women (Pattanayak ef af., 2008a). In addition to its medicinal
value, the fruit of ). falcata tastes sweet and 1s consumed as a food (Mallavadhani ef al., 2008).
The plant has been scientifically proved to have antilithiatie, diuretic, cytotoxic,
immunomodulatory, wound healing and chemopreventive potentials (Pattanayak and Sunita,
2008; DKEFZ, 2003). Recently our research group reported the effects of Dendrophthoe falcata in
lowering the incidence of breast tumor growth in the experimental female wistar rats
(Pattanayak et al., 2008a; Pattanayak and Mazumder, 2010). The plant is also proved to have
antifertility efficacy in wistar female rats (Pattanayak and Mazumder, 2009). The merit of the
traditional use of [). falcata has also been reported by the isclation and identification of several
possible active chemical constituents. The isolated compound from D. falcata are P-sitostirol,
stigmasterol, kaemferol, quercetin-3-O-ramnoside, rutin, quercetin, myrecitin and their glycosides
{(+)-catechin, leucocyanidin, gallic acid, chebulinic acid (Pattanayak et «l., 2008b) and some
pentacyclic  triterpenes, kaempfercl-3-O-g-l-rhamnopyranoside and  quercetin-3-O-¢-1-
rhamnopyranoside, ete. (Mallavadhani et al., 2008). It is evident from the above literature that

D. falcata is therapeutically useful in oxidative stress induced diseases.
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The aim of the present study was to evaluate the total phenolics content, flavonoid content of
chloroferm, methancl and hydroalcoholic extracts of ). faleate and to evaluate its in vitro
antioxidant potential. Because different antioxidant compounds may act in vive through different
mechanisms, no single method can fully evaluate the total antioxidant capacity. For this reason,
several complimentary test systems, including 2,2"-azinobis-(3-ethylbenzothiazoline-6-sulfonic
acid), 1,1-diphenyl-2-picrylhydrazyl, nitric oxide, hydroxyl radical, super oxide and reducing power
assay methods were used in this study.

MATERIALS AND METHODS

Plant material and extract preparation: Fresh aerial parts of D). falcata, were collected in the
month of March in 2009 from the thick forest areas of Similipal biosphere reserve, Mayurbhanj
district of Orissa, India. Dendrophihoe falcata (L.f) Ettingsh (Loranthaceae) was preliminarily
authenticated by Dr. N.KK. Dhal, Department. of Natural products, Eegional Research Laboratory
(RRL), Bhubaneswar, India which was latter on confirmed from Botanical Survey of India,
Hawrah, West Bengal, India (CINH/I-1/32/2010/Tech.11/237-2). One set of the herbarium has been
preserved in our laboratory for future reference. The aerial parts were air-dried, pulverized to a
coarse powder 1in a mechanical grinder, passed through a 40 mesh sieve and extracted with
petroleum ether (60-80°C) and further with Chloroform {(CEDF), Methanol (MEDF) and
ethanol-water (8:2) (HEDF), separately. The extracts were decanted, filtered with
Whatman No. 1 filter paper. The entire extraction process was repeated twice. The filtrates were
individually pocled and solvents were removed from the filtrates under reduced pressure
{(Rotavapor RII, Buchi Labortechnik AG, Switzerland). Finally, I, faleata extracts were cooled in
a dessicator for 30 min before the yield of each extract was calculated. Extracts from the aerial parts
of Dendrophthoe falcata were kept at 4°C for further use.

Phytochemical screening: An attempt was also made to observe the presence and absence of
different. phytochemical constituents in CEDF/MEDF/HEDF. The tests for using the methods
carried out flavonoid, sterols and tannins previously described by Tona et al. (1998). Two
milligrams of each extract were separately dissolved in 2 mL of the adequate solvent. The
detection of major chemical groups was carried out by Thin-layer Chromatography (TLC) on silica
gel 60 Fy,, from Merck (Dramstadt, Germany) (layer thickness, 0.25 mm). For flavonoid, TLC was
developed in n-Butanol/acetic acid/water 4:1:5, then spots were visualized with 1% AlCl, solution
in methanol under Ultraviolet (IIV) 366 nm. Terpenes and steroids were detected with Libermann-
Burchard as a reagent using n-hexane/CH,Cl, 1.9 as a mobile phase. Ranges of colors are produced
after heating sprayed plates for 10 min at 100°C. Tannins were detected with FeCl;. Kach class of
tannins gave a specific coloration. And alkaloids (Dragendorff's test), glycosides (Molisch's reagent),
fixed o1l (spot test), proteins (Ninhydrine test), carbohydrates (Fehling’s solution test) and
polysaccharides (lodine test) were detected according to standard methods (Soforowa, 1982;
Trease and Kvans, 1987).

Total phenolic content (Folin-Ciocalteau assay): Total phenolic contents of

CEDF/MEDF/HEDF extracts were determined using Folin-Ciocalteu assay (Meda et al., 2005),

Total flavonoid content: Total flavonoid content was determined by the aluminium calorimetric
method (Quettier-Deleu ef al., 2000), using quercetin as a standard.
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In vitro antioxidant assays

ABTS assay: The antioxidant potential was measured by 2,2"-azinobis - (3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) assay that measures the relative ability of antioxidant substances to scavenge
the ABTS" cation radical generated in the aqueous phase. 3.5 mL reaction mixture contained
0.17 mM ABTS, 25-250 pg mL ' CEDF/MEDF/HEDF/ascorbic acid and phosphate buffer (pH 7.4).
The method used was based on Miller and Evans (1996) modified by Lister and Wilson (2001). The
absorbance at 734 nm was measured using UV-vis spectrophotometer. The antioxidant capacities
of samples were measured against the standard.

Determination of DPPH radical scavenging activity: The free radical scavenging activity
was evaluated by the DPPH assay described by Blois (1958). In its radical form, DPFH absorbs at
517 nm but upon reduction by an antioxidant or a radical species, the absorption decreases. Briefly,
1 ml of 0.25 mM solution of DPFH in methanol was added to 1 mL of CEDF/MEDF/HEDEF solution
in methanol (25-250 pg mL ™. After 20 min, the absorbance was measured at 517 nm. Ascorbie acid
was used as a positive control. The percentage DPPH decolorization of the sample was caleulated
by the equation:

% of DPPH scavenging = Mx 100

control

where, A is the abscrbance.

Nitric oxide radical scavenging (NO) assay: The nitric oxide radical inhibition activity was
measured by the method of Garratt (1964) using Griess reagent.

Hydroxyl radical scavenging (OH) assay: Hydroxyl radical scavenging activity was determined
by the method of Halliwell et al. (1987) based on the ability to compete with deoxyribose for
hydroxyl radicals.

Superoxide radical secavenging (SO) assay: The super oxide anion scavenging activity was
determined by the method of Nishikimi et al. (1972).

Ferric Reducing Antioxidant Power (FRAP) assay: The reductive potential was determined
according to the method of Oyaizu (1986) based on the chemical reaction of Fe® to Fe®.

Statistical analysis: The data are expressed as MeantStandard Deviation (SDD). All data were
analysed by one-way Analysis of Variance (ANOVA) followed by Bonferroni's multiple comparison
test (Sharma ef al., 2011) with equal sample size. The difference was considered significant when
p-value<0.05,

RESULTS

Extraction vield: Figure 1 represents the yield of D. faleata extracts. The yield of the extracts
varied from 8.9440.164 to 20.493+£0.469%. Among all the tested extracts the highest yield was
obtained from HEDF (p<0.001). The yield of different extracts from the areal parts of D. falcata is
presented in the following order: HEDF>MEDF>CEDF (p<0.01). Low extraction yield of the CEDF

is probably due to the low solubility of the major components of the areal parts in chloroform.
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Phytochemical screening: The results of the preliminary phytoechemical screening of the HEDF
revealed the presence of stercids, terpenes, glycosides, tannins, proteins, flavoneids, carbohydrates
and polysaccharides. CEKDF showed the positive results for steroids, terpenes, flavonoid and MEDF
revealed the presence of steroids, tannins, terpenes, glyeosides and flavonoids.

Total phenolic content and total flavonoid content: The content of phenclics compounds in
the different extracts were determined through a linear gallic acid standard curve
(v =0.1334+0.019x, r* = 0.9980). The total phenolic content of the extracts varied form 7.430+1.145
to 19.83320.556 mg GAFE/lg extract. The highest content of total phenolics compounds was detected
in HEDF (19.833 mg GAE/g extract) whereas the lowest content was measured in CEDF
(743 mg GAFElg extract) (p<0.001). Total phenolics content of the extracts is arranged in the
following ascending order: CEDF<MEDF<HEDF (p<0.01) (Table 1). In this study, the Total
Flavonoid Content (TFC) of the extracts was evaluated by aluminium colorimetric assay. Quercetin
(QRT) was used as a standard and the total flavonoid content of D. falcata extracts were expressed
in microgram of quercetin equivalents per gram of extract (ug QRT/g extract) (y = 0.005x+0.1586,
r? = 0.9880). The TFC of the extracts were varied from 4.983+0.175 to 14.933+1.033 ug WRT/g
extract. The data presented in Table 1 indicates that the highest flavonoid content of

Table 1: Total phenolics content and total flavonoid content of 1. felcata extracts (n = 3)

Samples (extracts) Total phenolic content (mg GAE/g extract) Total flavonoeid content (ug QRT/g extract)
CEDF 7.430+£1.145 4.983+0.175

MEDF 10.783+0.702 a** 9.346+0.61 a***

HEDF 19.833+0.55b*** p*** 14.933+1.033 b¥** c***

Values are expressed as MeandStandard Deviation (S8I)) from triplicate determination; a, b: MEDF and HEDF compared to CEDF;
¢: HEDF compared to MEDF; “p=0.01; ""p=<0.001

25 4 |
—
20 - R —
— a
£ 15
&
9
8 1
8 1
ﬁ 10
5 -
I}
CEDF MEDF HEDF
Extraction yield

Fig. 1. Extraction yield of D. falcata extracts (n = 3); Data are represented as Mean+SD; *p<0.01;
*p<0.001
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Fig. 2 (a-d): Inhibition of ABTS radical by {a) STD, (b) CEDF, (¢) MEDF and (d) HEDF; Data are

represented as Mean£SD of two independent experiments each

14.933 pg QRT/g extract was observed in the HEDF and the lowest content was observed in CEDF
(4.983 ug QRT/g extract) (p<0.001). TFC of the extracts is arranged in the following sequence:
HEDF>MEDF>CEDF (p<0.01).

In vitro antioxidant assay: Analysis of the free radical scavenging activities of the extracts
revealed a concentration-dependent antiradical activity resulting from reduction of ABTS (Fig. 2),
DPPH (Fig. 3), NO (Fig. 4), OH™ (Fig. 5) and SO (Fig. 6) radicals to non-radical form. The
scavenging activity of ascorbic acid, a known antioxidant used as positive contrel, was however
higher and scavenging potential was in the order: Ascorbic acid>HEDF>MEDF>CEDF. Figure 7
presents the reduction potential of CKDF, MEDF and HEDF'. The reducing power of ascorbic acid,
CEDF, MEDF and HEDF increased gradually with increasing concentration. The order of the
reduction potential was ascorbic acid>HEDF>MEDF>CEDF.

DISCUSSION

These results suggest that the higher levels of antioxidant activity were due to the presence of
phenclic components. These findings are in accordance with the earlier reports on total phenclic
and antioxidant activity in roseship extracts (Gao et al., 2000). Phenols are very important plant,
constituents because of their scavenging ability due to their hydroxyl groups (Hatano et al., 1989),
The phenolic compounds may contribute directly to antioxidative action (Duh ef al., 1999). It 1s
known that polyphenolic compounds have inhibitory effects on mutagenesis and carcinogenesis in
humans when ingested up to 1 g daily from a diet rich in fruits and vegetables (Tanaka ef al.,
1988). Phenolic compounds from plants are known to be good natural antioxidants. However, the
activity of synthetic antioxidants was often observed to be higher than that of natural antioxidants
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Fig. 3 (a-d): Inhibition of DFPH radical by (a) STD, (b) CEDF, (¢) MEDF and (d) HEDF; Data are

represented as Mean£SD of two independent experiments each

{(Ningappa et al., 2008). Phenolic compounds, at certain concentrations, markedly slowed down the
rate of conjugated diene formation. The interests of phenolics are increasing in the food industry
because they retard oxidative degradation of lipids and thereby improve the quality and nutriticnal
value of food (Aneta et al., 2007). The 2, 2"-azincbis (3-ethyl-benzothiazoline 6-sulfonate) (ABTS)
formed from the reaction ABTS-e-ABTS" reacts quickly with ethanol/hydrogen donors to form
colorless ABTS. The reaction is pH-independent. A decrease of the ABTS' concentration is linearly
dependent on the antioxidant concentration. All extracts at tested doses (25 - 250 pg mL™") revealed
good scavenging activity for ABTS' in a dose dependent manner but the activity was higher in case
of HEDF (IC,, = 32.21 ng mL™") (Fig. 2). The DPPH radical is considered to be a model for a
lipophilic radical. A chain in lipephilic radicals was initiated by the lipid autoxidation. DPFH is a
stable free radical at room temperature and accepts an electron or hydrogen radical to become a
stable diamagnetic molecule (Seares et «l., 1997). The reduction capability of DPPH was determined
by the decrease in its absorbance at 517 nm which is induced by antioxidants. Positive DPPH test
suggests that the samples were free radical scavengers. The scavenging effect of HEDF and
ascorbiec acid on DPPH radical was compared. On the DPPH radical, HEDF had significant
scavenging effects with increasing concentration in the range of 25-250 pg mL™' and when
compared with that of ascorbic acid, the scavenging effect of HEDF was lower. The IC,, values were
found to be 46.8, 81.4 and 100.07 ug mL™! for HEDF, MEDF and CEDF, respectively (Fig. 3). A
higher DPPH radical-scavenging activity is associated with a lower 1C,; value. Nitric oxide plays
an important role in various types of inflammatory processes in the body. In the present study the
crude extracts of the [). falcata aerial parts (CEDF, MEDF and HEDF) were checked for its
inhibitory effect on nitric oxide production. Nitric oxide radical generated from sodium nitroprusside
at physiological pH was found to be inhibited by the extracts. The HEDFEF at varied concentrations
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Fig. 4 (a-d): Inhibition of nitric oxide radical by {a) STD, (by CEDF, (¢) MEDF and (d) HEDF; Data
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showed remarkable inhibitory effect of nitric oxide radical-scavenging activity compared to CEDF
and MEDF (Fig. 4). Results showed the percentage of inhibition in a dese dependent manner for
all the extracts tested. The concentration of HEDF needed for 50% inhibition (IC,) was found to
be 36.43 pg mL™', whereas, 92.87 and 98.43 ug mL™' was needed for MEDF and CEDF,
respectively. The hydroxyl radical is an extremely reactive free radical formed in biclogical systems
and has been implicated as a highly damaging species in free radical pathology, capable of
damaging almost every molecule found in living cells (Hochstein and Atallah, 1988). This radical
has the capacity to join nucleotides in DNA and cause strand breakage which contributes to
carcinogenesis, mutagenesis and cytotoxicity. Hydroxyl radical scavenging capacity of an extract
is directly related to its antioxidant activity (Babu et al., 2001). The highly reactive hydroxyl
radicals can cause oxidative damage to DNA, lipids and proteins (Trease and Evans, 1987). The
effect of the extracts from D. faleata on the inhibition of free radical-mediated deoxyribose damage
were assessed by means of the Iron (II)-dependent DNA damage assay. The Fentone reaction
generates hydroxyl radicals (OH) which degrade DNA deoxyribose, using Fe? salts as an important
catalytic component. Oxygen radicals may attack DNA either at the sugar or the base, giving rise
to a large number of products. HEDF, MEDF and CEDF were also capable of reducing DNA
damage at all concentrations used. Ascorbic acid was highly effective in inhibiting the cxidative
DNA damage. As shown in Fig. 5, the extracts displayed potential inhibitory effect of hydroxyl
radical-scavenging activity. All results showed hydroxyl radical scavenging activity in dose
dependent manner. 1C,, values were found to be 41.31, 86.52 and 111.12 pug ml ! for HEDF,
MEDFE and CEDF, respectively (Fig. 5). The ability of the above mentioned extracts to quench
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hydroxyl radicals seems to be directly related to the prevention of propagation of the process of lipid
peroxidation and seems to be good scavenger of active oxygen species, thus reducing the rate of the
chain reaction. Ascorbic acid was used as reference standard. Hagerman ef al. (1998) have also
explained that high molecular weight and the proximity of many aromatic rings and hydroxyl
groups are more important for the free radical-scavenging activity by phenolics than their specific
functional groups. Super oxide is a reactive oxygen species which can cause damage to the cells and
DNA leading to various diseases. It was therefore proposed to measure the comparative interceptive
ability of the antioxidant extracts to scavenge the super oxide radical. Several in vitro methods are
available for generation of super oxide radicals (Vani ef al., 1997). In cur study super oxide radicals
were generated by auto-oxidation of hydroxylamine in presence of NBT (Nitro blue tetrazolium).
The reduction of NBT in presence of antioxidants was measured. The decrease of absorbance at
560 nm with antioxidants thus indicates the consumption of superoxide anion in the reaction
mixture. As shown in Fig. 6, the all extracts at varied concentrations had superoxide-scavenging
activity. IC,, values of CEDF, MEDF, HEDF and ascorbic acid were found to be 144.19,
105.38 and 89.97 ug mL™, respectively. All of the extracts had a scavenging activity on the
superoxide radicals in a dose dependent manner (25-250 pug mL™" in the reaction mixture).
Nonetheless, when compared to ascorbic acid, the superoxide scavenging activity of the extract was
found to be low. Generally, the reducing properties are associated with the presence of compounds
which exert their action by breaking the free radical chain by donating a hydrogen atom
(Duh et al., 1999). The results of the ferric reducing assay indicated that HEDF had stronger
reducing power than CEDF and MEDF (Fig. 7). This could be due to the presence of more reactive
conecentration of bioactive constituents and mixture of other constituents in HEDF than other two
extracts.
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are represented as Mean+SD of two independent experiments each
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Fig. 7. The reduction potential of CEDF, MEDF and HEDF (Meant5[D); n = §); *#% %%
significantly different from HEDF, MEDF and CEDF (p<0.05), (p<0.01), (p<0.001),
respectively. a, b, c: HEDF significantly different form MEDF, CEDF (p<0.05), (p<0.01),
(p=<0.001), respectively

145



Fes. J. Med. FPlant, 6 (2): 156-148, 2012

CONCLUSION

In the present study, there exists a positive correlation between the total phenolies content and
the antioxidant activity which is in accordance with the earlier findings (Madsen ef al., 1998). We
found higher in vitro antioxidant activity in HEDF with higher polyphenols. The higher radical
scavenging efficacy of HEDF may be due to retention of antioxidant phytochemicals in this extract.
A strong evidence supports these findings that HEDF enhance the antioxidant effects in vivo
rodent models of carcinogenesis (Pattanayak and Mazumder, 2010). Moreover, these results
suggest that Dendrophthoe faleaia may offer effective protection from free radicals and support
that D, falcata, 1s a promising source of natural antioxidant. However, further work is required on
the isolation and identification of the antioxidant components present in it since it is also a
precondition for a more extensive understanding of the mechanisms involved in the antioxidant
capacity.
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