Journal of Pharmacognosy and Phytochemistry 2018; 7(5): 2567-2572

Journal of Pharmacognosy and Phytochemistry

Available online at www.phytojournal.com

PLarma sy
D Phxtochemisiry

E-ISSN: 2278-4136
P-ISSN: 2349-8234

JPP 2018; 7(5): 2567-2572
Received: 13-07-2018
Accepted: 14-08-2018

Anusuya Devi R

PG and Research Department of
Botany, Kongunadu Arts and
Science College, Coimbatore,

Tamil Nadu, India

S Arumugam
Botanical Survey of India,
Southern Circle, Coimbatore,

Tamil Nadu, India

K Thenmozhi

PG and Research Department of
Botany, Kongunadu Arts and
Science College, Coimbatore,
Tamil Nadu, India

B Veena

PG and Research Department of
Botany, Kongunadu Arts and
Science College, Coimbatore,
Tamil Nadu, India

Correspondence

Anusuya Devi R

PG and Research Department of
Botany, Kongunadu Arts and
Science College, Coimbatore,
Tamil Nadu, India

Phytochemical and in vitro antioxidant of
an endemic medicinal plant species, Elaeocarpus
munronii (wt.) mast. and Elaeocarpus tuberculatus
Roxb. (Elaeocarpaceae)

Anusuya Devi R, S Arumugam, K Thenmozhi and B Veena

Abstract

Medicinal plants are imperative for the treatment of various human diseases. Elaeocarpus is a genus
belonging to the family, Elaeocarpaceae. In Indian traditional system of medicine, different parts of
rudraksha were taken for the alleviation of various health related problems such as mental disorders,
headache, skin diseases and for healing wounds. The present study was undertaken to address
phytochemical and in vitro antioxidant potential for the medicinal plant species, Elaeocarpus munronii
and Elaeocarpus tuberculatus. Quantification of phytochemicals for various solvent systems viz.,
petroleum ether, ethyl acetate, ethanol and aqueous extracts and plant parts viz., leaf, stem, flower and
fruit for the two medicinal plant species, E. munronii and E. tuberculatus were analyzed. Antioxidant and
free radical scavenging potential in terms of DPPH, ABTS*, reducing power, ferrous ion and superoxide
radical scavenging activity were assessed using standard procedures. From the results obtained, the
ethanolic leaf extracts of both the plant species of Elaesocarpus encompass significant activity.
However, E. munronii determine appreciable activities than E. tuberculatus with excellent reputation in
traditional Indian system of medicine. Furthermore studies are however required to elucidate their
mechanism of action using molecular techniques.
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Introduction

Many plant derived molecules have shown promising effect in therapeutics (Lokhande et al.,
2007) 22, Plants are made up of secondary metabolites which are formed as products of
primary metabolism produced for defense against predators. Several phytochemical surveys
have been carried out for detecting diverse group of naturally occurring phytochemicals. The
phytochemical research approach is considered effective in discovering bioactive profile of
plants of therapeutic importance (Masih and Singh, 2012) 231, Examples of such metabolites
are tannins, flavonoids and alkaloids as they are known to be the brain behind the healing
potentials of plants (Bhandary et al., 2012) [6l. Antioxidants play an important role in
protecting human body against alleviations of free radicals which cause oxidative stress in
tissues of lungs, heart and cardiovascular system, kidney, liver, gastrointestinal tract, blood,
eye, skin, muscle and brain (Huda et al., 2009) ™. In recent times, natural source of
antioxidants are now being focused owing to the numerous side effects of synthetic
antioxidants (Kumaran et al., 2007) 4. Hence in today’s world, the use of natural source of
antioxidants has been effective in reducing the severeity of diabetic complications (Roberts et
al., 2007) [27,

Elaeocarpus munronii (Wt.) Mast. and E. tuberculatus Roxb. belonging to the family
Elaeocarpaceae is an evergreen tree where the ripe fruits contain a hard and highly ornamental
stony endocarp known as bead or nut commonly termed as Rudraksha in India. It holds a great
promise and unbreakable faith by experiments that it has confirmed medicinal uses apart from
its attractive stones (Chopra et al., 1956; Dadhich et al., 2013) [ % Various species of
Elaeocarpus have been known to exert antimicrobial (Indhiramuthu et al., 2014) [l
antiarthritic (Geetha et al., 2015a) [*? antidiabetic (Geetha et al., 2015b; Geetha et al., 2016)
[13, 141 effects in various experimental studies. Based on the comprehensive literature survey
and scientific evidences, the present study was addressed to analyze the phytochemical
analysis, as well as to evaluate the antioxidant activities for the various plant parts and solvent
systems of both the Elaeocarpus species via., the in vitro chemical models.

~ 2567~



Journal of Pharmacognosy and Phytochemistry

Materials and Methods

Collection of plant materials

Fresh plant parts of the study species, E. munronii and E.
tuberculatus were collected from Megamalai hills, the
Western Ghats, Theni district, Tamil Nadu, India. They were
cleaned, shade dried and coarsely powdered in a Willy Mill to
60 mesh size for extraction.

Preparation of crude plant extracts

Fresh leaves of the study species was collected from
Megamalai hills, Western Ghats, Theni district, Tamil Nadu,
India. The authenticity of the selected plant materials were
duly notorious and inveterate (vide no:
BSI/SRC/5/23/2017/Tech/2994 &
BSI/SRC/5/23/2017/Tech/2995) by  comparison  with
reference specimen preserved at Botanical Survey of India,
Southern Circle, Coimbatore. Fifty grams of coarsely
powdered plant samples were extracted with successive
solvent systems viz., petroleum ether, ethyl acetate and
ethanol using soxhlet apparatus. Furthermore, the air dried
residues were subjected to cold maceration with water. The
extracts were filtered and concentrated to dryness under
reduced pressure using rotary vacuum evaporator to remove
traces of water molecules and the lyophilized powders were
stored at 20 °C until used directly for the appraisal of various
in vitro activities.

In vitro studies

Preliminary qualitative phytochemical analysis
Preliminary qualitative phytochemical analysis was carried
out to identify the secondary metabolites present in various
solvent extracts of leaf, stem, flower and fruit parts of E.
munronii and E. tuberculatus (Trease and Evans, 2002;
Harborne, 1984) [31.17],

In vitro antioxidant activities

DPPH radical scavenging activity

The hydrogen donating capacity was assessed using the stable
DPPH= method Blois, (1958) U1, Briefly, a solution of 0.1mM
DPPHe« was prepared using methanol. The samples (50-250
pg/mL) were mixed with 5.0 mL of DPPHe solution. Reaction
mixture was shaken, incubated at 27 °C for 20 min and the
absorbance was measured at 517 nm. Results were compared
with the activity of rutin, quercetin, BHA and BHT. Per cent
DPPH= discolouration of the samples was calculated using the
formula: DPPH radical scavenging activity (%) = [(Control
OD - Sample OD)/Control OD] %100. Antioxidant activities
of the extracts were expressed as ICsg, these values were
calculated from the linear regression of the percentage
antioxidant activity versus concentration of the extracts
(Ebrehimabadi et al., 2010) 3. A lower ICs, value indicates
greater antioxidant activity.

Reducing power assay

The Fe3+ reducing power of the extract was determined
according to the method suggested by Oyaizu, (1986) [?°1. The
plant extracts (100-500 pg/mL) were mixed with 5.0 mL of
0.2 M phosphate buffer of pH 6.6 and 5.0 mL of 1% K3 Fe
(CN)6 and the mixtures were incubated at 50 °C for 20 min.
The reaction was terminated by adding 5.0 mL of 10% TCA
(w/v), and the mixture was centrifuged at 1000 rpm for 10
min. The upper layer of the supernatant (5.0 mL) was mixed
with 5.0 mL of distilled water and 1.0 mL of 0.1% (w/v)
FeCI3 and the absorbance was read at 700 nm. Rutin,
quercetin, BHA and BHT served as the reference material.
Increased absorbance indicates increased reductive capability.

Chelating ability for ferrous ions

The ferrous chelating potential of the extracts were assessed
according to the method suggested by (Yamaguchi et al.
2000) B8 The reaction was initiated with the sequential
addition of 250 pg of sample extract, 0.25 mL of 1 mM
FeSO4 solution, 1.0 mL of 0.2 M Tris—HCI buffer (pH 7.4),
1.0 mL of 2, 2’ bipyridyl solution, 0.4 mL of 10%
hydroxylamine hydrochloride and 2.0 mL of ethanol. The
final volume was made up to 5.0 mL with deionised water and
the absorbance was determined at 522 nm. EDTA was used to
benchmark the chelating abilities. Lower absorbance of the
reaction mixture indicated higher ferrous ion chelating ability.

Trolox equivalent antioxidant capacity assay

Antioxidant activity was performed using an improved
ABTS=+ method proposed by Siddhuraju and Manian (2007).
The ABTS radical cation (ABTS=+) was generated by a
reaction of 7 mM ABTS=+ and 2.45 mM potassium
persulphate and the mixture was incubated for 12-16 h at
room temperature in dark. Prior to assay, the solution was
diluted in ethanol (about 1:89 v/v) and equilibrated to obtain
an absorbance of 0.700 £ 0.02 at 734 nm. 10 pL/mL of
sample was added to 1.0 mL of diluted ABTSe+ solution.
After 30 min of incubation, absorbance was read at 734 nm.
Trolox was used as a reference material.

Superoxide radical scavenging activity

Superoxide radicals were generated by the modified method
of Beauchamp and Fridovich (1971) Bl. The assay was based
on the capacity of the sample to inhibit formation by
scavenging superoxide radicals generated by riboflavin-light-
NBT in the system. Each 3 ml reaction mixture contained 50
mM sodium phosphate buffer (pH 7.6), 20 mg riboflavin, 12
mM EDTA, 0.1 mg NBT and various concentrations (200 -
1000pg) of sample extracts. Reaction was started by
illuminating the reaction mixture with sample extract for 90
seconds. Immediately after illumination the absorbance was
measured at 590 nm. The entire reaction assembly was
enclosed in a box lined with aluminium foil. Identical tubes
with reaction mixture kept in dark served as blank. The
percentage inhibition of superoxide anion generation was
calculated as:

Superoxide radical scavenging activity (%) = (control OD-
sample OD / control OD) x 100

The analysis was performed in triplicate. The sample
concentration providing 50% inhibition (1Cso) under the assay
condition was calculated from the graph of inhibition
percentage against sample concentration.

Statistical analysis

All the wvalues were expressed as mean =+ standard
deviation(SD) of three determinations and were subjected to
one way analysis of variance (ANOVA) followed by post hoc
Duncan’s multiple range test using SPSS (version 9, SPSS
Inc., Chicago, USA). P<0.05 was chosen as the criterion for
statistical significance.

Results

Quialitative estimations

Phytochemicals are the bioactive principles produced by
plants in its various parts of the plants. The qualitative
phytochemical screening was conducted for the different plant
parts and solvent extracts of E. munronii and E. tuberculatus
and it revealed the presence of a diverse class of
phytochemical constituents, including alkaloids, flavonoids,
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phenols, quinones, proteins, saponins, tannins, gums &
mucilage etc., (Table 1 and 2). However, steroids, coumarins,
glycosides, oils &fats and triterpenoids were found to be
present in trace amount while terpenoids and carbohydrates
were completely absent in both the studied species.

In vitro assay

Dpph radical scavenging activity

DPPH, is a stable organic radical, widely used to test the
ability of the compounds to act as free radical scavengers or

hydrogen donors. It was visually noticeable by a drastic
colour change from purple to yellow. DPPH radical
scavenging activity for the two test species, E. munronii and
E. tuberculatus were analysed and their 1Cso values ranged
between 21.1 to 86.3 pg/mL (Table 3). Among the samples
investigated, the ethanolic leaf extract of E. munronii depicted
the maximum value (21.1+£0.1 pg/mL extract). Whereas, the
ethyl aacetate extract of E. munronii stem registered markedly
very low free radical scavenging activity (93.3£0.2 pg/mL
extract).

Table 1: Quantitative phytochemical analysis of various solvent extracts of Elaeocarpus munronii

Secondary metabolites
Tests PE EA ET AQ
Leaf | Stem | Flower | Leaf | Stem | Flower | Leaf | Stem | Flower | Leaf | Stem | Flower
Alkaloids +H+ |+ +H+ || e R e e I e e -
Flavonoids +++ | - +++ |+ |+ +++ - - +++ - - +++
Steroids - - - - - - - + - + _ +
Saponins +++ | +++ + +++ - - +++ | +++ + +++ | +++ +
Phenols ++ | ++ ++ +++ - +++ ++ + + ++ + +
Quinones +++ |+ ++ - - - ++ + - B -
Coumarins - - - + + + + - - ++ + ++
Terpinoids - - - - - - - - - - _ B
Carbohydates - - - - - - - - - - -
Glycosides +++ | - - + + ++ +++ | - - +++ | - -
Proteins - + - + - - + - - ++ -
Qils and fats +++ | - + - + +++ - - + - - +
Gums and mucilages | +++| + ++ | | ++ + | +++ + +++ |+ +
Triterpinoids + ++ ++ + + +++ | ++ - + - + ++
Tannins +H+ | - - +++ | +++ ++ |+ | - - +H+ | - -
Legend: +++ (Much abundant), ++ (less abundant), + (minute), - (absent)
*Note: Refer Table.1 for abbreviations
Table 2: Qualitative phytochemical analysis of various solvent extracts of Elaeocarpus tuberculatus.
Secondary metabolites.
Tests PE EA ET AQ
Leaf | Stem | Fruit | Leaf | Stem | Fruit | Leaf | Stem | Fruit | Leaf | Stem | Fruit
Alkaloids I e e e s + | | | A | A | |
Flavonoids - - - ++ ++ 4 | | A+ | + - R
Steroids +++ - - - +++ |+ |+ - - + - -
Saponins ++ | ++ + | | - ++ | o+ | A |+ | |+t
Phenols +++ - + + ++ + 44+ | | | | |
Quinones - ] - - - - - | |+ |+ |+
Coumarins +++ - - - +++ | A+ | - - + - R
Terpinoids - ++ ++ - - - - ++ | +++ - o+ | A+t
Carbohydates - - - - - - - - R - _ N
Glycosides - - - ++ | ++ - - - +H+ - _ N
Proteins + - ++ ++ - - - - - - - R
Oils and fats - - - - - - - - R - - N
Gums and Mucilages +++ | e+ | | A | | A | | ++ + +++ +
Triterpinoids - - - ++ - - Ftt | A+ | A+ _ - N
Tannins +++ | A+ | A | | A | A | | A | + - -

Legend: +++ (Much abundant), ++ (less abundant), + (minute), - (absent)

*Note: Refer Table.1 for abbreviations

ABTS™" scavenging activity.

In the evaluation of antioxidant capacity by ABTS™ method,
all the assessed sample extracts were able to quench ABTS™*
radical more effectively and their values ranged between99.3
and 629.1 umol Trolox equivalent/g extract (Table 3). Among
the samples investigated, the ethanolic leaf extract of E.
tuberculatus  (629.1+10.1 pmol/g extract) determined
maximum value. While, the petroleum ether extract of E.
munronii flower registered markedly very low activity
(99.3£09.3 umol/g extract).

Superoxide radical scavenging activity

The superoxide radical scavenging abilities for the various
extracts of O, radical were determined and depicted in Table
3. Various plant part extracts of E. munronii and E.
tuberculatus evidenced good superoxide radical scavenging
abilities (18.3 to 81.2 pg/mL). However E. munronii leaf
ethanolic extracts manifested high radical power activity;
however, their activity was higher than that of E. tuberculatus
and their 1Cso values for the standard antioxidants in the order
of : Rutin > Quercertin C > BHA > BHT respectively.
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Chelating ability for ferrous ions

Ferrous ions are one of the most effective pro-oxidants and
their interactions with hydrogen peroxide in biological
systems can lead to the formation of highly reactive hydroxyl
radicals. The Fe?* chelating ability for both the plant species
were examined and were presented in Table 3. Among the
samples investigated, the ethanolic extracts of E. munronii
leaf depicted markedly high metal chelating activity (99.3+0.9
mg EDTA/g extract) than the other said samples. While, the
petroleum ether extract of E. tuberculatus fruit exhibited
correspondingly very low ability for iron binding (12.9+0.1
mg EDTA/g extract).

Reducing power assay

In the reducing power assay, the presence of antioxidants in
the samples would result in the reduction of Fe3* to Fe?* by
donating an electron. Table 3 depicts the dose dependent
response for the two study plant species and their reductive
abilities displayed an apparent linear relationship with
concentration. The activity increases exponentially with
increase in the concentration of the test drug. Where the
ethanolic extracts of E. munronii leaf provided higher
reductive power value (1.36+0.11 pg/ml) than the other said
samples. While, the petroleum ether extract of E. tuberculatus
stem exhibited correspondingly very low reducing power
value (0.14£0.1 pg/ml). Interestingly, these values were
higher and it even surpassed the efficiency of all the standard
antioxidants tested (Table 3).

Table 3: DPPH, superoxide, ABTS™", reducing power and ferrous ion chelating activities of E. munronii and E. tuberculatus plant parts.

DPPH (ICsxo 02" (ICs0 Reducing power ABTS* scavengin Ferrous
Parts Samples Extracts pg/m(L) pg/l(nL) activity ?uglm L) activity @ e lon *
PE 86.3+0.2% 81.2+0.3" 0.92+0.06° 102.2411.18 30.3+0.3'
E. munronii EA 90.2+0.1% 83.31£0.2V 0.14+0.1% 222.2+12.1k 55.2+0.3°
' ET 21.140.1°¢ 19.3+0.1° 1.36+0.12 323.6+35.2f 99.3+0.92
Leaf AQ 75.3+0.2t 21.3+0.34 0.59+0.19 112.3116.3‘_4 81.310.8?
PE 62.6 £0.3P 41.4 £0.3° 0.59 +0.29 224.2+13.2) 40.940.3'
E. tuberculatus EA 54.3+£0.2" 35.6+0.5 0.29+0.3° 269.3+11.3 27.9+£0.6"
' ET 29.1 +0.1¢ 18.9 +0.12 0.71 +0.1¢ 629.1+10.12 69.1+0.34
AQ 51.1+0.3™ 29.2 0.2/ 0.52 +0.1! 444.4+20.1¢ 41.3+0.2"
PE 39.6+0.2" 55.5+0.2% 0.19+0.1v 123.3+£12.0° 28.9+0.2
E. munronii EA 93.3+0.2Y 83.2+0.2V 0.14+0.2% 088.3+10.2Y 30.2+0.2!
' ET 30.2+0.1° 33.3+0.3K 0.93+0.2° 292.2+21.2" 84.3+0.8°
Stem AQ 78.8+0.1Y 25.5+0.39 0.55+0.3" 110.3£16.3" 44.3+0.59
PE 59.1+0.3° 42.3+0.3° 0.14 £0.1¥ 201.1+17.2' 51.2+0.1f
E. tuberculatus EA 40.1+0.21 55.3+0.2% 0.36+0.3" 295.3+14.49 17.6+0.3"
' ET 33.3+0.2f 21.4 +0.14 0.20 +0.1¢ 101.9+09.1¢ 44.940.29
AQ 69.7+0.3" 31.3+0.2 0.42 +0.1% 397.9+14.14 23.9+0.2°
PE 81.9+0.3v 74.3+0.3 0.21+0.4! 099.3+09.3Y 18.9+0.29
Elower E. munronii EA 96.610.3% 89.6+0.1% 0.48+0.1) 0.63+03.2% 12.3+£0.28
' ET 41.2+0.1 20.3+£0.1°¢ 0.66+0.3f 222.8+14.1k 55.5+0.6°
AQ 66.3+0.24 18.3+0.12 0.15+0.5v 195.3£12.9" 36.3+0.31
PE 47.0+0.3' 44.1 £0.39 0.67+0.2¢ 199.9+10.2m 12.9+0.1°
Fruit E. tuberculatus EA 71.3+0.2° 45.60.3" 0.2240.18 162.3£21.3° 19.9+0.2P
' ET 39.3+0.2" 24.1 +0.2f 0.27+0.1P 599.9+11.1° 29.8+0.3™
AQ 42.4+0.1K 37.7 £0.3™ 0.37£0.1™ 325.4+21.1¢ 34,9+0.2K
Rutin 15.8+0.12 18.8 +0.01? 0.23+0.01"
Standard Quercertin 20.7+0.1° 23.0 +0.07¢ 0.38+0.07' i i
BHA 21.440.1°¢ 26.4 +0.51" 0.24+0.019
BHT 34.7+0.39 39.5 +0.63" 0.24+0.059

Values are mean = SD of three independent experiments. Values not sharing a common letter in a column are significantly different
(P<0.05).*Values expressed in mg EDTA/g extract; ®Values expressed as TEAC (Trolox equivalent antioxidant capacity) in umol/g extract.
$Note: PE-Petroleum ether; EA-Ethylacetate; ET-Ethanol; AQ-Aqueous; BHA-Butylated hydroxyanisole; BHT- Butylated hydroxytoluene.

Discussion

The worth of medicinal plants to mankind is well recognized,
as numerous discoveries have exposed that the plant extracts
contain not only minerals and primary metabolites, but also a
wide range of secondary metabolites with huge healing
efficiencies (Akinmoladun et al., 2007 and Cheikhyoussef et
al., 2015) 311,

DPPH radical is one of the few stable organic nitrogen free
radicals, which has been widely used to determine the free
radical scavenging ability of the different samples (Williams
et al., 1995) [, Reducing properties are generally associated
with the presence of reductons which have been shown to
exert antioxidant action by breaking the free radical chain and
by donating a hydrogen atom (Mohamed et al. 2012) 2 3,
The ethanolic extract was found to be a prominent solvent for
extracting phytochemicals owing to the presence of high polar

solvents like phenolic and flavonoid compounds in it. Similar
trend was observed for a lot of other plant extracts that have
been deliberated (Katalinic et al., 2006) 2%, Iron is the chief
peroxidant and is able to generate lipid peroxidation through
the fenton reaction or by accelerating the dissociation of lipid
hydroperoxides to their respective peroxy and alkoxy radicals
(Gioti et al., 2009) [*®1. The ability of the extracts to bind
Fe?* in the presence of ferrozine was compared with that of
EDTA (Chang et al., 2012) ¥, ABTS"" is a blue chromophore
produced by the reaction between ABTS™ and potassium
sulphate (Vandita et al., 2012) [, Superoxide anion is an
oxygen-centered radical with selective reactivity. It is
biologically quite toxic. These precursor signals initiates free
radicals to react with biological macromolecules and thereby
inducing tissue damage (Gulcin et al., 2010) 1261,
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Findings from this study revealed that E. munronii and E.
tuberculatus are the rich source of phytochemicals with
proven antioxidant activities. Also, this plant can be a

promising  good

source for further purification of

phytochemical compounds. Further studies are necessary to
strengthen the exact nature of the bioactive principles in the
plant extracts that are responsible for its hypoglycemic effect.
This can promote their use as natural products with the
prospects of increasing the quality of life of diabetic sufferers.

References

1.

10.

11.

12.

13.

14,

15.

Cheikhyoussef RW, Summers G Kahaka. Qualitative and
quantitative analysis of phytochemical compounds in
Namibian Myrothamnus flabellifolius Int Sci Technol J
Namib. 2015; 5:71-83

Del-Rio BG, Obdulio J, Castillo RR, Marin A. Ortuno
Uses and properties of citrus flavonoids J Agric Food
Chem. 1977; 45:4505-4515

Akinmoladun AC, Ibuku EO, Dan-Ologe IA.
Phytochemical constituents and antioxidant properties of
extracts from leaves of Chromolaena odorata Sci Res
Essays. 2007; 2(6):537-544

Huda AWN, Munira MAS SD, Fitrya M Salmah.
Antioxidant  activity of  Aquilaria  alaccensis
(thymelaceae) leaves Phcog Res. 2009; 1:270-273
Beauchamp C, Fridovich 1. Superoxide dismutase:
Improved assays and an assay applicable to acrylamide
gels. Anal Biochem. 1971; 44:276-7

Bhandary SK, Kumari N, Bhat VS, Sharmila K, Bekal
MP. Preliminary phytochemical screening of various
extracts of Punica granatum peel, whole fruit and seeds.
Nitte Univ J Health Sci. 2012; 2(4):34-8.

Blois MS. Antioxidant determinations by the use of a
stable free radical. Nature. 1958; 26:1199-200.

Chang HF, Yang LL. Radical-scavenging and rat liver
mitochondria lipid peroxidative inhibitory effects of
natural flavonoids from traditional medicinal herbs. J
Med Plants Res. 2012; 6:997-1006

Chopra RN, Nayar SL, Chopra IC. Glossary of Indian
medicinal plants. 1st ed. CSIR New Delhi. 1956; 1:105.
Dadhich A, Rishi A, Sharma G, Chandra S.
Phytochemicals of Elaeocarpus with their therapeutic
value: A review. Int J Pharm Biol Sci. 2013; 4:591-8.
Ebrehimabadi AH, Ebrahimabadi EH, Djafari-Bidgoli Z,
Kashi FJ, Mazoochi A, Batooli H. Composition and
antioxidant and antimicrobial activity of the essential oil
and extracts of Stachys inflate Benth. from Iran. Food
Chem. 2010; 119:452-8.

Geetha DH, Indhiramuthu Jayashree, Rajeswari M.
Evaluation of in vitro Anti-Diabetic Activity of
Elaeocarpus serratus Fruit. International Journal of
Pharmaceutical and Phytopharmacological Research.
2015; 5(2):1-4.

Geetha DH, Indhiramuthu Jayashree, Rajeswari M. In
vitro Anti-Arthritic Activity of Elaeocarpus serratus
Linn. (Elaeocarpaceae). International Journal of
Pharmaceutical Sciences and Research. 2015; 6(6):2649-
2651.

Geetha DH, Indhiramuthu Jayashree, Rajeswari M.
Antidiabetic activity of ethanolic extract of Elaeocarpus
serratus L. in streptozotocin-induced diabetic rats.
International Journal of Pharmaceutical Sciences and
Drug Research. 2016; 8(1):01-06.

Gioti E, Fiamegos Y, Skalkos D, Stalikas C. Antioxidant
activity and bioactive components of the aerial parts of

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

~ 2571~

Hypericum perforatum L. from Epirus, Greece. Food
Chem. 2009; 117:398-404.
10.1016/j.foodchem.2009.04.016.

Gulcin 1, Zubeyr Huyut, Mahfuz Elmastas, Hassan Y
Aboul Enein. Radical scavenging and antioxidant activity
of tannic acid. Arabian J Chem. 2010; 3:43-53.

Harborne JB. Phytochemical methods, 2nd edition,
Chapman and Hall publications, London, New York,
1984, 288.

Jayashree Indhiramuthu DH, Geetha, Rajeswari M.
Evaluation of antimicrobial potential of Elaeocarpus
serratus L. International Journal of Pharmaceutical
Sciences and Research. 2014; 5(8):3467-3472.

Karthika Krishnamoorthy, Thenmozhi Krishnaswamy,
Paulsamy Subramaniam, Manian Sellamuthu.
Quantification of phytochemicals and in vitro antioxidant
potential of various solvent extracts of certain species of
Acanthaceae. International Journal of Green Pharmacy.
2014; 8:1.

Katalinic V, Milos M, Kulisic T, Jukic M. Screening of
70 medicinal plant extracts for antioxidant capacity and
total phenols. Food Chem. 2006; 94:550-557.

Kumaran A, Karunakaran J. In vitro antioxidant activities
of methanol extracts of five Phyllanthus species from
India. LWT Food Sci Technol. 2007; 40(2):344-52.
Lokhande PD, Gawai KR, Kodam KM, Kuchekar BS.
Antibacterial activity of extract of Piper longum, J
Pharmacol. Toxicol. 2007; 2(6):574- 579.

Masih N, Singh B. Phytochemical Screening of Some
Plants Used in Herbal Based Cosmetic Preparations. In:
Khemani L., Srivastava M., Srivastava S. (eds)
Chemistry of Phytopotentials: Health, Energy and
Environmental Perspectives, 2012, 111-112

Mohamed BS, Ines S, Mohamed SK, Wissem B, Kamel
G, Leila CG. In vitro evaluation of antioxidant, cytotoxic
and apoptotic activities of different extracts from the
leaves of Teucrium ramosissimum (Lamiaceae). J Med
Plants Res. 2012; 6:3818-25.

Muhammad Naeem Qaisar, et al. Tropical Journal of
Pharmaceutical Research. 2014; 13(11):1833- 1836
Oyaizu M. Studies on products of browning reactions:
Antioxidative activities of products of browning reaction
prepared from glucosamine. JPN J Nutr. 1986;
44:307-15.

Roberts LJ, Oates JA, Linton MF, Fazio S, Meador BP,
Gross MD, Shyr Y, Morrow JD. The relationship
between dose of vitamin E and suppression of oxidative
stress in humans. Free Radic Biol Med. 2007; 10:1388-
93.

Sahreen S, Khan MR, Khan RA. Evaluation of
antioxidant activities of various solvent extracts of
Carissa opaca fruits. Food Chem. 2010; 122:1205-1211.
Stuart AR, Gulve EA, Minghan W. Chemistry and
biochemistry of type 2diabetes. Chem Rev. 2004;
104:1255-1282.

Sugiwati S, Setiasi S, Afifah E. Antihyperglycemic
activity of the mahkota dewa [Phaleria macrocarpa
(scheff.) boerl.] leaf extracts as an alpha-glucosidase
inhibitor. Makara Kesehatan. 2009; 13(2):74-78.

Trease GE, Evans WC. Pharmacognosy. 15th Ed.
London: Saunders Publishers; 2002; 42-44, 221-229,
246-249, 304-306, 331-332, 391-393.

Tyler VE, Brady LR, Robbers JE. Pharmacognosy. 9th
ed. Philadelphia: Lea and Febiger; 1988, 131



Journal of Pharmacognosy and Phytochemistry

33. Vandita S, Nejib G, Musthafa ME, Mohamed SR, Subash
S. In vitro antioxidant activities of Zizyphus spina-christi
fruits grown in Oman. Biotechnol. 2012; 11:209-16.

34. Brand-Williams W, Cuvelier ME, Berset C. Food Sci.
Technol. 1995; 28:25-30.

35. Yamaguchi F, Ariga T, Yoshimura Y, Nakazawa K.
Antioxidantive and antiglycation activity of garcinol
from Garcinia indica fruit rind. J Agric Food Chem.
2000; 48:180-5.

~ 2572~



