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ABSTRACT

Introduction: Olea dioica Roxb. an important medicinal tree plants used by local siddha tribes, belongs to the family Oleaceae. The parts such as
leaves, bark, root, and fruits used in the traditional medicine to cure skin diseases, rheumatism, fever, and cancer.

Objectives: The anti-oxidant experiment by metal chelating activity, superoxide radicals, hydroxyl radical, 2,2-diphenyl-2-picrylhydrazyl radicals,
2,2-azino-bis(3-ethylbenzothiazoline)-6-sulfonic acid radical scavenging assays with in vitro cytotoxicity was tested using trypan blue dye exclusion
technique and 3-(4, 5 dimethylthiazole-2yl)-2, 5-diphenyltetrazolium bromide assay was conducted.

Results: Anti-oxidant experiments revealed that the bark ethanolic extract of the O. dioica plant parts has excellent radical scavenging activity and its
extracted pure compound, Benzene ethanol, 4-hydroxy-alcohol, showed excellent radical scavenging activity higher than the standards used. In vitro
cytotoxicity experiments revealed that bark ethanolic extract has excellent cytotoxicity activity and its pure compound benzene-ethanol, 4-hydroxy-
alcohol also showed excellent activity which is comparable with the standard curcumin.

Conclusion: 0. dioica bark could be exploited as a valuable source of antioxidant and cytotoxic agent for pharmaceutical industry.

Keywords: Olea dioica Roxb, Metal chelating, Superoxide radicals, Hydroxyl radical, 2,2-diphenyl-2-picrylhydrazyl radicals, 2,2-azino-
bis(3-ethylbenzothiazoline)-6-sulfonic acid radical scavenging, Trypan blue, 3-(4, 5 dimethylthiazole-2yl)-2, 5-diphenyl tetrazolium bromide assay,
Benzene ethanol, 4-hydroxy-alcohol.
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INTRODUCTION

In biological systems, most of the free radicals are derivatives of oxygen
such as superoxide, hydrogen peroxide, hydroxyl radical, or derivatives
of nitrogen-like nitric oxide and peroxynitrite [1].

Reactive oxygen species were the major cause for mutagenesis and
carcinogenesis [2]. They also induce toxic effects such as inactivation
of enzymes and alteration of intracellular oxidation-reduction state [3].
It can also generate many types of DNA modifications and chromosome
aberrations leading to carcinogenesis [4].

The free radicals damage on the cell/tissues are neutralized by
antioxidants such as a-tocopherol, carotenoids, glutathione, thiols,
vitamin C, by scavenging and decreasing their formation. In plants,
several natural compounds exhibit antioxidant and/or radical
scavenger properties. They possess low molecular weight, and the
antioxidant mechanism is very complex [5].

Most of the natural phenolic compounds have potential antioxidants
properties. Many scientific reports confirm the positive antioxidant
potential phenolic compounds extracted from different plant species.
There is positive linear correlation between the total phenolic content
of the plant part to the antioxidant properties [6].

Medicinal plants have been used for centuries as remedies for
human diseases and offer a new source of biologically active
chemical compound as antimicrobial agents. Medicinal plants are
the richest bio-resources of drugs of traditional medicinal systems,
modern medicines, nutraceuticals, food supplements, folk medicines,

pharmaceuticals, intermediate and chemical entitled for synthetic
drugs [7].

Several medicinal plants have been evaluated for possible antimicrobial
activity and to get remedy from a variety of ailments of microbial
origin [8].

Many of the plant extracts are extensively used as medicinal compounds
for the treatment of various ailments in different parts of the world,
especially in under developing and developing countries [9-11].

Secondary metabolites such as flavonoids [12], terpenoids [13],
steroids [14], saponins [15], glycosides [16], and phenols have the
pharmacological properties which are extracted from higher plants.

The Indian subcontinent is a vast repository of medicinal plants that
are used in traditional medical treatments which also forms a rich
source of knowledge [17]. India is one of the megadiversity centers in
the planet having a diverse medicinal plant species which is unexplored
most of them are endemic. India shares approximately 13 % of world’s
biodiversity, one among 17 mega diversity centers. Among the 34
hotspots in the world India have 4 hotspots, namley, Eastern Himalaya,
indo-Burma, Western Ghats, Andaman, and Nicobar Island. The
various indigenous systems use several plant species to treat different
ailments [17]. In India, around 20,000 medicinal plant species have
been recorded recently but more than 500 traditional communities use
about 800 plant species for curing different diseases [18].

Western Ghats (also known as Sahyadri) is a mountain range that runs
parallel to the Western coast of the Indian peninsula, located entirely
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in India. The range starts near the border of Gujarat and Maharashtra
runs approximately 1600 km through the states of Maharashtra, Goa,
Karnataka, Kerala, and Tamil Nadu ending at Kanyakumari at the
southern tip of India [19].

The study conducted by the Indian Institute of Remote Sensing by
Satellite image interpretation discovered that there are four major
forest types in the Western Ghats: Evergreen, semi-evergreen, moist
deciduous, and dry deciduous, covers approximately 20% of the total
Western Ghats. Among the four, moist deciduous forests occupy the
largest part followed by semi-evergreen, dry deciduous, and evergreen.
The majority of the area under moist forest types will come under
the territory of Karnataka and Kerala combined together forms 80%
of the evergreen forest and 66 percent of the moist deciduous forests
of total Western Ghats area. The highest levels of endemism are found
in the Western Ghats, in evergreen, and semi-evergreen forests have
high levels of tree diversity and endemism. The dominant species
include: Terminalia paniculata, Aporusa lindleyana, Olea dioica, Mesua
ferrea, Vateria indica, Elaeocarpus tuberculatus, Celtis timorensis,
Hopea parviflora, Lagerstroemia microcarpa, Holigarna arnottiana,
Hydnocarpus laurina, Memcylon umbellatum, Pavetta crassicaulis,
Pavetta indica, and Careya arborea [20].

EXPERIMENTAL MEDICINAL PLANT AND DESCRIPTION

0. dioica Roxb. Scientific classification
Kingdom: Plantae

Phylum: Tracheophyta

Class: Magnoliopsida

Order: Lamiales

Family: Oleaceae

Genus: Olea

Species: dioica Roxb.

0. dioica Roxb. is an important folklore ethnomedicinal tree, belongs
to the family of Oleaceae. Trees measures up to 15 m tall, in open
evergreen to semi-evergreen, and moist deciduous forests, up to 1200 m
altitude, distributed throughout the Western Ghats, India. The bark of
the tree is brownish, rough; blaze pale brown. Young branchlets are
subquadrangular, lenticel late, glabrous. Leaves are simple, opposite,
decussate; petiole 0.6-1.3 cm long, canaliculate; lamina 7.5-17.5x%2.3-
7.5 cm, elliptic to elliptic-oblong, apex gradually acuminate to subacute,
base acute or attenuate, margin distantly serrate (with strong teeth) or
entire, coriaceous to subcoriaceous, glabrous; midrib flat above, usually
reddish when dry; secondary nerves 8-12 pairs; tertiary and higher
order nerves obscure or slightly impressed. Inflorescence axillary
divaricate panicles; flowers polygamodioecious, cream-white; pedicel
0.4 cm long. Fruit is drupe, ellipsoid, blue when ripe; one-seeded. Roots
of the plant have medicinal properties and are used for the treatment
of cancer and snake bite in siddha medicine. IIn Maharashtra, fruits of
0. dioica Roxb. were used by the tribes in the treatment of skin disease.
Bark and fruit paste are used in rheumatism; decoction of the bark is
used to wash old wounds and given to counter fever [21]. Ripe fruits
are traditionally used by the tribes in Kerala forest [22]. O. dioica leaf
methanolic extract showed appreciable antibacterial and antifungal
activity [23,24].

The roots of the plant having ethno botanic medicinal properties
used for cancer and snake bite treatment in siddha medicine [25]. In
Maharashtra, the tribes use 0. dioica Roxb. fruits in the treatment of
various skin diseases [26]. Bark and fruit paste is used in the treatment
of rheumatism; decoction of the bark is used to wash old wounds and
given in fever, ripe fruits are traditionally used in the various treatment,
by the tribes in Kerala forest [22].

Despite of many works on O. dioica, antioxidant and cytotoxicity
properties have not been studied in details. Therefore, the aim of the
study was to provide basic data on the antioxidant and cytotoxic study
of O. dioica plant parts. Antioxidant was evaluated using superoxide
radicals, hydroxyl radical, 2,2-diphenyl-2-picrylhydrazyl (DPPH)
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radicals, 2,2-azino-bis(3-ethylbenzothiazoline)-6-sulfonic acid (ABTS)
radicals scavenging, and metal chelating activity, and in vitro cytotoxic
effect was assessed using Ehrlich’s ascites carcinoma (EAC) and Dalton’s
lymphoma ascites (DLA) two cancer cell lines.

METHODS

Plant collection and authentication

The bark and leaf materials of O. dioica Roxb. were collected from
Shringeri Taluk, Karnataka in April 2014.(13.4198°N, 75.2567° E) (Fig. 1).
The plant was identified by Prof. K G Bhat, Udupi, and a voucher specimen
was conserved under the reference number KU/AB/RN/AS/001.

Plant preparation and extraction

The samples were dried in shade for 20-25 days, mechanically
powdered, and subjected to Soxhlet extraction using hexane, petroleum
ether, chloroform, ethanol, and aqueous extracts [27]. The crude
extracts were collected in air-tight plastic containers and stored in cool
condition.

Chemicals required

DPPH, ABTS, ascorbic acid, butylated hydroxyl anisole, ferrozine,
gallic acid, ferrous chloride, Folin-Ciocalteu reagent, nitro blue
tetrazolium sodium salt (NBT), nicotinamide adenine dinucleotide
phosphate reduced, phosphate-buffered saline (PBS), and
trichloroacetic acid (TCA). All other chemicals and solvents used
were of analytical grade.

Qualitative phytochemical screening for phenols and flavonoids
Total phenolic content

It is determined by the Folin-Ciocalteu method [28]. A dilute
concentration of extract (0.5 mL) was mixed with 0.5 ml of 1: 1 diluted
Folin-Ciocalteu reagent and 4 ml of sodium carbonate (I M). The
mixtures were allowed to stand for 15 minutes, and the absorbance
was measured against the blank at 765 nm colorimetrically. A standard
curve was plotted using different concentrations of Gallic acid
(standard, 0-1000 pg/ml of ethanol). Total phenolic content of solvent
extracts was estimated as pg gallic acid equivalents/mg of extract. All
samples were analyzed in triplicate, and the results were averaged.

Determination of total flavonoid content

Total flavonoid content was determined [29] using quercetin as
standard. Briefly, 5 ml of extracts (200 pg) in millipore water was mixed
with 300 pl of sodium nitrite (5%) and 300 pl of aluminum chloride
(10%), this reaction mixture was incubated at room temperature for
6 minutes followed by the addition of 2 ml of sodium hydroxide (1 M).
Later, the volume in each test tube was made up to 10 ml by adding
2.4 ml of millipore water. Absorbance was measured against the blank
at 510 nm. Total flavonoid content of the extract was expressed in terms
of equivalent to quercetin (EQ, pg/mg of dry mass).

In vitro antioxidant activity
Total antioxidant capacity

Total antioxidant capacity of extracts was done according to the method
of Prieto 1999 [30]. 300 pl of extracts at different concentrations
(0-160 pg) was combined with 3 ml of reagent mixture (4 mM ammonium
molybdate, 0.6 M sulfuric acid, and 28 mM of sodium phosphate). The
tubes were capped and kept for incubation at 95°C for 90 minutes,
after cooling to room temperature the absorbance of the content was
measured at 695 nm against the blank. The total antioxidant capacity of
each extract is expressed as equivalents of ascorbic acid.

Total reductive capability

Total reduction capability of extracts was done according to the method
of Oyaizu 1986 [31]. The different concentration of extracts (0-300 pg)
in 1 ml of water was mixed with 2.5 ml of phosphate buffer (0.2 M,
pH 6.5) and 2.5 ml of potassium ferricyanide (1%). The mixtures were
incubated at 50°C for 20 minutes, and 2.5 ml of 10% TCA were added.
Then, the mixture was centrifuged for 10 minutes at 3000 rpm. 2.5 ml
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of water and 0.5 ml of ferric chloride (0.1%) was added to 2.5 ml of
supernatant. The absorbance was measured at 700 nm against
blank. Higher absorbance of the reaction mixture indicated greater
reducing power. Total reducing capacity of each extract is expressed as
equivalents of quercetin.

Scavenging of superoxide radicals

Superoxide radical scavenging activity was determined by the NBT
reduction method [32]. The reaction mixture contained 6 M EDTA,
0.0015% NaCN, 2 uM riboflavin, 50 uM NBT, various concentrations
of extract, and phosphate buffer (67 mM, pH 7.8) in a final volume
of 3 mL. The tubes were uniformly illuminated with an incandescent
lamp for 15 minutes, and the optical density was measured at 560 nm
before and after illumination. The percentage inhibition of superoxide
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radical generation was evaluated by comparing the absorbance values
of control and experimental tubes.

Scavenging of hydroxyl radical

Hydroxyl radicals generated from Fe2+/ascorbate/H system degrades
deoxyribose producing thiobarbituric acid reacting substance
(TBARS) [33]. The efficacy of the extracts to inhibit TBARS formation
was assessed. The reaction mixture contained 2.8 mM deoxyribose,
0.1 mM FeClS, 0.1 mM EDTA, 1 mM HZOZ, 0.1 mM ascorbic acid,
20 mM KH,PO,-KOH (pH 7.4), and various concentrations of extracts
in a final volume of 1 mL. The reaction mixture was incubated for 1 hr
at 37°C. The TBARS formed was measured by the method of Ohkawa
et al 1979, [34] and the percentage inhibition was calculated from the
optical measurements of control and experimental tubes.

Western
Ghats

Central
Western
Ghats

\

Nilgiris

Southern Western
Ghats

.

Sampling area

Fig. 1: Sampling site details and location

358



Ashwathanarayana and Naika

Scavenging of DPPH radicals

Stable radical, DPPH in methanol was used as substrate to evaluate
antioxidant activity. The method is based on the reduction of DPPH
radical in the presence of hydrogen donating antioxidants leading to
the formation of a non-radical form DPPH-H by the reaction. DPPH in
its radical form has an absorption peak at 515 nm which disappeared
on the reduction by antioxidant compounds. Absorbance was measured
20 minutes after the reaction was started.

Radical scavenging activity was calculated using the following formula:

Absorbance of control —

Percentage inhibition= Absorbance of test %100
Absorbance of control (1)

IC,, value was calculated using the following formula:

Sum of extract concentration

IC50 = —— _ x50
Sum of percentage of inhibition at diff. conc. )

Scavenging of ABTS radicals

ABTS radical scavenging activity of the extract was determined by the
method described by Alzoreky and Nakahara 2001 [35]. The principle
involves the oxidation of ABTS to its cation radicals by ferryl myoglobin
formed in the reaction of H,0, and metmyoglobin. Briefly, the stock
solutions of 500 pM ABTS diammonium salt, 400 uM myoglobin (MblII),
740 pM potassium ferricyanide, and 450 uM H,O, were prepared in
PBS (pH 7.4). Metmyoglobin was prepared by mixing equal volumes
of myoglobin and potassium ferricyanide solutions. The reaction
mixture (2 mL) contained ABTS (150 uM), MblII (2.25 uM), and varying
concentrations of extracts in PBS. The reaction was initiated by adding

75 uM H,0,, and oxidation reaction was monitored at 734 nm.

Metal chelating activity

The chelation of ferrous ions was determined according to the method of
Dinis et al. 1994 [36]. About 3 ml of extracts at different concentrations
were taken in different test tubes followed by the addition of 50 pl of
ferrous chloride (2 mM). The reaction was initiated by the addition of
20 pL ferrozine (5 mM), and then the mixture was shaken vigorously and
allowed to stand for 10 min at room temperature. After equilibrium, the
absorbance of the solution was measured at 562 nm against the blank.
EDTA was used as standard for comparison. Percentage of inhibition
and IC value was calculated using Equations (1 and 2).

In vitro cytotoxicity assay

Cell lines

EAC

Paul Ehrlich found the initial tumor for the EAC in 1905. The ascites
variant was obtained on 1932 by intraperitonial transplantation of
Ehrlich’s solid adenocarcinoma.

DLA
The initial tumor for the DLA arose as a spontaneous carcinoma in the
thymus of mice in 1947.

The cell lines were obtained from Amala Cancer Research Centre,
Thrissur.

Trypan blue dye exclusion technique

Any compound, which is cytotoxic to cells, inhibits the cell proliferation
and Kills the cells. Trypan blue [37] can penetrate into the dead cells
and give it blue color. This method gives an exact number of dead
and viable cells. Cells were aspirated from the peritoneal cavity of
tumor-bearing mice and it was washed three times using PBS. The
viability of cells was checked using trypan blue (cell viability should
be above 98%).
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The cell suspension was added to tubes containing various
concentrations of the test compounds, and the volume was made up
to 1 ml using PBS. Control tubes containing only cell suspension. These
assay mixtures were incubated for 3 hrs at 370 C, and then 1 ml of
trypan blue was added after incubation, and the number of the dead cell
was counted using a hemocytometer [38]. The percentage cytotoxicity
was calculated using the following equation:

Numberof dead cells

% Cytotoxicity= X
Numberof viable cell+Numberof dead cells

3-(4, 5 dimethylthiazole-2yl)-2, 5-diphenyl tetrazolium bromide
(MTT) assay

The ability of the cells to survive a toxic insult is the basis of most
cytotoxic assays. This assay is based on the assumption that dead
cells or their products do not reduce tetrazolium. The assay depends
both on the mitochondrial activity per cell and number of cells
present. The cleavage of MTT to a blue formazan derivative by living
cells is clearly a very effective principle on which the assay is based.
The principle involved is the cleavage of tetrazolium salt, MTT in to a
blue colored product (formazan) by mitochondrial enzyme succinate
dehydrogenase. The amount of cells was found to be proportional
to the extent of formazan production by the cells used [39]. Cells
were seeded in a 96-well flat-bottom plate (5000 cells/well) and
permitted to adhere for 24 hrs at 37°C with 5% CO, atmosphere.
Different drug concentration was added and incubated further for
48 hrs. Before 4 hrs of the completion of incubation, 20 ul of MTT
(5 mg/ml) was added. Dead cell percentage was determined using
an ELISA plate reader set to record absorbance at 570 nm. The
percentage growth inhibition was calculated using the formula given
below [40].

% Growth inhibition=100 — 2D 0f individual test group _,

0D of control group

RESULTS

Qualitative preliminary phytochemical analysis

In all the extract used, maximum yield of compounds obtained
in ethanol and aqueous extracts. The preliminary phytochemical
investigation showed that of leaf ethanolic extract revealed the presence
of flavonoids, alkaloids, glycosides, sterols, saponins and absence of
terpenoids, tannins and in ethanolic bark extract confirms the positive
results for flavonoids, glycosides, terpenoids, tannins, alkaloids, and
saponins.

Quantitative phenol and flavonoid analysis

Total phenolic content in leaf and bark ethanolic extract was expressed
as equivalent to gallic acid and was found to be 654.3+0.32 and
329.22+0.13 pg/mg of dry samples, respectively. The total flavonoid
content of samples was found to 385.1+0.95 and 291+0.4 pug/mg of dry
extract as EQ in samples, respectively.

In vitro antioxidant properties
Total antioxidant and reductive capability

Total antioxidant activity of both ethanolic crude extract and pure
compound were shown significant antioxidant activity. The pure
compound Benzene ethanol, 4-hydroxy- alcohol, activity is higher than
to that of standard ascorbic acid.

However, ethanolic crude extract and pure compound have shown
appreciable reductive capability when compared to standard quercetin.
Like antioxidant activity, the reducing power of ethanolic crude extract
and pure compound were increased with increasing concentration;
hence, the pure compound Benzene ethanol, 4-hydroxy- alcohol can
serve as free radical inhibitors or scavengers, which as much capable as
standard used (Graphs 1-4).
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Graph 2: Total antioxidant properties of ethanol and water
extract

DPPH radical scavenging activity

DPPH radical scavenging activity was expressed in terms of percentage
of inhibition and IC, values (ug/ml). By the experiment, it is revealed
that leaf and bark aqueous crude extracts shows less scavenging
activity compared with ethanolic crude leaf and bark extracts.
Comparing to all the crude extracts (IC, ; DPPH: Leaf ethanolic extract:
69.12+0.30 pg/ml, leaf aqueous extract: 90.96+0.21 pg/ml and bark
aqueous extract: 107.14+1.48 pg/ml), the bark ethanolic crude extract
shows appreciated radical scavenging activity (IC,; DPPH:63.77+0.39),
and pure compound benzene ethanol, 4-hydroxy-alcohol, which is
extracted form bark ethanolic crude extract was showed excellent
radical scavenging activity (IC,; DPPH: 32.99+0.20 pg/ml) showed
excellent activity more than the standard ascorbic acid (IC.; DPPH:
39.48+0.02 pg/ml) (Tables 1 and 2).

50’

ABTS free radical scavenging activity

ABTS radical scavenging activity was expressed in terms of percentage
of inhibition and IC,, values (ug/ml). It is evident that leaf and bark
ethanoliccrude extracts show excellent ABTS radical scavenging activity
compared to aqueous crude leaf and bark extracts. Comparing to all the
crude extracts (IC,; ABTS: Leaf ethanolic extract: 188.14+1.71 pg/ml,
leaf aqueous extract: 353.88+2.82 pg/ml and bark aqueous extract:
221.21+£1.98 ug/ml),thebarkethanoliccrude extractshowsappreciated
radical scavenging activity (IC,; ABTS: 129.41+3.08 ug/ml), and pure
compound benzene ethanol, 4-hydroxy- alcohol, was showed excellent
radical scavenging activity (IC,; ABTS: 60.38+0.34 ug/ml) showed
excellent activity more than the standard butylated hydroxylanisole
(IC. ; ABTS: 66.92+0.36 pg/ml) (Tables 2 and 3).
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Metal chelating activity

In this experiment, both leaf and bark ethanolic crude extracts (ICSO;
Leaf ethanol: 637.67+2.61 pg/ml, Bark ethanol: 472.43+1.96 pg/ml)
showed excellent metal chelating activity compared to the leaf and bark
aqueous crude extracts (IC; Leaf aqueous: 1639.12+2.87 pg/ml, Bark
aqueous: 1132.19+2.15 pg/ml). The pure compound Benzene ethanol,
4-hydroxy-alcohol, showed excellent metal chelating activity (IC
201.52+2.43 pg/ml) than the standard EDTA (IC
used (Tables 4 and 5).

50’

213.69+0.32 pg/ml)

50’

Superoxide radical scavenging activity (NBT)

In superoxide radicals scavenging NBT reduction method, both leaf
and bark aqueous crude extracts shows moderate activity (IC,; Leaf
aqueous: 344.97+2.77 ug/ml, Bark aqueous: 299.38+2.49 pg/ml)
compared to leaf and bark ethanolic crude extracts (IC,; Leaf ethanol:
262.14+3.18 pg/ml, Bark ethanol: 232.76+1.15 pg/ml). The pure
compound Benzene ethanol, 4-hydroxy-alcohol showed excellent
radical scavenging activity (IC,; 99.92+0.54 pg/ml) compared to
standard Gallic acid (IC,; 102.17£0.49 pg/ml) (Tables 6 and 7).

Hydroxyl radical scavenging activity

In this experiment, leaf and bark aqueous crude extracts (IC; leaf
aqueous: 566.80+2.02 pg/ml, bark aqueous: 458.45+2.29 nug/ml)
were shown appreciable radical scavenging activity but leaf and
bark ethanolic crude extracts (IC,;; leaf ethanol: 396.44+2.87 ug/ml,
bark ethanol: 286.88+2.41 pg/ml) shows excellent results compare
to the rest of the extracts. The pure compound “benzene ethanol,
4-hydroxy-alcohol” shows excellent activity (IC,; 181.90£0.59 pg/ml)
higher than the standard gallic acid (IC.; 200.51+2.45 pg/ml) used
(Tables 7 and 8).
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Table 1: DPPH Radical Scavenging activity of various extracts of Olea dioica

SNo. Activity Plant  Extracts  Concentrationin pg/ml  Scavenging  IC, value Standard pg/ml  IC,, value
part activity (ascorbic acid) of standard
ascorbic acid
1 DPPHradical  Leaf Aqueous 25 49.27+0.20 90.96x0.21 76.23£0.23 39.48+0.02
scavenging
activity
50 50.67£0.10 82.32+0.43
75 55.54+0.15 113.11+0.09
100 60.66+0.66 134.54+0.91
125 64.43+0.66 156.43+0.02
150 68.56+0.06 176.65+0.34
175 71.11+0.05 189.41+0.54
200 74.43+0.21 210.87+0.32
Ethanol 25 75.87+0.20 69.12+0.30 76.23+0.23
50 77.11+£0.05 82.32+0.43
75 79.22+0.20 113.11+0.09
100 80.71+0.10 134.54+0.91
125 82.12+0.05 156.43+0.02
150 85.42+0.06 176.65+0.34
175 83.22+0.20 189.41+0.54
200 87.35+0.06 210.87+0.32
2 Bark Aqueous 25 38.66+0.66 107.14+1.48 76.23+£0.23
50 41.66%0.03 82.32+0.43
75 45.54+0.05 113.11+0.09
100 50.20+0.65 134.54+0.91
125 54.50+0.10 156.43+0.02
150 60.66+0.66 176.65+0.34
175 62.34+0.35 189.41+0.54
200 65.54+0.54 210.87+0.32
Ethanol 25 79.87+0.20 63.77+0.39 76.23+0.23
50 80.11+0.05 82.32+0.43
75 83.22+0.20 113.11+0.09
100 86.71+0.10 134.54+0.91
125 91.30+0.05 156.43+0.02
150 92.42+0.05 176.65+0.34
175 96.34+0.10 189.41+0.54
200 95.67+0.40 210.87+0.32

IC,, value is the amount of extract needed for scavenging 50% of the radical produced in the reaction mixture. Values are meantstandard deviation of three independent
replicates. DPPH: 2,2-diphenyl-2-picrylhydrazyl

Table 2: DPPH and ABTS assay of pure compound “benzene ethanol, 4-hydroxy-alcohol” extracted form Olea dioica

S.No. Testsample Activity Concentration in pg/ml  Scavenging IC,, value Standard IC,, value
activity ascorbic of standard
acid pg/ml ascorbic
acid
1 “Benzene ethanol, DPPH radical 25 77.53+0.43 32.99+0.20 76.23+0.23 39.48+0.02
4-hydroxy-alcohol” scavenging activity
50 99.67+0.33 82.32+0.43
75 140.54+0.39 113.11+0.09
100 159.34+0.21 134.54+0.91
125 187.43+0.76 156.43+0.02
150 210.56+0.35 176.65+0.34
175 234.27+0.55 189.41+0.54
200 254.43+0.12 210.87+0.32
2 ABTS radical 50 54.23+0.45 60.38+0.34  47.34+0.32 66.92+0.36
scavenging activity
100 98.43+0.11 84.65+0.05
150 136.23+0.24 120.43+0.36
200 165.12+0.65 149.68+0.1
250 194.91+0.92 185.65+0.3
300 243.43+0.12 214.76+0.62
350 287.33+0.41 254.36+0.06
400 310.87+0.15 287.98+0.6

IC,, value is the amount of extract needed for scavenging 50% of the radical produced in the reaction mixture. Values are meantstandard deviation of three independent
replicates. DPPH: 2,2-diphenyl-2-picrylhydrazyl, ABTS: 2,2-azino-bis (3-ethylbenzothiazoline)-6-sulfonic acid

In vitro cytotoxic properties two different crude extracts, namely, ethanolic, aqueous extracted form
Experiment was conducting using DLA and EAC cells, reveled excellent from leaf and bark of O. dioica showed dose-dependent toxicity. Toxicity
cytotoxicity of bark extract against DLA and EAC cells. Cytotoxicity of of ethanolic extract was higher when compared to the aqueous extract.
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Table 3: ABTS radical scavenging activity of various extracts of Olea dioica

SNo. Activity Plant Extracts Concentrationin pg/ml  Scavenging IC,, value Standard pg/ml IC,,
part activity (butylated hydroxyl value of
anisole) standard
butylated
hydroxyl
anisole
1 ABTS radical ~ Leaf Aqueous 50 7.43+0.03 353.88+2.82  47.34%0.32 66.92+0.36
scavenging
activity
100 13.73£0.2 84.650.05
150 20.56+0.66 120.43+0.36
200 27.53+0.05 149.68+0.1
250 36.24+0.61 185.65+0.3
300 40.82+0.4 214.76+0.62
350 49.43+0.05 254.36x0.06
400 58.58+0.82 287.98+0.6
Ethanol 50 22.48+0.14 188.14+1.71  47.34+0.32
100 32.92+0.36 84.65+0.05
150 49.87+0.06 120.43+0.36
200 57.43+0.32 149.68+0.1
250 62.83+0.1 185.65+0.3
300 70.49+0.62 214.76+0.62
350 87.01+0.06 254.36+0.06
400 95.32+0.05 287.98+0.6
2 Bark Aqueous 50 11.93+0.17 221.21+#1.98  47.34£0.32
100 23.34+0.1 84.65+0.05
150 41.22+0.32 120.43+0.36
200 49.11+0.4 149.68+0.1
250 57.91£0.34 185.65+0.3
300 64.36+0.2 214.76+0.62
350 72.54+0.4 254.36x0.06
400 86.43+0.05 287.98+0.6
Ethanol 50 30.43+0.54 129.41+3.08  47.34+0.32
100 48.54+0.12 84.65+0.05
150 60.48+0.6 120.43+0.36
200 79.39£0.05 149.68+0.1
250 90.11+0.3 185.65+0.3
300 107.28+0.45 214.76+0.62
350 131.34+0.42 254.36+0.06
400 147.87+0.6 287.98+0.6

IC,, value is the amount of extract needed for scavenging 50% of the radical produced in the reaction mixture. Values are meantstandard deviation of three independent

replicates. ABTS: 2,2-azino-bis (3-ethylbenzothiazoline)-6-sulfonic acid

Table 4: Metal chelating activity of various extracts of Olea dioica

SNo. Activity Plant Extracts Concentrationinpg/ml Scavenging  IC, value Standard pg/ml (EDTA)  IC,, value
part activity of Standard
EDTA
1 Metal Leaf Aqueous 200 6.4+0.1 1639.12+2.87  58.76+0.32 213.69+0.32
chelating
activity

400 11.09+0.2 98.34+0.03
600 19.45+0.36 144.65+0.32
800 25.53+0.32 195.76+0.45
1000 31.64+0.61 242.87+0.14
1200 37.24+0.4 283.24+0.36
1400 43.57+0.06 332.31+0.05
1800 50.81+0.82 375.52+0.82
Ethanol 200 29.84+0.3 637.67+2.61 58.76+0.32
400 47.92+0.4 98.34+0.03
600 58.47+0.6 144.65+0.32
800 64.43+0.45 195.76+0.45
1000 81.83+0.66 242.87+0.14
1200 90.49+0.1 283.24+0.36
1400 99.91+0.05 332.31£0.05
1800 107.34+0.05 375.52+0.82
2 Bark Aqueous 200 9.87+0.14 1132.19+£2.15 58.76+0.32
400 18.23+0.03 98.34+0.03
600 26.45+0.6 144.65+0.32

(Contd...)
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Table 4: (Continued)

SNo. Activity Plant Extracts Concentrationin pg/ml Scavenging IC,, value Standard pg/ml (EDTA)  IC, value
part activity of Standard
EDTA

800 34.76+0.32 195.76+0.45
1000 46.47+0.54 242.87+0.14
1200 54.32+0.42 283.24+0.36
1400 61.38+0.05 332.31+0.05
1800 75.32£0.05 375.52+0.82

Ethanol 200 36.36+0.17 472.43%£1.96 58.76+0.32
400 54.32+0.12 98.34+0.03
600 70.28+0.06 144.65+0.32
800 91.93+0.62 195.76+0.45
1000 119.91+0.34 242.87+0.14
1200 125.31+0.2 283.24+0.36
1400 135.95+0.4 332.31£0.05
1800 149.11+0.05 375.52+0.82

IC,, value is the amount of extract needed for scavenging 50% of the radical produced in the reaction mixture. Values are meanzstandard deviation of three independent
replicates

Table 5: Metal chelating assay of pure compound “benzene-ethanol, 4-hydroxy-alcohol” of Olea dioica

S.No. Testsample Activity Concentration in pg/ml  Scavenging IC,, value Standard pg/ml (EDTA)  IC, value
activity of standard
EDTA
1 “Benzene ethanol, Metal 200 59.99+0.22 201.52+2.43  58.76+0.32 213.69+0.32
4-hydroxy-alcohol”  chelating
assay
400 111.33+0.14 98.34+0.03
600 152.65+0.55 144.65+0.32
800 201.38+0.33 195.76+0.45
1000 253.77+0.76 242.87+0.14
1200 302.50+0.50 283.24+0.36
1400 354.21+0.76 332.31+0.05
1800 400.14+0.34 375.52+0.82

IC,, value is the amount of extract needed for scavenging 50% of the radical produced in the reaction mixture. Values are meantstandard deviation of three independent
replicates

Table 6: Superoxide radicals scavenging NBT reduction method of various extracts of Olea dioica

S No. Activity Plant Extracts Concentration Scavenging IC,, value Standard gallic IC,, value
part in pg/ml activity acid pg/ml standard
gallic acid
1 Superoxide radicals Leaf Aqueous 100 14.760.06 344.97+2.77 51.66+0.11 102.17+0.49
scavenging NBT
reduction method
200 23.53£0.17 95.67+0.54
300 55.54+0.62 148.12+0.42
400 69.65+0.66 199.77+1.34
500 75.43+0.54 247.32+0.49
600 82.43+0.06 282.22+0.19
700 96.72+0.05 341.21+0.24
800 103.71+0.61 395.74+0.63
Ethanol 100 24.65+0.6 262.14+3.18 51.66+0.11
200 48.09+0.4 95.67+0.54
300 64.76+0.3 148.12+0.42
400 80.71+0.6 199.77+1.34
500 99.11+0.42 247.32+0.49
600 110.43+0.12 282.22+0.19
700 122.54+0.4 341.21+0.24
800 136.34+0.34 395.74+0.63
2 Bark Aqueous 100 22.65+0.32 299.38+2.49 51.66+0.11
200 41.66%0.03 95.67+0.54
300 59.02+0.32 148.12+0.42
400 71.27+0.45 199.77+1.34
500 86.54+0.14 247.32+0.49
600 99.87+0.36 282.22+0.19
700 105.65+0.05 341.21+0.24
800 114.58+0.82 395.74+0.63

(Contd...)
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S No. Activity Plant Extracts Concentration Scavenging IC,, value Standard gallic IC,, value
part in pg/ml activity acid pg/ml standard
gallic acid
Ethanol 100 30.45+0.2 232.76x1.15 51.66+0.11
200 49.56+0.05 95.67+0.54
300 68.61+0.2 148.12+0.42
400 86.71+0.1 199.77+1.34
500 100.1+0.05 247.32+0.49
600 124.13+0.05 282.22+0.19
700 148.43+0.1 341.21+0.24
800 165.33+0.4 395.74+0.63

IC,, value is the amount of extract needed for scavenging 50% of the radical produced in the reaction mixture. Values are meanzstandard deviation of three independent

replicates. NBT: Nitro blue tetrazolium

Table 7: NBT and hydroxyl radical scavenging assay of pure compound “benzene-ethanol, 4-hydroxy- alcohol” of Olea dioica

S. No. Test sample Activity Concentration Scavenging IC,, value Standard gallic IC,, value
in pg/ml activity acid pg/ml of standard
gallic acid
1 “Benzene ethanol, Superoxide 100 51.53+0.34 99.92+0.54 51.66+0.11 102.17+0.49
4-hydroxy-alcohol” radicals
scavenging
NBT reduction
method
200 100.64+0.45 95.67+0.54
300 153.53+0.11 148.12+0.42
400 200.34+0.98 199.77+1.34
500 253.65+0.35 247.32+0.49
600 291.16+0.05 282.22+0.19
700 351.22+0.27 341.21+0.24
800 399.23+0.76 395.74+0.63
Concentration Scavenging IC,, value Standard pg/ml IC,, value
in pg/ml activity (EDTA) of standard
EDTA
2 Hydroxyl radical 100 35.23+0.42 181.90+0.59 32.14+0.63 200.51+2.45
scavenging
assay
200 66.43+0.19 58.76+0.32
300 96.23+0.63 76.58+0.98
400 123.12+0.98 98.34+0.03
500 124.91+0.03 119.24+0.19
600 150.43+0.27 144.65+0.31
700 182.33+0.76 172.23+0.48
800 210.87+0.03 195.76+0.45

IC,, value is the amount of extract needed for scavenging 50% of the radical produced in the reaction mixture. Values are meanzstandard deviation of three independent

replicates. NBT: Nitro blue tetrazolium

Trypan blue dye exclusion technique

In this method, two extracts (leaf ethanolic and stem ethanolic extract)
were tested for its cytotoxicity, revealed that, stem ethanolic crude
extract is effective against DLA (CTC,, 187.3+0.5 pug/ml) and EAC cells
(CTC,, 146.7+1.5 ug/ml) when compared to leafethanolicextractagainst
DLA (CTC,, 266.1£1.5 pg/ml) and EAC cells (CTC,, 184.1+1.2 pg/ml).
The pure compound “Benzene ethanol, 4-hydroxy- alcohol” showed
excellent cytotoxic activity for both DLA (CTC,, 62.91+1.5 pg/ml) and
EAC cells (CTC,,, 63.86+2.5 ug/ml) which is comparable to the standard
curcumin (CTC,, 54.31+1.5 pg/ml) (Tables 9 and 10).

MTT assay

All the two extracts (leaf ethanolic and stem ethanolic extract)
were tested for its cytotoxicity, in that bark ethanolic crude extract
showed excellent cytotoxicity against DLA (CTC,, 191.3321.5 pg/ml)
and EAC (CTC,:132.96+0.5 ug/ml) cells compared to leaf ethanolic
crude extract against DLA (CTC, 260.63+0.5 pg/ml) and EAC
(CTC,,, 194.27+2.5 pg/ml). The pure compound “Benzene ethanol,
4-hydroxy- alcohol” extracted form stem ethanolic crude extract

showed excellent cytotoxic activity DLA (CTC,, 62.45+0.5 pg/ml) and
EAC cells (CTC, 62.31%3.4 pg/ml) which is almost comparable to the
standard curcumin (CTC,, 54.31+1.5 pug/ml) (Tables 11 and 12).

CONCLUSION

The present study shows that the both leaf and bark ethanolic crude
extracts have remarkable antioxidant and cytotoxic properties
compared to both leaf and bark aqueous extracts. The pure compound
“benzene ethanol, 4-hydroxy-alcohol” extracted form bark methanolic
crude extract has excellent antioxidant and cytotoxic which is almost
equal to the standards used. These results confirm positive activity of
the plant as therapeutic agent in tribal siddha medicine. Thus, O. dioica
bark could be exploited as a valuable source of antioxidant and cytotoxic
agent for pharmaceutical industry.
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Table 8: Hydroxyl radical scavenging assay of various extracts of Olea dioica

SNo. Activity Plant Extracts Concentration Scavenging IC,, value Standard pg/ml (EDTA)  IC, value
part in pg/ml activity standard
EDTA
1 Hydroxyl radical ~ Leaf Aqueous 100 9.43+0.06 566.80+2.02  32.14+0.63 200.51+2.45
scavenging 200 15.61+0.12 58.76+0.32
assay 300 25.43+0.32 76.58+0.98
400 32.48+0.05 98.34+0.03
500 41.98+0.42 119.24+0.19
600 52.45+0.6 144.65+0.31
700 60.43+0.4 172.23+0.48
800 79.76+0.05 195.76+0.45
Ethanol 100 19.08+0.03 396.44+2.87  32.14+0.63
200 24.56+0.2 58.76+0.32
300 39.34£0.66 76.58+0.98
400 50.32+0.17 98.34+0.03
500 62.45+0.54 119.24+0.19
600 78.32+0.4 144.65+0.31
700 89.65+0.05 172.23+0.48
800 90.32+0.82 195.76+0.45
2 Bark Aqueous 100 10.53+0.45 458.45+£2.29  32.14+0.63
200 21.21+0.14 58.76+0.32
300 34.22+0.2 76.58+0.98
400 43.11+0.05 98.34+0.03
500 54.91+0.1 119.24+0.19
600 67.36+0.4 144.65+0.31
700 74.54+0.61 172.23+0.48
800 86.74+0.34 195.760.45
Ethanol 100 25.43+0.32 286.88+2.41  32.14+0.63
200 39.54+0.05 58.76+0.32
300 52.48+0.36 76.58+0.98
400 71.39+0.1 98.34+0.03
500 89.11+0.3 119.24+0.19
600 100.28+0.62 144.65+0.31
700 118.34+0.06 172.23+0.48
800 130.87+0.6 195.76+0.45

IC,, value is the amount of extract needed for scavenging 50% of the radical produced in the reaction mixture. Values are meantstandard deviation of three independent

replicates

Table 9: In vitro cytotoxic screening by Olea dioica leaf and bark ethanolic extracts against DLA and EAC cells by trypan blue dye

exclusion technique

S.No. Concentration DLA cells EAC cells Standard Control
(ng/ml) Leaf extract Bark extract Leaf extract Bark extract (curcumin)

Percentage CTC,, Percentage CTC,, Percentage CTC,, Percentage CTC,,
cytotoxicity cytotoxicity cytotoxicity cytotoxicity

1 10 0.6£0.5 266.1+1.5 0.6+0.5 187.3+0.5 1+1 184.1+1.2 5+1 146.7+1.5 15.4+3.3 0.23+1.54

2 20 8.6+1.5 7.3%2 8.6t1.5 12.6+2.5 34.4+3.3

3 50 12.3+1.5 12.6+1.1 15+1.7 262 100+0.5

4 100 17.6+1.5 31.6+2 322 33.6+1.5 100+0.5

5 200 32.3+1.5 49.3+1.5 46.6+2 52.3+1.5 100+0.5

CTC,, value is the amount of extract needed for 50% cytotoxicity. Values are meantstandard deviation of three independent replicates. EAC: Ehrlich’s ascites carcinoma,

DLA: Dalton’s lymphoma ascites

Table 10: Trypan blue dye exclusion technique “benzene ethanol, 4-hydroxy-alcohol” of Olea dioica

S.No. Concentration  Trypan blue dye Trypan blue dye Standard (curcumin)  Standard CTC,,  Control
(ng/ml) exclusion technique for exclusion technique for
DLA cells EAC cells
Percentage CTC,, Percentage CTC,,
cytotoxicity cytotoxicity
1 10 16.3+£0.5 62.91+1.5 13.7£1.5 63.86£2.5 15.4+3.3 54.31+1.5 0.23+£1.54
2 20 31.2+1.5 26.4+2.3 34.4+3.3
3 50 54.5.2+0.5 57.4+1.2 100+0.5
4 100 100+2.5 100+2.3 100+0.5
5 200 100+1.5 100+2.3 100+0.5

CTC,, value is the amount of extract needed for 50% cytotoxicity. Values are meantstandard deviation of three independent replicates. EAC: Ehrlich’s ascites carcinoma,

DLA: Dalton’s lymphoma ascites
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Table 11: In vitro cytotoxic screening by Olea dioica leaf and bark ethanolic extracts against DLA and EAC cells by MTT assay

S.No. Concentration DLA cells Absorbance Standard Control
(ng/mI) Leaf extract Bark extract of stand.ard (curcun.u.n] %
curcumin at cytotoxicity
Absorbance Percentage CTC, Absorbance Percentage CTC,, 570 nm
at570 nm  cytotoxicity at570 nm  cytotoxicity
DLA cells
1 10 7.97+1.5 0.3+0.5 260.63+0.5 7.93+1.5 0.8+0.5 191.33+1.5 0.211+0.24 15.4+3.3 0.29+0.5
2 20 7.41+1.5 7.3+1.5 7.44+0.5 7+2 0.123+0.18 34.4+3.3
3 50 6.93+1.5 13.3+2 6.99+1.2 12.6+2 0.001+0.01 100+0.5
4 100 6.64+1.5 17+2.6 5.57+1.5 30.3+0.5 0.001+0.01 100+0.5
5 200 5.20+0.5 35+1.7 4.11+0.5 48.6+2 0.001+0.01 100+0.5
EAC cells
1 10 7.96+1.25 0.5+1 194.27+2.5 7.89+1.2 1.3+2 132.96+0.5 0.211+0.24 15.4+3.3 0.31+1.5
2 20 7.33+2.5 8.3+1.5 7.09+0.5 11.3+1.5 0.123+0.18 34.4+3.3
3 50 6.88+0.5 14+1.7 6.07£1.5 24+2 0.001+0.01 100+0.5
4 100 5.52+2.5 31+2 5.36+25 33+2.6 0.001+0.01 100+0.5
5 200 4.48+2.5 44+2 2.15+0.5 73.3+3 0.001+0.01 100+0.5

CTC,, value is the amount of extract needed for 50% cytotoxicity. Values are meanzstandard deviation of three independent replicates. EAC: Ehrlich’s ascites carcinoma,
DLA: Dalton’s lymphoma ascites, MTT: 3-(4, 5 dimethylthiazole-2yl)-2, 5-diphenyl tetrazolium bromide

Table 12: MTT assay of pure compound “benzene ethanol, 4-hydroxy-alcohol” of Olea dioica

S.No. Concentration MTT assay for DLA cells MTT assay for EAC cells Absorbance Standard  CTC,, of Control
(hg/ml) Absorbance Percentage CTC Absorbance Percentage CTC ofstand_ard curcumin standard.
at570 nm cytotoxici ? at570 nm  cytotoxici * curcumin at % (curcumin)
ytotoxicity ytotoxicity 570 nm cytotoxicity
1 10 6.864+1.5 14.2+0.5 62.45+0.5 6.728+3.4 15.9+1.3 62.31+3.4 0.211+0.24 15.4+3.3 54.31+1.5 0.31*1.5
2 20 5.376£2.5 32.8£2.5 5.608+1.3  29.9+2.5 0.123+0.18 34.4+3.3
3 50 2.744+0.5 65.7%2.2 3.272+#25 59.1%14 0.001+0.01 100+0.5
4 100 0.672+2.5 91.6+3.4 0.001+0.01 100+1.5 0.001+0.01 100+0.5
5 200 0.001+£0.01 100%1.5 0.001+£0.01 100%1.5 0.001+0.01 100%0.5

CTC,, value is the amount of extract needed for 50% cytotoxicity. Values are meanzstandard deviation of three independent replicates. EAC: Ehrlich’s ascites carcinoma,
DLA: Dalton’s lymphoma ascites, MTT: 3-(4, 5 dimethylthiazole-2yl)-2, 5-diphenyl tetrazolium bromide
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