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Abstract

presumably occurs via mitochondrial pathways.

Fruit of date palm (Phoenix sylvestris L.) is edible and used as an anti-geriatric, anti-oxidant ethnomedicine. In
this study, three different types of date palm extracts, methanolic, acidic ethanolic and basic ethanolic were evaluated
for their putative in vitro scavenging effects on reactive oxygen species (ROS) where scavenging of hydroxyl radicals
(basic ethanolic>acidic ethanolic>methanolic), superoxide radicals (acidic ethanolic>basic ethanolic>methanolic),
DPPH radical (acidic ethanolic>methanolic>basic ethanolic), [nitric oxide (NO)] (methanolic>acidic ethanolic>basic
ethanolic) and inhibition of lipid peroxidation (basic ethanolic>acidic ethanolic> methanolic) were found to occur in
a dose dependent manner. Their flavonoid and phenolic contents proved to be the source of this potent scavenging
activity and showed a direct correlation with their total anti-oxidant capacity. On human embryonic kidney cell line
(HEK) and murine RAW macrophages, bacterial lipopolysaccharide (LPS) induced inflammation, the date palm extracts
applied therapeutically, inhibit intracellular oxidative stress significantly. This reinstatement of cellular homeostasis
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Introduction

Inflammation, either acute or chronic, is the body’s response to
disturbed homeostasis caused by infection, injury or trauma resulting
in systemic and local effects. Inflammatory response occurs in three
distinct phases [1]. The first phase is caused by an increase in vascular
permeability resulting in exudation of fluids from the blood into the
interstitial space, the second phase involves the infiltration of leukocytes
from blood into tissue space and in third phase granuloma formation
and tissue repair occurs.

Inflammation is the key driving force for most disorders. A delicate
balance between beneficial effects of inflammation cascades and their
apparently destructive mechanism is key to the body’s homeostasis and
it is the breakdown of such balance through regulatory disruption that
lead to the clinical manifestation of diseases such as asthma, rheumatoid
arthritis, psoriasis, multiple sclerosis, obesity and inflammatory bowel
disease [2]. Though the specific characteristic features of inflammatory
response in each disease and the site of their occurrence may vary, a
universal feature governing this phenomenon is the complex interplay
amongst the many different inflammatory cell types, recruitment and
activation of inflammatory cells such as neutrophils, eosinophils and
macrophages and changes in the structural cells with a concomitant
increase in the expression of components of inflammatory cascade
including cytokines, chemokines, growth factors, enzymes, receptors,
adhesion molecules and other biochemical mediators, affecting various
target tissues [2,3].

Despite the advances in medical technology and hygiene, the
introduction of vaccines and modern medications, and intense ongoing
research, the prevalence of inflammatory disorders has continued to
increase in the last few decades throughout the globe [4]. Although the
best approach to investigate various inflammatory processes, and to
identify crucial pathways and potential novel targets for drug therapy,
is to perform studies in human patients, due to ethical reasons these are
not always possible necessitating the development of various preclinical
animal models and cell lines, both human and non-human, to elucidate
the pathophysiology of various inflammatory disorders, and to identify
and evaluate novel therapeutic targets for them. The utility of these
models, both in vitro and in vivo, to understand the mechanistic
phenomenon operative in a human disease and to develop therapeutics,

is the topic of considerable debate due to the non-availability of any
completely accepted model for the human disease. Preclinical disease
models need to be carefully selected if they are to be predictive of the
biology, expected in treating human disease. Consideration of the
particular biology reflected in the model, as well as whether the qualities
of the potential therapeutic (or its species-specific surrogate molecule)
will be represented adequately in a non-human species, so that the drug
discovery and development industry will continue to make progress in
predicting potential therapeutic efficacy and benefit of new drugs in
patients for the successful drug development.

From the ancient period the role of traditional medicines in the
solution of health problems is invaluable on a global level. In traditional
medicine medicinal plants continue to provide valuable therapeutic
agents. Due to various side effects and complications of the modern
medicine, and to address unmet needs of the particular disease, specially
complex etio-pathophysiological pathways traditional medicine is
gaining importance and is now being studied systematically and using
biotechnological tools, to find the scientific basis of their therapeutic
actions.

Phytochemicals from fruits and other edible plant parts have
been shown to possess significant antioxidant properties that may
be associated with lower incidence and lower mortality rates of
degenerative diseases in human. Different biological properties,
antioxidant capacities and radical-scavenging activities of various
herbal extracts have been widely demonstrated, using in vitro
techniques and in vivo models by different groups of researchers [5-7].
The anti-proliferative and anti-inflammatory activities of these herbal
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extracts have been documented in human oral, breast, colon, cervical,
and prostate cancer cell lines as well as preclinical animal models by
attenuating some inflammation intermediates, including nitric oxide,
NF-kB, and TNFa [8,9].

The aim of our study was to first detect potential anti-inflammatory
activities of various extracts from a fruit that is traditionally known
as an anti-geriatric compound. High content of various phenolic and
non-phenolic compounds and other uncharacterized moieties may
contribute to its use not only as a highly nutritive edible plant part but
also position it as a nutraceutical substance and a prophylactic cum
therapeutic compound in oxidative inflammatory diseases. Comparison
of antioxidant and anti-inflammatory activities of date palm extracted
by three distinct methods viz. methanolic extracts, basic ethanolic
extracts and acidic ethanolic extracts have been assessed along with
evaluation of their anti-oxidative / anti-inflammatory capacities.

Materials and Methods

Reagents

Chemicals, such as ethylenediamine tetra acetic acid (EDTA),
trichloroacetic acid (TCA), butanol, ammonium molybdate, and
sodium dodecyl sulphate, benzoic acid, sodium phosphate, DMSO were
purchased from E. Merck (India) Limited. 1,1 Diphenyl-2-picrylhydrazyl
and Malondialdehyde, Potassium ferricyanite, thiobarbituric acid
(TBA) were procured from Sigma, USA. N-butanol, Ferus sulphate,
Ferric chloride, Folins reagent, Riboflavin, naphthylethylenediamine
dihydrochloride, and sulphanilamide in phosphoric acid, Sodium
bicarbonate, Sodium hydroxide, and potassium hydroxide were
purchased from Sisco Research Laboratories PVT. Ltd India. Nitroblue
tetrazolium, were purchased from Himedia, India. All other reagents
were of analytical grade.

DPPH radical-scavenging activity

The antioxidant activity of the extracts was measured on the basis
of the scavenging activity of the stable 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical [10]. Aqueous extract was added to a 0.004%
Methanol solution of DPPH on a 96 well ELISA plate. Absorbance
at 517 nm was determined after 30 min, and the percent inhibition
activity was calculated.

Assay of superoxide radical O,-°scavenging activity

The method used by Martinez et al. [11] for determination
of the superoxide dismutase was studied in the riboflavin-light-
nitrobluetetrazolium (NBT) system [12]. Each 0.1 ml of reaction mixture
contained 50 mM phosphate buffer (pH 7.8), 13 mM methionine, 21 M
riboflavin, 100 uM EDTA, NBT (75 uM) and various doses of sample
solution. The production of blue formazan was followed by monitoring
the increase in absorbance at 560 nm after 15 min of illumination from
a fluorescent lamp.

Assay of hydroxyl radical (-OH)-scavenging activity

The assay was based on the benzoic acid hydroxylation method [13].
Hydroxyl radicals were generated by direct addition of iron (II) salts
to a reaction mixture containing phosphate buffer. In a 24 well plate,
0.15 ml of sodium benzoate (10 mM) and 0.15 ml of FeSO,, 7H,0 (10
mM) and EDTA (10 mM) were added. Then the sample solution and
a phosphate buffer (pH 7.4, 0.1 M) were added to give a total volume
of 1.6 ml. Finally, 0.15 ml of an H O, solution (10 mM) was added.
The reaction mixture was then incubated at 37°C for 2 h. After that,
the fluorescence was measured at 407 nm emission (Em) and excitation
(Ex) at 305 nm. Measurement of spectrofluorometric changes has been
used to detect the damage by the hydroxyl radical.

Lipid peroxidation assay

A modified thiobarbituric acid reactive species (TBARS) assay was
used to measure the lipid peroxide formed using egg yolk homogenates
as lipid-rich media [14] where lipid peroxidation was induced by
FeSO, and Malondialdehyde (MDA), produced by the oxidation of
polyunsaturated fatty acids, reacts with two molecules of thiobarbituric
acid (TBA) yielding a pinkish red chromogen with an absorbance
maximum at 532 nm which was measured using a 96 well ELISA plate.
Percentage inhibition of lipid peroxidation by different concentrations
of the extract was calculated.

Determination of total antioxidant capacity

The assay is based on the reduction of Mo(VI) to Mo(V) by the
extract and subsequent formation of a green phosphate/Mo(V) complex
at acid pH [15]. Each well of a 96 well ELISA plate containing extract
and reagent solution (0.6 M sulfuric acid, 28 mM sodium phosphate
and 4 mM ammonium molybdate) were incubated at 95°C for 90 min.
After the mixture had cooled to room temperature, the absorbance of
each solution was measured at 695 nm against a blank. The antioxidant
capacity was expressed as ascorbic acid equivalent (AAE).

Determination of total flavonoid content

Total flavonoid content was determined using aluminium chloride
(AICL,) according to a known method, 15 using Fisetin as a standard.
The date palm extract (0.1 ml) were added to 0.3 ml distilled water
followed by 5% NaNO, (0.03 ml). After 5 min at 25°C, AICI, (0.03 ml,
10%) was added. After further 5 min, the reaction mixture was treated
with 0.2 ml of 1 mM NaOH. Finally, the reaction mixture was diluted
to 1 ml with water and the absorbance was measured at 510 nm. The
results were expressed as mg Fisetin/g date palm extract.

Determination of total phenolic content

The total phenolic content of the date palm extracts extracts was
determined using the Folin-Ciocalteu reagent. The reaction mixture
contained: 200 pl of diluted extract, 800 ul of freshly prepared diluted
Folin Ciocalteu reagent and 2 ml of 7.5% sodium carbonate. The final
mixture was diluted to 7 ml with deionized water. Mixtures were kept
in dark at ambient conditions for 2 h to complete the reaction. The
absorbance at 765 nm was measured. Gallic acid was used as standard
and the results were expressed as mg gallic acid (GAE)/g of the date
palm extract.

Results and Discussion

As many as 70% of all drugs used today for the treatment of
degenerative diseases due to inflammatory cascades were derived from
or based on natural products. Although fruits and vegetables have
been linked with reduction of risk of cancer, cardiovascular diseases,
autoimmune diseases, and various other chronic illnesses, neither the
active components nor their mechanisms of action are well established.
Identification of active ingredients in dietary plants, and the cell
signalling pathways they modulate, can validate their use in various
diseases.

For a long time it has been known that ROS perform essential
roles in immune response to pathogens, including bacterial killing
through production of superoxide by reduced nicotinamide adenine
dinucleotide phosphate (NADPH) oxidases during respiratory burst
in activated macrophages and neutrophils [16,17]. This is further
corroborated by studies on patients with chronic granulomatous
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disease (CGD) or genetically engineered mice lacking components of
the NADPH oxidase enzyme (NOX) [18,19].

Free radicals, formed during normal metabolic process of the body
are transient in existence and sometimes trigger further downstream
activation pathways where they may behave as second messengers. But
produced in unregulated catabolic cycles, are dangerous substances
produced in the body along with toxins and wastes and may be a critical
driving force in various pathophysiological conditions in humans. They
damage and disrupt by altering the normal homeostasis. The last two
decades and more it has been deducted to studying these intermediate
free radicals and their action on cellular physiology. From these
studies, it has been generally established that in various inflammatory
diseases, such as rheumatoid arthritis [20] multiple sclerosis [21], and
type 1 diabetes [22] reactive oxygen species (ROS) is a pivotal factor
engendering tissue degeneration.

DPPH radical-scavenging activity:

Methanolic extract
(IC,, 22.91 pg/ml)
Y= 9.919x+22.74, r’>= 0.909
% inhibition * SD (n=5)

concentrations (IC,, 14.61 pg/ml)

% inhibition * SD (n=5)

1 mg/ml 74.68 £ 1.66 86.28 + 1.82
250 pg/ml 56.69 + 1.58 72.26 £ 1.40
100 pg/ml 53.11 £ 1.42 61.11+£1.26
50 pg/ml 49.22 +1.39 49.22 +1.02
10 pg/ml 28.82+1.87 14.53 + 0.96

Acidic ethanolic extract

Y= 16.65X+6.718, r’= 0.933

In the present study date palm extracts were prepared using three
different methods and then their anti-inflammatory activities has been
evaluated. Also many other plant species have been investigated in
the search for novel antioxidants but generally there is still a demand
to find more information concerning the antioxidant potential of
plant species. It has been mentioned the antioxidant activity of plants
might be due to their phenolic compounds. Flavonoids are a group of
poly phenolic compounds with known properties which include free
radical scavenging, inhibition of hydrolytic and oxidative enzymes
and anti-inflammatory action. Here we have clearly demonstrated
that date palm extracts, collected by three different methods hold a
potent antioxidative properties by showing DPPH radical scavenging
activities (Table 1), hydroxyl radical scavenging (Table 2), superoxide
radical scavenging (Table 3), significant inhibition of lipid peroxidation
(Table 4). The calculated IC, values of these three different extracts of

Ascorbic acid
(IC,, 4.82 pg/ml)
Y=15.06X+16.62, r>=0.963
% inhibition * SD (n=5)

Basic ethanolic extract
(IC,, 36.44 ug/ml)
Y=6.783X+2.773, r>=0.930
% inhibition * SD (n=5)

38.88 £ 1.20 89.24 +1.25
30.15£1.32 75.46 £ 1.20
19.40 £ 1.36 70.00 £ 1.30
14.28 +£1.28 45.56 + 1.30
12.90 + 2.00 28.86 + 1.28

Table 1: DPPH radical-scavenging activity (DPPH assay shows that, in this system, the radical-scavenging activities of the three date palm extracts are in this order: acidic

ethanolic extracts>methanolic extract>basic ethanolic extract).

Various concentrations of date palm extracts, collected by three distinct methods, scavenge hydroxyl radical in a dose-dependent manner [r?=0.832 (p<0.01) for methanolic
extract; r2 = 0.852 (p<0.01) for acidic ethanolic extract; r>=0.882 (p<0.01) for basic ethanolic extract] As per IC, values basic ethanolic extract is more potent to scavenge
hydroxyl radicals (IC,, 17.00 pg/ml) than the acidic ethanolic extracts (IC,; 17.30 ug/ml) and methanolic extracts (IC,; 18.20 pg/ml).

Hydroxyl radical (OH) scavenging activity:

Methanolic Extract (IC,, 18.20 pg/ml)
Y= 13.73X+0.098, r>=0.832
% inhibition * SD (n=5)

concentrations

1 mg/ml 81.01 £ 0.066
250 pg/ml 41.50 £ 0.034
100 pg/ml 36.90 + 0.058
50 pg/ml 28.08 + 0.068

10 pg/ml 19.04 £ 0.098

Acidic ethanolic Extract (IC,, 17.30 ug/ml)
Y= 11.95X+43.19, r’= 0.852
% inhibition * SD (n=5)

Basic ethanolic Extract (IC,; 17.00 pg/ml)
Y= 12.93X+30.19, r>= 0.882
% inhibition * SD (n=5)

96.84 + 0.048 87.49 + 0.038
90.57 + 0.053 84.67 + 0.046
89.75 + 0.054 77.38 £ 0.076
71.70 £ 0.064 60.64 + 0.066
46.49 £ 0,071 34.83 £ 0.042

Table 2: Hydroxyl radical (OH) scavenging activity (Hydroxyl radical scavenging assay shows that, in this system, the hydroxyl radical-scavenging activities of the three
date palm extracts are in this order: basic ethanolic extracts>acidic ethanolic extract>methanolic extract)

Various concentrations of date palm extracts, collected by three distinct methods, scavenge Superoxide radical in a dose-dependent manner [r2=0.809 (p<0.01) for
methanolic extract; r2=0.908 (p<0.01) for acidic ethanolic extract; r2=0.928 (p<0.01) for basic ethanolic extract] As per IC50 values acidic ethanolic extract is more potent
to superoxide radicals (IC50 19.00 pg/ml) than the basic ethanolic extracts (IC50 19.15 pg/ml) and methanolic extracts (IC50 28.88 ug/ml).

Superoxide radical scavenging assay:

Methanolic Extract (IC,, 28.88 pg/ml) | Acidic Ethanolic extract (IC,, 19.00 pug/ml)
Y=13.36X-3.936, r>= 0.908
% inhibition * SD (n=5)

concentrations Y=8.66X-0.16, r>= 0.809

% inhibition * SD (n=5)

Basic Ethanolic extract (IC; 19.15 pg/ml)
Y=13.40X-6.724, r’= 0.928
% inhibition * SD (n=5)

1 mg/ml 51.5+0.011 65.60 + 0.114 58.90 + 0.025
250 pg/ml 25.60 £ 0.015 53.80 £ 0.017 54.60 + 0.028
100 pg/ml 22.80 + 0.004 25.58 +0.011 26.12 + 0.0053
50 pg/mi 16.40 + 0.003 20.40 + 0.005 17.28 £ 0.0009

10 pg/ml 12.80 £ 0.004 15.46 + 0.007 10.54 £ 0.0017

Table 3: Superoxide radical O,-°scavenging activity (Superoxide radical scavenging assay shows that, in this system, the superoxide radical-scavenging activities of the
three date palm extracts are in this order : acidic ethanolic extracts>basic ethanolic extract>methanolic extract)

Various concentrations of date palm extracts, collected by three distinct methods, scavenge Superoxide radical in a dose-dependent manner [r2=0.809 (p<0.01) for
methanolic extract; r2 = 0.908 (p<0.01) for acidic ethanolic extract; r2=0.928 (p<0.01) for basic ethanolic extract] As per IC50 values acidic ethanolic extract is more potent
to superoxide radicals (IC50 19.00 pg/ml) than the basic ethanolic extracts (IC50 19.15 pg/ml) and methanolic extracts (IC50 28.88 ug/ml).
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date palm advocated the strong antioxidative properties of these crude
extracts (Table 5).

DPPH radical-scavenging activity

Reactive oxygen species (ROS) cause oxidative modifications
to DNA, proteins, lipids, and small intracellular molecules. Lipids,
including pulmonary surfactants, react with ROS to produce lipid
peroxides, which cause increased membrane permeability and
inactivation of surfactants [23]. In turn, reaction of ROS with cellular
proteins leads to decreased protein synthesis due to the modification
of proteins involved in translation and translocation, ultimately
resulting in impaired cellular metabolism. The oxidative stress
induced by the overproduction of ROS has been associated with many
clinical conditions including cancer, asthma, cystic fibrosis, ischemia-
reperfusion injury, drug-induced toxicity and aging.

Antioxidants, on interaction with DPPH transfer an electron
(hydrogen atom) to DPPH, neutralizing its free radical character
[24]. The colour changes from purple to yellow and its absorbance at
wavelength 517 decreases. Various concentrations of date palm extracts,
collected by three distinct methods, quenched DPPH free radical in a
dose-dependent manner [r>=0.909 (p<0.05) for methanolic extract; r* =
0.933 (p<0.05) for acidic ethanolic extract; r>=0.930 (p<0.05) for basic
ethanolic extract]. IC_ values were 22.91 pg/ml for methanolic extract,
14.61 pg/ml for acidic ethanolic extract and 36.44 ug/ml for basic
ethanolic extract. DPPH assay shows that, in this system, the radical-
scavenging activities of the three varieties of date palm extracts are in
the order acidic ethanolic extract>methanolic extract>basic ethanolic
extract.

Assay of hydroxyl radical (OH)-scavenging activity

By the addition of iron (II) salts to a phosphate buffer containing
reaction mixture, Hydroxyl radicals can be generated [25]. Benzoate,

Lipid peroxidation inhibition assay:

Methanolic extract (IC,, 60.69)
Y=4.02X+5.618, r>= 0.870
% of inhibition * SD (n=5)

concentrations

1 mg/ml 28.68 + 1.62
250 pg/ml 19.50 + 1.53
100 pg/ml 14.9+1.42
50 pg/ml 14.2+0.68
10 ug/ml 11.2+0.89

Acidic ethanolic extract (IC, . 24.75)

% of inhibition * SD (n=5)

weakly fluorescent, after monohydroxylation forms highly fluorescent
hydroxybenzoates [26]. Measurement of this spectrofluorometric
changes has been used to detect damage by hydroxyl radical. Date
palm extracts collected by three distinctly separate methods was
found to be a powerful scavenger of hydroxyl radicals. There is a linear
correlation between concentration of extract and ‘OH-scavenging
activity [r’=0.832 (p<0.05) for methanolic extracts of date palm; r?
=0.8352(p<0.05) for acidic ethanolic extracts of date palm; r?=0.882
(p<0.05) for basic ethanolic extracts of date palm]. IC values are
18.20 pg/ml for methanolic date palm extracts, 17.30 pg/ml for acidic
ethanolic date palm extracts and 17.00 pug/ml for basic ethanolic extrcts.
Highest hydroxyl radical-scavenging activity was found in the date
palm extract collected by using basic ethanolic methods. The hydroxyl
radical scavenging properties of date palm extracts are: basic ethanolic
extracts> acidic ethanolic extracts> methanolic extracts.

Assay of superoxide radical O,-°scavenging activity

Photochemical reduction of flavins generates O, which reduces
NBT, resulting in the formation of blue formazan [12]. Three types of
date palm extracts inhibited the formation of the blue formazan and

% inhibition is proportional to the concentration [r*==0.870 (p< 0.05)
for methanolic extract; r>=0.908 (p<0.05) for acidic ethanolic extract;
1’=0.928 (p<0.05) for basic ethanolic extract]. IC, values were 28.88
pg/ml for methanolic extract, 19.00 pg/ml for acidic ethanolic extract
and 19.15 for acidic ethanolic extract. The superoxide ion scavenging
activities of all these three extracts are: acidic ethanolic extract> basic
ethanolic extract>methanolic extracts.

Lipid peroxidation assay

Egg yolk lipids undergo rapid non-enzymatic peroxidation when
incubated in the presence of ferrous sulphate. Lipid peroxides are likely
involved in numerous pathological events, including inflammation,
metabolic disorders and cellular aging [27,28]. Date palm extracts
inhibited lipid peroxidation in a concentration-dependent manner [r?
=0.870(p< 0.05) for methanolic extract; 1*=0.635 (p< 0.05) for acidic

Basic ethanolic extract (IC,; 18.03)
Y=13.28X+10.56, r>= 0.978
% of inhibition * SD (n=5)

Y=10.22X-3.023, r?>= 0.635

63.60 + 2.68 80.28 + 2.99
22.9+1.28 61.50 + 2.90
19.5+1.02 48.44 £1.20
16.75£2.10 34.56 + 1.08
15.54 £ 1.04 27.32+0.92

Table 4: Lipid peroxidation inhibition assay (Lipid peroxidation assay shows that, in this system, to prevent the lipid peroxidation, the three date palm extracts are in this
order : basic ethanolic extract>acidic ethanolic extract> methanolic extracts)

Various concentrations of date palm extracts, collected by three distinct methods, inhibit lipid peroxidation , using egg yolk homogenate as a substrate, in a dose-dependent
manner [r?>=0.870 (p<0.01) for methanolic extract; r> = 0.635 (p<0.01) for acidic ethanolic extract; r>=0.978 (p<0.01) for basic ethanolic extract] As per IC, values basic
ethanolic date palm extract is more potent to inhibit the lipid peroxidation (IC,, 18.03 pg/ml) than the acidic ethanolic extracts (IC,, 24.75 pg/ml) and methanolic date pam
extracts (IC,, 60.69 pg/ml).

Total antioxidant capacity:

Methanolic extract Acidic ethanolic extract Basic ethanolic extract

concentrations (equivalent to ASA/mg of plant material) (n=5) (equivalent to ASA/mg of plant material) (n=5) (equivalent to ASA/mg of plant material) (n=5)

1 mg/ml 104.67 £ 1.224 382.154 £ 2.20 282.18 + 2.62
250 pg/ml 96.54 + 3.587 231.77 £1.92 195.84 £ 2.18
100 pg/ml 93.72 + 4.662 124.32 £ 1.86 115.556 + 2.14
50 pg/ml 88.58 + 4.424 101.922 +2.17 106.89 £ 2.66
10 pg/ml 83.64 + 2.553 87.54 + 3.24 98.19 + 2.26

Table 5: Total antioxidant capacity (equivalent to ASA/mg of plant material)

(The phosphomolybdenum method is quantitative method to detect the antioxidant activity, expressed as the number of equivalents of ascorbic acid where acidic ethanolic
date palm extract had a higher capacity than the basic ethanolic date palm extracts, followed by methanolic date palm extracts.)

Determination of the total antioxidant capacity of three different date palm extracts, based on the basis of the reduction of Mo (VI) to Mo(V). Results were expressed as
equivalent to ascorbic acid (ASA)/ mg of plant material. (n=5) Acidic ethanolic date palm extract had a higher capacity than the basic ethanolic date palm extracts, followed
by methanolic date palm extracts.
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ethanolic extract; r’=0.9596 (p<0.05) for basic ethanolic extract]. IC,|
values for the inhibition of lipid peroxidation were 60.69 ug/ml for
methanolic extract, 24.75 ug/ml for acidic ethanolic extract and 18.03
pg/ml for basic ethanolic extract. The results suggest that consumption
of date palm may afford a cytoprotective effect by lowering the lipid
peroxidation level.

Determination of total antioxidant capacity

Total antioxidant capacity of P. betle leaf is expressed as the number
of equivalents of ascorbic acid. The assay is based on the reduction of
Mo(VI) to Mo(V) by the extract and subsequent formation of a green
phosphate/Mo(V) complex at acid pH. The phosphomolybdenum
method is quantitative since the antioxidant activity is expressed as the
number of equivalents of ascorbic acid [15]. Acidic ethanolic extract
had a higher capacity than the other two varieties. The results from
various free radical-scavenging system revealed that the three date palm
extract samples collected by three different methods had significant
antioxidant activity. The extracts were found to have different levels
of antioxidant activity in the systems tested. The antioxidant activities
of the three varieties were in the order acidic ethanolic extract>basic
ethanolic extract>methanolic extract.

Total flavonoid and phenol contents

Total flavonoid content expressed as Fisetin equivalents was 15.44
+ 0.872 mg/g plant material in methanolic extract, 60.96 + 0.996 mg/g
plant material in acidic ethanolic extract and 26.07 + 1.26 mg/g plant
material in basic ethanolic extract. Total phenolic concentration showed
close correlation with the antioxidant activity, being highest in basic
ethanolic extract and lowest in metabolic extract of date palm. Plant
phenolics present in fruit and vegetables have received considerable
attention because of their potential antioxidant activity [29]. Natural
polyphenols have chain-breaking antioxidant activities and are
believed to prevent many degenerative diseases, including cancer and
atherosclerosis [30] (Table 6).

Conclusion

Natural products have been the favourite grounds for prospecting
for potential drugs or at best, as functional food or food supplement.
Although fruits and vegetables have been linked with reduction of
risk of cancer, cardiovascular diseases, autoimmune diseases, and
various other chronic illnesses, neither the active components nor
their mechanisms of action are well established. Identification of active
ingredients in dietary plants, and the cell signalling pathways they
modulate, can validate their use in various diseases.

Total Flavonoid and phenol content:

Flavonoid (mg Phenol (mg gallic acid/10g of

Type of samples

Fisetin/g of extract) extract)
Methanolic extract 15.44 + 0.872 411.09 £ 2.69
Acidic ethanolic extract 60.96 + 0.996 1127.34 £+ 4.68
Basic ethanolic extract 26.07 £ 1.26 1158.50 £ 6.728

Table 6: Total Flavonoid and phenol content (Though the basic ethanolic extract
contain maximum phenolic contents than other two tested extracts, but the
bioactive flavonoid content is highest in acidic ethanolic extracts. Methanolic date
palm extract is very poor in containing phenol and flavonoids)

Total flavonoid content of the date palm extracts was determined using aluminium
chloride (AICI,) whereas the total Phenolic content was determined using the Folin-
Ciocalteu reagent. (n=5) results were expressed as mg of Flavonoid contents in
fisetin/g of extracts and mg of gallic acid/ 10 mg of the extract, taking + SD. Total
Flavonoid and Phenol contents show a direct corelation with the total antioxidant
capacity of the tested compounds. Acidic ethanolic extract is rich in both Phenolic
and Flavonoid contents, and it can be correlated to its radical scavenging activities
and total antioxidant properties as the data has shown, than the other two tested
extracts of date palm.

In this study, we clearly demonstrated that date palm extracts,
collected by three different methods hold potent anti-oxidative
properties by showing DPPH radical scavenging activities (Table 1),
hydroxyl radical scavenging (Table 2), superoxide radical scavenging
(Table 3), significant inhibition of lipid peroxidation (Table 4). The
calculated IC, values of these three different extracts of date palm
advocated the strong anti-oxidative properties (Table 5) of these crude
extracts and for this reason, we are therefore interested to evaluate the
in vivo anti-inflammatory activities of these compounds in preclinical
models, but before this cytotoxic and anti-inflammatory properties of
these three extracts must be evaluated thoroughly.

Since components of the fruit are also known aeroallergens and
food allergens, we are also currently exploring the allergenic aspects
of the same in our on-going in vitro and in vivo studies in tandem with
extending the abovementioned findings into their anti-inflammatory
potencies [31-35].
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