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Abstract

Phenolic acids from finger millet (Eleusine coracana) and pearl millet (Pennisetum glaucum) were
isolated as fractions in an organic solvent and their anticancer and antimicrobial properties were
evaluated. Antimicrobial properties were studied using Kirby Bauer well diffusion technique and the
polyphenols of millet showed antimicrobial activity on Escherichia coli, Staphylococcus aureus, Proteus
mirabilis, Pseudomonas aeruginosa, Serratia marcescens, Klebsiella pneumoniae, Shigella dysenteriae,
Enterococcus sp. and Salmonella sp. GC-MS analysis was done to confirm the compounds present in the
extract. The cytotoxicity assay was done to screen for the anticancer activity against HepG2 hepatic
cancer cell lines. Further, in silico studies were performed using AutoDock 4.0 to validate the
antimicrobial results obtained. From the observation, it could be inferred that millet polyphenols of
millets could be used as a natural source of antimicrobials and antioxidants, especially for minimizing the
risk of diseases arising from oxidative deterioration and also cytotoxic effects.
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1. Introduction

Millets are a group of cereal crops grown worldwide for food and staples, in harsh
environments environments such as those at risk of drought (1. The millets include species in
several genera, mostly in the sub-family Panicoideae, of the grass family Poaceae. Pearl millet,
commonly known as ‘bajra’ is a food for poor people. It is one of the four most important
cereals (rice, maize, sorghum and millets) grown in the tropics and is rich in iron and zinc,
contains high amount of antioxidants and these nutrients may be beneficial for the overall
health and wellbeing. The grains are known to contain about 12 % proteins, 5 % ether
extractives (including fats) and 67 % carbohydrates. It is known to be a rich source of
minerals and vitamins of the B group?. It has been already studied extensively for its
carbohydrates, proteins, vitamins and minerals, thus now more attention is given to studies
related to minor compounds like flavonoids, phenolics, phospholipids and fatty acids. Daniel
et al. BJ revealed the presence of 0.9 % dry wt. of flavones, 0.75 % phospholipids and 5.4 %
fatty acids with phenols being 4.08 pg/g. Finger millet is also called as ‘ragi’ which is
consumed without dehulling is also a principle food grain of people belonging to low income
groups. It is rich in polyphenols and tannins and also reported as a good source of antioxidants.
Phenolics are the most abundant secondary metabolic products of plants. Plant polyphenols are
an extensively used in cancer research due to their potent antioxidant properties and have been
implicated for disease resistance in various researches. The presence of phenolic acids in
cereal grains has been confirmed in several studies [* 3. The polyphenolic content in cereals is
usually less than 1% of dry matter and the main polyphenols in cereals are phenolic acids and
tannins [® 71 whereas flavonoids are present in small quantities. Studies are reported with
respect to the contents of phenolic acids and tannins in different varieties of ragi * °1. Pearl
millet (Pennisetum glaucum) is another rich variant of polyphenols and one of the most widely
cultivated millet in India. Polyphenols are the most important phytochemicals of the millet
because of their nutraceutical potentials such as antioxidant activity, anti-inflammatory, anti-
carcinogenic, antimicrobial, antidiarrhoeal, antiulcer, and anti-cardiovascular properties.
Besides, polyphenols are also useful in the management of several physiological disorders
such as diabetes mellitus, hypertension, vascular fragility, hypercholesterolemia, prevention of
oxidation of low-density lipoproteins (LDLs) and maintaining health of the gastrointestinal
tract.
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The present study has focused on the antibacterial and
anticancer effects of polyphenols extracted from the milled
fractions of finger and pearl millets.

2. Materials and methods

2.1 Sample Collection and processing

Pearl millet (Pennisetum glaucum) and Ragi (Eleusine
coracana) seeds were procured from the local market, washed
to remove foreign particles and dust before further treatments.
These were further allowed to germinate and then dried under
the sun for 3 days, powdered and stored in air tight containers
for further use.

2.2 Preparation of extracts

Soxhlet apparatus was used for the purpose of solvent
extraction and care was taken not to exceed the boiling point
of the solvent. Pearl millet and finger millet were extracted
with hexane followed by ethyl acetate. The solvent extracts
were vacuum dried and stored at 4 °C for further analysis. The
extracts were filtered through Whatman Filter Paper No.l and
then concentrated under reduced atmospheric pressure. The
extracts were isolated and then dissolved in hexane and ethyl
acetate preparing 3 samples, that is, ragi in hexane, ragi in
ethyl acetate and pearl millet in hexane and were stored in -20
°C for further use.

2.3 Test organisms

The bacteria used as test organisms in this study were
Escherichia coli, Staphylococcus aureus, Proteus mirabilis,
Pseudomonas aeruginosa, Serratia marcescens, Klebsiella
pneumoniae, Shigella dysenteriae, Enterococcus sp. and
Salmonella sp. All the clinical isolates were acquired from
Microbial Biotechnology Laboratory, VIT University, Vellore,
Tamil Nadu, India. Bacterial clinical isolates were maintained
on Nutrient agar.

2.4 Antimicrobial study

Antibacterial activity was determined by the well diffusion
method of Kirby Bauer. The Muller-Hinton agar media were
prepared and the sterilized media were poured into the sterile
Petri plates. The spread plate method was followed using
cotton swabs with 9 different isolates of bacteria. After the
media were cooled and solidified 9 mm diameter wells were
punctured in the agar and 25 pl, 50 pl, 75 pl and 100 pl of 25
mg/ml of each sample were loaded in the wells. The plates
were incubated for 24 h at 37 °C. After incubation, the zone of
inhibition was observed and the diameter was measured.

2.5 Antioxidant assay

DPPH assay was performed to calculate the total antioxidants
present in the extracts. To perform this assay, ascorbic acid (10
mg/ml) was used as the standard and 10 mg/ml of extracts
were used for the assay. 100 pl of 0.1 mM DPPH (bought from
Sigma Aldrich), 100 pl of extract and 1800 pul of methanol was
added to the reaction mixture. This mixture was incubated in
dark for 30 min and absorbance was read at 517 nm which is
standard for DPPH [10],

Percent inhibition or percent activity was calculated based on
the following formula:

0D of control-0D of test
0D of control

% Scavenging activity = X 100

2.6 Gas Chromatography Mass Spectrometric Assay
The obtained extracts were analyzed for gas-chromatography
mass spectrometry to identify the number of compounds and

molecular weight of the compounds. GC-MS analysis was
carried out on a GC Clarus 600 model and an Elite-5MS (30.0
m, 0.25 mm ID, 250 pm df column). The total run time was 30
min and helium was used as the carrier gas with a gradient
temperature schedule of 60 °C for first 2 min followed by an
increase of 10 °C to 300 °C with a hold time of 4 min. The
injector temperature was kept at 300 °C and the mode of
operation of the ion trap was the electron impact mode with a
scan range of m/z from 50 to 600. A further sample was loaded
using the injector and the separation was obtained in the form
of a chromatogram. Each peak was searched in the Nist library
data for similar results for identification of the compounds
obtained.

2.7 In vitro cytotoxicity assay

The human hepatic cancer cell lines (HepG2) were obtained
from National Centre for Cell Science (NCCS), Pune and
grown in Eagles Minimum Essential Medium (EMEM)
containing 10% fetal bovine serum (FBS). All cells were
maintained at 37 °C, 5% CO,, 95% air and 100% relative
humidity. Maintenance cultures were passaged weekly, and the
culture medium was changed twice a week. To check the
anticancer activity against hepatic cancer cell lines MTT assay
was performed ' 2. The cells were placed into 96 well
microtitre plated and incubated for a period of 48 h at 37 °C.
After incubation, 15 pl of MTT (5 mg/ml) in phosphate
buffered saline (PBS) was added to each well and incubated at
37 °C for 4h. The medium with MTT was then removed and
the formed formazan crystals were solubilized in 100 ul of
DMSO and then measured the absorbance at 570 nm using a
micro plate reader. The % cell inhibition was determined using
the following formula.

Abs (Sample)

0, 1 1 11 — - - - 7
%% Cell inhibition 100 Abs (Control)

=< 100

Nonlinear regression graph was plotted between percentage of
cell inhibition and Log concentration and ICsy was determined
using GraphPad Prism software.

2.8 Molecular Docking studies

Docking studies are computational techniques for the
exploration of the possible binding modes of a ligand to a
given receptor, enzyme or other binding site'. In this study,
we used AutoDock 4.0 to evaluate the binding energy of
ligands inside the known 3D structure of the target enzyme.
AutoDock 4.0 software consists of two main programs,
autogrid that pre-calculates grid maps of interaction energies
for various atom types of ligand with a macromolecule and
autodock, which performs the docking of the ligand to
specified grids ', Considering the well obtained in vitro
results, it was worthwhile to go for docking to study the
binding inside the active site of topoisomerases, potential
target for antibacterial agents and support the in vitro results.
During docking the grid parameters were 60x60x60 A with
points separated by 0.375 A. Also the X, Y and Z coordinated
were specified as -32.137, 5.574, 4.657 for Pseudomonas
aeruginosa topoisomerases. While, Klebsiella pneumoniae
topoisomerase was found at coordinates -25.767, 9.145, -4.632
being X, Y and Z following the grid parameters 60x60x60 A
separated by 0.375 A.

3. Results and discussion
The ragi and pearl millet seeds when allowed to germinate
produces sprouts, which contain large quantity of proteins and
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among them some are biologically active for e.g., lectins,
ribosome inactivating proteins, enzyme inhibitors, arcelins,
chitinases and canatoxin 11. They are majorly known as
enzyme inhibitors compromising both amylase and proteinase
inhibitors. The present work employs the extraction of
phytochemical compounds of sprouted ragi and pearl millet
seeds through various solvents and the biological activities of

obtaining extracts is studied. The ethyl acetate and hexane
extracts obtained after Soxhlet extraction were stored at 4 °C
for further biological activities. The extract of ragi in ethyl
acetate inhibited all the pathogenic microorganisms except E.
coli. The maximum zone of inhibition was manifested against
Pseudomonas aeruginosa (22 mm) and Klebsiella pneumoniae
(17 mm) as shown in table 1.

Table 1: Antimicrobial activity of the extracts.

Pathogen Ethyl acetate (ragi) Hexane (ragi) Hexane (pearl millet)

25 50 75 100 25 50 75 100 25 50 75 100

Enterococcus sp. - - - 17 - - - - - - - B
Pseudomonas aeruginosa 1 14 14 22 - - - - - - - R
S. aureus - - 11 14 - - - - - - - N
Escherichia coli - - - - - - - 13 - - - _
Proteus mirabilis - - 14 15 - - - - - - - R
Shigella dysenteriae - - - 14 - - - - - - - R
Salmonella sp. - - 1.2 16 - - - - - - - R
Klebsiella pneumoniae - - 14 17 - - - - - - - N
Serratia marcescens - 8 11 13 - - - - - - - -

*diameter of the zones measured in mm.

3.1 GC-MS analysis

The chromatogram obtained after the mass spectral analysis
depicted the presence of peaks relative to compounds present
in the extracts. Since the ethyl acetate extract of ragi grains
showed promising antimicrobial results, GC-MS analysis of
the extract was performed to obtain chromatogram as depicted
in figure 1. Among the compounds present 1,2
benzenedicarboxylic acid (BDC) was most prominent and was
tested for its antibacterial activity in silico using molecular
docking techniques.
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Fig 1: GC-MS chromatogram of ragi grain ethyl acetate extract.
3.2 Antioxidant assay

The effective ragi ethyl acetate extract was tested for
antioxidant property based on DPPH radical scavenging assay

resulted in an antioxidant potential of 54%. Ascorbic acid was
taken as the standard and compared with the extract, which
confirmed the effective antioxidant potential. The high
antioxidant content could be a contribution to polyphenols
present in the extract [!> 161, There have been some reports on
free radical quenching action of finger millet [!”) and other
plant sources like sage 1%, rice hulls ], china seeds ™, etc.
This suggests that the extract may also have potent anticancer
properties, thus further cytotoxicity assay was done.

3.3 Cytotoxicity assay

HepG?2 liver cancer cell lines were chosen for the study and
the extract was administered in different concentrations. The
results suggested a dose dependent growth of anticancer, with
an increase in the concentration of the extracts there was a
mild decrease. Zhang et al !! has reported antiproliferative
activity of proso millet against human breast cancer and
HepG2 liver cancer cell lines. Furthermore, with better
purification and concentration the extracts could be used in
cancer therapy. Figure 2 shows the graph plot of cell viability
of cancer cells against the increasing concentration of the
extracts.

@ @ = ®

Fig 2: Cytotoxicity of ragi (ethyl acetate) extract against HepG2 cell
lines.
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3.4 Molecular docking studies

To validate the in vitro results of antimicrobial analysis,
molecular docking studies were done, which were in
accordance with the zone of inhibition results. The binding
energies stated the binding efficiency of the ligand with the
target topoisomerases to be strong and efficient.

In silico results revealed that the ligand showed the minimum
binding energy of -6.32 and -6.94 Kcal/mol, due to dipole-
dipole and hydrogen bond interaction, with amino acids of
topoisomerases of Pseudomonas aeruginosa and Klebsiella

pneumoniae respectively. The docked result of ligand with
secondary structure of topoisomerase of P. aeruginosa is given
in figure 3a and the hydrogen bond interactions are found with
LEU at position 264. Furthermore, 2D plot of hydrogen bond
forming amino acids with target ligand is depicted in figure 3b.
K. pneumonia topoisomerase docking (Figure 4a) with ligand
showed interactions with HIS 259. Also 2D plot is shown in
figure 4b representing the hydrogen bond formation with
specific bond distances.

ﬁf’%'m

Fig 3: (a) 3D complex of Pseudomonas aeruginosa topoisomerase and ligand interactions. (b) 2D Ligplot showing the bond length and
hydrogen bonds.
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Fig 4: (a) 3D complex of Klebsiella pneumoniae topoisomerase and ligand interactions. (b) 2D Ligplot showing the bond length and hydrogen
bonds.

4. Conclusion

The present work elaborates the antimicrobial, antioxidant and
anticancer potential of two varieties of millets. Also the
molecular docking studies give supporting information with
regard to the antimicrobial effect obtained in the process
suggesting that there could be a good scope of future
perspectives to be worked upon.
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