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ABSTRACT

The medicinal plants are laden with numerous effective antibacterial, antioxidants, anticancer agents which provide an alternative means of therapy
to various infections caused by drug resistant bacteria, oxidative stress due to over-production of free radicals and leading to dreadful diseases like
cancer and other physiological disorders. This study was conducted to evaluate the biological properties of different extracts of whole plant of
Eclipta alba in terms of its antimicrobial, antioxidant, cytotoxic activities and phytochemical analysis to find out the active compounds responsible
for these activities. Cell viability assay was performed using Human lung epithelial adenocarcinoma cell line (HCC-827). Our results demonstrated
that extracts causes growth arrest and apoptosis in lung cancer cells and the growth inhibitory effects were found to be significant. Cell morphology
was observed using phalloidin staining. GC-MS analysis showed the presence of compounds like Naphthoquinone, Hydrazine carboxamide of

biological significance.
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INTRODUCTION

Medicinal plants possess all the phytoconstituents which serves as a
source of bioactive chemicals necessary for the significant
pharmacological actions without any adverse effects. They can be
used for the development of new classes of possibly safer drugs or
medicines to cure various ailments. An increased resistance to
present day available antibiotics has posed a problem worldwide
due to the frequent use of antibiotics. The herbal drugs have always
been used in healing various diseases because of the wide safety
profile they provide. Important bioactive compounds contributing to
the medicinal values in plants are alkaloids, glycosides, resins, gums,
mucilages etc (1).The search of plant-based products has completely
modified the drug discovery programme as herbal compounds have
shown a promising effect in therapeutics. The diversity in the
disease causing ability of bacteria has always presented a challenge
in the treatment of their infections (2). Numerous plant-based
substances show potential antitumour activity in several rodent and
human cancer cell lines (3). Phytosignatures such as vitamins (A, C,
E, K), carotenoids, terpenoids, flavonoids, polyphenols, alkaloids,
tannins, saponins, pigments, enzymes and minerals have been found
to exhibit antioxidant activities (4; 5; 6). Eclipta alba (L) is an
annual herbaceous plant, commonly known as false daisy. It is an
erect or prostrate, much branched, roughly hairy, annual, rooting at
the nodes; the leaves are opposite, sessile and lanceolate belonging
to family Asteraceae. Various extracts of E. alba has exhibited potent
antimicrobial activity (7, 8), antioxidant power evaluated by DPPH
and FRAP methods (9, 10) and immunomodulatory properties (11).
Eclipta alba possess various biological properties and used for the
treatment of various disorders like memory disorders, general tonic,
edema, rheumatic pain treatments, digestion, hepatitis, enlarged
spleen, antioxidant activity and Skin disorders (12; 13; 14). All the
parts of E. alba contain various chemical constituents which have
been used in different therapeutic cases. Major constituents are
coumestans i.e. wedelolactone (I) and demethylwedelolactone (II),
polypeptides, polyacetylenes, thiophene-derivatives, steroids,
triterpenes and flavonoids. Coumestans are known to possess
estrogenic activity (15). Wedelolactone exhibits various medicinal
properties which is helpful in the treatment of hepatitis and
cirrhosis (16), bacterial infection and hemorrhagic condition (17).

The study was performed to evaluate the biological properties of
different extracts of whole plant of Eclipta alba as potential
antimicrobial, antioxidant, cytotoxic values and also its
phytochemical analysis was conducted to find out the active
compounds responsible for these activities to search an alternative
cure to respiratory infections.

MATERIALS AND METHODS
Plant collection

The dried whole plants of Eclipta alba were obtained from local
market of Dehradun, India.

Chemicals and Reagents

2, 4, 6-tripyridyl-s-triazine (TPTZ), Mueller Hinton Agar were
purchased from Hi-Media (Mumbai, India), 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyl tetrazolium bromide (MTT, 98%) reagent, Fetal
bovine serum (FBS) and streptomycin-penicillin antibiotic solutions
were purchased from Sigma Aldrich, South Korea. The chemicals and
reagents used for the study are of pure grade. The human lung
epithelial adenocarcinoma cell line (HCC- 827) was procured from
Korean cell bank, South Korea.

Preparation of plant extracts

25g of powder was taken as a thimble charge and organic {ethyl
acetate (S1), methanol (S2)} and water (S3) extraction was done in
succession using soxhlet extraction method (18). All the extracts
were made solvent free and concentrated using rotary evaporator
and preserved at 4°C in airtight bottle until further use.

Antimicrobial Susceptibility testing
Agar well diffusion method

The antimicrobial activity of all the extracts (ethyl acetate, methanol,
aqueous) of Eclipta alba in reference was determined by agar well
diffusion method (19). The extracts were dissolved in DMSO
(dimethylsulphoxide) to obtain the concentration of 0.5mg/100pl
and 1mg/100ul. The antibiotic gentamicin (0.5mg/100ul, 1mg/
100ul) was used as positive control and DMSO as negative control.
The tests were performed in triplicates and the final results were
presented as the mean zone of inhibition and standard deviation
were calculated.

Broth Dilution MIC test

The Minimal Inhibitory Concentration (MIC) of the plant extracts
was determined by macro broth dilution assay (20). On the basis of
the results obtained from Agar well diffusion method (ZOI) two-fold
serial dilutions of all the extracts were prepared in well plates with
Mueller-Hinton Broth (Hi-media, Mumbai, India) as diluents. 20yl of
test microorganisms of the standard concentration (5 x 105 cfu/ml)
was inoculated in the each dilution. Two-fold serial dilution of DMSO
and gentamicin was used as experimental negative and positive
control respectively. The plates were incubated at 372C for 24hours.
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The lowest concentration at which the extract or standard drug
showed no visible growth (turbidity) was taken as the MIC.

Determination of Minimum Bactericidal Concentration

20l of the MIC test broth tube solutions were spread over MHA plates
and incubated for 18-24h at 37°C. The plates showing no single
bacterial growth, the dilution was considered as MBC (Minimum
Bactericidal Count) concentration of the extract that is bactericidal in
nature. The MIC index (MIC/MBC) was performed to determine
whether an extract is bactericidal (MIC/MBC <4) or bacteriostatic
(MIC/MBC >4) in nature. MIC index values of greater than 4 and less
than 32 are considered as bacteriostatic (21). The test was performed
in triplicates and its mean MIC and MBC values were calculated. The
results were expressed in terms of standard deviation.

Antioxidant power (Ferric Reducing Ability of Plant)

The FRAP assay was performed as described by 19. The stock
solution of various extracts of 2.5mg/ml concentration was
prepared in DMSO. 10pl-100pl of extract was mixed with 1.5ml of
FRAP reagent and the volume was adjusted to 5ml with distilled
water. The tubes were incubated at 37°2C for 15minutes and
absorbance was noted at 593nm.

Anticancer study

The human lung epithelial adenocarcinoma HCC-827 cell line was
cultured and maintained in 90% DMEM media substituted with 10%
Foetal Bovine serum (FBS) and 1% antibiotic for 24h. The media
was then removed and the cell layer was washed with phosphate
buffer saline (PBS) (0.1M pH7.0) to remove the traces of media.
Later, 500 pl of trypsin-EDTA was added to the culture flask to
remove the adherent cell layer from the flask. After 5min, 2ml of the
media was added and single cells were collected. The cells were
counted on the haemocytometer to get the exact viability and cell
count for the experiments. 1 x 105 cells of the human lung epithelial
adenocarcinoma-HCC-827 were used for the anticancer study of
extracts in reference.

Cell Viability Assay

The viability of the cells was assessed by MTT (3, 4, 5-dimethylthiazol-
2yl)-2-5-diphenyltetrazolium bromide) assay (22). 1 x 105 cells (The
human lung epithelial adenocarcinoma-HCC-827) were incubated in
DMEM (Dulbecco’s modified Eagle medium) containing extracts of
various concentrations (10pg/ml, 50pug/ml, and 100pg/ml) in 5% CO2
incubator at 372C. The metabolic activity of each concentration was
assessed using MTT assay at 570nm after 24h and 48h.

Image Analysis

Phalloidin staining of the control and treated cells was performed to
check the changes in the structure of cytoskeleton of the cancerous
cells. Cells were fixed in 4% paraformaldheyde for 10 min, and were
then permeabilized with 0.1% Triton-X 100 for 5min and after each
step thorough rinsing with 0.01M PBS at room temperature (in LAF)
was performed. The working solution of FITC labeled Phalloidin stain
was made up in 1:200 dilutions with 1% BSA and cells were incubated
for 15 min before imaging. The morphology of the cell cytoskeleton
was observed under microscope (Nikon, TE-2000 U) (23).

Phytochemical analysis of the extracts
Gas Chromatography and Mass Spectroscopy (GC-MS)

The GC-MS analysis of ethyl acetate, methanol and water extracts were
carried out using REX column. 2ul of samples were introduced via an
all-glass injector working in the split mode, with helium as the carrier
gas. Temperature programme: 70°C -300°C at 62/min, with 10min
hold at 300°C. The identification of components was accomplished
using computer searches in commercial library (Wiley 8 and NIST).

RESULTS AND DISCUSSION
Extraction of the plant samples

Extracts were prepared in the series of different organic and water
solvents based on increasing polarity index {Ethyl acetate (4.4),
Methanol (5.1), and Water (9.0)} using Soxhlet extraction method.
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Results obtained showed the variation in extracting power of the
solvents. Water possessed highest extraction ability than the organic
solvents like ethyl acetate and methanol. The maximum yield was
obtained in the case of water extract which has maximum polarity
followed by ethyl acetate and least by methanol (Table 1).

Antimicrobial Susceptibility testing

Traditional medicinal plants are yet to be systematically
investigated against various pathogens, which have developed
resistance to the present day antibiotics, drugs or any other means
of treatment (24). Plants as antimicrobials should be tested against
the specific pathogens to test their therapeutic values. The
antimicrobial potential of plant extracts have been explored by a
very large number of scientists world over (25; 26).

The screening results of our antimicrobial study confirms the strong
inhibitory effect of (S1, S2 and S3) extracts on the chosen pathogens
(Table: 2, 3, 4, 5). Out of all the extracts tested and tried, S2 extract
was found to exhibit strong inhibition on all the pathogens except
Streptococcus mutans. The bactericidal effect of the extract became
more prominent with the increasing concentration. S. pyogenes was
most effectively inhibited by S2 extract (27+0.00) at a concentration
of 0.5mg/100ul whereas comparatively less inhibition was shown
by S3 and S1 in the order. S. mutans was resistant to S1 and S2
extracts but S3 extract of E. alba (9+1.63, 15+0.816) could inhibit
the pathogen at a concentration of 0.5mg/100ul and 1mg/100ul
respectively. S3 extract was active against S. aureus (25+0.816) at a
concentration of 0.5mg/100pul followed by S2 (18+0.816) and S1
extract (17+0.816) at the same concentration. The activity of K.
pneumoniae (15+0.816) and S. pneumoniae (17+0.816) were
strongly suppressed by S3 extract than S2 and S1 extract
Antibacterial activities of various extracts of E. alba were
comparable to those of standard antibacterial drug gentamicin
(positive control). Gentamicin inhibited pathogens effectively when
compared with the extracts. Evaluation of the minimum
concentration required for the inhibition of growth of
microorganisms in reference was found to be within the range of
0.5-0.0156mg/ml (Table: 6, 7, 8). Concentration required to inhibit
the growth of S. aureus was found to be same for all the extracts of E.
alba, S1, S2 and S3 extracts (0.0156mg/ml) whereas S2 and S3
extract inhibited S. pneumoniae at the same concentration as S.
aureus (0.0156mg/ml). The minimum inhibitory concentration
required to inhibit K. pneumoniae was 0.0625mg/ml (S1 extract)
and 0.125mg/ml (S2 and S3 extracts). The MIC, MBC and MIC index
values of all the extracts (0.0156mg/ml, 0.0312mg/ml and 2) for S.
aureus coincides with the values of Gentamicin whereas the values
of S1 and S3 extracts (0.0156mg/ml, 0.0312mg/ml and 2) for
S.pyogenes were same as that of the standard drug Gentamicin. The
MIC, MBC and MIC index values of S3 extract (0.0156mg/ml,
0.0312mg/ml and 2) for S. pneumoniae were equal to the values of
the reference drug showing the effectiveness of the bactericidal
potential of the extracts as that of the chemically synthesized drug
Gentamicin. MBC values were higher than the MIC values and MIC
index values indicated the bactericidal properties of the extracts of
E.alba.

Our data on antimicrobial activity of E.alba different extracts on the
pathogens causing respiratory diseases in humans offers effective
inhibition and found to be potent and is comparable with the studies
done by 27, 28 and 29. In the present day scenario, investigation on
plants has increased all over the world and large evidences on the
bioprotective properties of medicinal plants and their role in various
traditional systems have been observed (30). In recent years there
has been increase in the multiple drug resistance in human
pathogens due to frequent use of chemically synthesized antibiotics
which are commonly used in the treatment of their infections (31;
32). Bacteria have the capability to develop resistance to the drug
and also transfer it, which is often used as antibacterial agent (33).
The antibacterial action of the extracts may be of following types:
Damage in microbial genome after treatment, damage in protein
synthesis mechanism or structure, microbial membrane
disintegration or specific enzyme inhibition.
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Table 1: The yield, yield% and physical properties of Eclipta alba.

S. No. Solvent Used Yield (g/500ml) Yield % Colour State
1. Ethyl Acetate (S1) 0.59 2.36 Blackish green Viscous
2. Methanol (S2) 0.29 1.16 Greenish brown Powder
3. Water (S3) 1.54 6.16 Brownish Solid

Table 2: The ZOI of control (Gentamicin) against different pathogenic pathogens

S. No. Micro-Organisms Zone of Inhibition (mm)
Concentration of the drug in mg/100ul
0.5mg/100pl 1.0mg/100pl
1. P1 28+0.816 29 £0.816
2. P2 31+0.816 32+0.816
3. P3 27 +0.816 28 £0.816
4. P4 31+0.816 32 +0.816
5. P5 29 +0.816 30+0.816

Table 3: The antimicrobial activity of ethyl acetate extract against different pathogens

S. No. Micro-Organisms Zone of Inhibition (mm)
Concentration of the drug in mg/100ul
0.5mg/100ul 1.0mg/100pul
1. P1 10 £ 0.816 11 +0.816
2. P2 17 £0.816 19 +0.816
3. P3 Nil Nil
4. P4 21+0.816 24 +0.816
5. P5 14 £ 0.816 16 £ 0.816

Table 4: The antimicrobial activity of methanol extract against different pathogens

S. No. Micro-Organisms Zone of Inhibition (mm)
Concentration of the drug in mg/100ul
0.5mg/100pl 1.0mg/100pl
1. P1 13 £1.00 15+ 0.816
2. P2 18 £0.816 19 £ 0.816
3. P3 Nil 3
4. P4 27 £0.00 29+1.73
5. P5 11 £ 0.816 12 £ 0.00

Table 5: The antimicrobial activity of water extract against different pathogens

S. No. Micro-Organisms Zone of Inhibition (mm)
Concentration of the drug in mg/100ul
0.5mg/100pl 1.0mg/100pl
1. P1 15+0.816 19 £ 0.816
2. P2 25+0.816 28+1.63
3. P3 9+1.63 15+0.816
4. P4 23+0.816 25+0.816
5. P5 17 £ 0.816 23 +0.816

Table 6: The MIC, MBC and MIC Index values of ethyl acetate extract against different pathogens.

Organism Range MIC MBC (control) MIC MBC MIC Index MIC Index (extract)
(mg/ml) (control) (mg/ml) (extract) (extract) (control)
(mg/ml) (mg/ml) (mg/ml)
P1 0.5-0.0156 0.0156 0.0312 0.0625 0.125 2 2
P2 0.5-0.0156 0.0156 0.0312 0.0156 0.0312 2 2
P4 0.5-0.0156 0.0156 0.0312 0.0156 0.0312 2 2
P5 0.5-0.0156 0.0156 0.0312 0.0312 0.0625 2 2

Table 7: The MIC, MBC and MIC Index values of methanol extract against different pathogens

Organism Range MIC MBC (control) MIC MBC MIC Index MIC Index (extract)
(mg/ml) (control) (mg/ml) (extract) (extract) (control)
(mg/ml) (mg/ml) (mg/ml)
P1 0.5-0.0156 0.0156 0.0312 0.125 0.25 2 2
P2 0.5-0.0156 0.0156 0.0312 0.0156 0.0312 2 2
P4 0.5-0.0156 0.0156 0.0312 0.0312 0.0625 2 2
P5 0.5-0.0156 0.0156 0.0312 0.0156 0.0312 2 2
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Table 8: The MIC, MBC and MIC Index values of water extract against different pathogens.

Organism Range MIC MBC (control) MIC MBC MIC Index MIC Index (extract)
(mg/ml) (control) (mg/ml) (extract) (extract) (control)
(mg/ml) (mg/ml) (mg/ml)
P1 0.5-0.0156 0.0156 0.0312 0.125 0.25 2 2
P2 0.5-0.0156 0.0156 0.0312 0.0156 0.0312 2 2
P4 0.5-0.0156 0.0156 0.0312 0.0156 0.0312 2 2
P5 0.5-0.0156 0.0156 0.0312 0.0156 0.0312 2 2

Antioxidant Power

Oxidative stress when increases causes damage in DNA leading to base
damage, breaks in strands, alteration in gene expression, and
ultimately mutagenesis (34; 35). It also causes various
neurodegenerative diseases like Parkinson’s disease, Alzheimer's
disease, Huntington's disease, Cardiovascular diseases, Respiratory
diseases, Arthritis etc. The data obtained through antioxidant studies
clearly depicted that the different extracts of E. alba possessed the
capacity to neutralize the free radicals responsible for causing various
diseases. The phytosignatures present in S2 extract of the E.alba were
found to be the best free radical scavenger. The antioxidant power was

concentration dependent in all the cases as the FRAP value exhibited
rise with the increasing concentration of the extract. The S2 extract
(52.5uM/1) at a concentration of 50x103 g/1 showed the free radical
scavenging power better than S1 (35.0uM/1) and S3 extract
(18.0uM/1) at the same concentration. The results obtained were
compared to the reference compound Gallic acid, a known antioxidant,
a strong polyphenols showed high antioxidant power. The graphical
representation is presented in Fig 1.

Many plant based medicines contain active biosignatures such as
polyphenols, flavonoids and phenolic compounds that exert
protective effect on cells from oxidative stress (36).

5 10 15 20 25

30

Extract Concentration (x10%g/l)

35 40 45 50

Fig 1: The antioxidant power (uM/1) of Gallic acid (reference) and various (S1, S2 and S3) extracts of E.alba at increasing concentration (g/1).

Anticancer activity

Plants have many bioactive compounds, which exhibits strong
antioxidant activities. The antioxidants scavenge free radicals,
protect the cell from highly reactive species and cure cancer. Many
substances present in the human diet naturally act as potential
chemopreventive agents so vegetables and fruits can provide
prevention against cancer (37; 38). The human lung epithelial
adenocarcinoma cell line (HCC-827) was used for anticancer study
of different extracts (solvent-free) of E.alba. The different solvent-
free extracts were tested for its antitumor activity on HCC-827 cell
line using 3-(4, 5-dimethyl thiazol-2yl)-2,5-diphenyl tetrazolium
bromide (MTT assay), which is based on the reduction of MTT by the
mitochondrial dehydrogenase of viable cells to a purple formazon
product. Results clearly showed that different solvent extracts of the
plant in reference, exhibited effective to moderate inhibition on lung

cancer cells. Inhibition of the growth of carcinoma cells was found to
be concentration dependent. The potency of each plant extract to
inhibit the cancerous growth was recorded in terms of decrease in
viable cell count as compared to the control value. The inhibition of
the growth of human lung epithelial adenocarcinoma cell line (HCC-
827) has been found to be dose dependent and time dependent in S1
extract whereas S2 and S3 extracts showed slight variation in cell
count. The S1 extract exhibited strong anti-tumor activity resulting
into appreciable loss in viable cell count against the lung cancer cells
followed by S2 and S3 extract in comparison to the control cells. The
decrease in the viable cell count of cancerous cells was noticeable
and increased with the increase in concentration of the S1 extract.
The data is tabulated in tables 8,9,10. Bright Phase Microscopy
shows reduction in the number of cancerous cells when treated with
the extracts of E. alba that were observed to induce apoptosis as
images shows changes in the cell morphology.

Fig. 2: Bright phase microscopy of Lung cancer cells after 24 h, Panel A shows the untreated cells (Control), Panel B represents cells
treated with S3 extract.
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Fig. 3: Phalloidin stained control cells (Panel A), treated cells (Panel B) shows changes in cytoskeleton morphology and reduction in
number of cells after 48h of treatment with extracts

Table 8: The effect of S1 extract on HCC-827 cells after 24h and 48h.

S. No. Concentration (png/ml) Control (24h) Treated Control Treated
(24h) (48h) (48h)

1. 10 1.57x10% 0.02 x10° 2.17x10% 0.03x10°

2. 50 1.57x10% 0.03 x10° 2.17x10% 0.02 x10°

3. 100 1.57x10° 0.02 x10° 2.17x105 0.03 x10°

Table 9: The effect of S2 extract on HCC-827 cells after 24h and 48h

S. No. Concentration (pg/ml) Control (24h) Treated Control Treated
(24h) (48h) (48h)

1. 10 1.57x10° 0.05 x10° 2.17x105 0.02x105

2. 50 1.57x10% 0.05 x10° 2.17x10% 0.05 x10°

3. 100 1.57x10% 0.06 x10° 2.17x10% 0.20 x10°

Table 10: The effect of S3 extract on HCC-827 cells after 24h and 48h.
S. No. Concentration (pg/ml) Control (24h) Treated Control Treated
(24h) (48h) (48h)

1. 10 1.57x105 0.20 x10° 2.17x105 0.17x105

2. 50 1.57x105 0.40 x10° 2.17x105 0.42 x10°

3. 100 1.57x105 0.50 x10° 2.17x105 0.46 x10°

Phytochemical Analysis found to be highly antimicrobial in nature which may be attributed

Gas Chromatography and Mass Spectroscopy

Extraction of the specific phytochemical compounds from the plant’s
crude extract depends on the extraction procedure followed.
Traditional medicinal plants use primarily water as the solvent but
plant extracts in organic solvent (methanol) provided more
consistent antimicrobial activity compared to those extracted in
water in many studies reported. The activities reported in organic
solvents other than water can be related to the polarity of the
solvents and the nature of the bioactive compounds extracted (39).
Plants possess a wide variety of phytoconstituents such as alkaloids,
flavonoids, tannins, cyanogenic glycosides, phenolic compounds,
saponins and lignins (40). Various extracts of E.alba (S1, S2, and S3)
were subjected to analysis and identification of phytoconstituents
responsible for the wide array of biological activities (Table 11, 12,
13). The extracts revealed the presence of various compounds like
Hydrazine carboxamide, Naphthoquinones, Glycine, Carbamic acid
etc, Hydrazine carboxamide is reported to possess antimicrobial
activity and showed inhibition against some bacterial strains like S.
aureus, K. pneumoniae, E.coli, P.aeruginosa and some fungal species,
A. niger, A. flavus, P.citrinum, C. albicans and Monascus purpereus
(41), which is also exhibited in our study where the extracts were

to the compounds present in various extracts. Naphthoquinones
are categorized under the category of phenolic compounds. They
act by binding to DNA and proteins (enzymes) and inhibit the
process of replication. They causes disturbance in cell and
mitochondrial membranes leading to the interference with the
respiratory chain electrons on the mitochondrial membranes
which may be attributed to the anticancer activity of the plant.
Derivatives of naphthoquinone show numerous biological
activities such as antibacterial, antiviral, antitumour, cytotoxic,
insect repellent, anti inflammatory, antipyretic properties. Plants
with such constituent are used for the treatment of malignant and
parasitic diseases in China and countries of South America (42).
Glycine is an essential amino acid used as a metabolic product for
the growth of bacteria. In excess inhibits the growth of bacteria
and used as a non-specific antiseptic agent. Esters of Carbamic
acid are used as muscle relaxants (43). The phytoconstituents
identified in the extracts of E.alba were found to be antibacterial,
antitumor and antioxidant in nature so the plant can be used in
herbal drug formulation as a cure to respiratory infections which
arises due to bacterial pathogenecity, oxidative stress caused by
the overproduction of free radicals, that leads to the cancer when
under uncontrolled conditions.

Table 11: The identified phytochemicals in the S1 extract were detected using GC-MS technique.

Peakno.  Phytochemicals Molecular formula Retention time (min)
1 Hydrazinecarboxyamide CHsN3O0 3.307

4 2-Propanone C3HeO 3.613

10 Sclerosol C2He0S 7.110

22 Phoshine CHsP 7.903

23 Carbamic acid CH3NO: 8.070

25 Methane-D3,Nitro- CD3NO2 8.883

32 2H-Benzopyran-4-Carbonitrile,6-Fluoro-3,4-Dihydro-4-[(Methylthio)Methyl] C12H12FNOS 16.767

34 2-Pyridinepropanoic acid C11H13NO3 46.097

38 Aminourea CHsN30 46.413
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Table 12: The identified phytochemicals in the S2 extract were detected using GC-MS technique.

Peak no. Phytochemicals Molecular formula Retention time (min)
3 N-(3,4,4-Trimethyl-1,2-Dioxethane-3-yl-MethoxyCarbonyl)Glycine CoH1sNO6 3.620
6 Silane CsH18C120Si 3.933
17 Acetamide C2H3C12NO 7.723
25 1H-Pyrimido[4,5,6-1J][2,7]Naphthyridine-6-Carbonitrile,2-Ethyl-5,8-Dimethoxy- C14H13N502 50.753
26 Acetonitrile-D3 C2D3sN 50.860
28 3-Methoxy-5-(Methoxymethoxy)-7-Methyl-6-(3-(Trimethylsilyl)Propargyl)-1,4- C20H2405Si1 51.007
Naphthoquinone
30 L-Alanine, Ethylester- CsH11NO: 52.513
32 Formamide,N-[(dibutylamino)methyl]-N-methyl- C11H24N20 53.240
34 Trans-2-((phenylthio)methyl)-1-(2-propenyl)-1,2,3,4-tetrahydronaphthalene C20H22S 53.747
37 2-Acetonyl-3-cyano-2,3-dimethylcyclobutane-1-carboxylic acid C11H1sNOs3 54.043
45 5,5'-dicarboxy-3'-(2-chloroethyl)-4-(2-acetoxyethyl)-3,4'-dimethylpyrromethane C19H23CIN206 56.893
Table 13: The identified phytochemicals in the S3 extract were detected using GC-MS technique.
Peak no. Phytochemicals Molecular formula Retention time (min)
10 3,3'-[1,2-hydrazindiyl-bis(Carbonyloxymethylene)[Bis(3,4,4-trimethyl-1,2-dioxethane =~ Ci14H24N20s 3.620
23 D5-Ethylnitrate C2DsNOs3 7.740
25 Methane- D3 CD3NO: 8.850
20 Bis(Fluoromethyl) (Dimethyl)Silane CaH1oF2Si 7.343
27 Erythro-1,2-Dimethyl-1-Methylthio-2-Hydroxyethane CsH120S 10.080
CONCLUSION plants against acne-inducing bacteria. Tropical journal of

Much attention has been drawn towards the use of plant based
formulations due to the presence of significant bioactive principle
signatures for the treatment of many infections. Antibiotics provide
immediate relief but with numerous side effects on the human body.
Cure to the respiratory infections with the commercially available
antibacterial drugs has been known but the pathogens causing
respiratory afflictions in humans have developed resistance and
posed a serious problem. The results of our study demonstrate the
S2 extract of Eclipta alba (whole plant) to be a strong bactericidal
and antioxidant agent and moderate cytotoxic agent. The
phytochemicals identified plays a significant role in providing
evidences for its use in herbal drug for the treatment of respiratory
infections or Lung cancer when bacterial infections become chronic
and uncontrolled oxidative stress occurs. The study is extendable to
in vivo experiments for the determination of specific mode of action
of the extract. The generated data has formed the basis for its use as
a phytotherapeutic agent for the treatment of disease in reference.

ACKNOWLEDGMENT

The authors are thankful to Dr. Deepti Singh and Professor Sung Soo
Han, Nanomaterial Biomedical Laboratory, Yeungnam University,
Republic of South Korea, for conducting the anticancer studies.

REFERENCES

1. Sack RB and Froehlich JL. Berberine inhibits intestinal
secretory response of Vibrio cholera and Escherichia coli
enterotoxins. Infect Immun 1982; 35(2): 471-475.

2. Quiroga EN, Sampietro AR and Vattuone MA. Screening
antifungal activities of selected medicinal plants. ]
Ethnopharmacol 2001; 74(1): 89-96.

3. Lin YL, Juan IM, Chen YL, Liang YC, and Lin, JK. Composition of
polyphenols in fresh tea leaves and associations of their
oxygen-radial absorbing capacity with antiproliferative actions
in fibroblast cells. J. Agric. Food Chem 1996; 44: 1387-1394.

4. Kathiresan K, Boopathy NS, and Kavitha S. Coastal vegetation-
an underexplored source of anticancer drugs. Nat Prod Rad
2006; 5: 115-1109.

5. Heber D. Vegetables, fruits and phytoestrogens in the
prevention of diseases. ] Postgrad Med 2004; 50: 145-149.

6.  Kaur C and Kapoor HC. Antioxidants activity and total phenolic
content of some Asian vegetables. Int | Food Sci Tech 2002; 37:
153-161.

7. Kumar GS, Jayaveera KN, Kumar CKA, Sanjay PU, Swamy BMV
and Kumar DVK. Antimicrobial effects of Indian medicinal

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Pharmaceutical Research 2007; 6(2): 717-723.

Girish HV and Satish S. Antibacterial Activity of Important
Medicinal Plants on Human Pathogenic Bacteria-a Comparative
Analysis. World applied Sciences Journal 2008; 5(3): 267-271.
Nazim Uddin Md, Rahman A, Ahmed NU, Rana S, Akter R,
Masudul AM and Chowdhury A. Antioxidant, cytotoxic and
antimicrobial properties of Eclipta alba ethanol extract. Int |
Biol Med Res 2010; 1(4): 341-346.

Rao BD, Ravi kiran Ch, Madhavi Y, Rao PK and Rao TR.
Evaluation of antioxidant potential of Clitoria ternate L. and
Eclipta prostrata L. Indian | Biochem Bio 2009; 46: 247-52.
Otilia B, David B, Annamalai Ar, and Manavalan R. Investigation
on the effect of Eclipta alba on animal models of learning and
memory. Indian ] physiol pharmacol 2007; 51(3): 274-78.
Chopra RN, Nayar SL and Chopra IC 1956. In Glossary of Indian
Medicinal Plants. Council of Scientific and Industrial research,
New Delhi India, pp: 104.

Karnick CR and Kulkarni M. Ethnobotanical studies of some
medicinal plants used in skin diseases. Maharashtra Med ]
1990; 37:131-134

Karthikumar S, Vigneswari K and Jegatheesan K. Screening of
antibacterial and antioxidant activities of leaves of Eclipta
Prostrata (L). Scientific Res Essay 2007; 2(4): 101-104.

Bicoff EM. Oestrogenic constituents of forage plants. Review
Series No 1, Commonwealth bureau of pastures and field-
Crops, Hurley, Berkshire. 1968.

Wagner H, Geyer B, Yoshinobu K, Hikino Y, Govind SR.
Coumestans as the main active principles of the Liver Drugs
Eclipta alba and Wedelia calendulacea. Planta Medica 1986;
52(5): 370-374.

Kosuge T, Yokota M, Sugiyama K, Yamamoto T, Ni M, Yan S.
Studies on antitumor activities and antitumor principles of
Chinese herbs. I. Antitumor activities of Chinese herbs.
Yakugaku Zasshi 1985; 105:791- 795.

Vishnu KA, Aadil Al and Hameedullah SS. Antibacterial activity
of the extracts obtained from Eclipta alba Hassk and
Andrographis lineate against human pathogens. Journal of
Pharmacy Research 2010; 3(10): 2529-2532.

Sawhney SS, Painuli RM and Singh D. Antioxidant and
Antimicrobial activity of Phyllanthus emblica for its application
in treatment of ophthalmic disorders. Int ] Pharm Pharm Sci
2011; 3(4): 129-132.

National Committee for Clinical Laboratory Standards. Methods
for dilution antimicrobial susceptibility tests for bacteria that
grow aerobically. Approved Standard, Fifth edition: M7-A5.
NCCLS 2000. Wayne, P.A.

559



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

Painuli et al.

Radhakrishnan N, Gnanamani A and Mandal AB. A potential
antibacterial agent Embelin, a natural benzoquinone extracted
from Embelia ribes. Biology and Medicine 2011; 3(2): 1-7.

Singh D, Nayak V and Kumar A. Proliferation of Myoblast
Skeletal Cells on Three-Dimensional Supermacroporous
Cryogels. Int] Biol Sci 2010; 6: 371-381.

Singh D, Tripathi A, Nayak V and Kumar A. Three-dimensional
proliferation of chondrocytes on modelled elastic and
macroporous 2-hydroxyethyl methacrylate -Gelatin cryogel. J
Biomat Sci-Polym E 2011; 22: 1733-1751.

Farrukh A. and Igbal A. Broad-spectrum antibacterial and
antifungal properties of certain traditionally used Indian
medicinal plants. World ] Microb Biot. 2003; 19: 653-657.
Reddy PS, Jamil K and Madhusudhan P. Antibacterial activity of
isolates from Piper longum and Taxus baccata. J.
Pharmaceutical Biol 2001; 39: 236-238.

Erdoorul, OT. Antibacterial activities of some plant extracts used
in folk medicine. . Pharmaceutical Biol 2002; 40: 269-273.
Pandey MK, Singh GN, Sharma RKr. and Sneh Lata.
Antibacterial activity of Eclipta alba (L.) Hassk. Journal of
Applied Pharmaceutical Science 2011; 1(07): 104-107.
Thenmozhi M and Sivaraj R. Phytochemical and Antimicrobial
Evaluation Of Eclipta alba. International Journal of Advances in
Pharmaceutical Research 2011; 2(6): 246-251.

Vijayan MN, Barreto I, Dessai S, Dhuri S, D’ Silva R. and
Rodrigues A. Antimicrobial activity of ten common herbs,
commonly known as ‘Dashapushpam’ from Kerala, India. Afr J
Microbiol Res 2010; 4(22): 2357-2362.

Dahanukar SA, Kulkarni RA and Rege NN. Pharmacology of
medicinal plants and natural products. Indian | Pharmacol
2000; 32: S81-S118.

Gutmann L, Billot-Klein D, Williamson R, Goldstein FW,
Mounier ], Acar JF and Collatz E. Mutation of Salmonella
paratyphi A conferringcross-resistance to several groups of
antibiotics by decreased permeability and loss of invasiveness.
Antimicrob Agents Ch 1988; 32: 195-201.

G

Vol4Suppl2.htm

32.

33.

34.

35.

36.

37.

39.

40.

41.

42.

43.

Int ] Pharm Pharm Sci, Vol 4, Issue 2, 554-560

Mohanasundari C, Natarajan D, Srinivasan K, Umamaheswari
SA and Ramachandran A. Antibacterial properties of Passiflora
foetida L. -acommon exotic medicinal plant. African J. Botechnol
2007; 6(23): 2650-2653.

Cohen ML. Epidemiology of drug resistance: implications for a
postantimicrobialera. Science 1992; 257: 1050-1055.

Block G, Patterson B and Subar A. Fruit, vegetables and cancer
prevention: a review of the epidemiological evidence. Nutr
Cancer 1992; 18: 1-29.

Byers T. Vitamin E supplements and coronary heart disease.
Nutr Rev 1993; 51: 333-345.

Acharya S, Sahu AR, Satyajit, Mohanta SR. Free radical
scavenging activity of thalamus of Nymphacea stellata Willd. Int
J Pharmacy & Pharm Sci 2010; 2: 61-63.
www.cancervax.com/info/index.

Vecchia, CL and Tavani A. Fruits, vegetables, and human cancer.
Eur. J. Cancer 1998; 7: 3-8.

Dey SK, Banerjee D, Chattapadhyay S and Karmakar KB.
Antimicrobial activities of some Medicinal Plants of West
Bengal. International Journal of Pharma and Bio Sciences 2010;
1(3): 1-10.

Okwu DE. Phytochemicals and vitamin content of indigenous
spices of South Eastern Nigeria. J. sustain Agric. Environ 2004;
6:30-34.

Gilani SJ, Khan SA, Siddiqui N, Verma SP, Mullick P and Alam O.
Synthesis and in vitro antimicrobial activity of novel N-(6-
chlorobenzo[d]thiazol-2-yl) hydrazine carboxamide
derivatives of benzothiazole class. ] Enzyme Inhib Med Chem
2011; 26(3): 332-40.

Babula P, Adam V, Havel L and Kizek R. "Naphthoquinones and
their pharmacological properties". Ceska Slov Farm 2007;
56(3): 114-120.

Block JH and Beale JM. Central Nervous System Depressant.
Wilson and Gisyold’s textbook of Organic medicinal and
pharmaceutical ~chemistry. Philadelphia, Pa.: Lippincott
Williams and Wilkins. 2004; p.495.

560



