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Abstract:

Background: Wedelia trilobata (L.) Hitch (WT), commonly known as yellow dots or creeping daisy, is a shrub
possessing potent biological activities, and is traditionally used a medicinal plant in Ayurveda, Siddha and Unani
systems of medicines, and it has also been tried against leukemia cell line MEG- O1. In the present study, purification
and screening of the plant was done for bioactive compounds in methanolic extract of WT for apoptotic and anti-
leukemia activity.

Materials and methods: The methanolic extract of WT was initially purified through thin layer chromatography
(TLC) and screened for the apoptotic and anti-leukemia activities. The positive band of TLC was subjected to silica gel
column chromatography for further purification and the fractions obtained from it were screened again for anti-
leukemia activity through thymidine uptake assay and apoptotic activity by DNA fragmentation, nuclear staining and
flow cytometry assays. The fraction with positive result was subjected to HPLC for analysis of bioactive components.
Results: Out of many combinations of solvents, the methanol and dichloromethane combination in the ratio 6:4 has
revealed two bands in TLC, among which the second band showed positive results for apoptotic and anti-leukemic
activities. Further purification of second band through silica gel chromatography gave five fractions in which the 3"
fraction gave positive results and it shows single peak during compositional analysis through HPLC.

Conclusion: The single peak revealed through HPLC indicates the presence of pure compound with apoptotic and anti-
leukemia activities encouraging for further structural analysis.
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Introduction:

Approach towards natural products, like plant extracts, for healthcare needs is increasing consistently due to
the side-effects of chemically synthesized drugs and the decrease in the potency of these drugs for effective treatment is
due to the development of resistance by various pathogens. As per WHO, more than 80% of the world’s population
depends on traditional medicine. Though traditional medicine being less potent in its action compared to chemically
synthesized drugs, it has many other advantages, such as: minimal side-effects and maintaining being effective for the
disease. Bioactive compounds from plant extracts provide unmatched chemically diverse compositions possessing the
biological activity such as anti-microbial, anti-oxidants, anti-cancer, analgesic etc., which can be used to treat infectious
as well as chronic diseases (Veeramuthu et al. 2006). Certain plant extracts like diterpenes possessing basic biological
activity are also used as structural building block to synthesize bioactive compounds (Barrero et al. 2012; Barrero et al.
2006). Relying on the plant extracts for drug discovery and designing is a neve rending process which also gives
maximum possibility for combinatorial treatment with other drugs to increase the effectiveness.

Leukemia, one of the major diseases in the world, has a statistical record of 1,450 deaths in United States

during 2015 and overall survival rate of adults with ALC is very less (American Cancer Society. 2015). Though
advanced treatment strategies were being developed against leukemia in parallel drug designing through traditional
method via plant extracts place an important role to create wide range of cost effective treatment.
Asteraceae family plants are well known for its biological activities like antimicrobial, antifungal, antioxidant (Casiglia
et al. 2016; Na An et al. 2016) and anticancer activity. Methanolic extract of Wedelia trilobata (Asteraceae family) has
shown anti-leukemia activity (Uday et al. 2016), fortified by the previous results, here we have purified and screened
further for the anti-leukemic activity. Chromatographic techniques like TLC and HPLC was employed for the stepwise
screening of positive fractions and studied for their anti-leukemia and apoptotic assays using MEGO1 cell lines.
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Figure 1. A brief explanation of the entire process done in the study

\

Materials and methods:
Collection of plant and obtaining crude extracts of Wedelia trilobata:

The characteristic features for identification of plant and its habitat and also procedure for the preparation of
plant extracts of Wedelia trilobata has been followed as explained earlier (Uday et al. 2016).
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Thin layer chromatography (TLC)

This is the rapid and inexpensive method for the identification of number of compounds present in a crude
sample and for the separation of plant extracts into different fractions (Sasidharan et al. 2011). The TLC plates of size
15cmin length and 8cm in width along with 0.5mm thickness (E. Merck, Germany) were used. The extract was spotted
on the plate and solvent front was made to run up to 10 cm. Then the plates were dried and visualized under UV light.
The two combination systems of solvents with different concentration ratio were used to separate the compositional
mixtures in methanolic extract of the plant as mentioned below. The bands obtained were scraped from the plate and
dissolved in methanol. The mixture was then centrifuged to separate from silica and the obtained supernatant was
further used for antiproliferation and apoptotic assays.

Table 1: TLC done with the mentioned solvent combinations at different ratios with the results as noted.

Solvent combination taken in the ratio | Observation

of 1:91t09:1

Methanol : hexane No separation

Methanol: petroleum ether Smear formation

Chloroform : hexane No separation

Chloroform: pet. ether No separation

Methanol : dichloromethane At the ratio of 6:4, two bands were obtained

Activity analysis of the fractions obtained from TLC:

Cell line culture and Thymidine uptake assay: 5 x 10* MEG-01 human Megakaryoblastic cells (Sigma Aldrich,
India) were seeded per well and cultured in RPMI 1640 (Sigma Aldrich) supplemented with 10% Fetal Bovine Serum
(FBS) and 5% CO, at 37°C for 24h. When the cells becomes 80% confluent, 1pl (uCi/ml) of [3H] Thymidine was
added and followed by the addition of TLC separated samples in a quantity of 2pl, 4pl and 8ul respectively. After 48h
of incubation, the media was removed and cells were processed to measure the radioactivity using liquid scintillation
counter. The proliferation rate was correlated through graphical method (Giridharan et al. 2002; Belakavadi et al.
2005).

DNA fragmentation assay: The MEGO1 cells treated with TLC fractions and the untreated cells were subjected to
DNA isolation by incubation with lysis buffer for 1h at room temperature. The lysate was centrifuged to separate the
contaminants, then the DNA was precipitated using phenol: chloroform: isoamyl alcohol mixture. The precipitated
DNA sample was pooled out and dried through vacuum evaporator. The obtained DNA samples were assessed
electrophoretically in 1% agarose gel (Park et al. 2013).

Silica gel chromatography (SGC): The bulk quantity of the positive fraction was obtained through preparative TLC
method and subjected to further purification using silica gel (Merk) column chromatography (Fatma et al. 2016). The
minimum quantity of sample was dissolved in the solvent mixture of methanol and dichloromethane at 6:4 ratio and
loaded to the silica packed column. The five different fractions separated (confirmed through TLC) were collected and
used for the study of activity.

Activity analysis of the fractions obtained from Silica gel chromatography:

Thymidine uptake assay: The five fractions obtained from column chromatography were analyzed for the anti-
proliferation activity through thymidine uptake assay and the procedure was followed as explained in earlier methods
(Giridharan et al. 2002; Belakavadi et al. 2005).

Nuclear staining: The apoptotic activity of the five different column chromatography fractions was analyzed through
nuclear staining by (EtBr) Ethidium Bromide and Acridine orange solutions. The MEG-01 cells treated with the SGC
obtained fractions and the untreated cells were washed in ice-cold Phosphate buffer saline (PBS) and incubated with
3.7% paraformaldehyde for 10 min at room temperature for fixation of cells. The cells were washed again with PBS
and 4',6-diamidino-2-phenylindole (DAPI) solution was added to stain for 10 min at room temperature and cells were
rewashed with PBS and the fluorescent cell nuclei were analyzed through microscopy as reported earlier (Srinivas et al,
2003).

Flow cytometry analysis: The induction of apoptosis in MEG-01 cells by the sample (column purified third fraction)
was analyzed using BD Annexin V: FITC Apoptosis Detection Kit | (BD bioscience). The principle behind the study
was to analyze the translocated phosphatidylserine from inside to outer plasma membrane of the apoptotic cell which is
not present in the normal cells. Fluorochrome tagged Annexin V a Ca**- dependent phospholipid-binding protein has
high affinity towards phosphatidylserine and serves as a probe in flow cytometry assay (Donal et al, 2009). Propidium
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iodide a dye being impermeable into viable cells can easily penetrate inside dead cells due to the permeability of dead
cell membrane. Considering these features, the Annexin V and Propidium iodide were conjugated to use for the early
and late apoptotic detection.

The cultured treated and untreated MEG-01 cells were suspended and centrifuged for 5 min at room

temperature. The cell pellet was used according to BD Annexin V: FITC Apoptosis Detection Kit protocol and
analyzed the samples using flow cytometry.
HPLC: Compositional analysis of positive fraction obtained after column chromatography was done using a HPLC
system. The fraction was subjected to a reversed-phase HPLC on a semi preparative C-18 column, at 25 °C with the
DAD detector at wavelength 210 nm. Two solvent mixtures (solvent A is 100% methanol and solvent B is 100%
dichloromethane) were used for the elution. The column was equilibrated with solvent mixture in the ratio 1:1. After
injecting the sample of 20ul the elution was carried out at a flow rate of 1 ml/min for about 60 min (Panawan et al,
2015; Ji-Yeon et al, 2016).

Results

Thin layer chromatography: TLC was used to separate the crude plant extract into different fractions present if any in
the methanolic extract.

Figure 2: Thin layer chromatogram showing the separation of methanolic extract into two bands under UV light.
Thymidine uptake assay: Antiproliferation activity for TLC separated fractions were assayed on MEGO1 (human
Megakaryoblastic) cell line through thymidine uptake assay.

Thymidine uptake assay of TLC Product on MEG-01
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Figure 3: The reduction in cell proliferation of band 1 and band 2 along with increase in quantity has been indicated in
the graph. Among two bands, the band 2 showed prominent reduction in cell viability of MEGOL.

From the figure 3 it is confirmed that, the band 2 was having more anti-proliferation activity when compare to the band
1.

DNA fragmentation assay: Antiproliferation assay was also in correlation with the DNA degradation assay carried out
in our study for the two fractions separated by TLC. The figure 4 indicates that, the lane B2 shows clear fragmentation
of the sample indicating the apoptotic activity possessed by band 2 compounds.

e

Figure 4: lane B1 indicates the DNA sample treated with band 1, lane B2 indicates the DNA sample treated with band
2 and lane PC indicates the DNA sample treated with positive control.
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Silica gel Column Chromatography: Further dilution and elution of band 2 (obtained from TLC separation) through
column chromatography has resulted in five fractions. Approximately eight to ten ml of elution for each fraction were
collected (confirmed through TLC) and used for the study of activity.

Thymidine uptake assay: The fractions from column chromatography were analyzed for antiproliferation activity on
MEGO1 cells through thymidine uptake assay.

Thymidine uptake assay of fractions on MEGO1 cell
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Figure 5: The graph indicates the reduction of MEGOL1 cell proliferation rate by the column chromatography fractions
accordingly with increase in quantity.

Nuclear staining assay: Nuclear staining assay was processed to confirm the apoptotic activity of fraction 3. Nuclear
staining of MEGO1 cell in negative control shows the viable cells that are permeable only to Acridine orange causing
green fluorescence where as in positive control and fraction 3 treated cells shows orange fluorescence due to binding of
EtBr to nucleic acids and thereby indicating the apoptotic activity.
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Figure 6: Nuclear staining of MEGO1 cell with negative, positive control and fraction 3.

Flow cytometry analysis: Flow cytometry analysis for Fraction 3 was also done using BD Annexin V: FITC
Apoptosis Detection Kit | (BD bioscience) to estimate the apoptosis activity. The MEGO1 cells either untreated (Ctrl)
or treated with fraction 3 sample were subsequently stained with Annexin V and Propidium lodide (PI). The
logarithmic amplification of green and red fluorescent signals was measured by flow cytometry. Viable cells (LL) are
both Annexin V and PI negative. Early apoptotic cells (LR) bind to Annexin V but not to PI. Late apoptotic (UR) are
both Annexin V and PI positive. Some very late apoptotic cells (UL) stain with PI only.
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Figure 7: Detection of apoptotic cells through flow cytometry was done by Ca?*- dependent phospholipid-binding
fluorochrome tagged Annexin V along with Propidium lodide (PI).

HPLC: The composition analysis of fraction 3 was conducted through reversed-phase HPLC on a semi preparative
C18 column.
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Figure 8: HPLC chromatogram of 3" fraction, showed a single peak at retention time 3.65 minutes.

Discussion:

TLC: The initial separation of methanolic extract through TLC (Sasidharan et al. 2011) showed two prominent bands
with methanol and dichloromethane solvent mixture taken at the ratio 6:4 whereas, the separation was improper with
other solvent mixtures and ratios tried. Among the two bands obtained, the second band still retains certain color
mixture which may indicate the presence of different compositions. Before going to the further purification, the
characteristic analysis of both the bands was assessed for anti-proliferation and apoptosis activity.

Thymidine uptake assay: The thymidine uptake assay (Giridharan et al. 2002; Belakavadi et al. 2005) to check
antiproliferation activity in MEGOL cells was performed twice, first was done on the bands obtained from TLC and
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analyzed that the second band showed the reduction in proliferation of MEGO1 cells in comparison to the first band
indicating that band 2 posses more active compounds in it. Second on the fraction obtained through silica gel column
chromatography and in result the fractions 2, 3 and 4 showed the anti-proliferation activity among which the fraction 3
was more prominent. This gave the further lead to concentrate on fraction 3 for analysis.

DNA fragmentation assay: The apoptosis activity of TLC separated bands when checked with the DNA degradation
assay (Park et al. 2013) showed that, the band 2 possess the prominent bioactive compound having both
antiproliferation as well as the apoptosis activity. This made the band 2 a clear selection for further purification.
Nuclear staining assay: The apoptosis activity was analyzed for fraction 3 in comparison with the activity of 2-
Amino-N-quinolin-8-yl-benzenesulfonamide (Sigma Aldrich), taken as positive control. Both the positive control and
fraction 3 produced orange fluorescent with green fluorescent in background due to apoptotic activity indicating that,
the ruptured nucleus released apoptotic bodies containing DNA binds to EtBr and produced orange fluorescent
(Srinivas et al, 2003).

Flow cytometry analysis: Further analysis through flow cytometry using Ca®* dependent phospholipid-binding
fluorochrome tagged Annexin V along with Propidium lodide; the fraction 3 was confirmed that it has more apoptotic
activity. In the figure 7 the presence of cells in lower left square indicates the apoptotic cells and this clearly indicates
the apoptotic activity by fraction 3 (Donal et al, 2009).

HPLC: The HPLC analysis of fraction 3 produced a single peak at a retention time 3.65 min. The single peak and the
early elution indicate the presence of pure and polar compound (Panawan et al, 2015; Ji-Yeon et al, 2016).

Conclusion

The phytomedicines can be developed as an alternative and are relatively inexpensive than modern drugs
(Huang et al, 2006; Neelam et al, 2014). In our current study emphasis is laid on the apoptotic and anti-
leukemic activity of the phytoconstituent where in purification and analytical study of methanolic extract of WT
revealed a single peak in HPLC indicating the presence of pure compound with apoptotic and anti-leukemia activities
and encouraging for further study on structural analysis.
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