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Abstract

Plant-based therapies are practiced for various human and veterinary ailments since time immemorial. The present study
is concerned with finding the anti-breast cancer potential of a novel polysaccharide isolated from the methanolic extract
of Tinospora cordifolia stem. The compound tested on MCF-7 and MDA-MB-231 proved to have potential to induce death
of both the cell lines with IC, at 100 uM, as revealed in MTT, and LDH assays, and AO/EtBr staining. DNA fragmentation
studies indicated damage to DNA. Flow cytometric analysis showed polysaccharide-induced cell cycle arrest at G2 /M phase
in both the cell lines. Western blot studies made it evident that the polysaccharide inhibits cell cycle progression via change
in the expression of cell cycle regulators such as Cyclin D1, Cyclin D3 and p18 INK4. In the in-silico approach the structure
of the compound was drawn using ChemSketch and the ADME/T properties of the compound were analyzed using Accord
for Excel software. The compound possesses good ADME/T properties required for an active drug. The compound was
found to possess anticancer efficacy via its effect on cell cycle regulatory proteins in the breast cancer cell lines and also
satisfied the ADME/T properties of a drug. Hence, the novel compound isolated from T. cordifolia stem may be evaluated

further so as to develop it as a breast cancer drug.
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1. Introduction

Breast cancer is one of the frequently occurring cancers
among women and its incidence has been increasing
globally™ 2. Etiology of cancer involves change in sev-
eral regulatory processes of which alteration in cell cycle
regulation is a key event. Regulation of cell cycle involves
a number of protein kinases such as cyclin-dependent
kinases (CDKs), which interact with specific cyclins to
initiate cell cycle end regulate its progression through the
different phases®. The interaction between these cyclins
and CDKs can be altered by several CDK inhibitors
(CKIs). The CKIs of INK4 family (p15 INK4b, p16 INK4a,
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p18 INK4c, and p19 INK4d) directly bind to specific
CDKs and inhibit the interaction of cyclins with CDKs!*
*l. The Cip/Kip family of CKIs (p21 CIP1, p27 KIP1, and
p57 KIP2) are those that inhibit the formation of cyclin-
CDK complex and thereby inactivate them!®*. Abnormal
cell proliferation that is usually noticed in cancer condi-
tions is also due to genetic change in the regulation of
these proteins®.

Tinospora cordifolia (Willd.) Miers (T. cordifolia)
(Menispermaceae) is a medicinal herb that is used to treat
several human ailments'”. The plant has been reported
as cytotoxic to tumor-associated macrophage-derived
dendritic cells!"!. Stem of T. cordifolia is widely included
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in traditional folk medicines in India/"?.. An alkaloid, pal-
matine, isolated from the stem of T. cordifolia was shown
to exhibit anticancer activity against DMBA-induced
tumors in Swiss albino mouse!”®.. The polysaccharide
fraction from T. cordifolia was found to be highly effec-
tive in reducing the metastatic potential of B16-F10 mela-
noma cells!'¥l. The plant extract or compounds in it acted
as anticancer agents against skin carcinoma!™, hepato-
cellular carcinoma'®, Ehrlich ascites carcinoma!'”, and
breast cancer’®l, Radioprotective effect of the compounds
was also demonstrated..

In an earlier paper we reported that methanolic extract
of T. cordifolia stem was an excellent anti-diabetic agent
against streptozotocin (STZ)-induced diabetic rats®. A
novel polysaccharide present in the methanolic extract of T.
cordifolia stem was shown to possess hypoglycemic activ-
ity in STZ - induced diabetic Wistar rat, and application
was filed for Indian patent (4832/CHE/2012)"?". The pres-
ent study was aimed at evaluating the anticancer efficacy
of a polysaccharide present in the methanolic extract of T.
cordifolia against MCF-7 and MDA-MB-231 human breast
cancer cell lines. The study was specially directed towards
finding if the compound targets cell cycle regulatory pro-
teins to induce apoptosis in the breast cancer cell lines.

2. Materials and Methods

2.1 Chemicals

Acridine orange (AO), ethidium bromide (EtBr),
dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide (MTT) and
Dulbeccos modified Eagle’s medium (DMEM) were
purchased from Sigma Chemical Co., USA. Trypsin-
ethylenediaminetetraacetic acid (EDTA), fetal bovine
serum (FBS) and antibiotics-antimycotics were purchased
from Gibco, Canada. Antibodies used for western blot-
ting were procured from Cell Signalling Technologies,
USA. Phosphate buffered saline (PBS) was procured from
Himedia Chemicals, Mumbai. All solvents were obtained
from Fischer Scientific Ltd., India. All the chemicals used
were of extra pure and culture grade.

2.2 Plant Material

T. cordifolia stem was collected from Tirunelveli District,
Tamil Nadu, India. The species was identified and authen-
ticated by Dr. Roseline, Plant taxonomist, Department of
Botany, Holy Cross College, Tiruchirappalli, Tamil Nadu,
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India, and a reference sample is kept in the College her-
barium. The stem was shade-dried, cut into small pieces
and coarsely powdered. The coarse powder was used for
isolation of the novel polysaccharide.

2.3 Isolation of the Novel Polysaccharide

Methanolic extract T. cordifolia stem was chromato-
graphed over separate silica gel column (Acmess silica
gel, 100-200 mesh size, 750gm, 3.5 i.d. x 60 cm) and suc-
cessively eluted with stepwise gradient of hexane, ethyl
acetate and methanol solvent system (5%, 10%, 20%, 30%,
50%, 70% and 100%). The various fractions obtained were
pooled together based on similarity of Rf values obtained
in thin layer chromatography to obtain fraction 3 and
the fraction was further eluted with a stepwise gradient
of ethyl acetate: metahnol (9:1) solvent system to obtain
sub-fractions. Sub-fractions 11-69 were having similar Rf
values and were pooled to acquire pure individual com-
pound®!. This methodology of isolation process for the
novel compound has been submitted for Indian patent
(4832/CHE/2012).

2.4 Structure of the Novel Polysaccharide

The structure of novel polysaccharide was drawn and val-
idated by analyzing the properties of the structure such
as molecular weight and molecular formula using ACD/
ChemSketch™ software.

2.5 Prediction of ADME/T

ADME/T properties of the novel polysaccharide were
calculated using Accord for Excel 6.1 version software.
Based on the structure of the compound all the param-
eters involved in analysing the ADME/T properties were
calculated.

2.6 Cell Lines

Human breast cancer cell lines MCF-7 and MDA-MB-231,
and normal breast epithelial cell (MCF-10A) were pro-
cured from ATCC and cultured in DMEM culture
medium with 10% FBS at 5% CO, and 37 °C. Cells were
passaged using trypsin-EDTA to 70-80 % confluence.

2.7 Sample Preparation

Stock solution of the novel compound at 1 mM concen-
tration was prepared in DMSO. From the stock, samples
were prepared at different micromolar concentrations (5,
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10, 20, 40, 80, 100 and 150) in serum-free medium (SFM)
for the test. The concentration of DMSO was aimed not
to exceed 0.01%.

2.8 Cell Viability Assay

Viable cells were measured by a colorimetric assay com-
posed of solutions of a tetrazolium compound MTT
(dimethyl thiazolyl tetrazolium bromide). MTT is metab-
olized by cells into a formazan product that is soluble,
and the absorbance of formazan is measured at 570 nm.
The cells (MCF-7 and MDA-MB-231) were seeded at a
density of 5 x 10° cells/well, in a 96-well plate and incu-
bated for 24 h at 37 °C in CO, incubator at 5% CO,. After
attachment, cells were washed with 1 x PBS, and then
serum-free medium (SFM) was added and incubated for
12 h. Cells were added to fresh medium containing differ-
ent concentrations of the compound and incubated for 24
h. Then, the medium was removed and washed twice with
1 x PBS, and 100 uL of MTT (0.5 mg/mL) solution was
added to each well and incubated for 3 h. After incuba-
tion 100 puL of DMSO was added for solubilization of cells
and incubated in dark for 1 h. Intensity of the color that
developed was read at 570 nm in an ELISA plate reader.
The cell viability was calculated as follows:

% cell viability = absorbance of treated cells/
absorbance of control cells x 100.

Five different observations with each concentration of the
compounds were performed and the concentration that
gave 50% reduction in the number of live cells (IC, ) was
determined.

2.9 Assessment of Cell Viability Adopting
LDH Assay

The cytotoxic nature of the compound was determined
adopting colorimetric assay. Each cell was seeded at a den-
sity of 5 x 10° cells/well, in a 96-well plate and incubated
for 24 h at 37 °C in 5% CO, incubator. After attachment,
cells were washed with 1 x PBS and then serum-free
medium (SFM) was added and incubated for 12 h. Fresh
medium containing different concentrations of the com-
pound was added to the wells and incubated for 24 h.
Cells were then harvested and the assay was carried out
using LDH assay kit procured from Agappe Diagnostics,
Kerala, India. One hundred microliters of the sample was
mixed with the working reagent (10:1000) and incubated
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for 1 min at 37 °C and read in an ELISA plate reader at
340 nm. The percentage of cells with LDH leakage was
calculated according to manufacturer’s instruction.

2.10 Detection of Cell Death

The ability of the compound to induce cell death in the
cell lines was determined by AO/EtBr dual staining. Cells
were grown on cover slips in a 24-well plate with 1 x 10°
cells/well for 24h. Cells were then treated with IC, con-
centration (100 uM) of the compound for 24 h. After
incubation, 5 pL of AO (1 mg/mL) and 5 uL of EtBr (1
mg/mL) were added and live and dead cells were recorded
using a fluorescent microscope.

2.11 DNA Fragmentation Assay

The control and compound-treated (100 uM) breast can-
cer cells (both adherent and detached) were harvested and
washed with 1 x PBS. Approximately 1.8 x 10° cells were
lysed with a lysis buffer composed of 50 mM Tris-HCl,
10 mM ethylenediaminetetraacetic acid (EDTA)-4Na and
0.5% sodium-N-lauroyl sarcosinate (pH 7.8). The lysates
were incubated in the lysis buffer containing 0.33 mg/mL
RNase A at 50 °C for 30 min and then further incubated
in the lysis buffer containing 0.33 mg/mL proteinase K at
50 °C for 30 min.

Equal amounts of DNA were electrophoresed on 2.0%
agarose gel and visualized in UV light.

2.12 Cell Cycle Analysis

The cells were cultured at a density 5 x 10°/well in a
24-well plate containing 1 mL of complete medium. After
24 h, the medium was changed to serum free medium and
incubated for 24 h. Cells were then treated with and with-
out 100 uM of the polysaccharide and incubated for 24
h. After incubation, both floating and adherent cells were
collected and centrifuged at 1500 rpm for 5 min at room
temperature. The cell pellets were gently re-suspended in
1 x PBS and fixed overnight at 4 °C in the fixing solution
(15% FBS and 15% PBS in 70% ethanol). The cells were
centrifuged at 1500 rpm for 5 min at room temperature.
Cells pellets were washed twice with cold 1 x PBS and
incubated for 1 hr at room temperature in 500 pL prop-
idium iodide (PI) solution containing 0.05 mg/mL PI, 0.1
mm EDTA, and 0.05 mg/mL RNase A in PBS. The per-
centages of treated and un-treated cells in various stages
of cell cycle were determined using FACSCalibur cell
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sorter (BD Biosciences, San Jose, CA, USA) and analyzed
by Flow Jo 7.5.5 (Tree Star, Ashland, OR, USA).

2.13 Protein Preparation

MCF-10A normal breast cells, control MCF-7 and
MDA-MB-231 breast cancer cells and 40 uM polysaccha-
ride treated MCF-7 and MDA-MB-231 cells were washed
with 1 x PBS, and 600 uL of RIPA buffer containing pro-
tease inhibitor cocktail was added to the cells. The cell
lysates were then subjected to centrifugation for 15 min
at 10,000 rpm at 4 °C. The supernatants were collected
as protein samples and the concentration of protein was
determined by Lowry’s method®.

2.14 Protein Expression Analysis

The protein samples obtained as above (50 pg) were elec-
trophoresed in SDS polyacrylamide gel and the separated
proteins were transferred to a PVDF membrane. The non-
transferred sites in the membrane were blocked using
5% blocking solution for 1 h. After blocking, the mem-
brane was washed using TBS and TBST, and incubated
overnight with the primary antibodies against Cyclin D1,
D3 and p18 INK4c (1:1000) in TBST, with B-actin as the
loading control. After a rinse, the membrane was incu-
bated for 1 h with the secondary antibody-HRP conjugate
(1:5000) in TBST. Protein bands were detected using
enhanced chemiluminescence kit and quantified using
Quantity One Software.

2.15 Statistical Analysis

The data were subjected to statistical analysis using one-
way analysis of variance (ANOVA) followed by Duncan’s
multiple range test to access the significance between
groups at a level of p<0.05 using SPSS 17.0 version.

3. Results

3.1 ADME/T Properties of the Novel
Polysaccharide

The structure of the novel polysaccharide (Figure 1),
drawn and validated using Chemsketch, was used for
its ADME/T property calculation. The ADMET prop-
erty of the compound thus calculated is given in Table
1. The novel compound was found to possess a satis-
factory level of absorption and good solubility with
no blood-brain barrier (BBB) penetration and hepato-
toxicity.

Molecular Formula =C,H,0

247 427N
= 666.57768
= C(43.24%) H(6.35%) O(50.40%)
=13824 +04 cm?
=3628+50cm’
Parachor =12133 +6.0cm?
Index of Refraction = 1687 + 003
Surface Tension =125.1 £ 5.0 dyne/cm
Density =183 +01g/kem?
Dielectric Constant = Not available
Polarizability =5480+0510%cm?

Monoisotopic Mass = 666.221858 Da
Nominal Mass = 666 Da

Formula Weight
Composition
Molar Refractivity

Molar Volume

Average Mass =666.5777 Da

M+ = 666.22131 Da

M- = 666.222407 Da
[M+H]+ = 667.229135 Da
M+HJ- = 667.230232 Da
M-H]+ = 665.213485 Da
M-H]- = 665.214582 Da

Figure 1. Structure and physiochemical properties of the

novel polysaccharide drawn using ChemSketch

Table 1. ADME/T properties of the novel polysaccharide

Components of ADME/T studies Novel polysaccharide Properties of novel polysaccharide
Aqueous solubility level 1 Good solubility

BBB penetration 4 No penetration

CYP2D6 0 Non-inhibitor

Hepatotoxicity 0 Non-toxic

Human Intestinal Absorption 3 Satisfactory absorption

Protein binding level 0 No binding
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3.2 Antiproliferative Effect of Polysaccharide

The effect of the novel polysaccharide on viability of
MCEF-7 and MDA-MB-231 breast cancer cell lines was
analyzed using MTT assay (Figure 2). Increase in the
concentration of the compound caused a sequential
decrease in the percentage of cell viability compared to
the untreated cells. The cytotoxic potential of the com-
pound on breast cancer cell lines was identified adopting
LDH assay (Figure 3). The compound-treated cells were
found to exhibit an increase in LDH leakage in a dose-
dependent manner. Both the assays confirmed the
compound-induced death of MCF-7 and MDA-MB-231
cells and 50% decrease of cell viability, IC, , was found at

50’
100 pM concentration of the compound.
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Figure 2. Effect of the novel polysaccharide on viability
of breast cancer cells. Each bar represents the mean + SEM
of six independent observations. *’represents statistical
significance between control and compound-treated groups

atp <0.05.
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Figure 3. Cytotoxic effect of the compound on breast cancer
cells. Each bar represents the mean + SEM of six independent
observations. *’represents statistical significance between
control and compound-treated groups at p < 0.05.

Vol 21 (1) | June 2017 | http://www.informaticsjournals.com/index.php/jer/index

3.3 Compound-Induced Breast Cancer Cell
Death

The ability of the polysaccharide to induce death of the
breast cancer cells was confirmed by AO/EtBr dual stain-
ing. The fluorescent microscopic analysis revealed that the
untreated MCF-7 and MDA-MB-231 cells were found to
be stained in uniform green color indicating viable cells
and the compound-treated cells were found to fluoresce
in green and orange, where the presence of orange-col-
ored cells indicated induction of cell death (Figure 4).

Figure 4. Ability of the novel polysaccharide to induce
cell death. (A) Untreated MCF-7 cells; (B) Compound-
treated MCF-7 cells; (C) Control untreated MDA-MB-231
cells; (D) Compound-treated MDA-MB-231 cells. Control
cells were uniformly in green fluorescent live cells and the
compound-treated cells fluoresced in bright red indicating
cell death (x200).

3.4 Effect of the Polysaccharide on DNA

The polysaccharide-mediated induction of apoptosis
was analyzed in terms of its action on the DNA of breast
cancer cells (Figure 5). When treated with the polysac-
charide (100 uM) for 24 h, the DNA pattern of the MCF-7
and MDA-MB-231 cells was found to be altered, with
the occurrence of fragmentation, whereas no such frag-
mentation pattern was observed in the DNA of untreated
cancer cells. Such DNA fragmentation in the compound-
treated cells revealed that the polysaccharide induced cell
death via apoptosis.
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Figure 5. DNA fragmentation induced by the novel
polysaccharide. L1-DNA ladder; L2-DNA of untreated
MFC-7 cells; L3-DNA of compound-treated MCF-7 cells;
L4-DNA of untreated MDA-MB-231 cells; L5-DNA of
compound-treated MDA-MB-231 cells.

3.5 The Polysaccharide-Mediated Cell Cycle
Arrest

The mechanism of action of the polysaccharide in induc-
ing breast cancer cell death via the induction of cell cycle
arrest was analyzed using flow cytometry (Figure 6).
The polysaccharide-treated cells were found to show cell
cycle arrest with 20.15% cells remaining at G2/M phase
compared to only 9.07% untreated MCF-7 cells. Similar
was the trend in the case of MDA-MB- 231 cells treated
with the polysaccharide, as 27.2% of the treated cells were
struck in cell cycle arrest in the G2/M phase whereas only
9.8% untreated cells were arrested at this phase. The poly-
saccharide induced accumulation of cells at G2/M phase
with significant arrest of cells at this phase compared to
untreated breast cancer cells.

3.6 Effect of the Compound on Cell Cycle
Regulators

The compound-mediated change in the expression of cell

cycle regulatory proteins (Cyclin D1, D3 and p18INK4c)

in MCF-7 and MDA-MB- 231 cells was analyzed and
compared with their expression in normal breast epithe-
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Figure 6. 'The polysaccharide-mediated cell cycle arrest. (A) Untreated MCEF-7 cell; (B) Compound-treated MCEF-7 cell; (C)
Untreated MDA-MB-231 cell; (D) Compound-treated MDA-MB-231 cell. Each value is mean + SEM of three independent
observations, with statistical significance between control and treated groups. a: p<0.05 by comparison with G1 phase of
control cells, b: p<0.05 by comparison with G2/M phase control cells.
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lial cells (Figures 7, 8 and 9). Cyclin D1 and D3 proteins
were found to be upregulated in both the breast cancer

these proteins. The expression level of p18 INK4c was
found to be decreased in breast cancer cells compared to

MCF-10A cells. The compound treatment caused signifi-
cant increase in the expression of proteins in the cancer

cells compared to normal cells and it was found that the
polysaccharide caused a decrease in the expression of
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Figure 7. Effect of the polysaccharide on cell cycle regulator Cyclin D1 on (A) MCF-7, and (B) MDA-MB-231 cells. Each
bar represents mean + SEM of three independent observations, with statistical significance between control and the treated
groups at p < 0.05 - @’ compared with MCF-10A normal control; ‘b’-compared with respective cancer control.
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Figure 8. Effect of the polysaccharide on cell cycle regulator Cyclin D3 on (A) MCF-7 and (B) MDA-MB-231 cells. Each
bar represents mean + SEM of three independent observations, with statistical significance between control and the treated
groups at p < 0.05 - @ compared with MCF-10A normal control, ‘b’-compared with respective cancer control.
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Figure 9.

Effect of the polysaccharide on cell cycle regulator p18 INK4c on (A) MCF-7 and (B) MDA-MB-231 cell. Each

bar represents mean + SEM of three independent observations, with statistical significance between control and the treated
groups at p < 0.05 - @’ compared with MCF-10A normal control, ‘b’-compared with respective cancer control.

cells. The compound-mediated alteration in the expres-
sion of proteins was found to be similar to the protein
expression levels in normal breast epithelial cells.

4. Discussion

In general, there is a great emphasis towards research on
complementary and alternative medicines for cancer man-
agement!. Biologically active molecules from plants are
found to be non-toxic and are used as alternative cancer
therapeutic agents®. In the present study, a novel poly-
saccharide was isolated from the methanolic extract of T.
cordifolia stem and its anticancer efficacy against a human
breast cancer cell line (MCF-7 & MDA-MB-231) was
explored. Screening and identification of lead molecules
via computational tools lessen the burden of laboratory
experiments to a great extent. ADME/T property predic-
tion of a molecule is one of the most critical stages in drug
discovery, and the molecule can survive in Phase I clinical
trial only if it satisfies these properties'**. Computational
prediction of ADME/T studies involves the analysis of
properties of a compound related to its absorption, distri-
bution, metabolism, excretion and toxicity levels, which
includes HIA, aqueous solubility, BBB, CYP2D6 inhibi-
tion, hepatotoxicity properties and protein binding levels
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of a drug. In the present study, ADME/T properties of the
novel polysaccharide were predicted and it is evident that
the novel polysaccharide possesses appropriate ADME/T
properties with satisfactory levels of absorption and no
BBB penetration and hepatotoxicity.

Towards predicting the properties of the novel com-
pound as a drug molecule adopting in-silico tools, the
compound was experimentally explored for its antican-
cer potential to induce apoptosis. Apoptosis is referred to
as programmed cell death which involves loss of plasma
membrane integrity, fragmentation of DNA and forma-
tion of membrane-bound apoptotic bodies®!. Analysis
of induction of apoptosis in cancer cells is a valuable tool
for development of a cancer therapy, and the agents that
are capable of inducing apoptosis could be potentially
developed as cancer chemotherapeutic drugs. In the pres-
ent study, the novel polysaccharide was found to inhibit
the growth and proliferation of breast cancer cells with
decrease in cell population. Cytotoxicity is marked by LDH
leakage, which depends on loss of membrane integrity'”.
The novel compound mediated a significant level of LDH
leakage in MCF-7 cells, indicating its cytotoxic efficacy.
Induction of cell death by the novel compound was studied
using AO/EtBr dual staining. In accordance with the stain-
ing principle of Spector et al.?®), the present study revealed
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uniformly green fluorescing viable untreated cancer cells
and the cells treated with the novel compound were found
to be red-fluorescing, indicating the loss of membrane
integrity with induction of apoptosis upon compound
treatment®!. Apoptosis is correlated with induction of
cleavage of DNA at the internucleosomal linker sites to
produce DNA fragments, which occurs through the action
of endogenous endonucleases®. Fragmentation of DNA
by the novel compound indicates the targeted action of the
compound to induce apoptosis in breast cancer cells.

Cell cycle regulation is another key phenomenon
involved in inducing apoptosis, where deregulation of nor-
mal cell cycle is observed in cancer cells. Induction of cell
cycle arrest in such abnormal cells allows the cells to repair
their defect and thereby prevent transmission to daugh-
ter cells®!l. Several anti-cancer drugs are known to block
cell cycle at G2/M phase and induce apoptosis®?. In the
present study, treatment with the novel compound caused
accumulation of cells in G2/M phase and thereby arrested
the cell cycle. This may be attributed to alteration in acti-
vation and expression of cell cycle regulatory proteins that
contribute to change in cell cycle progression. In cancer
conditions the positive cell cycle regulators are found to
be upregulated and the negative regulators are downregu-
lated. Expression of cyclin D1 and D3 proteins was elevated
in several cancers, where the condition enhanced tumor
progression and metastasis®* . It was also reported that
apoptosis is induced when there is an upregulation of p18
INK4c and inhibition of binding of CDK-4 with cyclin D
and thereby inhibition of cell cycle progression®!. Hence,
the reduction in the expression of cyclin D1 and D3 pro-
teins and the upregulation of p18 INK4c protein induced
by the polysaccharide in MCF-7 and MDA-MB-231 cells
in the present study show that change in the expression
of these proteins inhibits cell cycle progression in breast
cancer cells. Thus, the present study shows the action of
polysaccharide isolated from T. cordifolia on cell cycle reg-
ulations to induce apoptosis in breast cancer cells.

Thus, from the present study it is evident that the novel
polysaccharidic compound isolated from T. cordifolia stem
is an effective and active principle against breast cancer
under in-vitro condition. The compound was found to be
potential at 100 pM concentration, with considerable cell
death due to leakage of LDH. Fluorescent staining stud-
ies also reiterated the efficacy of the compound to induce
breast cancer cell death. Fragmentation induced by the
compound in the DNA of these cells and the cell cycle arrest
at G2/M phase explain the targeted action of the novel
compound. The mechanism of action of the compound
in inducing apoptosis via its action to alter the regulation
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of cell cycle regulators indicates the mode of action of the
compound. The compound was also found to satisfy the
ADME/T proper of a drug. Thus, the study reveals the anti-
cancer potential of the novel compound and it can be fur-
ther explored for use in for breast cancer therapy.
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