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ABSTRACT
Background: Turmeric (Curcuma longa) is reported to possess
wide array of biological activities. Herbal Medicament (HM) is a

standardized hexane-soluble fraction of C. longa and is well known for
its neuroprotective effect. Objective: In this study, we attempted to
synthesize a novel chemically modified bioactive fraction from HM (NCCL)
along with isolation and characterization of a novel marker compound ().
Materials and Methods: NCCL was prepared from HM. The chemical
structure of the marker compound isolated from NCCL was determined
from 1D/2D nuclear magnetic resonance, mass spectroscopy, and Fourier
transform infrared. The compound so isolated was subjected to in silico
and in vitro screenings to test its inhibitory effect on estrogen receptors.
Results: Molecular docking studies revealed that the binding poses of the
compound | was energetically favorable. Among NCCL and compound |
taken for in vitro studies, NCCL had exhibited good anti-cancer activity
over compound | against MCF7 MDA-MB-231, DU-145, and PC-3 cells.
Conclusion: This is the first study about the synthesis of a chemically
modified bioactive fraction which used a standardized extract since the
preparation of the HM. It may be concluded that NCCL fraction having
residual components induce more cell death than compound | alone. Thus,
NCCL may be used as a potent therapeutic drug.

Key words: Anti-cancer, Curcuma longa, isolation, molecular docking,
synthesis

SUMMARY

* |n the present paper, a standardized hexane soluble fraction of Curcuma longa
(HM) was chemically modified to give a novel bioactive fraction (NCCL). A
novel marker compound was isolated from NCCL and was characerized using
various spectral techniques. The compound so isolated was investigated for
in-silico screenings. NCCL and isolated compound was subjected to in-vitro
anti-cancer screenings against MCF 7, MDA MB 231 (breast adenocarcinoma)
and DU 145 and PC 3 cell lines (androgen independent human prostate
cancer cells). The virtual screenings reveals that isolated compound has

INTRODUCTION

Nature is one of the greatest chemist and plants are almost countless funds
of charming chemical constituent. Natural products and their derivatives
have been recognized for many years as a source of therapeutic agents.
The use of plants for medicines worldwide still immensely exceeds
the use of the current synthetic drug."! Turmeric is a spice derived
from the rhizomes of Curcuma longa, which is a member of the ginger
family (Zingiberaceae) which has been conventionally used in ayurvedic
medicine and in the preparation of food.”! C. longa contains various
bioactive components such as tannins, phenols, saponins, alkaloids,
flavonoids, glycosides, curcuminoids, and several volatiles oils including
variety of sesquiterpenes possessing neuroprotective, antithrombotic,
anti-inflammatory, and anti-cancer activities.® It has been reported
to possess antifungal,” antibacterial,® insecticidal,’”’ mosquitocidal,"
antioxidant,' and anti-cancer activities.?!
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shown favourable drug like properties. NCCL fraction having residual
components induces more cell death in these four cancer cell lines than
isolated compound alone.

Abbreviations used: HM: Herbal Medicament; NCCL: Chemically
modified HM; FTIR: Fourier transform-infrared spectroscopy;
NMR: Nuclear magnetic resonance spectroscopy; MS: Mass
spectroscopy; HPLC: High-performance liquid  chromatography;
ER: Estrogen receptor; MTT. 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium  bromide; MIC: Minimum inhibitory  concentration;
TAM: Tamoxifen KBr: Potassium bromide; DMSO: Dimethyl sulfoxide; ACN:
Acetonitrile; PDB: Protein Data Bank; PDA: Photodiode array detector.

Correspondence:

Dr. Arshi Nagvi,

Department of Chemistry, Faculty of Science,
Taibah University, P O. Box. 344,
Al-Madina Al-Munawwara,

Kingdom of Saudi Arabia.

Division of Pharmaceutics,
CSIR-Central Drug Research Institute,
B1/10 Jankipuram Extension,

Sitapur Road, Lucknow - 226 031,
Uttar Pradesh, India.

E-mail: arshi_84@yahoo.com

DOI: 10.4103/pm.pm_23_17

Access this article online
Website: www.phcog.com

Quick Response Code:

Our Institute had developed a standardized hexane-soluble extract of
C. longa rhizomes known by the name of Herbal Medicament (HM), as
an anti-stroke agent.'” It has shown potential neuroprotective activity
in neurovascular disorder, and the product was licensed to Themis
Medicare Ltd., Mumbai for further development as an anti-stroke agent.

This is an open access article distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix,
tweak, and build upon the work non-commercially, as long as the author is credited
and the new creations are licensed under the identical terms.

For reprints contact: reprints @ medknow.com

Cite this article as: Naqvi A, Malasoni R, Gupta S, Srivastava A, Pandey RR,
Dwivedi AK. In Silico and In Vitro anticancer activity of isolated novel marker
compound from chemically modified bioactive fraction from Curcuma longa (NCCL).
Phcog Mag 2017;13:S640-4.

© 2017 Pharmacognosy Magazine | Published by Wolters Kluwer - Medknow



ARSHI NAQVT, et al.: Chemically Modified Bioactive Fraction from Curcuma longa (NCCL)

Depending on the wide therapeutic array of C. longa, its chemically
modified fraction comprising compounds such as curcumene,
zingiberene, B-bisabolene, [-sesquiphellandrene, curzerene,
residual ar-turmerone, and some cyclic derivatives of the carbonyl
compounds, for  example,  7,7-dimethyl-5-(2-p-tolylpropyl)-6,
7-dihydro-1,3,4-oxadiazepin-2-amine (reaction product of ar-turmerone
with semicarbazide; compound I), herein referred as NCCL was
prepared. Since the anti-cancer effects of curcuminoids or turmerones
are well explored!"*'%! the effect of NCCL on these parameters, if any has
been not evaluated so far.

Therefore, in this study, we describe the synthesis and anti-cancer
screening of a novel chemically modified bioactive fraction NCCL from
HM. During this study, we identified a novel marker compound (I)
whose isolation, structural elucidation, in silico and in vitro screenings
has been reported in this study.

Estrogens play crucial roles in breast and prostate cancer development.
Therefore, much effort hasbeen devoted to block estrogen formation. 718!
Tamoxifen (TAM) is the most widely used therapy for antagonizing
estrogen receptor (ER) function as it binds to the ER receptor and blocks
downstream signaling.!"” Keeping this in mind, molecular docking study
of the newly isolated compound was carried out. Oral bioavailability
is a desirable property of compounds under investigation in the drug
discovery process. Lipinski’s rule of five is a simple model to forecast the
absorption and intestinal permeability of a compound.*?!! The isolated
marker compound obeys the Lipinski rule of five along with obeying
some additional parameters.”? It was then evaluated for anti-cancer
activity by 3-(4,5 dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay®! against MCF-7, MDA-MB-231 (breast
adenocarcinoma), DU-145 and PC-3 cells (androgen independent
human prostate cancer cells). The results of this study are also
documented herein.

MATERIALS AND METHODS

Hexane (95%), thiosemicarbazide (98%) was purchased from
Sigma-Aldrich (St. Louis, MO, USA). HM was prepared in the Medicinal
and Process Chemistry Division of Central Drug Research Institute,
Lucknow, Uttar Pradesh, India. Milli-Q pure water was obtained from
a Millipore Elix water purification system (Millipore India Pvt. Ltd.,
New Delhi, India). high-performance liquid chromatography (HPLC)
grade methanol and acetonitrile (ACN) were purchased from Merck
Ltd., (Mumbai, India). IR spectra was recorded using potassium
bromide (KBr) discs, on a PerkinElmer Spectrum RX1 infrared (IR)
spectrophotometer. 'H and "C nuclear magnetic resonance (NMR)
spectrawere recorded in dimethyl sulfoxide (DMSO) on Bruker DRX-300
(400 MHz) and JEOL AL300 Fourier transform (FT)-NMR (400 MHz)
systems; chemical shift (3) is reported in ppm using tetramethyl silane as
an internal reference. Mass spectra were recorded on Agilent 6520 mass
spectrometer. Elemental analysis was performed on Elementar’s Vario
EL III micro-analyzer.

Preparation of hexane soluble fraction (Herbal
Medicament)

Dried and powdered rhizomes of the C. longa (25 Kg) was taken in a
percolator and kept in freshly distilled hexane (40 L) for 48 h. After this,
hexane was drained and filtered. The extraction was carried out two
more times and combined filtrate was concentrated in vacuum at 40°C
at 300-mile bar. Finally, when around 1 L of concentrate is left, it is dried
over anhydrous sodium sulfate, filtered and further concentrated, first
at 300 mb and then under high vacuum to completely remove solvent
impurities. Yield of the oil: About 330 g (1.3%).*?
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Preparation of NCCL extract

NCCL was prepared from hexane soluble fraction of C. longa according
to our patented method.?* The hexane soluble fraction of C. longa
(HM, 5 g) was mixed with semicarbazide hydrochloride (10 g) and ethyl
alcohol (100 ml, 99% pure) with a few drops of glacial acetic acid, refluxed
for 48 h. Further addition of semicarbazide hydrochloride (10 g) at an
interval of 5-6 h was continued till the total amount of semicarbazide
hydrochloride came up to 50 g. The completion of reaction was
monitored by thin layer chromatography (TLC) and finally by HPLC for
the confirmation of complete removal of carbonyl portion. The reaction
mixture was cooled, filtered, residual portion was washed with ethyl
alcohol and filtrate was concentrated under vacuum. Further HPLC
grade hexane was added to the concentrate and refluxed for 5 h for the
extraction of NCCL from ethanol. It was filtered again and concentrated
under vacuum. No crystal formation was observed on retaining the
NCCL.

Chromatographic method for fingerprinting of
NCCL

Waters HPLC (Milford, MA, USA) system used was equipped with a
binary gradient pump (Model 515, Waters), an autosampler injector
(Model 2707, Waters) and a diode array detector (Model 2998, Waters).
Waters HPLC interface and Empower software by Waters corporation,
USA was utilized for data acquisition. The analytical column RP-18e B
Lichrosphere” (250 mm x 4 mm, 5 um, Merck, Germany) at 30°C + 3°C
was used for the study. The mobile phase included ACN water (70:30,
v/v) and was degassed before analysis using a Millipore vacuum pump.
Column effluent was monitored at 220 nm and 254 nm (photodiode array
detection) with a total runtime of 30 min. The flow rate was maintained
1.0 ml/min. and injection volume remained 20 uL.

Isolation and identification of active marker
compound (I) from NCCL

NCCL (200 mg) was dissolved in ACN (5 ml) and to it a few drops of
water were added and injected onto a prep HPLC column C18 (250 mm,
25 mm, 15 um, Phenominex). The flow rate was 12 mL/min with
isocratic flow of ACN and water (50:50, v/v). The peaks were monitored
at 220 and 254 nm and the total run time was 40 min. The fractions
were collected according to their ascent in absorbance. The fractions
containing compound I was separated and concentrated. This was
repeated for 3 times with 200 mg of sample loading. These fractions were
further analyzed through analytical HPLC. Its purity was established by
TLC and HPLC. Compound I was found to be 99.58% pure. Compound
I was characterized by employing different spectral techniques such as
FTIR, 'H, and “C NMR, mass.

Molecular docking studies (in silico)

Docking was used to predict the binding orientation of drug to their
protein target to in-turn predict the affinity and activity of drug which
includes docking of ligand to a set of grids describing the target
protein. The compound I was docked into the nucleotide-binding
pocket of the ERs structure using the program AutoDock 4.0.
Interestingly, this method applies a Lamarckian model of genetics,
in which environmental adaptations of an individual’s phenotype
are reverse transcribed into its genotype and become heritable
traits (sic). We have considered Lamarckian genetic algorithm, search
method which can handle ligands with more degrees of freedom
than the Monte Carlo simulated annealing and traditional genetic
algorithm method used in earlier versions of AutoDock, and that
the Lamarckian genetic algorithm is the most efficient, reliable,
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and successful. AutoDock 4.0, combines energy evaluation through
grids of affinity potential employing various search algorithms to
find the suitable binding position for a ligand on a given protein.
The structure of ligand molecule (compound I) was analyzed using
ChemDraw Ultra 8.0 by CambridgeSoft Corporation (Cambridge
Scientific Computing, Inc.), USA. 3D, coordinates were prepared
using PRODRG server. The protein structure file (Protein Data
Bank [PDB]: 210J and 2YJD) taken from PDB (www.rcsb.org/pdb)
was edited by removing the heteroatoms, adding C-terminal oxygen.
All torsions were allowed to rotate during docking. Steepest descent
methods were applied for minimization, using default parameters.
While docking, polar hydrogen’s were added to ligand using the
hydrogen’s module in AutoDock tool and thereafter, Kollman united
atom partial charges were assigned. Docking to ligand was carried out
with standard docking protocol on the basis a population size of 150
randomly placed individuals; a maximum number of 2.5 x 107 energy
evaluations, a mutation rate of 0.02, a crossover rate of 0.80 and an
elitism value of 1. Fifteen independent docking runs were carried
out for ligand and results were clustered according to the 1.0 A rmsd
criteria. The grid maps representing the proteins were calculated using
auto grid and grid size was set to 60 x 60 x 60 points with grid spacing
of 0.375 A. The active site, i.e., Arg-394 and Glu-305 in the protein
interacts with ligand of the substrate and gives increase to the catalytic
activity to test ligand that helps in determining the binding pattern
of the ligand to the active site of the ER. The docking results were
interpreted according to the.pdb file. We have used the coordinates
of the minimum energy run created in the.dlg which was determined
using the rmsd table created in the.dlg file itself. The coordinate of the
docked protein along with compound I was visualized using UCSF
chimera within 6.5 A region.

Anti-cancer activity (in vitro)

MCF-7, MDA-MB-231, PC-3, and DU-145 cells used in this study
were obtained from the American Type Culture Collection, USA
and were routinely maintained in Dulbeccos Modified Eagle
Medium (Sigma-Aldrich) supplemented with 10% fetal bovine
serum (Merck) and 1% antibiotic and antimycotic solution (Merck)
at 37°C in a humidified incubator with 5% CO,. All stock solution of
compounds (NCCL and compound I) was prepared in cell culture
grade DMSO and stored in —20°C. Compounds were diluted in culture
media before use in experiments. Cell viability was assessed using
MTT assay, which is based on the reduction of MTT by mitochondrial
dehydrogenases of viable cells to form a purple formazan product. In
brief, MCF-7, MDA-MB-231, PC-3, and DU-145 cells (5 x 10°/well)
were plated in 96-well plates. After incubating for overnight, the cells
were treated with different concentrations (200, 100, 50, 25, 12.5,
and 6.25 pg/ml, in triplicates) of NCCL and compound I for 48 h.
Subsequently, 10 uL of MTT (10 mg/mL) was added to each well
and incubated for 3 h. The MTT formazan formed by viable cells was
dissolved in 100 uL of DMSO and shaken for 10 min. The absorbance
was measured at 540 nm on an ELISA reader. Each test was repeated at
least 3 times. The concentration of the compound which gives the 50%
growth inhibition value corresponds to IC_, calculated using GraphPad
Prism 5 by GraphPad Software Inc.

RESULTS

HPLC fingerprinting of blank ACN, HM, and NCCL was done and
retention time and % peak area of HM and NCCL at 220 nm and 254 nm
is given in Table 1.

Compound I [Figure 1], was isolated from NCCL by preparative
HPLC. The fractions containing marker compound were separated
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Table 1: Retention time and percentage peak area of herbal medicament and
NCCL at 220 and 254 nm

HM NCCL
220 nm 254 nm 220 nm 254 nm
Rt % area Rt % area Rt % area Rt % area
1.967 0.04 1.233 0.02 1.659 0.21 1.722 0.17
2.105 0.15 1.518 0.02 2.032 0.06 2.143 1.32
2.478 2.07 1.710 0.11 2.259 0.07 2.388 0.98
3.374 1.99 1.990 0.14 2.513 1.39 2.570 1.68
3.850 3.64 2.223 0.45 2.801 0.38 2.795 2.35
4.243 0.04 2.481 6.23 3.095 2.47 3.163 2.90
4.601 1.67 3.168 0.30 3.365 3.27 3.719 11.44
5.134 0.79 3.428 0.64 3.772 2.08 4119 1.32
5.710 0.04 3.841 3.51 4.146 0.94 4.467 50.34
5.941 0.04 4.245 0.54 4.468 50.25 5.091 0.99
6.153 0.44 4.622 1.30 5.093 13.91 5.258 1.08
6.953 2.13 4,783 0.88 5.836 0.21 5.422 1.42
8.796 0.29 5.159 0.91 6.570 0.76 5.840 1.51
9.236 0.17 6.152 2.72 7.331 1.02 6.461 2.02
9.836 71.45 6.716 1.02 7.835 7.09 6.971 0.89
12.030 0.07 8.870 0.80 8.983 0.06 7.840 0.74
12.590 3.45 9.837 50.04 9.359 0.09 8.276 0.17
14.269 10.72 12.069 0.03 9.832 0.08 9.348 0.70
17.681 0.25 12.708 0.80 10.305 0.78 9.827 0.23
18.703 0.11 14.290 12.53 10.884 0.04 10.286 1.84
23.895 0.32 14.654 11.41 11.311 0.33 11.202 0.16
29.328 0.12 17.873 0.10 12.042 0.57 12.728 1.30
- - 18.720 4.23 12.639 1.74 14.969 0.02
- - 21.826 0.06 14.164 0.10 15.441 0.32
- - 22.473 1.15 15.428 0.28 16.042 0.25
- - 29.177 0.07 16.001 0.16 17.325 0.10
- - - - 17.401 1.63 21.849 0.13
- - - - 21.861 0.54 26.125 2.10
- - - - 23.798 0.14 29.146 11.40
- - - - 26.128 1.41 29.868 0.15
o = - - 29.146 7.95 - -
Rt: Retention time; HM: Herbal medicament
NH,

Figure 1: Structure of 7,7 dimethyl 5 (2 p tolylpropyl) 6, 7 dihydro 1,3,4
oxadiazepin 2 amine (compound I)

and concentrated under vacuum. The marker compound, I was
7,7-dimethyl-5-(2-p-tolylpropyl)-6,7-dihydro-1,3,
4-oxadiazepin-2-amine employing different spectral techniques such as
FTIR, 'H and *C NMR, Mass. The purity of compound I was checked by
TLC and HPLC and was found >99% pure.

characterized as

Infrared data

IR (KBr) (cm™): 3411.7, 3015.2, 1667.2, 1564.5, 1514.7, 1448.0, 1216.1,
1054.7, 759.7, 669.1, 544.7.

Pharmacognosy Magazine, Volume 13, Issue 51, July-September 2017 (Supplement 3)



ARSHI NAQVT, et al.: Chemically Modified Bioactive Fraction from Curcuma longa (NCCL)

Nuclear magnetic resonance data

'H NMR (400 MHz, DMSO-d,): § 7.13 (d, 2H, ] = 7.68), & 7.08
(d,2H,]=7.56),85.93(S,2H),83.01 (dd, 1H,] =6.90),52.5 (m,4H), § 2.24
(s, 3H), 8 1.31 (s, 3H), § 1.23(s, 3H), 5 1.18 (d, 3H, ] = 6.72).

13C NMR (400 MHz, DMSO-d,): § 155.41, 153.28, 142.96, 135.04, 128.86,
126.69, 61.66, 50.85, 37.98, 36.55, 26.00, 25.78, 22.29, 20.59.

Mass data

Mass: M/z 274.5 (M*+1), 275.6 (M*+2), HRMS m/z 274.1932 (M*+1),
275.1956 (M*+2).

Elemental analysis data
Anal. Calc. for C_H_N.O: C 71.04, H 8.77, N 14.62; Found: C 68.179, H

177725773
8.517, N 13.247.
The binding poses in the docking studies are energetically favorable. The
in vitro anticancer activity of NCCL and compound I was checked against
four cancer cell lines namely MCF-7, MDA-MB-231, PC-3 and DU-145
at concentrations of 200, 100, 50, 25, 12.5, and 6.25 pug/ml, in triplicates.
IC,, values in UM against various cell lines are given in Table 2.

DISCUSSION

NCCL was prepared from HM which is a hexane soluble fraction
of C. longa. Compound I, 7, 7-dimethyl-5-(2-p-tolylpropyl)-6,
7-dihydro-1,3,4-oxadiazepin-2-amine (C17H25N3O), was isolated from
NCCL by preparative HPLC. Compound I is characterized using 1D/2D
NMR, mass spectroscopy (MS) and FT-IR techniques. The base peak in
electrospray ionization-MS was found at M*+1 (274.5). In IR spectra, a band
at3411.7 cm™! indicated the N-H stretching of amine group, a strong band at
1514 cm™ indicated the presence of conjugation in cyclic imine (C=N-). The
presence of azine group (C=N-N=C) and amine group (-NH,) is indicated
at by the presence of peaks at 1564 and 759 cm™, respectively. Peaks at
1448 and 1054 cm™ indicated the presence of methyl groups (R-CH,)
and methyl benzene (C.H,-CH,), respectively. Cyclic ether (-C-O-C-)
and cyclic alkene with internal double bonds are indicated by peak at
1216 and 669 cm™, respectively. Peak at 544 cm™ indicated the presence
of monobranched alkane. '"H NMR spectra of compounds I gave a singlet
between 2.24 and 1.18 ppm which indicated the presence of three protons of
the methyl group (~CH,). Aiphatic-CH is indicated by the peak at 3.01 ppm.
Broad singlet at 5.93 ppm was found indicating two protons attached to the
nitrogen atom (~NH,). Peaks between 7.13 and 7.08 ppm indicated the
presence of protons of the aromatic ring of compound. C spectra clearly
supported the results obtained from '"H NMR spectra and also justified the
number of carbon atoms in corresponding compounds.

After the achievement of isolation and characterization of the
compound I, we performed in silico studies. To expose the specificity
of the ERs (Er-a and Er-f) toward the target compounds, docking
approach was carried out. Docking was used to predict the binding
orientation of compound I to its protein target to in turn predict the
affinity and activity of compound I which includes docking of ligand
to a set of grids describing the target protein. The target compound
I was docked into the nucleotide-binding pocket of the ERs alpha
and beta (PDB: 2I0] and 2YJD). A Lamarckian genetic algorithm
method, implemented in the program AutoDock 4.0, was employed.
The docking of the ligand molecule (I) reveals that the inhibitor
compound is exhibiting the bonding with one or the other amino
acids such as Arg-394 and Glu-305 in the active pockets [Figure 2].
Compound no. I had shown the minimum binding energy of —-8.72
and -9.31 kcal/mol with inhibition constant 405.35 and 149.38,
respectively. The compound I had shown favorable drug-like properties
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Table 2: IC, values of NCCL and compound | in uM against various cell lines

Compound IC, (uM) MCF-7 MDA-MB-231 PC-3 DU-145
NCCL 2.093 8.57 9.24 10.78
I 17.28 >20 19.82 >20
TAM 5.5 11.4 10 55
Epirubicin 3.7 5.6 5.7 9.9

TAM: Tamoxifen

Figure 2: Docking of compound | into active site of estrogen
receptors (estrogen receptor-o. and estrogen receptor-f) showing
bonding with the amino acids in the active pockets

and follow the Lipinski’s rule of 5 with additional parameters predicted
by Molsoft. The drug-likeness score of compound I is —0.82 with
approximate molecular weight of 287, log P value of 4.11, log S value
of —3.97, prostate-specific antigen value of 49.57, 3 hydrogen bond
acceptors and 2 hydrogen bond donors.

With in silico results in hand, it was thought worthwhile to do in vitro
studies to support the in silico studies. The in vitro anticancer activity
of NCCL and compound I was checked against cancerous (breast
and prostate) cells at different concentrations (200, 100, 50, 25, 12.5,
and 6.25 pg/ml, in triplicates). The cell lines used in this investigation
include MCF-7, MDA-MB-231, PC-3, and DU-145. NCCL
significantly inhibited the proliferation of breast cancer cell MCE-7
(IC,;~2.1 uM), and MDA-MB-231 (IC, ~8.5 uM) as well as prostate cell
lines PC-3 (IC_~9.2 uM) and DU-145 (IC, ~10.7 uM) [Table 2].

CONCLUSION

We have reported for the first time, the synthesis of a novel chemically
modified bioactive fraction from HM (NCCL) and isolation of a
novel marker compound I, 7,7-dimethyl-5-(2-p-tolylpropyl)-6,
7-dihydro-1,3,4-oxadiazepin-2-amine (reaction product of
ar-turmerone with semicarbazide). Their inhibitory effects on ERs
were evaluated using in silico followed by in vitro studies. A molecular
docking study has revealed that compound I have minimum binding
energy with favorable drug-likeness scores and may be considered
a good estrogen blocker. The order of NCCL sensitivity was
MCE-7 cells > MDA-MB-231 cells and PC-3 > DU-145 cell. NCCL
fraction having residual components induces more cell death than
compound I alone. NCCL turned out to be a potent anticancer agent
over compound I against these four cancer cell lines and has emerged as
a promising alternative to the marketed TAM.

Further work is progress in our laboratory to evaluate their in vivo
anticancer potential and in-depth mechanistic aspects.
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