Accepted Manuscript =

Indole-coumarin-thiadiazole hybrids: An appraisal of their MCF-7 cell growth
inhibition, apoptotic, antimetastatic and computational Bcl-2 binding potential h
Pooja R. Kamath, Dhanya Sunil, Manu M. Joseph, Abdul Ajees Abdul Salam, 7,

Sreelekha T. T

PII: S0223-5234(17)30393-8
DOI: 10.1016/j.ejmech.2017.05.032
Reference: EJMECH 9462

To appearin:  European Journal of Medicinal Chemistry

Received Date: 12 March 2017
Revised Date: 10 May 2017
Accepted Date: 11 May 2017

Please cite this article as: P.R. Kamath, D. Sunil, M.M. Joseph, A.A. Abdul Salam, S.T. T, Indole-
coumarin-thiadiazole hybrids: An appraisal of their MCF-7 cell growth inhibition, apoptotic, antimetastatic
and computational Bcl-2 binding potential, European Journal of Medicinal Chemistry (2017), doi:
10.1016/j.ejmech.2017.05.032.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.ejmech.2017.05.032

Thiadiazole
Alkyl

"m& Synthesis
<3 | .
' | '

Hiybridisation In vitro In silico Metastasis
studies docking studies

Apoptosis BH3 Mimetic Random
migration



Indole-coumarin-thiadiazole hybrids: An appraisal d their MCF-7 cell growth
inhibition, apoptotic, antimetastatic and computational Bcl-2 binding potential
Pooja R Kamath Dhanya Sunfl, Manu M Joseph Abdul Ajees Abdul SalafnSreelekha T

-I—d
®Department of Chemistry, Manipal Institute of Teglugy, Manipal University, India.
PChemical Sciences & Technology Division (CSTD), RSINational Institute for
Interdisciplinary Science &Technology (NIIST), liadi
‘Department of Atomic and Molecular Physics, Manigalversity, India.
d_aboratory of Biopharmaceuticals and Nanomedidiieision of Cancer Research,

Regional Cancer Centre, India.

* Address for correspondence
Dhanya Sunil

Department of Chemistry,
Manipal Institute of Technology,
Manipal-576104, India.

Tel. +91 820 2924412

Email: dhanyadss3@gmail.com



Indole-coumarin-thiadiazole hybrids: An appraisal d their MCF-7 cell growth

inhibition, apoptotic, antimetastatic and computational Bcl-2 binding potential

Abstract:

Cancer therapeutic potential of thiadiazole hybiitsorporating pharmacologically active
indole and coumarin moieties have not been explonedh. In the current investigation,
three new thiadiazole hybrids with spacers of vagyengths linking indole and thiadiazole
units were synthesized and their structures wetkastablished using various spectroscopic
techniques. 3-(1-(5-(3-H-indol-3-yl)propyl)-1,3,4-thiadiazol-2-ylimino)etty6-bromo- -
chromen-2-onelPTBC) exhibited dose-dependent cytotoxicity in bread¢recarcinoma
(MCEF-7) cells. The circumvention of apoptosis ipraminent hallmark of cancer and hence
triggering apoptosis in specific cancer cells i anf the convenient and widely used
approaches for the development of anticancer chesrapeutics. The induction of apoptosis
upon treatment witHPTBC was confirmed by multiple apoptosis assays likeidhce
orange-ethidium bromide, Hoechst staining, TUNEdirshg, and colorimetric quantification
using APOPercentad® Apoptosis assay. The apoptosis initialisation ulgio the active
involvement of caspases was confirmed by caspad@imy tests. The wound healing assay
displayed an intense impairment in the motilityMECF-7 cells suggesting the anti-metastatic
potential oflPTBC. The ability ofPTBC to inhibit the antiapoptotic Bcl-2 protein by augi

as a small molecule BH3 mimetic was explored thhowtpcking simulation studies.
Although auxiliary investigations are warranted hwithis promising thiadiazole hybrid
IPTBC, the perspective anticancer potential through qanogned cell death, anti-metastatic

and probable Bcl-2 inhibitory action will enabls further exploration in oncology.
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1. Introduction

Cancer, characterized by a lack of cell death acceased cell proliferation rate results
from a series of genetic mutations. The well-ortia¢sd apoptosis process wheedls are
programmed to die in response to specific stimalciucial for sustaining the physiologic
balance between cell growth and cell death [1].sTeédmplex process of apoptosis is
generally achieved by two key pathways: extringithpray that involves the binding of death
ligands to death receptaos intrinsic pathway modulated through mitochonide@ntribution
[2]. Apoptosis is characterized by distinctive musfpgical alterations, like chromatin
condensation, nuclear fragmentation, membrane Ilvigb[8], and various biochemical
modifications that include caspase activation amtdhirane surface variations that permit the
apoptotic bodies to be recognized and engulfed lggpcytes [4]. Disruption of these
apoptotic mechanisms often leads to cancer deveopnand resistance to cancer
chemotherapy. The increasing knowledge on thesptaio pathways and the development
of few molecules that trigger apoptosis in maligneglls advocates that cell death can be
targeted therapeutically. However, the major pnobteat limits effective cancer treatment
may be a lack of tumor specificity of drugs, deyshent of drug resistance and activation of
proliferation pathways or resistance of cancersctdl death stimuli. Various approaches to
circumvent tumor resistance include activation e&tth receptor-mediated extrinsic pathway
through proapoptotic receptors, restoration of EE3ivity, inhibition of Bcl-2 family
antiapoptotic proteins, caspase modulation by targentracellular caspase inhibitors etc
[5].

Medicinal chemistry faces a major challenge in gigisig new synthetic compounds with
appropriate therapeutic importance. Molecular desg by incorporation of various
biologically active heterocyclic pharmacores inteecsingle molecule could be a source of
benefit for emerging hybrid molecules with intenegtand versatile biological potential [6].
Hence a hybrid multifunctional molecule carrying madhan one pharmacophoric entity,
wherein each individual active unit exerts divemsedes of action could be more beneficial
in cancer treatment. 1,3,4-Thiadiazole moiety hasyrdesirable features which permit it to
occupy a major position among the most common Fpgraved marketed drugs [7]. Its vast
array of pharmaceutically suitable biological aitis is attributed to the presence of the =N-
C-S group, a hydrogen binding domain with two elmttdonor system together with an
additional involvement of the sulphur atom that royes the lipo-solubility of the molecule
[7-9] . As oxygen and nitrogen based heterocyd&ffelds: coumarin and indole, exhibits

approving responses as anticancer agents, [10hE3ftpharmacophores were structurally



modified to unite with the 1,3,4-thiadiazole moiétydesign new polycyclic scaffolds. In the
present study, three new hybrid derivatives witbabtive indole, coumarin and 1,3,4-
thiadiazole units were synthesized and examinedhir impact on selective cytotoxicity in
breast adenocarcinoma cells and their efficacyiggering apoptosis and restricting cancer
cell migration. The probable mechanistic pathwaycefl death was also probed using
caspase expression studies and computational dpdtidies with anti-apoptotic protein

Bcl-2 as target receptor.

2. Materials and methods

All chemicals procured from Sigma Aldrich, Merckdla and Himedia, were of reagent
grade and used without further purification. Thegoess of the synthetic reactions was
monitored by thin layer chromatography using prated aluminium sheets with Aluchrosep
silica Gel 60/ U\s4 and spot visualization was done in a UV chambRrspectra were
recorded on a Schimadzu 8400S FTIR spectrométeand *C NMR were recorded in
Bruker 400 MHz spectrometer and mass spectra inchinfadzu GCMS-QP5050
spectrometer. Melting points were determined by dpen capillary method and are
uncorrected. Elemental analysis was carried outgusi Flashthermo 1112 series CHN

analyser.

2.1. Chemistry

Indole 3-carboxylic acids with various alkyl spacdn = 1 to 3) were chosen as the
starting compounds and were condensed with thiasebazide using POghs cyclizing
agent [14] to obtain three 5Hlindol-3-ylalkyl)-1,3,4-thiadiazol-2-amines. 3-Agé6-
bromo coumarin-2-one was prepared by the cyclinateaction ofsubstituted 5-bromo-2-
hydroxybenzaldehyde and ethyl-acetoacetate ubief tcatalytic amount of piperidine via
sonication for about 30 min at 60°C [15]. The fittalee hybrid molecules were synthesized
by the condensation reaction between 8-{ddol-3-ylalkyl)-1,3,4-thiadiazol-2-amines and
3-acetyl-6-bromo coumarin-2-one. The synthetic wathis depicted in scheme 1.

Scheme-1

2.2. In-vitro anticancer studies



2.2.1. Cdl linesand cdll culture

Human breast adenocarcinoma (MCF-7) and normaidekicepithelial (Vero) cell
lines of Cercopithecus aethiops were obtained from National Centre for Cancer 1$ms,
Pune, India. Both the cell lines were well-mainéairin T-75 crh flasks (Falcon, Becton
Dickinson, USA) in Dulbecco’s modified Eagles mediyDMEM - catalogue # AT-151,
HiMedia, Mumbai, India) supplemented with 10% Fdiavine serum (FBS - catalogue #
RM 9955, HiMedia, Mumbai, India) along with a mixtu of antibiotics (1 pg/L of
streptomycin, 0.25ug amphotericin B and 1 U/mL ehigillin). Cells were maintained in 5

% CQO,incubator at 37°C to attain 70-80% cell confluence.

2.2.2. MTT assay

The growth inhibition effects of the three newlynthesized molecules were
assessed using MTT assay based on the reductidi dfdye by live MCF-7 and Vero cell
lines. The working solutions of varying concenwas were prepared by dilution of stock
solutions (25 mM DMSO solution) of test hybrids ngsiDMEM. Commercially available
vincristine solution (1 mM, Cipla, India) dilutesh DMEM directly was used as positive
control in all the experiments.

Briefly, about 5x18cells were seeded in 96-well plate and culturedrmigat by
incubating at 37 °C in a 5% G@tmosphere. After 24 h, cells were exposed to reiffe
concentrations of hybrid compounds or positive manvincristine and were incubated
further for 48 h. The media containing test commsunvas discarded, MTT reagent (1
mg/mL) was added to the cells and incubated fotherat h at 37°C. The formazan crystals
developed was dissolved in DMSO and the absorbaras recorded using a multiplate
(Tecan M200, Austria) reader at 570 nm [16]. Asgteek solutions of the compounds were
initially prepared in DMSO, suitable DMSO vehiclentrols were included. The percentage

of viable cells were calculated using the formula:

Test absorbance—Blank absorbance

% Cell viability = %X 100

Vehicle control absorbance—Blank absorbance

2.2.3. Acridine orange-ethidium bromide (AO/EtBr) dual staining

Morphological evaluation of apoptosis based on diferential uptake of AO and
EtBr by viable and nonviable cells was performei@F-7 cells treated with test compound
for 24 h. Initially, cells were viewed under phasmtrast objective of an inverted fluorescent
microscope (Olympus 1X51, Singapore) and obsenadahy visible gross apoptotic



morphological changes on treatment with the tedeoube for 24 h [17]. Later, cells were
treated with test compound in a 96-well plate amclbated for 24 h at 37°C in 5% €O
atmosphere [18, 19]. After incubation, media wasiaeed and 25 pL of DNA binding

fluorescent AO (7.5ug) / EtBr (25 pg) stain was etjdmixed well and examined under
fluorescent microscope, using an FITC filter (Olym@d.X51, Singapore).

2.2.4. Hoechst staining

Hoechst 33342 cell-permeate nuclear counterstamwig used to observe the nuclei
for any apoptosis related changes like nuclear easation and DNA fragmentation. The
cells were examined under an inverted fluorescemieroscope using a DAI filter
(Olympus1X51, Singapore) [20]. The cells treatethwest compound were incubated with
Hoechst stock solution (1:2,000) in phosphate lbugtdine (PBS) for 10 min and observed
for morphological changes in the nuclear DNA up@mparison with the vehicle control

cells.

2.2.5. TUNEL staining

TUNEL assay (DeadEnd™ fluorometric TUNEL system -3280, Promega,
Madison, WI, USA) was employed to identify the ingoration of the fluorescein-12-dUTP
at 3’-OH DNA ends in the fragmented DNA of apomtotells, using the terminal
deoxynucleotidyl transferase recombinant (rTdT) yemz as per the manufacturer’s
instructions with propidium iodide (P1) as counsé®in. [3]. In brief, around 1x2MCF-7
cells per well taken in 24-well flat-bottom wellsaw/treated with the test compound for 24 h.
The plates were further washed with PBS, fixedhw#% paraformaldehyde, and
permeabilized with 0.2% Triton X-100. Further, tedls were exposed to 50 flourescein-
12-dUTP, equilibration buffer, and terminal deoxglaotidyl transferase (TdT) for about 1 h
at 37°C. The reaction was ceased by washing tHe tel2xSSC (Saline-sodium citrate
buffer) followed by washing twice in PBS. The cellsre then counterstained with 1 mg/mL

Pl (Propidium lodide), washed using ffHand analysed using a fluorescence microscope.

2.2.6. APOPercentage™ Apoptosis assay

Early onset of apoptosis was further monitored emldrimetrically estimated using
APOPercentage™ dye (Biocolor, Belfast, Northerriahid). Briefly, 1x1¢® MCF-7 cells
were cultured in 96-well tissue culture plates gnown to sub-confluent monolayers for 48

h. The cells were incubated with test compound2#rh, the medium was removed, and



examined after 1h incubation with a fresh culturedram comprising APOPercentage dye.
The photo images of APOPercentage dye-labelled,cethich stained purple-red under a
light microscope, were used to quantify the extdrapoptosisThe cells were lysed and the
dye uptake was quantified by colorimetric methodcoading to the manufacturer’'s
instruction[4]. The absorbance was measured at 550 nm usmigraplate reader (Biotek,
USA).

2.2.7. Caspase profiling

The impact of the test compound on the expresdiamt@tor caspases (caspases 2, 8
and 9) was studied by using Apo AléhHCaspase Profiling kit (Clontech, CA, USA) as per
the manufacturer’'s protocol [20]. Cells were exmbs$e the test molecule for 24 h, and
samples were transferred to 96-well plates forrftaetric reading Xex 380 nmaiem 460

nm). The signals were recorded by spectrofluorign@it-x800, BioTek).

2.2.8. Monolayer wound healing migration assay

The migration of MCF-7 cells which is vital to camdnvasion and later metastasis
was monitored using wound healing assay [21]. Atstr was created in a cell monolayer
and the cell motility towards the centre of the wdugap was examined. About 1X10
cells/well containing DMEM was seeded to 80% cosrfice, media was aspirated and a
single scratch was createthe cellular debris was washed with PBS and thes cgére
treated with positive control vincristine/test malée. The experiment was performed in
triplicates. The extent of wound closure was vigigal using microscope stage micrometer
and an eye piece micrometer at 45X objective. Tigéadl images were taken with a CCD

camera attached to inverted microscope (Nikon EelipS100).

2.29. Satistical Analysis
The results of the study performed are expresseteabean + Standard Deviation. All
the analyses were carried out with GraphPad PridA) (USA). The statistical significance

was considered at p < 0.05.
2.3. In silico docking studies

In silico computational docking studies were executed usimgDock Vina [22] and the
input files needed for docking studies were arrdnggng AutoDock Tools [23]. The X-ray



crystallographic structures of Bcl-2 from Proteiat® Bank (PDB) ID: 2XA0 was selected as
a receptor for generating docking simulations. Watad ligand molecules bound with the
proteins were removed and the monomer model wastsel for molecular docking studies
with the active hybrid molecule. The receptor waptkrigid, while torsional bonds of the
hybrid ligand were set flexible to rotate to expldhe most plausible binding positions. The
grid covering all the amino acids present inside liimding pocket was built at the centre of
the active pocket for Bcl-2 (24 x 22 x 20 pointiwg,z direction and 37, -20 and -16 as grid
centre). Protein-ligand complex was predicted ugwgodock Vina with the pdbqgt format
files for both protein and ligand. Each dockingcoddtion was repeated thrice using three
different seeds, and the remaining values reta@isedefault. Final models were chosen based
on the affinity as well as the molecular contadtse hydrophobic contacts, hydrogen bonds
and other molecular interactions were calculatedgu®rotein-Ligand Interaction Profiler

(https://projects.biotec.tu-dresden.de/plip-welplipidex) and PoseView online software

(http://poseview.zbh.uni-hamburg.de/). The figuresere generated using Pymol

(http://www.pymol.org) and PoseView.

3. Results and discussion

3.1.Chemistry

The structures of the synthesized compounds wdebleshed by IR, NMR and mass
spectra and CHN data. All synthesized compoundsepted IR absorption bands spanning
from 3200 to 3400 cthfor N-H stretching, 3040 to 3050 €nfor C-H aromatic stretching,
two symmetric and asymmetric stretching absorpiiands each around 2950 and 2850 cm
! carbonyl stretching of lactone at 1730tnC=N stretching around 1670 ¢nand C-Br
stretching band at 560 ¢m The *H NMR spectra of, all the three hybrids displayed
prominent singlets due to GHorotons at around 2.5 ppm. The aromatic protonsewe
observed resonating around 6.9-8.7 ppm. The aliotiops that links indole and thiadiazole
rings appeared as a singletéa#.23 (n=1), two triplets around 3.2 to 3.4 (n=23awo
triplets and one multiplet from 2.1 to 3 ppm (n=3he indole NH resonated as a broad
singlet atd 11. The*C NMR spectra showed two peaks around 195 and p66 fpr the
highly deshielded carbon atoms present in the idzate ring. The aromatic carbons were
observed in the range 111 to 158 ppm while thénhatip carbons between 21 to 39 ppm. The

mass spectra of all the synthesized hybrids weegiaement with their respective molecular



formulae. The percentages of elements in CHN analysis welkwithin the permissible

limits.

Experimental

3-(1-(5-((1H-indol-3-yl)methyl)-1,3,4-thi adiazol-2-ylimino)ethyl )-6-br omo-2H-chromen-2-

one (IMTBC)

Brown solid (85 %); m.p. 182-184 °C; IR (KBr) [¢lh 3390 (N-Hstr.), 3051 (Ar. C-Hstr.),
2983 (methyl C-Hasym. str.), 2827 (methyl C-Hsym. str.), 1735 (lactone C=@tr.), 1676
(C=Nstr.), 1602, 1550 (Ar. C=@tr.), 1355 (Ar. C-O-GCstr.), 559 (C-Brstr.); *H NMR (400
MHz, DMSO-&) [ppm]: & 2.58 (s, 3H, Ch), 6 4.23 (s, 2H, Ch), 6 6.92-6.96 (t, 2H, indole
5-H & 6-H), 6 7.28 (s, 1H, indole 2-H)j 7.35-7.36 (d, 1H, coumarin 8-H),7.44-7.46 (d,
2H, indole 4-H & 7-H),6 7.88-7.90 (d, 1H, coumarin 7-H),8.22 (s, 1H, coumarin 4-HjJ,
8.61 (s, 1H, coumarin 5-H§,10.98 (s, 1H, indole N-H)}*C NMR (100 MHz, DMSO-g) & =
26.55, 30.48, 111.28, 112.01, 116.83, 118.81, B18189.07, 120.53, 121.71, 124.09,
125.89, 127.05, 133.00, 136.77, 137.06, 146.10,015054.09, 158.47, 167.17, 195.47; MS
(m/z): 480 (M+1), 482 (M+3); Anal. Calcd. for,81:5sN4BrO,S: C, 55.12; H, 3.15; N, 11.69;
found: C, 55.34; H, 3.17; N, 11.71.

3-(1-(5-(2-(1H-indol-3-yl)ethyl)-1,3,4-thiadiazol - 2-ylimino)ethyl )-6-bromo- 2H-chromen-2-
one (IETBC)

Brown solid (74%); m.p. 210-212 °C; IR (KBr) [¢th 3338 (N-Hstr.), 3043 (Ar. C-Hstr.),
2923 (methyl C-Hasym. str.), 2852 (methyl C-Hsym. str.), 1735 (lactone C=@tr.), 1676
(C=Nstr.), 1608, 1550 (Ar. C=@tr.), 1357 (Ar. C-O-Cstr.), 559 (C-Brstr.); *H NMR (400
MHz, DMSO-&) [ppm]: 6 2.57 (s, 3H, Ch), 6 3.28-3.30 (t, 2H, Ch), 6 3.36-3.38 (t, 2H,
CHy), 6 6.91-6.95 (t, 2H, indole 5-H & 6-Hp, 7.26 (s, 1H, indole 2-H} 7.34-7.35 (d, 1H,
coumarin 8-H)p 7.43-7.45 (d, 2H, indole 4-H & 7-Hp, 7.87-7.89 (d, 1H, coumarin 7-H),
8.21 (s, 1H, coumarin 4-H 8.60 (s, 1H, coumarin 5-HJ, 10.96 (s, 1H, indole N-H)-*C
NMR (100 MHz, DMSO-¢) 6 = 26.54, 30.43, 32.89, 111.28, 112.00, 116.81,83,818.87,
119.07, 120.52, 121.70, 124.08, 125.87, 127.03,00133136.77, 137.05, 146.09, 149.00,
154.08, 158.47, 166.17, 195.32; MS (m/z). 493 (M+495 (M+3); Anal. Calcd. for
Co3H17N4BrO,S: C, 55.99; H, 3.47; N, 11.36; found: C, 56.08; Hi&3.N, 11.38.



3-(1-(5-(3-(1H-indol-3-yl)propyl)-1,3,4-thiadiazol - 2-ylimino)ethyl )-6-br omo-2H-chromen-2-
one (IPTBC)

Brown solid ( 89 %); m.p. 142-144 °C; IR (KBr) [&lh 3263 (N-Hstr.), 3041 (Ar. C-Hstr.),
2923 (methyl C-Hasym. str.), 2854 (methyl C-Hsym. str.), 1735 (lactone C=@tr.), 1674
(C=Nstr.), 1606, 1548 (Ar. C=Gtr.), 1355 (Ar. C-O-Cstr.), 557 (C-Brstr.); *H NMR (400
MHz, DMSO-d) [ppm]: 8 2.16 -2.18 (m, 2H, Ch), 6 2.59 (s, 3H, Ch), 8 2.71-2.74 (t, 2H,
CHy), 6 2.94-2.96 (t, 2H, Cb), 6 6.99-7.03 (t, 1H, indole 5-Hy, 7.06-7.10 (t, 1H, indole 6-
H), 7.31 (s, 1H, indole 2-H)$ 7.35-7.37 (d, 1H, coumarin 8-H),7.44-7.47 (d, 2H, indole 4-
H & 7-H), 6 7.89-7.91 (d, 1H, coumarin 7-H),8.23 (s, 1H, coumarin 4-H9, 8.61 (s, 1H,
coumarin 5-H),8 11.00 (s, 1H, indole N-H)**C NMR (100 MHz, DMSO-g¢) § = 21.32,
25.17, 30.49, 38.59, 113.23, 116.82, 118.88, 120.20.54, 121.65, 125.89, 126.65, 128.44,
129.74, 131.64, 133.01, 137.06, 138.39, 146.11,174854.09, 158.47, 164.53, 195.45; MS
(m/z): 507 (M+1), 509 (M+3); Anal. Calcd. for.gH:0N4BrO,S: C, 56.81; H, 3.77; N, 11.04;
found: C, 56.99; H, 3.78; N, 11.06.

3.2. Invitro anticancer studies

3.2.1. IPTBC exhibits differential cytotoxicity

To investigate the potential growth inhibition acell line specificity of the three
hybrid molecules, MTT assay was performed on MC&id Vero cells. The hybrilPTBC
linking the indole and thiadiazole pharmacoresavihiree methylene spacer (n=3) displayed
differential cytotoxicity in MCF-7 cells compared Vero-cells with 1Gyvalues of 8.0luM
in MCF-7 and 116.02M in Vero cells respectiveyMTBC andIETBC did not exhibit any
marked differential cytotoxicity as evident frometh ICso values of 82.1 and 36.QW in
MCF-7 and 113.4 and 43.[M in Vero cells correspondingly. The results reeeathe
impact of one, two and three methylene spacergiposd between the indole and thiadiazole
ring on the cytotoxic efficacy of hybrid moleculehe presence of three methylene linker
was found to exert maximum cytotoxicity in the MCFeells as reflected by the JQvalues.
HencelPTBC was taken up for various apoptotic screening ssidCommercially available

vincristine solution (1 mM, Cipla, India) was usasipositive control.

3.2.2. IPTBC induces apoptosisin MCF-7 cells
The significantly low IGy value and differential cytotoxic behaviour mdREBC an

attractive candidate for exploring the mechanisntaf death pattern. Even though every



type of targeted cytotoxicity are acceptable, agpmmmed cell death pathway through the
effective mediation of caspases is more admiraiiary cytotoxic agent. In order to analyse
the mechanism of cell death due to the impactPd@BC, various apoptosis assays were
performed after exposing MCF-7 cells to 10 uMRTBC for 24 h.

Apoptosis is well-characterized by various morphaial alterations such as
chromatin condensation, DNA degradation, membrdabbing, cell shrinkage and finally
rapid phagocytosis of apoptotic debris by adjaceotmal cells or macrophages [24].
Apoptosis induction byyPTBC in MCF-7 cells was evident from the deviations cell
morphology, loss of celnembrane integrity, shrinkage of cells and fornratid apoptotic
body detected during light microscopic evaluation.

AO/EtBr dual staining enabled to detd&xTBC induced apoptotic morphological
alterations in MCF-7 cells. The nuclear morphologfy the MCF-7 cells stained with
fluorescent AO/EtBr for 24 h was examined underlworéscent microscope and the
representative images are depicted in Fig.1. Thbleicells appeared green in colour with
intact nuclei without any signs of apoptosis in Wehicle control group (Fig.1A). Whereas,
the cells treated withPTBC revealed a change in colour (Fig.1B) in comparisath the
vehicle control and were characterized as early#pic (greenish yellow fluorescence and
condensed chromatin), late apoptotic with condenaad fragmented nuclei (orange
fluorescence), and nonviable cells (red colouredréscence).

Hoechst 33342 is a cell-permeable DNA stain thafgpentially binds to adenine-
thymine (A-T) regions of DNA and exhibits distinfiiorescence indicating the altered
cellular morphology like DNA fragmentation or chratim condensation induced by
apoptotic agents. Vehicle control cells were obséruniformly light blue with round and
intact nuclei (Fig.1C) under fluorescence microscofs illustrated in Fig.1D, MCF-7 cells
undergoing apoptosis due HBTBC exposure for 24 h exhibited bright blue colouraese
of salient apoptotic changes like nuclear chrometimdensation and fragmented DNA.

Fig. 1

DNA fragmentation that leads to the formation ofmmawous DNA double-strand
breaks with accessible 3'-hydroxyl groups is arhatk of late event of apoptosis. Terminal
deoxynucleotidyl transferase dUTP nick end labgllTUNEL) assay was employed to
detect extensive DNA degradation by labelling blantls of double-stranded DNA breaks.



Labelling of DNA nicks with fluorescein-12-dUTP amthromatin counterstaining with Pl
was done to identify the entire cell population.eThuclei of cells undergoing DNA
fragmentation through apoptosis are fluorescembelled in TUNEL assay, whereas those
undergoing death as a consequence of necrosioaréhe representative photomicrographs
depicting the results of TUNEL assay are preseirteéig.2A. Higher amount of TUNEL-
positive (green colour) cells which are in the lafptotic phase was detected in MCF-7

cells treated withPTBC compared to the TUNEL- negative vehicle control.
Fig. 2

To further validate the apoptotic method of celitieprompted byPTBC on MCF-7
cells in a non-fluorescent platform, APOPercentdg&poptotic assay was employed. The
execution phase of apoptosis commences with tmslo@ation of phosphatidylserine (PS)
from the inner to the external surface of the oeimbrane. This PS transmembrane crusade
results in the uptake of the APOPercentage dyédéygells undergoing apoptosis, which lasts
until the befall of blebbing, the typical characséc of apoptosis. The representative images
that depicts the results of the assay detectedrumd@enventional microscope are shown in
Fig. 3. ThelPTBC treated cells that undergo apoptosis selectiveprporate the dye and
are stained intensely purple-red as observed itBBigThe vehicle control cells remained
unstained as seen in Fig.3A. MCF-7 cells exposetPTBC for 24 h exhibited distinct
morphological changes indicative of apoptosis Ifeeluced cell volume, and chromatin
condensation after 1 h of situ staining with the dye. Besides, the concentratibrine
accumulated dye within the labelled cells releasetb solution was measured
calorimetrically and the absorbance measured istgatively represented in Fig. 3C.

Fig. 3

Analysis of our data from multiple assays includ®@/EtBr dual staining, Hoechst
staining, TUNEL assay and the APOPercentdggoptosis assay provides the first evidence
that the cell growth inhibition caused BRTBC in vitro, is primarily due to apoptosis, than
to necrosis. Concisely, our all experiments tatagether support the inspected hypothesis
thatIPTBC can prompt apoptosis in vitro in human breast adenocarcinoma cells.

3.2.3. IPTBC induces apoptosis via caspase cascade in MCF-7 cells



Cysteine-aspartic proteases or caspases are ptateotnzymes which are
demonstrated to perform a major role in controllinffammation and cell death. Several
anticancer drugs have been established to accdmapsptosis via a caspase-dependent
pathway. As a final approach to assess the modellodeath, experiments were performed to
determine whether the caspase proteolysis cassadénulated inlPTBC treated cells.
Caspases being effective mediators of apoptossexipression of caspases 2, 8 and 9 was
investigated by fluorimetry to validate the cellatte mechanism triggered BPTBC. The
graph depicting the variation of the caspase lewrelsomparison with the vehicle control
(IPTBC value was normalized with control and fold changese calculated by considering
control value as 1) is presented in Fig.4. Althougtspase 2 was not involved in the
execution of programmed cell death witRTBC, the other two caspases studied are
significantly altered (p < 0.001) in comparison lwthe control cells. The caspase-8 and 9
expressions iNPTBC treated breast cancer cells was considerably egréla@n that in the

untreated MCF-7 cells after 24 h time point.

Fig. 4

3.3. Insilico docking studies of ligand | PTBC with Bcl-2

Bcl-2 is the first apoptosis-related gene acknogéetito play a significant role in
tumerogenesis and is overexpressed in a rangenoérsa[25]. Treatment of tumors with Bcl-
2 antisense oligonucleotides and RNAI have exhdbpiemising potential in downregulating
the protein expression and reduce tumor growtheclge interactions of BH-3 only proteins
with antiapoptotic proteins are well establishe@][5Several small molecule antagonists like
ABT-737 [27], ABT-263 [28], ABT-199 [29], AT-101 [ that bind to Bcl-2 or Bcl-xL by
mimicking the BH3 domain, capable of inducing apsgg have been developdde ability
of IPTBC to bind into the BH3 domain of Bcl-2 was examindalotigh computational
docking simulation studies.

Bcl-2 is an anti-apoptotic member of Bcl-2 fampyoteins with the molecular
weight of around 26 kDa (239 amino acids, Unitp®tR10415). The binding affinities of
IPTBC for Bcl-2 (-8.2) was measured, and the molecugeractions of the final model was
compared with crystal structures of BH3 mimeticelikBT-263, ABT-199, and BAX.
Docking results of ligand IPTBC with Bcl-2 is summnzad in Table 1. In Bcl-2lPTBC is
bound deep inside the binding pocket (P1 hydrophslie) in betweeni3d anda4 helices



and the thiadiazole moiety engages in two hydrdgerds with Try108 and GIn118 of Bcl-2
amino acids and seven hydrophobic interactions I€Fab and Fig. 5). Both the nitrogen
atoms of thiadiazole moiety are involved in N-H...M&If118;-3.51A) and O-H...N
(Try108;-2.76 A) hydrogen bonding with Bcl-2. Thethnylene spacers play a significant role
in the ligand folding proces$PTBC has six rotatable bonds, of which the propyl inais
four, and connects both the indole and thiadiamalés. The presence of four rotatable bonds
in case of propyl spacer when compared to methykethryl bridge easily allows the
appropriate folding ofPTBC that aids in favourable interactions with the &rgrotein as
revealed by the docking studies. Indole and thimaéaunits ofPTBC rotate by 95° with the
distance of around 5A, which facilitate Phe104 ®mk112 of Bcl-2 to make mastacking.
Thiadiazole scaffold ofPTBC plays a central role in all the three kinds otrattions by
making in two hydrogen bonds, hydrophobic contaetsd z-stacking. Indole moiety
primarily contributes to the hydrophobic contactsl a-stacking, whereas the 6-bromo-
chromen-2-one unit majorly adds to hydrophobic aotst with Alal29, Val133, and Phel53
of Bcl-2. Totally, seven amino acids of Bcl-2 (Teddl) make interactions wittPTBC.
Moreover, the interactions dPTBC bear a resemblance with ABT-263 (PDB Id: 4LVT),
ABT-199 (PDB Id: 4MAN) and BAX (PDB Id: 2XA0) co-gstallized with Bcl-2. Out of the
seven residues except for Arg129, all other amiidsaof Bcl-2 (Tyr108, Phel04, Phell2,
GIn118, Val133, Phel53) share common interactiatis WTBC, ABT-263, ABT-199, and
BAX molecules.IPTBC gets itself oriented in the BH3 binding domainBifl-2, thereby
preventing the close binding of BH-3 protein toRcdhs depicted in Fig. 6. ThiBTBC may
act as a probable potent Bcl-2 inhibitor that clso alicit apoptosis.

Table 1: Docking interactions aPTBC with Bcl-2 amino acids within 4.0A in the binding

site.

Bcl-2 Amino Acids |  Ligand Moiety Type | Distance (A)| Angle (°)

Hydrogen Bonding

Try108 Thiadiazole O-H...N 2.76 133.56

GIn118 Thiadiazole N-H...N 3.51 136.58
Hydrophobic Contacts

Phel04 Indole 3.98

Phel12 Thiadiazole 3.36

Argl29 Bromo-ChromenonF 3.48




Vall33 Indole 3.83

Vall33 Bromo-ChromenonF 3.91

Vall133 Bromo-Chromenonge 3.71

Phel53 Bromo-Chromenone 3.68

n-stacking

Phel04 Indole T 5.29 84.02

Phel12 Thiadiazole T 5.05 89.4§
Fig. 5
Fig. 6

3.4. Plausible mechanism of apoptosis induction by IPTBC

In tumerogenesis, generally apoptotic pathwaydeterrbed. Three major apoptosis-
associated caspase activation pathways have beegnized in mammals: i) the death
receptor or extrinsic pathway that operates vid eseirface death receptors, ii) the
mitochondria mediated intrinsic or apoptosome pathvand iii) rarely the cytotoxic
lymphocyte-initiated granzyme B pathway. These épgip-induction pathways offer several
prospective to develop potent cancer therapeytiezgiominantly against multidrug resistant
tumors. Both extrinsic and intrinsic pathways aatiiv the proteolytic caspase enzyme
cascade, that eventually effects in apoptosisatntn [31]. The binding of apoptosis inducing
ligands with their cognate death receptors resulthe formation of the death-inducing
signalling complex (DISC) and trigger the extrinsigoptotic pathway [32]. Subsequently,
procaspase-8 is activated to caspase-8 throughies s events, which is further released
from the DISC to activate the effector caspase-[83]. The activation of inactive
procaspase-8 notably occurs through the death ta@cephereas the inhibition of Bcl-2 and
activation of caspase-9 is related to mitochondpgathway that terminates in cellular
apoptosis.

Mechanistically, all our experimental data suppdhs induction of apoptosis by
IPTBC probably through the activation of mitochondriadrinsic pathway as well as death
receptor/extrinsic as represented in Fig.7. Howeaeronsiderably higher level of caspase-9

expression compared to caspase-8 proposef?hBC -induced apoptosis in MCF-7 cells is



mainly through intrinsic pathway. Briefly, exposwEMCF-7 cells tdPTBC might induce
DNA damage causing downregulated expression ofaguuptotic protein Bcl-2. Besides, as
the docking studies point towards the probable Bithibitory potential olPTBC, it could
also possibly inhibit the binding of pro-apoptoBti-3 proteins with anti-apoptotic Bcl-2.
The downregulation or inhibition of Bcl-2 could ek the activation of initiator caspase-9,
most possibly through the mitochondrial releasecytbchrome-c. This could trigger the
caspase cascade, wherein the activated caspasewe’/ld propagate further caspase
processing events, causing nuclear DNA degradatmehfinally apoptosis through intrinsic
pathway. The literature studies demonstrate theidaty of caspas-3 in MCF-7 cells [34].
Thus the activated caspase-7 alone, in the abs#ncaspase-3 might trigger the caspase
flow in MCF-7 cells. Moreover, the elevated levels caspase-8 could also recruit the
mitochondrial apoptotic pathway by cleaving the BéiBy protein, BID. Cleaved BID could
support BAX/BAK-dependent cytochrome c¢ release fritrta mitochondria and form the
apoptosome, causing caspase-9 activation and regtitto the activation of caspase-7 and
thereby apoptosis via mitochondrial pathway [35, 88TBC may also stimulate apoptosis
through interaction with putative “death receptoirs the MCF-7 plasma membrane that
could promote the initial cleavage of procaspaseskase of caspase-8 and activation of
successive downstream events, that results in agisgirobably by activating caspase-7 [32,
34].

Fig.7

In conclusion, the mitochondria dependent apopttsggered bylPTBC is thus
probably initiated by caspase-8, accompanied byoldegation of the mitochondrial
membrane, down-regulation of antiapoptotic Bcl-®teins, Bid processing, followed by
release of cytochrome from the mitochondria to tlyosol and later sequential caspase
cascade through effector caspase - 9, which in stimulates the effector caspase-7 that
further leads to cell death. The death-receptoptysis pathway operated via caspase-8
activation could consequently activate caspase-¥ rmt caspase-3. However, more
biochemical evidenees are needed to be performednpletely substantiate the mechanism

of apoptosis induced HPTBC.

3.5.IPTBC restricts migration of MCF-7 cellsin vitro



Cancer cell migration and invasion is the maindeatesponsible for malignant tumor
progression and metastasis. Besides its involvenmeapoptosis, only few studies on the
effect of Bcl-2 on cancer metastasis, has beenrteghoAsIPTBC acts as a feasible Bcl-2
inhibitor, to confirm that reduced levels of Bckan lessen the migratory potential of cancer
cells [37], scratch wound migration assay was dodCF-7 cells. Fig 8 displays the wound
gap during wound generation and after 24 h in Jehtontrol, positive control vincristine
andIPTBC treated MCF-7 cells. The figure evidently poiraevards the efficacy aPTBC
in intensely restricting cell migration. After 24tteatment witHPTBC, the MCF- cells are

less motile and could not close the wound gap.

Fig.8

4. Conclusion

Three new indole-coumarin-thiadiazole derivativesrav synthesized by utilizing a
pharmacophoric hybridization approach. The datanfra vitro experiments showed that
hybrid IPTBC exhibits differential cytotoxicity in MCF-7 celland the cell kill was through
apoptotic mode. The results of the current studplynthat IPTBC can possibly act as
chemotherapeutic agent specific to breast cancir liyp the induction of apoptosis and by
preventing metastasis. Further research is desitahinderstand and strengthen the complete

mechanism ofPTBC.
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Legends

Scheme-1 Synthetic pathway for the preparation of thiadlazlerivatives

Fig. 1: Representative images of induction of apoptosigl@F-7 cells onPTBC treatment
for 24 h. AO stains both live and dead cells, wheretBr dyes only apoptotic cells. A) Live
cells in vehicle control appeared uniformly fluarest green. B)PTBC treated cells which
are in early apoptosis phase are stained yellogiisbn with bright green dots in the nuclei,
whereas the late apoptotic cells with condensedfi@gsinented nuclei incorporate EtBr and
are stained red/orange. Hoechst staining of C) dlehgontrol cells with round and intact
nuclei and D) Apoptotic cells with signs of fragnesh and condensed nucl@8cale bar

corresponds to 50 pm.

Fig. 2: Representative images of MCF-7 cells: Vehicle mdrdand treated withPTBC for
24 h in TUNEL assay. Cells that exhibited greerofscence indicate apoptotic DNA
fragmentation. Scale bar corresponds to 50 um.

Fig. 3: Photomicrograph showing A) Vehicle control celfstt are left unstained and B)
Apoptotic cells that are stained intensely purge-on exposure tdPTBC. Scale bar
corresponds to 50 um. C) Graph depicting the irsaea absorbance in the case of MCF-7
cells exposed tdPTBC compared to vehicle control cells underlying timeluction of

apoptosis.

Fig. 4. Caspase activity profile related to apoptositPihBC (10 uM) treated cells after 24
h. Data represented as mean + SD of three indepetrasds.



Fig. 5. Molecular Interactions ofPTBC with Bcl-2 drawn using (A) pymol and (B)
PoseView. Bcl-2 amino acids aeTBC are coloured cyan and green respectively and are
shown as sticks. H-bonds are represented in solil and dotted lines in B. Hydrophobic

interactions ana-stacking are presented in dotted lines in A.

Fig. 6: Binding mode ofPTBC and BH-3 protein in the BH-3 binding domain of EcIBcl-

2 is shown in surface and colored cyan. TREBC is depicted in sticks and BH-3 molecule
is shown as a cartoon with 50% transparency, atatemb green. The thiadiazole and indole
moieties oflPTBC occupy the BH3 binding pocket. The presenc&adBC in the binding
pocket of Bcl-2 thus evidently restricts the birglof BH3.

Fig.7: Proposed mechanism for induction of apoptositP@BC

Fig. 8: Wound gap immediately after wound generation arZteh and 48 h after treatment.
Reduced migration of cells when treated wWIiTBC compared to vehicle control is

observed.
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Highlights

» Three new thiadiazole hybrids incorporating bioactive coumarin and indole scaffolds were
synthesized.

* A new apoptotic and antimetastatic agent, | PTBC was identified with significant differential
toxicity towards MCF-7 cells.

» Docking studies recognised | PTBC to bind well with the BH3 binding domain of Bcl-2.



