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Annexure I 

List of Primers 

Gene Forward (Sequence 5’-3’) Reverse (Sequence 5’-3’) 

p53 CAGCCAAGTCTGTGACTTGCACGTAC CTATGTCGAAAAGTGCTTCTGTCATC 

BCL-2 ATGTGTGTGGAGAGCGTCAACC GCATCCCAGCCTCCGTTATC 

MDM-2 GTGCTGTAACCACCTCACAGA TTGGCACGCCAAACAAATCTC 

Survivin AGAACTGGCCCTTCTTGGAGG CTTTTTATGTTCCTCTATGGGGTC 

BAD CTTTAAGAAGGGACTTCCTCGC GTGGAGTTTCGGGATGTGGA 

BID TGAGTGGCTGAATGACCCCA TCCCAGTGGCGACAGAATC 

BAX CCTTTTCTACTTTGCCAGCAAAC GAGGCCGTCCCAACCAC 

AIF GTGCATCAGGGGGCAAAATC TCTGAAGCAGATAACGCGGC 

PARP1 GCCCTAAAGGCTCAGAACGA CTACTCGGTCCAAGATCGCC 

cathepsin B CCAGGGAGCAAGACAGAGA GAGACTGGCGTTCTCCAAAG 

β-catenin GTCCTGGAATGAGACCGGAG TAGCCCCCAGAGTGAAAGGG 

calpain 2 CGAGAGGGCCATCAAGTACC GCAGATCTCCGTGGGGC 

PCNA TGTTCCTCTCGTTGTGGAGT TCCCAGTGCAGTTAAGAGCC 

caspase 3 ACATGGCGTGTCATAAAATACC CACAAAGCGACTGGATGAAC 

caspase 9 CCAGAGATTCGCAAACCAGAGG GAGCACCGACATCACCAAATCC 

caspase 7 GGAGCGCACTACCCCGA ATCATCTGCCATCGTTCCCA 

caspase 8 AGAGTCTGTGCCCAAATCAAC GCTGCTTCTCTCTTTGCTGAA 

cytochrome c GAACAAAGGCATCATCTGGGG GGCAGTGGCCAATTATTACTCA 
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TRADD CGCTCTGTGGGTCTCAAATGGC AGTCCTCTGCCAGGCTGGTGA 

FADD TTGGAGAAGGCTGGCTCGTCAG ACATGGCCCCACTCCTGTTCTG 

cyclin D ATGCCAACCTCCTCAACGAC TCTGTTCCTCGCAGACCTCC 

cyclin E CCATCATGCCGAGGGAGC TTATTGTCCCAAGGCTGGCT 

CDK 4 CCTCTCTAGCTTGCGGCCTG CTCAGATCAAGGGAGACCCTCAC 

CDK 2 GCATCTTTGCTGAGATGGTGAC GTAACTCCTGGCCACACCAC 

HIF-1α AGAGGTTGAGGGACGGAGAT GACGTTCAGAACTTATCCTACCAT 

IL-8 GCTCTGTGTGAAGGTGCAGTT TTTCTGTGTTGGCGCAGTGT 

TGF-β CGACTCGCCAGAGTGGTTAT CGGTAGTGAACCCGTTGATGT 

IL-10 CGAGATGCCTTCAGCAGAGT GGCAACCCAGGTAACCCTTA 

iNOS TGCCCTCCTCTCGACAAAAC TTGAGTTCATCCCCTTCGCC 

MMP9 GTCTCCTGGCTCATGCCTTT TTTCACCACTTGGCCCTCTC 

MMP2 GCCTTCAAGGTGTGGAGTGA ATCCCCGTGGTCAGCTTTTC 

E cadherin AGGCCAAGCAGCAGTACATT GGGGGCTTCATTCACATCCA 

N cadherin ATCAAGCCTGTGGGAATCCG CTCTATGGGCCAGGTTTTCTCA 

vimentin GACCAGCTGACCAACGACAA GAGGCATTGTCAACATCCTGTC 

snail 1 CGAACGCACACTGGTGAAAA CATACGGGAGAAAGTCCGGG 

snail 2 AGGACTCACACCTTGCCTTG GTAGGTGAGCCCTGAGGTTG 

TIMP2 ACTACGCCTGCATCAAGAGG GGCGTGGACCAGTCTAACAT 

TIMP4 AAAGCTATACGGGCACCAGG CAAAGCTGTGAGCGTGCAAT 

claudin 3 GCCACCAAGGTCGTCTACTC CCCTGCGTCTGTCCCTTAGA 

claudin 4 TCTCCTCTGTTCCGGGTAGG CGTCCATCCACTCTGCACTT 
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VEGF-α CTCCACCATGCCAAGTGGTC GCAGTAGCTGCGCTGATAGA 

AKT CAGCCTGGGTCAAAGAAGTCA ATGTACTCCCCTCGTTTGTGC 

KDR GCTTGCTTTTTGCCGGATGA TGCCGACCTCTGCATGTTAG 

ZEB1 CGTTCATAAGGGAGGACGGG AGTGGGAGCACTCATAGGGT 

18s rRNA GGCCGTTCTTAGTTGGTGGA TCAATCTCGGGTGGCTGAAC 
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Abstract

New chemotherapeutic agents with minimum side effects are indispensable to treat

non–small‐cell lung cancer (NSCLC) since the mortality rate of patients suffering

from NSCLC remains high despite receiving conventional medication. In our pre-

vious study, many coumarin derivatives were screened for their anticancer prop-

erties in A549, an in vitro NSCLC model. One of these, 4‐flourophenylacetamide‐
acetyl coumarin (4‐FPAC), induced cytotoxicity at a concentration as low as 0.16 nM.

Herein, initially, the cytotoxic potential of 4‐FPAC was tested on a noncancerous cell

line NIH3T3 and was found safe at the selected dose of 0.16 nM. Further, we in-

vestigated the mechanism by which 4‐FPAC induced cytotoxicity and arrested the

progression of cell cycle as well as metastasis in A549. Results of ethidium bromide/

acridine orange (EtBr/AO), 4,6‐diamidino‐2‐phenylindole, comet, and lactate dehy-

drogenase assays revealed that 4‐FPAC caused cytotoxicity via reactive oxygen

species‐induced p53‐mediated mechanism, which involves both extrinsic and in-

trinsic pathways of apoptosis. Dichlorodihydrofluorescein diacetate, rhodamine 123,

and AO staining confirmed the involvement of both mitochondria and lysosome in

inducing apoptosis. However, flow cytometric analysis revealed that it causes cell

cycle arrest at the G0/G1 phase by modulating p21, CDK2, and CDK4 expression.

Aggregation, soft‐agar, clonogenic, and scratch assays as well as gene expression

analysis collectively confirmed that 4‐FPAC minimizes the metastatic property of

A549 by downregulating Snail, matrix metalloproteinase 9, and interleukin‐8. Ad-
ditional studies reaffirmed the above findings and substantiated the role of PI3K/

AKT in achieving them. The cell‐type‐specific selective cytostatic and antimetastatic

properties shown by 4‐FPAC indicate its potential to emerge as a drug of choice

against NSCLC in the future.
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1 | INTRODUCTION

Cancer is a complex disease characterized by rapidly proliferating

transformed cells that have got enormous invasion as well as metastatic

abilities.[1] However, despite all the available modern medical inter-

ventions, cancer therapy is still a major challenge. Further, it has been

reported that of all the cancers known worldwide, lung cancer most

frequently occurs in men, with a conspicuously high mortality rate.

Moreover, out of the total incidents of lung cancer, non–small‐cell lung
cancer (NSCLC) alone accounts for around 80% to 85%, of which

adenocarcinoma is the most common type, claiming for 40% of the total

occurrences.[2] NSCLC is observed in many individuals irrespective of

their dietary habits. However, the present medical advances like sur-

gery, immunotherapy, and chemotherapy are insufficient for its com-

plete alleviation. On the contrary, the latter adds to the complications

by aggravating the side effects, and causes deleterious effects on sur-

rounding healthy cells. Therefore, it is imperative to find a chemother-

apeutic agent with the least plausible side effects and higher specificity.

Coumarin is one such phytopharmacological agent that is widely

known for its anticancer, anti‐inflammatory,[3] and anticoagulant

properties.[4] These compounds and some of their derivatives are

found naturally in tonka beans and cinnamon, but they are present in

a lesser amount, which makes the extraction process cumbersome.

Therefore, chemical analogs of natural coumarin were synthesized.

Some of these analogs were marketed as fixatives, blood thinners,

and as drugs for the treatment of osteoporosis. However, due to

attendant side effects these molecules are not approved by Food and

Drug Administration in the United States.[5] One of the derivatives,

which was used for treating lymphoedema in few European countries

also got disapproved, due to its hepatotoxicity.[6] Such drawbacks of

the available coumarin derivatives, lead to more concerted efforts to

chemically synthesize better derivatives with selective anticancer

properties, along with least evasive effects.

In one such attempt, we synthesized as many as twenty deriva-

tives of coumarin by adding various pharmacophores to different

positions of benzopyrone ring. They were then tested for potential

cytotoxicity by using A549 cell line, a widely accepted in vitro model

for NSCLC. The result of this study revealed that one of these de-

rivatives, 4‐flourophenylacetamide‐acetyl coumarin (4‐FPAC), in-

duced significant cytotoxicity at a very low concentration of

0.16 nM.[7] To ponder the mechanistic details of this observation the

current study was envisaged wherein the antiproliferative, anti-

metastatic, and antiangiogenic properties of 4‐FPAC at a con-

centration of 0.16 nM was evaluated using A549 cell line.

2 | MATERIAL AND METHOD

2.1 | Chemical and reagent

The reagents were purchased from Sisco Research Laboratories

(India), Gibco, or Sigma‐Aldrich. After ascertaining the purity of the

compound, as detailed in our previous study,[7] a stock solution of

4‐FPAC was prepared in dimethylformamide (DMF). Various dilu-

tions of the derivative were prepared in phosphate‐buffered saline

(PBS) wherein the final concentration of DMF was not more than

0.5% in any of the chosen aliquots.

2.2 | Cell line selection, procurement,
and maintenance

The focus of the study was to check the effectiveness of 4‐FPAC as

an anticancer agent against the adenocarcinoma subtype of NSCLC,

which accounts for 40% to 70% of the total NSCLC.[2] Therefore, as a

prelude, we screened the efficacy of 4‐FPAC, through 3‐(4,5‐
dimethylthiazol‐2‐yl)‐2,5‐diphenyltetrazolium bromide (MTT) assay,

in two additional representative cell lines of NSCLC namely, NCI‐H23

and NCI‐H522 (refer the Supporting Information Data for details)

other than A549. The result revealed that 4‐FPAC curtailed cell cycle

progression only at very high concentration for NCI‐H23 and

NCI‐H522 cell lines (half minimal inhibitory concentration [IC50]

26.08 ± 2.03 µM and 19.68 ± 3.98 µM, respectively) as compared with

the IC50 value of 0.16 nM recorded for A549 cell line.[7] Therefore,

the human lung adenocarcinoma cell line A549 was selected as an in

vitro NSCLC model to study the anticancer property of 4‐FPAC.
Additionally, to evaluate the safety of 4‐FPAC, MTT assay was

performed on mouse fibroblast cell line NIH3T3, which is a widely

used noncancerous cell line for safety evaluation of new chemical

entities. All the cell lines were purchased from National Centre for Cell

Science (Pune, India). Cell lines were maintained in Dulbecco's mod-

ified Eagle's medium (DMEM) supplemented with 2mM of L‐glutamine

and 10% fetal bovine serum (FBS) with 1% antibiotic solution (peni-

cillin and streptomycin). The cells were maintained at 37°C with 5%

CO2 in a humidified CO2 incubator (Thermo Fisher Scientific).

2.3 | Dose and duration of treatment

In all the experiments, baring the ones that warranted a range of

doses, a concentration of 0.16 nM of 4‐FPAC was used since at this

concentration significant reduction in cell viability was observed in

A549. Further, a time‐lapse study was conducted wherein after

challenging A549 cells with a single dose of 0.16 nM of 4‐FPAC, the
cell viability was checked at an interval of 6, 12, 24, 48, and 72 hours

(refer the Supporting Information Data for details). The result re-

vealed that 4‐FPAC exerted a maximum inhibitory effect at 48‐hour
posttreatment. Therefore, all the further analyses were performed

after 48 hours of treatment with 0.16 nM of 4‐FPAC.

2.4 | MTT assay

As mentioned previously, the IC50 of 4‐FPAC on A549 cell line was

studied using MTT dye, as a part of preliminary screening of synthesized

coumarin derivatives, and was found to be 0.16 nM.[7] However, to
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check the safety of 4‐FPAC at a dose of 0.16 nM, MTT assay was

performed on mouse fibroblast cell line NIH3T3. These cells were

seeded in a 96‐well plate (1 × 103 cells per well) overnight in 100 µL

DMEM media supplemented with 10% FBS. During our initial trials, no

significant change in viability was shown by NIH3T3 cells subjected to

4‐FPAC even at a concentration of 500 nM. Therefore, a higher dose

range of 0.5, 1, 10, 25, 50, 75, and 100 μM was selected and the cells

were incubated for 48 hours. Subsequently, 20 µL of MTT solution

(5mg/mL prepared in PBS) was added, and the plate was incubated for

4 hours. Following incubation, the supernatant was removed and the

purple‐colored formazan crystals were dissolved in 100 µL of acidified

isopropanol. The absorbance (abs) was measured using a microplate

reader at 570 nm (Metertech ∑960) and cell viability was calculated

using the following formula.

( ) = ( /

) ×

Cell viability % average abs. of treated groups average abs.

of the control group 100%.

2.5 | Cell viability test

The cell viability test was performed by the dye exclusion test with

0.5% trypan blue. A total of 1 × 105 cells per well were seeded in a

12‐well plate and kept overnight for attachment. Next day, the cells

were treated with 0.16 nM of 4‐FPAC and incubated for 48 hours.

DMF‐treated cells were taken as vehicle control, whereas Triton

X‐100 treated ones served as a positive control. Following incubation,

the cells were trypsinized, and the count was made using a hemocyt-

ometer.[8] Results are expressed as the percentage of dead cells.

2.6 | Cell cycle analysis

The effect of 4‐FPAC on cell cycle distribution was analyzed using

the BD FACS Aria III flow cytometer. Cells were seeded at the

density of 6 × 107 cells per T25 cm2 flask. Cells were synchronized in

serum‐free media for 24 hours followed by derivative treatment for

48 hours. Since, in all previous experiments, there was no significant

change observed between vehicle control and normal control, in the

subsequent experiments, only vehicle control (0.2% DMF) was used

alongside the treatment group. Cells were trypsinized and washed

with PBS. The cell pellet was resuspended and fixed in ice‐cold 70%

ethanol at −20°C for overnight. The next day, cells were centrifuged,

collected, and the cell pellet was washed twice with PBS, then in-

cubated with RNAase (100 µg/mL) and propidium iodide (50 µg/mL)

solution for 30minutes at 37°C. Moreover, 10 000 events per sub-

population were analyzed using BD FACSDIYA software (Becton

Dickinson & Co), as described by Chikara et al.[9]

2.7 | Cell morphology study

The cells from positive control, control, and 4‐FPAC‐treated group

were seeded in a 12‐well plate (2 × 105 cells per well). They were

then incubated for 48 hours and observed under ×20 magnification in

Lawrence and Mayo (NIB 100) inverted microscope for their

morphology.

2.8 | Ethidium bromide/acridine orange staining

A549 cells were treated with 0.16 nM of 4‐FPAC and incubated for

48 hours. Cells from both control and treated groups were then

washed with PBS, trypsinized, and stained with 10 µL of ethidium

bromide/acridine orange (EtBr/AO; 100 µg/mL). Cells treated with

0.1% Triton X‐100 was used as positive control. The ratio of stain to

cell (1 × 103) was maintained as 1:25 µL. Images were taken using a

DM2500 fluorescence microscope (Leica, Germany).

2.9 | Lactate dehydrogenase assay

Lactate dehydrogenase (LDH) assay was performed to check the ne-

crotic potential of 4‐FPAC. However, treatment with 0.16 nM of

4‐FPAC did not induce a significant release of LDH. Therefore, a dose

range study was conducted to find the concentration at which 4‐FPAC
induces membrane damage. A549 cells were plated on a 96‐well plate
(1 × 104 cells per well) for 24 hours in DMEMmedia without phenol red,

followed by addition of 4‐FPAC at a concentration of 0, 0.1, 0.5, 1.0, 1.5,

2.0, 2.5, and 3.0 nM. Subsequently, cells were incubated for 48 hours.

The assay was performed as per the manufacturer's protocol (Pierce

LDH Cytotoxicity Assay; Thermo Fisher Scientific).

2.10 | Comet assay

The effect of the 4‐FPAC on apoptosis was observed using the comet

assay. Derivative treatment with a dose of 0.16 nM was given, as

mentioned previously, in a 12‐well plate. Cells were harvested in 10 µL

PBS and mixed with 10 µL of 1% low melting point (LMP) agarose and

were spread on the slide precoated with 1% normal melting point

agarose. Three slides were prepared for each experiment and were kept

for 20minutes at 4°C, followed by a coating of 0.75% LMP agarose for

another 20minutes at 4°C. After solidification of the components, slides

were submerged in freshly prepared lysis buffer for 4 hours at 4°C.

These were placed in the electrophoretic chamber, filled with freshly

prepared tank buffer (pH 8.3), and incubated for 30minutes at 4°C.

Electrophoresis was conducted at 200mA/22V for 20minutes at 4°C.

Slides were three times washed with neutralization buffer and allowed

to dry for 5minutes in absolute ethanol. Following this, cells were

stained with ethidium bromide (20 µg/mL). Slides were then observed

under a fluorescence microscope. At least 30 cells per slides were

evaluated, and components of comet assay were analyzed using

CaspLab software version 1.2 (Krzysztof Końca, CaspLab.com). As

suggested by Olive and Banáth[10] DNA damage was expressed as %

DNA in tail, % DNA in the head, tail length, head length, total comet

length, tail moment, and olive tail moment.
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2.11 | Nuclear morphology study

Change in nuclear morphology and chromatin condensation was

observed using 4, 6‐diamidino‐2‐phenylindole (DAPI).[11] A total of

1×103 cells were seeded on coverslips, which were placed in a six‐
well plate and incubated at 37°C overnight for attachment. Following

day, old media was replaced with the fresh one, containing 0.16 nM

of 4‐FPAC in case of the treatment group and incubated for 48 hours.

Further, the cells were washed with PBS and fixed with ice‐cold 70%

ethanol, followed by permeabilization of the cells using 0.2% Triton

X‐100. Cells were then stained with 10 µg/mL DAPI solution for

15minutes at room temperature and images were taken using a

fluorescence microscope.

2.12 | Analysis of reactive oxygen species

Dichlorodihydrofluorescein diacetate (DCFH‐DA) staining was used for

the detection of intracellular reactive oxygen species (ROS) levels. Cells

were seeded on a six‐well plate (5 × 105 cells per well) and treated with

0.16 nM of 4‐FPAC for 48 hours, then harvested by trypsinization.

Following which, the pellet was washed with PBS and stained with

25 µM of DCFH‐DA dye. H2O2 was used as a positive control. Stained

cells were incubated for 40minutes. Representative images were cap-

tured using a Leica DM2500 fluorescence microscope.

To quantify total ROS, A549 cells (5 × 105 cells per well) were

seeded in a six‐well plate overnight. Next day, the cells were treated

with 0.16 nM of 4‐FPAC and incubated for 48 hours. Following in-

cubation, the cells were harvested by trypsinization, washed with

PBS, and again resuspended in 100 µL PBS containing 10 µM DCFH‐
DA and incubated for 40minutes. An equal number of cells in 100 µL

PBS was used as control for each fluorimetry detection. Tubes were

read at 480 nm in Qubit 2.0 Fluorometer (Invitrogen), and the graph

was plotted against change in ROS level.[12]

2.13 | Sample preparation for biochemical
estimations

A total of 70% to 80% confluent cells were treated with 0.16 nM of

4‐FPAC. After 48 hours of incubation, they were trypsinized, and the

pellet was washed with prechilled PBS. Pellet was resuspended in

extraction buffer (0.1% Triton X 100 and 0.6% sulfosalicylic acid

in potassium phosphate EDTA buffer), homogenized and sonicated in

ice for 2 to 3minutes. The lysate was centrifuged at 3000g for

4minutes at 4°C, and the supernatant was collected in a prechilled

tube for following enzymatic assay.

2.14 | Glutathione peroxidase

Reaction mixture contained 200 µL phosphate buffer (0.4M pH 7),

100 µL glutathione (2mM), 200 µL NaN3 (10mM), 200 µL H2O2

(10mM), 100 µL water, and 40 µL of supernatant. It is then incubated

for 5minutes at room temperature followed by addition of 200 µL

metaphosphoric acid (30mM). It was further kept in ice for 10min

followed by centrifugation at 2000 rpm for 10minutes. Of the super-

natant collected, 60 µL was incubated with 60 µL of Na2HPO4 (0.4M)

and 3 µL DTNB following which, reading was taken at 412 nm in a

microplate reader. The blank contained all the reagents except the su-

pernatant. The activity of glutathione peroxidase (GPx) was expressed

as nM of glutathione oxidized per minute per milligram protein.[13]

2.15 | Superoxide dismutase

Superoxide dismutase (SOD) activity of supernatant was assayed

using a method based on its capacity to inhibit pyrogallol auto‐
oxidation, under standard assay condition.[14] A total of 3 µL of su-

pernatant was added to 50 µL potassium phosphate buffer (0.2M,

pH 8) and 5 µL pyrogallol (25mg pyrogallol in 1mL of 0.5N HCl),

reading was taken at 420 nm in a microplate reader. Blank contained

all the reagents except the supernatant.

/

= ( − / × ) ×A B A

Unit of SOD ml of assay mixture was calculated

50 100,

where A is the abs of substrate blank and B is the abs of sub-

strate test.

2.16 | Catalase

The supernatant was mixed with 50 µL of H2O2 (0.2M) and 80 µL PBS

(0.01M pH 7), incubated for 1minute at room temperature then

80 µL dichromic acetic acid reagent (5% K2Cr2O7 in 1:4 glacial acetic

acid) was added and boiled for 10minutes, allowed to cool down,

while absorbance was taken at 570 nm in a microplate reader. Blank

contained all the reagents except supernatant.[15]

= [( × )]/ ×Catalase activity sample OD volume of assay aliquot CF,

where CF = 0.0041.

Result are expressed as µmol of H2O2 decomposed/µg protein.

2.17 | Detection of mitochondrial membrane
potential

For the detection of mitochondrial membrane potential rhodamine

123, a fluorescent dye that binds only to metabolically active mi-

tochondria, was used as per standard protocol.[10] Cells were seeded

on a coverslip in a six‐well plate and incubated overnight for at-

tachment. Next day, the old media was replaced with fresh media

containing 0.16 nM of 4‐FPAC and incubated for 48 hours, followed
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by washing with PBS. Cells were fixed with ice‐cold 70% ethanol and

further incubated for 30minutes at 37°C with 5 µg/mL rhodamine

123. Cells were then washed with PBS and photographed using Leica

DM2500 fluorescence microscope.

2.18 | Detection of lysosomal membrane
permeabilization

Acridine orange, a lysosomotropic weak basic dye was used in this

experiment.[16] Intact lysosomes stain red. However, lysosomes un-

der stress give green fluorescence. Cells were plated on the coverslip

and treated with 0.16 nM of 4‐FPAC. After 48 hours, these cells were

treated with 5 µg/mL AO solution and incubated for 15minutes.

Representative images were captured using Leica DM2500 fluor-

escent microscope.

2.19 | Clonogenic inhibition assay

For determining colony formation ability of the cell line under the

influence of 4‐FPAC, clonogenic inhibition assay was performed.

Cells were trypsinized at the log phase, and 1 × 103 cells/mL were

plated on 35mm plate, followed by treatment with 0.16 nM of the

derivative. After 48 hours, the old media was replaced with new, and

the cells were further incubated for 10 days. After that, the cells

were fixed and stained with 0.1% crystal violet solution. The number

of colonies was counted using Image J software (NIH). The surviving

fraction was calculated as the ratio of the number of colonies formed

after treatment to the product of the number of cells plated and the

plating efficiency.[17]

2.20 | Soft agar assay

Anchorage‐independent growth is a decisive property of cancer

metastasis and growth. This adhesion independent growth, under the

influence of 4‐FPAC, was evaluated by using soft agar assay.[18] Disc

(35mm) was coated with 0.8% agarose in FBS‐free media, once so-

lidified, it was overlaid with 0.4% agarose with cell and left to solidify.

Media with 0.16 nM of 4‐FPAC was added and incubated for

48 hours. It was then replaced with a fresh one and incubated for

10 days. On the 11th day, the cells were stained with 0.01% crystal

violet solution and photographed under the microscope. The number

and size (pixels) of the colony were counted using Image J soft-

ware (NIH).

2.21 | Wound‐healing assay

Cancer cell migration was analyzed using a wound‐healing assay.[19]

Cells were seeded on six‐well plate with a density of 2 × 105 cells per

well in media supplemented with 10% FBS. Cells were incubated

overnight to adhere and form a monolayer. Once the monolayer

reached 90% confluence, it was scratched with the help of a 20 µL

pipette tip, then washed with PBS to remove the detached cells

completely. After that, the old media was replaced with fresh one

containing 0.16 nM of 4‐FPAC. The image was taken using an in-

verted microscope at 0 hour, followed by incubation for 48 hours, in

1% serum media, and was photographed using Lawrence and Mayo

inverted microscope and evaluated using Image J software (NIH).

Wound area covering was compared using Student's t test at 95%

significance, wherein, the experiment was done in triplicates with

three scratches each, for both, control and treated.

2.22 | Hanging drop aggregation assay

Aggregation property of the cell line was analyzed using the hanging

drop method. Cells were harvested, centrifuged, and counted. A total

of 2 × 106 cells/mL were resuspended from stock in media containing

0.16 nM of 4‐FPAC, and for control, the same number of cells were

incubated in media without derivative. Thirty microliter of cell‐
suspended media was placed as a droplet on the inner side of the

60mm Petri dish lid, and 20 droplets per lid were placed and in-

cubated for 48 hours. Ten milliliter of media was poured in the disc to

avoid evaporation. The image was taken at 0 and 48 hours for both

control and treatment. The total area covered by aggregate was

analyzed using Image J software (NIH), and the mean area of ag-

gregate was expressed in pixels.

2.23 | Gelatin zymography

A total of 1×106 cells per well were seeded in a six‐well plate and

incubated overnight, followed by treatment with 0.16 nM of 4‐FPAC.
After 48 hours, the media was removed and cells were washed with

cold PBS. Thereafter, the cells were homogenized in lysis buffer (Tris‐
Cl 10mM pH 8, NaCl 150mM, CaCl2 10mM, and 1%Triton X‐100),
centrifuged and the supernatant was taken, and concentration of

protein was estimated using Bradford reagent. Thirty microgram of

protein was used for sodium dodecyl sulfate polyacrylamide gel

electrophoresis (SDS‐PAGE), containing 2.5% gelatin in resolving gel.

Electrophoresis was done at 100 V. The gel was washed twice with a

Triton wash buffer followed by two incubation buffer washes of

15minutes each. It was then left for further incubation overnight at

37°C, followed by staining with 0.25% coomassie brilliant blue for

4 hours and destaining till clear band was seen on blue background.

2.24 | Western blot analysis

Protein from treated and control cells was harvested as mentioned

for zymography. Forty microgram of protein was used for the SDS‐
PAGE electrophoresis. The separated sample was transferred onto

the polyvinylidene difluoride membrane at 100mA for 20minutes.
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After that, blocking was done with TBS containing 0.1% Triton

X‐100% and 5% skimmed milk for 1 hour. After that, the membrane

was incubated with primary antibodies which were, monoclonal anti‐
MMP‐9 IgG goat 0.1 µg/mL (Sigma‐Aldrich, St Louise, MO), anti‐IL‐1β
IgG rabbit 0.1 µg/mL (Sigma‐Aldrich), anti‐β‐catenin IgG mouse

0.1 µg/mL (Santa Cruz Biotechnology), anti‐p53 IgG mouse 0.1 µg/mL

(Santa Cruz Biotechnology), anticytochrome c IgG mouse 0.1 µg/mL

(Santa Cruz Biotechnology), anti‐PCNA IgG rabbit 0.1 µg/mL (Sigma‐
Aldrich), anticleaved Caspase 3 IgG rabbit 0.1 µg/mL (Sigma‐Aldrich),
anti‐VEGF‐α IgG goat 0.5 µg/mL (DSHB IOWA), anti‐AKT IgG rabbit

0.1 µg/mL (Sigma‐Aldrich), anti‐pAKT IgG rabbit 0.1 µg/mL (Sigma‐
Aldrich), anti‐TNF‐α IgG mouse 0.1 µg/mL (Sigma‐Aldrich), anti‐iNOS

IgG rabbit 0.1 µg/mL (Sigma‐Aldrich), anti‐IL‐6 IgG mouse 0.5 µg/mL

(DSHB IOWA), anti‐E‐cadherin IgG mouse 0.5 µg/mL (DSHB IOWA),

anti‐N‐cadherin IgG mouse 0.5 µg/mL (DSHB IOWA), antivimentin

IgG mouse 0.5 µg/mL (DSHB IOWA), anti‐PI3K IgM mouse 0.5 µg/mL

(DSHB IOWA), anti‐Grb7 IgG mouse 0.5 µg/mL (DSHB IOWA), and

anti‐β‐actin IgG mouse 0.1 µg/mL (Santa Cruz Biotechnology) at 4°C

for 16 hours. Followed by three washes with wash buffer (50mM Tris

HCl of pH 7.6, 150mM NaCl and 0.1% Tween 20), and each wash last

for 15minutes. Then, incubated with corresponding biotinylated

secondary antibody (0.5 µg/mL) for 45minutes at room temperature,

followed by three washes. After that, the membrane was incubated

with alkaline phosphatase‐conjugated streptavidin (0.5 µg/mL) for

45minutes, washed three times, as mentioned earlier. Bands were

developed upon the addition of the BCIP‐NBT substrate (Sigma‐
Aldrich).

2.25 | Quantitative real‐time polymerase
chain reaction

Total RNA was isolated from using TRIzol reagent and purity of RNA was

checked by the ratio of A260nm by A280nm. One microgram of DNAase‐
free RNA was reverse‐transcribed into complementary DNA (cDNA)

using cDNA Synthesis Kit (Applied Biosystems). Real‐time RT‐PCR
(LightCycler 96; Roche Diagnostics, Switzerland) was performed using

primers for genes viz. p53, p21, BCL‐2,MDM2, survivin, BID, BAX, BAD, AIF,

PARP1, β‐catenin, cathepsin B, calpain 2, PCNA, caspase 3, 9,7, 8, cytochrome

c, TRADD, FADD, cyclin D1, CDK2, cyclin E, CDK4, HIF‐1α, IL‐8, TGF‐ β,

IL‐10, iNOS,MMP9,MMP2, TIMP2, TIMP4, E‐cadherin, N‐cadherin, vimentin,

snail1, snail2, ZEB1, claudin 3 (CLDN3), claudin 4(CLDN4), VEGF‐α, VEGF‐R/

KDR, and AKT. 18sr RNA was used as an endogenous control for nor-

malization of data. Gel electrophoresis and melt curve analysis were used

for confirmation of specific product formation. Fold change was calcu-

lated using the Livak method ( −ΔΔ2 Cq).[20]

2.26 | Statistical analysis

All values are reported as mean ± SEM. Experiments were performed

in triplicates. The GraphPad Prism 5 software was used for statistical

analysis. The difference between groups was analyzed using one‐way

analysis of variance or Student's t test. The level of significance was

kept at 95%.

3 | RESULTS

3.1 | 4‐FPAC induces cytotoxicity in the A549
cell line

The metabolic viability of 4‐FPAC on the noncancer cell line

(NIH3T3) was evaluated using the MTT assay and the IC50 was found

to be 79.58 ± 10.24 µM (Figure 1B). However, 4‐FPAC could effec-

tively curb the viability of A549 at a very low concentration of

0.16 nM.[7] It is, therefore, prudent to presume that at the selected

dose of 0.16 nM, 4‐FPAC will not cause any deleterious effect to

neighboring noncancer cells.

In trypan blue exclusion assay, treatment with 0.16 nM of 4‐FPAC
showed 28% death in the A549 cell line. In contrast, no significant

difference in cell death was observed between control and vehicle

control groups (Figure 1C). However, the reported metabolic viability in

MTT assay was found to be 50% at this concentration,[7] which high-

lights the quiescent stage of the cells, wherein the cells are not dead,

but elicit arrested growth. Therefore, it could be deduced that 4‐FPAC
was not only showing cytotoxic but also cytostatic property.

3.2 | 4‐FPAC causes cell cycle arrest
at the G0/G1 phase

The effect of 4‐FPAC on cell cycle was analyzed using propidium

iodide staining through flow cytometry. The proportions of control

A549 cells in various stages of the cell cycle are representative of an

untreated, healthy cell population, with a large majority of the cells

(>90%) caught in either of the G0/G1, S or the G2/M phases. Sub G0/

G1, which often reflects DNA fragmentation, a hallmark of apoptotic

death, had a minute proportion of cells. The 4‐FPAC‐treated sample,

however, had a very large proportion of cells in the sub G0/G1 region

of the plot (40.9%), which points toward a high apoptotic rate.

Moreover, among the normal stages of the cell cycle, majority of the

treated cells were found in the G0/G1 phase. This is likely a result of

most cells not being able to cross the G1 cell cycle checkpoint, which

is the major decision point for a cell to enter the cell cycle and of

which, DNA integrity check is one of the criteria (Figure 2).

The cell cycle genes, including checkpoint genes viz, cyclin D,

CDK2, CDK4, cyclin E, PCNA, p21, p53, were analyzed using quanti-

tative reverse transcription polymerase chain reaction (qRT‐PCR)
and at the transcript level, a significant increase was observed in the

expression of p53, p21, and PCNA. However, the expression of CDK4,

cyclin D (CCND), CDK2, and cyclin E (CCNE) were found significantly

decreased (Figure 3A). Nonetheless, a concomitant Western blot

analysis revealed a definite increase in the expression of p53 with no

change in the expression pattern of proliferating cell nuclear antigen

(PCNA), a well‐known marker of cell proliferation (Figure 3B).
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Genes Forward (sequence 5′‐3′) Reverse (sequence 5′‐3′)

p53 CAGCCAAGTCTGTGACTTGCACGTAC CTATGTCGAAAAGTGCTTCTGTCATC

BCL‐2 ATGTGTGTGGAGAGCGTCAACC GCATCCCAGCCTCCGTTATC

MDM‐2 GTGCTGTAACCACCTCACAGA TTGGCACGCCAAACAAATCTC

Surviving AGAACTGGCCCTTCTTGGAGG CTTTTTATGTTCCTCTATGGGGTC

BAD CTTTAAGAAGGGACTTCCTCGC GTGGAGTTTCGGGATGTGGA

BID TGAGTGGCTGAATGACCCCA TCCCAGTGGCGACAGAATC

BAX CCTTTTCTACTTTGCCAGCAAAC GAGGCCGTCCCAACCAC

AIF GTGCATCAGGGGGCAAAATC TCTGAAGCAGATAACGCGGC

PARP1 GCCCTAAAGGCTCAGAACGA CTACTCGGTCCAAGATCGCC

cathepsin B CCAGGGAGCAAGACAGAGA GAGACTGGCGTTCTCCAAAG

β‐catenin GTCCTGGAATGAGACCGGAG TAGCCCCCAGAGTGAAAGGG

calpain 2 CGAGAGGGCCATCAAGTACC GCAGATCTCCGTGGGGC

PCNA TGTTCCTCTCGTTGTGGAGT TCCCAGTGCAGTTAAGAGCC

caspase 3 ACATGGCGTGTCATAAAATACC CACAAAGCGACTGGATGAAC

caspase 9 CCAGAGATTCGCAAACCAGAGG GAGCACCGACATCACCAAATCC

caspase 7 GGAGCGCACTACCCCGA ATCATCTGCCATCGTTCCCA

caspase 8 AGAGTCTGTGCCCAAATCAAC GCTGCTTCTCTCTTTGCTGAA

cytochrome c GAACAAAGGCATCATCTGGGG GGCAGTGGCCAATTATTACTCA

TRADD CGCTCTGTGGGTCTCAAATGGC AGTCCTCTGCCAGGCTGGTGA

FADD TTGGAGAAGGCTGGCTCGTCAG ACATGGCCCCACTCCTGTTCTG

cyclin D ATGCCAACCTCCTCAACGAC TCTGTTCCTCGCAGACCTCC

cyclin E CCATCATGCCGAGGGAGC TTATTGTCCCAAGGCTGGCT

CDK 4 CCTCTCTAGCTTGCGGCCTG CTCAGATCAAGGGAGACCCTCAC

CDK 2 GCATCTTTGCTGAGATGGTGAC GTAACTCCTGGCCACACCAC

HIF‐1α AGAGGTTGAGGGACGGAGAT GACGTTCAGAACTTATCCTACCAT

IL‐8 GCTCTGTGTGAAGGTGCAGTT TTTCTGTGTTGGCGCAGTGT

TGF‐β CGACTCGCCAGAGTGGTTAT CGGTAGTGAACCCGTTGATGT

IL‐10 CGAGATGCCTTCAGCAGAGT GGCAACCCAGGTAACCCTTA

iNOS TGCCCTCCTCTCGACAAAAC TTGAGTTCATCCCCTTCGCC

MMP9 GTCTCCTGGCTCATGCCTTT TTTCACCACTTGGCCCTCTC

MMP2 GCCTTCAAGGTGTGGAGTGA ATCCCCGTGGTCAGCTTTTC

E cadherin AGGCCAAGCAGCAGTACATT GGGGGCTTCATTCACATCCA

N cadherin ATCAAGCCTGTGGGAATCCG CTCTATGGGCCAGGTTTTCTCA

Vimentin GACCAGCTGACCAACGACAA GAGGCATTGTCAACATCCTGTC

snail 1 CGAACGCACACTGGTGAAAA CATACGGGAGAAAGTCCGGG

snail 2 AGGACTCACACCTTGCCTTG GTAGGTGAGCCCTGAGGTTG

TIMP2 ACTACGCCTGCATCAAGAGG GGCGTGGACCAGTCTAACAT

TIMP4 AAAGCTATACGGGCACCAGG CAAAGCTGTGAGCGTGCAAT

claudin 3 GCCACCAAGGTCGTCTACTC CCCTGCGTCTGTCCCTTAGA

claudin 4 TCTCCTCTGTTCCGGGTAGG CGTCCATCCACTCTGCACTT

VEGF‐α CTCCACCATGCCAAGTGGTC GCAGTAGCTGCGCTGATAGA

AKT CAGCCTGGGTCAAAGAAGTCA ATGTACTCCCCTCGTTTGTGC

KDR GCTTGCTTTTTGCCGGATGA TGCCGACCTCTGCATGTTAG

ZEB1 CGTTCATAAGGGAGGACGGG AGTGGGAGCACTCATAGGGT

18s rRNA GGCCGTTCTTAGTTGGTGGA TCAATCTCGGGTGGCTGAAC
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3.3 | 4‐FPAC induces apoptosis in A549 cell line

Morphology of A549 cells was observed after 48h of 4‐FPAC treatment

at a dose of 0.16 nM. Apoptotic features like granulation, rounding of cell,

and detachment from substratum were frequently observed in the 4‐
FPAC‐treated group (Figure 4C). No visible change in morphology was

observed in DMF‐treated cells (Figure 4B), which indicates that the ve-

hicle caused no significant alteration in cell morphology. However, Triton

X‐100, which served as a positive control, resulted in a more substantial

loss of attachment and more rounding of the cell (Figure 4D).

Subsequently, cell death and its mechanism were analyzed by

dual staining method using EtBr/AO dye. It gives green color if cells

are alive, orange/yellow if cells are in early or late stage apoptosis,

and red if cells are under necrosis. In control (Figure 4E) and vehicle

control groups (Figure 4F), most of the cells were green when com-

pared with 4‐FPAC‐treated group (Figure 4G), where maximum cells

were in the early or late apoptotic stage as exemplified by the yel-

low/orange color. However, all cells in the positive control were red

(Figure 4H). The current result indicates that 4‐FPAC‐treated cells

were undergoing an apoptotic type of cell death.

Additionally, to ensure that cell death observed in the treatment

group is not due to necrosis, the LDH assay was performed. The

result revealed that a statistically relevant increase in membrane

permeability and therefore the release of LDH was observed in A549

cells that received a minimum concentration of 0.5 nM 4‐FPAC. At
the selected concentration of 0.16 nM, no significant release of LDH

was noticed, hence consolidating the fact that at this concentration

4‐FPAC induced cell death only by apoptosis (Figure 4I).

3.4 | 4‐FPAC induces genotoxicity in A549 cell line

The genotoxic effect of 4‐FPAC was analyzed by comet assay and the

DNA damage was represented in the form of comet tail length.

The result revealed that unlike control (Figure 5A) and vehicle control

groups (Figure 5B), 4‐FPAC‐treated cells (Figure 5C) showed ample

signs of DNA damage, which were quite comparable to that of positive

control (Figure 5D). The percentage head DNA, percentage tail DNA,

tail moment, and olive tail moment in A549 are presented in Table 1.

The morphological evidence of apoptosis‐like chromatin con-

densation, nuclear fragmentation, and margination of the nucleus

was further confirmed by DAPI staining. No visible sign of chromatin

condensation and margination was observed in control (Figure 6A)

and vehicle control group (Figure 6B), whereas in 4‐FPAC‐treated
cells, chromatin condensation could be seen frequently (Figure 6C).

3.5 | 4‐FPAC treatment hampers the balance
between ROS and antioxidant enzymes

ROS plays a very critical role in cancer cell proliferation, as well as in

cellular toxicity. Many chemotherapeutic agents induce apoptosis in

F IGURE 1 Structure of 4‐FPAC and its cytotoxic effect: (A) chemical structure of derivative 4‐FPAC. Cytotoxicity study (B) cell viability
assay for NIH3T3 cell line and (C) trypan blue dye exclusion assay in A549 cell line. ***P ≤ .001, **P ≤ .01. 4‐FPAC, 4‐flourophenylacetamide‐
acetyl coumarin; ns, not significant
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cancer cells by augmenting the intracellular ROS concentration beyond

the threshold level.[21] The antioxidant enzyme system, which regulates

ROS concentration and maintains the cellular redox equilibrium, in-

cludes SOD, catalase (CAT), and GPx. These antioxidant enzymes act by

metabolizing the free radicals, which might damage the cell.[22] Herein,

the ROS level was measured using a fluorimeter (Figure 7D).

Further, the morphology of the cell was analyzed to ascertain

that the ROS generation was not due to cellular damage. There

F IGURE 2 Flow cytometric analysis of cell cycle distribution in A549 cell line. Histogram represents forward scatter (FSC‐A) vs side scatter
(SSC‐A) of control group (A) and treated group (C). Histogram represents pulse width (Pl‐W) vs pulse area (Pl‐A) of control group (B) and treated
group (D). Graph represents percentage of cell under various phases of cell cycle in control (E) and treated (F). Table represents number and
percent of cell under various phases of cell cycle in control (G) and treated (H)
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was an increase in fluorescence of the treated cells (Figure 7B) as

compared to the control one (Figure 7A), which revealed a sig-

nificant increase in the intracellular ROS level. 4‐FPAC might be

exerting its cytotoxic effect on A549 cells via increased in-

tracellular ROS concentration as it plays a significant role in the

induction of apoptosis.

The activities of SOD, CAT, and GPx were also evaluated in the

treated as well as control cells at 24 and 48 hours. The analysis of the

result revealed that at 24 hours, the activities of the studied antioxidant

enzymes in the 4‐FPAC‐treated cells remained at the basal level except

for that of GPx (Figure 8B), which registered a significant increase.

However, at 48 hours, a considerable decrease in the activities of CAT

and GPx were observed (Figure 8A,B). However, no change in SOD was

observed when compared to the control (Figure 8C).

3.6 | 4‐FPAC treatment disrupts membrane
potential in mitochondria and lysosome

Rhodamine 123 (RH‐123) fluorescent dye was used for evaluating mi-

tochondrial membrane potential. RH‐123 is a cationic dye, which elec-

trophoretically accumulates into the mitochondrial matrix. However, 4‐
FPAC‐treated cells (Figure 9B) when stained with RH‐123 showed less

fluorescence compared to the control cells (Figure 9A), indicating that

derivative treatment depolarized the mitochondrial membrane (Fig-

ure 9C). In a parallel study, AO was used to analyze the lysosomal

membrane integrity. AO is a weak base, which accumulates in lysosomes

where it gets protonated and entrapped. However, when the lysosomal

membrane gets permeabilized, AO relocates itself into the cytosol and

gives green fluorescence. It has been observed that the cells treated with

0.16 nM of 4‐FPAC (Figure 9D) emitted intense green fluorescence from

the cytosol compared to control cells (Figure 9E). The results herein

vividly exemplify that 4‐FPAC at the given concentration disrupted the

integrity of both mitochondria as well as lysosomal membranes pre-

sumably because of the increased oxidative stress as described

previously.

3.7 | 4‐FPAC affects genes regulating
apoptotic pathway

Major genes of intrinsic and extrinsic pathways of apoptosis were

analyzed in A549 cells treated with 0.16 nM of 4‐FPAC. The re-

sults revealed that at the transcript level, the expression of

proapoptotic genes of an intrinsic pathway like BAD, BAX, cyto-

chrome c, caspase 9, BID, and so forth, was upregulated in the

treated cells compared to controls, nonetheless, caspase 7 ex-

pression remained unaltered (Figure 10A). In addition, the anti-

apoptotic gene like survivin and BCL2 were found significantly

downregulated, along with the negative regulator of p53 like

MDM2 and β‐catenin, in the 4‐FPAC‐treated cells (Figure 10B). A

parallel Western blot analysis revealed heightened expression of

cytochrome c, a marker protein of mitochondria‐mediated

apoptosis (Figure 10C). Moreover, the study also revealed that

compared to control cells, the transcript level expression of AIF

and PARP‐1 remained low in the 4‐FPAC‐treated cells (Fig-

ure 10B), which reaffirms that 4‐FPAC does not activate any

pathway that can lead to necrosis.

Further, transcript level analysis of the extrinsic pathway of

apoptosis revealed that FADD, TRADD, and caspase 8 was triggered

by 4‐FPAC treatment (Figure 10A). Thus, it can be construed that in

4‐FPAC‐treated A549 cells, both the mitochondria‐mediated in-

trinsic, as well as the TRADD/FADD‐mediated extrinsic pathways are

involved in inducing apoptosis, wherein BID acts as a mediator be-

tween these two pathways and caspase 3 acts as a dominant effector

caspase. The significant upregulation of caspase 3, at protein and

transcript level, in the 4‐FPAC treated cells (Figure 10C) further in-

dicates that the derivative induced apoptosis by p53‐mediated

caspase‐dependent pathway.

Moreover, since 4‐FPAC was found adversely affecting lysoso-

mal as well as mitochondrial membrane integrity, it was thought

necessary to study the involvement of these organelles in cell death

and, hence the transcript levels of cathepsin B, a lysosomal protease

and calpain 2, a cysteine protease localized to the cytosol as well as

F IGURE 3 Effect of 4‐FPAC on genes involved in cell cycle regulation in A549 cell line. A, Values are expressed as mean ± SEM. Fold change

values for control is 1. ***P ≤ .001, **P ≤ .01, *P ≤ .05. B, Western blot analysis of PCNA and p53 in control and treated group, β‐actin was taken
as internal control. 4‐FPAC, 4‐flourophenylacetamide‐acetyl coumarin; PCNA, proliferating cell nuclear antigen
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mitochondria were checked. Results revealed that the expression of

calpain2 went down in the 4‐FPAC‐treated cells, whereas that of

cathepsin B was significantly upregulated (Figure 10B), indicating the

possibility of both lysosomal and mitochondrial‐mediated pathways

in inducing apoptosis.

3.8 | 4‐FPAC treatment reduces metastasis in A549
cell line

Cancer cell migration plays a decisive role in establishing metastasis

and is a frequently used feature to evaluate the anticancer property

of any novel derivative. It initiates, with the remodeling of ECM

components, and is followed by migration to the distant niche. This

remodeling is mostly governed by matrix metalloproteinases (MMPs),

which degrade type‐VI collagen, the main component of ECM.[23]

Here, we observed the effect of 4‐FPAC at the selected dose on

MMP‐9 and MMP‐2, the critical players of invasion and metastasis of

cancer. At the transcript level, there was a significant decrease in

MMP9 and MMP2 (Figure 11C). A similar decreasing trend of MMP‐9
was noticed at protein (Figure 11A) and activity level (Figure 11B)

too, hence reaffirming the inhibitory role of 4‐FPAC on matrix re-

modeling. Moreover, there was an upregulation in the expression of

TIMP2 and TIMP4 (Figure 11C), the negative regulators of MMPs,

which further support the downregulation of MMPs thereby, mini-

mizing the ECM degradation in the presence of a derivative.

With the onset of ECM remodeling, tumor cells are known to

change their typical phenotype so as to aid metastasis. First, cancer

cell losses its anchorage dependency, cell‐cell interaction, and

F IGURE 4 4‐FPAC induced apoptosis in A549. Cell morphology
of control (A), vehicle control (B), treated (C), and positive control (D)
groups, dead cells are marked with black arrow. AO/EtBr staining for

control (E), vehicle control, (F) treated (G), and positive control (H)
groups. I, Percentage LDH release in A549 under different
concentrations (nM) of 4‐FPAC. ***P ≤ .001, **P ≤ .01. 4‐FPAC,
4‐flourophenylacetamide‐acetyl coumarin; EtBr/AO, ethidium
bromide/acridine orange. LDH, lactate dehydrogenase

F IGURE 5 Comet assay in control (A), vehicle control (B),

treated (C), and positive control (D)
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TABLE 1 Comet assay parameters:
genotoxic effect of

4‐flourophenylacetamide‐acetyl coumarin
on A549 cell line

Control Vehicle control Treated Positive control

Total comet length 98 ± 5.09 112 ± 11.09 204 ± 12.67 186 ± 4.43

Head length 93 ± 4.19 105 ± 12.05 139 ± 12.37 133 ± 1.891

Tail length 5 ± .034 7 ± 0.901 65 ± 9.05 53 ± 1.891

% head DNA 92.98 ± 3.92 99.40 ± 18.91 64.68 ± 1.5 54.45 ± 3.275

% tail DNA 7.5 ± .018 0.591 ± .003 35.31 ± 2.85 45.53 ± 2.677

Tail moment 0.37 ± .03 0.0413 ± .0001 58.26 ± 0.33 24.31 ± 1.334

Olive tail moment 0.311 ± .03 2.367 ± .021 41.61 ± 6.49 37.57 ± 1.491

F IGURE 6 Nuclear staining with 4,6‐diamidino‐2‐phenylindole in control (A), vehicle control (B) and treated (C). White arrow head indicates
chromatin condensation

F IGURE 7 DCFH‐DA staining in control (A), treated (B), and positive control (C). D, Estimation of ROS by DCFH‐DA assay. ***P ≤ .001 and

**P ≤ .01. DCFH‐DA, dichlorodihydrofluorescein diacetate; ROS, reactive oxygen species
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establishes rapid proliferation. These properties of cancer cells were

evaluated by soft agar, aggregation, and clonogenic assay. Soft agar

assay was done for optimizing the anchorage‐independent growth of

the cell. The result showed that control cells (Figure 12C) had pro-

liferated at an average rate on the agar layer and formed a larger

colony. However, cells treated (Figure 12D) with 4‐FPAC, when ob-

served after 48 hours incubation, showed an apparent reduction in

the size of the colony (Figure 12F). Nevertheless, no significant dif-

ference was observed in the number of colonies as compared to

control (Figure 12G). This outcome was reaffirmed with the clono-

genic assay and found that the derivative is negatively affecting the

clonogenic property of the cancer cell line (Figure 12E). Therefore,

from both experiments, it was confirmed that in the presence of

4‐FPAC, the anchorage‐independent growth and proliferation

F IGURE 8 Effect of 4‐FPAC on antioxidant enzyme levels in A549 cell line at 24 and 48 hours post treatment: (A) catalase (B) glutathione
peroxidase, and (C) superoxide dismutase. Data are represented as mean ± SD. ***P ≤ .001 and *P ≤ .05. 4‐FPAC, 4‐flourophenylacetamide‐acetyl
coumarin

F IGURE 9 Effect of 4‐FPAC on membrane integrity and potential in A549 cell line: rhodamine staining for mitochondrial membrane

potential in control (A) and treated (B). C, Represents the quantitative measurement of mitochondrial membrane potential. **P ≤ .01. Acridine
orange staining to detect lysosomal membrane permeabilization in control (D) and treated (E). 4‐FPAC, 4‐flourophenylacetamide‐acetyl
coumarin
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capacity of the cancer cell was reduced. Nonetheless, a significant

increase in the aggregate size of cancer cells was observed when

treated with 0.16 nM of 4‐FPAC (Figure 13C). The average size of cell

aggregate in case of the control group was 60 601 pixels (Figure 13A)

but when treated with derivative, the mean size of aggregate was

increased to 237 339 pixels (Figure 13A), which showed that 4‐FPAC
increases the aggregation property of cancer cell and minimizes the

metastasis property of cancer cell line in vitro.

At the molecular level, during metastasis of cancer cell, down-

regulation of E‐cadherin, an epithelial cell surface adhesion molecule,

upregulation of N‐cadherin, a mesenchymal cell surface adhesion

molecule and vimentin, an intermediate filament protein were ob-

served. All these are usually associated with epithelial to mesench-

ymal transition (EMT), which helps cancer cells to migrate from one

niche to other.[24] Therefore, we checked the expression of

E‐cadherin, N‐cadherin, and vimentin at messenger RNA (mRNA) and

protein levels. At the transcript level, a significant decrease in

N‐cadherin and an increase in vimentin, as well as E‐cadherin, was

observed (Figure 14A). Whereas, at the protein level, there was a

minor increase in the expression of E‐cadherin but a decrease in

vimentin and no significant change in N‐cadherin was observed

(Figure 14D). Which, further illustrated that the derivative at the

selected dose resists the morphological changes associated with EMT

in A549 cells by increasing the epithelial property by increasing the

levels of E‐cadherin. It also minimizes the mesenchymal property of

the cells by reducing vimentin. Downregulation of transcription fac-

tors namely Snail1, Snail2, and ZEB1 was also observed in treated

cells (Figure 14C), which are known to repress E‐cadherin and fa-

cilitate cell migration.[25]

Further, the effect of 4‐FPAC on migration property of cancer

cell line was estimated by in vitro wound‐healing assay. The result

showed a significant reduction in percentage wound coverage in

treated disc compared to control cells after 48 hours of treatment

(Figure 15).

3.9 | 4‐FPAC reduces the expression of
angiogenesis regulating genes and cytokines

Angiogenesis is the critical stage for metastasis, and many putative

factors are known to influence it. Herein, we analyzed the transcript

level expression of these factors and found that in 4‐FPAC‐treated
cells, there was a significant increase in TGF‐ β, iNOS, VEGF‐α, and kdr

(Figure 14A,B). However, though a significant decrease was observed

in the level of IL‐8 and IL‐6, no significant change was noted in the

level of IL‐10 (Figure 14B). At the protein level, TNF‐α and inducible

nitric oxide synthase (iNOS) were found to be upregulated whereas,

interleukin 1β (IL‐1β) and IL‐6 were downregulated and no significant

change was observed in vascular endothelial growth factor α

(VEGF‐α; Figure 14D).

3.10 | 4‐FPAC reduces the expression of PI3K
and Akt

PI3K is the key regulator of cell division,[26] cell survival,[27] apop-

tosis,[28] EMT,[29] and angiogenesis.[30] The result of the qRT‐PCR
analysis did not show any significant change in the expression of AKT

in the 4‐FPAC‐treated cells compared to that of control (Figure 16A).

Nonetheless, analysis of the Western blot images revealed an

F IGURE 10 Analyzing apoptosis at the molecular level:
quantitative reverse transcription polymerase chain reaction of
genes involved in apoptosis depicted in (A, B). Values are expressed

as mean ± SEM. Fold change values for control is 1. ***P ≤ .001 and
**P ≤ .01. C, Western blot analysis of cleaved caspase 3 and
cytochrome c in control and treated group, β‐actin was taken as

internal control
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appreciable reduction in the expression of AKT, pAKT, and PI3K in

the treated cells (Figure 16B). Moreover, no significant change in the

protein level expression of Grb7, an upstream regulator of PI3K, was

noticed in the treatment group (Figure 16B), which vividly indicates

that the derivative is affecting the pathway downstream of Grb7 at

PI3K level.

4 | DISCUSSION

As a prelude to this study, a string of coumarin derivatives was

synthesized with different substituents and the antiproliferative

property of each derivative was evaluated. Among these, 4‐FPAC
showed lowest median inhibitory concentration in A549—a human

F IGURE 11 Effect of 4‐FPAC on cell migration in A549. A, Western blot analysis of MMP9 in control and treated group, β‐actin was taken
as an internal control. B, Gelatin zymogram for MMP9 activity. C, Quantitative reverse transcription polymerase chain reaction of genes

involved in migration. Values are expressed as mean ± SEM. Fold change values for control is 1. ***P ≤ .001 and *P ≤ .05. 4‐FPAC,
4‐flourophenylacetamide‐acetyl coumarin; MMP, matrix metalloproteinase

F IGURE 12 Effect of 4‐FPAC on anchorage independent growth and clonogenic property of A549 cell line. Clonogenic assay depicting
control (A) and treated (B) colonies at 48 hours post treatment. E, Graph represents clonogenic inhibition in treated condition, n = 5. Soft agar
assay for control (C) and treated (D) cell lines, at 48 hours post treatment. Graphs representing size of colony (F) and number of colony (G) on

agar. ***P ≤ .001 and *P ≤ .05. 4‐FPAC, 4‐flourophenylacetamide‐acetyl coumarin
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adenocarcinoma lung cell line.[7] What particularly triggered our in-

terest in this molecule was its negligible cytotoxicity toward NIH3T3

cells—a noncancerous mouse fibroblast line. The present study looks

into the effects of 4‐FPAC on different aspects of metastasis in the

A549 cell line. The observations stated herein have been made after

incubation of A549 with 0.16 nM of 4‐FPAC for a 48‐hour period,

since it exerted maximum inhibitory effect for this duration of

exposure.

First, a trypan blue exclusion assay in A549 revealed approxi-

mately 28% cell death at the selected dose of 0.16 nM of 4‐FPAC,
whereas an MTT assay showed 50% loss of metabolic viability at the

same dose.[7] Since loss of metabolic viability reflects both cell death

as well as quiescence, it could be deduced from the results of trypan

blue and MTT assays that 4‐FPAC was not only showing cytotoxic

but also cytostatic property. Further, flow cytometric analysis re-

vealed that 4‐FPAC arrests cell cycle at the G0/G1 phase in a large

proportion of cells. This indicates an inability of cells to cross the G1

cell cycle checkpoint, which may indicate the presence of DNA da-

mage.[31] Indeed, a comet assay performed at the same concentration

of 4‐FPAC confirmed significant DNA damage. It was evident from

Western blot results that the p53 protein was induced in the A549

cells in response to incubation with 0.16 nM of 4‐FPAC. This is likely
a result of DNA damage. p53 leads to the activation of p21, a

downstream target of p53, and a known inhibitor of CDK2, CDK4,

and PCNA. When activated p21 binds to PCNA, it inhibits the latter's

activity, which was evident from the low protein level expression of

PCNA in the 4‐FPAC‐treated cells. Besides, the inactivation of PCNA

by p21 might prevent DNA repair and hence induce cell cycle arrest

at the G1 phase.

Moreover, it has been reported that activated p21 inhibits G1

phase progression by inhibiting CDK4‐cyclin complex.[32] Further-

more, it is documented that CDK2, in combination with cyclin E,

helps the cell to pass G1 phase.[33] In the present study, the 4‐FPAC
treatment resulted in significant downregulation of CDK2 expres-

sion, rendering it unavailable for CDK2‐cyclin E complex formation,

resulting in cell cycle arrest at the G0/G1 phase and ultimately in-

ducing cell death in A549 cells.

It is well‐known that necrosis and apoptosis are the two major

pathways that converge to cell death when treated with a cytotoxic

compound. As necrosis is an uncontrolled process, it leads to sudden

cell rupture, plasma membrane damage, adenosine triphosphate de-

pletion, and enhanced ROS generation, which causes damage to

F IGURE 13 Hanging drop assay. A, Graph represents aggregate size (in pixels). B, Images of aggregate in control and treated cell at
48 hours. C, Photomicrographs of hanging drop assay for control and treated at 0 and 48 hours. ***P ≤ .001
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F IGURE 14 Analysis of metastasis and angiogenesis in A549 cell line. Quantitative reverse transcription polymerase chain reaction of genes

involved in metastasis and angiogenesis are depicted in (A‐C). Values are expressed as mean ± SEM. Fold change values for control is 1.
***P ≤ .001, **P ≤ .01, and *P ≤ .05. C‐E, Western blot analysis of key proteins involved in metastasis and angiogenesis in control and treated
group, β‐actin was taken as internal control

F IGURE 15 Wound closure assay for A549 cell line upon treatment with 4‐FPAC. A, Photomicrograph of control and treated cells at 0 and

48 hours. B, Graph represents % wound area cover in control and treated cell line. ***P ≤ .001
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neighboring cells as well. However, apoptosis is characterized by cell

rounding, membrane blebbing, and finally removal of cells through

the formation of apoptotic bodies, which would be engulfed by

phagosome and further eliminated from the system without dama-

ging neighboring cells.[34] Herein, the mechanism of cell death was

analyzed in 4‐FPAC‐treated A549 cells by EtBr/AO staining, DAPI

staining, LDH release assay, and comet assay. The microscopic ana-

lysis revealed apoptotic signs like cell rounding and membrane

blebbing in the treated cells. The 4‐FPAC‐treated cells also exhibited

additional markers of apoptosis like chromatin condensation and

DNA damage, as evident from the results of EtBr/AO, DAPI, and

comet assay. Moreover, only the basal level of LDH, a sign of ne-

crosis, was found to be released from cells treated with 0.16 nM of

4‐FPAC. The above result, therefore, indicates that 4‐FPAC induces

apoptosis in A549 cells at the selected dose.

Most of the known chemotherapeutic agents exert their cyto-

toxicity by elevating the ROS beyond a threshold limit.[35] Hence, the

intracellular ROS level was investigated by DCFH‐DA assay and a

significant elevation in ROS concentration in cells treated with

0.16 nM of 4‐FPAC was found. This elevated ROS may be responsible

for apoptotic death observed in 4‐FPAC‐treated A549 cells. As ROS

is a universal intracellular metabolite, it regulates several cellular

cascades, in cancer as well as in noncancer cells, including cell sur-

vival, cell death, metastasis, and angiogenesis.[36,37] Whenever ROS is

elevated by a pharmacological compound, it induces apoptosis by

disrupting the mitochondrial membrane potential that results in the

release of cytochrome c and formation of the apoptosome, which

activates caspase cascade.[38] As well, it has been reported that Fas

ligand also elevates ROS, and that signals the Fas‐associated death

domain that further activates caspase‐8‐mediated apoptosis.[39]

Other than intrinsic and extrinsic pathway regulators, p53, a redox‐
sensitive transcription factor, is also involved in cell death, survival,

and DNA repair.[40] It has been observed that ROS‐mediated DNA

damage activates p53‐mediated apoptosis in cancer cells.[41] The

present observations like loss of mitochondrial membrane potential,

elevated levels of FADD, cytochrome c, caspase 3, and p53 confirm that

ROS plays a pivotal role in the induction of apoptosis in 4‐FPAC‐
treated A549 cells.

Failure of the antioxidant system leads to ROS induction that

further stimulates p53‐mediated apoptosis. Here, in this study, a

significant decrease in the activity of antioxidant enzymes such as

CAT and GPx were observed in A549 cells at 48 hours of treatment

with 0.16 nM of 4‐FPAC compared to that of control. Therefore, it

can be deduced that the reduction in the activities of these anti-

oxidant enzymes might be the main reason for the observed eleva-

tion of intracellular ROS in the treated cells.

It is stated that the elevated ROS is responsible for the loss of

mitochondrial as well as the lysosomal membrane potential. Hence,

we investigated the mitochondrial membrane potential by rhodamine

123 staining and lysosomal membrane potential by AO staining. The

results vividly showed that both of the organelles lost the membrane

potential when treated with 0.16 nM of 4‐FPAC. Mitochondrial

membrane permeabilization leads to the release of cytochrome c and

AIF, in which cytochrome c causes caspase‐dependent, whereas AIF is

responsible for caspase‐independent cell death.[42] The transcript

level analysis showed that AIF is downregulated, and cytochrome c is

upregulated in the 4‐FPAC‐treated cells. Hence, it can be deduced

that cell death in treated A549 is caspase‐dependent. The upregu-

lated expression of caspase 9, caspase 8, and cleaved caspase 3 in the

treated cells further consolidate this notion.

Moreover, Cirman et al[43] have opined that lysosomal mem-

brane damage leads to the release of cathepsins, which subsequently

activates Bid, Bax, and Bad, and releases cytochrome c from the

mitochondria. Additionally, it was reported that Bax directly affects

lysosome when translocated from cytosol to lysosomal membrane.[44]

Therefore, lysosomal and mitochondrial membrane damage act as a

positive feedback loop for the release of cathepsin, activation of Bid,

and subsequent release of cytochrome c, and all these three were

found upregulated in the A549 cells treated with 0.16 nM of 4‐FPAC.
Furthermore, it has been documented that like ROS, iNOS too

acts in a concentration‐dependent manner and differentially reg-

ulates various cellular functions.[45] At low concentration, iNOS acts

F IGURE 16 4‐FPAC affects PI3K/AKT signaling pathway. (A) Quantification of AKT at transcription level by quantitative reverse
transcription polymerase chain reaction. Graph represents fold change of AKT. Expression level of control messenger RNA was assigned as 1.0.

Experiment was performed in triplicate. Data are represented as mean ± SEM. B, Western blot analysis of PI3K, AKT, pAKT, and Grb7 in control
and treated cell line. 4‐FPAC, 4‐flourophenylacetamide‐acetyl coumarin; ns, not significant
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as a signaling molecule and facilitates cell survival, proliferation,

metastasis, and angiogenesis, whereas, at high concentrations, it

exerts antitumor activity.[46] Moreover, the regulatory role of iNOS

was reported in various types of cancers, including brain tumor,

melanoma, and breast cancer.[47–49] The dual role of iNOS is de-

pendent on cell type, the concentration of therapeutic, and cellular

environment. Chemo‐preventive agents like 5‐fluorouracil and fen-

retinide are known to induce apoptosis in cancerous cells by acti-

vating iNOS.[50,51] The typical markers of iNOS‐mediated cytotoxicity

are caspase‐dependent apoptosis, chromatin condensation, DNA

fragmentation, p53 phosphorylation, and cytochrome c release from

mitochondria.[52] Since the levels of these markers were found high in

4‐FPAC‐treated cells compared with controls, we can conclude that

the observed hike in the level of iNOS has contributed its bit in

inducing apoptosis in the treated A549 cells.

Parallelly, the efficacy of 4‐FPAC was tested for its potent

antimetastatic property. Metastasis is a complex process that in-

volves multiple steps like rapid proliferation, EMT, invasion, cell

migration, and angiogenesis. When A549 cells were treated with

0.16 nM of 4‐FPAC, a significant reduction in the aggregation

property, clonogenic capacity, and anchorage dependency for

growth and migration was observed. To understand the molecular

events behind these phenomena, specific markers of the pathway

that facilitate various processes of metastasis, as mentioned

above, were studied in 4‐FPAC‐treated A549 cells at transcript

and protein levels. Results revealed significant reduction in the

expression of major transcriptional regulators of EMT like Snail1,

Snail2, and ZEB1 in the A549 cells treated with 4‐FPAC. The Snails

and ZEB1 are known to induce EMT by downregulating the cell

adhesion molecules and upregulating intermediate filaments that

facilitate cell migration.[53,54] Moreover, the reduced expression of

PCNA, a proliferation marker, further substantiates the reduction

in clonogenic capacity exhibited by A549 cells subjected to

4‐FPAC. Besides, reduction in the levels of adhesion molecules like

claudin 3 and claudin 4 was also observed in the treated cells,

which could be a function of Snail‐mediated expression of a tran-

scriptional inhibitor named ZEB1. Similar observations by Lin

et al[55] give credence to the present result. It is reported that

when p53 expression increases, it degrades Snail2 via MDM2 in-

teraction.[56] Therefore, it is prudent to presume that the observed

hike in p53 expression might be the reason behind the reduction in

snail 2 levels in the treated cells. Moreover, the compromised

expression of snail 2, in turn, influences the expression of ZEB1,

a downstream modulator of the Snail pathway, resulting in a

substantial reduction of EMT in A549 cells challenged with

4‐FPAC. Further study on other transcription factors is required to

unlock the complete phenomenon of EMT. Therefore, it could be

inferred that 4‐FPAC affects the EMT initiation process by upre-

gulating E‐cadherin via Snail‐activated downregulation of ZEB1 in

the 4‐FPAC‐treated A549 cells.

However, once EMT is initiated, the process will be maintained

by the autocrine loop of growth factors like transforming growth

factor β (TGF‐β).[57] The TGF‐β chiefly support EMT by activating

transcription factors like Twist, Snail1, and ZEB1, which down-

regulates E‐cadherin and upregulates vimentin and N‐cadherin.[58]

TGF‐β is also known to induce ROS by reducing the levels of an-

tioxidant enzymes like GPx, SOD, and CAT.[59] It is also reported

that tumor cells undergoing EMT secrete MMPs under the influ-

ence of Snail, which is activated by TGF‐ β and hypoxia.[60] The

MMPs further degrades the basement membrane, and cells start

the migration from one site to another via lymph node. The acti-

vated Snail induces IL‐8 and VEGF‐α, which initiates neovascu-

larization near tumor cells.[61,62] VEGF‐α also activates EMT via

hypoxia‐inducible factor 1α (HIF‐1α)‐mediated Snail pathway.[63] It

was observed that 4‐FPAC increases the expression of TGF‐β,

which leads to the augmentation of ROS and upregulation of

HIF‐1α. Nonetheless, this upregulation was not enough to prevent

Snail degradation and release of MMP‐2 and MMP‐9, as both were

found to be decreased in treated cells. At the same time, a de-

crease in protein level expression of IL‐8 was also observed, which

might be because of the downregulation of snail and MMPs, as

reported by Lewis et al.[64] Moreover, p53 is known as a negative

regulator of VEGF‐α promoter activity,[65] and in the treated cells,

there was a significant reduction in the expression of p53.

Therefore, it can be inferred that p53 and Snail were the major

angiogenesis inhibitors in the A549 cells treated with 4‐FPAC.
Other factors have also been suggested to be involved in the

initiation and maintenance of metastasis, including IL‐6, IL‐10, TNF‐α,
and IL‐1β, which, too, were studied herein to corroborate the earlier

described antimetastatic property of 4‐FPAC in A549 cells. IL‐10 is

reported to be a suppressor of metastasis and angiogenesis.[66] How-

ever, in most of the lung cancer cases, IL‐6 remained upregulated to

assist survival, proliferation, invasion, metastasis, and EMT.[67,68] Most

of the NSCLC secrete IL‐6 and TNF‐α, which promotes EMT, invasion,

and metastasis.[68] IL‐1β, which is produced by cancer cells itself, acts

on cancer cells by establishing a cross‐talk with autocrine factors like

MMPs, VEGF‐α, IL‐8, IL‐6, and TNF‐α, and hence facilitate invasion and

angiogenesis.[69] In this study, a significant elevation in the transcript

levels of IL‐10 and a concomitant reduction in the mRNA levels of IL‐6

and IL‐1β was observed in 4‐FPAC‐treated A549 cells, which reiterate

the antimetastatic potential of the compound in question. None-

theless, the expression of TNF‐α was found significantly reduced in the

cells subjected to 0.16 nM of 4‐FPAC. However, apart from its re-

ported prometastatic property, TNF‐α is also an activator of the Fas‐
mediated apoptotic pathway, and ROS‐mediated necrotic pathway,[70]

hence its increase could assist the extrinsic pathway of apoptosis as

described previously.

Furthermore, an attempt was also made to understand the

effect of the 4‐FPAC on PI3K/AKT pathway, one of the primary

mediators of cell survival, EMT, metastasis as well as angiogenesis

and hence, a potential target for anticancer therapy. Recently it

has been reported that one of the coumarin derivatives success-

fully hampered the PI3K/AKT pathway in K562 cells.[71,72] More-

over, it is stated that upon activation, PI3K phosphorylates AKT, a

downstream target and positive regulator of the pathway, which

subsequently phosphorylates and inactivates both BAX and BAD,
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the two proapoptotic proteins of the intrinsic pathway of apop-

tosis.[73] In addition, phosphorylated AKT is known to enhance the

MDM2 expression, and hence counteracts the expression of

p53.[74] In the present study, a significant reduction in the tran-

script levels of AKT and MDM2 was observed in the A549 cells

treated with 4‐FPAC. Moreover, it was also noted that mRNA le-

vels of BAD, BAX, and p53 remained significantly high in the

treated cells. Therefore, it is possible that exposure to 4‐FPAC
might have reduced the expression of AKT, which resulted in the

reduction of MDM2 level, leading to the activation of p53, BAD,

and BAX, and hence could have induced apoptosis in the 4‐FPAC‐
treated A549 cells.

Additionally, the PI3K/AKT pathway is known to upregulate

the potent inducers of EMT namely Snail, TWIST, MMPs, and

TGF‐β.[75,76] The ablation of the AKT pathway is also reported to

inhibit the nuclear accumulation of β‐catenin and thereby

EMT.[77] Moreover, the overexpression AKT favors angiogenesis

by increasing the expression of HIF‐1α.[78] In this study, we found

that 4‐FPAC downregulates the PI3K/AKT pathway, thereby in-

creasing the apoptosis and concomitantly decreasing the EMT,

invasion, and angiogenesis in the 4‐FPAC‐treated A549 cells.

Overall, the present in vitro study vividly exemplified that the

coumarin derivative 4‐FPAC, at a dose of 0.16 nM, successfully

hampered the proliferation, EMT, invasion, migration, and angio-

genesis in A549 cells. In particular, 4‐FPAC exerts its effect

through AKT‐mediated inhibition of the p53 pathway. In brief, the

derivative caused cell cycle arrest at G0/G1 by p53‐induced
p21‐mediated inhibition of CDK2/CDK4 cyclin complex. Ad-

ditionally, this derivative also induced apoptotic cell death by ROS‐
evoked p53‐mediated caspase‐dependent pathway, which involves

both mitochondrial and lysosomal compartments. Further, it was

observed that 4‐FPAC is effective in curtailing the metastasis and

angiogenesis in A549 cells by p53‐mediated downregulation of

Snail, MMP‐2, 9, and IL‐8. The currently observed antitumor and

antiangiogenic efficacy of 4‐FPAC on A549 cells suggest that it has

the potential to evolve as a promising novel chemotherapeutic

agent against NSCLC.
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Anticancer Activity and DNA Binding Studies of Novel
3,7-Disubstituted Benzopyrones
Sunil Dutt Durgapal,[a] Rina Soni,[a] Shweta Umar,[b] Balakrishnan Suresh,[b] and
Shubhangi S. Soman*[a]

We have designed and synthesized novel 7-substituted-3-
acetyl-benzopyrones 9 a-9 g and ethyl 7-substituted-3-carbox-
ylate-benzopyrones 10 a-10 d and screened for anticancer
activity using MTT assay. Most of the tested compounds have
shown very good activity against A549 cell line (lung cancer
cell-line) and MCF7 cell line (breast cancer cell-line) compared
to 5-Fluorouracil. Compound 9 b and 9 e exhibited excellent
anticancer activity with IC50 0.16 nM against A549 cell line and

84.8 nM against MCF7 cell line respectively. Compounds 9 b
and 9 e showed excellent anticancer activity at very low
concentration, well falling in nanomolar region. Compounds
9 b and 9 e exhibited very good binding constant for DNA
binding through intercalation in UV based DNA titration which
was further confirmed by fluorescence based EtBr displacement
assay in DNA-EtBr complex.

Introduction

Cancer is one of the dreadful diseases after cardiovascular
diseases and diabetes falling under category of non-communi-
cable diseases all over the world. According to WHO, number
of people affected by cancer will rise from 14 million in 2012 to
22 million within the next 20 years.[1] Most of the cancers are
defined by uncontrolled growth of cells without differentiation
due to the deregulation of essential enzymes and other
proteins controlling cell division and proliferation.[2–3] Out of
many therapeutic strategies, chemotherapy shows significant
clinical responses. At the same time, these chemotherapeutic
agents have a small therapeutic window with non-specificity
and high-systemic toxicity. To get selective chemotherapeutics
with very low side effects is a major challenge in treatment of
cancer.[4] Second major problem after target selectivity in
chemotherapy, is drug resistance to many anticancer agents.
These have resulted in drug-induced toxicities and requirement
of high doses of chemotherapeutic agents.[5–7] Therefore,
discovering of new anticancer agent with high potency is
urgent need in treatment of cancer.[8]

One of the important classes of natural products, coumarins
are considered as useful source of potential drug candidates
due to safety and efficacy exhibited by coumarin derivatives.
The bioactivity of coumarin and more complex related

derivatives is mostly coming from coumarin nucleus. Coumarin
derivatives are known with variety of pharmacological activities
including anti-inflammatory,[9, 10] antioxidant,[11, 12] antithrom-
botic,[13, 14] antiviral,[15, 16] antimicrobial,[17, 18] antituberculosis,[19]

and antihyperlipidemic[20] activities. Due to the potential
applications of coumarins in medicinal chemistry, many efforts
have been made on the design and synthesis of new coumarin
derivatives with improved biological activities. Coumarins
exhibited antitumor activities at different stages of cancer
formation through various mechanisms, for example blocking
cell cycle, inducing cell apoptosis, modulating estrogen
receptor (ER), or inhibiting the DNA-associated enzymes, such
as topoisomerase.[21]

Coumarin derivatives containing a substituted hydroxyl
group at the position 7 showed antibiotic and antifungal
activities, while 7-hydroxycoumarin derivatives showed very
good cytotoxicity and cytostatic activity.[22] Recent studies on a
variety of synthetic coumarin derivatives have demonstrated
the influence of the coumarin skeleton and substitutions at
positions 3 and 7 on antitumor activities.[23] Maciejewska el al
reported series of O-aminoalkyl substituted 7-hydroxycoumar-
ins with anticancer activity.[24] Compound 1 showed good
activity against various cancer cell lines such as leukemia
CCRFCEM, non-small cell lung cancer HOP92 and colon cancer
HCC2998.

Antioxidant compounds play important role in biological
system by removal of free radicals generated in body. Synthetic
antioxidant compounds are showing toxicity and mutagenic
effects. Several coumarin derivatives are reported with antiox-
idant activity. Recently, El-Hameed Hassan et al reported 7-
hydroxycoumarin derivative 2 as very good antioxidant in
DPPH assay with IC50 value 213 mg/mL.[25] Most of the anticancer
drugs including 5-flourouracil, tamoxifen and paclitaxel exerts
their cytotoxicity toward cancer cell by elevating cellular ROS
production to a threshold level and this elevated ROS causes
DNA damage and activate apoptotic pathway in cell.[26–29] To

[a] S. D. Durgapal, Dr. R. Soni, Prof. S. S. Soman
Department of Chemistry
The M. S University of Baroda
Department of chemistry, Faculty of Science, Vadodara. 390002, India
E-mail: shubhangiss@rediffmail.com

[b] S. Umar, Prof. B. Suresh
Department of Zoology
The M. S University of Baroda
Department of Zoology, Faculty of Science, Vadodara. 390002, India

Supporting information for this article is available on the WWW under
http://dx.doi.org/10.1002/slct.201601361

Full PapersDOI: 10.1002/slct.201601361

147ChemistrySelect 2017, 2, 147 – 153 � 2017 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Annexure II 235



counterbalance the effect of ROS, cell have an antioxidant
defence system which combat the effect of increased ROS in
cell. Thus, the presence of antioxidant eradicates the anticancer
effect of an anticancer drug which mostly exerts its effect by
mean of ROS. Therefore, a potent anticancer drug should have
low antioxidant property. Thus, screening of antioxidant activity
provides useful insight into the mechanism of action of
anticancer activity.

Anticancer drugs have traditionally been targeted to
damage aberrantly dividing cells by interrupting the cell
division process. Some of them are DNA intercalating agents or
DNA cross linking agents. Coumarins form interstrand as well
as intrastrand cross linkages and act as intercalating agents.[30–

31] However, there are limited reports on such interactions for
3,7-disubstituted coumarins with DNA. The novel 3,7-disubsti-
tuted coumarin derivatives 9a–g and 10a–d were synthesized
and screened for their anticancer activity, DNA binding studies
and antioxidant activity (Figure 1).

Results and Discussion

Chemistry

Novel 7-substituted-3-acetyl-benzopyrones 9 a-9 g and ethyl 7-
substituted-3-carboxylate-benzopyrones 10 a-10 d (Scheme 1)
were synthesized by reaction of 7-hydroxy-3-acetyl coumarin 6,
and ethyl 7-hydroxy-3-carboxylate coumarin 7 with different
chloroacetamide derivatives. Knoevenagel Reaction of resorcal-
dehyde 3 with diethyl malonate 5 under similar conditions
gave ethyl 7-hydroxy-3-carboxylate coumarin 7 as shown in
scheme 1. The 1H NMR spectrum of compound 6 exhibited
singlet for -OH at 11.14 ppm, all aromatic protons were
observed at d 8.56-6.72. The methyl protons were observed as
a singlet at d 2.53. In the 13C NMR spectrum, acetyl carbonyl
carbon was observed at 195 ppm, the lactone carbonyl carbon
of coumarin ring observed at d 164, all aromatic carbons
observed from d 159–102 and methyl carbon at d 30. The
1H NMR spectrum of compound 7 exhibited singlet for -OH at
11.10 ppm, all aromatic protons observed at d 8.67-6.72. The
ethyl protons of ester group exhibited quartet at d 4.25 and
triplet at d 1.29 with coupling constant 7.2 Hz for -CH2 and -CH3

respectively. In the 13C NMR spectrum, the lactone carbonyl
carbon of coumarin ring observed at d 164 and ester carbonyl
carbon was observed at d 163 ppm, all aromatic carbons
observed from d 157–102 ppm and ethyl carbons at d 61 and
14 ppm.

Various substituted amines on reaction with chloroacetyl
chloride gave corresponding chloroacetamide derivatives 8 and
these compounds were directly used for reaction with 7-
hydroxy coumarins 6 and 7. These chloroacetamide derivatives
8 were reacted with 7-hydroxy-3-substituted coumarins using
anhydrous K2CO3 in DMF at 70–80 oC in presence of catalytic
amount of KI to give compounds 9a–g and 10a–d. The
structures of 3,7-disubstituted coumarin derivatives 9a–g and
10a–d were confirmed by different analytical techniques such
as 1H-NMR, 13C-NMR, IR, ESI-MS and X-ray Single Crystal. In
general, the IR spectra of compounds 9a–g exhibited three
strong bands in the range of 1734–1723 cm�1, 1698–1681 cm�1

and 1670–1611 cm�1 for the lactone, ketone and amide
carbonyl stretching frequency respectively. In the 1H NMR
spectra of 9a–g, peaks for methyl protons of acetyl group
observed in range of d ~ 2.73-2.55, methylene protons
observed in range of d ~4.92-4.71, aromatic protons observed
in range of d 6.82-8.64 depending on effect of different amine
substituted on it. For compounds 9a-e, -NH protons are
observed in range of 10.41-10.25. For compound 9e D2O
exchange study was performed which showed disappearence
of peak at d 10.43 thus confirmed the peak for -NH proton at
10.43 ppm. In the 13C NMR spectra of 9a–g, peak for methyl
carbon of acetyl group observed around 30 ppm, methylene
carbon around 67 ppm, aromatic carbons in range of 101–
161 ppm, amide carbonyl carbon in range of 163–161 ppm,
coumarin lactone carbonyl carbon in range of 166–164 ppm
and acetyl carbonyl carbon around 195 ppm.

For compounds 10a–d, the IR spectra exhibited three
strong bands in range of 1757–1747 cm�1, 1708-1647 cm�1 and
1623–1602 cm�1 for the lactone, ester and amide carbonyls
respectively. In the 1H NMR spectra of 10a–d, peak for methyl
protons of ester group observed in range of d ~1.42-1.30 as a

Figure 1. Coumarin derivatives with anticancer activity.

Scheme 1. Synthesis of 3,7-disubstituted coumarin derivatives 9a–g and
10a–d. Reagents and conditions: (i) Piperidine catalytic, pyridine, bulb oven
(100 W), 70–80 oC, 14 h, 74–87%; (ii) 8, anhydrous K2CO3, KI pinch, DMF, 70–
80 oC, 12–18 h, 43–91 %; (iii) TEA, DCM, 0–5 oC, 30 min, rt, 24 h, 85–95 %.
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triplet and methylene protons observed in range of d ~4.42-
4.27 as a quartet. Protons for methylene linkage are observed
in range of 5.02-4.71 and aromatic protons observed in range
of 6.82-8.72 depending on effect of different amine substitution
on it. For compound 10a -NH proton is observed at d 8.15
ppm, which was confirmed by D2O exchange study. In the
13C NMR spectra of 10a–d, carbons for ethyl group observed
around 14 ppm for methyl and 61 ppm for methylene. For
compound 10a–d, methylene linkage carbon observed around
67–66 ppm, aromatic carbon in range of 101–157 ppm, amide
carbonyl group in range of 163–161 ppm, coumarin lactone
carbonyl carbon in range of 163–164 ppm and ester carbonyl
carbon at 165 ppm. All compounds 9a–g and 10a–d were
analyzed by ESI-MS analysis to give [M + H]+/[M + Na]+ peak
corresponding to their molecular weight. Structure of com-
pound 10d was confirmed by X-ray single crystal analysis
(CCDC 1522100). All these new chemical entities were sub-
jected to in-vitro studies for anticancer activity by MTT assay
method, DNA binding studies and antioxidant activity by DPPH
assay.

Anticancer Activity

Results from MTT assay were used to assess the growth
inhibitory effect of the various compounds on A549 cancer cells
(Lungs cancer cell line) and MCF7 (Breast cancer cell line). IC50

values were calculated to determine the concentration of test
compound at which 50 % of the cells are killed (Table 1).
Compounds were studied for their DNA binding interaction
(Table 2) and for their anti-oxidant activity against DPPH assay
with respect to ascorbic acid as standard (Table 3).

Structure activity relationship (SAR) for anticancer activity

The MTT assay for 7-substituted-3-acetyl coumarin series
showed better activity for compound 9 a with p-methyl
substituent on aromatic amide against A549 and MCF7 with
IC50 2.40 mM and 0.65 mM respectively. On replacement of p-
methyl with halogen such as compounds 9 b and 9 c resulted
in compounds with excellent activity (Table 1). Compound 9 b
with 4-fluoro substituent showed excellent activity with IC50

value 0.16 nM against A549 cell line, and showed good activity
against MCF7 cell line with IC50 23.53 mM. Moreover, compound
9 c with 4-chloro showed very good activity with IC50 value
0.82 mM and 13.02 mM against A549 and MCF7 cancer cell lines
respectively. Interestingly, changing position of halogen from
-para to -meta in compound 9 d and 9 e resulted in drop of
anticancer activity against A549 cell line. Compound 9 d with 3-
fluoro group showed moderate activity with IC50 value 9.16 mM
and 14.04 mM, but compound 9 e showed very good anticancer
activity against MCF7 cell line with IC50 84.8 nM, while
moderate anticancer activity observed against A549 cell line.
Further, replacement of aromatic ring with saturated nitrogen
heterocycles such as pyrrolidine 9 f and piperidine 9 g resulted
in compounds with moderate to very good activity against
A549 cell line with IC50 value 23.9 mM and 5.06 mM respectively.
Against MCF7 cell line both compounds 9 f and 9 g showed

good activity with IC50 value 3.08 mM and 1.11 mM respectively.
Compounds 9 a-9 c, 9 g and 10 b showed better anticancer
activity in A549, while compounds 9a–g and 10a–d showed
better activity in MCF7 compared to that of 5-Fluorouracil.

Table 1. Anticancer activity against A549 (Lungs cancer cell line), MCF7
(Breast cancer cell line) and anti-oxidant activity of compound 9a–g and

10a–d.

Compd
no.

NR1R2 R3 A549
IC50

a

MCF7
IC50

a

9a -CH3 2.40 mM 0.65 mM

9b -CH3 0.16 nM 23.53 mM

9c -CH3 0.82 mM 13.02 mM

9d -CH3 9.16 mM 14.04 mM

9e -CH3 89.16 mM 84.8 nM

9f -CH3 23.9 mM 3.08 mM

9 g -CH3 5.06 mM 1.11 mM

10a -OC2H5 NA 1.78 mM

10b -OC2H5 3.11 mM 0.79 mM

10c -OC2H5 NA NA

10d -OC2H5 23.2 mM 21.61 mM

5-Fluoro-uracil 11.13 mM 45.04 mM

aIC50 values were determined using Graph Pad Prism software by MTT assay
using DMF. NA = Not active

Table 2. Kb and KSV values for compound 9 b and 9 e.

Compd lmax

nm
Kb (M�1)
UV based assay

Emission lmax

Nm
KSV (M�1)
Fluorescence assay

9b 359 2.64 x 104 609 4.69 x 103

9e 356 8.29 x 105 610 4.23 x 103

Table 3. Anti-oxidant activity of compounds 9a–e and 10b–c.

Compoud no. EC50 mg/mLa

9a 3436
9b 882
9d 48
9e 59
10b 46
10c 47
Ascorbic acid 11

aEC50 values were determined using Graph Pad. Prism software by DPPH
assay using DMF.
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Compound 10 a-10 d containing carboxylate group at third
position of coumarin ring showed good to poor anticancer
activity, compared to corresponding 3-acetyl coumarin ana-
logues. Compound 10 a showed good activity against MCF7
cell line with IC50 1.78 mM, however remain inactive against
A549 cell line.

Carboxylate analogue of compound 9 f i.e compound 10 b
showed good activity against both tested cell lines A549 and
MCF7 with IC50 3.11 mM and 0.79 mM respectively. Compound
10 c remained inactive against both tested cell lines. However,
morpholine analogue compound 10 d showed good activity
against A549 and MCF7 cell lines. 5-Fluorouracil was used as
standard and showed anticancer activity with IC50 45.04 mM
against MCF7 cell line

Anticancer activity data from NCI-60

Structures of all compounds were submitted to Division of
Cancer Treatment and Diagnosis, National Cancer Institute
Bethesda, USA to be evaluated in the full panel of 60 different
cell lines. Out of all two compounds, 2-[(3-acetyl-2-oxo-2H-
chromen-7-yl)oxy]-N-(3-fluorophenyl)acetamide 9 d and ethyl 7-
[2-(morpholin-4-yl)-2-oxoethoxy]-2-oxo-2H-chromene-3-carboxy-
late 10 d were selected for one dose analysis against 60
different cell lines. The growth inhibition (GI) was measured at
the concentration of 10�5 M.[32] The relative growth was
evaluated from no drug control from time zero number of cell,
NCI allows detection of both growth inhibition (value between
0 to 100) to cell lethality (value below zero). Compound 9 d
showed anticancer activity against melanoma cell-lines includ-
ing LOX-IMVI, UACC-62 and UACC-257 causing 41.38%, 23.23%
and 9.15% cell death at 10�5 M respectively. Whereas, showed
no activity against ovarian cancer cell line and some cell lines
of Breast cancer. Compound 10 d showed anticancer activity in
prostate cancer cell line (DU145) with 34.74% cell death at 10�5

M, but remained inactive against leukemia cancer cell line.

DNA binding studies

Compounds 9 b and 9 e were selected for DNA-binding studies
as they showed activity in nM concentration in MTT assay. For
DNA binding UV based DNA titration and fluorescence
emission study against DNA-EtBr complex were carried out as
they provide more insight into mode of interaction of
compounds with DNA.[21, 33–34] UV absorption titrations for
compounds 9 b and 9 e were performed with tris-HCl buffer
(pH 7.2). The fixed concentration of compounds 9 b and 9 e
were titrated against the known concentration of CT-DNA
solution. Both the compounds showed good hypochromism
shift (Figure 2a-2 b). The strength of binding to CT-DNA was
determined through the calculation of intrinsic binding con-
stant Kb which is obtained by monitoring the changes in the
absorbance of the compounds with increasing concentration of
CT-DNA. Plot of [DNA]/ (eA-ef) versus [DNA] (equation 1) is used
to find out Kb.

½DNA�=ðeA-efÞ ¼ ½DNA�=ðeb-efÞ þ 1=Kbðeb-efÞ ð1Þ

Where [DNA] is the concentration of DNA, eA = Aobserved/
[compound], ef is the extinction coefficient for unbound
compound and eb is the extinction coefficient for the com-
pound in the fully bound form. In plot of [DNA]/ (eA-ef) versus
[DNA], slope is equal to 1/(eb-ef) and Y-intercept is equal to 1/Kb

(eb-ef). Kb is obtained from the ratio of slope to the Y-intercept
(Figure 2c-2 d).

Compounds 9 b and 9 e showed the hypocromism shift
with the intrinsic binding values 2.64 x 104 and 8.29 x 105 M�1

respectively in UV based DNA titrations which are indicative of
DNA intercalative mode of binding (Table 2). To further confirm
the mode of interaction of compounds 9 b and 9 e with DNA,
fluorescence emmission based Ethidium bromide (EtBr) dis-
placement assay was carried out. The emission spectra of DNA-
EtBr (lex = 546 nm) in the absence and presence of increasing
amount of compounds were recorded (Figure 3a-3 b). The data
were plotted according to the Stern-Volmer equation (equation
2) were I0 and I are the flurosence intensities in the absence
and presence of compound.

I0=I ¼ 1 þ KSV½Q� ð2Þ

Ksv is the Stern-Volmer quenching constant which can be
obtained from the slope of straight line in plot of I0/I versus [Q].
Quenching of fluoroscence intensity was observed for com-
pounds 9 b and 9 e with Ksv 4.69 x 103 and 4.23 x 103 M�1

respectively which supports the DNA intercalating property of
these compounds (Table 2, Figure 3c-3 d).

Antioxidant activity

The drug which showed good anticancer activity have poor
antioxidant activity which give emphasis that the anticancer
activity was may be due to reactive oxygen species.[35]

Antioxidant activity of these entire synthesized compounds
was screened by DPPH assay. Compounds which showed very
good anticancer activity were found to be poor for antioxidant
activity. Compounds 9 a-9 b showed very poor antioxidant
activity as compared to ascorbic acid (Table 3). Compounds 9 d
and 9 e showed moderate anti-oxidant activity with EC50 48 mg/
mL and 59 mg/mL respectively. Interestingly, 3-carboxylate
coumarin compounds 10 b and 10 c showed good antioxidant
activity with EC50 46 and 47 mg/mL respectively. Compounds
9 d-9e and 10 b-10 c showed scavenging activity similar to
ascorbic acid at 100 mM concentration. Compounds 9 c, 9 f, 9 g,
10 a and 10 d remained inactive as antioxidant agent in DPPH
assay.

Conclusion

Our interest in synthesis of new 3,7-disubstituted coumarin
derivatives is to develop more potent anticancer or antioxidant
agents. All the newly synthesized compounds were obtained in
good yields and characterized by spectral technique. Com-
pounds 9 a-9 c, 9 g and 10 b showed better anticancer activity
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in A549 (Lungs cancer) cell line, while compounds 9a–g and
10a–d showed better activity in MCF7 (Breast cancer) cell line
compared to that of 5-Fluorouracil.

Compounds 9 b and 9 e are showing excellent anticancer
activity at very low concentration as compared to 5-Fluorour-
acil, well falling in nanomolar range. Both compounds 9 b and
9 e are exhibiting interaction with DNA through intercalation.
The DNA interaction of compound 9 e is very good with
intrinsic binding constant 8.29 x 105 M�1 compared to that of
compound 9 b 2.64 x 104 M�1 in UV based DNA titration. Both
compounds are showing good interaction with DNA by
displacement of EtBr in DNA-EtBr complex by quenching its
fluorescence. Further analysis is going on to confirm this
finding that most of these derivatives also causing apoptosis in
cancer cell line via p53 mediated induction of reactive oxygen
species.

As per our target, structural modification of compound 3
was done to achieve more potent anticancer agent that has
resulted in compound 9 b with excellent anticancer activity

against A549 cell line with IC50 0.16 nM. Thus strategy of
modification of coumarin on 3rd position resulted in finding
more active compound. Further work on identification of
mechanism of anticancer activity is in progress.
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A series of substituted aminomethylbenzocoumarin derivatives 8a–i have been synthesized, character-
ized, and structure of compound 8g was confirmed by X-ray single crystal analysis. All the synthesized com-
pounds were tested for their anticancer activity against cancer cell lines A549 (lung carcinoma cell line),
MCF7 (breast cancer cell line), and A375 (melanoma cell line). Compounds 8a, 8f, and 8h showed excellent
growth inhibitory activity against all three cell lines, respectively. Compounds 8a and 8f were also found to
be quite promising at very low concentration as an anticancer agent against MCF7 and A549 cell lines. Com-
pounds 8g and 8i showed excellent antimitotic activity with IC50 0.32 and19.98 nM for A549 cell line.

J. Heterocyclic Chem., 00, 00 (2017).

INTRODUCTION

Coumarin, also known as benzopyrone, is a class of
compound found in nature with wide range of
applications. It falls under the flavonoid class of plant as a
secondary metabolite and found as bioactive compounds
in fruits, vegetables, spices, and herbs [1–4]. As
coumarins are associated with low toxicity, considerable
interest has been increased to find their beneficial effects
on human health [1,5]. Coumarins naturally present in
many plants showed interesting pharmacological
properties like anticoagulant, antimicrobial, antioxidant,
anti-inflammatory, and anti-allergic properties [6–8].
Recent studies have created interest in this class of
compounds as they have shown diverse biological
activities such as anti-human immunodeficiency virus,
dyslipidemic, and anticancer [9–13].
Cell division and cell death is the essential requirement

for the homeostatic balance of cell; any loss of this
balance leads to many fatal diseases such as cancer.
Cancer usually affects multiple targets simultaneously

and being the leading cause of death, requiring a great
attention and adequate medication for its eradication.
Available drug either fails to eliminate it completely or
has very high side effect on resident cells. Therefore,
more potent and drug-specific to only cancer cell is need
of the day: hence, scientific researchers and commercial
bodies are trying their best to discover anticancer drugs
with good potency, safety, and selectivity.

As coumarins have ability to get bind either
noncovalently or electrostatically to DNA through
intercalation between the base pairs of DNA via major
and minor groove through 3,4-position, therefore, it can
be utilized for treating rapid proliferating cancer cells
with certain modification [14–16].

Lee et al. reported a coumarin derivative neo-
tanshinlactone 1, (Fig. 1) with inhibition for two ER+
human breast cancer cell lines with 20-fold more potency
compared with Tamoxifen [17]. Bariwal et al. reported
4-substituted coumarin derivatives as cytotoxic agents
against MCF7 cell line [18]. 8-Methyl-4-substituted
coumarin derivatives 2a and 2b (Fig. 1) showed very good

© 2017 Wiley Periodicals, Inc.
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potency as cytotoxic agents with IC50 value 6.25 and
6.50 μM respectively against MCF7 breast cancer cell line.
Raić-Malić et al. reported triazole-based 4-substituted

coumarin as cytotoxic agents. N-methyl benzimidazole
derivative 3 showed very good cytotoxicity against
HepG2 cell line with IC50 0.9 μM [19]. Basak et al.
synthesized 6H–benzo[c]chromen-6-one derivatives as
DNA intercalating agents with moderately good activity
[20]. Naphthtyl derivative compound 4 (Fig. 1) induced
maximum fluorescence quenching EB-DNA binding
assay.
Synthetic coumarin derivatives have been reported with

wide range of biological activities along with beneficial
effects on human health [21–24]. Since coumarin moiety
binds with DNA through 3,4-positions while extended
benzene ring increases hydrophobicity and cytotoxicity,
these new developments have encouraged us to design
new 4-substituted aminomethyl coumarin derivatives that
may increase binding ability with DNA along with
extended aromatic ring that may increase cytotoxicity. On
the basis of these facts and in continuation of our work
on synthesis of coumarin derivatives as anticancer and
antimicrobial agents [25–27], we have designed 4-
aminomethyl substituted coumarin derivatives 8a–i and
report herein their synthesis, characterization, and
anticancer activity.

RESULTS AND DISCUSSION

Chemistry. The 1-(substitutedaminomethyl)-3H–
benzo[f]chromen-3-one 8a–i (Scheme1) was synthesized
by substitution reaction of 1-(bromomethyl)-3H–benzo[f]
chromen-3-one 7 with different amines.
β-Naphthol on Pechmann reaction with ethyl

acetoacetate gave 1-methyl-3H-benzo[f]chrome-3-one.
Allylic bromination of 1-methyl-3H-benzo[f]chrome-3-
one using N-bromosuccinimide was failed to give desired
product because of solubility problem of starting
compound in CCl4, when reaction was carried out in

CHCl3 resulted in vinylic bromination instead of desired
allylic bromination as reported [28].

In alternate approach, bromination of ethyl acetoacetate
using Br2 gave ethyl 4-bromo-3-oxobutanoate 5 as a red
oil [29]. Thus, obtained compound 5 was used as such
for Pechmann reaction with β-naphthol 6 in conc. H2SO4

to obtain 1-(bromomethyl)-3H–benzo[f]chromen-3-one 7
[30]. 1H-NMR for compound 7 showed presence of
singlet at δ 4.90 for two protons indicated presence of –
CH2Br group and all other aromatic protons appeared in
the range of δ 6.6–8.5, thereby confirming the formation
of 7. This compound 7 was used to carry out substitution
reaction with different amines using triethylamine in
dimethylformamide (DMF) to form substituted
aminomethyl naphthopyrone derivatives 8a–i.

The infrared (IR) spectrum of compound 8a exhibited
strong band at 3355 cm�1 for the –NH proton, another
strong band at 1720 cm�1 for lactone carbonyl group of
coumarin ring. In the 1H-NMR spectrum of 8a, all
aromatic protons observed at δ 8.40–6.53. The methylene
protons were observed as a doublet at δ 4.91 because of
the coupling with the amine proton. In the 13C-NMR
spectrum, the lactone carbonyl carbon of coumarin ring
observed at δ 161, all aromatic carbons observed from δ
155–113, methylene carbon at δ 50, and methyl carbon at
δ 20. In the electrospray ionization–mass spectrometry
(ESI–MS) spectrum of 8a, a peak at m/z 315.8 for [M+H]+

confirmed its formation.
The structures of substituted aminomethyl

naphthopyrones 8a–i were confirmed by different

Scheme 1. Synthesis of substituted aminomethyl naphthopyrone
derivatives 8a–i.

Figure 1. Some potent coumarin derivatives with anticancer activity.
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analytical techniques such as 1H–NMR, 13C–NMR, IR,
and ESI–MS. For compound 8g, single crystal was
developed by using system Pet. Ether: EtOAc (1:1) via
slow evaporation of solvents for several days and studied
its structure by X-ray single crystal analysis (Fig. 2a)
(CCDC no. 1054564). Crystal data and structure
refinement parameters for compound 8g are given in
Table 1. Crystal structure analysis of compound 8g
showed presence of such four molecules per unit cell
(Fig. 2b), and pi–pi stacking observed along axis a with
separation of 3.712 Å (Fig. 2c).
In general, the IR spectra of compounds 8a–i exhibited

one strong band in range of 1724–1711 cm�1 for the
lactone carbonyl group of coumarin ring. In the 1H-NMR
spectra of 8a–i, peak for the methylene protons observed
in range of δ approximately 5.01–3.91 depending on the
effect of different amine substitution on it. All these new
chemical entities were subjected to in vitro studies.

Biological evaluation. The 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay was

performed to screen test compounds 8a–i (Table 2) for
their activity against cancer cell lines, namely, A549
(lung cancer cell line), MCF7 (breast cancer cell line),
and A375 (melanoma cell line). IC50 (μM) values were
determined using GRAPHPAD PRISM software (San Diego,
CA) for compounds 8a–i, and the results are presented in
Table 2.

Results from MTT assay were used to assess the growth
inhibitory effect of the various compounds on three types
of cancer cell lines (A549, MCF7, and A375) and found
that most of the compounds are active only in two cell
lines viz. A549 and MCF7. Hence, we took forward the
only two cell lines for further study with the compounds
8a, 8f, and 8h as these compounds showed activity at
lowest conc. IC50 values were calculated to determine the
concentration of test compound at which 50% of the cells
growth is inhibited.

From the MTT assay, it could be deduced that the
compound 8a worked better in all three cell lines as a
growth inhibitor against A375 with IC50 4.29 μM, MCF7

Figure 2. (a) X-ray crystal structure of compound 8g; (b) molecular packing in unit cell; (c) pi–pi stacking in crystal structure. [Color figure can be viewed
at wileyonlinelibrary.com]
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with IC50 5.17 μM, and A549 cell line with IC50 9.02 μM.
When methyl substituent on aromatic ring was replaced
by acetyl group in compound 8b, it resulted in loss of
activity against MCF7 cell line, but increased activity in
A549 cell line with IC50 value 2.32 μM. Replacement of
methyl group with halogens, compound 8c with –Cl, and
compound 8d with –F resulted in compounds with poor
solubility in dimethyl sulfoxide (DMSO); hence, these
compounds were screened against A549 cell line
dissolved in DMF. However, both 8c and 8d were found
ineffective as an anticancer agent against A549 cell line.
Replacement of aromatic amine with pyrrolidine ring as

in compound 8e showed good activity against A549 cancer
cell line with IC50 6.20 μM, while no anticancer activity
was observed when applied against MCF7 and A375 cell
lines. Interestingly, piperidine substituted compound 8f
showed very good activity pattern against all tested
cancer cell lines. Compound 8f gave IC50 1.12 μM for
A549 cell line and 0.83 μM for MCF7cell line. Further,
replacement of piperidine with N-methylpiperazine in
compound 8h resulted in very good growth inhibitory
activity against A549 cancer cell line with IC50 0.74 μM,
while good activity was observed against MCF7 and
A375 cancer cell line with IC50 14.24 and 13.96 μM,
respectively. On the other hand, replacement of
piperidine moiety with morpholine in compound 8g and
tetrahydroisoquinoline in compound 8i gave compounds
with poor solubility in DMSO; hence, these compounds
were screened against A549 cell line using DMF as
diluent. Compound 8g showed excellent antimitotic

activity with IC50 0.32 nM for A549 cell line; similarly,
compound 8i showed very good activity with IC50

19.98 nM. Compounds 8a and 8f showed promising
inhibitory potential with IC50 values falling in
micromolar region and good solubility in DMSO; hence,
these compounds further investigated for the lactic
dehydrogenase (LDH) assay and ethidium
bromide/acridine orange (ETBr/AO). The results are
shown in Figure 3.

The release of cytosolic LDH enzyme has been used
historically to understand the extent of plasma membrane
damage that is a hallmark of necrotic cell death. The
analysis of the results proved beyond doubt that the
selected derivatives induced cell death in cancer cell lines
via one of the innocuous mechanisms, namely, apoptosis
rather than necrosis that used to inflame the surrounding
cells and causes unwanted immunological inflammation.
Compound 8f showed much lower LDH release than 8a
in both the cell lines: however, a dose-dependent increase
in membrane damage was noticed, and at higher
concentration, these compounds exerted cytotoxicity via
necrosis. Further, ETBr/AO assay, which is based on the
morphological analysis of cell, confirmed the
aforementioned results as shown in Figure 4. AO is a
vital dye that stains both live and dead cells; however,
ETBr stains only the cells that have lost the membrane
integrity. Late apoptotic cells also incorporate ETBr and
show condensed and often fragmented nuclei. Necrotic
cells nevertheless stain red.

There are many mechanisms by which a compound
induces cell death, and it has been reported that the
several coumarin derivatives use reactive oxygen species
(ROS)-mediated apoptotic pathway for inducing
cytotoxicity. In order to understand the mechanism
behind apoptosis by these compounds, intracellular ROS
was measured using dichlorofluorescein diacetate
fluorescence dye. The computational analyses of the
images revealed that the intracellular ROS production in
coumarin-treated cells was significantly higher compared
with that of untreated control cells as shown in Figure 5.

Fluorescence is proportional to the ROS concentration in
cell, treated cells were showing higher fluorescence than
normal control, fluorescence intensity was analyzed using
IMAGE J software (USA).

Therefore, it could be construed that the observed increase
in ROS intermediates could be the reason for the induction of
apoptosis in coumarin-treated cancer cell lines. It has been
reported that the increased ROS production destabilizes the
mitochondrial membrane and causes the cytochrome-C
release; this in turn activates caspases and downregulate
Bcl2 that ultimately leads to apoptosis [31].

It has been observed that when p-toluidine, piperidine,
morpholine, and tetrahydroisoquinoline were used as
substituents on fourth position of coumarin such as in

Table 1

Crystal data and structure refinement parameters for compound 8g.

Chemical formula C19H22NO3

Molecular weight 292.40
Crystal system Monoclinic
Space group P21/n
a/Å 4.5843(3)
b/Å 13.6007(10)
c/Å 22.9961(15)
α/° 90.00
β/° 95.429(6)
γ/° 90.00
V/Å3 1427.37(17)
Z 4
ρcalcmg/mm3 1.361
Θ 6.96 to 58.02°
H �5 to 5
k �10 to 17
L �30 to 28
Total reflections 7373
Independent reflections 3237
Used no. of reflections 3237
Ra 0.0982
Absorption coefficient (m/Å) 0.082
Rint 0.0153
Peak and hole 1.40 and �0.68 Å Å3
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Table 2

Anticancer activity of substituted aminomethyl naphthopyrones 8a–i.

Compound –NR1R2

IC50
a

IC50
b

A549 MCF7 A375 A549

8a 4.29 μM 5.17 μM 9.02 μM

8b 2.32 μM 47.80 μM 15.46 μM

8c NS NS NS 56.75 μM

8d NS NS NS 59.14 μM

8e 6.20 μM 77.90 μM 84.45 μM

8f 1.12 μM 0.83 μM 5.26 μM

8g NS NS NS 0.32 nM

8h 0.74 μM 14.24 μM 13.61 μM

8i NS NS NS 19.98 nM

5-Fluorouracil 11.13 μM 45.04 μM

NS, Not soluble in DMSO.
aIC50 values were determined using GRAPHPAD PRISM software by MTT assay using DMSO.
bIC50 values were determined using GRAPHPAD PRISM software by MTT assay using DMF.

Figure 3. (a) Representation of cytosolic enzyme LDH inA549 cell line; activity of LDH inA549 cell line treatedwith different concentrations of compounds 8a
and 8f. Graph plotted against LDH release versus dose. (***P ≤ .001, **p< .01 significance one-wayANOVA (Tukey–Kramer). (b) Representation of cytosolic
enzyme LDH in MCF7 cell line; activity of LDH in MCF7 cell line treated with different concentrations of compounds 8a and 8f. Graph plotted against LDH
release versus dose. (***P ≤ .001, **p < .01 significance one-way ANOVA (Tukey–Kramer). ANOVA, analysis of variance; LDH, lactic dehydrogenase
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compounds 8a, 8f, 8g, and 8i, they showed very good
anticancer activity compared with other substituents and
even standard drug Fluorouracil. From the LDH assay,
ETBr/AO assay, and intracellular ROS production assay,
it can be concluded that these derivatives are responsible
for apoptosis pathway for anticancer activity.

CONCLUSION

In conclusion, we report here the design and synthesis
of substituted aminomethyl naphthopyrone derivatives

8a–8i and their anticancer activity. Compounds 8a, 8f,
and 8g have shown promising anticancer activity
against A549 (lung cancer cell line), MCF7 (breast
cancer cell line), and A375 (melanoma cell line).
Compound 8f proved to be very good anticancer agent
against A549 and MCF7 with IC50 values 1.12 and
0.83 μM, respectively. Both compounds 8g and 8i
tested against A375 have been excellent in checking
cell growth with IC50 values of 0.32 and 19.98 nM,
respectively, after solubilizing in DMF. From the LDH
assay and ETBr/AO assay of compounds 8a and 8f, it
could be deduced that the new coumarin derivatives,

Figure 4. (a) Ethidium bromide/acridine orange staining: induction of apoptosis in A549 cell lines when treated with IC50 (μM) concentration of com-
pounds. (b) Ethidium bromide/acridine orange staining: induction of apoptosis inMCF7 cell lines when treated with IC50 (μM) concentration of compounds.
[Color figure can be viewed at wileyonlinelibrary.com]

Figure 5. Representation of intracellular reactive oxygen species production in treated cell lines; reactive oxygen species production was measured using
2,7-dichlorodihydrofluorescein diacetate dye. [Color figure can be viewed at wileyonlinelibrary.com]
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studied here, exert their cytotoxic effect via apoptosis that
is known to be less inflammatory to subsiding cells at a
lower concentration by altering the redox homeostasis
of cell.

EXPERIMENTAL

Chemistry. Reagent grade chemicals and solvents were
purchased from commercial supplier and used after
purification. Thin-layer chromatography was performed on
silica gel F254 plates (Merck & Co., Kenilworth, NJ,
USA). Acme’s silica gel (60–120 mesh) was used for
column chromatographic purification. All reactions were
carried out in nitrogen atmosphere. Melting points are
uncorrected and were measured in open capillary tubes,
using a Rolex melting point apparatus. IR spectra were
recorded as KBr pellets on Perkin Elmer RX 1
spectrometer. 1H-NMR and 13C-NMR spectral data were
recorded on Advance Bruker 400 spectrometer (400 MHz)
with CDCl3 or DMSO-d6 as solvent and tetramethylslane
as internal standard. J values are in Hz. Mass spectra were
determined by ESI–MS, using a Shimadzu LCMS 2020
apparatus (Shimadzu Scientific Instruments, Inc., USA).
2,7-dichlorodihydrofluorescein diacetate, MTT, ETBr, and
AO were purchased from Sigma-Aldrich (St. Louis, MO,
USA). DMSO, LDH assay kit (Thermo Scientific Pierce)
and Dulbecco’s modified Eagle’s medium, fetal bovine
serum, Penicillin–Streptomycin, trypsin–ethylene diamine
tetraacetic acid obtained from G.

Preparation of ethyl 4-bromo-3-oxobutanoate (5). To an
ice-cold solution of ethyl acetoacetate (25.24 mL), liquid
bromine (10.25 mL) added dropwise over a period of
10–15 min. The resulting solution stirred at 0–5°C for
30 min and at room temperature for 24 h. The mixture
thus obtained was diluted with ice-cold water and
neutralized with saturated sodium bicarbonate (Na2CO3)
solution in saturated sodium chloride (NaCl) solution.
The organic layer separated, filtered through calcium
chloride (CaCl2) to give reddish brown oil. The ethyl
4-bromo-3-oxobutanoate 5 thus obtained (25 g) used
directly for the next step.

Preparation of 1-(bromomethyl)-3H-benzo[f]chromen-3-
one (7). To an ice-cold solution of conc. H2SO4 (30 mL),
ethyl 4-bromo-3-oxobutanoate 5 (9 mL) was added slowly
followed by portionwise addition of β-naphthol 6 (8.5 g)
over a period of 10–15 min. Resulting mixture was stirred
at room temperature for 48 h. The reaction mixture poured
on crushed ice. The solid obtained was filtered and
recrystallized from acetic acid to obtain compound 7 as
golden yellow crystals. Yield: 79.81%; M.P: 180°C; IR
(KBr): 3060, 1725, 1545, 1515, 1210, 1007, 928, 899,
825, 710 cm�1; 1H-NMR (400 MHz, CDCl3): 4.90 (s, 2H),
6.66 (s, 1H), 7.51 (d, J = 9.2 Hz, 1H), 7.61 (m, 1H), 7.63

(m, 1H), 7.97 (d, J = 9.2 Hz, 1H), 8.05 (d, J = 8.8 Hz, 1H),
8.54 (d, J = 8.4 Hz, 1H); 13C-NMR (100 MHz, CDCl3):
32.73, 112.36, 117.89, 118.21, 125.35, 125.86, 128.54,
128.76, 129.89, 131.37, 134.46, 151.78, 155.34, 159.97;
ESI–MS: 290.11[M+2]+, 287.63 [M]+.

General procedure for the preparation of compounds
(8a–8i). 4-Bromomethylnaphthopyrone 7 (500 mg)
dissolved in DMF (20–30 mL) and substituted amine
(1.1 eq), along with base triethylamine (1.5 eq) was
added to it. The resulting mixture was stirred at room
temperature for 16 h and then poured into cold water.
The aqueous layer thus obtained was extracted using
ethyl acetate and/or dichoromethane (checked by TLC)
and solvent evaporated to give crude product. The
product thus, obtained was purified by column
chromatography using pet ether:ethyl acetate.

1-(p-Tolylamino) methyl)-3H-benzo[f]chromen-3-one
(8a). Yield: 38.95%; M.P:180°C; IR (KBr): 3859,
3616, 3355, 2840, 2384, 1779, 1720, 1617, 1550, 1519,
1447, 1399, 1373, 1333, 1300, 1256 , 1195, 1130, 1089,
998, 925, 865, 821, 807, 779, 745, 640, 588 cm�1;
1H-NMR (400 MHz, CDCl3): δ 2.26 (s, 3H), 4.23 (br s,
1H), 4.90 (d, J = 5.2 Hz, 2H), 6.84 (s, 1H), 7.02
(d, J = 8.0 Hz, 2H), 7.51 (d, J = 8.8 Hz, 1H), 7.58
(m, 1H), 7.65 (m ,1H), 7.99 (m, 1H), 8.40 (d, 1H);
13C-NMR (100 MHz, CDCl3): δ ppm 20.43, 49.72,
113.03, 113.55, 114.28, 117.93, 125.51, 125.60, 127.95,
128.28, 129.56, 129.88, 129.98, 131.41, 133.85, 144.23,
155.03,160.68; ESI–MS: 315.8 [M]+; Anal. Calcd for
C21H17NO2: C, 79.98; H, 5.43; N, 4.44. Found: C, 79.95;
H, 5.45; N, 4.41%.

1-(((4-Acetylphenyl)amino)methyl)-3H–benzo[f]chromen-3-
one (8b). Yield: 53.76%; M.P: 194°C; IR (KBr): 3069,
2969, 2784, 1724, 1676, 1560, 1549, 1458, 1342, 1302,
1269, 1236, 1190, 1149, 987, 919, 858, 825, 738 cm�1;
1H-NMR (400 MHz, CDCl3): 2.40 (s, 3H), 5.05
(d, J = 5.3 Hz, 2H), 6.50 (s, 1H), 6.67 (d, J = 8.6 Hz, 2H),
7.39 (t, J = 5.3 Hz, 1H), 7.65–7.60 (m, 2H), 7.70 (d,
J = 7.2 Hz, 1H), 7.74 (d, J = 8.6 Hz, 2H), 8.11
(d, J = 8.0 Hz, 1H), 8.25 (d, J = 8.8 Hz, 1H), 8.51
(d, J = 8.8 Hz, 1H ); 13C-NMR (100 MHz, CDCl3): δ ppm
26.43, 47.68, 111.77, 112.97, 113.73, 117.98, 126.14,
126.42, 126.64, 128.82, 129.51, 130.10, 131.02, 131.51,
134.65, 152.26, 154.85, 155.94, 160.00, 195.74; ESI–MS:
342 [M�1]+; Anal. Calcd for C22H17NO3: C, 76.95;
H, 4.99; N, 4.08. Found: C, 76.99; H, 4.95; N, 4.09%.

1-(((4-Chlorophenylamino)methyl)-3H-benzo[f]chromen-3-
one (8c). Yield: 42%; M.P:195°C; IR (KBr): 3365, 1692,
1602, 1550, 1506, 1446, 1335, 1270, 1088, 1002, 819,
749 cm�1; 1H-NMR (400 MHz, CDCl3): δ 4.84
(d, J = 5.3 Hz, 2H), 6.22 (t, J = 5.3 Hz 1H), 6.44
(d, J = 8.8 Hz, 2H), 6.61 (s, 1H), 6.96 (d, J = 8.8 Hz,
2H), 7.42 (d, J = 8.8 Hz, 2H), 7.50 (t, J = 7.4 Hz, 1H),
7.14 (m, 1H), 7.91 (d, J = 8.0 Hz, 1H), 8.00
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(d,J = 9.2 Hz, 1H), 8.33 (d, J = 8.4 Hz, 1H); 13C-NMR
(100 MHz, CDCl3): δ ppm 53.51, 117.81, 118.41,
118.53, 122.44, 126.06, 130.47, 130.59, 133.15, 133.72,
134.28, 134.66, 136.14, 138.84, 150.96, 159.54, 160.52,
165.28; ESI–MS: 336.8 [M+1]+; Anal. Calcd for
C20H14ClNO2: C, 71.54; H, 4.20; N, 4.17. Found:
C, 71.52; H, 4.18; N, 4.15%.

1-(((4-Fluorophenylamino)methyl)-3H-benzo[f]chromen-3-
one (8d). Yield: 54%; M.P: 175°C; IR (KBr): 3369,
2897, 1690, 1550, 1515, 1447, 1336, 1223, 1212, 1002,
818, 746 cm�1; 1H-NMR (400 MHz, CDCl3): δ 4.10
(d, J = 5.2 Hz, 2H), 5.52 (br t, 1H), 5.75–5.76 (m, 2H),
5.85 (s, 1H), 6.04–6.08 (m, 2H), 6.73 (d, J = 8.8 Hz,
1H), 6.80 (t, J = 7.4 Hz, 1H), 6.88 (t, J = 7.4 Hz, 1H),
7.24 (d, J = 8.0 Hz, 1H), 7.36 (d, J = 9.2 Hz, 1H),
7.66 (d, J = 8.4 Hz, 1H); 13C-NMR (100 MHz,
CDCl3): δ ppm 43.54, 107.49, 107.84, 108.26, 110.11,
110.33, 112.25, 120.39, 120.70, 123.07, 124.03, 124.48,
125.93, 128.81, 138.78, 149.26, 150.88, 154.88;
ESI–MS: 320.2 [M+1]+; Anal. Calcd for C20H14FNO2:
C, 75.22; H, 4.42; N, 4.39. Found: C, 75.19; H, 4.39;
N, 4.40%.

1-(Pyrrolidin-1-ylmethyl)-3H-benzo[f]chromen-3-one (8e).
Yield: 27.63%; M.P: 128°C; IR (KBr): 3068, 2966, 2784,
1724, 1676, 1654, 1560, 1549, 1518, 1458, 1342, 1236,
1190, 1149, 1112, 987, 919, 858, 825, 738 cm�1; 1H-
NMR (400 MHz, CDCl3): 1.86 (br s, 4H), 2.73 (br s ,
4H), 4.10 (s, 2H), 6.79 (s, 1H), 7.47 (d, J = 8.8 Hz, 1H),
7.55 (t, J = 7.5 Hz, 1H), 7.65 (t, J = 7.5 Hz, 1H), 7.90
(d, J = 8.0 Hz, 1H), 7.97 (d, J = 8.8 Hz, 1H), 8.66
(d, J = 8.8 Hz, 1H); 13C-NMR(100 MHz, CDCl3): δ
ppm23.72, 54.04, 60.76, 114.38, 115.97, 117.76, 125.49,
126.52, 127.79, 129.36, 129.76, 131.28, 133.54, 154.84,
154.86, 160.96; ESI–MS: 279.9 [M+H]+; Anal. Calcd for
C18H17NO2: C, 77.40; H 6.13; N, 5.01. Found: C, 77.37;
H, 6.09; N, 4.98%.

1-((Piperidine-1-ylmethyl)-3H-benzo[f]chromen-3-one (8f).
Yield: 57.7%; M.P:138°C; IR (KBr):3056, 2924, 2838,
2809, 2764, 1711, 1646, 1570, 1516, 1453, 1403, 1373,
1334, 1270, 1236, 1190, 1129, 1108, 1037, 996, 927,
885, 810, 740, 673, 609, 571; 1H-NMR (400 MHz,
CDCl3): δ ppm 1.51 (br s, 2H), 1.65 (m, 4H), 2.59
(m, 4H), 3.91 (s, 2H), 6.84 (s, 1H), 7.48 (d,
J = 8.8 Hz, 1H), 7.56 (m, 1H), 7.65 (m, 1H), 7.91 (m,
1H), 7.97 (d, J = 8.8 Hz, 1H), 8.67 (d, J = 8.8 Hz,
1H); 13C-NMR (100 MHz, CDCl3): δ ppm 24.02,
26.02, 54.68, 63.70, 114.60, 116.15, 117.76, 125.48,
126.64, 127.65, 129.34, 129.77, 131.27, 133.50,
154.23, 154.86, 160.9; ESI–MS: 293.20 [M]+; Anal.
Calcd for C19H19NO2: C, 77.79; H, 6.53; N, 4.77.
Found: C, 77.63; H, 6.43; N, 4.61%.

1-(Morpholinomethyl)-3H-benzo[f]chromen-3-one (8g).
Yield: 57.35%; M.P: 186°C; IR (KBr): 3059, 2955,
2887, 2839, 1712, 1623, 1549, 1515, 1454, 1428, 1373,

1315, 1250, 1192, 1113, 1000, 911, 883, 861, 817,
738 cm�1; 1H-NMR (400 MHz, CDCl3): 2.67 (br s,
4H), 3.78 (br s, 4H), 3.99 (s, 2H), 6.84 (s, 1H), 7.56 (s,
1H), 7.59 (m, 1H), 7.66 (m, 1H), 7.92–7.94 (m, 1H),
7.98 (d, J = 8.8 Hz, 1H), 8.59 (d, J = 8.8 Hz, 1H); 13C-
NMR (100 MHz, CDCl3): δ ppm 53.61, 63.16, 66.91,
114.30, 116.27, 117.77, 125.59, 126.25, 127.77, 129.49,
129.61, 131.29, 133.74, 152.98, 154.96, 160.67; ESI–
MS: 294.88 [M]+; Anal. Calcd for C18H17NO3: C,
73.20; H, 5.80; N, 4.74. Found: C, 73.09; H, 5.72; N,
4.68%. For compound 8g, single crystal was developed
by using system Pet. Ether: EtOAc (1:1) via slow
evaporation of solvents for several days and studied its
structure by X-ray single crystal analysis (Fig. 2a)
(CCDC no. 1054564).

1-((4-Methylpiperazin-1-yl)methyl)-3H-benzo[f]chromen-3-
one (8h). Yield: 41.97%; M.P: 124°C; IR (KBr): 3859,
3843, 3444, 3054, 2931, 2836, 2790, 2755, 2700, 2363,
1713, 1621, 1550, 1517, 1455, 1375, 1285, 1193, 1137,
1015, 999, 985, 887, 812, 777, 742, 674, 591,
573 cm�1; 1H-NMR (400 MHz, CDCl3): δ ppm 2.32
(s, 3H), 2.53 (br s, 4H), 2.71 (brs, 4H), 3.98 (s, 2H),
6.84 (s, 1H), 7.48 (d, J = 8.8 Hz, 1H), 7.54–7.58 (m,
1H), 7.65 (m, 1H); 7.91 (d, J = 8.0 Hz,1H), 7.97 (d,
J = 8.8 Hz, 1H), 8.59 (d, J = 8.8 Hz, 1H); 13C-NMR
(100 MHz, CDCl3): δ ppm 46.01, 53.015, 55.04, 62.73,
114.42, 116.23, 117.77, 125.54, 126.40, 127.75, 129.42,
129.67, 131.28, 133.64, 153.51, 154.91, 160.78; ESI–
MS: 308.75 [M]+; Anal. Calcd for C19H20N2O2: C,
74.00; H, 6.54; N, 9.08. Found: C, 73.96; H, 6.57; N,
9.05%;

1-((3,4-Dihydroisoquinolin-2(1H)-yl)methyl)-3H–benzo[f]
chromen-3-one (8i). Yield: 48.57%; M.P: 172°C; IR
(KBr): 3022, 2908, 2828, 2799, 1713, 1645, 1570, 1552,
1532, 1452, 1426, 1336, 1268, 1194, 1130, 1095, 1054,
1000, 930, 883, 855, 813, 780, 739 cm�1; 1H-NMR
(400 MHz, CDCl3): 2.99 (s, 4H), 3.87 (s, 2H), 4.10
(s, 2H), 6.90 (s, 1H), 7.06 (m, 1H), 7.16 (m, 3H), 7.51,
(d, J = 8.8 Hz, 1H); 7.52–7.58 (m, 1H), 7.63–7.67
(m, 1H) 7.91 (d, 1H), 8.1 (d, 1H), 8.7 (d, 1H); 13C-NMR
(100 MHz, CDCl3): δ ppm 29.21, 51.01, 55.90, 62.84,
125.55, 125.82, 126.41, 126.56, 127.83, 128.73, 129.44,
129.71, 131, 133, 134.08, 134.12, 153, 155, 160;
ESI–MS: 342.1 [M+H]+; Anal. Calcd for C23H19NO2:
C, 80.92; H, 5.61; N, 4.10. Found: C, 80.89; H, 5.58;
N, 4.13%.

Biological activity screening. 3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide assay. The compounds
were tested for their cytotoxic potential on three types of
cancer cells, namely, A549 (lung cancer cell line), MCF7
(breast cancer cell line), and A375 (melanoma cell line).
The MTT assay was used to determine the effect of
each compound on the proliferation of cancer cells.
A549, MCF7, and A375 cultures were purchased from

R. Soni, S. Umar, N. N. Shah, S. Balkrishnan, and S. S. Soman Vol 000

Journal of Heterocyclic Chemistry DOI 10.1002/jhet

Annexure II 249



National Centre for Cell Science, Pune, India. All growth
media, supplements, and reagents were purchased from
HiMedia Labs, Mumbai, India. For the assay, cells were
seeded at 105 cells/mL in a 96-well plate in Dulbecco’s
modified minimum essential medium supplemented with
10% fetal bovine serum. To each well, test compound
was added at six different concentrations of 100, 50, 10,
5, 1, and 0.5 μM. Each concentration was tested in
triplicates. The cells were incubated with these com-
pounds at 37°C under 5% CO2 for 48 h. Following this,
MTT was added to each well at a final concentration of
0.5 mg/mL. Cells were incubated with this tetrazolium
dye for 4 h. Subsequently, purple crystals of formazan
were observed in each well, formed as a metabolic
product of MTT. These crystals were dissolved in
Isopropanol, and the absorbance in each well was re-
corded at 570 nm in a microplate reader (Metertech Sigma
360). Absorbance at 570 nm directly correlates with cell
viability. IC50 (μM) values were determined using
GRAPHPAD PRISM software.

Lactate dehydrogenase assay. Cytotoxicity was assayed
by measuring the activity of cytosolic enzyme LDH that
released into culture medium when plasma membrane
damage occurs because of necrosis [32]. Cells were
seeded on 96-well plate (1 × 106 cells/mL) and allowed
to attach for overnight; the next day, cells were treated
with various concentrations (0.5, 1, 10, 25, 50, 75,
100 μM) of coumarin derivatives and incubated for 48 h.
LDH activity was measured using manufacturer’s
protocol (Pierce LDH Cytotoxicity Assay Kit).
Absorbance was measured at 490 nm, and background
was measured at 680 nm. % LDH release was measured
using manufacturer’s formula.

Acridine orange/ethidium bromide dual staining.
Morphological analysis of apoptosis and necrosis was
performed using ETBr/AO staining [33]. Cells were
plated on 6-well plate and treated with IC50 conc for
48 h. A ratio of 1:1 of AO and ETBr (100 μg/mL in
PBS) was prepared; 25 μL of cell suspension (1–2 × 105

cells/mL) was incubated for 1 min with 1 μL of
AO/ETBr. Cell suspension of 10 μL was placed on
microscopic slide, and image was taken by fluorescent
microscope at 40× (Leica DM2500, LAS EZ V1.6.0
software).

Dichlorofluorescein diacetate staining. Intracellular
ROS production was measured with 20,70-
dichlorodihydrofluorescein diacetate (H2-DCFDA;
Sigma-Aldrich). For this, cells were plated on 6-well
plate (1 × 105 cells/well) and incubated with IC50

concentration of derivatives; after 48 h of incubation,
cells were trypsinized, and 10 μM of H2-DCFDA was
added, washed with PBS, and incubated: after 30 min,
cell suspension was placed on microscopic slide, and
image was evaluated, from fluorescent microscope (Leica

DM2500, LAS EZ V1.6.0 software). For positive control,
H2O2 treatment was given.

Acknowledgments. One of the authors (R.S.) is thankful to
the Department of Science & Technology, Government of
India, for financial support vide reference no. SR/WOS-A/
CS-1028/2014 under Women Scientist Scheme to carry out
this work. One of the authors (S.U.) is thankful to UGC,
Government of India, for UGC-JRF vide reference no. 22/06/
2014(i)EU-V. Authors are thankful to The Head, Department
of Chemistry and Department of Zoology Faculty of Science,
The M. S. University of Baroda for providing laboratory
facilities, Zydus Research Centre, Ahmedabad, for the
ESI–MS analyses, DST-PURSE for X-Ray crystallography
facility. One of the author N.N.S. is thankful to M/S GNFC
LTD for kind support.

REFERENCES AND NOTES

[1] Kennedy, R. O.; Thornes, R. D. Coumarins. Biology, Applica-
tions and Mode of Action; Wiley: NewYork, 1997.

[2] Almeida, I. M.; Barreira, J. C.; Oliveira, M. B.; Ferreira, I. C.
Food Chem Toxicol 2011, 49, 3232.

[3] Barros, L.; Duenas, M.; Carvalho, A. M.; Ferreira, I. C.;
Santos-Buelga, C. Food Chem Toxicol 2012, 50, 1576.

[4] Pinela, J.; Barros, L.; Carvalho, A. M.; Ferreira, I. C. Food
Chem Toxicol 2012, 50, 829.

[5] Hoult, J. R. S.; Paya, M. Gen Pharmacol 1996, 27, 713.
[6] Kidane, A. G.; Salacinski, H.; Tiwari, A.; Bruckdorfer, K. R.;

Seifalian, A. M. Biomacromolecules 2004, 5, 798.
[7] Cheng, J. H.; Hung, C. F.; Yang, S. C.; Wang, J. P.; Won, S. J.;

Lin, C. N. Bioorg Med Chem 2008, 16, 7270.
[8] Ma, T.; Liu, L.; Xue, H.; Li, L.; Han, C.; Wang, L.; Chen, Z.;

Liu, G. J Med Chem 2008, 51, 1432.
[9] Sashidhara, K. V.; Rosaiah, J. N.; Kumar, A.; Bhatia, G.;

Khanna, A. K. Bioorg Med Chem Lett 2010, 20, 3065.
[10] Wang, X.; Nakagawa-Goto, K.; Bastow, K. F.; Don, M. -J.;

Lin, Y. -L.; Wu, T.-S.; Lee, K.-H. J Med Chem 2006, 49, 5631.
[11] Myers, R. B.; Parker, M.; Grizzle, W. E. J Cancer Res Clin

Oncol 1994, 12, 11.
[12] Yacquot, Y.; Bermont, L.; Giorgi, H.; Refouvelet, B.; Adessi,

G.; Daubrosse, E.; Xicluna, A. Eur J Med Chem 2001, 36, 127.
[13] Gibbs, J. B. Science 2000, 287, 1969.
[14] Paul, A.; Bhattacharya, S. Curr Sci 2012, 102, 212.
[15] Wood, A. W.; Huang, M.-T.; Chang, R. L.; Newmark, H. L.;

Lehr, R. E.; Yagi, H.; Sayer, J. M.; Jerina, D. M.; Conney, A. H. Proc Natl
Acad Sci U S A 1982, 79, 5513.

[16] Li, Y. J.; Wang, C. Y.; Ye, M. Y.; Yao, G. Y.; Wang, H. S.
Molecules 2015, 20, 14791.

[17] Dong, Y.; Shi, Q.; Liu, Y.-N.; Wang, X.; Bastow, K. F.; Lee,
K.-H. J Med Chem 2009, 52, 3586.

[18] Kaur, P.; Gill, R. K.; Singh, G.; Bariwal, J. J Heterocyclic
Chem 2016, 53, 1519.

[19] Kraljević, T. G.; Harej, A.; Sedić, M.; Pavelić, S. K.; Stepanić, V.;
Drenjančević, D.; Talapko, J.; Raić-Malić, S. Eur J Med Chem 2016,
124, 794.

[20] Bhattacharya, P.; Mandal, S. M.; Basak, A. Eur J Org Chem
2016 1439.

[21] Chen, Z.; Bi, J.; Su, W. Chin J Chem 2013, 31, 507.
[22] Manidhar, D. M.; Kesharwani, R. K.; Reddy, B. N.; Reddy,

S. C.; Misra, K. Med Chem Res 2013, 22, 4146.
[23] Nasr, T.; Bondock, S.; Youns, M. Eur J Med Chem 2014, 76,

539.

Month 2017 Anticancer Activity of Benzochromenone Derivatives

Journal of Heterocyclic Chemistry DOI 10.1002/jhet

Annexure II 250



[24] Dandriyal, J.; Singla, R.; Kumar, M.; Jaitak, V. Eur J Med
Chem 2016, 119, 141.

[25] Soni, J. N.; Soman, S. S. Eur J Med Chem 2014, 75, 77.
[26] Soman, S. S.; Soni, J. N.; Inamdar, G. S.; Robertson, G. P. Der

Pharma Chemica 2013, 5, 201.
[27] Soman, S. S.; Thaker, T. H. Med Chem Res 2013, 22, 4223.
[28] Soman, S. S.; Thaker, T. H. J Chem Res 2010, 34, 502.
[29] Sousa, C. M.; Berthet, J.; Delbaere, S.; Coelho, P. J. J Org

Chem 2012, 77, 3959.

[30] Dey, B. B.; Sankaranarayan, Y. J Ind Chem Soc 1934, 11,
687.

[31] Chuang, J. Y.; Huang, Y. F.; Lu, H. F.; Ho, H. C.;
Yang, J. S.; Li, T. M.; Chang, N. W.; Chung, J. G. In Vivo 2007,
21, 1003.

[32] Danpure, C. I. Cell Biochem 1984, 72, 144.
[33] Kasibhatla, S.; Amarante-Mendes, G. P.; Finucane, D.;

Brunner, T.; Bossy-Wetzel, E.; Green, D. R. Cold Spring Harb Protoc
2006 3.

R. Soni, S. Umar, N. N. Shah, S. Balkrishnan, and S. S. Soman Vol 000

Journal of Heterocyclic Chemistry DOI 10.1002/jhet

Annexure II 251



-. - A' \J ^q
fi\v \L' NI
71 r '

=oD)= FtE
n J

8e)
==
!r/ Ai

- 
Y :t oq

CO
-o
F5

JSJ
lrt
E

U
$)
-r
=t (,)
-r
ES)
Ff
o
o.
SJ
f
o
!-I
ollt
o
fFT
o
o.
s)
f
o-r
g
-{SJ

TC'
oUn
#+
fD
tr

=' FT
Jo
(,/l

3
!o
2,.
C

3

H.
trT
E.

-!l
+

-
J

I
EET

-lr
l-
IZI

=,=EET
UI
E
=ET

l-

=EI
trT

IEI

nfrJ
FH
ir{
FTl
ir{
.J
H
frJ

oFTl

FU

FH
ir{
C) )r{
FU

Hir{
o
z

= *t r* '?r A,

=H# =#t
= z,e

EE* IE* trr
fY* nrr U
=t i*ry
H TTN Z,
il #, {t?
= 

f7'- {

=#* =-ryi
U
I
a)
-)
9)
-)g

a)
oH
LJ

oF(
)
oH

L)

D) \Jrl
F3()
w
'.l I

Xe) \-, Ft tJ- r)

o\ 9)
-at

EI"

-{
-+Ft'l
-
E

Annexure III 252



«ertificate

This is to certify that

Sliweta 'Umar

has Delivered an Oral Presentation entitled
In vitro and in silica study of 4-f[ouroplienyCacetamide-acety[

coumarin induced cytotoxicity in}l549 cereCinevia 1(OS mediated

p53 dependent patliway

in the UGC Supported National Conference on

'Current Trends in Biological Sciences - V'

(CTBS - 2020)

Saturday, February 15, 2020

Organized By

Post Graduate Department of Biosciences. Centre of Advanced Study

Sardar Patel University, Satellite Campus, Bakrol,

Gujarat, India

·~~~~prOf. R~nian

Coordinator
Dr. Hetalkumar Panehal

Organizing.$eefetary

Annexure III 253


	15. Annexure I.pdf
	20 21 Annexure 2&3.pdf
	1shweta et al.2020
	2sds35
	3rina 2017
	GANDHINAGAR ORAL 1
	SP UNIVERSITY CONFERENCE FEB20


