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The present study aims to elucidate the anti-cancer, antimicrobial activity of synthesized halogenated
chalcones (1f, 1h, 1i) and their molecular interaction with calf thymus DNA. All the three compounds
were characterized using different spectroscopic tools like FTIR, NMR. DFT and TDDFT computation were
performed to support the structural and electronic parameter of the compounds. UV–vis absorbance,
steady-state fluorescence, time-resolved fluorescence, circular dichroism, helix melting, molecular dock-
ing study reveals that the compounds (1f, 1h, 1i) actively interact with ctDNA via groove binding mode.
The binding constants (Kb) were calculated to be 1.29 � 104, 0.54 � 104 and 0.45 � 104 M�1 respectively
for compounds 1f, 1h, 1i. The compounds were cytotoxic to almost every cell line (PC3, HeLa, A549,
HCT116) tested, having minimal toxicity in normal NKE cell line, among which PC3 cells were more sen-
sitive with an IC50 value of 10 lM. The values were determined using dose response curve and found
between 10 and 49 lM for cancer cells and 70 lM for normal cell. Compounds also cause apoptosis in
PC3 cells, which was confirmed by Annexin V-FITC/PI assay. Results showed that 1f, 1h, 1i target DNA,
to persuade DNA damage mediated cancer cell death. The inhibition zone was formed in the screening
test indicating the anti-bacterial activity of 1f, 1h & 1i against model pathogenic bacteria. So the present
communication provides quantitative insight of halo-chalcone based anti-cancerous and antimicrobial
molecule involving relevant target nucleic acid, which holds future promise in the development of
new therapeutic agents.

� 2021 Published by Elsevier B.V.
1. Introduction

Cancer, a global threat, claims about 9.56 million deaths and
18.1 million new cases during the past year [1a] creating a global
burden on human beings and the world economy. Among various
cancers, lung cancer, colon cancer, breast cancer, and prostate
cancer killed huge percent of lives worldwide [1b]. Current
therapeutic regimen for cancer relies on chemotherapy and
radiation therapy, although both have severe toxic side effects on
patients and increases the chance of recurrence of the disease.
Moreover escalated cost of these treatments limits the scope for
people who lived in lower economic conditions. Immense efforts
are being made to develop specific, potent, and affordable cancer
chemotherapeutics, but the finding of an explicit remedy is still a
challenge. So there is a constant need to synthesize bioactive
small molecules like chalcone one kind of flavonoids that can
recognize the DNA, proteins, or other molecules in a cancer cell
by target-specific manner and destroy them [2–7]. In this regard,
we have synthesized three different halogen-substituted chalcones
(1f, 1h, 1i) to find out a new type of therapeutic agent against
cancer.

Flavonoids are the natural secondary metabolites having a
polyphenolic structure, widely found in fruits, vegetables and
certain beverages which were reported to be used as food for dif-
ferent ailments from ancient times. Flavonoids have various
medicinal properties like antimicrobial, [8a,b] antioxidant,[8c]
antiviral, antifungal, [8d] and anticancer,[8e] activities while
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having minimal toxicity in mammalian cells [8 f,g]. Chalcone, a
unique class of flavonoids consists of two aromatic ring systems
separated by a three carbon linker of an a,b-unsaturated
carbonyl moiety in its structure. The presence of various groups
on both the phenyl ring can exhibit a variety of pharmacological
properties which arise due to the presence of double bonds in
conjugation with carbonyl functionality [8h].

On the other hand DNA plays a major role in the life process
because it carries heritage information and facilitates the biological
synthesis of proteins and enzyme through replication and tran-
scription of genetic information.[9] It is also been reported that
the association of small molecule with nucleic acids acts as a con-
trolling tool of the DNA functions in the diagnostic application,
bioimaging, gene-delivery, therapeutic method and also for super-
vising the structural reorganization of biomacromolecule in the liv-
ing cells.[10–12] DNA binding with the small molecules is crucially
affected by different kind of binding forces.[13] Generally DNA bin-
ders are associated to the helical strand through two discrete man-
ners: groove binding and intercalation.[14–17] For that reason
such small molecule are assuring prospect for molecular recogni-
tion strategy in the field of biological science. [18–21]

However, to the best of our knowledge there has been no such
report on the anti-cancer activity of synthesized halogenated chal-
cone molecules 1f, 1h, 1i and their molecular interaction with
ctDNA till date. In our study, we made an attempt to synthesize
some beneficial chalcones to see their efficacy against potent can-
cer cells, model bacteria and binding interaction with ctDNA which
can be used as a targeted way to eradicate the future problems.
2. Experimental section

2.1. Materials

Doxorubicin, ctDNA sodium salt (CAS number: 73049395),
Hoechst 33258, acridine orange (AO), urea were purchased from
Sigma Aldrich, USA. 48well plate (Thermo scientific), MTT reagent,
trypsin solution, penicillin and streptomycin, non essential amino
acids and L-Glutamine were purchased from Himedia, India. FITC
Annexin V apoptosis detection kit (Cat 556547) BD Pharmingen.
Chalcone (1f) and its halogenated derivatives 1h, 1i used in the
present study are shown in Scheme 1.

Details of synthesize, characterization by UV–vis, mass, 1H and
13C NMR spectral method are provided in the results and discus-
sion. Ethidium bromide (EB) was purchased from Himedia, India.
Tris-HCl buffer, Sodium chloride (NaCl), potassium iodide (KI)
and other chemicals were purchased from SRL Pvt. limited, India.
The antibody used in this study was purchased from Cell Signaling
Technology (CST, USA) phospho-histone H2A.X (Ser139, #9718)
and secondary anti-rabbit secondary antibody (ab6721) was pur-
chased from Abcam. All the other chemicals were of reagent grade
Scheme 1. (A) Optimized structures and (B
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and needed no further purification. All the experiment was carried
out using Milli-Q (Milli pore) water.

2.2. Cell line

PC3, A549, HCT116 (carrying functional p53 protein), HeLa and
NKE were obtained from ATCC, USA. The cells were grown either in
Dulbecco’s modified Eagle’s medium (DMEM; Gibco) or Roswell
Park Memorial Institute (RPMI) 1640. Media were supplemented
with 10% fetal bovine serum (Invitrogen), 0.1 mM nonessential
amino acid, 1 mM L-Glutamine, 50 lg/ml penicillin, 50 lg/ml
streptomycin and 2.5 lg/ml amphotericin B. Cells were maintained
in a humidified environment at 37 �C with 5% CO2.

2.3. Methods

2.3.1. Preparation of sample
The stock solution of 1f, 1h and 1i was prepared in minimum

amount of DMSO while ctDNA was dissolved in 0.01 M Tris-HCl
buffer at pH 7.4 and a homogenous solution was obtained with
occasional mixing for 24 h. Determining the absorbance ratio
A260/A280 nm the purity of the ctDNA solution was checked. The
concentrations of ctDNA solutions were determined by using the
molar extinction coefficient value of 6600 M�1 cm�1 at 260 nm,
which was found in the range of 1.8–1.9, indicating that ctDNA
was free from protein.

2.3.2. Computational methodology
All theoretical calculations of compounds 1f, 1h and 1i were

performed with the help of density functional theory (DFT) as
implemented in Gaussian 09 [22] suite of programs. The calcula-
tions through out the present study were performed with B3LYP
hybrid functional, [23] which includes Hartree-Fock (HF) exchange
as well as DFT exchange correlations. The non-local correlations
part is taken care by Lee, Yang and Parr (LYP) functional. All calcu-
lations were performed using Pople’s 6-31G(d) basis set.

2.3.3. Biological activity
Cell cytotoxicity and antimicrobacterial activity of the com-

pound was determined by using MTT assay, agar well-diffusion
methods and details of the FITC-Annexin V/ PI assay, DAPI staining,
estimation of minimum inhibitory concentration (MIC), minimum
bactericidal concentration (MBC), hemolytic assay are provided in
the supporting information (SI).

2.3.4. Molecular recognition of 1f, 1h and 1i by ctDNA
2.3.4.1. UV–visible spectroscopy. UV–vis spectroscopic measure-
ment was performed using a Shimadzu dual beam UV–vis spec-
trophotometer (UV-1800, Japan) in 0.01 M Tris-buffer (pH 7.4).
The compounds 1f, 1h, 1i were dissolved in minimum amount of
DMSO at a concentration of 0.001(M). Working solutions were
) Chemical structures of 1f, 1 h and 1i.
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prepared by dilution of the 1f, 1h, 1i in DMSO in 0.01 M Tris-buffer
as required. The concentration of ctDNA (purchased from Sigma-
Aldrich, USA) was varied from 0 to 60 lM. All measurements were
taken at 298 K.[24]

2.3.4.2. Fluorescence studies.
2.3.4.2.1. Steady state and time resolved fluorescence measurement.
Fluorescence experiments were carried out by fluorometric titra-
tion using a Hitachi F-7100 spectrophotometer equipped with a
xenon flash lamp using 1.0 cm quartz cells. The excitation of 1f,
1h, 1i was done at 335 nm and the emission spectra were recorded
in the range of 350–550 nm, with the widths of both the excitation
and the emission slits 10 nm. The fluorescence titration was carried
out by keeping the concentration of 1f, 1h, 1i constant at 10 mM in a
reaction mixture of 2.5 ml and the ctDNA concentration was varied
from 0 to 80 mM.

Time resolved fluorescence life time measurement was done
using the time correlated single photon counting (TCSPC) tech-
nique.[25] After exciting the samples at kex = 340 nm and using a
picoseconds diode laser (IBH-NanoLED N-340 L light source with
full width half maxima, fwhm, ~750 ps), the signals were collected
at the magic angle polarization with the help of Hamamatsu MCP
Photomultiplier (model R-3809U-50).[27] Goodness of fits was
evaluated from the v2 criterion and visual observation of the resid-
uals of the fitted functions to the data. The emission was fixed at
356 nm. For analyzing multiexponential fluorescence decay (I(t))
the following expression was employed.[25]

IðtÞ ¼
X

i
aiexpð�t=siÞ ð1Þ

In which ai stands for the pre-exponential factor (amplitude)
regarding the ith decay time constant si.[25] The intensity of fluo-
rescence of biexponential decay for a given k is given by [26]

Fk ¼
Z 1

0
FkðtÞdt ð2Þ

Mean fluorescence lifetime (savg) for exponential iterative fit-
tings were calculated from the decay times (s1 and s2) and the nor-
malized pre-exponential factors (a1 and a2) using the following
relations.

savg ¼ s1a1 þ s2a2 ð3Þ
2.3.4.3. Competitive displacement assay. The ethidium bromide (EB)
displacement assay was performed using 20 mM ctDNA in presence
of 5 mM EB and titrated with an increasing concentration of 1f, 1h
and 1i from 0 to 80 mM. The EB-ctDNA complex was excited at
475 nm and the emission spectra were recorded from 520 to
750 nm. Similarly AO-ctDNA complex was titrated with an increas-
ing concentration of 1f, 1h and 1i from 0 to 80 mM upon excitation
at 480 nm and the emission spectra were recorded between 500
and 670 nm. In the Hoechst 33,258 displacement assay, 5 mM
Hoechst 33258, a well-known groove binder was added to 20 mM
ctDNA and titrated with an increasing concentration of 1f, 1h, 1i
from 0 to 80 mM. The Hoechst 33258-ctDNA complex was excited
at 343 nm and the emission spectra were recorded from 400 to
650 nm.

2.3.4.4. Iodide quenching experiment. Iodide quenching studies were
performed in the absence and presence of ctDNA. The emission
spectra were recorded either in the absence or presence of 50 mM
ctDNA in 3 ml of reaction mixture, which included 50 mM 1f, 1h
and 1i and increasing concentrations of KI from 0 to 16 mM.

2.3.4.5. Effect of ionic strength. The effect of ionic strength was stud-
ied as reported earlier [27] by varying the concentration of NaCl
3

between 0 and 50 mM in a total volume of 3 ml using 0.01 M
Tris-HCl (pH 7.4) containing 1f, 1h, 1i and ctDNA (50 mM each) in
two different experiments. Excitation was performed at 335 nm
and the emission spectra were recorded from 350 to 550 nm.

2.3.4.6. DNA melting studies. The DNAmelting study was performed
in the absence and presence of 1f, 1h, 1i by monitoring the absor-
bance of ctDNA over a wide range of temperature ranging from 40�
to 85 �C. The absorbance of the compounds were monitored at
260 nm and then plotted as a function of temperature. The values
of the melting temperature (Tm) were determined as the transition
midpoint of the melting curve.

2.3.4.7. Effect of urea. For further elucidate the binding interaction
of 1f, 1h, 1i with ctDNA with the help of denaturation study, we
have employed urea as a denaturataing agent. In a fixed volume
of ctDNA bound 1f, 1h, 1i complex, in which both ctDNA and 1f,
1h, 1i are in same concentration, was titrated with varying the con-
centration of urea from 0 to 1(M). Upon exciting the complex at
335 nm the emission spectra were recorded from 350 to 550 nm.

2.3.4.8. Circular dichroism spectral studies. Circular dichroism mea-
surements of ctDNA alone and 1f, 1h, 1i bounded ctDNA were
recorded on a JASCO (J-815) spectropolarimeter which was con-
nected with a highly sensitive temperature controller unit, apply-
ing a cylindrical cuvette of 0.1 cm path-length at 298 K. The
described CD profiles were recorded in a range from 200 to
320 nm with a mean of four consecutive scans obtained at
20 nm min�1 scan rate with properly rectified baseline. The back-
ground spectrum of the buffer solution (0.01 M Tris-HCl, pH 7.4)
was subtracted from the spectra of ctDNA and the 1f, 1h, 1i-
ctDNA complex. The molar ratios of ctDNA concentration to 1f,
1h, and 1i concentration were 1:0, 1:0.5, 1:1 1:1.5, 1:2, 1:2.5 and
1:5. An average of four scans was taken in all the experiments.

2.3.4.9. Molecular modelling and docking. The molecular docking
analysis for the binding interaction of 1f, 1h, 1i with ctDNA was
carried out with Auto Dock 4.2 set of programs which utilizes
the Lamarckian Genetic Algorithm (LGA) implemented therein.
From the protein data bank the endemic 3D structure of B-DNA
(for docking analysis) has consented bearing PDB ID: 1BNA.[28]
The necessary file of the 1f, 1h, 1i, for docking with ctDNA, was pro-
duced through coupled usage of Gaussian 09 [22] and Auto Dock
4.2 [29] software packages. Appling Gaussian 09 suite of programs
the geometry of 1f, 1h, 1i was first optimized at DFT/B3LYP/6-31G
(d) level of theory. The resultant geometry of 1f, 1h, 1i was read in
Auto Dock 4.2 software incompatible file format, from which the
necessary file was created in Auto Dock 4.2. After adjusting the grid
size to 60, 60, and 120 Å along X-, Y-, and Z-axis with a spacing of
grid 0.375 Å. For the auto docking the following parameters are
used. These are as follows: GA population size = 150; maximum
number of energy evaluations = 2500000; GA crossover
mode = two points. For each and every docking simulation the con-
former which has lowest binding energy was searched out of ten
different conformations, and for further analysis, consequent min-
imum energy structure was applied. The PyMOL software package
was employed for visualizations of the docked conformation.[30]

3. Results and discussion

3.1. Synthesis and characterization

The chalcone and its halogen substituted derivative were syn-
thesized using Claisen-Schmidt condensation reaction (Scheme 2)
of substituted benzaldehyde (a) and different substituted



Scheme 2. General method of preparation of chalcone and its fluro and chloro substituted derivative.
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acetophenones (b). The structures of the resulting chalcones (1f, 1h
and 1i) were confirmed by UV, IR, mass,1H and 13C NMR spectral
method.

(2E)-1,3-Diphenylprop-2-en-1-one (1f): Yield: 87% (304 mg); Pale
yellow gummy mass; 1H NMR (CDCl3, 400 MHz): d 8.17–8.14 (m,
2H), 7.96–7.88 (m, 3H), 7.75 (d, J = 6.4 Hz, 1H), 7.66–7.63 (m,
1H), 7.60–7.56 (m, 2H), 7.47–7.46 (m, 3H); 13C NMR (CDCl3,
100 MHz): d 144.1, 139.9, 136.9, 131.7, 130.0, 129.9, 127.1,
126.6, 83.6, 45.9, 21.7, 21.3.

(E)-3-(4-fluorophenyl)-1-phenylprop-2-en-1-one (1h): Yield: 87%
(304 mg); Pale yellow gummy mass; 1H NMR (CDCl3, 400 MHz):
d 8.17–8.14 (m, 2H), 8.00–7.89 (m, 3H), 7.75 (d, J = 6.4 Hz, 1H),
7.69–7.65 (m, 1H), 7.60–7.56 (m, 2H), 7.33–7.29 (m, 2H); 13C
NMR (CDCl3, 100 MHz): d 144.1, 139.9, 136.9, 131.7, 130.0, 129.9,
127.1, 126.6, 83.6, 45.9, 21.7, 21.3.

(E)-1-(4-chlorophenyl)-3-phenylprop-2-en-1-one (1i): Yield: 87%
(304 mg); Pale yellow gummy mass; 1H NMR (CDCl3, 400 MHz):
d 8.20–8.17 (m, 2H), 7.96–7.89 (m, 3H), 7.76 (d, J = 6.4 Hz, 1H),
7.66–7.63 (m, 2H), 7.49–7.45 (m, 3H) ; 13C NMR (CDCl3,
100 MHz): d 144.1, 139.9, 136.9, 131.7, 130.0, 129.9, 127.1,
126.6, 83.6, 45.9, 21.7, 21.3.
3.2. Biological study

3.2.1. Analysis of the cytotoxicity of the compounds
Cell proliferation assays were conducted with four different

cancer cells (PC3, A549, HCT116 and HeLa) and normal NKE cells.
Fig. 1. Compounds are cytotoxic towards various cancer cell lines with minimal toxicity
A549, (c) HeLa, (d) HCT116 cancer cell and (e) normal NKE cell lines with a range of co
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Cell cytotoxicity of different compounds with a range of concentra-
tions (0, 5, 10, 25, 50 mm) were assayed using MTT reagent, 3-(4, 5-
dimethylthioazol-2-yl)-2,5-diphennyltetrazolium bromide as
shown in Fig. 1. The number of surviving cell was disclose in terms
of percentage of cell viability which is expressed as

Percentage;ð%Þ of cellviability ¼ Sample abs:@590nm treatedcellð Þ � background
Control abs:@590nm untreatedcellð Þ � background

� 100

It was found that all compounds were highly cytotoxic towards
PC3 cell line as compare to the other ones with the IC50 value of
around 10 mm as shown in Table 1. IC50 of compounds in different
cell lines is listed in the Table 1.

HCT116 cells were also sensitive like PC3 but IC50 value was
higher for the compound 1i (25.07 ± 0.1173 lM). These com-
pounds were less cytotoxic in HeLa and A549 cell lines. NKE cells
were 7 fold less sensitive (IC50 around 70 mM) when compared to
PC3 cell line (10 mM). From the results as shown in Fig. 1 it was
clear that the compounds were cytotoxic and selective towards dif-
ferent cancer cell lines (highest in PC3) as compare to the normal
NKE cell line. For further experimental set up we have chosen
PC3 cell line.
3.2.2. Effect on cellular morphology
To assess the morphological change, PC3 cells were treated with

two concentrations of the compounds (10 and 25 lM) for 24 h.
Thereafter cellular morphologies were observed using an inverted
phase contrast microscope (Leica phase contrast and fluorescence
in normal cell line. The cell viability was measured by MTT assay using (a) PC3, (b)
ncentrations (0–50 lM) of respective compounds (1h,1i,1f) for 24 h.



Table 1
IC50 values of the compounds 1f, 1h, 1i against different cancer cell line and normal NKE cell line.

IC50 + SD(lM)
Compound PC3 A549 HeLa HCT116 NKE

1f 10.02 ± 0.13 25.63 ± 0.32 25.17 ± 0.07 10.50 ± 0.19 70.00 ± 0.15
1h 9.98 ± 0.12 25.35 ± 0.22 25.19 ± 0.09 9.779 ± 0.12 72.50 ± 0.50
1i 10.41 ± 0.17 49.85 ± 0.21 26.00 ± 0.52 25.07 ± 0.11 70.50 ± 0.41
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microscope, at 40 � objective). Cells were shrinked, rounded, with
disintegration of their membrane. Apoptotic vacuole like structure
developed in the cells exposed to the compounds suggesting killing
of the cell through apoptosis or autophagy in PC3 cells (Fig. 2).
Fig. 2. PC3 cells were treated with two different concentrations (10, 25 lM) of the
compounds 1h, 1i, 1f for 24 h. Images were captured using Leica phase contrast
microscope (40X magnification).

Fig. 3. Compounds increases sub-G1 population in PC3 cells upon treatment. (A) PC3 cel
amount in different cell cycle phases were estimated by FACS (Propidium iodide PI staini
cells in different cell cycle phases after treatment with various concentrations (5–25 lM
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3.2.3. 1f, 1h and 1i drive PC3 cells in the sub-G1 phase of the cell cycle
Next, the effects of the compounds on the cell cycle phases

check points were tested. PI staining enables us to estimate the
exact amount of DNA present in each phase of cell cycle. As shown
treatment with the compounds led to the increase the population
of PC3 cell in the sub-G1 phase of the cell cycle which is regarded
as the apoptotic or necrotic cell population (Fig. 3). Treatment with
5, 10, and 25 lM of compounds led to an increase in sub-G1 phase
in ascending manner from (1.39 to 38.56%), (1.58 to 24.81%), (1.78
to 29.40%), for 1h, 1i and 1f respectively as shown in Fig. 3.
3.2.4. 1f, 1h and 1i drives apoptotic death in PC3 cells
FITC-Annexin V/PI staining of PC3 cells were carried out to

understand the mechanism of death of cells in response to treat-
ment with these compounds. In this assay if death occurs by apop-
tosis, externalization of phosphatidyl serine occurs which will be
otherwise present in the inner membrane.

Annexin V selectively binds with phosphatidyl serine resulting
in FITC fluorescence indicating early apoptosis. In late apoptosis
cell membrane including nuclear membrane and nuclei were frag-
mented. PI will gradually bind to the fragmented nuclei to signal
late apoptosis. As shown in Fig. 4, treatment with these compounds
for 24h with 10- and 25 lM resulted in dose dependent increase of
apoptotic cells similar to doxorubicin (5 lM) was used as a positive
control. This phenomenon was further confirmed by DAPI (40,6-dia
midino-2-phenylindole) staining which showed fragmented nuclei
with increasing doses of the compounds like doxorubicin.
ls were treated with increasing concentrations (5–25 lM) of 1h, 1i, 1f for 24 h. DNA
ng) (1h, 1i, and 1f respectively). (B) Bar diagram are representative of distribution of
) of 1h, 1i, and 1f respectively.



Fig. 4. Compounds induces apoptosis in PC3 cells in a dose dependent manner (A) PC3 cells were treated with 10 and 25 lM of 1h 1i and 1f for 24 h. Percentage of cells going
to apoptosis (1h, 1i, and 1f respectively) was measured by staining the cells with AnnexinV-FITC/PI staining using FACS. (B) Bar diagrams is showing the percentage of
apoptotic cells after treatment with 1h, 1i, and 1f respectively. Doxorubicin 5 lM was used as a positive control for apoptosis.
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Here, PC3 cells were treated with two different doses of com-
pound 1h, 1i, 1f (10 and 25 lM) for 24 h to stain with DAPI to visu-
alize the effect on the cellular nuclei. As shown shrinked,
condensed, and fragmented nuclei were resulted in cells exposed
to the compounds compare to the mock treated control counter-
part where nuclei appeared round in shape as shown in Fig. 5.

3.2.5. 1h, 1i and 1f targets DNA and induces DNA damage in PC3 cells
Several reports have shown that DNA damage can induce cell

death by apoptosis.[31] To investigate the proper mechanism of
death, PC3 cells were treated with two different concentrations
(10 and 25 mM) of each of 1h, 1i, and 1f for 24 h to assess their
effect on the phosphorylation of histone 2A.X cH2a:Xð Þ as the mar-
ker of DNA damage.[32] Phosphorylation at the ser139 of cH2a.X
occurs in response to double strand break formation. Doxorubicin,
a known anticancer drug which damages DNA by targeting DNA
Fig. 5. Compounds induces nuclear fragmentation in PC3 cells. DAPI staining of 1h, 1i and
captured by inverted Leica fluorescence microscope with 40X magnification. Arrow hea
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topoisomerase II was used as a positive control in the experiment.
Immunoblot was then carried out using the whole cell extracts
prepared from these cells. As shown in Fig. 6, treatments with 1f,
1h, 1i induced 4-fold increase in (cH2a.X) in compared to doxoru-
bicin, which induces nine fold increases in the phosphorylation of
(cH2a.X) in response to DNA damage.

3.2.6. In vitro antibacterial activity and hemolytic assay
In vitro antimicrobial screening of the purified compounds (1f,

1h & 1i) were investigated against pathogenic test bacteria of gram
positive (Bacillus subtilis and Staphylococcus aureus) and gram neg-
ative (Escherichia coli and Pseudomonas aeruginosa) using the agar
well-diffusion method.[33] The inhibition zone was formed in
the screening test indicating the anti-bacterial activity of the tested
compounds against Gram-negative bacteria (E. coli and P. aerugi-
nosa) and Gram-positive bacteria (B. subtilis). But among those
1f with two different concentrations (10, 25 lM) in PC3 cells for 24 h. Images were
ds represent the condensed and fragmented nuclei.



Fig. 6. Compounds potentiates DNA damage in PC3 cells upon treatment. (A) Representative immunoblot showing the upregulation of phospho- cH2a:Xlevel in PC3 cells after
treatments with doxorubicin (Dox), 1h, 1i or 1f at the indicated concentrations for 24 h. b-actin was used as a loading control. (B) Bar graph showing the estimation of p-cH2a.
X obtained by densitometric scanning of the immunoblots using Image J tool.
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compounds (1f, 1i & 1h) no one is active against the gram positive
bacteria S. aureus. The compound 1f produced relatively large inhi-
bition zone against model pathogenic bacteria. The micro-dilution
technique was used to determine MIC value of the tested com-
pounds as shown in Table S3.

To determine the biocompatibility of the chalcone (1f) and its
chloro and bromo substituted derivatives (1h, 1i) hemolytic assay
is an important screening test. A large value of hemolysis leads
to robust damage of the red blood cells and the compatibility of
the 1f, 1h and 1i towards blood diminishes. Interestingly the com-
pounds 1f, 1h and 1i exhibit a minor amount of hemolysis at the
MIC for B. subtilis, E.coli and P. aeruginosa, respectively. The results
of the dose dependent hemolysis of 1f, 1h and 1i are summarized
in Table S4. From the results it can be said that the compounds
are very effective for the bacteria B. subtilis, E.coli and P. aeruginosa
and the effectiveness increases with increasing the concentration
of 1f, 1h and 1i as shown in Table S4.Generally chalcone and its
chloro and bromo substituted derivative displayed very good
anti-hemolytic activity. Fig.S3 demonstrates a dose response pro-
file of hemolysis of red blood cells in presence of 1f, 1h and 1i.
Fig. 7. (a-c) UV–vis absorption spectra of 1f, 1h, 1i (10 lM) with increasing concentration
buffer (298 K). Inset: Plot of DNA/(ea- ef) vs.DNA for 1f, 1h, 1i-ctDNA system.(e-f) Fluoresc
(pH 7.4).
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3.3. Molecular recognition of 1f, 1h and 1i by ctDNA

3.3.1. UV–vis absorption and emission study
The conventional biophysical techniques are applied to explore

the interaction of bio-active 1f, 1h, 1i with ctDNA. To depict the
structural changes and complex formation between the exogenous
compounds (1f, 1h, 1i) with duplex ctDNA the UV–vis absorption
spectroscopy was used.[24,34,35] In order to evaluate the mode
of binding of the compounds 1f, 1h, 1i with ctDNA, absorption
spectral titration were performed by adjusting a fixed concentra-
tion of the compounds at 20 lM and changing the ctDNA concen-
tration from 0 to 50 lM. All the compounds shows an intense
bands at 313–319 nm range and with gradual addition of ctDNA
a decrease in the absorption intensity i.e. hypochromism was
observed (1f = 19%, 1h = 15%, 1i = 13%) without any shift of the
absorption maximum band (kmax), which clearly indicate the com-
plex formation between the 1f, 1h, 1i and ctDNA as shown in
Fig. 7(a-c). To further illustrate the binding strength of the 1f, 1h,
1i with ctDNA, the binding constant (Kb) were calculated using
the following equation:
0.0, 5, 10, 15, 20, 25, 30, 35,40,45 and 50 lM of ctDNA at pH 7.4 in 0.01 M Tris-HCl
ence emission spectra of 1f, 1h, 1i (10 lM) in presence of 0–90 lM of ctDNA at 298 K



Table 2
Binding and thermodynamic parameters for the interaction of 1f, 1h and 1i with ctDNA.

Ligands T(K) Kf (L mol�1) n DH (kJ mol�1) DS (J K�1 mol�1) DG (kJ mol�1)

288 0.162 � 104 1.1 �17.958
1f 298 0.257 � 104 1.3 33.167 177.52 �19.733

308 0.389 � 104 1.2 �21.508
288 1.09 � 104 1.4 –22.258

1h 298 1.22 � 104 1.2 9.392 109.90 –23.357
308 1.42 � 104 1.1 �24.456
288 0.917 � 104 1.3 –23.784

1i 298 0.970 � 104 1.4 6.822 99.37 –22.790
308 1.12 � 104 1.2 �21.796
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DNA½ �=ðea � ef Þ ¼ ½DNA�=ðeb � ef Þ þ 1=Kbðeb � ef Þ ð4Þ
where [DNA] implies the concentration of ctDNA, ea is the excita-
tion coefficient observed for 1f, 1 h, 1i of the absorption band at a
given DNA concentration, ef is the excitation coefficient of free 1f,
1h, 1i and eb correspond to the excitation coefficient of 1f, 1h, 1i
when fully bound to the ctDNA. The plots of DNA/ (ea- ef) as a func-
tion DNA gives a intercept 1/ Kb (ea- ef) and slope 1/ (ea- ef), the ratio
of slope to intercept gives the intrinsic binding constant (Kb) value
as shown in inset of Fig. 7 (a-c) and the values are tabulated in
Table 2.It is found that the value of Kb is in the order of ~ 104

M�1
, similar to those reported for classical non intercalating mole-

cule [35].
To monitor the binding kinetics of 1f, 1h, 1i with ctDNA fluores-

cence spectroscopy was a well known tool. In Tris-HCl buffer solu-
tion 1f, 1h, 1i shows an unstructured emission spectrum with a
peak around 379 nm, 381 nm, 412 nm upon excitation at
315 nm and both 1h, 1i at 320 nm. The gradual addition of ctDNA
to the buffered solution of 1f, 1h, 1i leads to an appreciable
decrease in the emission intensity without any shift of the emis-
sion maximum as shown in Fig. 7(d-f) and Fig. 8 .The fluorescence
Fig. 8. The quenching effect graphs of 1f (A), 1h (B) 1i (C) at three tempera
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titration data are analyzed using the Stern-Volmer equation [25] to
determine the Stern Volmer quenching constant (KSV).

F0

F
¼ 1þ kq:s0½Q � ¼ 1þ KSV Q½ � ð5Þ

where F0 and F denote the fluorescence intensities in absence and
presence of the quencher, respectively. The term kq represents the
quenching rate constant of biomolecule; s0 is the average lifetime
of the biomolecule in absence of quencher and its value is
1.81 ns. Ksv is the Stern-Volmer quenching constant and [Q] stand
for ctDNA concentration. The value of Ksv and kq are listed in
Table S6. The calculated binding constant value (normal range of
binding constant for non-intercalating ~ 103–104 M�1) [35] indi-
cates the groove binding nature of the 1f,1h,1i in the ctDNA envi-
ronment whereas for intercalative binding, the binding constants
are known to be much higher (~105 M�1). The data presented in
Table S6 also reveal the linear relationship between the quenching
effect of 1f, 1h, 1i with ctDNA, indicates a confirm formation of a
ground state complex between the 1f, 1h, 1i and ctDNA. A static
nature of quenching mechanism is also concluded as the calculated
value of kq is greater than that of the maximum scattering collision
tures (288, 298 and 308 K) obtained from the Stern�Volmer equation.



Table 3
Time-resolved fluorescence decay components of 1f, 1h, 1i in 0.01 M Tris-HCl buffer.

Compound s1(ns) s2(ns) s3(ns) a1 (%) a2 (%) a3 (%) savg(ns) v 2

1f 1.02 5.38 0.11 23.04 23.78 53.18 1.57 1.04
1h 0.51 0.13 4.29 21.17 70.89 7.93 0.54 1.06
1i 0.15 11.9 0.23 10.98 26.38 62.64 3.32 1.08

Table 4
Calculation of the density functional reactivity descriptors of the base pairs of DNA and substituted chalcone compounds.

Compound EHOMO (a.u.) ELUMO (a.u.) Chemical Potential (l) Chemical hardness (g) Electrophilicity
index (x)

1f
1h
1i
Adenine
Guanine
Cytosine
Thymine

�0.23235
�0.23199
�0.23668
�0.21779
�0.20808
�0.22684
�0.24142

�0.07738
�0.07906
�0.08370
�0.01745
�0.00591
�0.03065
�0.03773

�0.1548
�0.1555
�0.1601
�0.1176
�0.1069
�0.1287
�0.1395

0.0770
0.0764
0.0765
0.1002
0.1010
0.0980
0.1018

0.1550
0.1582
0.1675
0.0690
0.0565
0.0845
0.0955
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quenching constant. The static quenching nature of the present
experiment is confirmed due to the obtained higher value of kq as
compared to the maximum diffusion scattering collision quenching
rate of various quenchers with ctDNA ~ 2.0 � 1010 M�1 s�1.[35] The
detailed analysis of static and dynamics quenching is discussed in
the next subsection using time-resolved fluorescence (TRF)
technique.

3.3.2. Time-resolved fluorescence study
To analysis the exact nature of quenching, the fluorescence life-

time measurement was performed at a fixed concentration of 1f,
1h, 1i (20 lM) with varying concentration of ctDNA from 0 to
90 lM. The uncomplexed 1f, 1h and 1i was found to exhibit a tri-
exponenetial decay pattern which comprises of major contribution
from an ultrafast component and a minor contribution for slow
components as shown in Table 4. It is observed that the fluores-
cence decay function remain unchanged with subsequent addition
of ctDNA which reveals that the 1f, 1h, 1i-ctDNA interaction is dri-
ven by static quenching complex formation.[25] More detailed
information is provided by calculating the biomolecular quenching
rate constant kq:[25]

kq ¼ KSV

s0
ð6Þ

where KSV is the stern-Volmer quenching constant and s0 is the life-
time of the 1f, 1h, and 1i in absence of ctDNA. The calculated value
of kq is summarised in Table 3. The present result indicates that a
combination of specific short and long-range interaction between
the 1f, 1h, 1i and ctDNA binding sites regulate the binding pathway
as discussed in the next subsection.The static quenching nature can
be further described by the following equation using the fluores-
cence intensity and concentration of the quencher.

log ðF0 � F
� �

=F� ¼ logKf þ nlog½Q � ð7Þ
where Kf and n are the binding constant and the number of binding
sites, respectively. From the plot of log[(F0-F)/F] vs.log [Q] the bind-
ing constant (Kf) and the number of binding sites (n) can be deter-
mined as shown in Table 3.

The value of Kf was found in the range of 103 ~ 104 M�1 at dif-
ferent temperature, which was nearly parallel to the binding con-
stant (Kb) value, obtained from UV–vis absorbance results.

3.3.3. Elucidation of the thermodynamics parameters
To characterize the binding forces involved in the interaction of

1f, 1h and 1i with ctDNA, the relevant quenching data obtained
9

from the steady state emission studies at different temperatures
were analyzed according to the van’t Hoff equation.

log Ka ¼ �DH
2:303RT

þ DS
2:303R

¼ �DG
2:303RT

ð8Þ

where DH and DS are the changes in enthalpy and entropy respec-
tively. According to Ross et al. the nature of interactive forces has
been briefly summarized as: (a) DH < 0 and DS < 0 correspond to
hydrogen bond formation, van der Waals interaction (b) DH ˃ 0
and DS ˃ 0 correspond to hydrophobic effect (c) DH < 0 and
DS > 0 correspond to ionic/electrostatic interactions [34(b)]. The
free energy change (DG) was determined using the equation.

DG ¼ DH � TDS ð9Þ
By plotting log Ka vs. reciprocal of absolute temperature (1/T) as

shown in Fig. 9 we get the value of DH and DS from the slope and
the intercept. The negative values of DG definitely apprise the fea-
sibility of the process. Both the positive sign of DH and DS and their
magnitudes are the hallmarks of hydrophobic interaction which is
the driving force in binding interaction [34(c)]. The positive value
of DH suggests that the interaction was endothermic in nature,
which could be a good interpretation for the increased binding
constant with the increase of temperature. Further analysis of
the free energy contributions reveal that hydrophobic force of
attraction also plays an important role in complex formation
between 1f, 1h and 1i with ctDNA.

3.3.4. Comparative displacement assay
Comparative displacement assay with known DNA intercalators

play an important role to decrypt the binding interaction of small
molecule with DNA.[25,35–39] The most sensible fluorescent dye,
planar acridine orange (AO), which binds with ctDNA through
intercalative mode and appears as a weak fluorescent dye in Tris-
HCl buffer solution, whereas, its fluorescence intensity is dramati-
cally increased in close vicinity of ctDNA due to its intercalation
within the ctDNA base pairs. [40,41]

This feature of AO is undertaken in several ctDNA binding stud-
ies to find out the binding fashion of new molecules with ctDNA.
[36,37] Therefore, we choose AO-ctDNA interaction for competitor
deracination experiment with 1f, 1h, 1i to find the nature of 1f, 1h,
1i-ctDNA interaction. It is found that there is no substantial alter-
ation of fluorescence intensity of AO-ctDNA complex was observed
with the subsequent increase of 1f, 1h, 1i concentration in the solu-
tion. It primarily indicates a non-intercalative type of binding
between 1f, 1h, 1i and ctDNA.



Fig. 9. Van’t Hoff plot of the binding between 1f, 1h, 1i and ctDNA at 298, 304 and 310 K.
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Further clarification of the binding interaction of 1f, 1h, 1i with
ctDNA is performed with ethidium bromide (EB) replacement test
considering the fact that EB is a sensible fluorescent dye which
bears a planar structure and binds with ctDNA through intercala-
tive mode.[38] It is found that the intensity of fluorescence of
EB-ctDNA complex is unusually higher compare to its free form.
We did not observe any noticeable change in the fluorescence
intensity of EB-ctDNA complex on the subsequent variation of 1f,
1h, 1i concentration in the solution as shown in Fig. 8 (a-c). The
present observation reveals that 1f, 1h, 1i is unable to exchange
EB-ctDNA binding in the solution. Therefore, the present experi-
ment also indicates a non-intercalative binding interaction of 1f,
1h, 1i with ctDNA as found in the previous experiment with EB-
ctDNA complex. The results of the aforementioned experiments
provide us a speculation of a possible minor groove binding
between 1f, 1h, 1i and ctDNA. We have performed another dye
replacement experiment with well-known minor groove binder
Hoechst 33,258 which binds on to minor groove of the double heli-
cal ctDNA, to accomplish our speculation.[39] It is observed that a
weak fluorescence of Hoechst 33,258 in Tris-HCl buffer medium is
drastically increased in presence of ctDNA as shown in Fig. 10(d-f).
This observation was attributed due to the minor groove binding of
Hoechst 33,258 in the ctDNA helix. [42] In the present dye
exchange experiment we found a noticeable quenching of fluores-
cence of Hoechst-ctDNA complex upon increase concentration of
1f, 1h, 1i. This indicates that 1f, 1h, 1i replaces Hoechst33258 from
the minor groove of ctDNA. The result also suggests a groove bind-
ing between 1f, 1h, 1i and ctDNA through weak non-covalent inter-
action. The Ksv values for the quenching of EB, AO and Hoechst
33,258 bound to ctDNA by 1f, 1h, 1i was calculated using Stern-
Volmer equation (2). The results are shown in Fig.S3 (a-c) and
10
the values of Ksv are given in Table S1. The data given in Table.S1
reveals that the Ksv of Hoechst 33,258 is much higher as compared
to the same of the EB and AO. Hence it can be concluded that 1f, 1h,
1i binds on the minor groove of ctDNA after displacing Hoechst
33258.

The binding interaction between 1f, 1h, 1i and ctDNA is again
studied by fluorescence quenching experiment of 1f, 1h, 1i in pres-
ence and absence of ctDNA with well studied anionic quencher,
potassium iodide (KI).[43,44] The results of this experiment is
shown in Fig.S3 (d-f). The availability of small molecule to anionic
quenchers (iodide ion) in presence of ctDNA and in free medium is
studied using Stern-Volmer equation (2). The calculated Ksv value
of free 1f, 1h, 1i by the iodide ions and the same in presence of
ctDNA is summarized in Table S2. The similar value of Ksv obtained
from fluorescence quenching experiments of 1f, 1h, 1i in presence
and absence of ctDNA also ruled out the chance of intercalation
between the 1f, 1h, 1i and ctDNA base pairs.

3.3.5. Effect of ionic strength
The effect of ionic strength is an efficient method to distinguish

the binding interaction between 1f, 1h, 1i and ctDNA by perform-
ing a titration of 1f, 1h, 1i-ctDNA complex with NaCl. When NaCl is
present in the system, then with increasing concentration of Na+,
the electrostatic repulsion between the negatively charged phos-
phate backbones on adjacent nucleotides is reduced. Thus, electro-
static interactions are shielded in the presence of Na+ ions and the
DNA chains will be tightened. Increased ionic strength screens the
negatively charged phosphate backbone of DNA and weakens the
interaction between ctDNA and 1f, 1h, 1i due to competition for
phosphates. From this study we have found that after subsequent
addition of NaCl (0–10.5 mM) into the 1f, 1h, 1i-ctDNA solution,



Fig.10. (a-c) Fluorescence emission spectra of EB bound ctDNA complex by increasing addition of 1f, 1h, 1i. In each titration concentration of ctDNA and dyes was fixed and
variation of 1f, 1h, 1i was 0–100 mM; ctDNA = 20 mM. (d-f) Fluorescence emission spectra of Hoechst 33,258 bound ctDNA complex by increasing addition of 1f, 1h, 1i. In each
titration concentration of ctDNA and dyes was fixed and variation of 1f, 1h, 1i was 0–100 mM; [ctDNA] = 20 mM in 0.01 M Tris-HCl buffer at pH 7.4.
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no significant change in fluorescence intensity is observed as
shown in Fig.S4 (d-f) in the SI, indicating that the electrostatic
interaction may have a negligible role in the 1f, 1h, 1i-ctDNA
interaction.
3.3.6. Denaturatating effect
The denaturatating effect of urea is utilized in conjunction with

fluorescence technique to find out the binding nature of 1f, 1h, 1i-
ctDNA complex.[24,43] The result of this experiment is presented
in Fig.S4(a-c) and it indicates that there is no change of fluores-
cence intensity of the 1f, 1h, 1i-ctDNA complex (in buffer solution)
after successive addition of urea. Hence, the result of the present
experiment also indicates a non-intercalative type of binding inter-
action persists in between 1f, 1h, 1i and ctDNA in the 1f, 1h, 1i-
ctDNA complex.
3.3.7. Study the conformational change of the ctDNA
The thermal stability of the DNA is generally measure by

observing its melting temperature (Tm), which is defined as a tem-
perature at which half of the double-helical DNA structure is
unfolded to two individual strands.[45,46] In the present experi-
ment, the value of Tm for ctDNA was determined by monitoring
the absorbance of ctDNA in the presence and absence of 1f, 1h, 1i
molecule by exciting the observable at 260 nm as a function of
temperature ranging from 40 to 85 �C.[47,48] It is well-known that
the intercalative binding of small molecules with the double heli-
cal DNA raise its Tm approximately an amount of 5–8 �C as com-
pared to non bonded structure of ctDNA, whereas, the same for
non-intercalative or groove binding structure of ctDNA is very less
or sometimes no change in Tm is also found. The result of the pre-
sent experiment is shown in Fig. 11 (a-c), where the normalized
absorbance at 260 nm at various temperatures for bare ctDNA
and 1f, 1h, 1i-ctDNA complex is presented black, red and green
curve, respectively. The estimated value of Tm for bare ctDNA is
68.06, 67.92, 68.35 �C, while at the identical experimental condi-
tions the same for 1f, 1h, 1i-ctDNA complex is 71.96, 69.62,
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70.590C. A negligible difference between the estimated Tm value
of bare ctDNA and 1f, 1h, 1i-ctDNA complex indicates a non-
intercalative type of interaction in 1f, 1h, 1i-ctDNA complex. Slight
increment in Tm for 1f, 1h, 1i-ctDNA complex as compared to bare
ctDNA might be attributed for fact of altering conformation of
ctDNA due to groove binding type of interaction between 1f, 1h,
1i and ctDNA.

3.3.8. Circular dichroism study
On the other hand, groove binding as well as electrostatic inter-

actions of small molecule with ctDNA does not alter circular
dichroism spectrum of ctDNA.[49] Fig. 12 (a-c) represents the cir-
cular dichroism spectrum of ctDNA, having a positive band at
275 nm due to stacking of base pair and a negative band at
245 nm due to characteristic helicity of the right-handed B-form.
[50] These bands are entirely sensorial for binding interaction of
small molecule with DNA.[51] This is conversant that stabilization
or destabilization of ctDNA structure depends upon binding of a
molecule with ctDNA. As shown in Fig. 10 (a-c), with increasing
concentration of 1f, 1h, 1i there is negligible change in the circular
dichroism spectra of ctDNA. These observations also discarded the
chance of intercalation of 1f, 1h, 1i in the helical ctDNA and
thereby suggest the minor groove binding of 1f, 1h, 1i with the host
ctDNA molecule.

3.3.9. Molecular modelling and docking
Theoretical enumerations about the binding interaction of 1f,

1h, 1i and ctDNA can also be interpreted by performing the molec-
ular modelling study. In this regards, the energy of the HOMO and
LUMO plays a crucial role to find out the chemical stability (DE),
chemical potential (l), electrophilicity index (x) and chemical
hardness (g) of the molecules. [52] After optimizing the geometry,
EHOMO and ELUMO was obtained and l;g,x and fraction number
(DN) is calculated using following equations:

l ¼ ELUMO þ EHOMO

2
ð7Þ



Fig. 11. (a-c) Thermal melting plot of free (black line) and complexed ctDNA (red line) with melting temperature in 0.01 M Tris-HCl buffer at pH 7.4. Maintains the fixed
concentration of ctDNA (20 mM) and 1f, 1h, 1i was varied. The data represent mean ± 1% of three consecutive experiments.

Fig. 12. (a-c) Circular dichroism spectra of ctDNA with increasing concentration of 1f, 1 h, 1i (0–100 lM) in 0.01 M Tris-HCl buffer at pH 7.4. Maintains the fixed
concentration of ctDNA (20 mM) and 1f, 1h, 1i was varied. The data represent mean ± 1% of three consecutive experiments.
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Fig. 13. Frontier molecular orbital’s (gas phase), HOMO-LUMO composition of 1f, 1h, 1i and DNA bases. In figure G.S and F.E.S represents round state and first excited state.

Fig. 14. Molecular docked representation of 1f,1h,1i-ctDNA complex (a), (b) and (c)
showing minor groove binding of 1f, 1h, 1i with dodecamer duplex sequence d
(CGCGAATTCGCG)2 (PDBID: 1BNA). The relative free energy of binding the 1f, 1h, 1i-
ctDNA complex system was found to be �8.86 kcal/ mol.
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g ¼ ELUMO � EHOMO

2
ð8Þ

x ¼ l2=2g ð9Þ

DN ¼ lA � lB

2ðgA þ gBÞ
ð10Þ

where mA, mB and gA, gB are the chemical potentials and chemical
hardness of the system A (1f, 1h, 1i) and B (DNA bases), respectively.
DN represents the fraction of number, which indicates electron
transfer from system A to system B. The frontier molecular orbital
diagrams of 1f, 1h, 1i and four DNA bases are presented in Fig. 13
with their energy values.

The values of charge transfer from A to B (following the values
of DN) are presented in the Table S5. The calculated more negative
13
value of l of 1f, 1h, 1i as compared to DNA bases indicates higher
electro-negativity of 1f,1h and 1i than DNA bases. This implies that
during the binding interaction between 1f,1h,1i and ctDNA, elec-
trons transfer occurs from DNA bases to 1f, 1h, 1i (cf. Table S5).
As a result it is expected that 1f, 1 h, 1i can act as electron acceptor
in following interaction with ctDNA. The molecular docking calcu-
lations of the present issue were performed in the quest of assign
the mode of binding between the 1f, 1 h, 1i and ctDNA through dis-
closing the empirical binding spot. [24,35,53] It was carried out by
the following mentioned protocol as documented in the experi-
mental section. It is mentioned that the results of molecular dock-
ing analysis significantly depend on the chosen crystallographic
ctDNA structure. We chose well-studied structure of B-DNA with
PDB ID: 1BNA, to observe the exact position of the 1f, 1h, 1i in
ctDNA helix. [49,50] The docked form is shown in Fig. 14, which
demonstrates that 1f, 1h, 1i is found to be best fitted in the minor
groove of double helix ctDNA with a free binding energy
of �8.86 kcal/mol in good agreement with the same as found in
a non-intercalative mode with ctDNA.[45,47]

The calculated free binding energy of 1f, 1h, 1i in ctDNA is also
compared with the experimental free energy of binding and found
that the molecular docking evaluated free energy of binding is con-
sistent with the spectroscopic results as discussed above. Thus, the
molecular docking analysis confirms the proposition of groove
binding of 1f, 1h, 1i with ctDNA rather than the intercalative mode
of binding.
4. Conclusion

In the present study, we have successfully explored potent anti-
cancer activity of the compounds (1f, 1h, 1i) in particular against
the PC3 cells and anti-microbial activity against model bacteria.
All the synthetic compound interact non-covalently with the minor
groove of the double helical ctDNA as evident from the UV–vis
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absorbance, steady-state, time resolved fluorescence spectroscopy,
thermal melting, denaturation, comparative displacement assays,
ionic strength, circular dichroism along with the blind molecular
docking study. A good agreement of the binding energy of the com-
pounds in the minor groove of ctDNA is found between experimen-
tal and molecular docking study. In vitro cytotoxicity of the
compounds were tested against human cancer cells PC3, A549,
HCT116 and HeLa and normal NKE cell line by MTT assay. In this
study, we found that all of the compounds significantly hindered
the proliferation of various cancer cell lines in a dose-dependent
manner and showed higher toxicity than that of normal kidney
epithelial cell line, a prerequisite for developing any drug. Further-
more the compounds elicit higher cytotoxicity against the human
prostate cancer cells (PC3) as compared to the other tested cancer
cell lines. Apart from this the compounds exhibit appreciable anti-
bacterial activity against model pathogenic bacteria with negligi-
ble hemolytic activity at their individual MICs. The apoptotic and
cell cycle analysis demonstrate induced apoptosis in PC3 cancer
cell by the compounds which was confirmed through FITC
Annexin V/PI (flow cytometry) and DAPI staining assays. The com-
pounds explicitly increased sub-G1 population in PC3 cell line and
facilitate DNA damage mediated PC3 cell death. Henceforth, this
study may serve as helpful complement for the exploration and
progress of future medicinal and clinical applications of chalcone
(1f) and its halo substituted analogue (1h,1i) as a prospective ther-
apeutic agent.
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