New Journal and we have not received input yet 17 (2021) 100145

Contents lists available at ScienceDirect > "
COMPUTATIONAL

Computational Toxicology

journal homepage: www.sciencedirect.com/journal/computational-toxicology

ELSEVIER

Check for

Combined theoretical and experimental studies reveal the newly e
synthesized pyrimidinones as potential apoptotic agents

Ayaz Mahmood Dar 24" Shafia Mir ", Masrat Jan ”, Rizwan Nabi ¢, Manzoor Ahmad Gatoo ¢,
Shamsuzzaman *~

& Department of Chemistry, Aligarh Muslim University, Aligarh 202 002, UP, India

Y Department of Chemistry, OPJS University, Churu 331001, Rajasthan, India

¢ Department of Biochemistry JNMC, Aligarh Muslim University, Aligarh 202 002, India

4 Department of Chemistry, Govt. Degree College Kulgam (University of Kashmir), JK, India
€ Department of Chemistry Indian Institute of Technology Powai Mumbai, 400076, India

ARTICLE INFO ABSTRACT

Keywords: Reaction of acetophenone thiosemicarbazones (5-8) and (2-methyl) diethyl malonate in absolute ethanol under
Pyrimidine reflux conditions furnished the corresponding pyrimidinone analogs (9-12) in good to excellent yields. The
DFT o . resulting pyrimidines were characterised using spectral and analytical data analysis. The resulting products were
1]\)/[],\1{1; :;';:;ng’ apoptosis studied for DNA interaction studies of by various techniques like UV-VIS, fluorescence spectroscopy, viscosity

measurements, molecular docking and gel electrophoresis. To look into the various structural and molecular
properties of the target compounds, theoretical DFT involving B3LYP/6-31G** level of theory was employed.
Frontier molecular orbital analysis (FMO) was carried out which in turn helped us to determine and evaluate the
descriptors like chemical hardness, potential, nucleophilicity and electrophilicity index, etc. Molecular docking
and viscosity studies indicated that the synthesized pyrimidinones are minor groove binders of DNA with cor-
responding intrinsic binding constants of 3.41 x 10° M, 2.91 x 10° M}, 3.24 x 10 M~! and 3.04 x 10> M!
for compounds (9-12) respectively indicating higher binding affinity of 9 towards DNA. Gel electrophoresis
depicted that all new compounds display a dose dependent cleavage activity with pBR322 DNA and efficient
nuclease activity was found at 2 pM. An in vitro MTT cytotoxicity assay revealed that the compounds (9-12)
possess potential toxicity against the different human cancer cells. The AO/EB staining showed that compound 9
caused apoptosis as revealed by the notable apoptotic features like nuclear shrinkage, blebbing and chromatin
condensation in HepG2 cells. Compound 9 also caused decrease in the level of apoptotic marker Bcl-XL in
Western blotting indicating its prompt ability to cause apoptosis.

1. Introduction

Because of the wide spread presence of nitrogen heteroatom in
bioactive natural compounds, heteroatom chemistry is emerging as one
of the interesting topics in organic synthesis [1]. Pyrimidine derivatives
constitute an important class of highly active heterocyclic molecules
widely distributed in living organisms [2,3]. Various pyrimidinone de-
rivatives have been prepared with the major substitutions at the C-5 or
C-6 position and this process has given birth to potential drugs in
chemotherapy [4]. These molecules display numerous biological prop-
erties which include antimicrobial [5] antibacterial [6] antitumour
[7,8] antiviral [9] antitubercular [10] and antifungal [11,12] activities

and also exist as thyroid drugs [13]. Some biologically important mol-
ecules of interest also possess pyrimidine-2-thiol moiety [14]. Carbox-
amides with pyrimidine moiety have been found to possess notable
anticarcinogenic activity [15], antiinflammatory [16] analgesic and
blood platelet aggregation inhibitory activity [17]. Numerous drug
candidates which include AZD6140 ticagrelor which possesses oral an-
tiplatelet activity [18], HEPT [19] and emivirine (EMV) [20] both of
which are 6-substituted uracil derivatives have been chosen as candi-
dates for clinical trials and DABOs [21], potent against HIV-1 synthesis
are all embedded with pyrimidinone moiety. Similarly the closely
related congeners, dihydropyrimidinones (DHPMs), have also attracted
attention because of their notable pharmacological properties and their
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presence in biologically active natural products [22]. Based on their
exceptional biological potential as well as in line with our previous
published and recent work [23], we report the synthesis of new pyr-
imidinone derivatives as metal free DNA binding agents. All the syn-
thesized compounds were characterized by elemental analysis and
spectral techniques including IR, 'H NMR, '3C NMR and MS. Various
techniques which include UV-vis, fluorescence, gel electrophoresis,
viscosity measurements and molecular docking studies were employed
to study the binding behaviour of these newly synthesized molecules
with DNA, however MTT Assay, confocal microscopy, western blotting
and apoptotic studies was carried to study the biological potential of
these compounds along with their potential to cause morphological
changes in cancer cells, respectively.

2. Results and discussion
2.1. Chemistry

Synthesis of pyrimidinone derivatives (9-12) was carried out from
corresponding thiosemicarbazones (5-8), by refluxing with (2-methyl)
diethyl malonoate in absolute ethanol as displayed in Scheme 1. The
reaction was carried out without the need of harsh reaction conditions.
The mechanism for the formation of compounds (9-12) involves the
simultaneous nucleophilic attack by the nitrogen atoms of thio-
semicarbazone moiety on the carbonyl moieties of the (2-methyl)
diethyl malonoate eliminating ethoxy [-OEt] groups leading to the for-
mation of products (9-12). The synthesized products were characterized
spectral and analytical techiques.

In their IR spectra of compounds (9-12) the presence of absorption
bands in the range 3315-3342 shows the presence of NH and as the
strong absorption bands at 1675-1679 and 1669-1674 cm™* confirm
the presence of CONH and CON groups, respectively in the compounds
(9-12). The absorption bands at 1232-1269 and 1633-1651 cm ™! were
ascribed to C = S and C = N groups, respectively. In 'H NMR study, the
downfield singlet at 5 7.1-7.6 was ascribed to NH while as the presence
of quartet at § 3.3-3.6 was assigned to —CH- proton of pyrimidinone ring.
The presence of doublet at § 2.2-2.5 was ascribed to for one proton (CHs-
CH) of the pyrimdinone ring. The 'H NMR spectra of the compounds
(9-12) also depicted the presence of multiplet in the range of § 6.0-6.9
which is ascribed to the aromatic ring protons. In '3C NMR study, the
signals at 5 184-182, 171.6-172.2, 170.2-172, 158.3-156.4 confirm the
presence of C = S, CONH, CON and C = N groups, respectively in the
products (9-12). The signals in the range of § 124-134 confirm the
presence of aromatic ring carbons present in the products (9-12).
Finally, the formation of compounds (9-12) was authenticated by the
appearance of distinct molecular ion peak [M*] at m/z: 275, 291, 291
and 307.
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2.2. DFT studies

After characterizing and validating the structures of the synthesized
pyrimidinones we, next studied their reactivity behaviour using theo-
retical DFT calculations performed at B3LYP/6-31G** level of theory
(Fig. Sla and Table S1a, S1b, S2 and S3 in supplementary file). Frontier
molecular orbital analysis was carried out using DFT calculations
(Fig. 1). HOMO-LUMO energy gap was calculated for all the four
products and found to be 0.15, 0.15, 0.15 and 0.15 eV for (9-12) which
suggested a similar reactivity nature of compounds in biological inter-
action. The HOMO-LUMO gap was carried out to assess various reac-
tivity representations of all these molecules which include hardness (1),
potential (n), electronegativity, electrophilicity which are similar for all
the compounds again affirming a a similar reactivity profile among
them.

2.3. DNA binding

2.3.1. Electronic absorption titration

The UV-vis spectra of compounds (9-12) exhibited intense absorp-
tion bands at 340 nm attributed to the = — n* or intraligand transitions
as shown in Fig. 2. This intense ligand (& — n*) absorption band helps to
examine the interaction of the compounds with calf thymus DNA. The
absorption intensity of the intraligand absorption band showed a
gradual increase with constant increasing concentration of DNA
(0.70-4.24 x 107° M) to the test compounds in 2% DMSO/5mM Tris
HCl/50 mM NacCl buffer solution, a process referred as hyperchromism.
The observed hyperchromic effect indicates the corresponding confor-
mational and structural changes in DNA [24]. These features suggested
that pyrimidines exhibit greater binding tendency with DNA and that
too by minor groove interaction involving the phosphate backbone of
double helical DNA as well as the hydrophobic interaction. Due to the
hydrophobic interactions within the DNA groove, water molecules are
being replaced which cause increase in entropy and hence stabilisation
of DNA-Molecule complex [25]. Also the binding strength of the syn-
thesized compounds was compared by evaluating their binding con-
stants (Kp) derived using the equation below [26].

[DNA]/le, — — €| =[DNA]/|e, — — €| + 1/K;|e, — —&] (@D

where, [DNA] represents the concentration of DNA, €,, & and ¢, are the
apparent extinction coefficients Aqps/[M], the extinction coefficient for
free compound and the extinction coefficient for compound in the fully
bound form, respectively. In the plots of [DNA]/e,—¢¢ versus [DNA], Ky, is
given by the ratio of the slope to the intercept. The corresponding ,m
binding constants for compounds (9-12) were found to be 3.41 x 10°
M1, 291 x 10°M7}, 3.24 x 10° M ! and 3.04 x 10° M ! respectively.
The results obtained revealed that compound 9 binds more strongly with
CT DNA as compared to the remaining compounds and the binding af-
finity follows the order 9 > 11 > 12 > 10. Interestingly, the intrinsic
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Scheme 1. Schematic representation of synthesis of pyrimidinone (9-12).
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Fig. 1. Selected Highest Occupied Molecular Orbitals (HOMO) and Lowest Unoccupied Molecular Orbitals (LUMO) of 9-12 along with the HOMO-LUMO gap in eV

using DFT calculations.

binding Ky, value of compound 9 is higher in magnitude which may be
due to the absence of the hindrance or steric reasons by the presence of
hydroxyl group (OH) with DNA base pair.

2.3.2. Fluorescence spectroscopy

The emission spectra of pyrimidinones (9-12) revealed severe
luminescence at 350 nm at room temperature in the absence of DNA
when excited at 290 nm. On addition of increasing concentration of DNA
(0.70 x 10~ to 4.24 x 10~ M) to the fixed amount of compounds (1 x
10~ M), the emission intensity appreciably increases as shown in Fig. 3.
The emission intensity largely increases due to the change in environ-
ment around molecules. It is also related to the extent to which the
molecule is inserted into the hydrophobic environment of DNA. Since
DNA is a hydrophobic molecule it reduces the accessibility of solvent
molecules to reach the hydrophobic environment inside the DNA helix,
and the mobility of the compound is restricted at the binding site ulti-
mately leading to decrease in vibrational mode of relaxation [27]. The
binding affinity of compounds was assessed while comparing parame-
ters like binding constant K’ and binding site number ‘n’ which are
calculated using Scatchard equation (2) and (3) [28].

Cr=Cr(F/F, - -P)(1 ——P) 2
rle=K(n — —r) 3

where, Cp is the concentration of free compound, Cr is the total con-
centration of compound; F and F, are fluorescence intensities in the
presence and absence of DNA, respectively. P is the ratio of observed
fluorescence quantum yield of the bound compound to that of the free
compound. The value P was obtained as the intercept by extrapolating
from a plot of F/F, versus 1/[DNA], r denotes the ratio of Cg = (C1—Cp) to
the DNA concentration, ‘c’ is the free compound concentration and ‘n’ is

the binding site number.

The numerical value of binding constants for the synthesized pyr-
imidinones (9-12) were found to be 3.1 x 10° M’l, 2.6 x 10° M’l, 2.8
x 10° M7}, 2.5 x 10° M~ ! with corresponding number of binding sites
‘n’ as 1.54, 1.40, 1.26 and 1.02 respectively. This data revealed that
compound 9 has higher DNA binding tendency which is in tune with the
electronic absorption titration experiment.

2.3.3. Nuclease activity

The DNA cleaving property of pyrimidinones (9-12) was investi-
gated while using pBR322 DNA. Pyrimidinones (9-12) cleaved super-
coiled DNA (SC form) (300 ng) in 5 mM Tris-HCl/50 mM NaCl buffer
into nicked circular form (NC form) after 1 h of incubation at physio-
logical pH 7.2 and temperature 25 °C. While maintaining the constant
concentration of DNA i.e. 300 ng, the concentration of synthesized
pyrimidinones (9-12) was varied (1.0-5.0 pM) and the cleavage process
was recorded using gel electrophoresis. The results revealed
concentration-dependent electrophoretic cleavage clearly showing the
conversion of SC form to NC form with increase in concentration of
pyrimidinone (9-12).

All the synthesized pyrimidinones (9-12) exhibited appreciable
nuclease activity at 2 pM concentration. However at higher concentra-
tions the SC form transformed itself in to NC form completely indicating
that the synthesized compounds cause cleavage of double strand DNA
(Fig. 4). However when the concentration was further increased, it
resulted in the complete uncoiling of double stranded DNA and hence
formation of Linear form (LC).

To confirm the interacting site of compound 9 with supercoiled
PBR322, both DAPI [29] and methyl green [30] were used. As shown in
Fig. 5, only upon adding methyl green (Lane 3) inhibition of the
cleavage activity of DNA was observed suggesting that compound 9 has
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Fig. 2. UV-vis absorption spectra show the variation for compounds (9-12) with increase in the concentration of CT DNA. The arrow shows the change in intensity

with increasing DNA concentration.

minor groove binding capability in conformity with many literature
reports [31,32].

2.3.4. Circular dichroism

The conformation and helicity changes of CT DNA in the presence of
the compounds (9-12) were studied using circular dichroism and the
results are shown in Fig. 6. Because of the base stacking a positive peak
at 275 nm and due to helicity a negative peak at 245 nm was observed
[33]. DNA was incubated for 30 min with different concentrations of the
compounds (9-12) (r([DNA]/[Compound] = 5 to 1.25). Intensity of
both the positive and negative band of DNA has been found to decrease
in the presence of the compounds (9-12). However, the change in the
intensity of the negative peak is more pronounced than the change in the
positive peak intensity. This observation clearly shows that compounds
(9-12) affect the helicity of B-DNA.

2.3.5. Viscosity measurements

Hydrodynamic properties generally give indications on the binding
mode of small molecules with DNA. A plot of relative specific viscosity
(n/no)l/ 3 versus [Compound]/[DNA] where n and ng are the specific
viscosity contribution of DNA in the absence and presence of the

compound, is shown in Fig. 7. As can be seen from the graph, compound
9 showed minor or no variation in the graph [34] suggesting that these
compounds interact with CT-DNA via a groove binding mode.

2.3.6. Molecular docking studies

Molecular docking technique is an emerging tool to understand the
drug-DNA interactions for the rational drug design and discovery, and
also in the mechanistic study by placing a small molecule into the
binding site of the target specific region of the DNA mainly in a non-
covalent fashion, although covalent bond may also be constituted with
reactive ligand and to predict the correct binding mode and binding
affinities [35]. The Fig. 8 shows favourable docked structures of DNA-
Pyrimidinone complex. As can be seen from Fig. 8, these molecules
bind to DNA via minor groove such that the OH moiety in three pyr-
imidinones remains inclined towards the phosphodiester bond of DNA
involving themselves in H bonding interactions. It was also found that
the resulting binding energy of most favourable docked pyr-
imidinone-DNA complex is — 203.81 kJ mol ™.
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Fig 3. Fluorescence titration of given compounds (9-12) with the CT DNA. Fluorescence intensity increases with subsequent addition of DNA solution.
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Fig. 4. Agarose gel electrophoresis patterns of pBR322 plasmid DNA (300 ng) cleaved by compound 9-12 (1.0-5.0 pM), after 1 h incubation time (concentration
dependent) Lane 1: control; Lane 2: 1.0 pM 9-12 + DNA; Lane 3: 2.0 uM 9-12 + DNA; Lane 4: 3.0 pM 9-12 + DNA. Lane 5: 4.0 pM 9-12 + DNA; Lane 6: 5.0 uM

9-12 + DNA in buffer (5 mM Tris-HCl/50 mM NaCl, pH 7.2 at 25 °C).

2.4. Invitro cytotoxicity

The in vitro anticancer activity was measured using the MTT assay
[36]. Since literature reveals that pyrimidine derivatives being similar to
5-Fluorouracil, a known anticancer drug (which is also pyrimidine de-
rivative) which defines its potentially activeness against different cancer
cells, hence with this intuition, a series of pyrimidinone derivatives were
synthesized and subsequently in vitro anticancer activity was carried out.

During the screening, all the three pyrimidinone derivatives
(Table 1) depicted potential anticancer behaviour against given cancer
cells by showing less inhibition count particularly compound 9 showed

ICsp 8.29 pM and 8.72 pM against MCF-7 and HepG2 cell line, respec-
tively. The compound 10 also revealed potential inhibition i.e. 9.48 yM
and 8.33 pM against SW480 and HepG2 cell line, respectively. The in-
hibition shown by compound 11 was 9.22 yM, 8.87 pM and 9.96 yM
against MCF-7, SW480 and HepG2 cell lines, respectively. Compound 12
also showed ICsg in potential range of 9.62 pM and 11.66 pM against
MCF-7 and HepG2 cell line, respectively. The planar and IT electron
system in aromatic ring of the compound results in higher hydropho-
bicity which could deeply penetrate into the base pairs of DNA, thereby
leading to higher DNA binding tendency. This in turn can lead the DNA
damage which causes the growth inhibition of cancer cells.
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Fig. 5. Agarose gel electrophoresis pattern for the cleavage of pBR322 plasmid
DNA (300 ng) by 9 (0.25 mmol) Lane 1; DNA control (2.5 pL of 0.01 mg/mL
solution) Lane 2, DNA + 9 + DAPI (minor groove binding agent); Lane 3, DNA
+ 9 + methyl green (major groove binding agent); (8 mM), at 310 K after in-
cubation for 45 min.
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Fig. 7. Effect of increasing concentration of compound 9 on the relative vis-
cosities (n/no) of CT DNA in Tris-HCl buffer (pH 7.2).

Fig. 9(A) shows the photomicrographic images of MCF-7 cells from
the control group (no treatment). The micrograph clearly showed a fully
confluent growth of cancer cells with prominent nuclei and cytoplasm.
Fig. 9(B) and 9(C) shows treatment of MCF-7 cells with compound 9 for
36 h and 48 h and it was observed that a considerable growth inhibition
in cell proliferation was observed. It demonstrated the apoptotic char-
acteristic in the cells with some important apoptosis features such as the
cell shrinkage, membrane blebbing, nuclear-condensation and apoptotic
bodies in cytoplasm. The cancer cells treated with the standard drug
have been shown in Fig. 9D. The standard drug (5-FU) caused enormous
cytotoxicity as the proliferation of the cells affected with significant

Computational Toxicology 17 (2021) 100145

cellular changes. The photomicrograph depicts clearly that compound 9
affected the basic morphology of most of MCF-7 cells them to lose
viability.

2.5. Apoptosis by AO/EB staining method

AO can pass the cell membrane of living or early apoptotic cells,
while staining by EB indicates loss of membrane integrity. Under a
fluorescence microscope, living cells appear green, necrotic cells stain
red but have a nuclear morphology resembling that of viable cells. In the
control, the living cells are stained bright green in spots. After treatment
of HepG2 cells with 10 pM of compound 9 and 10 for 24 h, the green
apoptotic cells with apoptotic features such as nuclear shrinkage,
chromatin condensation, as well as red necrotic cells, were observed
(Fig. 10).

2.6. Western blot analysis

To confirm the apoptotic effect of compound 9 in MCF-7 cells, a
study of protein levels of some apoptotic markers such as Caspase-3,
Bax, Bcl-XL and PARP cleavage was performed by Western blot anal-
ysis (Fig. 11). The expression of Bcl-XL was reduced when cells were
exposed to compound 9 of increasing concentrations (0, 10, 15 and 20
pM). In contrast to Bcl-XL, the expression of Bax and Caspase-3 was
increased.

The level of cleaved PARP product (104 KDa) was higher in the
treated cells than untreated cells and increased with increasing con-
centrations of the compound 9. As expected, the expression of f-actin,
which served as a loading control, remained unaltered. These relative
expressions of relevant apoptotic markers including the increasing Bax/
Bcl-XL ratio, Caspase-3 and PARP cleavage clearly indicate that com-
pound 9 causes apoptosis in MCF-7 cancer cells.

3. Experimental
3.1. Materials and methods

All the melting points were determined in degrees Celsius on a Kofler
apparatus and are uncorrected. The IR spectra were recorded with KBr
pellets on Perkin Elmer RXI spectrophotometer and values are given in
em L. 'H and '3C NMR spectra were run in CDCl; on a JEOL Eclipse
(400 MHz) instrument with TMS as internal standard and values are
given in ppm (6). Mass spectra were recorded on a JEOL SX 102/DA-
6000 Mass Spectrometer. Thin layer chromatography (TLC) plates
were coated with silica gel G and exposed to iodine vapours to check the
homogeneity as well as the progress of reaction. All the chemicals were
purchased from Merck India. Super coiled pBR322 DNA was purchased
from GeNei (India) while as double-stranded calf thymus DNA, pur-
chased from Sigma, was dissolved in a 0.1 M Tris-buffer. The purity of
DNA was verified by monitoring the ratio of absorbance at 260 nm to
that at 280 nm, which was in the range 1.8-1.9. The DNA concentration
was spectrophotometrically determined using €269 = 6600 M~ ! em™!
[37]. The human cancer cell lines used for the cytotoxicity experiment
were MCF-7, HeLa, HL-60, SW480 and HepG2 which were obtained
from the National Cancer Institute (NCI), biological testing branch,
Frederick Research and Development Centre, USA.

3.2. General method for the synthesis of acetophenone thiosemicarbazone
>-8

The known acetophenone thiosemicarbazone (5-8) were synthesized
by a literature method [38] which involves the refluxing of an equimolar
solution of acetophenone and its derivatives (1-4) and thio-
semicarbazide in ethanol in the presence of few drops of HCI for 3 h.
After cooling, the compounds were filtered and purified by recrystalli-
zation from methanol.
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Fig. 8. Cartoon representation of DNA with the bound compound 9. The N-, S- and the O- termini of the compound are shown as blue, yellow and red sticks,
respectively. The white encircled area shows the orientation of compound in minor groove of DNA with minimum energy poses in terms of ball stick and sphere
models. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Table 1
MTT assay showing the ICso values by 9-12, Cisplatin and 5-Fu against given
panel of cancer cell lines.

1Csp (uM)
Comp Breast Cervical Leukemia Colon Hepatic
MCEF-7 Hela HL-60 SW480 HepG2
9 8.29 12.62 15.78 10.33 8.72
10 11.31 10.38 13.91 9.48 8.33
11 9.22 10.66 14.42 8.87 9.96
12 12.43 11.77 9.62 13.32 11.66
5-FU 8.4 7.32 6.45 9.71 7.31
Cisplatin 6.23 5.21 5.83 4.62 5.78

5-FU = 5-Fluorouracil.

3.3. General method for the synthesis of pyrimidinones (9-12)

To a solution of acetophenone thiosemicarbazone and its derivatives
(5-8) (1.5 mmol) in absolute ethanol (20 mL), an equimolar amount of
(2-methyl) diethyl malonate was added. The reaction mixture was
refluxed for 5 h. The progress and completion of the reaction was

monitored by TLC. After completion of reaction, the excess solvent was
reduced to three fourths of the original volume under reduced pressure.
The reaction mixture was then taken in ether, washed with water and
dried over anhydrous sodium sulfate. Evaporation of solvents and
crystallization from methanol afforded the corresponding pyr-
imidinones (9-12).

3.3.1. 5-Methyl-1-(1'-phenylethylidinamino)-2-thioxo-dihydropyrimidin-4,
6-dione (9)

Yield 72%; m.p. 155 °C; Analysis found: C, 53.56, H, 4.37, N,
14.31%. C13H13N30,S requires: C, 53.60, H, 4.50, N, 14.42%; IR (KBr):
Vmax 3322 (NH), 1677 (CONH), 1670 (CON), 1651 (C=N), 1232 (C=Y9),
1025 (C-N); 'H NMR (CDCl3): 6 7.6 (s, 1H, NH, exchangeable with D20),
6.4-6.9 (m, 5H, aromatic), 3.6 (q, 1H, Cs'H), 2.3 (d, 3H, CHs); 13C NMR
(CDCl3): 6 182 (Cg), 172.1 (C4), 171.2 (Cg), 153.3 (C1"), 52.2 (Cs),
124-132 (6 aromatic carbons) ; MS: m/z 275 [M'].

3.3.2. 5-Methyl-1-(1'-(3"-hydroxyphenyD)-ethylidinamino)-2-thioxo-
dihydropyrimidin-4, 6-dione (10)

Yield 70%; m.p. 172 °C; Analysis found: C, 53.60, H, 4.50, N,
14.42%. C13H13N303S requires: C, 53.56, H, 4.38, N, 14.35%; IR (KBr):

Fig. 9. MCF-7 cell images were taken under an inverted phase-contrast microscope with a digital camera at 48 h after treatment with the compound 9. The images
depict (A) Control, (B) Compound 9 after 36 h treatment, (C) Compound 9 for 48 h treatment and (D) treatment with 5-Fu.
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(a) Control

(b) 10 uM of comp. 9

(c) 10 uM comp. 10

Fig. 10. HepG2 cells were stained by acridine orange (AO) / ethidium bromide (EB) and observed under fluorescence microscopy. (a) Control, (b) exposure to 10 pM
of compound 9 and (c) exposure to 10 pM of compound 10 incubated at 37 °C and 5% CO, for 24 h. (For interpretation of the references to colour in this figure

legend, the reader is referred to the web version of this article.)

Control 10 15 20  Compound 9 (uM)
-— .- Bel-XL
— — | B2X
| Caspase-3
i~ Cleaved PARP
(104 KDa)
s | B-Actin

Fig. 11. Western blot analysis of whole cell extracts. Lower panel (B-actin)
represent equal loading of each lane.

Vmax 3412 (OH), 3342 (NH), 1679 (CONH), 1674 (CON), 1643 (C = N),
1269 (C =), 1080 (C-0), 1025 (C-N); 'H NMR (CDCls): §7.9 (s, 1H, OH,
exchangeable with D;0), § 7.1 (s, 1H, NH, exchangeable with D;0), &
6.5-6.1 (m, 4H, aromatic), 3.5 (q, 1H, Cs'-H), § 2.3 (d, 3H, CHs); 13C
NMR (CDClg): & 183 (Co), 171.6 (C4), 170.2 (Cg), 158.3 (C1"), 52.2 (Cs),
127-134 (6 aromatic carbons); MS: m/z 291 [M™].

3.3.3. 5-Methyl-1-(1'-(4-hydroxyphenyD-ethylidinamino)-2-thioxo-
dihydropyrimidin-4, 6-dione (11)

Yield 73%; m.p. 185 °C; Analysis found: C, 53.60, H, 4.50, N, 14.4%.
C13H13N303S requires:

C, 53.54, H, 4.39, N, 14.30%); IR (KBr): vmax 3418 (OH), 3315 (NH),
1675 (CONH), 1671 (CON), 1637 (C = N), 1254 (C = S), 1080 (C-0),
1025 (C-N); 'HNMR (CDCl3): 6 8.2 (s, 1H, OH, exchangeable with D20),
§ 7.6 (s, 1H, NH, exchangeable with D,0), § 6.2-6.4 (m, 4H, aromatic),
3.5(q, 1H, Cs'-H), 5 2.4 (d, 3H, CH3); 13CNMR (CDCl3): 6184 (Cyp),172.1
(Cy), 171.2 (Cg), 157.3 (C1"), 59.6 (Cs), 127-134 (6 aromatic carbons);
MS: m/z 291 [M*].

3.3.4. 5-Methyl-1-(1'-(2", 4"-dihydroxyphenyD-ethylidinamino)-2-thioxo-
dihydropyrimidin-4,6-dione (12)

Yield 68%; m.p. 187 °C; Analysis found: C, 50.75, H, 4.19, N,
13.59%. C13H13N304S requires: C, 50.81, H, 4.26, N, 13.67; IR (KBr):
Umax 3426 (OH), 3325 (NH), 1677 (CONH), 1669 (CON), 1633 (C = N),
1249 (C = S), 1072 (C-0), 1036 (C-N); 'H NMR (CDCl3): 6 8.2, (s, 1H,
OH, exchangeable with D50), 8.0 (s, 1H, OH, exchangeable with D0), §
7.4 (s, 1H, NH, exchangeable with D,0), § 6.0-6.3 (m, 3H, aromatic), 3.3
(q, 1H, Cs5'-Hy), 6 2.6 (d, 3H, CH3); 3¢ NMR (CDCl3): 6 184 (Cy), 172.2
(C4), 172 (Cg), 156.4 (C1"), 58.4 (Cs), 127-134 (6 aromatic carbons); MS:
m/z 307 [M"].

3.4. DNA binding studies

3.4.1. Absorption and emission spectroscopy

The DNA binding experiments were carried out by using absorption
titration and emission spectroscopy as reported in literature [39]. The
UV-vis spectra for DNA compound (9-12) interactions were obtained
using an Agilent 8453 spectrophotometer while as fluorescence mea-
surements were carried out with a JASCO spectrofluorimeter (FP 6200).
Solutions of DNA and compound (9-12) were scanned in a 1 cm quartz
cuvette. To eliminate the absorbance of the DNA while measuring the
absorption spectra, an equal amount of DNA was added to both the
compound solution and the reference solution.

3.4.2. Nuclease activity

Cleavage experiments were performed with the help of Axygen
electrophoresis supported by Genei power supply with a potential range
of 50-500 V, visualized and photographed by Vilber-INFINITY gel
documentation system. Cleavage experiments of supercoiled pBR322
DNA (300 ng) by compounds 9-12 (1.0-5.0 pM) in (5 mM Tris-HCI/50
mM NaCl), buffer at pH 7.2 were carried out and the reaction followed
by agarose gel electrophoresis. The samples were incubated for 1 h at
37 °C. A loading buffer containing 25% bromophenol blue, 0.25%
xylene cyanol and 30% glycerol was added and electrophoresis was
carried out at 60 V for 1 h in Tris-HCIl buffer using 1% agarose gel
containing 1.0 pg/mL ethidium bromide [40]. The reaction was also
monitored upon addition of groove binders-MG and DAPI.

3.4.3. Circular dichroism

CD spectra of CT DNA (200 mM) were analysed in the absence and
presence of increasing concentration of compounds. Spectra were run
for R values 5, 2.5, 1.6 and 1.25 (R % [DNA]/[compound]). CD spectra
were taken as the average of three independent scans between 220 and
330 nm using JASCO J-815CD spectrometer with 150 W Xenon arc
lamp.

3.4.4. Viscosity measurements

Viscosity measurements [41] were made using a viscometer
(SCHOTAVS 450) which was maintained at temperature 25 + 0.5 °C
using a constant temperature bath. The DNA concentration was fixed at
5 x 107> M and flow time was measured with a digital stopwatch; the
mean values of three replicated measurements were used to evaluate the
viscosity (1) of the compound. The data were reported as (n/19)">
versus the [Compound]/[DNA] ratio (ri), where 11° is the viscosity of the
DNA solution alone.

3.4.5. Molecular docking
The rigid molecular docking studies were performed using HEX 6.1
software [42]. The compound 9 was taken for the following docking
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study. The crystal structure of the B-DNA dodecamer d
(CGCAAATTTCGC), (PDB ID : 1BNA) was downloaded from the protein
data bank. All calculations were carried out on an Intel CORE i5, 3.1 GHz
based machine running MS Windows XP as the operating system. First of
all the water molecules were deleted. The DNA was enclosed in a box
with number of grid points in x x y x z directions, 76 x 78 x 120 and a
grid spacing of 0.375 A. Visualization of the docked pose have been done
using Discovery Studio 3.5 molecular graphics program.

3.5. In vitro cytotoxicity

To study the cytotoxic effect of the compounds, in vitro MTT assay
was carried out [36]. Human cancer cell lines SW480 (colon adeno-
carcinoma cells)/ATCC (CCL-228), HeLa (cervical cancer cells)/ATCC
(CCL-2), MCF-7 (breast cancer cells)/ATCC (HTB-22), HepG2 (hepatic
carcinoma cells)/ATCC (CRL-8065) and HL-60 (Leukaemia cells)/ATCC
(CCL-240) were taken for the study. SW480, HL-60 and HepG2 cells
were grown in RPMI 1640 supplemented with 10% foetal bovine serum
(FBS), 10U penicillin and 100 pg/mL streptomycin at 37 °C with 5% CO,
in a humidified atmosphere. HeLa andMCF7 cells were grown in Dul-
becco’s modified Eagle’s medium (DMEM) supplanted with FCS and
antibiotics as described above for RPMI 1640. The cells were incubated
in an incubator at 37 °C and 5% COs,. After 24 h, the cells were serum
starved overnight. Compounds 9-12 were then added prepared in
DMSO in a concentration range of 3-100 pM, ensuring an equal volume
of 200 pL across the wells of the plate. The plate was further incubated at
37 °C and 5% CO; for 48 h. The cytotoxicity of the compounds was
tested by the addition of the yellow tetrazolium salt MTT (3-(4,5-
dimethylthiazolyl-2)-2,5-diphenyltetrazoliumbromide) prepared in
culture medium at a working concentration of 0.4 mg/mL across the
plate. The plate was further incubated for 2 h so that MTT is reduced by
the live cells, to produce a purple Formazan product. After this time, the
medium was aspirated and 200 pL of DMSO (Sigma Ltd.) was added to
each well. The experiment was performed in triplicates. The plate was
agitated gently for 5 min. before measuring the optical density at 570
nm in each well using Thermo Scientific multi-plate reader (MultiSkan
EX Elisa reader). Since the absorbance correlated with the number of
viable cells the percentage of viability was calculated from the absor-
bance. The ICs( values of the compounds were determined by plotting
the percentage viability versus concentration on a logarithmic graph and
the reading of the concentration at which 50% of cells are viable relative
to the control.

3.6. Apoptosis studies with (AO)/ (EB) staining method

Apoptotic studies were performed with a staining method utilising
Acridine Orange (AO) and Ethidium Bromide (EB) [43]. A monolayer of
HepG2 cells was incubated in the absence or presence of compounds 9
and 10 at concentration of 10 pM at 37 °C and 5% CO-, for 24 h. Each cell
culture was then stained with AO/EB solution (100pgmL~' AO,
100pgmL~! EB). The cell cultures were observed under a fluorescence
microscope.

3.7. Western blot analysis

MCF-7 cells were grown on 100 mm tissue culture discs at a density
of 1 x 106 cells per plate and incubated overnight. Then the cells were
exposed to compound 9 (0, 10, 15 and 20 pM) for 48 h prior to harvest.
The cell lysate was prepared by using modified RIPA lysis buffer (50 mM
tris, 150 mM NacCl, 0.5 mM deoxycholate, 1% NP-40, 0.1% SDS, 1 mM
NagVO4, 5 mM EDTA, 1 mM PMSF, 2 mM DTT, 10 mM f-glycer-
ophosphate, 50 mM NAF, 0.5% triton X-100, protease inhibitor cock-
tail). Protein estimation was done by Bradford’s method. Proteins were
separated in 10% SDSPAGE and transferred to Peripheral vascular dis-
ease membrane. Membranes were blocked overnight in 10% skimmed
milk in 1 x TBS-T (Tris-buffered saline containing 0.05% of Tween-20)
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at 4 °C and immunoblotted with antibodies anti-Bcl-XL, anti-Bax and
anti-PARP. Detection of signals was done using ECL Western blotting
reagent and chemiluminescence was exposed on Kodak X-Omat films.
Antibody anti-B-actin was used as loading control. All the antibodies
were procured from cell signalling technology, CA, USA.

3.8. Computational details

All the DFT calculations were performed using the Gaussian 09 code
[44]. B3LYP functional was employed for the optimization of all the
structures [45]. The B3LYP functional is believed to yield the correct
structures [46]. The geometry optimization was carried out using a
631G** basis set for all the atoms. All structures studied in this work
were fully optimized in gas-phase without any restriction.

4. Conclusion

In conclusion, we have synthesized and characterized pyrimidinone
derivatives. DFT studies revealed a similar reactivity pattern of these
compounds as deduced from the similar HUMO-LUMO energy gap of all
the synthesized pyrimidinones. Spectroscopic titration revealed that
compounds (9-12) are minor groove binders. The absorption and fluo-
rescence studies reveal the stabilization of the energy levels of the
compounds in the presence of DNA. In vitro cytotoxicity screening
revealed that pyrimidinones are potential cytotoxic agents against the
cancer cell lines. Thes relative expressions of relevant apoptotic markers
including the increasing Bax/Bcl-XL ratio, cleaved Caspase-3 and PARP
cleavage clearly indicated that these pyrimidinones have prompt ability
to cause apoptosis. In short, this study reveals that these semi-
synthesized pyrimidinones can be used as template for future drug
development through even different derivatization to prepare more
potent and selective-DNA binding agents.
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