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Introduction 

A new 2-(quinolin-2-yl) quinazolin-4(3H)-one (1) based copper 
(II) complex [Cu (1)2] (1:2) (2) has been successfully isolated. 
The structures of 1 and 2 were established on the basis of various 
spectroscopic analysis techniques, viz., ESI-Mass, IR, UV-Vis, SEM-
EDX and ESR spectra. The ligand (1) and its complex (2) exhibit an 
intercalative mode of binding with DNA molecule, a prerequisite 
for cytotoxic activity. Docking studies of 1 and 2 indicate inhibition 
of human DNA topoisomerase I by forming hydrogen bond 
interactions. Anti-proliferative activity by MTT assay indicated that 2 
was potentially more cytotoxic than 1 in all three, i.e. HeLa, B16F10, 
Miapaca2 cancer cell lines and the effect was more pronounced in 
MiaPaca2 cell line with IC50 value 18.8 µg/ml. 1 and 2 resulted in an 
average activity against gram negative (Escherichia coli, Pseudomonas 
aeruginosa) bacterial strains. However they demonstrated marked 
activity against gram positive (Staphylococcus aureus, Bacillus subtilis) 
bacterial strains.

Keywords: Antibacterial; Cu (Ii) Complex; Cytotoxic Study; DNA; 
Docking; Intercalation

Introduction  

Cancer is undoubtedly a life threatening and major public health 
problem worldwide [1]. Earlier, platinum based drugs proved their 
utility in cancer therapy but the side effects remained a challenging 
task to overcome for researchers [2,3]. In the wake of this there is 
widespread demand to design and synthesis new potentially tumor 
specific non platinum metal complexes with bioactive ligands. 
[4,5]. Cu (II) ion is the most promising metal ion which can be 
employed as a metal complex to treat many diseases [6,7]. Copper 
(II) complexes are known to show selective cytotoxicity toward cancer 
cells and induce cell death by oxidative stress [8] and by inhibiting 
proteasome complex [9]. Wehbe et al [10] have reported new 
Copper (II) complexes of bidentate ligands and explored their tumor 

specific anticancer efficacy against cancer cells that are insensitive to 
platinum drugs. Fie et al [11] have synthesized two enantiomerically 
pure Copper (II) complexes and produced better cytotoxicity than 
cisplatin against A431 cell lines. This clearly infers that Copper 
(II) complexes have a potential to be developed as alternatives for 
platinum drugs with narrow range of side effects. In view of this, 
2-(quinolin-2-yl) quinazolin-4(3H)-one based copper (II) complex 
has been successfully isolated. 2-(quinolin-2-yl) quinazolin-4(3H)-
one (1) is a fused heterocycle with nitrogen and occurs widely as a 
core structure in many alkaloids [12]. Luoton in A and Campothecin 
derivatives (topotecan, irinotecan) are incorporated with 1 as their 
core skeleton and known to inhibit human DNA topoisomerase 
I [13,14]. Topoisomerase are essential nuclear enzymes that take 
part in vital cellular processes and a primary target for many anti-
cancer agents [15, 16]. They resolve topological issues of DNA by 
over winding or under winding it and thus play a key role in DNA 
replication and transcription [17, 18]. Inhibition of topos function 
leads to cell apoptosis and hence topos are of great interest in rational 
drug design. A healthy combination of docking simulations and in 
vitro verification is required before any drug candidate is declared 
anti-tumor active. Recently Xin et al [19] docked 127 low toxic natural 
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compounds into the active site of topo I and few compounds that 
were active in virtual screening also showed topo I mediated in vitro 
relaxation of Super coiled DNA activity. Jadhav et al. [20], reported 
docking studies of some fluoroquinolines with topoisomerase II α and 
β and presumed their ability to act as anti-cancer drugs. Alam et al. 
[21] also proved that the predicted anti-cancer activity results through 
QSAR model with topoisomerase IIα were in accordance with their 
experimental results. Keeping this in view, a rational approach of 
docking and in vitro verification was adopted to develop new metal 
based anti cancer agents. The basic chemical entity of this study i.e., 
1 resembles 4(3H)-Quinazolinones which were also proved to be 
cytotoxic [22], therapeutic [23-26] and active against many microbes 
[27]. Hence, a new 2-(quinolin-2-yl) quinazolin-4(3H)-one (1) based 
copper (II) complex (1:2) was isolated, characterized and studied its 
DNA binding, antibacterial, docking and anticancer properties. 

Materials and Instruments  

Anthranilamide, quinaldoyl chloride, ethedium bromide, Copper (II) 
acetate mono hydrate (99.99% purity) and Cisplatin were obtained 
from Sigma (USA) and were used without further purification. CT-
DNA was obtained from Fluka (Switzerland). HeLa, MiaPaca2, 
B16F10 cancer and NIH-3T3 normal cell lines were purchased from 
National Centre for Cell Science (NCCS, Pune). Tris-HCl buffer was 
obtained from Bangalore Genei (India). Buffer solutions were prepared 
by using doubly distilled water. All other chemicals and solvents of 
spectroscopic grade were purchased from commercial sources and 
were used without further purification. The spectroscopic titrations 
were carried out in an aerated buffer (5 mM Tris-HCl/50 mM NaCl, 
pH 7.5) at room temperature (r.t.). The surface morphology of 2 was 
characterized using a Zeiss Evo 18 scanning electronic microscope 
(SEM). The chemical composition of 2 was analyzed via an energy 
dispersive X-ray (EDX) spectrometer attached to an SEM instrument. 
ESI mass spectra of 1 and 2 were recorded using a Shimadzu LCMS-

8030 instrument. The molar conductivity was measured on a Digison 
digital conductivity bridge (model: DI-909) with a dip type cell. 
Infrared spectra were recorded on a Perkin-Elmer FT-IR spectrometer, 
in KBr pellets in the 4000-400 cm-1 range. Visible- reflectance spectra 
of 2 was recorded on Shimadzu UV-VIS-NIR spectrophotometer 
(UV 3600). Magnetic susceptibility was recorded at r.t., on a Faraday 
balance (CAHN-7600) using Hg [Co (NCS)4] as the standard. 
Diamagnetic corrections were made by using Pascal’s constant [28]. 
Molecular modeling to obtain minimum energy conformers were 
performed with semi-empirical PM3 Hamiltonian, as implemented 
in hyperchem 8.0 software programme package. Docking properties 
were evaluated using GOLD 3.1 program. ESR spectra of 2 was 
recorded at room temperature on JEOL, X-band ESR spectrometer at 
NIT Warangal.

Synthesis  

Synthesis of 1

The 2-(quinolin-2-yl)quinazolin-4(3H)-one ligand (1) was synthesized 
by using the literature procedure [29], where equimolar ratio of 
quinaldoyl chloride and anthranilamide dissolved in THF were 
made to react in the presence of two equivalents of TEA to produce 
corresponding diamide. Addition of aqueous KOH to this diamide 
resulted in the formation of 1 via dehydrative cyclization.

Synthesis of 2

For the synthesis of 2, 2 mmol (0.548 gm) of 1 was dissolved in 10 
ml of ethanol and DMSO mixture (10:1) and kept for stirring. After 
15 minutes of stirring a solution of 1 mmol (0.191 gm) of copper (II) 
acetate monohydrate dissolved in ethanol was added and the resulting 
mixture was refluxed for 30 min. Green precipitate was washed several 
times with hexane and dried for 30 hr in vacuum 

Scheme 1: Schematic representation for the preparation of 1 and 2.



BAOJ Cancer Res Ther, an open access journal Volume 5; Issue 1; 064

Page 3 of 14Citation: Rabindra Reddy P, Kumara Swamy M, Satyanarayana B (2019) New Copper (II) 2-(Quinolin-2-Yl) Quinazolin-4(3H)-One Complex and 
Study of its DNA Binding, Antibacterial, Docking and Cytotoxic Properties.  BAOJ Cancer Res Ther 5: 064.

Analytical Data

Data for 1

Yield: 95%. M.P: 2300C. ESI-Mass in DMSO: m/z, 274[M+H]+. IR (KBr 
phase): ϑmax/cm-1: 3471s, 1683s, 1568s, 1487s.

Data for 2

Yield: 65%. M.P: 3100C. IR (KBr phase): ϑmax/cm-1: 1631s, 1598s, 
1535m, 1465m, 503w (Cu-N), 547w (Cu-N). UV/Vis absorption in 
methanol: λmax/nm (Ԑ/M-1cm-1) 210 (5.89×104), 245 (3.25×104). UV/Vis 
solid reflectance: 580 nm. ESI-Mass in methanol: m/z, 609 [M+H]+. 
Elemental analysis: calculated for C34H20CuN6O2: C, 67.15; N, 13.82; O, 
5.26; Cu, 10.45 Observed: C, 67.07; N, 13.35; O, 5.19; Cu, 10.32. µeff: 1.82 
BM at r.t. EPR parameters: gԐ 2.3529, gԐ 2.1369. ԐM (Ω-1 cm2 M-1) 10-3 
M solution at r.t. - (a) in methanol: 10, (b) in methanol: H2O mixture 
(1:10): 12.

DNA Binding

Preparation of Stock Solutions

The stock solution of CT-DNA was prepared with 5 mM Tris-HCl/50 
mM NaCl in distilled water at pH=7.5 and the concentration of solution 
was determined by UV absorbance at 260 nm. The molar absorption 
coefficient was taken as 6600 M-1cm-1 [30]. The CT-DNA solution gave 
a ratio of UV absorption at 260 nm and 280 nm A260/A280 of ca.1.8-
1.9, suggesting that the DNA was sufficiently free of protein [31]. The 
prepared stock solutions were stored at 40C and used within four days. 
The concentration of EB was determined spectrophotometrically at 480 
nm (Ԑ=5860 M-1cm-1) [32]. The DNA binding experiments were done in 
5 mM Tris-HCl/50 mM NaCl (pH=7.5) i.e., Tris-HCl buffer using 1mM 
methanol solutions of 1 and 2.

Absorption Spectral Studies

Absorption spectra were recorded on a Shimadzu 160A UV-Vis 
spectrophotometer using 1cm quartz micro cuvettes. Absorption 
titrations were carried out by keeping the concentration of 1 and complex 
(2) at 10 µM and by varying the CT-DNA concentration from 0-10 µM. 
A DNA blank was placed in the reference cell to offset any absorbance 
due to DNA at measured wavelength. The intrinsic binding constant 
for 1 and complex (2) was calculated from the spectroscopic titration 
data using the following equation [33]. [DNA] / (εa-εf) = [DNA] / (εb-
εf) + 1 / Kb (εb-εf) (1) Where εa is the apparent extinction coefficient, 
εf extinction coefficient of free (unbound) ligand or complex and  εb 
extinction coefficient of fully bound ligand or complex. The apparent 
extinction coefficient was obtained by calculating Aobs/[1 or 2]. A plot 
of [DNA]/ (εa-εf) Vs [DNA] will give a slope 1/(εb-εf) and intercept 1/

Kb(εb-εf). Kb is determined from the ratio of the slope and intercept.

Viscosity  

Viscometric titrations were performed at room temperature with 
an Ostwald viscometer. The concentration of CT-DNA was 200 µM 
where as 1 and complex (2) concentrations were varied from 0-120 
µM. Digital timer was used for the measurement of flow times. Each 
experiment was repeated three times for accuracy and an average flow 
time was calculated. Results were presented as (η/ηo)1/3 Vs [1 or 2]/
[CT-DNA], where ηo and η represents the viscosities of CT-DNA, in 
the absence and presence of 1 or 2. Viscosity values were determined 
from the flow time of CT-DNA containing solution (t) corrected for 
that buffer alone (5 mM Tri-HCl/50 mM NaCl) (to), η=(t-to).

Competitive Binding by UV Experiment 

The competitive binding studies were carried out on a Shimadzu 
160A UV-Vis spectrophotometer with 1cm quartz micro cuvettes. 
Absorption titrations were performed by keeping the concentrations 
of EB and DNA constant at 40 µM and by varying ligand (1) and 
complex (2) concentrations 0-64 µM.

In Vitro Cytotoxicity

The cell metabolic activity, i.e. viability was measured by MTT 
colorimetric assay. Three tumor cell lines HeLa (Human cervical 
carcinoma), MiaPaca2 (Human Pancreatic Carcinoma), B16F10 
(mouse melanoma) and NIH-3T3 normal cells were chosen for this 
activity. The cells were grown in DMEM/RPMI media supplemented 
with 10% fetal bovine serum and 1% penicillin-streptomycin-
glutamine (Hi Media) in an atmosphere of 5% CO2/95% air at 370C. 
The cells were seeded in 96 well plates at a density of 5000 cells per 
well and incubated overnight in 370C incubator. Six concentrations 
of 1, 2 and Cisplatin (except for normal cells) were added to HeLa, 
MiaPaca2, and B16F10 tumor and NIH-3T3 normal cells. After 24 hr 
of incubation MTT solution (0.5 mg/ml) was added to each well and 
incubated at 370C for another 3 hr [34-36]. Then, after the incubation 
period precipitates were observed as a result of the reduction of the 
MTT salt to its insoluble purple colored form, farmazan. The purple 
crystals were made soluble in DMSO and optical density was measured 
at 560 nm on Biotech Synergy Micro plate Reader.

Antibacterial Activity

The free ligand 1 and it metal complex (2) were screened for its in vitro 
antibacterial activity against gram positive and gram negative bacterial 
strains by cup-plate agar diffusion method  at different concentrations 
(0.5, 1 mg/ml) [37-39]. Staphylococcus aureus (MTCC-96, gram +ve), 
Bacillus subtilis (MTCC-121, gram +ve) and Escherichia coli (MTCC-
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443, gram -ve), Pseudomonas aeruginosa (MTCC-424, gram -ve) were 
chosen for this activity. The selected bacterial strains were inoculated 
into an autoclaved nutrient broth media and incubated overnight at 
370C for bacterial growth. Then, 0.3 ml of bacterial culture was taken 
and placed on freshly prepared autoclaved agar plates using a spreader. 
Inoculated agar plates were allowed to dry for some time period and 
5 mm sample discs were kept on microbial plates along with positive 
controls Norfloxacin and Ofloxacin. Norfloxacin was used as a control 
for Staphylococcus aureus and Pseudomonas aeruginosa where as 
Ofloxacin for Bacillus subtilis and Escherichia coli. The plates were 
incubated overnight at 370C in BOD incubator.  After incubation a 
definite zone surrounding the disc which indicated the antimicrobial 
activity was measured with a scale. The inhibition zone of samples 1 
and 2 was compared with the reference compounds Norfloxacin and 
Ofloxacin. The experiments were performed at least in triplicate and 
diameter of the inhibition zone was recorded.

Results and Discussion

Syntheses and Characterization

The synthetic route for 1 and 2 was schematically represented in 
scheme 1. The free ligand 1 and its complex (2) were completely soluble 
in methanol, DMSO, dichloromethane, DMF, H2O-methanol mixture 
and insoluble H2O. 1 and 2 were stable in solid and solution phases 
and were non-hygroscopic in nature. The non-electrolytic nature of 
the complex (2) was confirmed by the low molar conductance values 
in methanol and methanol-H2O mixture (1:10). Various combinations 
of solvents and conditions were employed to isolate single crystals but 
could not succeed. However, the complex (2) was fully characterized 
using various techniques ESI-Mass, UV/Vis, ESR, SEM-EDX and 
the obtained data is in accordance with its molecular formula, 
C34H20CuN6O2.

ESI-Mass Spectra

The mass spectra of 1 and its copper (II) complex (2) recorded in 
positive ion mode showed base peaks located at m/z 274 (Figure1) 
and 609 (Figure 2) respectively. This confirms the existence of 1 and 
2 as [M+H]+.

Figure1: ESI-Mass Spectra of 1

Figure 2: ESI-Mass Spectra of 2.
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Infra Red Spectra

The interpretation of IR frequencies for 1 and 2 was done on the basis of 
literature [40, 41]. In the IR spectra of 1, a sharp peak at 3471 cm-1 was 
assigned to the ϑ(N-H) vibrations, which disappeared in the complex 
due to the deprotonation of cyclic amide group upon chelation with 
copper. This indicates the bonding of nitrogen atoms of amide group 
to copper. An intense and sharp peak at 1683 cm-1 due to the amide 

carbonyl group of 1 shifted to 1631 cm-1 upon complexation. The 
ring stretching frequencies of ϑ(C=C) and ϑ(C=N) at 1568, 1487 cm-1 

were shifted to lower frequencies upon coordination, indicating the 
bonding of heterocyclic nitrogen atoms to the metal ion. The other 
non ligand peaks at 503 and 547 cm-1 respectively, were assigned to 
ϑ(Cu-N) vibrations, which also indicate the coordination of ligands 
to copper through nitrogen atoms. The IR spectral information is 
presented in Figure S1 and S2. 

Figure S1: IR spectra of 1

Figure S2: IR spectra of 2
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UV Visible Spectra

The visible reflectance spectra of copper (II) complex (2) (Figure 3) 
showed a d-d transition with broad band at 580 nm. This is assignable 
to 2B1g→ Eg which is consistent with the square planar geometry around 
Cu (II) ion [42, 43]. In the Ultra Violet region, the bands located at 210 
nm and 245 nm were assigned to the intra ligand π-π* transitions.

Figure 3: Visible reflectance spectra of 2; Insets: Charge Transfer bands 
in the region 200-300 nm.

Magnetic Moment

The magnetic moment of 2 is 1.82 BM which indicates the paramagnetic 
nature of the complex with one unpaired electron.

ESR Spectra

The X- band ESR spectra of Copper (II) complex (2) (Figure 4) was 
recorded at room temperature. There is one unpaired electron present 
in d9 Cu (II) complex and for square planar complexes the ground state 
of unpaired electron can be estimated by using obtained g values. The 

Figure 4: ESR spectra of copper (II) complex (2) at room temperature.

order of g|| and gԐ is dependent on the orbital in which the unpaired 
electron is positioned. If the unpaired electron remains in dx2-y2  orbital 
the order would be g|| >gԐ >2, while if the electron remains in dz2 
orbital then gԐ >g|| >2. The observed g values for 2 (g||, 2.3529; gԐ, 
2.1369) confirm the dx2-y2 ground state for the Cu (II) ion characteristic 
of a square-planar geometry [44-47].

SEM-EDX

The surface morphology and elemental analysis of pure metal complex 
2 were studied by scanning electron microscopy (SEM) and energy 
dispersive X-ray spectroscopy (EDX) respectively, and the results are 
shown in Figure 5. A clear wire like structures of metal complex are 
visible from the SEM images. The high stoichiometric Cu (II) complex 
formation with ligand 1 was confirmed by EDX spectra which showed 
peaks corresponding to C, N, O and Cu of metal complex (2) [48]. 

Figure 5: Surface morphology of 2; EDX spectra (A), Elemental analysis 
(B) and SEM image (C).

Molecular Modeling Studies

In the absence of crystal structure, the molecular modeling studies 
were performed to obtain minimum energy conformers of 1 and 
2. A software program package, semi empirical PM3 Hamiltonian 
(Hyperchem 8.0) was used for this purpose. The optimized structure 
of 2 with relevant bond lengths and angles was shown in Figure 6. The 
observed M-N bond distances for 2 agree well with those reported 
for Copper (II) complex [40]. Based on the above results, tentative 
structure for 2 is proposed where Cu (II) is coordinated to two ligands 
in a square planar geometry.
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Figure 6: Energy minimized (optimized) molecular structure with relevant bond lengths, bond angles and energy of 2.

DNA Binding 

The mode of binding (intercalative or groove) of metal complex to 
double stranded DNA is influenced by structure, charge and type of 
ligands attached to it. Thus, the mode and ability of binding of ligand 
(1) and its copper (II) complex (2) to CT-DNA was investigated with 
the aid of following techniques. Interaction experiments with DNA 
were performed in aqueous media (5 mM Tris-HCl/50 mM NaCl 
buffer).

Absorption Spectral Studies 

Absorption spectral studies supply an important evidence for 
the intercalation of the ligand or complex into the DNA helix. 
The extensively used method for calculating the overall binding 
constants is monitoring the changes in the absorption spectra of the 
compounds (1 and 2) upon addition of increasing amounts of DNA. 
Addition of increasing amounts of CT-DNA to compounds resulted 
in hypochromism and bathochromism of the intra ligand absorption 
bands (200-300) (See Figure S3 and Figure 7 for 1 and 2 respectively). 
This suggests an intercalative mode of binding that involves a stacking 
interaction between the aromatic chromophores of the compounds 
and base pairs of DNA [49, 50]. The π* orbital of the ligand which 
intercalated with base pair of DNA can further couple with π orbital 
of the base pairs. This interaction between π and π* orbitals decreases 
the π-π* transition energy and results in bathochromism [51]. The 
binding affinity of 1 and 2 with CT-DNA was evaluated quantitatively 
by calculating their intrinsic binding constants (Kb) and were found 
to be 1.72×104 M-1 (for 1) and 2.93×104 M-1 (2) [52]. The obtained 
Kb values for 1 and 2 is comparable to classical intercalator, ethedium 
bromide[Kb=1.4×106 M-1 in 25 mM Tris HCl/40 mM NaCl buffer 
(pH=7.9)] [53].

Figure S3: Absorption spectra of ligand (1) in the absence and presence of 
increasing amount of CT-DNA. Conditions: [1] =10 µM; [CT-DNA] =0-
10 µM. Downwards arrow shows the absorbance changes upon increasing 
CT-DNA concentration. Insets: linear plot for calculation of Kb

Figure 7: Absorption spectra of copper (II) complex (2) in the absence 
and presence of increasing amount of CT-DNA. Conditions: [2] =10 µM; 
[CT-DNA] =0-10 µM. Downwards arrow shows the absorbance changes 
upon increasing CT-DNA concentration. Insets: linear plot for calculation 
of Kb.
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Viscosity

The intercalative mode of interaction between 1 and 2 and DNA 
was further confirmed by performing the Viscometric titrations. 
Any change in the length of DNA due to separation of base pairs by 
the addition of an increasing concentration of compounds alters its 
viscosity [51, 53]. The classical intercalating agents elongate the double 
helix of DNA to accommodate the complex in between the base pairs 
which leads to an increase in the viscosity of DNA. In contrary, the 
classical groove binders show no effect on DNA length or solution 
viscosity. On the other hand some non classical or partial intercalators 
like distamycin and netropsin bend or kink the DNA double helix 
thereby decreasing the viscosity of DNA [54-57]. The addition of 
increasing amounts of 1 and copper complex (2) to CT-DNA solution 
increased the viscosity of DNA (see Figure S4). This increase in 
viscosity of DNA is similar to proven intercalator EB, suggesting the 
compounds (1 and 2) bind to DNA through an intercalation [58].

Figure S4: Effect of increasing amounts of  compounds 1 and 2 on the rel-
ative viscosities of CT-DNA at r.t. in Tris HCl buffer (5 mM). Conditions: 
[CT-DNA]/200µM; [1 or 2]/0-120 µM

Competitive Binding by UV Experiment

Competitive binding study was carried out by absorption spectroscopy 
using EB, a typical indicator of intercalation [59]. This experiment 
involves the addition of increased amounts of 1 and complex (2) to 
DNA pretreated with EB and monitoring the changes in the intensity 
of the absorption. Free EB has an absorption maxima ~ 480 nm and 
on interaction with DNA it shifts to a higher wavelength followed by 
a decrease in absorption, which is an evidence for the intercalation of 
EB into the DNA base pairs [60]. The shift in the absorption maxima 
of free EB at 478 nm to 480 nm in the presence of DNA is presented 
in Figure S5 and 8 for 1 and 2, respectively. Addition of 1 and 2 to the 

solution of EB-DNA caused an increase in the absorption intensity, 
which is an indication of competitive binding of compounds with EB 
to bind DNA. This clearly indicates that the compounds 1 and 2 free 

Figure S5: Absorption spectra of EB bound to CT-DNA in the absence 
and presence of increasing amount of ligand (1).

intercalatively bound EB from DNA through an intercalative mode of 
binding.

Molecular docking studies

GOLD 3.1 (Genetic Optimization for Ligand Docking) program was 
used for the exploration of binding sites of the protein (Human DNA 
topoisomerase I) with synthesized compounds 1 and 2. The crystal 
structure of the protein was retrieved from protein data bank (PDB 
ID: 1T8I). All the essential steps required for the preparation of clean 
protein structure were implemented by utilizing Accelrys Discovery 
Studio 2.5.The compounds were uploaded along with the clean 
protein and the GOLD scores were calculated by implementing the 
reported procedure [61]. The calculation of GOLD fitness scores for 
best binding modes follows the general equation [62]. GOLD fitness 
score = Shb_ext+Svdw_ext+Shb_int+Svdw_in (2) where Shb_ext, Svdw_ext represents 
protein-ligand hydrogen bond and van der waals score. Shb_int, 
Svdw_int represents intramolecular (ligand) hydrogen bond and van 
der waals score. The obtained gold fitness scores help to predict the 
relative binding affinity of ligands to protein. As can be seen from Table 
1, it is clear that the complex (2) has higher binding affinity with active 
site residues of the protein. Figure 9 depicts the single hydrogen bonds 
between 2 and critical amino acids of the protein. The hydrogen bonds 
were formed between 2 and the residue DC112 with bond distances 
of 2.969 A°. Some non-bonded interactions were also formed with 
the residues Arg364, Asn722, DT10 and DC112. The hydrogen bond 
interactions of 1 with protein were shown in Figure S6.
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Table 1: Docking Scores and hydrogen bond interactions of 1 and 2 with Human DNA topoisomerase I (PDB ID: 1T8I).

C1 Fitness score S(hb.ext) S(vdw.ext) S(hb.int) S(int) Interacting residues Interacting atoms Hb-distance(A°)

1 78.45 0.56 56.65 0.00 -0.49 DG12,TGP11,

Arg364,Asn722,DT10,DC112,

DA113

Arg364:NH2

---O11:1

TGP11:N2

---O11:1

2.683

3.065

2 56.60 0.00 41.17 0.00 0.00 DG12,TGP11,

Arg364,Asn722,DT10,DC112,

DA113

DC112:N4

---O32:2

2.969

1Compound.

Figure S6: Hydrogen bond interactions of 1 (ball model) with human 
DNA topoisomerase I

Figure 9: Hydrogen bond interaction of Copper (II) complex (2) with hu-
man DNA topoisomerase I. Green dotted line shows hydrogen bond for-
mation between metal complex and protein; white letters indicate critical 
amino acids and the complex (2) is shown in stick model.

In Vitro Cytotoxicity

The in vitro cytotoxic activities 1 and 2 against three selected cancer 
cell lines HeLa, MiaPaca2 B16F10 and NIH-3T3 normal cells were 
investigated by MTT assay (MTT = 3-(4,5-dimethyl thiazol-2-yl)-2,5 
diphenyl tetrazolium bromide). It is a colorimetric assay which helps to 
predict the cell viability and cytotoxicity of the compounds. Cisplatin, 
except for normal cells, was used as a positive control to compare 
the cytotoxicity of 1 and 2. Viability of the cell lines was evaluated 
with three independent triplicate experiments of six concentrations 
and IC50 values were calculated in μg/ml. The results presented 
in Table 2, Figure 10 and 11 indicate that the complex 2 has much 
higher inhibition efficiency compared to 1 in all cancer cell lines. The 
reason for higher activity of 2 than 1 is attributed to its hydrophobic 
character. Two fold ligand character present in 2 makes it more 
hydrophobic than 1 and there by improves its membrane permeability 
[63]. All three cancer cell lines responded to 1 and 2 in the order, 
B16F10>HeLa>MiaPaca2 for 1 and MiaPaca2>HeLa>B16F10 for 2. 
As a whole higher inhibition activity was observed in MiaPaca2 by 
2 with IC50 value 18.8 µg/ml. However the compounds 1 and 2 did 
not show any cytotoxicity towards normal cells. The viability profile of 
cancer cells against Cisplatin is presented in Fig S7 and the observed 
IC50 values for 1 and 2 were high as compared to Cisplatin. Though 
the cytotoxicity of complexes is not considerable in comparison to 
Cisplatin, the complexes were specific only to cancer cells.  
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Table 2: IC50 values of 1, 2 and Cisplatin on HeLa, MiaPaca2, B16F10 tumor and NIH-3T3 normal cell lines after 24 hr treatment [64, 65].
Compound HeLa MiaPaca2 B16F10 NIH-3T3

(normal cells)
1 55.010.5 59.280.8 37.191.2 ND1

2 22.201.1 18.871.0 26.982.2 ND

Cisplatin 4.570.5 4.150.3 7.31.1 Not applicable2

1Not determined

 2Cells were not treated with Cisplatin

Figure S7: Cytotoxic effect of Cisplatin on the % viability of HeLa, 
MiaPaca2 and B16F10 cancer cell lines after 24 hr.

Figure 10: Cytotoxic effect of 1 on the % viability of HeLa, MiaPaca2 and 
B16F10 cancer cell lines after 24 hr.

Figure 11: Cytotoxic effect of 2 on the % viability of HeLa, MiaPaca2 and 
B16F10 cancer cell lines after 24 hr.

The antibacterial activities of 1 and 2 were investigated against various 
gram positive and gram negative bacterial strains by the cup-plate agar 
diffusion method. 1 and 2 showed low activity against gram negative 
strains however they were highly active against gram positive bacteria. 
As can be seen from figure 12, compound 2 is more active than 1 
against both gram negative and gram positive bacterial strains. Zone 
of inhibition values are presented in Table 3. The higher antibacterial 
activity of 2 than 1 is due to its lipophilic character because of its 
π-electron delocalization over the Copper (II) metal complex. This 
lipophilic nature of complex (2) increases its permeation through the 
lipoid layers of the bacterial membranes [66-68].
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Table 3: Zone of inhibition (in mm) of 1 and 2 against gram –ve and gram +ve bacterial strains at a concentration of 1 mg/ml.
Compound Pseudomonas

aeruginosa

gram(-ve)

Escherichia

coli

gram(-ve)

Staphylococcus

aureus

gram(+ve)

Bacillus

subtilis

gram(+ve)

1 2 3.5 8 9
2 2.5 5 13 12
C 11 10 15 12

C- Control

Figure 12: Antibacterial activity of 1 and 2 against gram –ve strains 
Pseudomonas aeruginosa (A), Escherichia coli (B) and gram +ve strains 
Staphylococcus aureus (C), Bacillus subtilis (D) at 1 mg/ml concentration.

Conclusion

2-(quinolin-2-yl) quinazolin-4(3H)-one ligand (1) and its Copper 
(II) complex (2) were isolated, characterized and studied their DNA 
binding, antibacterial, docking and anticancer properties. The complex 
assumes square planar geometry with both ligands coordinating to 
copper (II) through NNNN donor atoms. The DNA binding studies 
revealed that the compounds bind with DNA in an intercalative 
binding mode and it is interesting to note that such type of binding 
is a prerequisite for potential cytotoxic activities. The antibacterial 
studies reveal that 2 shows higher activity as compared to 1 due to 
the lipophilic character of former. The in vitro cytotoxic activities by 
MTT assay revealed higher inhibitory efficiency for complex 2 in all 
cancer cell lines and is attributed to its hydrophobic character. The 
docking program, GOLD 3.1 was utilized to examine the binding 
modes and hydrogen bond interactions of 1 and 2 with human DNA 
topoisomerase I. The results also concur with the cytotoxic activity 
of the title compound 2. The compounds 1 and 2 produced higher 
IC50 values and did not show any effect on normal cells. Since the 
compounds were specific only to cancer cells they pave the way to 
development of new cancer therapeutics.
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