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The copper(II) complexes, [Cu(tscpy)(MeOH)](Cl) (1), [CuCl(mtscpy)] (2) and [CuCl(ptscpy)] (3) (where, Htscpy = pyridoxal 

thiosemicarbazone, Hmtscpy = pyridoxal N4−methyl thiosemicarbazone and Hptscpy = pyridoxal 

N4−phenylthiosemicarbazone) have been isolated and characterized by the aid of various analytical and spectral methods. 

The molecular structure of the cationic complex 1 and the neutral complex 3 were characterized by single crystal X−ray 

diffraction studies which revealed that the thiosemicarbazone ligands coordinated to copper(II) centre as monoanionic 

tridentate (ONS−) forming five and six membered rings. The interaction of the new complexes with DNA has been explored 

using spectral and viscosity studies, indicating the complexes bind to DNA via partial intercalation. A predominantly 

hydrolytic cleavage of supercoiled pUC19 plasmid DNA was confirmed through experiment performed in the presence of 

T4 ligase. Further, the interactions of the complexes with serum albumin (BSA) were also investigated using fluorescence 

spectroscopic methods. The efficiency of the complexes in arresting the growth of human cervical cancer cells (HeLa), 

human breast cancer cell line (MCF−7) and human liver carcinoma cells (Hep G2) has also been studied along with the cell 

viability assay against the noncancerous NIH 3T3 mouse embryonic fibroblasts cell lines under in vitro conditions. The 

cationic complex 1 has higher cytotoxic activity than the other two neutral complexes and cisplatin. AO-EB/DAPI staining 

assays, Annexin V-FITC and FACS analyses indicated that the complex 1 induces cell death only by apoptosis.   

Introduction 
Cancer is one of the diseases involving abnormal cell growth 

with the potential to invade or spread to other parts of the 

body. Platinum-based chemotherapy drugs such as cisplatin, 

oxaliplatin, nedaplatin, lobaplatin and carboplatin are some of 

the chemotherapeutic agents in clinical use.
1-3

 The platinum–

based cancer drugs destroy tumor cells by binding to DNA 

strands and prevent the DNA replication. In addition, these 

drugs have several disadvantages such as limited solubility, 

severely dose–limiting side effects such as neurotoxicity, 

nephrotoxicity, ototoxicity, nausea and intrinsic or acquired 

resistance in some cancer types.
4-6

 These problems have 

stirred a wide search and prompted chemists to develop 

alternative methods, based on various metals, with improved 

pharmacological interest and aimed at different targets.
7-10

 

 

Copper(II) complexes has been established that the properties 

of copper–coordinated compounds are largely determined by  

 

the nature of ligands, substituents present on the ligands and  

 

donor atoms bound to the metal ion.
11,12

 Recently, several 

copper(II) complexes have been reported as potential 

anticancer and chemotherapeutic  agents and many copper 

complexes have been established to be active both in vitro and 

in vivo.
13,14

 Many copper(II) complexes possessing 

multidentate ligands have found to strongly bind to DNA, 

efficiently cleave DNA and exhibit prominent cytotoxicity by 

inducing apoptosis.
15-20

 At the same time, proteins have also 

attracted enormous research interest as a prime molecular 

target.
21

 Bovine serum albumin (BSA) is soluble protein that 

has the ability to transport a multitude of endogenous and 

exogenous ligands such as fatty acids, amino acids, steroids, 

metal ions and drugs in blood stream. It is used to study 

interaction between protein–drug complex in the circulatory 

system because it has same structural similarity with human 

serum albumin (HSA). It is essential to search drug-protein 

interactions as most of the drugs bound to BSA are usually 

transported as a protein complex.
22

 Therefore, the study of the 

binding properties of metal complexes with protein is of great 

significance for the design of new drugs and their 

applications.
23

 

Additionally, thiosemicarbazones are a class of Schiff bases 

which are considered to be one of the most important 

scaffolds that have been explored because of their broad 

spectrum of biological activities.
24

 Brockman et. al. first 

reported that 2−formylpyridine thiosemicarbazone possesses 

antileukemic activity in mice.
25

 Following this several copper 

thiosemicarbazone complexes being investigated as potential 
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anticancer therapeutics, especially for prostate, stomach, 

cervical, ovarian, breast and lung cancer, where elevated levels 

of intracellular copper have been demonstrated.
26,27

 

Cytotoxicity of copper(II) complexes with thiosemicarbazone 

ligands containing a pyrazolone moiety have been studied  on 

the HL60, REH, C6, L929 and B16 cell lines.
28

 Donelly et. al. 

have reported the cell permeability and intracellular 

distribution of pyrene-appended bis(thiosemicarbazonato) 

copper(II) complexes using confocal fluorescence 

microscopy.
29

 While many copper(II) thiosemicarbazone 

complexes exhibit good biological activities, their water 

solubility is still unsatisfactory, which may restrict their 

application.  

In this report, the synthesis and characterisation of three new 

water soluble copper(II) complexes bearing pyridoxal 

thiosemicarbazone ligand  have been described. The 

interaction of these complexes with calf−thymus DNA (CT–

DNA) utilizing UV–Vis absorption titration, competitive DNA 

binding fluorescence experiments, circular dichroism study 

and viscosity measurements were performed. Further, their 

cleavage activity with supercoiled pUC19 DNA along with T4 

ligase was probed using gel electrophoresis. The protein 

binding property of these complexes was also studied by 

fluorescence spectroscopic techniques. Further, the in vitro 

anticancer activity of these complexes and cell death were also 

investigated. 

Experimental section  

All reagents and solvents were purchased commercially and 

were used as received. Copper(II) chloride dihydrate, 

substituted thiosemicarbazides, ethidium bromide (EB), calf 

thymus (CT) DNA (highly polymerized, stored at –20 °C) 

(Sigma-Aldrich, USA), supercoiled pUC19 DNA, agarose and 

bovine serum albumin (BSA) (Genei) were used as received. 

Solvents were purified and dried according to standard 

procedures.
30

 The human cervical cancer cell line (HeLa), 

human breast cancer cell line (MCF−7), human liver carcinoma 

cell line (Hep G2) and mouse embryonic fibroblast cell line 

(NIH 3T3) were obtained from the National Centre for Cell 

Science (NCCS) Pune, India. [CuCl2(DMSO)2] was prepared by 

the reaction of copper(II) chloride and DMSO according to 

previously reported method.
31

 The Schiff bases were prepared 

as their hydrochloride salts in ~85% yield from pyridoxal 

hydrochloride with different thiosemicarbazides 

(thiosemicarbazide for HtscpyHCl, methyl thiosemicarbazide  

for HmtscpyHCl, phenyl thiosemicarbazide for HptscpyHCl) 

similar to that reported earlier.
32

 All other chemicals and 

reagents used for the biological studies were of high quality in 

biological grade. Doubly distilled water was used to prepare 

buffers and biological solutions. For the biological studies, 

concentrated stock solutions of metal complexes were 

prepared by dissolving them in a 2% DMF – 5 mM Tris–HCl/50 

mM NaCl buffer solution (0.5 mL of DMF in 5 mL of buffer) at 

pH 7.2 and diluting them suitably with the corresponding 

buffer to required concentrations for all the experiments. 

Melting points were recorded in the Boetius micro heating 

table and are uncorrected. Elemental (C, H and N) analyses 

were performed on a Vario EL III CHNS elemental analyzer. 

Magnetic susceptibility measurements were performed with 

the help of a Sherwood scientific balance. A Systronics digital 

conductivity meter 304 was used to measure the molar 

conductivities of the complexes. IR spectra of the samples 

were recorded as KBr pellets on a Perkin–Elmer 597 

spectrophotometer instrument in the frequency range of 400-

4000 cm-1. UV–Vis spectroscopy was recorded on a Varian 

Cary 300 Bio UV–Vis spectrophotometer using cuvettes of 1 

cm path length. The X-band EPR spectra of the complexes in 

dichloromethane solution at 77 K were recorded on Jeol JES–

FA200 EPR spectrometer. A Micro mass Quattro II triple 

quadrupole mass spectrometer was employed for Electrospray 

ionization mass spectrometry (ESI-MS), Emission intensity 

measurements were carried out using a Jasco FP–6200 

spectrofluorometer. Induced circular dichroism spectra were 

recorded on JASCO J-810 spectropolarimeter with PMT 

detector in DMSO-buffer solution. Circular dichroism 

experiments were carried out using a quartz cell of 1 cm path 

length. Each CD spectrum was collected after averaging over at 

least 4 accumulations using a scan speed of 100 nm/min. The 

viscosity measurements were carried out on a Schott Gerate 

AVS 310 viscometer thermostat at 28 °C in a constant 

temperature bath. 

 

Synthesis of copper(II) complexes 

Synthesis [Cu(tscpy)(MeOH)]Cl (1) 

A solution containing [CuCl2(DMSO)2] (145 mg, 0.5 mmol) in 

DMF (20 mL) was added to a warm methanolic solution (10 

mL) of Htscpy·HCl (134 mg, 0.5 mmol) and refluxed for 30 min. 

Green single crystals suitable for X-ray studies were obtained 

on slow evaporation of the reaction mixture over a period of 

10-15 days. Yield: 1.09 g (72%). Melting point: 274–278 °C. 

Elemental analysis calculated for (%) C10H15ClCuN4O3S: C, 

32.43; H, 4.08; N, 15.13. Found (%) C, 32.32; H, 3.98; N, 15.01. 

Selected IR data: νmax (cm
−1

): 1595 (s) ν(C=N); 828 (m) ν(C=S). 

UV-visible (solvent: Tris-HCl buffer; λmax: nm, εmax: M
−1

 cm
−1

): 

330 (11760), 413 (13160). µeff (300 K): 1.79 µB. EPR (77 K, 

CH2Cl2): g|| = 2.409, g⊥ = 1.897. Molar conductance, M (1 × 

10
−3

 M, DMSO): 89 S cm
2
 mole

-1
. ESI-MS: 

{[Cu(tscpy)(MeOH](Cl)+H}
+
 displays a peak at m/z 369.76 (calcd 

m/z 370.02). 

Synthesis of [CuCl(mtscpy)] (2) 

The complex 2 was prepared by adopting the procedure used 

for obtaining 1 by using Hmtscpy·HCl (129 mg, 0.5 mmol) 

instead of Htscpy·HCl. Green colored solid was formed by the 

slow evaporation of the reaction mixture. Yield: 1.04 g 68%. 

Melting point: 264–270 °C. Elemental analysis calculated for 

(%) C11H16ClCuN4O2S: C, 35.97; H, 4.39; N, 15.25. Found (%) C, 

36.07; H, 4.30; N, 15.17. Selected IR data: νmax (cm
−1

): 1591 (s) 

ν(C=N); 839 (m) ν(C=S). UV-visible (solvent: Tris-HCl buffer; 

λmax: nm, εmax: M
−1

 cm
−1

): 331 (11760), 413 (13160). µeff (300 

K): 1.80 µB. EPR (77 K, CH2Cl2): g|| = 2.373, g⊥ = 1.736. Molar 

conductance, M (1 × 10
−3

 M, DMSO): 9 S cm
2
 mole

-1
. ESI-MS: 
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{[CuCl(mtscpy)]+H}
+
 displays a peak at m/z 352.83 (calcd m/z 

352.76). 

Synthesis of [CuCl(ptscpy)] (3) 

The complex 3 was prepared by using the procedure employed 

for obtaining 1 by using Hptscpy·HCl (165 mg, 0.5 mmol) 

instead of Htscpy·HCl. Green single crystals suitable for X-ray 

studies were obtained on slow evaporation of the reaction 

mixture over a period of 10-15 days. Yield: 1.12 g (74%). 

Melting point: 230–235 °C. Elemental analysis calculated for 

(%) C16H18ClCuN4O2S: C, 44.75; H, 4.23; N, 13.05. Found (%) C, 

44.84; H, 4.18; N, 13.00. Selected IR data: νmax (cm
−1

): 1588 (s) 

ν(C=N); 847 (m) ν(C=S). UV-visible (solvent: Tris-HCl buffer; 

λmax: nm, εmax: M
−1

 cm
−1

): 328 (11760), 415 (13160). µeff (300 

K): 1.82 µB. EPR (77 K, CH2Cl2): g|| = 2.381, g⊥ = 1.767. Molar 

conductance, M (1 × 10
−3

 M, DMSO): 12 S cm
2
 mole

-1
. ESI-MS: 

{[CuCl(mtscpy)]+H}
+
 displays a peak at m/z 413.72 (calcd m/z 

414.07). 

 

Single crystal X-ray diffraction studies 

Single crystals of 1 and 3 were obtained by slow evaporation of 

the reaction mixture at room temperature. 1 crystallizes 

without any solvent molecule, whereas 3 crystallizes as the 

solvate (as 3·DMF·H2O). Determination of the unit cell 

parameters and the intensity data collections at 298 K were 

carried out using monochromated Mo Kα radiation (λ = 

0.71073 Å) on Bruker–Nonius SMART APEX CCD single crystal 

X–ray diffractometer. The SMART and the SAINT–Plus 

packages
33

 were used for data acquisition and data extraction, 

respectively and SADABS program
34

 was used for absorption 

correction. The structures were solved by SHELXS–97 and 

refined by full–matrix least squares procedures using SHELXL–

97 programs,
35

 respectively. Both programs were accessed 

through the WinGX package.
36

 The non-hydrogen atoms with 

full site occupancies were refined anisotropically. The 

hydrogen atoms in both structures were included in the 

structure factor calculations at idealized positions by using a 

riding model. The Platon
37

 and the Mercury
38

 packages were 

used for molecular graphics. The relevant data concerning data 

collection and details of structure refinement for the two 

structures are summarized in Table 1. 

 

Stability studies 

The stabilities of complexes 1-3 were checked by recording the 

UV-visible spectrum of them by dissolving in a minimum 

amount of DMSO (1 × 10
−3

 M), and then diluted with PBS 

buffer. The hydrolysis profiles of these complexes were 

recorded by monitoring the electronic spectra for the resulting 

mixture over 24 h.  

 

 

 

 

 

 

Table 1. Selected crystal data and structure refinement summary of 

1 and 3·DMF·H2O 

Complex 1 3·DMF·H2O 

CCDC Number 1025349 1056113 

Chemical formula C10H15ClCuN4O3S C18H24ClCuN5O4S 

Formula weight 370.31 505.47 

Crystal system Triclinic Monoclinic 

Space group Pī C2/c 

a (Å) 7.685(4) 24.526(13) 

b (Å) 9.476(5) 10.497(6) 

c (Å) 10.132(5) 16.882(9) 

 (°) 99.684(8) 90.00 

 (°) 102.043(9) 95.056(8) 

 (°) 94.185(8) 90.00 

Volume (Å3) 706.8(6) 4329(4) 

Z 2 8 

 (g cm3) 1.740 1.551 

 (mm–1) 1.893 1.264 

Reflections collected 6137  21040 

R1, wR2 [I 2(I)] 0.0465, 0.1288 0.0857, 0.1734 

Goodness–of–fit on F2 1.023 1.047 

 

DNA binding experiments 

Concentrated DNA stock solution was prepared by dissolving 

them in a 2% DMF – 5 mM Tris–HCl/50 mM NaCl buffer 

solution (0.5 mL of DMF in 5 mL of buffer) at pH 7.2 and 

diluting them suitably with the corresponding buffer to 

required concentrations for all the experiments. The stock 

solution of CT DNA gave a ratio of UV absorbance at 260 and 

280 nm (A260/A280) of 1.89, indicating that the DNA was 

sufficiently free of protein contamination. The DNA 

concentration per nucleotide was determined by UV 

absorbance measurements at 260 nm after 1:20 dilution using 

the extinction coefficient 260 as 6600 M
-1

 cm
-1

.
39

 Stock 

solutions were stored at 4 °C and used within 4 days. 

Absorption titration experiments were performed by 

maintaining a constant concentration of the complexes (25 

µM), but varying the DNA concentration (0-50 µM) in buffer. 

This was achieved by dissolving an appropriate amount of the 

complex and DNA stock solutions while maintaining the total 

volume constant (1 mL). This results in a series of solutions 

with varying concentrations of DNA but with a constant 

concentration of the complex. The absorbance was recorded 

after successive additions of CT-DNA with an equilibration time 

of 3 min, allowing the complexes to bind to CT-DNA. 

 

The apparent DNA binding constants (Kapp) of the copper(II) 

complexes was determined using ethidium bromide (EB) 

displacement assay. The emission intensity of EB was used as a 

spectral probe, as EB shows reduced emission intensity in 

buffer solution due to solvent quenching whereas an 

enhancement of the emission intensity is observed when EB 

intercalatively binds to CT-DNA. DNA in Tris–HCl buffer was 

pretreated with EB in the 1:1 ratio for 15 minutes. The changes 

in the fluorescence intensity of EB bound to DNA at 607 nm 

(546 nm excitation) upon the addition of the increasing 

amounts of copper(II) complexes was recorded. The excitation 
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and emission slit widths as well as scan rates were maintained 

constant for all of the experiments. Circular dichroic spectra 

were obtained using 1 cm path length quartz cell at room 

temperature. Circular dichroic experiments were carried out 

by keeping the concentration of CT-DNA constant but varying 

the concentration of the copper(II) complexes and by 

monitoring the changes in the positive peak and negative peak 

of CT–DNA. The viscosity measurements were carried out at 28 

°C. The flow time was measured with a stopwatch and each 

sample was tested, three times to get an average calculated 

time DNA samples approximately 200 bp in average length 

were prepared by sonicating  in order to minimize complexities 

arising from DNA flexibility. Titrations were performed for the 

complexes (3 µM), and each complex was introduced into the 

CT–DNA solution (50 µM) present in the viscometer. The data 

were presented as (η/ηo)
1/3

 versus the ratio of the 

concentration of the complex to CT–DNA, where η is the 

viscosity of CT–DNA in the presence of the complex, and ηo is 

the viscosity of CT–DNA alone. The viscosity values were 

calculated from the observed flow time (t) of CT–DNA 

containing solutions corrected from the flow time of buffer 

alone (to), η = (t – to)/to. 

 

DNA cleavage experiments 

Plasmid pUC19 DNA was stored at –20 ˚C, and the 

concentration of DNA in base pairs was determined by UV 

absorbance at 260 nm after appropriate dilutions taking ε260 as 

13100 M
−1

 cm
−1

.
40

 The interaction of complexes with 

supercoiled pUC19 DNA was monitored using agarose gel 

electrophoresis. The ability of the copper(II) complex to cleave 

DNA was assayed with the aid of gel electrophoresis on pUC19 

DNA as the substrate in a medium of Tris–HCl buffer (5 mM) 

with 50 mM NaCl (pH = 7.2) was treated with the complexes at 

different concentration (5-30 μM) by dilution with the Tris–HCl 

buffer to a total volume of 20 µL. The samples were then 

incubated for 1 h at 37 °C and analysed for the cleaved 

products using gel electrophoresis. A loading buffer containing 

25% bromophenol blue, 0.25% xylene cyanol, 30% glycerol was 

added and electrophoresis performed at 50 V for 2 h in Tris-

Acetate-EDTA (TAE) buffer using 1% agarose gel containing 1.0 

μg mL
-1

 EB. The gels were viewed in a Gel doc system and 

photographed using a CCD camera (Alpha Innotech 

Corporation). Densitometric calculations were made using the 

Alpha Ease FC Stand Alone software. The cleavage efficiency 

were determined by the ability of the complex to convert the 

supercoiled SC DNA (Form-I) to nicked circular NC (Form-II).  
 

T4 DNA Ligase Experiment 

Ligation enzymatic assay was performed using T4 DNA ligase 

to determine whether the cleaved products consistent with 

hydrolytic cleavage of DNA. The cleavage product was purified 

by DNA gel extraction kit and incubated for 12 h at 16 
0
C with 

1.5 mL of 10× ligation buffer, 1 µL of T4 ligase (4 units) and 2.5 

µL of 1 µM ATP. Afterwards, the ligation products were stained 

with EtBr, electrophoresed and imaged.  

 

Protein binding studies 

Protein-binding studies using bovine serum albumin (BSA) was 

investigated by fluorescence quenching experiments. The 

excitation wavelength of BSA at 280 nm and the emission at 

349 nm were monitored for the protein binding studies. The 

excitation and emission slit widths and scan rates were 

maintained constant for all of the experiments. Samples were 

carefully degassed using pure nitrogen gas for 15 min. Quartz 

cells (4 x 1 x 1 cm) with high vacuum Teflon stopcocks were 

used for degassing. The excitation and emission slit widths as 

well as scan rates were maintained constant for all of the 

experiments. A stock solution of BSA was prepared in 50 mM 

phosphate buffer (pH = 7.2) and stored in the dark at 4 
o
C for 

further use. A concentrated stock solution of the complexes 

was prepared as mentioned for the DNA binding experiments, 

except that the phosphate buffer was used instead of a Tris–

HCl buffer for all of the experiments. Titrations were manually 

done by a micropipette for the addition of the copper(II) 

complexes.  

 

Cytotoxicity assay 

The IC50 values, which are the concentrations of the tested 

compounds that inhibit 50% of cell growth, were determined 

using a 3–(4,5-dimethyl thiazol-2yl)-2,5-diphenyl tetrazolium 

bromide (MTT) assay. Cells were plated in their growth 

medium at a density of 5000 cells per well in 96 flat bottomed 

well plates. After 24 h plating, the copper complexes were 

added at various concentrations for 24 h to study the dose 

dependent cytotoxic effect. To each well, 20 µL of 5 mg mL
-1

 

MTT in phosphate-buffer (PBS) was added. The plates were 

wrapped with aluminium foil and incubated for 4 h at 37 ˚C. 

The purple formazan product was dissolved by addition of 100 

μL of 100% DMSO to each well. The quantity of formazan 

formed gave a measure of the number of viable cells. HeLa, 

MCF–7, Hep G2 and NIH 3T3 were used for the MTT assay. The 

absorbance was monitored at 570 nm (measurement) and 630 

nm (reference) using a 96 well plate reader (Bio-Rad, Hercules, 

CA, USA). Data were collected for four replicates each and 

used to calculate the respective means. The percentage of 

inhibition was calculated, from this data, using the formula: 

Percentage inhibition = 100 x {Mean OD of untreated cells 

(control) – Mean OD of treated cells} / {Mean OD of untreated 

cells (control)}. The IC50 value was determined as the complex 

concentration that is required to reduce the absorbance to 

half that of the control. 

 

Acridine orange and ethidium bromide staining experiment 

The changes in chromatin organization in MCF-7 cells after 

treatment with complex 1 by dual staining method using 

acridine orange (AO) and ethidium bromide (EB). Briefly, about 

5 x 10
5
 cells were allowed to adhere overnight on a coverslip 

placed in each well of a 12-well plate. The cells were allowed 

to recover for 1 h, washed thrice with DPBS, stained with an 

AO and EB mixture (1:1, 10 μM) for 15 min, and observed with 

a confocal microscope LSM 710 (Carl Zeiss, Germany). 
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DAPI staining method 

DAPI (4ˈ,6ˈ-diamidino−2−phenylindole) staining was done 

using the method described earlier with slight modifications.
 
  

5 × 10
5
 MCF-7 cells were treated with complex 1 for 24 h in a 

6-well culture plate and were fixed with 4% paraformaldehyde 

followed by permeabilization with 0.1% Triton X-100. Cells 

were then stained with 50 μg mL
-1

 DAPI for 30 min at room 

temperature. The cells undergoing apoptosis, represented by 

the morphological changes of apoptotic nuclei, were observed 

and imaged from ten eye views at 20x magnifications under a 

laser scanning confocal microscope LSM 710 (Zeiss).  

 

Apoptosis evaluation - Flow cytometry 

The MCF-7 cells were grown in a 6-well culture plate and 

exposed to IC50 concentrations of complex 1 for 24 h. The 

Annexin V-FITC kit uses annexin V conjugated with fluorescein 

isothiocyanate (FITC) to label phosphatidylserine sites on the 

membrane surface of apoptotic cells. Briefly the cells were 

trypsinised and washed with Annexin binding buffer and 

incubated with Annexin V FITC and PI for 30 min and 

immediately analysed using flow cytometer FACS Aria-II. The 

results were analysed using DIVA software and percentage 

positive cells were calculated. 

 

Annexin V-Cy3 staining 

Phosphatidylserine translocation from the inner to the outer 

leaflet of the plasma membrane is one of the early features of 

apoptosis. Cell surface phosphatidylserine was detected using 

phosphatidylserine-binding protein annexin V conjugated with 

Cy3 using the commercially available annexin V-Cy3 apoptosis 

detection kit (APOAC, Apoptosis Detection Kit, Sigma). MCF-7 

cells were cultured and treated with the IC50 concentration of 

the complex 1 and incubated for 24 h. The cells were 

processed according to the instructions in the kit and observed 

in the fluorescent microscope. The combination of 6-

carboxyfluorescein diacetate (6-CFDA) with annexin V 

conjugated to Cy3 in the kit allowed the differentiation of live 

cells (green), necrotic cells (red) and apoptotic cells (red and 

green). At random, 300 cells were observed, and the 

percentage of cells reflecting cell death (both apoptotic and 

necrotic) was calculated.  

 

Reactive Oxygen Species (ROS) Assay.  

For quantifying the intracellular ROS, 5 × 10
5
 MCF-7 cells were 

seeded on a 6-well plate containing cover slip and incubated 

overnight for attachment. After incubation, the cells were 

treated with fresh medium containing lethal dose of complex 1 

and incubated further for 24 h. At the end of incubation, cover 

slip was removed from the culture plate and stained with 40 

µM of 2’,7’-dichlorofluorescein-diacetate (DCFHDA) dye for 30 

min. The stained cover slip was washed with PBS solution and 

visualized under fluorescence to record images. 

 

Mitochondrial membrane potential Assay 

Mitochondrial membrane potential, Δψm is an important 

parameter of mitochondrial function used as an indicator of 

cell health. MCF-7 Cells treated overnight with complex 1 in 6-

well plates were incubated for 1 h with 2 μg mL
-1

 of JC−1 in the 

culture medium. The adherent cell layer was then washed 

three times with PBS and dislodged with 250 μL of 

trypsin−EDTA. Cells were collected in PBS/2% bovine serum 

albumin (BSA), washed twice by centrifugation, resuspended in 

0.3 mL of PBS/2% BSA, mixed gently, and examined in the 

fluorescent microscope (Carl Zeiss, Jena, Germany) using a UV 

filter (450−490 nm) at 400x magnifica�ons.  

 

Analysis of Mitochondrial Membrane Potential (ΔΨm). 

MCF-7 cells were treated with the IC50 concentrations of 

complex 1 for 24 h and collected by centrifugation. The cells 

were resuspended in pre-warmed JC-1 (5 µg/mL in PBS) and 

incubated for 30 min at 37
o
C. Subsequently, the cells were 

washed twice with PBS, and were analyzed immediately using 

flow cytometer FACS Aria-II.  

 

TUNEL assay  

Apoptosis in MCF-7 cells was detected using TUNEL (terminal 

deoxynucleotidyl transferase dUTP nick-end labeling) 

apoptosis detection kit (Genscript, USA). MCF-7 and NIH 3T3 

cells were cultured and treated with the IC50 concentration of 

the complex 1 and incubated for 24 h. Treated MCF-7 and NIH 

3T3 cells were fixed with 4% paraformaldehyde and 

permeabilized with 0.1% Triton X-100. TUNEL DNA-end 

labeling was performed with biotinylated nucleotide-dUTP in 

the presence of terminal deoxynucleotidyl transferase. Then 

horseradish peroxidase-labeled streptavidin (Streptavidin-HRP) 

was bound to the biotinylated nucleotides, which were 

detected using the peroxidase substrate, hydrogen peroxide, 

and 3,3’-diaminobenzidine (DAB) solution. Using this 

procedure, apoptotic nuclei were stained dark brown and 

observed in a light microscope (Olympus, Japan). 

 

Results and discussion 
Synthesis and characterization 

Three new square planar copper(II) complexes containing 

substituted pyridoxal thiosemicarbazonate ligands, have been 

obtained by the reaction of the [CuCl2(DMSO)2] with the 

corresponding Schiff bases (Scheme 1). All the copper(II) 

complexes {[Cu(tscpy)(MeOH)](Cl) (1), [CuCl(mtscpy)] (2), 

[CuCl(ptscpy)] (3)}, were characterized by elemental analysis, 

conductance, magnetic moment measurements as well as 

spectroscopic techniques (IR, UV−vis, EPR) and the significant 

data are given in the Experimental Section. The observed 

elemental (C, H, N) analysis data of 1-3 were in consistent with 

their composition and it appears from the formulation that the 

Schiff base coordinate to the copper(II) ion as monobasic 

tridentate ligand in all the three complexes. The IR peak shift 

in (C=N) and (C=S) and the absence of (O-H) of the coordinated 

ligands in the complexes gave evidence for the coordination of 

the ligand to copper(II) centre via phenolate-O, azomethine-N 

and thione-S.
41 

The magnetic moment values of 1-3 were in 

agreement of one unpaired electron and the observed g|| and 

g⊥ values from EPR are similar to mononuclear Cu(II) 
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complexes.
42

 The molar conductance value for complex 1 was 

in the range for 1:1 electrolyte indicating that 1 has a cationic 

nature with one chloride anion located out of the coordination 

sphere as a counter ion whereas complexes 2 and 3 have non-

electrolytic nature and are neutral complexes. The 

coordination mode of the thiosemicarbazone ligand and the 

overall coordination geometry of the complexes were further 

confirmed by X-ray single crystal structure analysis. 

 

Scheme 1. Synthetic Route of the New Copper(II) Complexes 

 

Crystal structure of the complexes 1 and 3 

The ORTEP view of complex 1 along with the atomic 

numbering scheme is given in Figure 1 and the bond 

parameters involving the metal centre are given in Table S1 

(ESI†). The crystallographic data showed that complex 1 is 

crystallized in a triclinic crystal system with the space group Pī. 

The Cu(II) ion adopts a distorted square-planar geometry with 

the binding of the ligand as monobasic tridentate (ONS donor) 

forming 5- and 6-membered fused chelate rings, and the 

fourth site is occupied by the oxygen atom of methanol 

molecule. The charge on the complex is neutralized by one 

chloride ion that is present in the lattice. Around the Cu(II) ion, 

the chelate bite angle in the five membered ring formed by the 

azomethine-N and thione-S atoms (86.70˚) is slightly smaller 

than that in the six membered ring formed by the azomethine-

N and the phenolate-O atoms (94.02˚), indicating better 

chelation in the former ring. The trans angles of O(1)−Cu−S, 

176.86(8)°, and N(1)−Cu−O(2), 172.81(12)°, indicated a slight 

deviation from the expected linear trans geometry due to the 

rigidity of the tridentate ligand and hence suggesting distortion 

in the square-planar coordination geometry. A small dihedral 

angle of 3.85° between the mean planes of the five member 

chelation ring and the six member one ensures that the 

planarity of square is appreciable. The analysis of the bond 

lengths and bond angles Table S1 (ESI†) further supports the 

belief that the ligand coordinates to the metal ion via the 

neutral thione sulphur. 

 

Figure 1. ORTEP view of complex 1 showing thermal ellipsoids 

at the 30% probability level 

 

The ORTEP view of complex 3 together with the atomic 

numbering scheme is shown in Figure S1 (ESI†) whereas the 

selected bond lengths and bond angles are listed in Table S1 

(ESI†). The single-crystal X-ray studies revealed that complex 3 

crystallized in a monoclinic system with the space group C2/c. 

As seen in complex 1, the coordination geometry around Cu(II) 

in complex 3 also is a distorted square-planar, the copper 

centre being bonded to uninegative tridentate ONS donor 

ligand molecules in such a way that a five- and a six-membered 

ring is formed. The chloride ion occupies the fourth 

coordination site. Therefore, Cu(II) centre is nested in a ONSCl 

core which is distorted from the ideal square planar geometry 

as manifested in the bond parameters around the metal 

center. As in the case of complex 1, a smaller bite angle of the 

five-membered ring (85.68˚) indicated better chelation than 

the six-membered chelate ring (91.80˚). The trans angles are 

O(1)−Cu−S, 170.61(11)°, and N(1)−Cu−Cl, 171.62(12)°, showed 

a deviation from the expected linear trans geometry, 

suggesting distortion in the square-planar coordination 

geometry. The dihedral angle between the mean planes of the 

coordinating five-membered chelation ring and the six-

membered one is 6.42°. The coordination of the ligand to the 

copper centre via the neutral thione sulphur was further 

validated from the analysis of the bond lengths and angles 

Table S1 (ESI†). The crystal structure also reveals the presence 

of two solvent (one DMF and one H2O) molecules of 

crystallization.  

 

Stability studies 

Solubility is usually accepted as an important step for the 

function of Cu-DMSO compounds in biological systems. Thus, 

the solution chemistry of complexes 1-3 is analyzed by UV-

visible spectroscopy. Compound 1 is highly soluble in water 

whereas, 2 and 3 is partially soluble in water. The complexes 

are first dissolved in DMSO, and the concentrated DMSO 

solutions were diluted using aqueous PBS buffer (phosphate 

buffered saline solution), at pH 7.4, to a final concentration of 

1 × 10
−3

 M. The UV-visible absorption spectrum of these 

complexes is recorded for every 1 h over 24 h at room 

temperature. The spectral profiles for complexes 1-3 did not 

change which clearly indicate the stability of the nature of the 
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complexes in solution (Figure S2 (ESI†)). The spectrum of the 

freshly prepared buffer solution of complexes 1-3 displayed 

two absorptions in the visible region at 330 nm and another 

less intense maximum located at 420 nm. Further ESI-MS of 

acetonitrile solution of complexes 1-3 exhibit base peaks at 

m/z 369.76, 352.83 and 413.72 respectively confirm the 

presence of monomeric entity in solution phase (Figure S3 

(ESI†).
43

 

 

DNA binding studies 

UV-Vis absorption titrations 

Electronic absorption spectroscopy is one of the convenient 

tools for examining the binding characteristics between metal 

complexes and DNA. Therefore, before evaluating the 

potentials of antitumor activities of the complexes, the 

interaction between the DNA and the new synthesized 

complexes was examined by UV−visible absorp�on spectral 

titrations. The concentration of the complex was kept constant 

and DNA was added to that solution in increasing amounts. 

The binding of metal complex to DNA via intercalation is 

generally characterized by hypochromism along with or 

without a small shift in the wavelength in the absorption 

spectrum of the complex by virtue of the stacking interactions 

between the complex and the base pairs of DNA.
44

 The extent 

of hypochromism and shift are commonly found to correlate 

with the intercalative binding strength. The absorption 

spectrum of representative complex 1 measured as a function 

of increasing concentration of CT−DNA is given in Figure 2 

(complexes 2 and 3 S4 (ESI†)). Upon incremental additions of 

DNA (0–50 μM) to the complexes 1-3, significant changes were 

observed in the intensities ligand centered transitions and the 

charge-transfer transitions of the complexes (λmax ~329 nm 

and ~415 nm) which were found to decrease with a small red 

shift of about 2 nm suggesting intercalative mode of binding of 

the complexes to DNA.
45 

After the complexes intercalate to the 

base pairs of DNA, the π* orbital of the intercalated complexes 

could couple with π orbitals of the base pairs, decreasing the 

π−π* transition energies and resulting in hypochromism. The 

absorption bands of the cationic complex 1 at 329 nm and 415 

nm exhibited greater hypochromism (~54%, ~61%) when 

compared to the neutral complexes 2 (~48%, ~49%) and 3 

(~52%, ~57%), indicating that the binding strength of complex 

1 is much stronger than that of the other two complexes.  

 

 

Figure 2. Electronic spectra of complexes 1 (A) in Tris-HCl 

buffer upon addition of CT–DNA. [Complex] = 25 μM, [DNA] = 

0–50 μM. Arrow shows the absorption intensities decrease 

upon increasing DNA concentration. (Inset) Plots of [DNA]/(εa - 

εf) versus [DNA] for complex 1 with CT–DNA. 

 

In order to compare quantitatively the binding strength of the 

complexes, the intrinsic binding constants (Kb) were 

determined from the following equation: [DNA]/(εa – εf) = 

[DNA]/(εb – εf) + 1/Kb(εb – εf), where [DNA] is the 

concentration of DNA in the base pairs, εa is the apparent 

absorption coefficient corresponding to Aobs/[complex], εf is 

the extinction coefficient of the complex free in solution and εb 

is the extinction coefficient of the complex when fully bound 

to DNA.
46

 A plot of [DNA]/(εa – εf) versus [DNA] (inset, Figure 3) 

gave a slope and a y-intercept of 1/(εb – εf) and 1/Kb(εb – εf) 

respectively. The intrinsic binding constant (Kb) is ratio of the 

slope to the intercept. The Kb values were found to be 1.15 

(±0.02) x 10
5 

M
-1

, 0.52 (±0.06) x 10
5 

M
-1 

and 0.82 (±0.04) x 10
5 

M
-1 

for 1-3 respectively. The obtained magnitude of Kb clearly 

indicated that the complexes 1-3 bind to DNA via the 

intercalative mode. The observed binding constants revealed 

that the cationic complex 1 has higher magnitude of binding 

than the neutral complexes 2 and 3 with CT-DNA and the order 

of binding affinity is 2 < 3 < 1. From the Kb values obtained, it 

can be inferred that the cationic nature, enhanced water 

solubility and preferring interaction of the complex 1 with the 

DNA bases through π–π* interaction increases the binding 

ability with CT–DNA when compared to the neutral complexes 

2 and 3. The complex 3 strongly binds with CT–DNA when 

compared to the complex 2, which may be due to the presence 

of the phenyl ring in the terminal nitrogen of the respective 

ligand, preferring interaction of the complex with the DNA 

bases through π–π* interaction. Though it has been found that 

complexes 1-3 can bind to DNA by intercalation, the binding 

mode needs to be proved through further experiments. 

 

Ethidium bromide displacement studies 

The absorption titration results indicate that the complexes 

effectively bind to DNA. All the three complexes 1-3 were 

non−emissive and in order to confirm the binding mode and 

compare their binding affinities, competitive binding studies 

using ethidium bromide (EB) bound to DNA were carried out 

for the complexes. EB is a planar, cationic dye, and is one of 

the most sensitive fluorescence probes for DNA. EB emits 

intense fluorescent light in the presence of DNA due to its 

strong intercalation between the adjacent DNA base pairs.
47 

The quenching of emission intensity of EB bound to DNA 

occurs as the planar rings in complexes can efficiently compete 

with EB for intercalative binding sites on DNA by replacing EB.  

 

The emission quenching spectra of the EB bound to DNA by 

the complex 1 is shown in the Figure S5 (ESI†)). As the 

concentration of the complexes increases (0 – 25 μM), the 

emission band at 599 nm exhibited hypochromism up to 21, 19 

and 20% of the initial fluorescence intensity for 1, 2 and 3 

respectively. The observed decrease in the fluorescence 

intensity clearly indicates that the EB molecules are displaced 

from their DNA binding sites and are replaced by the 
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complexes under investigation.
48

 In addition, the quenching 

data were analyzed according to the linear Stern-Volmer 

equation, I0/I = Kq[Q] + 1, where, I0 is the emission intensity in 

the absence of the complex (quencher), I is the emission 

intensity in the presence of the quencher, Kq is the linear 

Stern-Volmer quenching constant, and [Q] is the concentration 

of the quencher. The Kq value is obtained as a slope from the 

plot of I0/I versus [Q]. From the Stern-Volmer plot (inset, 

Figure 4) of I0/I versus [Q], the quenching constant (Kq) values 

were obtained from the slope. The Kq values were found to be 

1.02 (±0.13) x 10
5
 M

−1
, 1.18 (±0.10) x 10

5
 M

−1
 and  1.10 (±0.19) 

x 10
5
 M

−1
 for 1, 2 and 3 respectively. 

 

 Further, the apparent DNA binding constant (Kapp) values 

were also calculated using the equation: KEB x [EB] = Kapp x 

[complex]50, where, [complex]50 is the concentration of the 

complex at 50% quenching of the emission intensity of EB 

bound to DNA, KEB (1.0 x 10
7
 M

 -1
) is the DNA binding constant 

of EB, [EB] is the concentration of EB (12 μM). The calculated 

Kapp values were 4(±0.18) x 10
5
 M

−1
, 5.03 (±0.12) x 10

5
 M

−1
 and 

4.67 (±0.17) x 10
5
 M

−1 
for 1, 2 and 3 respectively. The trend in 

Kapp values are in line with the trend in the Kb values which 

were obtained from the UV-Vis absorption spectral studies. 

The higher Kq and Kapp values of 1 than 2 and 3 may be 

attributed to its cationic nature and higher solubility in 

aqueous medium. The quenching and binding constants of the 

copper(II) complexes suggested that the interaction of 

complexes 1-3 with DNA should be of intercalation.
49

 

 

Circular dichroic spectral studies 

The CD spectral analysis gives valuable evidence on the binding 

mode of metal complexes with DNA. The B form of DNA 

exhibited two conserved bands in the UV−region, a posi�ve 

band at 278 nm due to base stacking interaction and a 

negative peak at 247 nm due to right handed helicity which are 

very sensitive to the mode of the DNA interaction with small 

molecules. Simple groove binding and electrostatic interaction 

of molecules exhibits a small or no perturbation on the base 

stacking and helicity of DNA, whereas intercalation enhances 

the intensities of both the bands stabilizing the right-handed B 

form of DNA as observed for the classical intercalators.
50 

These 

conformational changes are in the order of 2 < 3 < 1 which 

indicate that cationic and neutral complexes 1-3 plays a major 

role for the conformational changes of DNA due to groove 

binding/partial intercalation  (Figure S6).
 

 

Viscosity studies 

To further confirm the nature of interaction between the 

copper(II) complexes 1-3 and DNA, viscosity measurements 

were carried out for DNA in the absence and presence of 

complexes. In general, intercalative ligands are expected to 

elongate the DNA double helix by accommodating the ligands 

in between the base pairs, leading to an increase in 

the viscosity of DNA. In contrast, a partial, non-classical 

intercalation of ligand could bend (or kink) DNA helix, reducing 

its length and thereby its viscosity (Figure S7). Plot of 

the relative specific viscosity (η/ηo)
1/3

 to [complex]/DNA  

shows that upon increasing the concentration of the copper(II) 

complexes, a relatively insignificant decrease in DNA viscosity 

was observed. Based on these changes in DNA viscosity it is 

clear that copper(II)  complexes interact with CT-DNA by 

groove binding or partial intercalation.
51 

The ability of the 

complexes to increase the viscosity of DNA follows the order 2 

< 3 < 1. 

 

Cleavage of pUC19 DNA by Copper(II) complexes 

In order to ascertain the DNA cleavage ability of complexes 1-3  

supercoiled (SC) pUC19 DNA incubated with increasing 

concentration of complex in 5 mM Tris-HCl/40 mM NaCl buffer 

solution (pH 7.2) for 45 min without addition of any reductant. 

The activity of complexes 1-3 was assessed by the conversion 

of pUC19 DNA from Form I (supercoiled form) to Form II 

(nicked circular). The concentration dependent DNA cleavage 

activity of complexes 1-3 was observed by gel electrophoresis 

(Figure S8). With increase in concentration of complexes 1-3, 

the amount of Form I of pUC19 DNA gradually diminishes 

whereas Form II increases, suggesting the single strand DNA 

cleavage. At 25 µM concentration, complexes exhibited 

efficient nuclease activity, the supercoiled form (Form I) 

relaxes to generate nicked form (Form II). However, in the case 

of complex 1 there was a complete conversion of Form I into 

Form II which reveals a higher cleavage efficiency of complex 1 

in compare to complex 2-3; with an increase in concentration, 

an intensified nicked form (Form II) was observed. From the 

cleavage patterns it was clearly observed that the intensity of 

Form II of DNA was higher in complex 1 than complex 2-3, 

which corroborated well with the DNA binding studies.
52

 

The DNA cleavage activity carried out with complex 

1 are not inhibited by the presence of various radical 

scavengers, that is, NaN3, superoxide dismutase, DMSO and 

ethanol (Figure S9).  

 

T4 DNA ligase assay 

DNA religation experiment was performed to confirm the DNA 

cleavage by hydrolytic pathway in the presence of complexes 

1-3. The supercoiled (SC) pUC19 DNA was treated with a T4 

DNA ligase enzyme and subjected to gel electrophoresis. The 

complexes 1-3 yielded linearized DNA which was religated 

using T4 DNA ligase enzyme. It has been observed that DNA 

cleavage by complex 1 is not inhibited by the presence of 

hydroxyl radical scavenger (H2O2). The experimental results 

show that  the nicked form (Form II) was religated to a large 

extent in comparison to control DNA in the supercoiled form 

(Figure S10), providing a strong evidence in favour of 

hydrolytic pathway.
53

 

 

Protein binding studies  

An analysis of the binding of chemical compounds to BSA is 

commonly investigated by examining fluorescence spectra. 

The interaction of BSA with the copper(II) complexes 1−3 was 

studied by fluorescence measurement at room temperature. A 

solution of BSA (1 μM) was titrated with various 
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concentrations of the complexes 1-3 (0 − 25 μM) and the 

fluorescence spectra were recorded in the range of 300-400 

nm upon excitation at 280 nm. The effects of the complexes 

on the fluorescence emission spectrum of BSA is given in 

Figure S11 (ESI†). For each copper(II) complex, it was found 

that the emission of BSA at 349 nm was increasingly quenched 

when titrated with increasing concentration of the copper(II) 

complex. A significant decrease of the fluorescence intensity of 

BSA up to 61.81, 55.20 and 58.23%, from the initial 

fluorescence intensity of BSA, accompanied by a hypsochromic 

shift of 1-3 nm was observed for complexes 1-3 respectively 

revealing a definite interaction of all the three complexes with 

the BSA protein.
54

 To have a deep insight into the quenching 

progression, the quenching constant (Kq) was evaluated 

following Stern−Volmer equa�on. From the plot of Io/I versus 

[Q] Figure S12 (ESI†), Kq can be calculated (Table 2).  

 

Table 2: Quenching constant (Kq), binding constant (Kbin) and 

number of binding sites (n) for the interaction of complexes with 

BSA. 

Complexes Kq (M-1) Kbin (M-1) n 

1 1.08 (±0.03) x 106 2.03 (±0.05) x 105 1.18 

2 1.07 (±0.07) x 105 4.15 (±0.03) x 104 1.06 

3 1.21 (±0.04) x 105 8.90 (±0.05) x 104 1.10 

 

If it is assumed that the binding of complexes with BSA occurs 

at equilibrium, the equilibrium binding constant can be 

analyzed according to the Scatchard equation, log[(Io – I)/I] = 

log Kbin + n log[Q], where Kbin is the binding constant of the 

complex with BSA and n is the number of binding sites. Kbin and 

n have been calculated from the plot of log[(Io − I)/I] versus 

log[Q] Figure S12 (ESI†) and Table 2. For all the complexes, the 

estimated value of n (∼1) strongly supported the existence of 

a single binding site in BSA
55

 for 1-3. However, the values of Kq 

and Kbin showed that among the three Cu(II) complexes, the 

cationic complex 1 has better interaction with BSA relative to 

other two neutral complexes under investigation.  

 

In vitro cytotoxic assay  

Encouraged by the positive results obtained from the previous 

biological studies, namely, DNA binding / cleavage and BSA 

binding for the copper complexes 1−3, the cytotoxic activity of 

the these complexes were tested against a panel of cell lines 

such as HeLa, MCF−7 and Hep G2 and cell viability was 

determined using MTT assay. The IC50 values of the complexes 

1-3 are listed in Table 3. As shown in (Figure S13 (ESI†)), the 

complexes showed the viability of the HeLa, MCF-7 and HepG2 

cells in a dose-dependent manner. From the IC50 values 

obtained it was inferred that the Cu(II) complexes 1-3 were 

active against HeLa, MCF−7 and Hep G2 cell lines and they 

possess great selectivity towards MCF−7 than HeLa and Hep 

G2 cell lines indicating that the complexes were more specific 

on a particular cancer cell (MCF−7). The activity of complex 1 

was significantly superior than that of the well-known 

anticancer drug cisplatin, whereas the activity of complexes 2 

and 3 was significantly inferior than that of cisplatin. In 

addition, the in vitro cytotoxic activity studies of the new 

complexes against the mouse embryonic fibroblast cell line 

NIH 3T3 (normal cells) was undertaken and the IC50 value of 

the complexes have been found to be above 135 µM, which 

confirmed that the complexes are very specific on cancer cells. 

The IC50 values of the copper(II) complexes (including Kb value) 

have been compared with other recently reported copper 

complexes.
56

  

 

Table 3. IC50 values (µM) of cancer cell lines 

Complexes IC50 values (µM) 

HeLa MCF-7 Hep G2 NIH3T3 

Complex 1 15.06 (±1.0) 3.36 (±0.6) 12.3 (±1.2) 149.21 (±1.2) 

Complex 2 28.07 (±1.9) 16.01 (±1.1) 28.1 (±2.1) 135.46 (±0.6) 

Complex 3 23.04 (±1.4) 14.01 (±0.8) 23.7 (±1.9) 143.92 (±2.4) 

Cisplatin 19.3 (±1.2)     12.4 (±0.5) 24.1 (±1.2) 141.35 (±1.5) 

 

Morphological changes in AO and EB dual staining  

An Acridine Orange−Ethidium Bromide and (AO−EB) dual 

staining experiment was performed in MCF−7 cells with the 

copper complex 1 to further investigate its ability to induce cell 

death. The experiment was based on the discrimination of live 

cells from the dead cells on the basis of morphological 

changes. AO, which can pass through the plasma membrane, 

stains the DNA of live cells and fluoresces green. EB on the 

other hand is excluded from the cells having intact plasma 

membrane and stains the DNA of dead cells, showing orange 

fluorescence. The cells were incubated with the complex 1 for 

2 h and irradiated with visible light showed significant 

reddish−orange emission characteris�c of the apopto�c cells. 

The controls, which were incubated in dark, showed only 

predominant green emission (Figure 3). Hence, the observed 

morphological changes reveal that the complex 1 induces cell 

death only through apoptosis and not through necrosis.
57

 
 

 

Figure 3. Morphological assessment of AO and EB dual staining of 

MCF−7 cells treated with complex 1 (IC50 concentration) for 24 h. 

The scale bar 20 µm.  

 

Nuclear DAPI staining  

To further confirm the apoptosis mode, DAPI staining was also 

carried out. The control and complex 1 treated cells were 

stained with DAPI and observed under confocal microscope 
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(Figure 4). The control cells permeabilized with detergent 

(0.1% Triton X−100) exhibit light and evenly stained contours 

of the nuclei in contrast to the treated cells that show typical 

characteristics of cells undergoing apoptosis. The treated cells 

are seen to possess fragmented or highly condensed nuclei 

while the bright field images provide evidence for cell 

shrinkage and membrane blebbing attributed to the typical 

features of apoptotic cells. Thus the DAPI staining indicates 

apoptotic mode of cell death with the complex 1.
58

 

 

 

Figure 4. Morphological assessment of complex 1 (IC50 
concentration) and MCF−7 cells for 24 h. The scale bar 20 µm. 
 

Evaluation of Apoptosis - Flow Cytometry 

The ability to induce apoptosis by copper(II) complex was 

further determined with the help of flow cytometry, using the 

Annexin V-FITC Apoptosis Detection Kit to perform double-

staining with propidium iodide and Annexin VFITC. Annexin V, 

a Ca
2+

 dependent phospholipid-binding protein with a high 

affinity for the membarane phospholipid phosphatidylserine 

(PS), is quite helpful for identifying apoptotic cells with 

exposed PS. Propidium iodide is a standard flow cytometric 

viability probe used to distinguish viable from non-viable cells 

(Figure 5). The MCF-7 cells were treated with the complex 1 at 

IC50 concentrations for 24 h. Annexin V
+
/PI

+
 (Q2) population 

represented cells undergoing apoptosis of 56.2% for IC50 

concentrations of the complex 1.
59

 

 

 

Figure 5. AnnexinV/propidium iodide assay of MCF-7 cells treated 

by complex 1 (IC50 concentration) measured by flow cytometry. 

 

Annexin V-FITC staining assay 

The characteristic morphological changes brought about in the 

cells by treatment with Complex 1 have been evaluated by 

adopting fluorescent microscopic analysis Annexin V-FITC 

stained cells. The control viable cells have uniformly green 

fluorescing nuclei and a highly organized structure. After cells 

were treated with IC50 concentration of the complex 1 for 24 h, 

we have observed cytological changes like late apoptotic cells 

that have red fluorescing nuclei (Figure S14) with condensed or 

fragmented chromatin and necrotic cells, swollen to large sizes 

that have uniformly red fluorescing nuclei with no indication of 

chromatin fragmentation by staining. The results indicate that 

the complex 1 induce cell death through apoptosis or 

necrosis.
60

 

 

Reactive oxygen species (ROS) detection 

The intracellular – reactive oxygen species are chemically 

important reactive molecules containing oxygen that regulates 

normal cellular process. However, disregulation of ROS 

generation dramatically affects cell structure and may result in 

cellular damage leading to a wide range of human diseases. 

Hence, in the present study ROS levels in MCF-7 cancer cell 

line are probed by using an oxidant sensitive fluorescent dye. 

Dichloro-dihydro-fluorescein diacetate (DCFH-DA) is a non-

polar cell-permeable fluorescent dye that can be converted 

into polar DCFH by cellular esterase. However, this DCFH is 

undetectable under microscope and requires intracellular ROS 

to switch them into a highly fluorescence emitting DCF. Our 

result indicates that complex 1 treated with MCF-7 cells is 

shown to fluorescence rather than no fluorescence which was 

observed in control cells (Figure S15). This infers complex 1 

stimulate ROS induced apoptosis in MCF-7 cells.
61 

 

Mitochondrial membrane potential detection 

Mitochondrial dysfunction is involved in apoptotic cell death. 

Mitochondria play important roles in apoptosis through the 

release of proapoptotic factors such as cytochrome c and 

other apoptosis-inducing factors. Cationic JC-1 was used as a 

fluorescence probe in detecting the changes of 

mitochondrial membrane potential (ΔΨm) induced by complex 

1. JC-1 exhibits potential-dependent accumulation in 

mitochondria, indicated by a fluorescence emission shift from 

red (~590 nm) to green (~525 nm). This study confirms the cell 

apoptosis induced by complex 1 the changes in the 

mitochondrial membrane potential in MCF-7 cells (Figure 6). 

The mitochondrial membrane potential level was decreased 

on increasing time of complex 1 IC50 concentration with MCF−7 

cells.
62 

The change of ΔΨm was further confirmed by flow 

cytometry analysis of complex 1 treated MCF-7 cells using JC-1 

dye. The mitochondrial stain JC-1 can spontaneously aggregate 

as J-aggregates, which will emit red fluorescence at high 

membrane potential in healthy cells, whereas in the apoptotic 

cells, JC-1 would remain green fluorescent monomers due to 

mitochondrial membrane depolarization. The change of ΔΨm 

in MCF-7 cells induced by complex 1 is shown in Figure 7. This 

indicates that the induction of apoptosis by complex 1 is 

associated with the mitochondrial (intrinsic) pathway.
63
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Figure 6. MCF-7 cells were treated with complex 1 (IC50 

concentration) for 24 h. The scale bar 40 µm.  

 

 

Figure 7. Flow cytometric analysis (FACS) of the mitochondrial 

membrane potential using the JC-1 dye in MCF-7 cells were treated 

with complex 1 (IC50 concentration) for 24 h. 

 

TUNEL assay 

TUNEL assay was performed to confirm complex 1 treatment 

induced apoptosis. TUNEL is one of the most popular methods 

for identifying apoptotic cells in situ by detecting DNA 

fragmentation. Due to activation of Ca/Mg dependent 

endonucleases in apoptotic cells, DNA is cleaved. These DNA 

strand breaks of cleaved can be identified by deoxynucleotidyl 

transferase that catalyzed the addition of biotin-dUTP. The 

control cells show normal nuclear morphology. MCF-7 (cancer 

cell) Cells (Figure 8) and NIH 3T3 (normal cell) cells (Figure S16)  

treated with complex 1 (IC50 concentration) for 24 h are 

notably TUNEL-positive and show apoptotic bodies and 

fragmented or condensed nuclei The biotin-labeled cleavage 

sites are then detected by reaction with streptavidin-HRP and 

the brown color is visualized by DAB.
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Figure 8. TUNEL assay of MCF-7 cells were treated with 

complex 1 for 24 h. The scale bar 20 µm.  

 
Conclusion   
A series of water soluble square-planar copper(II) complexes 

(1-3) containing substituted pyridoxal thiosemicarbazone 

ligands were synthesized and characterized adequately by 

analytical and spectral techniques. The single crystal X−ray 

diffraction study of the cationic complex 1 and the neutral 

complex 3 revealed that the ligand coordinated to the Cu(II) 

centre via phenolic−O, azomethine-N and thione-S in a 

monoanionic tridentate fashion. The CT−DNA binding 

experiments showed that all the complexes bind with DNA via 

partial intercalation or groove binding. The gel electrophoresis 

assay demonstrated that all the complexes have been found to 

promote the cleavage ability of the supercoiled pUC19 DNA to 

the nicked circular form in the absence of any external agents. 

Elucidation of the mechanistic pathway by T4 ligase 

experiment suggested that all the complexes cleave DNA 

through a hydrolytic pathway. In addition, the protein binding 

properties of the new complexes were studies using 

fluorescence spectroscopic techniques. Further, all the new 

complexes were screened for cytotoxic activity against HeLa, 

MCF−7 and Hep G2 cancer cell lines, and they were found to 

exhibit excellent cytotoxicity to cancer cell without affecting 

the normal NIH 3T3 cells. The activity of complex 1 was 

significantly superior to that of cisplatin. Complex 1 was shown 

to accumulate preferentially in the MCF-7 cells and induced 

apoptosis which involved ROS generation, mitochondrial 

membrane potential, Annexin V-FITC assay, Tunel assay and 

FACS analysis. Thus, the complex 1 shows effective 

antiproliferative effects and has the potential to be developed 

as a chemotherapeutic agent for the treatment of various 

cancer diseases.  
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