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 Cancer: A worldwide epidemic- Research towards its cure 

Cancer (malignant tumour or neoplasm) is the name given to a collection of related 

diseases. Cancer can start from any part of the human body which is made up of 

trillions of cells. In normal conditions, human cells grow and divide to form new 

cells as the body requires them. As they begin to grow old or become damaged, they 

die, and new cells form which take their place. But in cancer conditions, however, 

this orderly process breaks down. As the cells become more and more abnormal, old 

or damaged cells survive instead of dying and new cells form though they are not 

needed. These extra cells which go on dividing without stopping lead to tumors. 

Cancerous tumors are malignant, which means they spread into or invade, nearby 

tissues. As they grow, some cancer cells break off and travel to distant places in the 

body through blood or lymph system and form new tumors far apart from original 

tumor (metastasis). Benign tumors don’t spread into or invade nearby tissues unlike 

malignant tumors. Unlike most benign tumors elsewhere in the body, benign brain 

tumors can be life threatening. There are 100 types of cancer. They are named 

usually for the organs or tissues where they form. For example, lung cancer starts in 

the cells of lung, brain cancer starts in the cells of brain and liver cancer starts in the 

cells of liver. 

Worldwide Scenario of Cancer: 

Cancer is a leading cause of death worldwide (nearly 10 million deaths in 2020, or 

nearly one in six deaths according to World Health Organization. Most common 

cancers are breast, lung, colon, and rectum and prostate cancers. Around one third 

deaths from cancer are due to tobacco use, high BMI, alcohol consumption, low fruit 

or vegetable intake, and lack of physical activity. The most commons in 2020 (in 

terms of new cases of cancer)1 were:  

• breast (2.26 million cases); 

• lung (2.21 million cases); 

• colon and rectum (1.93 million cases); 

• prostate (1.41 million cases); 
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• skin (non-melanoma) (1.20 million cases); and 

• stomach (1.09 million cases). 

The most common causes of cancer death in 20201 were: 

• lung (1.80 million deaths); 

• colon and rectum (916 000 deaths); 

• liver (830 000 deaths); 

• stomach (769 000 deaths); and 

• breast (685 000 deaths). 

Each year, approximately 400 000 children develop cancer. The most common 

cancers vary between countries. Cervical cancer is the most common in 23 countries. 

Development of metal complexes as artificial nucleases: 

The metal complexes as pharmaceuticals have gained access over traditional drugs 

containing organic moieties, due to their potential use as regulators of gene 

expression and tools of molecular biology. The major intracellular target of 

anticancer metallodrugs is DNA; therefore, metal complexes that can bind to 

specific nucleotides of DNA are of interest. Studies of metal complexes, which react 

at specific sites along a DNA strand, provide routes toward the rational development 

of chemotherapeutic agents, sensitive chemical probes for DNA structure in solution 

and tools for the molecular biologist to dissect genetic systems. In this regard, 

transition metal complexes are outstanding as artificial nucleases for DNA due to 

their diverse ability to recognize and react selectively with individual target sites. At 

the same time, the presence of redox active transition metal ions can further help 

oxidative cleavage of impaired DNA. This has stimulated considerable interest in a 

search for new metal complexes as modern therapeutics, diagnostic and 

radiopharmaceutical agents. The coordination chemistry of bioactive molecules 

becomes important for their biological applications because the bioactive molecules 

choose and interact with the bioactive sites mainly through the supramolecular 

interactions and then the metal ions can further exert their effect through an 

associated redox, by inducing polarization and/or through template effect. 

Complexes of metal ions, especially, the biologically essential metal ions like copper 
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have been reported to have good biological activities like DNA binding2–6 , BSA 

binding7–12 and cytotoxicity.13–21 

Brief about the investigations in the present work: 

The work presented in this chapter envisages the anticancer property of a few 

selected binuclear copper(II) complexes synthesized as part of this thesis. The as-

synthesized copper(II) complexes described in previous chapters have been 

investigated upon for their anticancer properties in a stepwise manner starting from 

the preliminary in vitro evaluations on interactions with basic biomolecules like 

DNA and Bovine serum albumin which were carried out outside cellular 

environment employing spectroscopic titration method within cuvette. The result so 

obtained in these studies further prompted us to indulge into in cellulo studies 

comprising of the basic cytotoxicity evaluation on Human Hepatoma (HepG2) 

cancer cell lines and calculating corresponding IC50 values of few selected binuclear 

copper(II) complexes. These have been discussed in detail in the current chapter. 

6.2.1 Important cellular target-DNA  

The primary carrier of all genetic information is biopolymer DNA. DNA provides 

the “master genetic blueprint” for the construction of each protein required by 

individual cells through RNA mediated processes of transcription and translation. 

Small molecules and /or proteins that bind to nucleic acids in site-specific ways 

initiate, regulate, and terminate all these processes. Such synthetic molecules that 

interact with nucleic acids or modulate their function have found a variety of uses as 

biophysical and therapeutic agents.22 For the design of DNA-interactive systems, 

coordination complexes are ideal templates in many ways, and intensive research 

has been carried out for the study of interaction of these structurally complex three-

dimensional architectures with DNA. In addition to various binding modes, metal 

complexes coordinate directly to DNA Lewis base sites where they undergo redox 

reactions with DNA or generate reactive oxygen species. The ability of metal 

complexes to bind and cleave DNA which interfere with the essential cellular 

processes of transcription and translation means that these systems could also be 

developed as potential therapeutics. The principal interactions generally used to 

target DNA are briefly outlined below:  
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Different modes of drug-DNA interactions: 

The structure and chemical composition of DNA leads to several mechanisms by 

which molecular substrates can bind to DNA and such interactions can be 

irreversible (covalent binding) or reversible (non-covalent binding). (Figure 6.2.1.1)  

 

Figure 6.2.1.1 Different modes of Drug-DNA interactions 

Irreversible (covalent) binding to DNA 

Covalent bonds are formed between the molecules and phosphodiester backbone, 

sugar residues or base of the DNA molecule. This is the most common method of 

DNA interaction for known clinically used anticancer drugs. Cisplatin and its 

derivatives offers the paradigm of this approach: it interact with DNA through 

coordination bonds formed between the Pt(II) centers and available nitrogen atoms 

on nucleotides, commonly N7 atoms on adjacent purine bases (Figure 6.2.1.2A). 

Based on the success of cisplatin and its derivatives, including copper(II)-based 

systems, have been designed to display a similar function. 

Reversible (non-covalent) binding to DNA 

This mode of binding is an attraction for researchers. These systems exploit several 

reversible binding motifs: 

Drug-DNA 
interaction 

modes

Reversible 
(Non-covalent)

Electrostatic Intercalation
Groove 
binding

Irreversible 
(Covalent)
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I. Electrostatic interactions: The cationic molecules can associate with 

negative charge of DNA. Naturally occurring polyamines such as spermine 

bind to DNA through such interactions. Majority of coordination compounds 

are charged, so electrostatic interactions contribute to the binding affinity of 

complexes to DNA, which predominantly recognize DNA through binding 

modes described ahead. 

II. Intercalation (Figure 6.2.1.2B): Mostly all metal complexes reversibly 

interact with DNA by metallo-intercalators. It occurs when planar aromatic 

compounds are inserted between adjacent base pairs in DNA double helix. It 

involves ℼ system overlap between DNA bases and the intercalated 

molecule, as well as van der Waals, hydrophobic and electrostatic 

interactions which has effect of unwinding and lengthening of DNA double 

helix. 

III. Groove binding (Figure 6.2.1.2C): This is another mode of reversible 

binding to DNA by association within the minor or major grooves that run 

down the double helix. Molecules approach within van der Waals contact 

distances of the groove walls and then occupy DNA grooves. Classical 

groove binders are usually cationic and composed of aromatic rings by bonds 

with torsional freedom, so they are able to twist and become iso-helical with 

DNA groove. 

 

Figure 6.2.1.2 Schematic representation of the three major modes of drug-DNA 

interactions: (A) Covalent binding, (B) Intercalation binding and (C) Groove 

binding.  
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6.2.2 Materials and Instrumentation 

ct-DNA, tris-buffer, ethidium bromide, tris buffer HCl were procured from SRL for 

the DNA binding studies. All these chemicals were used without any further 

purification. Conc HCl used for adjusting the pH = 7.5 while preparing the buffer 

and DMSO used to prepare the stock solutions were of analytical grade and were 

purchased from Spectrochem.  

The mode and DNA propensity of the synthesized complexes were analyzed by 

different spectral techniques. All experiments involving interaction of complexes 

with ct-DNA were performed in tris(hydroxymethyl)-aminomethane-HCl (15 

mM)/NaCl (150 mM) buffer (pH adjusted to 7.5 with conc. HCl). DNA stock 

solution was prepared by dissolving a strand of ct-DNA in double distilled water and 

kept at 4oC for no longer than a week. The stock solution of ct DNA gave a ratio of 

UV absorbance at 260nm and 280nm (A260/A280) ≤ 1.90, indicating that DNA was 

sufficiently free of protein contamination.23 The concentration of calf thymus-DNA 

(solution prepared in TRIS-HCl/NaCl buffer) was acquired from absorption 

intensity observed at 260 nm using molar extinction coefficient value of 6600 M-

1cm-1.24 The DNA-binding experiments were performed at ~30.0°C. Stock solution 

of EB (ethidium bromide) was prepared in double distilled water with a 

concentration of 10-3 M. 

UV-vis spectroscopy  

UV-vis spectrophotometer was used to carry out studies of metal complexes and 

ligands. The spectrum was recorded using Perkin Elmer Lambda 35 dual beam UV-

vis Spectrophotometer.  

Fluorescence spectroscopy  

Fluorescence spectra was recorded in solution phase on JASCO FP-6300 

fluorescence spectrophotometer. 

The data generated from titration experiments was analyzed and plotted with the 

help of software Origin 2019b. 

6.2.3 Experimental procedures 

To target cellular DNA by a compound, simple in-vitro experiments can be 

performed to readily determine whether the compound physically interacts with 
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DNA. These assays can be powerful tools to determine the mechanism of previously 

discovered molecules and will be a crucial discovery of the next generation of DNA 

anticancer drugs. Two such techniques: (a) UV-Vis absorption studies and (b) 

Competitive binding studies with EB using fluorescence spectroscopy; have been 

exploited the most for studying DNA binding with synthesized molecules which are 

spectroscopy based titration methods. 

6.2.3.1 UV Absorption studies 

Absorption spectroscopy has been used to test the presence of ground state 

interactions between biological macromolecule DNA and compounds under study. 

It helps to investigate the binding efficiency of the complexes to DNA since the 

observed spectral changes may give evidence of the existing interactions mode.25 

These interactions may be due to ligand or metal centered transitions of the 

compounds. DNA binds with compounds via non-intercalative binding modes, such 

as electrostatic forces, van der Waals interactions, dative bonds, H-bonds and 

hydrophobic interactions which results in increase in absorption intensity 

(hyperchromism) upon increasing concentration of ct-DNA. It is likely that the 

amine or hydroxyl containing group forms H-bonds with N-3 adenine or O-2 of 

thymine in DNA which results in hyperchromism since DNA possesses several H-

bonding sites which are accessible both in minor and major grooves. Electrostatic 

interactions occurs between positively charged groups of the compound and 

negatively charged phosphate backbone at the periphery of the double helix ct-DNA 

which leads to hyperchromism effect.26 In intercalative mode, there is stacking 

interaction between the ligand and a DNA base pair. It involves the interaction of π 

* orbital of the intercalating ligand binds with ℼ orbital of DNA base pairs which 

leads to decrease in π→ π * transition energy and results in bathochromism. On the 

other hand, the coupling of π orbital to an orbital partially filled by electrons 

decreases the transitional probabilities and results into hypochromism. Thus, as a 

general observation, the binding of an intercalative molecule to DNA is 

accompanied by hypochromism and significant red shift (bathochromism) in the 

absorption spectra due to a very strong interaction of aromatic chromophore of the 

ligand and DNA base pairs19 and the shift in the wavelength is indicative of the 

strength of the interaction.  
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The interactions of compounds (under study) with ct-DNA have been studied with 

UV spectroscopy in order to investigate the possible mode of binding with ct-DNA 

and to evaluate the extent of interaction through the value of binding constant (Kb). 

These studies were performed with constant concentrations of compounds while 

varying the concentration of ct-DNA. Stock solutions of compounds were diluted 

with tris buffer to get desired concentrations. Equal increments of ct-DNA were 

added in different ratios to both sample and reference cell to eliminate the 

absorbance of ct-DNA itself. The titration graph so generated has been 

representatively shown for all compounds in Figure 6.2.4.1A-D. The ratio of the 

[DNA]:[compound] has been mentioned in each of the cases as legends, in the 

graphs. 

The magnitude of binding strength to ct-DNA may be determined through the 

calculation of binding constant Kb which is obtained by monitoring the changes in 

the absorbance of the compounds with increasing concentrations of ct-DNA. The 

data obtained from the absorption titration experiment is fitted in eq. 6.1 wherein Kb 

is given by ratio of slope to the y intercept in plots of [DNA]/(εA – εF) versus [DNA] 

according to Mehan’s equation27 (eq. 6.1) 

    [𝑫𝑵𝑨] (𝜺𝑨 − 𝜺𝑭)⁄ = [𝑫𝑵𝑨] (𝜺𝒃 − 𝜺𝑭)⁄ + 𝟏 𝑲𝒃(𝜺𝒃 − 𝜺𝑭)⁄                        (𝟔. 𝟏) 

where [DNA] = concentration of DNA in base pairs, 𝜀𝐴 = Aobsd/[compound], 𝜀𝐹 = 

extinction coefficient for unbound compound and 𝜀𝑏 = extinction coefficient for 

compound in fully bound form. The Kb plots for all synthesized ligands and their 

corresponding complexes have been shown in figure 6.2.4.2. The Kb values obtained 

from the plots have been tabulated and discussed with significance to their structures 

in section 6.2.4. 



342 
 

 

 

Figure 6.2.4.1A Absorption spectra for the spectrophotometric titration of (a) L2 (b) C1a 

(c) C1b (d) C2a (e) C2b (f) C3a and (g) C3b in absence and presence of ct-DNA at 30℃ in 

15 mM Tris-HCl/150 mM NaCl buffer (pH=7.5). The downward arrow shows a decrease in 

absorption intensity with increasing DNA concentrations 
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Figure 6.2.4.1B Absorption spectra for the spectrophotometric titration of (a) C4 (b) C5 (c) 

C6 (d) C7 (e) L8 and (f) C8 in absence and presence of ct-DNA at 30℃ in 15 mM Tris-

HCl/150 mM NaCl buffer (pH=7.5). The downward arrow shows a decrease in absorption 

intensity with increasing DNA concentrations 
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Figure 6.2.4.1C Absorption spectra for the spectrophotometric titration of (a) L9 (b) C9 (c) 

C10 (d) L12 and (e) C12 in absence and presence of ct-DNA at 30℃ in 15 mM Tris-HCl/150 

mM NaCl buffer (pH=7.5). The downward arrow shows a decrease in absorption intensity 

with increasing DNA concentrations 
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Figure 6.2.4.1D Absorption spectra for the spectrophotometric titration of (a) C13 (b) C14 

(c) C15 and (d) C16 in absence and presence of ct-DNA at 30℃ in 15 mM Tris-HCl/150 

mM NaCl buffer (pH=7.5). The downward arrow shows a decrease in absorption intensity 

with increasing DNA concentrations 

 

Figure 6.2.4.2A Plots of [DNA]/( 𝜀𝐴 − 𝜀𝐹) vs [DNA] for complexes C1a-C3a and C1b-

C3b 
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Figure 6.2.4.2B Plots of [DNA]/( 𝜀𝐴 − 𝜀𝐹) vs [DNA] for complexes C4-C8 

 

Figure 6.2.4.2C Plots of [DNA]/( 𝜀𝐴 − 𝜀𝐹) vs [DNA] for complexes C9, C10 and C12 

 

Figure 6.2.4.2D Plots of [DNA]/( 𝜀𝐴 − 𝜀𝐹) vs [DNA] for complexes C13-C16 
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Figure 6.2.4.2E Plots of [DNA]/( 𝜀𝐴 − 𝜀𝐹) vs [DNA] for ligands (L2, L8, L9 and L12) 

6.2.3.2 Competitive binding studies with EB using fluorescence spectroscopy 

A competitive binding study has been employed using fluorescence spectroscopy in 

order to examine the ability of a compounds to displace EB from its DNA-EB 

complex.18 Ethidium Bromide (EB = 3,8-diamino-5-ethyl-6-phenyl-

phenanthridinium bromide) a phenanthridine fluorescent dye is a typical indicator 

of intercalation, forming soluble complexes with nucleic acids and emitting intense 

fluorescence in the presence of DNA due to the intercalation of the planar 

phenanthridine ring between adjacent base pairs on the double helix.28,29 Addition 

of a second molecule (compound under study), which may replace EB from the 

DNA-EB complex results in a decrease of the DNA-induced EB emission due to 

displacement of EB from the intercalation sites of DNA.30 Thus the displacement of 

EB (quantified by fluorescence) by the addition of a compound is suggestive of an 

intercalative binding.31,32 

To examine whether compounds can displace EB from DNA-EB complex, the 

competitive binding study of each compound with DNA-EB has been investigated 

with fluorescence spectroscopy. For emission studies, DNA-EB complex was 

prepared by adding solution containing DNA and 33.33μM EB in TRIS-HCl/NaCl 
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buffer in a cuvette. The titration experiment was carried out by keeping DNA-EB 

complex concentration constant and varying the compound concentration by adding 

an increasing amount of solution one by one into it. The variation in the fluorescence 

emission spectra of the DNA-EB complex due to addition of each aliquot of the 

compound was recorded at RT (303 K). The influence of complexes on DNA-EB 

was recorded at 610nm (λex = 546 nm, bandwidth=2.5nm for both excitation and 

emission) after addition of different concentrations of the compound at different 

ratios. The titration curve so generated and the ratio of the [quencher]:[DNA] has 

been mentioned in each of the cases as legends, in the graphs represented in the 

figure 6.2.4.3A-D. The relative binding of the complexes to ct-DNA was determined 

by calculating the quenching constant (KSV) from the slope of the straight lines 

obtained from Stern-Volmer equation (eq 6.2)33: 

                                                     𝑰𝟎 𝑰⁄ = 𝟏 + 𝑲𝑺𝑽[𝑸]                                                   (𝟔. 𝟐)  

 where I0 and I are the emission intensities in the absence and the presence of the 

quencher (Q=compound) respectively, [Q] is the concentration of the quencher and 

KSV is the Stern-Volmer constant which can be obtained from slope of the plot of 

I0/I versus [Q] and is often used to evaluate the quenching efficiency of each 

compound. 

The KSV plots for all synthesized ligands and their corresponding Cu(II) complexes 

have been shown in figure 6.2.4.4. The KSV values obtained from these plots have 

been tabulated (Table 6.2.4.1) and discussed in section 6.2.4. 
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Figure 6.2.4.3A Fluorescence emission spectra of DNA-EB complex with increasing 

concentrations of (a) C1a (b) C1b (c) L2 (d) C2a. The arrow shows decrease in intensity 

(quenching of DNA-EB fluorescence) upon increasing concentration of the complex 

 

Figure 6.2.4.3A (Contd…) Fluorescence emission spectra of DNA-EB complex with 

increasing concentrations of (e) C2b (f) C3a. The arrow shows decrease in intensity 

(quenching of DNA-EB fluorescence) upon increasing concentration of the complex 
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Figure 6.2.4.3A (Contd…) (g) Fluorescence emission spectra of DNA-EB complex with 

increasing concentrations of C3b. The arrow shows decrease in intensity (quenching of 

DNA-EB fluorescence) upon increasing concentration of the complex 

 

Figure 6.2.4.3B Fluorescence emission spectra of DNA-EB complex with increasing 

concentrations of (a) C4 (b) C5 (c) C6 (d) C7. The arrow shows decrease in intensity 

(quenching of DNA-EB fluorescence) upon increasing concentration of the complex 
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Figure 6.2.4.3B (Contd..) Fluorescence emission spectra of DNA-EB complex with 

increasing concentrations of (e) L8 and (f) C8. The arrow shows decrease in intensity 

(quenching of DNA-EB fluorescence) upon increasing concentration of the complex 

 

Figure 6.2.4.3C Fluorescence emission spectra of DNA-EB complex with increasing 

concentrations of (a) L9 (b) C9 (c) C10. The arrow shows decrease in intensity (quenching 

of DNA-EB fluorescence) upon increasing concentration of the complex 
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Figure 6.2.4.3C (Contd..) Fluorescence emission spectra of DNA-EB complex with 

increasing concentrations of (d) L12 and (e) C12. The arrow shows decrease in intensity 

(quenching of DNA-EB fluorescence) upon increasing concentration of the complex 

 

Figure 6.2.4.3D Fluorescence emission spectra of DNA-EB complex with increasing 

concentrations of (a) C13 (b) C14 (c) C15 (d) L16 and (e) C16. The arrow shows decrease 

in intensity (quenching of DNA-EB fluorescence) upon increasing concentration of the 

complex 
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Figure 6.2.4.4A Stern-Volmer quenching plot, Io/I versus [Q] of DNA-EB for complexes (a) 

C1a-C3a and C1b-C3b (b) C4-C8 

 

Figure 6.2.4.4B Stern-Volmer quenching plot, Io/I versus [Q] of DNA-EB for complexes (c) 

C9, C10 and C12 (b) C13-C16 
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Figure 6.2.4.4C Stern-Volmer quenching plot, Io/I versus [Q] of DNA-EB for ligands  

6.2.4 Results and Discussion 

The Kb (intrinsic binding constant) values (Table 6.2.4.1) obtained from the plot of 

[DNA]/ ( εA − εF) versus [DNA] (Figure 6.2.4.2) using equation (6.1) are in the 

range of 7.77 x 103 – 1.646 x 106 M for complexes suggesting moderate binding of 

the complexes to ct-DNA. An observed hypochromism along with a bathochromic 

shift is indicative of intercalative mode of binding to the DNA. Out of all copper(II) 

complexes, complex C10 and C12 have the highest Kb values.  

An overall comparison of values shows that the complexes have relatively stronger 

binding than the corresponding ligands with DNA. In the series of compounds 

derived from dfc, homonuclear dicopper(II) complexes have stronger binding with 

DNA as compared to the heteronuclear copper(II)-zinc(II) complexes. In the series 

of compounds derived from dac, complex C7 has stronger binding with DNA as 

compared to the other dicopper(II) complexes of this series. In the compounds 

derived from dap, complex C10 and C12 have better DNA binding efficiencies. 

Among the dicopper(II) complexes derived from bamnp, the complexes C14 and 

C15  have stronger binding with DNA. 

Competitive EB binding studies show quenching of DNA-EB fluorescence on 

titration with ligands and complexes suggesting that the compounds displace EB 

from DNA-EB complex and interact with DNA via intercalative mode. The Stern-
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Volmer quenching plots of DNA-EB (Figure 6.2.4.4A) illustrate that the quenching 

of EB bound to DNA by the compounds is in good agreement (R2 = 0.98-0.99) with 

the linear Stern-Volmer equation (6.2). The KSV values of the compounds given in 

Table 6.2.4.1 show that they have good affinity for DNA with values in the range 

of 0.14 -2.41 x 104 M for all ligands and complexes.  

It can be well noted that the homonuclear dicopper(II) complexes shows 10 fold 

better efficacies for displacement of EB from DNA-EB complexes than 

heteronuclear copper(II)zinc(II) complexes of ligands derived from dfc. This 

observation is in agreement with the Kb values obtained from UV absorption studies. 

This shows that along with planarity of aromatic rings of ligands, the metal ions also 

play a key role in binding with the DNA. In the complexes of ligands derived from 

dac, the complexes having more nitrogen rich ligands shows better efficacies for 

displacement of EB from DNA-EB complexes as compared to the other dicopper(II) 

complexes in the series. Thus, complex C4 and C7 shows better efficacies for 

displacement of EB. In the series of complexes derived from dap-based ligands, 

complex C9 shows better efficiency for displacing EB from DNA-EB complex due 

to the aromatic naphthyl ring which has appropriate orientation bind with DNA via 

intercalation mode than other complexes of this series. Among the series of 

complexes derived from bamnp, complex C15 has better efficiency for displacing 

EB from DNA-EB complex than other complexes of this series. This can be ascribed 

to the more planar aromatic rings in the complex. 

Table 6.2.4.1 DNA binding constants of ligands (L2-L3, L8, L9
 and L12) and complexes 

(C1a-3a, C1b-3b, C4-C8, C9, C10, C12, C13-C16) 

Compound DNA binding constants 

Kb M
-1 KSV M

-1 

DFC series 

L2
 2.465 x 104 4 x 103

 

L3
 No binding 

C1a 7.77 x 103 4.3 x 104 

C1b 3.7056 x 104 4.3 x 103 

C2a 5.5834 x 104 1.4 x 104 

C2b 3.343 x104 2.1 x 103 

C3a 6.733 x 104 4.8 X 103 

C3b 6.667 x 104 1.4 x 103 

DAC series 

C4 2.455 x 104 2.41 x 104 

C5 1.365 x 104 1.61 x 104 

C6 2 x 104 1.66 x 104 
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C7 8.755 x 104 2.39 x 104 

L8 5.925 x 103 No binding 

C8 1.09 x 104 7 x 103 

DAP series 

L9 5.271 x 104 3.7 x 103 

C9 1.00 x 104 2 x 104 

L10 No binding 

C10 1.646 x 106 1.82 x 104 

L12
 3.973 x 105 No binding 

C12 1.509 x 106 2.3 x 103 

BAMNP series 

C13 2.22 x 104 3.8 x 103 

C14 3.002 x 104 4.3 x 103 

C15 2.779 x 104 9 x 103 

L16 No binding 

C16 2.291 x 104 5.7 x 103 

6.3.1 Serum Albumin: an important biomolecule 

Albumin is the most important and abundant protein in the blood plasma of all 

vertebrates with the concentration in human serum being 35-50mg/ml and a 

molecular weight of 66.5kDa. It is stable in the pH range of 4-9, soluble in 40% 

ethanol, and can be heated at 60oC for up to 10 hours without deleterious effects. 

Serum albumin becomes an ideal candidate for drug delivery34 due to these 

properties, as well as preferential uptake in tumor and inflamed tissue, ready 

availability, biodegradability, and lack of toxicity and immunogenicity. 

Human Serum Albumin (HSA) is composed of three homologous domains, 

numbered I, II and III.35 Each domain is grouped into subdomains A and B that 

possess common structural motifs.  

 

Figure 6.3.1.1 Structure of human serum albumin consisting of three domains, 

each grouped into subdomains A and B 
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The two principal regions responsible for the ligand-binding to HSA have been 

known as Sudlow’s Site I and II, located in subdomain IIA and IIIA (Figure 6.3.1.1), 

respectively.36,37  

Albumin can bind various endogenous molecules, including long-chain fatty acids, 

steroids, L-tryptophan, etc. Moreover, albumin is also involved in transporting ions 

in the circulation, including copper, zinc, calcium, etc. Additionally, this vital 

protein can bind exogenous compounds and drugs, such as warfarin, ibuprofen, 

chlorpromazine and naproxen, with the affinity of their binding significantly 

affecting their activity and half-life.37–39 Albumin is present in extravascular space 

(~ 242g) predominantly rather than the intravascular space (~118g). The 

extracellular locations where these proteins are present include skin, gut, muscle, 

other fluids and secretions along with low concentrations in intracellular locations. 

The proteins return to circulation from extracellular spaces via lymphatic system, 

approx. 28 trips in and out during its lifetime.38,39 

It is a versatile and captivating protein. It is considered as biocompatible and 

biodegradable carrier of drugs due to demonstration of its recent applications in 

biomedical sciences.40–42 The search and characterization of albumin-binding drugs, 

particularly in cancer cells, is of considerable interest in light of the development of 

albumin as an effective drug carrier to target tumors. Albumin-binding may provide 

an advantage when generating tumor targeting agents and this requires further 

intense investigation. Hence is the present effort to evaluate the complex-BSA 

interaction. 

6.3.2 Materials and instrumentation 

The BSA (Bovine Serum Albumin) binding studies were solely carried out in tris 

buffer tris(hydroxymethyl)-aminomethane-HCl (15 mM)/NaCl (150 mM) buffer 

(pH adjusted to 7.5 with conc. HCl prepared in double distilled water). BSA stock 

solution was prepared in double distilled water with a concentration of 28.35x10-6 

M. The stock solutions of all the compounds under study were prepared in neat 

DMSO with a stock concentration of 10-3 M. BSA was purchased from Hi-media, 

Mumbai, India.  

Fluorescence spectra were recorded in tris buffer solution at concentrations of 10−6 

M on JASCO FP-6300 fluorescence spectrophotometer.  
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The data generated from the titration experiments were analyzed and plotted with 

the help of the software Origin2019b. 

6.3.3 Experimental section 

Bovine serum albumin (BSA) is extensively studied, due to its structural homology 

with human serum albumin (HSA). HSA contains 585 amino acid residues with only 

one tryptophan located at position 214, while BSA has two tryptophans at positions 

134 and 212 along the chain (Figure 6.3.3.1). BSA solutions exhibit a strong 

fluorescence emission with a peak at 343 nm, due to the tryptophan residues, when 

excited at 296 nm. The interaction of compounds with BSA has been studied from 

tryptophan emission-quenching experiments. The changes in the emission spectra of 

tryptophan in BSA are primarily due to changes in protein conformation, subunit 

association, substrate binding or denaturation [67,68]. Addition of a compound to a 

solution of BSA results in a decrease of the fluorescence intensity because of their 

binding to BSA which may change the protein secondary structure leading to 

changes in the tryptophan environment of BSA. The protein-binding study for the 

dicopper(II) complexes was performed by tryptophan fluorescence quenching 

experiments using bovine serum albumin (BSA) in buffer. The quenching of 

emission intensity of the tryptophan residues of BSA at 343 nm was monitored in 

the presence of increasing concentrations of complexes as quenchers. Fluorescence 

spectra were recorded from 300 to 500 nm at an excitation wavelength of 296 nm. 

The titration curve so generated has been representatively shown in Figure 6.3.4.1. 

But the addition of compound to a solution of BSA results in a increase of the 

fluorescence intensity because of their binding of BSA which changes the protein 

secondary structure leading to change in tryptophan residues. The enhanced 

emission intensity of the tryptophan residues of BSA at 343nm was monitored in 

presence of increasing concentrations of complexes as fluorophore. The titration 

curve so generated has been representatively shown in Figure 6.3.4.1A(d) and 

Figure 6.3.4.1B(e,f).  
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Figure 6.3.4.1A Fluorescence emission spectra of BSA with increasing concentrations of 

(a) C1a (b) C1b (c) C2a (d) C2b (e) C3a and (f) C3b. The arrow shows decrease in intensity 

(quenching of BSA fluorescence) upon increasing concentration of the complex except 

complex C2b 
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Figure 6.3.4.1B Fluorescence emission spectra of BSA at increasing concentrations of (a) 

C4 (b) C5 (c) C6 and (d) C7, the arrow shows decrease in intensity (quenching of BSA 

fluorescence) upon increasing concentration of the complex 

 

Figure 6.3.4.1B (Contd….) Fluorescence emission spectra of BSA at increasing 

concentrations of (e) L8 and (f) C8, the arrow shows increase in intensity (enchancing of 

BSA fluorescence) upon increasing concentration of the complex 
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Figure 6.3.4.1C Fluorescence emission spectra of BSA at increasing concentrations of (a) 

C9 (b) C10 and (c) C12, the arrow shows decrease in intensity (quenching of BSA 

fluorescence) upon increasing concentration of the complex 

 

Figure 6.3.4.1D Fluorescence emission spectra of BSA at increasing concentrations of 

(a)C13 (b) C14, the arrow shows decrease in intensity (quenching of BSA fluorescence) 

upon increasing concentration of the complex 
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Figure 6.3.4.1D (Contd..) Fluorescence emission spectra of BSA at increasing 

concentrations of (c) C15 (d) L16 and (e) C16, the arrow shows decrease in intensity 

(quenching of BSA fluorescence) upon increasing concentration of the complex 

The Stern–Volmer equation (6.2) may be used in order to study the interaction of a 

quencher with serum albumins. 

                                                    𝑰𝟎 𝑰⁄ = 𝟏 + 𝑲𝑺𝑽[𝑸]                                                  (𝟔. 𝟐) 

where Io is the initial tryptophan fluorescence intensity of BSA, I is the tryptophan 

fluorescence intensity of BSA after the addition of the quencher and KSV the dynamic 

quenching constant. The dynamic quenching constant (KSV M-1) can be obtained 

from the slope of the plot Io/I versus [Q]. The KSV plots for all the synthesized ligands 

(except ligand L16 in Figure 6.3.4.3C) and their corresponding copper(II) complexes 

have been shown in Figure 6.3.4.2. The KSV values obtained from these plots have 

been tabulated and discussed in section 6.3.4. 

The following equation was used to determine the bimolecular quenching rate 

constant Kq: 
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                                                         𝑲𝒒 =  𝑲𝑺𝑽 𝝉𝟎                                                        (𝟔. 𝟑)⁄   

where KSV is the Stern-Volmer constant and τ0 is the average lifetime of the 

fluorophore in the absence of the quencher (τ0 = 10 ns for BSA). 

The equation (6.4) may be used in order to study the interaction of a compound with 

serum albumins. 

                                                    𝑰 𝑰𝟎⁄ = 𝟏 + 𝑲𝒂[𝑸]                                                  (𝟔. 𝟒) 

where Io is the initial tryptophan fluorescence intensity of BSA, I is the tryptophan 

fluorescence intensity of BSA after the addition of the complex and Ka= the binding 

constant. The binding constant (Ka M
-1) can be obtained from the slope of the plot 

I/Io versus [C]. The Ka plots for synthesized ligand L8 and copper(II) complexes 

(C2b and C8)  have been shown in Figure 6.3.4.2. The KSV values obtained from 

these plots have been tabulated and discussed in section 6.3.4. 

 

Figure 6.3.4.2A Stern-Volmer quenching plot Io/I versus [Q] of BSA for (a) C1a-C3a and 

C1b-C3b (C2a-no binding and C2b- enhancement in fluorescence) and (b) C4-C7  
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Figure 6.3.4.2B Stern-Volmer quenching plot Io/I versus [Q] of BSA for (a) C9, C10 and 

C12 and (b) C13-C15 

 

Figure 6.3.4.2B (Contd..) Stern-Volmer quenching plot Io/I versus [Q] of BSA for (c) C16 

 

Figure 6.3.4.2C Plot of I/I0 versus [C]of BSA for ligand L8
 and Complexes (C2b and C8) 
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Quenching of emission in the fluorescence spectra may be owing to a variety of 

molecular interactions including excited-sate reactions through collisional 

quenching, energy transfer, ground state complex formation and molecular 

rearrangements. The different mechanisms of quenching are usually classified as:  

• Static quenching (the formation of a complex between quencher and 

fluorophore)  

• Dynamic quenching (a collisional process).  

The type of quenching mainly operating in the systems can be speculated from the 

nature of the Stern–Volmer plots. Linear Stern–Volmer plots (Figure 6.3.4.2) 

represent a single quenching mechanism, either static or dynamic although which 

mechanism is operative cannot be speculated. Sometimes a nonlinear Stern–Volmer 

plot with an upward, concave curvature towards the y-axis at high [Q] may result, if 

both static and dynamic quenching processes are operating simultaneously in an 

interacting system. 

When small molecules are bound independently to a set of equivalent sites on a 

macromolecule, the equilibrium between free and bound molecules is given by 

double-logarithm equation (6.4) [69]. This equation has been employed to determine 

the binding constant (Ka) and the number of binding sites (n) for complex– BSA 

interaction. 

                           𝐥𝐨𝐠 ((𝑰𝟎 − 𝑰) 𝑰)⁄ = 𝐥𝐨𝐠 𝑲𝒂 + 𝒏 𝐥𝐨𝐠[𝑸]                                       (𝟔. 𝟒) 

where Io and I are the fluorescence intensities in the absence and the presence of 

quencher, and [Q] is the concentration of quencher (copper(II) complexes). The plot 

of log [(Io-I)/I] versus log [Q] for all the systems is linear (Figure 6.3.4.3) indicating 

the operation of a single quenching mechanism. The values of Ka and n have been 

obtained from the intercept and slope, respectively, which have been tabulated and 

discussed in section 6.3.4. 
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Figure 6.3.4.3A Double logarithmic plot for the quenching of BSA fluorescence by (a) C1a-

C3a   and C1b-C3b (C2a-no binding and C2b- enhancement in fluorescence) and (b) C4-

C7  

 

Figure 6.3.4.3B Double logarithmic plot for the quenching of BSA fluorescence by (a) C9, 

C10 and C12 and (b) C13-C16 

 

Figure 6.3.4.3C Stern-Volmer plot and Double logarithmic plot for the quenching of BSA 

fluorescence of ligand L16  
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BSA Conformational analysis 

Synchronous fluorescence spectra of BSA in presence of copper(II) complexes was 

also recorded using the same concentrations at two different Δλ values (difference 

between excitation and emission wavelengths of BSA) of 15 and 60 nm.  

 

Figure 6.3.4.4A Synchronous BSA spectra in tris-HCl/NaCl buffer (pH=7.5) in presence of 

increasing concentrations of (a) C1a, (b) C1b, (c) C2a, (d) C2b, (e) C3a,and (f) C3b,at Δλ 

=15 nm (the downward arrow signifies a decrease in fluorescence intensity with increasing 

concentration of quencher) 

 

Figure 6.3.4.4B Synchronous BSA spectra in tris-HCl/NaCl buffer (pH=7.5) in presence of 

increasing concentrations of (a) C1a, (b) C1b, (c) C2a, (d) C2b, (e) C3a,and (f) C3b,at Δλ 

=60 nm (the downward arrow signifies a decrease in fluorescence intensity with increasing 

concentration of quencher) 
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Figure 6.3.4.4C Synchronous BSA spectra in tris-HCl/NaCl buffer (pH=7.5) in presence of 

increasing concentrations of (a)C4, (b) C5, (c) C6, (d) C7, (e) L8, and (f) C8, at Δλ =15 nm 

(the downward arrow signifies a decrease in fluorescence intensity with increasing 

concentration of quencher) 

 

Figure 6.3.4.4D Synchronous BSA spectra in tris-HCl/NaCl buffer (pH=7.5) in presence of 

increasing concentrations of (a)C4, (b) C5, (c) C6, (d) C7, (e) L8, and (f) C8, at Δλ =60 nm 

(the downward arrow signifies a decrease in fluorescence intensity with increasing 

concentration of quencher) 
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Figure 6.3.4.4E Synchronous BSA spectra in tris-HCl/NaCl buffer (pH=7.5) in presence of 

increasing concentrations of (a)C9, (b) C10, and (c) C12, at Δλ =15 nm (the downward 

arrow signifies a decrease in fluorescence intensity with increasing concentration of 

quencher) 

 

Figure 6.3.4.4F Synchronous BSA spectra in tris-HCl/NaCl buffer (pH=7.5) in presence of 

increasing concentrations of (a)C9, (b) C10, and (c) C12, at Δλ =60 nm (the downward 

arrow signifies a decrease in fluorescence intensity with increasing concentration of 

quencher) 
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Figure 6.3.4.4G Synchronous BSA spectra in tris-HCl/NaCl buffer (pH=7.5) in presence of 

increasing concentrations of (a)C13, (b) C14, (c) C15, (d) L16 and (c) C16, at Δλ =15 nm 

(the downward arrow signifies a decrease in fluorescence intensity with increasing 

concentration of quencher) 

 

Figure 6.3.4.4H Synchronous BSA spectra in tris-HCl/NaCl buffer (pH=7.5) in presence of 

increasing concentrations of (a)C13, (b) C14, (c) C15, (d) L16 and (c) C16, at Δλ =60 nm 

(the downward arrow signifies a decrease in fluorescence intensity with increasing 

concentration of quencher) 
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6.3.4 Result and Discussion 

The binding interactions of the compounds under study with BSA led to quenching 

of its fluorescence. The Stern–Volmer plots (Figure 6.3.4.2) show that the curves 

have fine linear relationships (R2 =0.99) according to the Stern–Volmer quenching 

equation (6.2) indicative of a single quenching process in the system but in complex 

C13-C15, the Stern-Volmer plots shows that an exceptional upward curve indicating 

the presence of dual quenching processes which is also evident from highest KSV 

values among their respective series. The Stern-Volmer quenching constants KSV 

(Table 6.3.4.1) calculated using equation (6.2) show that copper(II) complexes are 

having good binding propensity with BSA. 

Table 6.3.4.1 BSA binding constants of ligands (L8 and L16) and complexes (C1a-3a, C1b-

3b, C4-C8, C9, C10, C12, C13-C16) 

Compound  BSA binding constants 

KSV (105M-1) Kq (1013M-1s-1) Ka (105 M-1) n 

DFC series 

C1a 2.947 2.947 26.466 1.171 

C1b 0.644 0.644 8.45 1.216 

C2a No binding 

C2b Ka = 4.410 x 104 (M-1) 

C3a 0.582 0.582 0.0093 0.8484 

C3b 0.48 0.48 0.1107 0.8768 

DAC series 

C4 0.202 0.202 0.156 0.9768 

C5 0.374 0.374 77.70 1.5201 

C6 0.412 0.412 0.924 1.0807 

C7 0.658 0.658 1.9231 1.1051 

L8 Ka = 7.216 x 105 (M-1) 

C8 Ka = 8.110 x 104 (M-1) 

DAP series 

C9 1.765 1.765 4.785 1.0847 

C10 0.70 0.70 0.0117 0.6542 

C12 0.922 0.922 0.6828 0.9763 

BAMNP series 

C13 1.762 1.762 35.752 1.2957 

C14 1.106 1.106 85.251 1.4211 

C15 4.0720 4.0720 47918 1.6728 

L16 0.4189 0.4189 28.307 1.1643 

C16 0.2593 0.2593 0.0117 0.6542 

Quantitative binding to BSA was achieved using a double logarithmic plot. The plots 

of log [(Io-I)/I] versus log [Q] for the present system are linear (Figure 6.3.4.3) and 

the values of Ka and n have been tabulated in Table 6.3.4.1. The Ka values confirm 
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that copper(II) complexes show much better binding efficacies after complexation 

with ligands.  

The n values for all the complexes average out to be 1 which suggests that there is 

one binding site available on the protein. 

BSA conformational analysis 

In order to get an information about the molecular microenvironment in the vicinity 

of the fluorophores, synchronous fluorescence spectra of BSA were recorded in 

presence of the synthesized copper(II) complexes. This study can indicate the 

possibility of binding with different amino acid residues in the proteins when the 

spectra are recorded at different Δλ values corresponding to different nature of 

chromophores; for a Δλ value of 15 nm, the fluorescence of BSA is characteristic of 

tyrosine residue, while a Δλ value of 60 nm, it corresponds to the tryptophan residue. 

The quenching of BSA fluorescence was monitored through a simultaneous 

scanning at wavelength difference of 15 nm and 60 nm. The synchronous BSA 

spectra for various concentrations of complexes at Δλ =15nm (Figure 6.3.4.4 A, C, 

E, G) shows a decrease in the fluorescence intensity at 300 nm with a minor shift of 

0-10 nm. The decrease in fluorescence intensity as compared to the initial values 

was observed to be ~ 20-45% for C1-C3, ~50-70% for C4-C7, ~35-60% for C9, 

C10, C12, and ~50-82% for C13-C16 while the increase in fluorescence was 

observed for ligand L8 and complex C8 due to tryptamine part of ligand, which leads 

to enhancement of fluorescence in both.  

The spectra at Δλ = 60 nm (Figure 6.3.4.4 B, D, F, H) for increasing concentrations 

of complexes also showed a regular and significant decrease in the intensity at 341 

nm, upto ~ 29-60% for C1-C3, ~70-80% for C4-C7, ~40-70% for C9, C10, C12, 

and ~80-97% for C13-C16.  No binding was observed with complexes C2a and 

C2b. An increase in the fluorescence was observed for ligand L8 and complex C8 

due to tryptamine part of ligand which leads to enhancement of fluorescence in both. 

These results clearly suggests that all complexes interact with both Tyr and Trp 

residues. 
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In-cellulo assay also comes under in-vitro assay with only one basic difference that 

these studies are carried out within a cellular environment. Cell-based assays are 

often used to test the molecules for screening of compounds having effects on cell 

proliferation or show direct cytotoxic effects that eventually lead to cell death. 

Regardless of the type of cell-based assays used, it is important to know how many 

viable cells are remaining at the end of the experiments. There are a variety of assay 

methods exploiting different cellular properties for different targets. Basically, we 

have focused on enzymatic property by MTT assay. 

6.4.1 Concept and Principle of MTT assay 

This is a colorimetric assay that measures the reduction of yellow 3-(4,5-

dimethythiazol- 2-yl)-2,5-diphenyl tetrazolium bromide (MTT) into an insoluble, 

coloured (dark purple) formazan product within the cell (Figure 6.4.1.1). The cells 

are then solubilized with an organic solvent (e.g. DMSO) and the released, 

solubilized formazan reagent with an absorbance maximum near 570 nm is 

measured spectrophotometrically. Since reduction of MTT can only occur in 

metabolically active cells the level of activity is a measure of the viability of the 

cells. Viable cells with active metabolism convert MTT into formazan product but 

when cells die, they lose the ability to convert MTT into formazan, thus color 

formation serves as a useful and convenient marker of only the viable cells. The 

exact cellular mechanism of MTT reduction into formazan is not well understood. 

Speculation in the early literature involving specific mitochondrial enzymes has led 

to the assumption that MTT is measuring mitochondrial activity, the reduction being 

caused by mitochondrial succinate dehydrogenase, but most likely involves reaction 

with NADH or similar reducing molecules that transfer electrons to MTT.43,44 
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Figure 6.4.1.1 Structure of MTT and colored formazan product. 

6.4.2 Materials and instrumentation 

Human Hepatoma (HepG2) cells were procured from National Centre for Cell 

Science (NCCS, Pune, India). The cell lines were cultured in Dulbecco's Modified 

Eagle Medium (DMEM), while Phosphate Buffer Saline (PBS) was used for 

washing purposes. The stock solutions of compounds (1 mg/ml) were prepared by 

first dissolving in minimum volume of DMSO (50μl) and then diluting the 

concentrated DMSO solution with DMEM media to 1 ml. Further dilutions from the 

stock solution were made using DMEM for subsequent dosing. Both DMEM and 

PBS were purchased from Hi-Media. The MTT dye was purchased from SRL (Sisco 

research laboratory, Mumbai, India.). DMSO used to prepare stock solution as well 

as to dissolve formazan crystals was of analytical grade and purchased from Merck. 

96-well culture plates were purchased from Tarson India Pvt. Ltd. The 

spectrophotometric detection of culture plates was done by Synergy HTX 

Multimode Reader. The data obtained were converted into percentage viability and 

were analyzed and plotted with the help of the software Graphpad Prism 3 using 

one-way ANOVA as the statistical tool. 

6.4.2 Experimental section 

The MTT reduction assay was the first homogeneous cell viability assay developed 

for a 96-well format.45 The MTT tetrazolium assay technology has been widely 

adopted and remains popular in academic labs as evidenced by thousands of 

published articles. 
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 In the present study, liver cancer cell line has been targeted for a few selected 

copper(II) complexes. These complexes have been checked for their cytotoxicity on 

Human Hepatoma (HepG2) cell line. 

According to the standard assay, the cancer cells (HepG2) with a cell density of 8.0 

x 103 cells/ well were placed in 96-well culture plates (Tarson India Pvt. Ltd.) and 

seeded overnight at 37°C in a 5% CO2 incubator. Compounds to be tested were then 

added to the wells to achieve a final concentration as per the doses fixed (the final 

dosing was fixed per compound as per the results of subsequent trials). Control wells 

were prepared by addition of culture medium without the compounds. Cells were 

cultured in T25 flasks in complete DMEM growth media, supplemented with 10% 

FBS and 1% antibiotic antimycotic solution. The cells were incubated in 5% CO2 at 

37°C temperature in CO2 incubator (Thermo scientific, forma series II 3110, USA). 

Cell passaging was at 80% confluency using 1X TPVG (Himedia, India). For 

cytotoxic assessment, an MTT assay was performed. MTT assay is dependent on 

mitochondrial respiration and indicates a number of viable cells in the system. After 

24h of seeding the plate was used for dosing of different target compounds. The 

target compounds were dissolved and prepared in an incomplete media with desired 

concentrations. Cells were incubated with the test compounds for 24h. Following 

24h of dosing, media was removed carefully, without disturbing the cells and 3-(4,5-

dimethylthiazol-2-yl)-2,5- diphenyltetrazolium bromide (MTT; 5mg/ml) was added. 

Mitochondrial succinate dehydrogenase reduces MTT to purple-coloured, water-

insoluble formazan crystals. The plate was incubated in dark for 4h at 37oC. 

Resultant formazan crystals were dissolved in DMSO (150 μL/well) and kept for 

about 5 minutes till the crystals were completely dissolved. Absorbance was 

measured at 540 nm using Synergy HTX Multimode Reader. The IC50 values were 

determined by plotting the percentage viability versus concentration (Figure 

6.4.3.1A-H) and reading off the concentration at which 50% of cells remained viable 

relative to the control. Each experiment was repeated at least three times to obtain 

mean values. 

6.4.3 Result and discussion 

In-vitro cytotoxicity tests of a few selected copper(II) complexes were performed on 

the human Heptoma cancer cell line (HepG2). The cell viabilities (%) were obtained 
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with continuous exposure of the cells to the said compounds for 24 h. The 

cytotoxicity of the complexes were found to be dose dependent, that is, the cell 

viability decreased with increasing concentrations of the complexes (Figure 

6.4.3.1A-D). The inhibitory concentration 50 (IC50), is defined as the concentration 

required to reduce the size of the cell population by 50%. The IC50 values of the 

complexes have been listed in Table 6.4.3.1.  

 

Figure 6.4.3.1A Cell viability verses concentration plots of (a) C2a (b) C4 on human 

hepatoma (HepG2) cell line. Each point is the mean ± standard error obtained from three 

independent experiments 

 

Figure 6.4.3.1B Cell viability verses concentration plots of (a) C5 (b) C6 on human 

hepatoma (HepG2) cell line. Each point is the mean ± standard error obtained from three 

independent experiments 
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Figure 6.4.3.1C Cell viability verses concentration plots of (a) C8 (b) C9 on human 

hepatoma (HepG2) cell line. Each point is the mean ± standard error obtained from three 

independent experiments 

 

Figure 6.4.3.1D Cell viability verses concentration plots of (a) C13 (b) C14 on human 

hepatoma (HepG2) cell line. Each point is the mean ± standard error obtained from three 

independent experiments 

The in-vitro anticancer activity of the compounds need not be consistent with their 

DNA/BSA-binding abilities. The different order of biomolecular binding affinity 

and the in-vitro anticancer activity means multiple targets and multiple mechanisms 

coexisted in the anticancer process of the compounds. DNA/serum albumin binding 

need not be the only target and mechanism for cytotoxicity. Moreover, target 

mechanisms of the compounds may vary vividly whilst in a cellular environment. 
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Table 6.4.3.1 IC50 values of complexes obtained from MTT assay on Human 

Hepatoma cell lines. Values have been expressed in μg/mL. 

Complex Codes IC50 (μg/mL.) 

C2a 107.3 

C4 150.8 

C5 103.5 

C6 65.68 

C8 72.28 

C9 75.25 

C13 8.49 

C14 29.95 

Copper(II) acetate  25 

It was observed that complex C13 (IC50 = <10 μg/mL) is the most cytotoxic among 

all selected complexes for this activity and also when compared to its isomeric 

copper(II) complex C14 (IC50 = 25-50 μg/mL) . All other complexes have 

cytotoxicity in the range of 50-200 μg/mL.  
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All the compounds synthesized and presented in this thesis have been stepwise 

evaluated for their bioactivity. First the compounds have been checked for their 

interactions with DNA and serum albumin which are most commonly sought-after 

biomolecular targets for anticancer activity. DNA and BSA binding studies of 

synthesized complexes were studied by using UV-Vis spectroscopy and 

fluorescence studies. All complexes have better binding efficacies with DNA and 

BSA. The results so obtained prompted to go for in-cellulo studies. MTT assay gave 

an idea regarding the general cytotoxicity of the test compounds. The cytotoxicity 

studies reveals that complex C13 have excellent cytotoxicity as compared to other 

complexes for human hepatoma (HepG2) cell line. 
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