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Abstract 

The copper (II) complex containing the indigo carmine has been synthesized and 

characterized by elemental analysis, FT-IR, 1H NMR, conductivity measurement and UV-

Vis techniques. The binding interactions between indigo carmine (IC) and its copper 

complex with calf thymus DNA (CT-DNA) and patent blue v (PBV) were studied by 

absorption, emission, circular dichroism spectroscopies, viscosity measurements, cyclic 

voltammetry and cleavage studies by agarose gel electrophoresis. Hyperchromism in the 

UV absorption band of, increase in the viscosity of DNA were observed for IC and PBV. 

Furthermore, mentioned compounds induced detectable changes in the CD spectrum of 

CT-DNA . In fluorimeteric studies, the binding mode of IC and PBV with DNA were 

studied using neutral red as a fluorescence prob. Cleavage experiments showed that the IC 

and its Cu(II) complex are not able to perform cleavage of pUC18 plasmid DNA. 

Hypochromism in the UV absorption band of   copper complex, decrease in the viscosity 

of DNA, stabilization of the right-handed B form of CT-DNA detected  by changes in the 

CD spectrum of CT-DNA were observed for the complex. As an evidence by quenching 

fluorescence intensity of Hoechst-DNA solution in the presence of increasing amounts of 

the copper complex, it is able to displace the Hoechst 33258 groove binder to DNA. 

Finally all results suggest that IC and PBV are able to intercalate into the DNA base pairs 

and  this copper complex is able to interact with DNA via groove binding mode.  

Keywords 

 Indigo Carmine, Patent Blue v, Copper complex, DNA interaction, Groove binding mode, 

intercalation, Food colorant 
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1.1. General 

The field of bioinorganic chemistry, which deals with the study of role of metal 

complexes in biological systems, has opened a new horizon for scientific research in 

coordination compounds. A large number of compounds are important from the biological 

point of view. Some metals are essential for biological functions and are found in enzymes 

and cofactors required for various processes. For example, hemoglobin in red blood cells 

contains an iron porphyrin complex, which is used for oxygen transport and storage in the 

body. Chlorophyll in green plants, which is responsible for photosynthetic process, 

contains a magnesium porphyrin complex. Cobalt is found in the coenzyme B12, which is 

essential for the transfer of alkyl groups from one molecule to another in biological 

systems. 

Metals such as copper, zinc, iron and manganese are incorporated into catalytic 

proteins (the metalloenzymes), which facilitate a multitude of chemical reactions needed 

for life. Some metals have been used as drugs and diagnostic agents to treat a variety of 

diseases and conditions. Platinum compounds, cisplatin (cis-[Pt(NH3)2Cl2]), carboplatin 

and oxaliplatin are among the most widely used cancer therapeutic agents. Gold drugs, 

myocrisin and auranofin are used for the treatment of rheumatoid arthritis. Another 

important aspect of medicinal inorganic chemistry is the development of 

radiopharmaceuticals and diagnostic agents. Many organic compounds used in medicine 

do not have a purely organic mode of action; some are activated or biotransformed by 

metal ions including metalloenzyme, others have a direct or indirect effect on metal ion 

metabolism. The pharmacological activities of these metal compounds depend on the metal 

ion, its ligands and the structure of the compounds. These factors are responsible for 

reaching them at the proper target site in the body. Biologically relevant metal complexes 

have several requirements in terms of their synthetic design. First, a biologically active 

metal complex should have a sufficiently high thermodynamic stability to deliver the metal 

to the active site. The metal-ligand binding should be hydrolytically stable.  
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The kinetics with which the metal ion undergoes ligation or deligation reactions is of great 

importance.The molecular weight of the metal complex is also critical. The compounds of 

low molecular weight with neutral charge and some water solubility are soluble in almost 

any medium and may slip through biological membranes by passive diffusion [1] 

 

1.2. Medicinal chemistry 

Medicinal chemistry involves the study of the interaction of drugs with biological 

systems at the molecular level, and the design and synthesis of such drugs. Medicinal 

chemistry requires intimate knowledge of the metabolism and stability, as well as target 

interactions of the drug [2].Medicinal applications of metals can be traced to almost 5000 

years back but the lack of experience of traditional medicinal chemists and 

pharmacologists in dealing with biologically active metal complexes, poses a substantial 

activation energy barrier to their identifying active metal complexes and shepherding them 

to the clinic. This factor retards the development of metallo-pharmaceuticals. However, it 

provides enterprising transition metal chemists with opportunities to pioneer the 

development of exciting new drugs [3]. 

 

1.3. Medicinal inorganic chemistry 

Inorganic chemistry is playing a role in the biotechnology revolution currently on 

going worldwide. AnorMed and Kinetek pharmaceuticals, in Canada, currently have metal 

complexes in clinical trials. The field of inorganic chemistry in medicine may usefully be 

divided into two main categories-drugs which target metal ions in some form, whether free 

or protein-bound, and secondly, metal-based drugs where the central metal ion is usually 

the key feature of the mechanism of action. Metal-based drugs are a commercially 

important sector of the pharmaceutical business. Applications continue to grow and 

approaches to further clinically useful agents are ever more sophisticated [2]. 

 

1.4. Copper 

It is the 29th element on the Periodic Table, located between nickel and zinc in the 

first row of transition elements. Copper has eleven known isotopes, of which only two, 

65Cu and 63Cu, are present in significant amounts, with natural abundances of 30.91 and 

69.09% respectively, resulting in an atomic weight of 63.546. The ground state electronic 
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configuration of elemental copper is [Ar] 3d104s1 [4]. Common oxidation states of copper 

include the less stable copper(I) state, Cu+; and the more stable copper(II) state, Cu2+, 

which forms blue or blue-green salts and solutions. Under unusual conditions, a +3 state 

and even an extremely rare +4 state can be obtained [4].  

 

1.4.1. Biological applications of copper 

While iron, on account of the solubility of its ferrous form, was widely available in 

the reducing environment of the early Earth, copper, which was present as highly insoluble 

cuprous sulfides, must have been poorly bioavailable [5]. Copper is present in a large 

number of enzymes, many involved in electron transfer, activation of oxygen and other 

small molecules such as oxides of nitrogen, methane and carbon monoxide, superoxide 

dismutation, and even, in some invertebrates, oxygen transport. The routinely encountered 

oxidation states are Cu(I) and Cu(II), and as with iron, the reduced form can catalyse 

Fenton chemistry with hydrogen peroxide. Cu(I) can form complexes with coordination 

numbers 2, 3 or 4, while Cu(II) prefers coordination numbers 4, 5 or 6. Whereas four-

coordinate complexes of Cu(II) are square-planar, the corresponding Cu(I) complexes are 

tetrahedral. Among the divalent elements of the transition series, Cu(II) forms the most 

stable complexes. In terms of the HSAB classification Cu(II) is �hard�, while Cu(I) is �soft� 

underlined by its preference for sulfur ligands. Both forms have fast ligand exchange rates. 

It appears that throughout the living world intracellular concentrations of �free� copper are 

maintained at extremely low levels, most likely because intracellular copper metabolism is 

characterized by the use of copper chaperone proteins to transport copper towards their 

target proteins (cytochrome oxidase, superoxide dismutase (SOD) and the multi-copper 

oxidases, whose copper is inserted in the Golgi apparatus) [5]. The role of trace metallic 

elements, such as Cu in inflammation, is of great interest given their function as co-factors 

in metabolic processes involving articular/connective tissue and the immune system [6] 

and their effect on PG synthesis [7-11].  

 

1.4.2. Copper containing anticancer agents 

During the past decade after the successful achievement of cis-dichlorodiammine 

platinum(ll) (cisplatin), a number of derivatives of thiosemicarbazone, such as 3-ethoxy-2-

oxobutyraldehyde bis(thiosemicarbazone) copper complexes (Cu-KTS), have been found 

to exhibit antitumour activity by binding with DNA . In addition, the copper complexes of 


