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Abstract 

Utilising absorption and emission spectrum techniques, it has been determined how the” Ru(II) 
polypyridyl complex [RuL3]2+ (where L=bpy, dmbpy)” binds to onion DNA in an aqueous solution. The 
range between 445 and 460 nm is where both compounds' MLCT absorption maxima are located. The 
Benesi-Hildebrand equation is used to compute the binding constant (Kb) for various activities using 
data from absorption intensity and emission research. At the ground state, a hydrophobic interaction 
occurs between the DNA molecule and luminophore. These complexes use intercalative mode to 
attach to DNA. The Kb value relies on the DNA's makeup as well as the ligand used. 

Keywords: DNA, electrostatic interaction, binding constant, metal complex. 

Introduction 

DNA is the basic unit of genetic information in living things and is necessary for cells to operate 
properly. It has been shown that metals like ruthenium interact with DNA and change its structure, 
which may have a significant influence on biological functions. Due to their high selectivity and 
potency, ruthenium (II) polypyridyl complexes have received a lot of attention for their potential as 
DNA-targeting medications. But it is still unclear how they interact with DNA and what processes 
underlie such connections. This study looks on the possibility of onion DNA binding to ruthenium (II) 
polypyridyl complexes and the variables influencing this interaction. 

Due to their high selectivity and potency, ruthenium (II) polypyridyl complexes have received a lot of 
attention for their potential as DNA-targeting medications. These complexes generally have two or 
more polypyridyl ligands bound to a ruthenium ion in the +2 oxidation state. The polypyridyl ligands 
provide a very stiff and stable structure that may interact with DNA through electrostatic 
interactions, intercalation, or groove binding (Kelland, 2007). The process of metal ion binding to 
DNA can occur via different modes, including electrostatic attraction between the positively charged 
metal ion and the negatively charged DNA backbone, as well as intercalation and groove binding 
modes where the ligand is inserted between the base pairs of DNA. The polypyridyl complex may 
interact with DNA to cause DNA damage, block DNA replication, and eventually cause cell death. 
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Materials and methods 

The ligands 2, 2’ bipyridine and 4,4'- dimethyl-2,2' -bipyridine were purchased from Sigma without 
being purified. Aldrich. The two [Ru(NN)3]2+ complexes [where NN=2,2' bipyridine (bpy), 4,4' - 
dimethyl-2, 2' bipyridine (dmbpy)] were produced in accordance with the previously disclosed 
process by reacting RuCl3.3H2O with the suitable ligands. Binding assays were carried out using 
water that had been doubly distilled. Onion powder, salt, ethanol, detergent, and liquid soap could be 
found at nearby shops. Ethanol was used for the DNA isolation at a 95% concentration. 

Synthesis of Ru(II)-polypyridine complexes:  

Ru(II) ions must normally be coordinated to two or more polypyridine ligands in order to create 
Ru(II)-polypyridine complexes. These complexes may be made in a variety of ways, but one process 
that is often used includes reacting ruthenium(III) precursor compounds with polypyridine ligands in 
the presence of reducing agents. The creation of stable Ru(II)-polypyridine complexes is made 
possible by the reduction of ruthenium(III) ions to ruthenium(II) ions. 

A typical method for creating a Ru(II)-polypyridine complex is as follows: 

Various techniques may be used to synthesise the polypyridine ligand, depending on the desired 
structure and functionality. One such technique includes the formation of a bipyridine or 
phenanthroline ligand by the interaction of a pyridine derivative with a halogenated pyridine 
derivative in the presence of a base. 

How to make ruthenium(III) precursor compounds: Ruthenium(III) precursor compounds may be 
made by reacting a suitable ligand with a ruthenium salt, such ruthenium chloride, in the presence of 
a base. Normally, a complex with a coordination number of six is formed as a consequence of this 
reaction. This complex may then be further broken down into one with a coordination number of 
four. 

Coordination of the polypyridine ligand to the ruthenium ion: The ruthenium(III) precursor solution 
is then added, and the mixture is agitated while being stirred in an inert environment. The 
ruthenium(III) ion is then reduced to a ruthenium(II) ion by the addition of a reducing agent, such as 
zinc or sodium borohydride, so that it can coordinate with the polypyridine ligand.  

The reaction typically occurs at room temperature or slightly higher. 

The resultant complex may be purified using a variety of techniques, including column 
chromatography and recrystallization. 

Overall, to assure the development of a stable and well defined complex, the reaction conditions for 
the synthesis of Ru(II)-polypyridine complexes must be carefully controlled. Due to their excellent 
selectivity and efficacy, the resultant complexes have been thoroughly investigated for their potential 
as DNA-targeting medications. 
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Extraction of DNA fragments from onion:  

Onions were cut into small pieces. About 20 mL of water were used in the beaker. About 1.5 
tablespoons of salt are added to the water, which is then thoroughly stirred to dissolve the salt. Two 
tablespoons of dish soap should be included. Onion mince, detergent solution, and table salt were 
mixed. The mixed mixture is then poured into a fresh beaker. The heated concoction was then whirled 
over a flame with the help of a tea strainer, and filtered out into a fresh beaker. The ethanol was kept 
in a petri plate. The filtered solution was pipette out, and drops of it were added to the petri plate. 
After a time, DNA pieces were visible. After a time, DNA pieces were visible. DNA is not made soluble 
by alcohol. When ethanol is added, all of the mixture's elements, except DNA, stay dissolved. In the 
ethanol layer, the DNA separates and condenses (Figure 1). The produced DNA is spooled onto a glass 
rod. The isolated DNA, which resembled white mucus, was used for the binding experiments. 

 

Figure 1 shows the DNA structure created from onions. 

The Findings and Discussion 

Measurements of the absorption spectrum were made using the SYSTRONICS 2203 Double Beam 
Spectrophotometer. Emission studies were recorded using a JASCO/FP 8200 Spectrofluorometer. The 
[Ru(NN)3]2+ concentration was established at 2x10-5M, whereas the DNA concentration varied from 
4x10-6 to 2.8x10-7M. The same sample solutions were used for the emission and absorption tests. All 
sample solutions for the emission studies were kept in cold water to ensure that the volumes did not 
change. All tests were performed at room temperature. Figure 2 shows the two Ruthenium 
polypyridyl complexes' structures. 
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Figure-2: Structure of the Ruthenium polypy 

 

                                     (a)                                                  (b)                                           (c) 

Figure 3 displays the absorption spectra of (a) [Ru(bpy)3]2+, (b) [Ru(dmbpy)3]2+ complexes, 
and (c) DNA in an aqueous medium. 

 

                                                         A                                                                                B 

Figure 4 displays the emission maximum of (a) Ruthenium polypyridyl complexes and (b) DNA 
in an aqueous medium. 
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Figure 3 displays the absorption spectra for [Ru(NN)3]2+ complexes, with [Ru(bpy)3]2+ being the 
most researched due to its photophysical and excited state properties. This complex has a maximum 
absorption of 453 nm and emission at 596 nm, as seen in Figure 4. Onion DNA has a maximum 
absorption at 263 nm, resulting in an emission maximum of 509 nm. The DNA concentration was 
determined using the absorbance ratio A260/A280, which was between 1.80-1.90, and the molarities 
were calculated using the equation DNA = 6600mol-1 cm-1 L. Table 1 shows the photophysical 
characteristics. 

Table 1 presents the spectral properties of Ruthenium polypyridyl complexes and DNA in an 
aqueous medium. 

 

Electronic absorption spectroscopy is a crucial method for investigating the interactions between 
metal complexes and DNA. By measuring the absorption and emission spectra of various metal 
complexes with DNA at varying concentrations, researchers can determine the extent of DNA binding. 
To conduct this experiment, the metal complex concentration is held constant while the DNA 
concentration is varied, and the volume of the solution is kept constant at 5 mL. The absorbance 
change and change in emission intensity are calculated from the data. The Benesi-Hildebrand plot is 
used to determine the binding constant for the DNA-metal interaction, allowing for the quantitative 
computation of the binding constant K and the stoichiometry of non-bonding interactions. 

The Benesi-Hildebrand method is commonly used for chemical equilibria that produce one-to-one 
complexes such as charge-transfer complexes and guest-host molecule complexation. The method's 
theoretical basis is that the electronic absorption spectra of one of the reactants are transparent in 
the overall absorption/emission range of the reactant system when either one of the reactants is 
present in excess amounts over the other reactant. This method enables the determination of the 
association constant of the reaction by comparing the reaction's absorption spectra before and after 
the creation of the product and its equilibrium. 

In the case of complexes containing [Ru(NN)3]2+ and DNA, the Benesi-Hildebrand equation is used to 
calculate the binding constant (Kb) using the absorption intensity ratio. This approach is useful for 
evaluating the DNA-binding ability of metal complexes and determining the potential of these 
complexes as therapeutic agents. The findings from this research have the potential to assist in 
creating and advancing metal-containing medications that can selectively target DNA and be utilized 
to cure various ailments. 
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Where A stands for the difference in complex absorbance at different DNA quantity levels ([Q]). The 
concentration of the luminophore is [H]. the proportion of the y-intercept to the 

The slope of the straight line may be calculated from the plot of 1/A of versus 1 / ([Q])  12 to find -Kb. 
The Benesi-Hildebrand plot for the metal DNA complex is shown using both the adsorption and 
emission data. 

 

 
Figure 5 shows the Benesi-Hildebrand plots for the binding of [Ru(dmbpy)3]2+ with 

increasing amounts of Onion DNA in an aqueous medium. 

 

Table 2 displays the binding constant Kb (M-1) for [Ru(NN)3]2+ complexes with DNA in an 
aqueous environment. 
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When onion DNA is added to the Ru-polypyridine complexes, a red shift occurs indicating stronger 
binding. The binding between the luminophore and DNA is through hydrophobic or stacking 
interactions. The hydrophobicity of the ligands affects the binding constant (Kb) value, which 
increases as hydrophobicity increases. The purity of DNA and ligands also affects Kb. The Kb values 
for [Ru(bpy)3]2+ and [Ru(dmbpy)3]2+ complexes with onion DNA are 2.584 x 103 and 3.236 x 103 
M-1, respectively. The Kb values at the MLCT region are higher than the LC region, indicating stronger 
binding in the MLCT region. Onion DNA binds more effectively to [Ru(dmbpy)3]2+ than 
[Ru(bpy)3]2+. This interaction offers a potential way to treat cancer cells due to the antitumor 
properties of onions. 

Conclusion 

The interaction of Ruthenium polypyridyl complexes with DNA purified from onions has been studied 
using absorption and emission spectrum techniques. The Kb values for the [Ru(bpy)3] 2+ and 
[Ru(dmbpy)3] 2+ complexes with onion DNA are 2.584 x 103 M-1 and 3.236 x 103 M-1, respectively. 
Both electrostatic and intercalative ways of onion DNA binding are shown by the provided data. 
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