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Abstract 

For a long time, researchers have been closely examining how metal complexes interact with DNA in order to create novel 

compounds or medications for use in medicine. Ru (II) complexes have shown an excellent DNA binding results. These 

complexes bind to DNA through intercalative mode. The binding of Ru (II) phenanthroline complex [RuL3]2+ (where L=1, 10-

phenanthroline) with DNA of guava fruit extract have been studied in aqueous medium by means of absorption and emission 

spectral techniques. Using the Benesi-Hildebrand equation, the complex's binding constant (Kb) with the DNA extracted 

from guava fruit was ascertained. The luminophore and the DNA molecule have a hydrophobic ground state interaction. It 

was found to be 9.506x104M-1. The ligands in the complex and the purity of the DNA determine the binding constant's value. 
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Introduction 

Because of their applications in biology, metal complexes are 

believed to be essential in treatment. Among the different 

transition metals, Ru(II) metal coordination complexes are 

considered as possible building blocks to design suitable 

functional materials because of their exceptional photophysical 

and optoelectronic properties, which primarily evolve from their 

metal to ligand charge transfer (MLCT) excited states1–3. The 

study of transition metal complexes' interactions with DNA has 

garnered a lot of attention because of their many applications in 

biotechnology and cancer treatment4–9. A common target 

molecule for anticancer medications is DNA. To learn more 

about how the drug molecule interacts with DNA, metal 

complexes that were bound to DNA were investigated 

Deoxyribonucleic acid is a polymer composed of two 

polynucleotide chains that coil around each other to create a 

double helix. The polymer contains the genetic instructions 

necessary for all known creatures and numerous viruses to 

develop, function, grow, and reproduce. DNA is a lengthy 

polymer composed of nucleotides, which are repeating units.  

DNA has a dynamic structure that can coil into tight loops and 

other configurations along its length. 

 

Interactions with other molecules are one of the many situations 

that might cause damage to DNA molecules.  This damage may 

cause a range of pathogenic changes in live organisms because 

of their potential as novel therapeutic agents and their 

photochemical properties, which make them potential probes of 

DNA structure and conformation10. Ru(II) bathophenanthroline 

disulphonate complexes exhibit potent DNA binding 

capabilities. These complexes bind to DNA using the 

intercalative technique.  This work highlights the interaction of 

Ru complexes with DNA derived from orange pulp extract in 

light of the backdrop. 

 

Materials and Methods 

Materials: The ligand bathophenanthroline disulphonate, which 

was purchased from Sigma Aldrich, was utilized without any 

purification.  By reacting RuCl3.3H2O with the proper ligands, 

the complex was created in accordance with the previously 

reported protocol11. Binding studies were carried out using 

double distilled water. We bought orange, detergent, ethanol, 

sodium chloride, and liquid soap from local supermarkets.  A 

95% concentration of ethanol was used for the DNA isolation. 

 

Synthesis of [Ru(BPDS)3]Cl2 complex: 1g of RuCl3.H2O is 

dissolved in 50mL water and 50 mL ethanol is added. This 

mixture was refluxed in a hot water bath for 4-5 hrs and a blue 

solution is got. 5mL of this solution was transferred into a 

degassed solution of disodium phenanthroline di-yl-4,7-

diphenyl sulphonate (1g) in 20 mL water and is refluxed under 

nitrogen for 12 hrs. The resultant solution was filtered   and 

evaporated to get orange red crystal.  We bought orange, 

detergent, ethanol, sodium chloride, and liquid soap from local 

supermarkets.  A 95% concentration of ethanol was used for the 

DNA isolation. 

 

Extraction of DNA fragments: Chopped orange was used in 

tiny bits.  In a beaker with roughly 20 milliliters of water, two 

table spoons of regular salt were added. There were two 

tablespoons of dish soap added.  The detergent solution, minced 

orange, and table salt were all mashed together.  
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The mixture is then  poured into a fresh beaker.  A tea strainer 

was then used to spin the liquid over a flame before filtering it 

out into a fresh beaker.  Five minutes were used to set it aside. 

Ethanol (10mL) was added ice cold.  After a short time, white 

strands of DNA were visible. Condensing in the ethanol layer, 

the DNA separates out. A glass rod is used to spoole on the 

generated DNA.   

 

Equipments: All the spectral measurements were carried out 

using Systronics-2203 UV-Visible double beam 

spectrophotometer. Emission measurements were done using 

JASCO-FP 8200 spectrofluorometer. All spectral measurements 

were taken at room temperature. 

 

Determination of Binding constants: The [Ru(BPDS)3] 

association constants (Ka
abs) Benesi-Hildebrand technique (1) 

was used to calculate binding of the complexes with DNA 

isolated from orange pulp extract in homogenous medium.  

 
𝟏

∆𝑨
= 

𝟏

𝒂𝒃𝒔𝒂
𝑲 [H]+

𝟏

∆
 [Q]                             (1) 

 

Here: [H] stands for host (sensitizer) concentration, [Q] for 

guest (quencher) concentration, and ⁄A for the change in 

absorbance of [H] upon the addition of [Q]. The molar 

extinction coefficient of the free [H] and [H]-[Q] complexes 

differs. The 1:1 complex formation is supported by the plot of 

1/A values as a function of 1/[Q] values for each of the guest 

molecules that were studied.  The ratio of the Y-intercept to the 

straight line's slope yields the association constant13. 

 

Results and Discussion 

The structure of complex is shown in Figure-1. [Ru(BPDS)3]2+ 

shows an absorption maximum at 445 nm and an emission 

maximum at 600 nm in water. The emission maximum of Ru(II) 

complexes originates from the d-* 3MLCT transition. The 

lowest excited state of [Ru(phen)3]2+ is a triplet metal to ligand 

charge transfer state 3MLCT excited state. The binding takes 

place in the LC and in the MLCT absorption maximum of the 

complex in the ground state. 

 

 
Figure-1: Structure of Ru(BPDS)3]2+ complex. 

 

 
(a)        (b) 

 
Figure-2: Absorption spectrum of (a) [Ru(BPDS)3]2+  complex (b) DNA of Orange pulp extract (c) [Ru(BPDS)3]2+  complex with 

Orange pulp DNA extract. 
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The [Ru(BPDS)3]2+ complex absorption spectrum, with orange 

pulp DNA extract, is displayed in  the Figure-2. It exhibits a 

shoulder peak at 445 nm and in the region at 279 nm there is 

high energy absorption.  
 

 
Figure-3: Emission spectra of [Ru(BPDS)3]2+ with orange pulp 

DNA extract in aqueous media. 

 

 

 
Figure-4: (a) Absorption spectra (b) Emission spectra of 

Ru(BPDS)3]2+ with incremental concentration of orange fruit 

DNA extract in aqueous media. 

 

These data obtained from absorption and emission spectrum 

data are used to calculate the DNA fruit's binding with different 

metal complexes. In order to maintain a total volume of 5 mL 

for the DNA metal complex solution, the concentration of the 

metal complex was maintained constant while the concentration 

of DNA extracted from fruit was changed. Measurements of 

absorption and emission were made for different amounts of 

complex DNA. The change in absorbance was computed for the 

absorption measurements. Using the emission spectrum data, 

the changes in emission intensity was also computed. The 

binding constant for the DNA-metal interaction was calculated 

using these calculations. The Benesi-Hildebrand plot is used for 

this. 

Both the absorption and emission measurements are used to 

display the metal complex's Benesi-Hildebrand plot. The 

binding constants for these plot were calculated by taking the 

ratio of the intercept and the slope. Based on the combined 

absorbance and luminescence intensity released by the metal 

complex in the presence of varying DNA quantities, the 

association constant (Ka) for the production of adducts between 

DNA and photoexcited Ru(II)-complexes was calculated. The 

values of the association constant Ka (M-1) for DNA with 

[Ru(NN)3]2+ complexes in aqueous medium fall between 104 

and 105M-1. 

 

Figure-4 shows the [Ru(BPDS)3]2+ complex's absorption and 

emission maximum in an aqueous medium after orange pulp 

extract DNA(G) is gradually added. The change in the 

absorbance of the DNA with the gradual addition of the 

complex indicates the complex's binding affinity. The complex's 

ground-state interactions with the DNA are either π-stacking or 

hydrophobic. Based on the Benesi-Hildebrand plot, the Kb of 

the [Ru(BPDS)3]2+ complex with the isolated orange pulp DNA 

is 5.33x104 M-1 at the LC area and 9.506x104 M-1 at the MLCT 

region, respectively. The outcome shows that the MLCT region 

of the DNA binds more firmly than the LC region. 

 

 
(a) 

 
(b) 

Figure-5: The Benesi – Hildebrand plot from the (a) emission 

spectral data (b) absorption spectral data of [Ru(BPDS)3]2+ with 

orange pulp DNA extract in aqueous media. 
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Hydrophobic or stacking interactions characterise the ground 

state interaction between isolated DNA and the 

bathophenanthroline disulphonate rings of the luminophore. The 

interaction between stacking and binding makes binding 

stronger. The results reveal that the complex binds with the 

orange pulp DNA strongly. The binding of the complex depends 

on the ligands present in the complex as well as the purity of the 

DNA. The complex interacts with the DNA both by electrostatic 

as well as intercalative mode of binding. This type of binding 

leads to the breakage of the DNA double helical structure. The 

hydrogen bonding formation between the DNA base pairs and 

also the Van der Waals interactions between the complex and 

the base pairs of the DNA leads to strong binding14-18. The result 

interprets the strong binding of the complex with the DNA 

isolated from orange pulp extract.  

 

Conclusion 

The binding of [Ru(BPDS)3]2+ complex with the DNA  

extracted from orange pulp    has been investigated using both 

absorption and emission spectral techniques. It has been 

investigated how the DNA extract bind to the Ruthenium (II) 

complexes. The evaluation of binding constants were described 

in detail. According to our current research, the DNA extract 

has a strong affinity for [Ru(BPDS)3]2+ complex. It has the 

highest binding constant with the value of 9.506×104. This 

higher binding constant shows good interaction, which is crucial 

as it suggests that the complexes can effectively bind to DNA, 

which is a key factor in their potential therapeutic applications. 
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