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  Abstract:  

The coordination behaviour of Cobalt (II) complex of N methylbenzylamine, CoCl2(Nmba)2(H2O)2 is reported. The structure 

and bonding of the metal complex has been deduced by analytical and spectral studies. Based on the above studies, the metal centre 

was found to be octahedral for Co(II) complex. The activation thermodynamic properties were calculated using the Coats–Redfern 

method. Thermal decomposition processes of complex are non-spontaneous; that is, the complex is thermally stable. The positive 

value of Gibbs free energy of decomposition (ΔG*) is non-spontaneous process. DNA binding properties of the metal complex, 

investigated using UV–visible absorption, fluorescence and viscosity measurement studies, unveiled a groove binding mode for the 

complex, with intrinsic binding constants (Kb) and Stern-Volmer quenching constant (Ksq) supporting its  strong binding 

capabilities. Nuclease activity against pBR322 was assessed through gel electrophoresis. Additionally, docking studies using 

Autodock-4.2 software provided insights into their binding affinities. Biological studies revealed antimicrobial and cytotoxic 

activities of the complex.. Geometry optimization studies were performed. Molecular orbital calculations of the binary metal 

complex was computed by using accurate parametric model PM3 method. 

  

Key words: DNA binding, Antimicrobial and Docking studies. 

  

1. Introduction 

In recent decades, there has been considerable interest in studying transition metal complexes with various amine ligands, 

particularly for their potential use in anticancer therapies targeting solid tumors. Research has shown that organic compounds with 

aromatic rings and amine side arms can intercalate with DNA. Additionally, further studies have revealed that metal coordination 

enhances DNA binding activity through metal-DNA base pair interactions [1]. 

Although several anticancer drugs have successfully treated certain cancer types, their effectiveness against solid tumors, such 

as breast cancer, has been limited. This limitation has led to an escalating demand for more potent treatments [2,3]. Consequently, 

cancer chemotherapy focusing on solid tumours has become a pivotal research area, necessitating the development of effective 

drugs. In this context, the selection of benzylamine derivatives as ligands for synthesizing Pt(IV) complexes and subsequently 

screening them for anticancer activity against the MCF-7 cell line represents a concerted effort to create efficient anticancer agents 

capable of reducing cytotoxicity[4]. Additionally, platinum complexes with benzylamine derivatives as ligands are utilized for their 

catalytic and biological applications.  

Benzylamine-containing compounds have been investigated as potential therapeutic agents for a variety of ailments, including 

tuberculosis (TB) [5]. Research into their medicinal properties has explored their potential as antifungal and antibacterial 

treatments[6], and also best suited for anticancer[7] and anti-diabetic therapies[8]. Additionally, several benzylamine-containing drugs 

have already been approved for medical use. For instance, Pargyline is used to treat hypertension, and Butenafine serves as a topical 

antifungal medication. Based on the proven biological activities of benzylamine-containing compounds, here, we present our work 

on synthesis and characterisation of  Co(II) complex of  N-methyl benzylamine ligand  followed by DNA interaction, molecular 

docking, anticancer, antimicrobial and thermal studies. 

 

2. Procedure 

2.1 Materials and methods: 

All used reagent solutions and chemicals are of Analar grade (> 99.0%) and were bought from Merck,Sigma-Aldrich (Mumbai) 

India. Tumor cell lines(Hela,A549) were selected from NCCS Pune and the culture media RPMI1640 and DMEM from Sigma-

Aldrich (Germany), Methyl thiazolyl diphenyl tetrazolium bromide (MTT) is from Sisco laboratory,  Mumbai India.  Calf Thymus-

DNA was procured from Fluka stored at >200C. 2400 CHNS analyser (PERKIN-ELMER) was used for elemental analysis to know 

http://www.jetir.org/


© 2024 JETIR July 2024, Volume 11, Issue 7                                                                     www.jetir.org (ISSN-2349-5162)  

JETIR2407055 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a599 

 

their percentage in complex. Melting point(m.p) apparatus was used for determining the melting point(m.p) of the metal complex 

using open glass capillaries uncorrected. FT- IR spectra were achieved within 4000-400cm-1 range using potassium bromide (KBr) 

phase on IR (PERKIN-ELMER) spectrometer. Mass spectral studies were studied on Shimadzu Japan LCMS (2010) spectrometer. 

Digisun conductivity meter (Model -909) was used for obtaining conductance of the metal complex. DNA binding assay was carried 

out on UV(Shimadzu 160 A) absorption double beam spectrophotometer and FLUROMAX spectrofluorometer FP-8500 equipped 

with a xenon lamp using 1 cm path length rectangular quartz cuvette at 25 ⁰C for recording fluorescence emissions. Faraday Gouy’s 

balance CAHN -7600 using Hg [Co (NCS)4] as calibrant employed in studying Magnetic susceptibility moment(µ) of the  complex. 

XRD powder studies were carried out in between 50 to 800 (2𝜃) using  Rigaku Miniflex X-ray Diffractometer. Molecular modelling 

and energy optimization studies were done by using Chem3d pro software. Molecular Docking patterns of complexes were studied 

with Autodock-4.2 software and outcomes were visualized and analyzed using Biovia Discovery Studio Visualizer software.  

 

2.2 Synthesis of the metal complex: 

The metal complex was synthesized by the addition of methanolic (10ml) solution of N-methylbenzylamine ligand (10mmol, 

0.12ml) drop wise to 10ml methanolic solution of the metal (II) salt [10mmol, 0.24gm of CoCl2.6H2O]. The contents were refluxed 

for 5-6 hrs on oil bath at about 70-800 C and the coloured precipitate separated out. The metal complex was filtered and washed 

using different solvents like ethanol, n-hexane, diethyl ether and double distilled water and left to dry overnight in vacuum. [9, 10, 

11]The scheme for the synthesis of metal complex is given in Figure-1. 

 

2.3 DNA binding studies: 

UV-Vis absorption titrations were used to carry out DNA binding studies for the metal complexes, with fixed compound 

concentration (10 µM) while varying the CT-DNA concentration (0 - 100µM). Water was used as the first solvent for dissolving 

the metal complexes to get a compound stock solution. While measuring the absorption, small steady additions of CT-DNA were 

added to both the compound solution and the reference solution to remove the absorbance of CT-DNA itself and before absorption 

spectra was recorded the resulting compound solution was incubated for 5 minutes  Upon data obtained, the binding constants (Kb) 

for all compounds were calculated using the following equation 

“ [DNA]/(ɛa-ɛf) =[DNA]/(ɛb-ɛf) +1/Kb(ɛb-ɛf)” 

 

where [DNA]= deoxy ribonucleic acid concentration , ɛb=extinction coefficient for fully bound metal complex, ɛa= apparent 

extinction coefficient (= Aobsd/[complex]) and ɛf = extinction coefficient of free metal ion complex.  Kb values were derived on 

substituting experimental data in the above equation. A plot of “[DNA]/ (ɛa -ɛf)) vs [DNA]” gives a slope “1/(ɛa -ɛf)” and intercept 

“1/Kb (ɛa -ɛf)”. Kb was calculated from the ratio of slope and intercept. 

The fluorescence ethidium bromide (EthBr) displacement titrations were performed on spectrophotofluorometer in Tris-Hcl(pH 

7.2) buffer with a fixed concentration of ethidium bromide (EthBr) of 40μM.  The fluorescence spectra of EthBr-DNA complex 

was studied in the visible range between 525-750nm and the excitation wavelength fixed at 520nm.  Quenching constant (Ksv) for 

determining the binding strength of the ligand and the derived complexes with calf thymus (CT-DNA) was obtained from the 

straight line slopes of  Stern- Volmer equation:  

“I0/I = I+Ksv[r]” 

 

Where I0, I= emission intensity of EthBr-DNA in the absence   and presence of quencher, Ksv = Stern -Volmer quenching 

constant, [r] = quencher (complex) concentration [12]. 

Viscosity assay using Ostwald’s capillary viscometer maintained at 30±0.10 C was carried out, as optical photo physical 

techniques might not provide complete evidence for DNA binding. The CT-DNA concentration was 20μM and the concentration 

of the test compound varied from 0 to 100μM.  Digital stopwatch was used to record mean flow time [13].  The recorded values were 

represented as (η/η0)1/3 vs [complex]/[DNA], where η and η0 are the viscosities of CT-DNA solution with and without the complex 

present respectively. The data of viscosity was procured from the flow rate of CT-DNA compromising solutions (t) corrected from 

the flow rate of buffer alone (t0).   Equations “η = (t1 – t0)/ t0 and η0 =(t – t0 )/ t0” were used to determine 𝜂 and η0 where t0  =  rate of 

flow of buffer alone, t =  rate of  flow of CT-DNA alone and t1 =  rate of flow of CT-DNA with the complex. 

 

2.4 Gel electrophoresis studies 

By using the agarose gel electrophoresis method, the metal complexes capacity to cleave DNA through photolytic investigations 

was calculated. In this test, metal complexes were applied to supercoiled pBR322 DNA at several quantities, and then the DNA 

was diluted with TrisHCl buffer at pH 7.2.The pre-treatment DNA-sample system was mixed with bromophenol blue (2 L) and 

then incubated for a further two hours at 37oC. The samples were then loaded onto the wells of a 1% agarose gel that was set in a 

tray containing TAE buffer (pH 8.0) and electrophoresed for 45 minutes at 70 V. Before electrophoresis, the gel was treated with 

ethidium bromide. With the use of a BIO-RAD Gel documentation system, bands were seen under an ultraviolet (UV) trans 

illuminator and the gel that resulted was photographed (Aveli, 2021). 

 

2.5 Biological assay 

2.5.1 In vitro cytotoxicity and MTT studies: 

MTT Assay is a colorimetric assay that measures the reduction of yellow 3-(4,5-dimethythiazol- 2-yl)-2,5-diphenyl tetrazolium 

bromide (MTT) by mitochondrial succinate dehydrogenase. The assay depends both on the number of cells present and, on the 

assumption, that dead cells or their products do not reduce tetrazolium. The MTT enters the cells and passes into the mitochondria 

where it is reduced to an insoluble, dark purple coloured formazan crystals. The cells are then solubilized with a DMSO and the 

released, solubilized formazan reagent is measured spectrophotometrically at 570 nm Cell viability was evaluated by the MTT 

Assay with three independent experiments with six concentrations of compounds in triplicates. Cells were trypsinized and 

performed the tryphan blue assay to know viable cells in cell suspension. Cells were counted by haemocytometer and seeded at 

density of 5.0 X 103 cells / well in 100 μl media in 96 well plate culture medium and incubated overnight at 370C. After incubation, 
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taken off the old media and added fresh media 100 μl with different concentrations of test extract in represented wells in 96 plates. 

After 48 hrs., Discarded the extract solution and add the fresh media with MTT solution (0.5 mg / Ml-1) was added to each well 

and plates were incubated at 370C for 3 hrs. At the end of incubation time, precipitates are formed as a result of the reduction of the 

MTT salt to chromophore formazan crystals by the cells with metabolically active mitochondria. The optical density of solubilized 

crystals in DMSO was measured at 570 nm on a micro plate reader. The percentage growth inhibition was calculated using the 

following formula.  

% Inhibition = 100(Control − Treatment)/Control 
 

The IC50 value was determined by using linear regression equation i.e. y =mx+c. Here, y= 50, m and c values were derived 

from the viability graph. 

 

 

2.5.2 In vitro Anti-microbial activity: 

Bactericidal activity of the complexes synthesized was planned on two gram-negative bacterial strains (Klebsiella and 

Pseudomonas), two gram-positive bacterial strains (Staphylococcus and Bacillus)and two Fungal strains (Candida and Aspergillus). 

The antibacterial assay was carried out by performing pour plate method in which 1% of active bacterial cultures were mixed into 

autoclaved agar media just before solidifying temperature and poured into the plates. After the plates were solidified, wells were 

made using sterile well borer and samples were loaded 100µl each into the wells respectively. Plates were incubated at 37 °C for 

18-24 hours in a bacterial incubator. The antifungal assay was performed by using Candida and Aspergillus. Potato dextrose agar 

and Yeast Extract Peptone agar media were prepared and autoclaved. Just before pouring into the plates, antibiotic 

(Streptomycin/Chloramphenicol) was added into media to avoid bacterial contamination. The plates were allowed to solidify and 

5mm wells were made using sterile well borer based on number of samples. The wells were loaded with 100µl of samples each. 

The plates were incubated at 25°C for 96 hours and results were noted[14]. 

 2.3 Docking studies 

Docking studies were conducted on synthesised metal-based complex using Autodock-4.2 software. Docking was carried out 

on crystal structure of Human DNA topoisomerase I (PDB_ID 1T8I), obtained from the Protein Data Bank. Molecular docking 

was performed with a 3D grid box (size: 50 x 66 x 50) centred at coordinates (x=22.45, y=-1.46, z=28.103). During the docking 

process, the default genetic algorithm was employed to generate 10 conformations for each ligand. Ligand and protein preparation 

were carried out using MGL tools-1.5.6, and the final docking was executed in Autodock-4.2 software.  

The outcomes were visualized and analysed using Biovia Discovery Studio Visualizer software, facilitating a comprehensive 

understanding of the interactions between the ligands and the target protein. This approach enabled the exploration of potential 

binding modes and affinities of the synthesised metal complex towards Human DNA topoisomerase I, offering valuable insights 

into their potential as therapeutic agents. 

 

3. Results and Discussions: 

The synthesis of complex yielded satisfactory results with good yield, and is water soluble. Detailed physical parameters and 

elemental analyses of the complex are provided in Table 1. The composition of the complex was confirmed to be of the Co(Nmba)2 

type, as illustrated in Figure 1 below. 

 

Table 1: Physical and Analytical data of the binary metal complex 

 

Complex with 

Emp. Formula 

Colour 

 

 

Yield 

(%) 

Melting 

Point 

(°C) 

Molecular 

mass 

ΛM(Ω-1 cm2 

mol-1)×10-3
 

Micro analysis 

(Calculated) 

 

M 

 

 

C 

 

 

H 

 

N 

 

[CoCl2(Nmba)2(H2O)2] 

 

 

Brown 

 

75 

 

>300 

 

407 

 

2.2 

13.89 

(14.09) 

47.02 

(47.07) 

 

6.34 

(6.42) 

6.81 

(6.86) 
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FIGURE 1: Synthesis scheme of the binary metal complex 

 

3.1 Spectral characterization: 

Molar conductance studies were undertaken to distinguish the electrolytic or non-electrolytic nature of the complex. [15] Findings 

revealed non electrolytic nature of the binary metal complex, with minimal conductance value of 2.2 Ω-1 cm2 mol-1 ×10-3, indicating 

the presence of chloride ions within the coordination sphere. 

Thermogravimetric analysis (TGA) and differential thermal analysis (DTA) curves for the binary complex is presented in 

Figure 2. TGA analysis of the complex exhibited a mass change of 8.84% indicative of the loss of two coordinated water molecule 

around 120-160°C. [16] The DTA curves for binary complex revealed endothermic peaks at about 110-120°C. In general, the 

complex displayed stability up to 350°C. 

 

 
 

FIGURE 2: TGA and DTA spectra of binary metal complex 

 

The IR vibrational stretching bands of the complex exhibit significant shifts compared to those of the ligand, indicating 

coordination. Coordination of N-methylbenzylamine by the nitrogen atom in the complex is demonstrated by the characteristic 

absorptions of the –NHCH3 group, which appear around 3200-3400 cm-1 (𝜗NH), 2923 cm-1 (𝜗asyCH3 ).[17]  In addition, the 

absorption band at 1303 cm-1 due to δNH + δCH3 mode in the free ligand, exhibits a shift to lower frequency of 1216 cm-1 supporting 

coordination.[18]  Intensive bands at 723 cm-1 in complex, indicate the presence of mono-substituted phenyl rings through out-of-

plane C-H bending vibrational modes. Medium intensity bands around 330-482 cm-1   indicate the presence of ν (M-N) and ν(M-

Cl) vibrations.[18,19]  This suggests that both N-methylbenzylamine ligands coordinate to the metal ion through nitrogen donor 

atoms. The IR stretching frequencies of the synthesized binary complex is displayed in Table 2 and Figure 3. 
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Table 2: Tabulated IR frequencies of the synthesized binary complex 

 

Compound 
υ(NH) 

cm-1 

υ(CH3) 

cm-1 

υ(C=C)(phenyl) 

cm-1 

υ(C-N) 

cm-1 

Mono 

substituted 

Phenyl 

cm-1 

υ(M-N) 

cm-1 

υ(M- Cl) 

cm-1 

[CoCl2(Nmba)2(H2O)2] 
3318 

3360 
2923 1505 1216 723 482 330 

 

 
 

Figure 3: IR spectrum of Co(II) complex 

 

The LC-MS spectra, obtained at room temperature, displayed peak at m/z 407 for the metal complex and displayed in Figure 

4. Analysis of the mass spectrum confirmed the correctness of the proposed molecular formula. 

 
Figure 4: LCMS spectra of binary metal complex 

 

The magnetic moment value of 2.94 BM for the metal complex is in good agreement with the expected values in octahedral 

geometry. 

The electronic transition bands at 15,220 cm-1(ν1), 18,726 cm-1(ν2) and 26,041 cm-1(ν3) in the cobalt complex indicate “
4

T1g 

(F)→
4

T2g(F) (ν1), 
4

T1g (F)→
4

A2g(F) (ν2) and 
4

T1g (F)→
4

T1g(P) (ν3)” transitions respectively in a octahedral geometry. The magnetic 

susceptibility value of 2.94 BM also supports this. [20] The presence of low transition band at 28,571 and 31,847 cm-1 suggests CT 

transitions in the complex. The ratio of ν2 to ν1 is 1.23 is shown in Table-3, close to the octahedral structure, confirms its geometry.  

The ligand field parameter (Dq), Nephelauxetic ratio represented as β and Racah parameter B are calculated using Kong's 

equations. For the metal complex, the Racah parameter (B) is 312 cm⁻¹, which is lower than that of the free ion value, indicating 
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an overlap of metal-ligand orbitals and suggests the presence of covalent bonding. [21] Similarly, the Nephelauxetic ratio (β) range 

is 0.32, further indicating a covalent character. Electronic spectra of the synthesized complex is shown in Figure 5. 

Table 3: Magnetic and UV-Vis spectral data of binary metal complex 

 

 
 

Figure 5: Electronic spectra of binary metal complex 

 

The powder XRD patterns, crucial for the structural characterization of  the metal complex, was examined within the 2θ range 

of 50 to 800. [22] These spectra exhibit distinct crystalline patterns, each with differing degrees of crystallinity, as illustrated in 

Figure 6. 

 

 

 
Figure 6: Powder XRD spectra of binary metal complex 

Compound 

Mag. 

moment 
Absorption Band 

ʋ2 / ʋ1 ʋ3/ ʋ1 

Dq, 

β 

B Proposed 

μeff cm-1 Assignment cm-1 cm-1 Geometry 

(B.M)      

  15,220 
4

T1g (F)→
4

T2g(F) (ν1)       

CoCl2(Nmba)2(H2O)2 2.94 18,726 
4

T1g (F)→
4

A2g(F) (ν2) 1.23 1.71 350 0.32 312 Octahedral 

  26,041 
4

T1g (F)→
4

T1g(P)(ν3) 
      

  28,571 Charge transfer band       

  31,847 Charge transfer band       
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3.2 Geometry optimization structures of metal complexes: 

 

The geometry optimization of the synthesized complex was conducted using Chem3D Pro Ultra software, focusing on bond 

lengths and bond angles, as outlined and elaborated upon in Table 4. The observed changes in planarity in the optimized structures 

of the complex is attributed to ligand coordination with the metal centre. Figure 7 illustrates the HOMO-LUMO orbitals for metal 

complex. Various parameters, including the HOMO-LUMO energy gap (∆E), S, global softness, absolute hardness represented as 

η, ∆Nmax (additional electronic charge),  chemical potential (μ), global electrophilicity represented as ω, χ (absolute 

electronegativity) and absolute softness (σ) were calculated and are provided in Table 4. [23] ∆E   indicates kinetic stability or 

chemical reactivity. For the binary metal complex, the value of ∆E is 2.635 eV. Furthermore, the electrophilicity value of the metal 

complex surpasses that of the free ligand, suggesting increased reactivity. It can be emphasised that cobalt complex is highly 

polarizable, exhibiting less kinetic stability and high reactivity, classifying it as a "soft" molecule. 

 
 

FIGURE 7: HOMO – LUMO orbitals of the binary metal complex 

 

Table 4: Calculated quantum parameters of the complex 

COMPLEX HOMO LUMO ∆E χ σ μ s ω ΔNmax η 

[CoCl2(Nmba)2(H2O)2] -8.94 -6.305 2.635 7.622 0.75901 -7.622 0.37951 22.0503 5.7856 1.3175 

 

 

3.3 Kinetic parameters: 

The change in the activation energy (∆E), change in entropy represented as ∆S, change in enthalpy as ∆H  and Gibbs free energy 

change ∆G of the complexes were determined to elucidate their decay process. These thermodynamic parameters were determined 

using the Coats-Redfern (CR) relation, and the calculated values are presented in Table 5 (Figure 8). [24] A high activation energy 

value indicates higher thermal stability of the complex. The reaction is non spontaneous, as indicated by positive ΔG and negative 

∆S reading indicates more ordered activated complex than reactants. Based on the ∆H values, reactions can be described as 

endothermic (∆H > 0) or exothermic (∆H < 0). They can also be categorized as endergonic or exergonic depending on free energy 

changes. [25, 26]A best fit with a linear function is indicated by the correlation coefficients, which range is 0.9958, derived from the 

Arrhenius plots of the title compounds.  Hence, it can be suggested that synthesised binary metal complex exhibit thermal stability, 

non-spontaneous behaviour, and are endothermic in nature. 
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FIGURE 8: Plots of ln[g(α)/T2] vs 1/T of complex for different Coats-Redfern models 

 

 

 

Table 5: Kinetic parameters using Coats-Redfern (CR) relation for binary metal complex 

 

 

 3.4. DNA interaction studies 

 

 3.4.1   Absorption studies: 

 Electronic absorption titration is a valuable technique for studying DNA binding, as it provides insights into changes in intensity 

and spectral shifts of charge transfer bands as DNA concentration varies. Synthesised binary metal complex exhibits 

hyperchromism with a slight redshift in the presence of DNA (Figure 9). This complex likely interacts with double-stranded DNA 

through diverse modes dictated by its structure, charge and ligand composition. Hydrogen bonding sites are available in both minor 

and major grooves of the DNA double helix.  The NH groups of the binary complex may probably bind to nitrogen of adenine or 

oxygen of thymine in DNA through hydrogen bond, thereby contributing to the observed hyperchromism in the recorded absorption 

spectra. [27] Additionally, the hyper chromic effect might result from an electrostatic interaction between the positively charged 

complex and the negatively charged phosphate backbone located on the outer edge of the DNA double helix. [28] The binding 

constant (Kb) for complex, determined as 3.3x105 M⁻¹, indicates its significant binding affinity towards CT-DNA. The intrinsic 

binding constant (Kb) is affected by factors like the planarity of the complex, the presence of electron-donating or electron-

withdrawing groups on the ligand, and additional hydrogen bonding. The observed binding constants are consistent with groove 

binding, as documented in the literature. [29-31] consequently, our findings suggest that the synthesized complexes likely engage in 

DNA binding via groove binding. [32] 

 

Complex 

 

 

Stage 

 

Parameters 

E 

(J mole-1) 

A 

(S-1) 

ΔS 

(J mole-1 K-1) 

ΔH 

(J mole-1) 

ΔG R2 

 

[CoCl2(Nmba)2(H2O)2] 

 

I 

 

2.27x104 

 

1.95x107 

 

-1.09x102 

 

1.84x104 

 

7.52x104 

 

0.9958 
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FIGURE 9: UV-Vis spectra of complex [10μΜ] on addition of CT-DNA[10-100μΜ]. Arrow(↑) depictsabsorbance upon adding 

increasing concentration of CT-DNA.Inset:[DNA]/(εa – εf )vs [DNA]. 

 

3.4.2 Fluorescence emission studies: 

Fluorescence quenching experiments were carried out to assess the DNA binding ability of the complex compared to ethidium 

bromide (EB). It is well established that free ethidium bromide shows diminished emission intensity in a Tris-HCl buffer due to 

solvent quenching. In contrast, EB exhibits strong fluorescence when intercalated between base pairs of DNA, while this process 

can be reversed by the introduction of competing agents. Figure 10 illustrates the quenching curves for DNA bound ethidium 

bromide, both with and without the complex. A significant decrease in emission intensity has been observed on addition of the 

complex to DNA bound EB indicating their interaction with CT-DNA through groove binding. [33] Stern-Volmer equation was used 

for further analysis of the data. The quenching plots (Figure 10) demonstrate that the fluorescence quenching of DNA bound 

ethidium bromide by the complexes aligns linearly with the Stern-Volmer relationship, confirming the binding of the complex to 

DNA. Typically, when the compound binds to DNA through intercalation mode, the emission intensity of the system decreases by 

more than 50%, considering the ratio of the compound concentration to DNA is less than 100. [34] From the figure it is evident that, 

addition of the synthesized complex to the DNA-EB system, decreases the intensity by less than 50%, which further supports that 

the complexes bind to DNA through groove binding. Results obtained from the Stern-Volmer equation plot of "I0/I vs 

[complex]/[DNA]" revealed Ksv value for  synthesised metal complex as 1.24x106 M-1. Both Kb and Ksv data indicate similar 

binding affinities of the synthesised metal complex to CT-DNA.  
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FIRURE 10: Fluorescence spectrum of complexes at varied concentration [10-100 μM] on EB[40μΜ] -DNA[130μM] 

complex.The arrow (ↆ )depicts  the decrease in intensity on increasing the conc. of the  complex.  Inset: I0/I vs [complex].   

    

3.4.3 Viscosity titrations: 

In the classical intercalation model, an increase in DNA viscosity can occur as the DNA helix lengthens due to the separation 

of base pairs to accommodate the binding ligand. [35] However, in cases of partial or non-classical intercalation model of interaction 

between DNA & ligand, the ligand may cause bending or kinking of the DNA helix, thereby shortening its effective length and 

consequently, its viscosity. Ligands that exclusively bind within the DNA grooves tend to induce relatively minor alterations in 

DNA solution viscosity under identical conditions. [36] The gradual increase in relative viscosity of CT-DNA observed with 

increasing amounts of the complex as seen in Figure 11 supports groove binding. [37] This phenomenon could be attributed to 

alterations in either flexibility or conformation of DNA or solvation of the DNA molecule. 

 

 
 

FIGURE 11: Changes in viscosity on increasing concentrations of complex [0-100μM]   and CT-DNA [20μM] investigated 

at a controlled temperature of 30±0.10°C, within a 5mM Tris-HCl buffer solution. 

 

3.5 DNA nuclease studies 

The DNA nuclease activity of the synthesized complex, which can be correlated with in vitro cytotoxicity was investigated 

using agarose gel electrophoresis. The incorporation of the metal ion into the polymer typically enhances nuclease activity. [38] 

Figure 12 illustrates the DNA cleaving ability of synthesised complex.  
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FIGURE 12: Photo cleavage studies of pBR322 DNA, with and without binary metal complex with concentration range of 

20µM. 

 

 

 

3.6  Biological studies 

3.6.1 Antimicrobial activity: 

The antimicrobial properties of the synthesized binary metal complex were investigated using the agar disc diffusion method 

against bacterial and fungal cultures. Results indicate that the complex exhibited enhanced activity, a phenomenon elucidated by 

Overtone's concept. [39] The antimicrobial effects were evaluated by measuring the zone of inhibition, as seen in Figures 13 and 

14.[40] Additionally, the bar diagram illustrating the biological activity of the synthesized complex, presented in Figures 15 and 16, 

demonstrates the order of  the activities of the complexes under study as shown in  Table 6 and 7 . 

 
  

FIGURE 13 : Antibacterial images of binary metal complex 

  

 
 

FIGURE 14: Antifungal images of binary metal complex  
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FIGURE 14: Bar diagram of Antibacterial activity of binary metal complex 

 

 
 

FIGURE 15: Bar diagram of Antifungal activity of binary metal complex 

 

Table 6: Zone of inhibition (mm) of the binary metal complex against bacterial strains at 10mg/mL concentration 

 

 

 

 

 

 

 

 

 

 

 

 

Compound Bacterium (Zone of inhibition (mm) 

Gram positive Gram Negative 

Staphylococcus Bacillus E. coli Klebsiella 

[CoCl2(Nbma)2(H2O)2] 8 8 8 10 

Standard ( Streptomycin) 16 14 12 12 
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Table 7: Zone of inhibition (mm) of the binary metal complex against fungal strains at 10mg/mL concentration 

 

Compound  Candida Aspergillus 

[CoCl2(Nbma)2(H2O)2]  

10 

 

10 

Standard (Candida – 

Fluconazole) 

 

12 

 

12 

 

3.6  Docking studies 

Autodock 4.2 software was employed to elucidate the binding strengths of the compounds with DNA and the receptor protein 

utilized was human DNA Topoisomerase I (PDB ID: 1T8I). [41] The studies reveal that synthesised metal complex exhibited the 

highest binding affinity of -10.87 kcal/mol towards the active site of the receptor protein (Figure 16). The results of docking studies 

are listed in Table 8. 

 

 
 

FIGURE 16: The docking images of the synthesized complex (ball models) within the active binding site of the human DNA 

topoisomerase I protein. 

 

 

Table 8: Docking results of the complex 

 

S.No 

 
Binding 

affinity (in 

Kcal/mol) 

vdW + H 

bond + 

desolv 

Energy (in 

Kcal/mol) 

Electrostatic 

Energy 

(in 

Kcal/mol) 

No. of Hydrogen bonds H-bond 

distance (in 

Å) 

 

[CoCl2(Nmba)2(H2O)2] 

 

-10.87 

 

-11.66 

 

-1.4 

Thr718:OG1 – LIG:H28 

Gua12:OP1- LIG:H28 

Asp533:OD2 – LIG:H26 

Asp533:OD2- LIG:H27 

Gua11:O4’-LIG:H24 

Thr718:OG1 - LIG:H25 

Gua11:O3’ – LIG:H25 

 

2.875 

2.172 

2.209 

1.867 

2.403 

1.99 

3.032 
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4. Conclusion 

This paper presents the synthesis of Co(II) complex of N-methylbenzylamine,  its characterization through various analytical 

and spectroscopic techniques and exploration of the DNA interaction and biological activities. Elemental analysis and mass spectral 

studies reveal the stoichiometry of the complex as 1:2 of metal salt and ligand. Spectral analysis proposes octahedral geometry 

around the metal ion for the synthesized complex. CT-DNA binding studies, conducted via UV-Visible absorption studies, revealed 

a hyper chromic shift with intrinsic binding constants (Kb) of the order 105 M-1. Both absorption and fluorescence quenching studies 

indicate groove mode binding activity. Nuclease studies demonstrated the efficacy of the complex in DNA cleavage. Biological 

assays revealed considerable antibacterial and antifungal activities for the binary metal complex. The formation of significant 

hydrogen bonds between the metal complex and amino acid residues of human topoisomerase I protein suggests good binding and 

stability.   
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