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      In this research, the interaction of [CuL(DMF)], [NiL(DMF)] and [VOL(DMF)] (where L = ((E)-4-((2-amino-5-
nitrophenylimino)methyl)benzene-1,3-diol)) complexes derived from tridentate Schiff base ligand with bovine serum albumin (BSA) and 
DNA was investigated via electronic absorption and fluorescence spectroscopy. The Ultraviolet-Visible (UV-Vis) spectra exhibited an 
isosbestic point for the complexes through titration with DNA. The experimental results showed the presence of intercalation interaction 
between the complexes and calf-thymus DNA (CT-DNA). The interaction of BSA protein and complexes was significant. The recorded 
florescence spectra of complexes interacting with DNA and BSA revealed the static quenching manner. The free binding energies of 
complexes and their interaction modes with DNA and BSA were determined by the molecular docking. MTT-dye reduction technique was 
applied to define cytotoxicity of [NiL(DMF)], [CuL(DMF)] and [VOL(DMF)] complexes against breast cancer 4T1 and colon carcinoma 
C26 cell lines. The [VOL(DMF)] complex had cytotoxic activity against 4T1 and C26 cell lines. 
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INTRODUCTION 
 
      Many important applications have been reported for the 
Schiff base complexes with various structure [1-3]. The 
biological activites like anticancer, antifangal and 
antibacterial are on the top these applications [4,5]. Human 
community cancer is one of the most deadly illnesses. Anti-
cancer drugs such as cisplatin and similar compounds have 
three major problems: (i) these drugs have side and 
poisonous effects in the body, especially for kidneys, (ii) 
they are not good drugs for advanced cancer, (iii) finally, 
they have medicine resistance. Among non platinum drugs, 
the Schiff base complexes have good interaction  with DNA 
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as goal molecule for anti-cancer medicines [6]. 
      The interactions of DNA and Schiff base complexes 
have been shown through the non covalant (electrostatic, 
groove binding and intercalation) and covalant bonding [7]. 
Transfering of drugs into the cancerous tissues generally 
perform via Bovine Serum Albumin (BSA) [8]. Ongoing 
investigations were done on copper(II) and nickel(II) 
complexes because of biotic importance in the living 
systems. Copper(II) and nickel(II) Schiff base complexes 
with different ligands have unique anticancer properties for 
cancers such as liver carcinoma cells, pulmonary carcinoma, 
skin cancer cells and etc. [9,10]. 
      Among the used drugs for chemotherapy, attention 
focused on vanadium Schiff base complexes because         
of   their   bioessential    properties   in   living  creature  that  
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accountable for many activities. Nowadays, many vanadium 
combinations prevent from the replication of DNA that 
shows these compound can be applied as anti-cancer drugs 
[11].  
      Here, the interaction of prepared complexes 
[CuL(DMF)], [NiL(DMF)] [VOL(DMF)] with DNA and 
BSA was studied theoretically and experimentally. 
Experimental studies interaction of Schiff base complexes 
with DNA and BSA were investigated by ultraviolet-visible 
(UV-Vis), fluorescence spectroscopies, and thermal 
analysis. Also, cytotoxicity of above complexes against 
breast cancer 4T1 and colon carcinoma C26 cell lines, as 
well as normal fibroblast NIH cell line was investigated. 
 
EXPERIMENTAL 
 
Chemicals and Apparatus 
      All used materials in this paper chemically 
uncontaminated. Calf thymus DNA (CT-DNA), BSA and 
methylene blue (MB) were purchased from the Sigma-
Aldrich chemical company. Varian Cary 100 UV-Vis 
spectrophotometer was used for recording the absorption 
spectra. Cary Eclipse fluorescence spectrophotometer 
employed for the fluorescence spectra. Mouse breast cancer 
4T1 and colon carcinoma C26 cell lines, and normal 
fibroblast NIH cells were supplied from the National Cell 
Bank of Pasture Institute, Tehran, Iran. 

 
Synthesis of H2L and Complexes 

The synthesis of ligand (H2L) and complexes 
[ML(DMF)] has recently been explained via the following 
process: The tridentate Schiff base ligand (H2L) was 
produced via reflux of methanolic solution of 4-nitro-1,2-
phenylenediamine and 2,4-dihydroxybenzaldehyde in 
equimolar combination [12]. (H2L) was dissolved in 
dimethylformamide (DMF) and then equimolar of salts of 
Nickel(II) acetate, Copper(II) acetate and Vanadium(IV) 
oxide acetylacetonate was added to the reaction vessel [12]. 
[H2L] Yield (80%). FT-IR (KBr cm-1) νmax 3490 (O-H), 
3450, 3380 (NH2), 1619, (C=N), 1341 (NO2). UV-Vis, λmax 
(nm) (DMF): 288, 311 and 391. 
      [NiL(DMF)] Yield (80%). FT-IR (KBr cm-1) νmax 3369 
(NH), 1662 (C=O), 1590 (C=N), 1339 (NO2). UV-Vis, λmax 
(nm) (Ethanol): 274, 319, 413. 

 
 
      [VOL(DMF)] Yield (75%). FT-IR (KBr cm-1) νmax 3209 
(NH), 1651 (C=O), 1602 (C=N), 1341 (NO2), 976 (V-O). 
UV-Vis, λmax (nm) (DMF): 321, 381. 
      [CuL(DMF)] Yield (85%). FT-IR (KBr cm-1) νmax 3356 
(NH), 1660 (C=O), 1599 (C=N), 1341 (NO2). UV-Vis, λmax 
(nm) (Ethanol): 271, 341, 432. 

 
DNA Binding Experiments 
      For all complexes, DNA binding investigation was done 
in Tris-HCl buffer [5 mM, of 2-amino-2-hydroxymethyl-
propane-1,3-diol (Tris) and 50 mM, NaCl, pH 7.3], that 
used for 72 h reserved at 4 °C. For the characterization of 
CT-DNA concentrations, the UV-Vis at 260 nm was applied 
(ε = 6600 l mol-1 cm-1) [13]. For UV-Vis absorbance 
examination, specific quantity of DNA was added to a 
constant concentration of the complexes. The MB-DNA 
solution was prepared in buffer solution for the study of 
fluorescence quenching. For all of the titrations, different 
amounts of complexes were added to the constant 
concentration of the MB-DNA solution. 
 
BSA Binding Experiments 
      The BSA binding studies were done in Tris-HCl buffer 
at pH = 7.3 in the lab temperature. For recording the       
UV-Vis spectra, different amounts of complexes were 
gradually added to determine the BSA concentration. The 
fluorescence titrations of BSA solutions were completed at 
the fixed BSA concentration with the various concentrations 
of the complexes that were documented in the wavelength 
of 300-450 nm with excitation wavelength of 295 nm.  
 
MTT Assay 
      Dulbecco’s Modified Eagle Medium (DMEM) 
supplemented with 10% heat-inactivated fetal bovine serum 
(FBS), 100 U ml-1 penicillin, 100 μg ml-1 streptomycin and 
5 mM L-glutamine was used to culture cell lines incubated  
at 37 °C in a humidified atmosphere containing 5% CO2. To 
evaluate the cytotoxicity of [CuL(DMF)], [NiL(DMF)] and 
[VOL(DMF)] complexes, the MTT [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-tetrazolium bromide] colorimetric assay 
was employed.  The test is based on the metabolic  
reduction of soluble MTT to insoluble formazan by 
mitochondrial enzyme activity of viable tumor cells.        
The  insoluble  formazan  is  a  colored  product  that can be  
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spectrophotometrically quantified after dissolution in 
dimethyl sulfoxide (DMSO).  
      To carry out the cytotoxicity assay, 180 μl of cells         
(5 × 104 cells ml-1) was seeded in 96 wells microplate and 
incubated in 37 °C, 5% CO2 air humidified, for 24 h. After 
that, the attached cells were treated with 20 μl of the 
prepared concentrations of each compound. Before being 
added to the culture media, the compounds were dissolved 
in 0.5% (v/v) DMSO.  
      Control group was treated with aqueous compound-free 
containing DMSO at the same concentration [0.5% (v/v)] of 
treated groups. After 48 h of incubation, 20 μl of MTT 
solution (5 mg ml-1 in phosphate buffer solutions) was 
added and the plates were incubated for another 3 h. 150 μl 
of the medium containing MTT were then replaced by 
DMSO and pipetted to dissolve any formed formazan 
crystal. Their absorbance was then determined at 560 nm 
using an ELISA plate reader (Awareness Technology Inc., 
stat fax 2100). Results were obtained from three 
independent experiments and each experiment was 
performed in triplicate. IC50 values (concentration that 
inhibits cell growth by 50%) of the compounds against each 
tested cell line was calculated using nonlinear regression of 
concentration-response curves. The selectivity index (SI) 
was also calculated based on the IC50 ratio of normal 
fibroblast NIH cells and cancer (4T1 and C26) cells. SI 
value indicates the selectivity of the sample to the tested cell 
lines. Samples with SI values greater than 2 were considered 
to have a high selectivity [14].  
 
Computational Methods 
      Molecular docking. Molecular docking calculation is a 
theoretically method to find interaction of ligand with 
receptor, theoretically. The interaction of three complexes 
([NiL(DMF)], [CuL(DMF)] and [VOL(DMF)]) with DNA 
and BSA protein was investigated to blind and focus 
molecular docking analyses by Auto Dock 4.2 package [15]. 
The structure of DNA (PDB ID: 423D) with sequence d 
(ACCGACGTCGGT) 2 and BSA (PDB ID: 4F5S) were 
taken from the protein data bank [16] (RCSB) with the 
resolution of 1.60 and 2.47 Å, respectively. The structure of 
complexes was taken from their X-ray diffraction (XRD) 
data. On the elementary docking, the blind docking (BD) 
process   was   considered   for  all  of   docking   calculation  

 
 
[17,18]. The BD can help in the prediction of possible 
binding sites and detects the location of the interaction of a 
ligand on the entire target surface (DNA and BSA). Finally, 
a location with the highest binding affinity can be found by 
the BD calculations. Then, the structures of DNA + 
complex and BSA + complex, obtained from the BD, were 
used as initial structures for doing focus molecular docking. 
The size of the grid map in the focus docking calculations 
for [NiL(DMF)], [CuL(DMF)] and [VOL(DMF)] 
complexes with DNA, was set 62 × 48 × 56, 56 × 58 × 46 
and 64 × 58 × 68 Å3, along the x, y and z directions, 
respectively. Similarly, for the focus molecular docking 
study of BSA with complexes, docking box with 
dimensions of 96 × 90 × 88, 94 × 100 × 100 and 126 × 126 
× 126 Å3 along the x, y and z directions with grid point 
spacing of 0.375 Å was defined for the program in all of the 
complexes. The scheme of the residues of the binding site of 
DNA with Cu, Ni and V complexes has also been generated 
by LIGPLOT + software [19]. 
 
RESULTS AND DISCUSION  
 
Characteristion of Complexes 
      Based on reported research [12], the Schiff base ligand 
and complexes were prepared and identified via IR 
spectroscopy. The stretching frequencies of azomethine 
group -CH=N are moved to lower wavenumbers in the 
spectra of whole complexes, indicating the coordination of 
the azomethine nitrogen atom to the metal ions. Also 
through coordination of DMF to complexes, the IR spectra 
of compounds showed a different peak correlated to C=O of 
coordination DMF in the region of 1651-1662 cm-1. Another 
finger print in the IR spectra of complexes is related to the 
Stretching frequency of the (V=O) of [VO(DMF)] complex 
at 976 cm-1 [12]. 
 
DNA Binding Studies 
      UV-Vis characteristics of DNA-Schiff base. The 
affinity of the Schiff base complexes with CT-DNA was 
studied by UV-Vis spectroscopy to investigate the probable 
binding types to DNA and define their binding constants 
(Kb). In the current study absorption titrations were done 
through variable DNA concentration but in the constant 
value of complexes. Figure 1 displays the UV-Vis spectra of  
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complexes without or with specified concentrations of 
DNA. With titrations metal complexes via DNA, the 
absorption spectra of metal complexes show a red shift and 
a hypochromism [20]. The red-shift into UV-Vis spectra 
happened througth the strong π-π* stacking contact between 
DNA base pairs and the aromatic group of the ligand in 
Schiff base complexes [21]. The value of minor 
hypochromic for [CuL(DMF)], [NiL(DMF)] and 
[VOL(DMF)] complexes are 10.3, 13.1 and 14.6%, 
respectively where calculated through Eq. (1) [22].  
 
      100/)(%  FreeboundedFree AAAH                                    (1)                       

 
Additional study of the binding strength of the small 
molecules with DNA obtained by intrinsic binding constant 
(Kb) that calculated by Eq. (2) [23]. 
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In this equation [DNA] is the concentration of DNA in base 
pairs, the absorption coefficient εa, εf, and εb correspond to 
Aobs/[DNA], the extinction coefficient of the free compound  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
and the extinction coefficient of the compound when 
entirely bound to DNA, respectively. In Fig. 1, S1 and S2 
(inset) the plot of [DNA]/[εa - εf] vs. [DNA] provides 
straight line with the intercept 1/Kb[εb - εf] and the slope 
1/[εa - εf] when the number of data put into Eq. (2). The ratio 
of the slope to the intercept gives (Kb) for [CuL(DMF)], 
[NiL(DMF)] and [VOL(DMF)] complexes the Kb values are 
4 × 10-5, 5.3 × 10-5 and 7.2 × 10-5 M-1, respectively. This 
value of Kb is similar to a typical intercalator for instance 
EtBr (Kb = 1.5 × 10-5 M-1) that represents interaction among 
Schiff base complexes and DNA is intercalative style. 
Moreover, isosbestic point is observed in the UV-Vis 
spectra of [CuL(DMF)] and [VOL(DMF)]. The existence of 
isosbestic points in the absorption spectra indicates that 
there is equilibrium among concentration of small 
molecules in free mode and connected made to DNA that 
shows the binding mode among the complexes and DNA is 
intercalation [24].  
      With binding constant (Kb), the values of the free energy 
(ΔG) was calculated. Free energy (ΔG) was used for study 
the spontantaneous/non-spontantaneous of small molecules-
DNA that occurred with Eq. (3) [25].  

 

Fig. 1. Electronic spectra of the the [NiL(DMF)] complex in the buffer solution (5 mM TrisHCl/50 mM NaCl at  
           pH 7.4)  upon addition  of  CT-DNA. C(complex) = 1.5 × 10-5  M,  C(DNA) = 0- 3 × 10-5 M.  The  arrow  
          displays that the absorption intensities were reduced upon increasing DNA concentration. Inset: Plots of  

             [DNA]/[εa - εf] vs. [DNA] for the titration of complex with DNA. 
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      ΔGb = - RTlnKb                                                            (3) 
                                                                                
The calculated ΔGb for [CuL(DMF)], [NiL(DMF)]          
and [VOL(DMF)] complexes are -7.89, -6.46 and                   
8.03 kcal mol-1, respectively , that represents the spontaneity 
of DNA-compound interaction.  
      Fluorescence studies: Competitive interaction of 
complex with MB-DNA. Methylene blue (MB) was used to 
explore the possible DNA binding method of the Ni(II), 
Cu(II) and VO(IV) complexes. MB released intense 
fluorescence at 685 nm in the absence of DNA duplex. 
When MB intercalated to DNA, the intense fluorescence 
was decreased. The intensity of fluorescence spectra of 
solutions was increased with adding of different complexes 
of [CuL(DMF)], [NiL(DMF)] and [VOL(DMF)] to the 
DNA-MB. In performed measurements in environment 
temperature, complexes did not show luminescence. It was 
determined that MB was a good DNA intercalator with poor 
fluorescent because of DNA-MB interaction. Fluorescence 
spectra for [CuL(DMF)], [NiL(DMF)] and [VOL(DMF)] 
are presented in Fig. 2. As it can be seen in Fig. 2, S3 and 
S4 when various concentrations of the small molecules  
were added to DNA-MB system, the fluorescence intensity     
was  increased.  The  fluorescence  quenching  explains  that  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
complexes can substitute the intercalated MB to DNA. Also, 
the complexes were interacted to DNA with the intercalative 
type [26]. 
 
BAS Binding Studies 
      Absorption spectral studies. UV-Vis analysis was 
applied as a simple technique to identify the essential 
variations and interactions of the complex with BSA. The 
UV-Vis absorption spectra of BSA were collected without 
and with of different amounts of complexes. With adding 
the [NiL(DMF)], [VOL(DMF)] and [CuL(DMF)] 
complexes (Fig. 3, S5, S6), the intensity of BSA absorption 
peak at about of 208-240 nm, which was produced from      
π→π* transition of the strength polypeptide building, 
visibly reduced and the peak shifted somewhat toward 
longer wavelength owing to the perturbation of the 
secondary arrangement of the protein [27]. The UV analysis 
showed a weak band of BSA at around 278 nm, which        
was due to the gradual decrease of aromatic amino acids 
(Phe, Tyr and Trp) [28], although the place of the peak           
does not change. These clarifications demonstrate that         
the communication of BSA with the complexes is 
accomplished.  
      Tryptophan   quenching   investigation.  Fluorescence 

 

Fig. 2. The emission spectra of the DNA-MB system, in the existence of [NiL(DMF)] complex, C(DNA) = 5 ×  
           105 M , C(complex) = 0-2.5 × 10-5 M, C(MB)  = 5 × 10-6 M. The  arrow  displays the emission intensity  
           variations upon  increasing  complex concentration. The inserts correspond to the molecular structures  

                of  methylene blue. 
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investigations are done to observe whether the Ni(II), 
VO(IV) and Cu(II) complexes interaction with protein is 
present or absent. The emission spectra of protein without 
and with small molecules are presented in Fig. 4, S7 and S8. 
Commonly, among the amino acids of BSA protein three 
amino acids (tyrosine, tryptophan, and phenylalanine) have 
good fluorescence characteristics [29]. In the fluorescence 
spectra, the decreasing of the intense emission band about 
342 nm in the inherent fluorescence of protein reflects the 
interaction between compound and protein [30]. To 
distinguish the form of quenching mechanism, the Stern-
Volmer equation can be applied (Eq. (4))  [29].  
 
      I0/I = 1 + Ksv[Q] = 1 + Kqτ0[Q]                                    (4) 
                                                               
In this Eq., I0 is the fluorescence intensity of protein; I is the 
reduced intensity of the BSA in the presence of the small 
molecule (quencher); Q is the quencher, KSV is dynamic 
quenching constant, Kq is quenching rate constant of the 
protein and τ0 is normal lifetime of the biomolecule without 
quencher. To define Ksv, the plot of (F0/F) against [Q] was 
drawn. According to the Eq. (4), the obtained value of Ksv 
for different complexes of [CuL(DMF)], [NiL(DMF)] and 
[VOL(DMF)] were 1.2 × 10-5, 3.1 × 10-5 and 1.3 ×              
10-5 M-1 s-1, respectively. Base on the conclusions of Ksv the 
quenching capacity of [NiL(DMF)] complex was more  than 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
other complexes. 

The amounts of Kq for [CuL(DMF)], [NiL(DMF)] and 
[VOL(DMF)] were calculated 6.49 × 1012, 1.6 × 1013 and 
6.56 × 1012 M-1 s-1, respectively. Since the fluorescence 
lifetime of protein was taken 10-8 s, the quenching rate 
constant, (Kq) was calculated through Eq. (5) [31]: 
 
      Kq = Ksv/τ0                                                                    (5) 
 
Kq for abundant kinds of quenchers to BSA is 2 ×              
1010 l mol-1 s-1 that is less than the Kq of the [CuL(DMF)], 
[NiL(DMF)] and [VOL(DMF)] complexes [32]. The 
amounts of quenching constant demonstrate that the 
complex between BSA and small molecule is formed and 
quenching mechanism is static [30]. 
      We used Scatchard Eq. (6) when the static quenching 
interaction was occurred [33]: 
 
      ]log[log)(log 0 QnK

I
II

bin 
                                        (6) 

 
Where I0 and I are the similar to them in Eq. (4), Kb is the 
binding constant for the complex-protein interaction and n is 
the number of the binding sites per BSA. The Kb quantity of 
[CuL(DMF)], [NiL(DMF)] and [VOL(DMF)] are 1.2 × 105, 
3.2 × 105   and  1.8 × 105  M-1,  respectively,   that   obtained  

 

Fig. 3. UV absorption spectra of C(BSA) = 3 × 10-6 M in the absence and presence of [NiL(DMF)] complex  
                    (complex) = 0-4.5 × 10-6 M in the 5 Mm Tris-HCl with the 50 Mm NaCl. 
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from the plot of log [I0 - I/I] vs. log[complex]. According to 
the binding constant quantity [NiL(DMF)] complexes have 
the strongest connection with BSA. Moreover, the n values 
for [CuL(DMF)], [NiL(DMF)] and [VOL(DMF)] 
complexes are 0.7, 1.09 and 0.9, respectively. n < 1 or n = 1 
for BSA-complexes suggests merely a binding site per 
protein [34]. 
 
In Vitro Cytotoxic Activity 
      MTT-dye reduction method, as standard bioassay, was 
employed to determine cytotoxicity of [NiL(DMF)], 
[CuL(DMF)] and [VOL(DMF)] complexes against breast 
cancer 4T1 and colon carcinoma C26 cell lines, as well as 
normal fibroblast NIH cell line. The cytotoxic activity of 
cisplatin, as standard reference, was evaluated for 
comparison purposes. As demonstrated in Fig. 5, all of the 
complexes showed cytotoxic activity in concentration-
dependent manner on both 4T1 and C26 cancer cell lines, 
and with less extent on the normal NIH cell line. 
[NiL(DMF)], [CuL(DMF)] and [VOL(DMF)] complexes at 
the concentrations ranged from 6 to 100 µM showed 
13.25%-96.84%, 10.45%-93.25%, and 12.6%-96.9% 
cytotoxicity, respectively, against 4T1 cancer cells.  In  the 
case of C26 cancer cells, at the same concentrations, 
[NiL(DMF)],   [CuL(DMF)]  and  [VOL(DMF)]  complexes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
exerted 7.4%-99.84%, 19.84%-97.16%, and 12.9%-96.3% 
cytotoxicity, respectively. The results revealed that 
[VOL(DMF)] complex can exert high and significant 
cytotoxic activity with IC50 values of 18.49 µM and        
20.98 µM against 4T1 and C26 cell lines, respectively. The 
[NiL(DMF)] and [CuL(DMF)] complexes were also found 
to have appreciable cytotoxicity with IC50 values of          
(41.23 µM and 67.38 µM) and (33.94 µM and 44.77 µM) 
against 4T1 and C26 cell lines, respectively. Although, 
complexes were found to be significantly and highly 
cytotoxic against both 4T1 and C26 cancer cells, there were 
low cytotoxicity against NIH normal cells in compared with 
cisplatin (Table 1). Furthermore, as mentioned in Table 1, 
the value of SI for the [VOL(DMF)] complex is found to be 
higher than 2, which it confirms the importance of this 
sample to be considered as a selective cytotoxic agent 
against tumor cells.  
 
Molecular Docking of the Complexes with DNA 
and BSA 
      Finally, the lowest binding free energy (∆Go

b) for the 
interaction of [NiL(DMF)], [CuL(DMF)] and [VOL(DMF)] 
complexes with DNA are -7.8, -6.7 and -7.3 kcal mol-1 
respectively. The active site of DNA in the interaction with 
complexes  is shown in Figs. 6, S9 and S10.  The  molecular  

 

Fig. 4. Emission spectra of BSA upon the titration of [NiL(DMF)] complex. C(BSA) = 4 × 10-6 M, C(complex) = 0,  
           4 × 10-6 M.  The arrow shows  the change upon increasing  complex  concentration.  Inset:  Plots  of  F0/F vs.  

             (complex) for the titration of the complex to BSA. 
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docking and the binding site s of [NiL(DMF)], [CuL(DMF)] 
and [VOL(DMF)] complexes interacted with DNA have 
been shown in the Figs. 6, S9 and S10, respectively. In 
addition, Figs. 6b, S9b and S10b show the bases of DNA 
which have dominant interactions with the complex in the 
interaction region. Figures 7, S11, S12 show the interaction 
scheme of the residues of the binding site of DNA with 
[NiL(DMF)], [CuL(DMF)] and [VOL(DMF)] complexes 
generated by LIGPLOT + software. The dominant 
interactions  between   the  complexes  and  residues   in  the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
active site with the hydrogen bonds are clearly shown. The 
Kb amount of [CuL(DMF)], [NiL(DMF)] and [VOL(DMF)] 
complexes with DNA are 5.5 × 105, 4.5 × 104 and 2.4 ×    
105 M-1, respectively. 
      Figures 8, S13 and S14 show docking pose calculated  
by molecular docking software between BSA and 
[NiL(DMF)], [CuL(DMF)] and [VOL(DMF)] complexes. 
The lowest binding site free energy (∆Go

b) of the 
[NiL(DMF)] complex to the BSA -7 kcal mol-1 was 
predicted. In addition, the obtained distances of Trp-134 and  

10
0 75 50 25 12 6

 

10
0 75 50 25 12 6

 
Fig. 5. Concentration-dependent cytotoxic  activity of  Ni, Cu and VO complexes  against 4T1 and C26 cancer cell  
           lines at the concentrations of  6, 12, 25, 50  and 100  µM. The results are the mean ± SD of three independent  

             experiments. All data are significant differences from untreated control by p < 0.05. 
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Trp-231 with [NiL(DMF)] complex were 21.6 and 18.1 Å, 
respectively. In addition, the hydrophobic interaction 
residues and hydrogen bonds of protein with [NiL(DMF)] 
complex were shown in schematic representation of the 2-D 
in Fig. 9.  
      Also, there were two hydrogen bonds between 
[NiL(DMF)] complex and the BSA amino acids. These 
hydrogen bonds were between [NiL(DMF)] complex with 
Arg 435 and His 145 residues (with the bond length of 2.8 
and 2.94 Å) (see Fig. 9).  
      The binding mode and intermolecular  interaction of  the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[CuL(DMF)] complex with BSA were shown in Fig. S13. 
The lowest calculated binding free energy (G0

b) of the 
[CuL(DMF)] complex with BSA was -8.9 kcal mol-1. The 
distances between tryptophan and the [CuL(DMF)] complex 
obtained from the docking simulation, were 15.8 and 19.5 Å 
from Trp-134 and Trp-213, respectively. 
      Figure 15 shows the 2-D interaction of the [CuL(DMF)] 
complex docked into the binding site of the BSA protein 
generated by LIGPLOT + software. There are three 
hydrogen bonds between the [CuL(DMF)] complex with 
Glu 424, His 145 and Arg 435 amino acids of BSA.  

 

Fig. 6. (a) The [NiL(DMF)] complex is docked in the active site of DNA. (b) The bases of DNA with dominant  
           interactions with the [NiL(DMF)] complex  in  the active site of the three hydrogen bands are displayed  

                 among the complex and bases of DNA. 
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Fig. 7. Schematic representation of hydrophobic interaction and hydrogen bonding of [NiL(DMF)] complex with DNA. 

 

 
Fig. 8. (a) The residues of BSA interacting with [NiL(DMF)] complex. Trp-134 and Trp-213 have been displayed    

  obviously. The chief residues of BSA interacting with [NiL(DMF)] complex are presented in Fig. 8b. 
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      The interaction of [VOL(DMF)] complex with BSA 
protein is shown in Fig. S14, also, the residues of the protein 
interacted with the [VOL(DMF)] complex at the binding 
site are mentioned in Fig. S14b. The minimum energy of 
interaction of [VOL(DMF)] complex with the active site of 
BSA is (∆Go

b) -6.3 kcal mol-1. Figure S16 shows the 2D 
schemes of the interaction between the [VOL(DMF)] 
complex and BSA generated by LIGPLOT+ software. As 
seen, there are three hydrogen bonds between the 
[VOL(DMF)] complex and Ser 104, Asp 108 and Lys 204 
residues with bond lengths of 2.97, 3.30 and 2.51 Å, 
respectively. As can be seen, there are hydrophobic and 
hydrogen interaction between [VOL(DMF)] complex with 
BSA. The calculated distances of Trp-213 and Trp-134 with 
the [VOL(DMF)] complex are 19.4 and 22.4 Å, 
respectively. The amount of Kb for [CuL(DMF)], 
[NiL(DMF)] and [VOL(DMF)] complexes  with BSA  is 3.5 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
× 106, 1.4 × 105 and 4.3 × 104 M-1, respectively. 
 
CONCLUSIONS 
 
      The current contribution defines the interaction of 
[NiL(DMF)], [CuL(DMF)] and [VOL(DMF)] small 
molecules with DNA and BSA macromolecules. UV-Vis 
and competitive studies with MB designate that the 
complexes can mainly connect to DNA with intercalation 
mode. The BSA-binding studies discovere that three 
complexes bind to BSA for quenching of tryptophan 
fluorescence through the static quenching mechanism. 
Furthermore, the cytotoxic activities of these complexes are 
done against breast cancer 4T1 and colon carcinoma C26 
cell lines. The results show that [VOL(DMF)] complex can 
significantly improve the cytotoxic activity against 4T1 and 
C26 cell lines.  

 

Fig. 9. Schematic representation of the 2-D interactions of the [NiL(DMF)] complex with BSA generated by LIGPLOT+. 
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