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ABSTRACT 
Lanthanum (III) complexes 1–4 were synthesized and studied extensively towards their DNA binding 
and cleavage properties.  Mode of binding of complexes depends on the nature of the ligands and they 
possess different biological significances. In this regards we have synthesized La(III) complexes with 
4'-[(2-quinoline)-2,2';6',2''-terpyridine (2-qtpy), 4'-[(3-quinoline)-2,2';6',2''-terpyridine (3-qtpy) and 
1,10-phenanthroline (phen). [La(2-qtpy)2(NO3)2](NO3) (1), [La(2-qtpy)(phen)2(NO3)2](NO3) (2), 
[La(3-qtpy)2(NO3)2](NO3) (3) and [La(3-qtpy)(phen)(NO3)2](NO3) (4). The newly synthesized 
complexes were characterized by FT-IR, UV-Vis, 1H-NMR spectroscopic and ESI-mass spectrometric 
technique and by elemental analysis. The mode of binding of complexes 1–4 towards HS-DNA were 
examined by UV-Vis absorption spectral studies and viscosity measurements. The chemical nuclease 
activity of these complexes towards SC pUC 19 DNA was evaluated by agarose gel electrophoresis. 
The antibacterial activities of the complexes 1−4 were tested against Gram positive and Gram 
negative bacteria.  The cytotoxic activities of 2-qtpy and complex 2 were carried out by MTT assay 
against HeLa cell lines. The antioxidant activity of 3-qtpy and its complexes were carried out by free 
radical scavenging and ferrous ion chelating method.  
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INTRODUCTION 

 
The rare earth metal complexes have potential applications in biochemical technology, medicine, 
catalysis, magnetism, optoelectronic devices and material science [1, 2]. They have also been broadly 
used to study the structure and function of nucleic acids and proteins. Compared to other metal 
complexes, lanthanides afford a unique environment around the metal centre. Due to their high 
coordination number they can accommodate multiple ligands, giving rise to intricate coordination 
compounds [3]. Lanthanides and their complexes can proficiently cleave nucleic acids so that they can 
be used as DNA cleaving agents [4, 5]. These ions have high affinity with hard bases such as oxygen 
or nitrogen atoms [6]. Tridentate 2,2'; 6',2"-terpyridine and bidentate 1,10-phenanthroline form stable 
complexes with La(III), because of suitable structural properties like nature of the donor atoms, 
structural rigidity and proper spatial position of donating centres they play a very fundamental role in 
the process of complex formation [7, 8]. It is reported that the intercalating ability increases with the 
planarity of ligands. The coordination geometry and ligand donor atom type also play key roles in 
determining the binding extent of complexes to DNA [9]. Metal complexes of terpyridine can 
efficiently intercalate into nucleic acid and hence these can be used as potential antitumor agents [10]. 
Cisplatin (cis-[PtCl2(NH3)2]) is the first anticancer drug used widely in the world. But its side effects 
have stimulated the search for other metal-based anticancer drugs. In this regard, studying interaction 
between small metal complexes and DNA may lead to a new kind of active anticancer drugs [11-13]. 
One approach it should appear as ‘one approach to solve this problem’ is to identify the new 
classes of complexes having structural features that differ from those of the existing cisplatin 
analogues [14]. La(III) complex with 1,10-phenanthroline-2,9-bis-α-amino acid and 2-methylene-
1,10-phenanthrolin show the promising in vitro antitumor activity against a series of cell lines [15, 
16]. La(III) complex with quercetin play an important role against tumour cells [17]. La(III) complex 
with (N, N'-bis-(1-carboxy-2-methylpropyl)-1,10-phenanthroline-2,9-dimethanamine acts as 
antitumor agent [13]. 
 
      Oxidative cleavage of DNA generally causes degradation of the sugar and/or base moiety thus 
making the process suitable for foot-printing and therapeutic applications. Oxidative cleavage of DNA 
by metal complexes can be achieved in the presence of external reagents [18]. Some metal complexes 
containing 1,10-phenanthroline are also known to bind to DNA by an intercalative mode [19, 20]. 
Some lanthanum(III) complexes play a major part in bioinorganic chemistry because of their 
biological and pharmaceutical activities, such as antibacterial [21], cytotoxic [17], antioxidant 
activities [22]. Some Lanthanum(III) complexes possess photophysical properties such as 
luminescence that can be employed as labelling agents in MRI and immunohybridization techniques 
[23].  
 
       In the present work, we report the syntheses and characterization of the La(III) complexes with 2-
quinoline terpyridine and 3-quinoline terpyridines. The DNA binding properties of the complexes 
have been investigated by UV-visible absorption titration and viscosity measurements. The DNA 
cleavage of the complexes has been investigated by agarose gel electrophoresis method. These 
complexes exhibit cytotoxic effects against HeLa cell lines and bactericidal action against tested 
bacteria E. coli, K. pneumonia, S. aureus and B. subtilis. 

 
MATERIALS AND METHODS 

 
2-acetyl pyridine, 3-quinoline carbaxaldehyde, 2-quinoline carbaxaldehyde La(NO3)3.6H2O, Ethidium 
bromide (EB), Agarose (molecular biology grade) were purchased from Sigma (USA). HS-DNA 
(Herring Sperm DNA), Supercoiled (SC) pUC19 DNA (caesium chloride purified), were purchased 
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from Bangalore Genie (India). Bacterial media was purchased from Himedia. The bacterial strains 
were purchased from IMTECH, Chandigarh, India. All the cell lines for MTT assay were purchased 
from ATCC.  
 
      The elemental analyses of the newly synthesized complexes were carried out by using Thermo 
Finnigan FLASH EA 1112 CHNS analyser. The FT-IR spectra were recorded on Perkin Elmer 
Lambda 35 spectrophotometer in the range 4000-500 cm-1. UV-Visible absorption measurements 
were recorded on a Shimadzu UV-1800 UV-Visible spectrophotometer (Japan) in the range 200-800 
nm. 1H-NMR for the compounds were recorded on 400 MHz liquid state NMR spectrometer, Bruker, 
in DMSO-d6 solution using tetramethylsilane (TMS) as internal standard. Mass spectrometry was 
performed on a Bruker Esquire 6000 (ESI) mass spectrometer. Molar conductivity measurements 
were carried out by Control Dynamics (India) conductivity meter.  
 
Synthesis of 4'-[(3-quinoline)-2,2';6',2''-terpyridine (3-qtpy): The ligand 3-qtpy was synthesized 
from modified reported method [24]. 2-acetyl pyridine (0.605 g, 5 mM) was added to the 20 mL 
ethanolic solution of 3-quinoline carbaxaldehyde 0.392 g, 2.5 mM). KOH pellets (0.364 g, 6.5 mM) 
and aq. NH3 were added to the solution then stirred for 24 h at room temperature. An off white 
precipitate obtained was filtered and washed with water-ethanol (3:1) mixture, dried under vacuum. 
Residue was recrystallized from chloroform and methanol gives white crystalline solid. They are 
soluble in MeOH, EtOH, acetone, acetonitrile, DMF and DMSO.  
 

 
 

Scheme 1. Synthesis of 3-quinoline terpyridine ligand (3-qtpy). 
 

Spectral data for [4'-(3-quinoline)-2,2';6',2''-terpyridine] (3-qtpy): Analysis (calculated %) C, 
79.98; H, 4.47; N, 15.55.  Found: C, 79.02; H, 4.12; N, 14.78.  FT-IR (KBr disc, cm-1): 1582 m, 1491 
w, 1468 m, 1349 w, 1075 w, 989 w, 891 w, 786 s, 739 s, 618 m, 558 w (s, strong; m, medium; w, 
weak). ESI-MS (m/z): 383.0 [M+Na] +. 1H-NMR (400 MHz, DMSO-d6, δ ppm) 7.379-7.412 (2H, m), 
7.636-7.656 (1H, td), 7.794-7.814 (1H, td), 7.896-7.984 (3H, d), 8.194-8.215 (1H, d), 8.676-8.776 
(5H, m), 8.880 (2H, s), 9.438-9.444 (1H, d).  
 
Synthesis of complexes 1 [La(2-qtpy)2(NO3)2](NO3) and 3 [La(3-qtpy)2(NO3)2](NO3): The 
complexes were synthesized from modified reported method [25]. Methanolic solution of 
La(NO3)3.6H2O (0.030 g, 0.69 mM) was added to the methanolic solution of the ligands 2-qtpy (1) 
and 3-qtpy (3) (0.050 g, 0.138 mM). The reaction mixture was refluxed for 4 h at 60C under nitrogen 
atmosphere with continuous stirring. Then the solution was allowed to dry, yielded an off-white solid. 
These complexes are soluble in MeOH, DMF and DMSO. 
 

 
 

Scheme 2. Synthesis of complexes 1 and 3. 
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Spectral data for Bis[4'-(2-quinoline)-2,2';6',2''-terpyridine] bis(nitrato) lanthanum(III) nitrate 
(1): Analysis (calculated %) C, 55.13; H, 3.08; N, 4.73.  Found: C, 54.94; H, 2.92; N, 14.52.  FT-IR 
(KBr disc, cm-1): 1588 m, 1540 w, 1456 s, 1396 w, 1289 s, 1018 m, 896 m, 821 w, 781 s, 734 s, 632 
w, 542 w (s, strong; m, medium; w, weak). ΛM (Scm2 M-1) in DMF at 25 ⁰C 88.6. ESI-MS in methanol 
(m/z): 982.68 [M-(NO3

-)] +. 1H-NMR (400 MHz, DMSO-d6, δ ppm) 7.548–7.581 (4H, td), 7.688–
7.725 (2H, t), 7.860–7.901 (2H, td), 8.049–8.100 (4H, m), 8.120 (2H, s), 8.237–8.258 (2H, d), 8.390–
8.412 (2H, d), 8.616–8.638 (2H, d), 8.712–8.732 (4H, d), 8.813–8.823 (4H, d), 9.267 (4H, s). 
 
Spectral data for Tris[4'-(3-quinoline)-2,2';6',2''-terpyridine] bis(nitrato)lanthanum(III) nitrate 
(3): Analysis (calculated %) C, 55.13; H, 3.08; N, 4.73.  Found: C, 54.98; H, 2.98; N, 14.58%.  FT-IR 
(KBr disc, cm-1): 1608 m, 1584 w, 1432 s, 1392 w, 1295 s, 1036 m, 874 m, 788 m, 724 m, 609 m, 528 
w (s, strong; m, medium; w, weak). ΛM (Scm2 M-1) in DMF at 25⁰C 112.2. ESI-MS in methanol (m/z): 
982.8 [M-(NO3

-)] +. 1H-NMR (400 MHz, DMSO-d6, δ ppm) 7.516–7.546 (2H, td), 7.691–7.709 (1H, 
t), 7.818–7.839 (1H, t), 8.019–8.057 (2H, td), 8.093–8.114 (1H, dt), 8.205–8.225 (1H, dd), 8.675–
8.695 (2H, d), 8.764–8.774 (2H, d), 8.873 (2H, 2), 8.998 (1H, d), 9.408 (1H, d).  
 
Synthesis of [La(2-qtpy)(phen)2(NO3)2](NO3) (2), [La(3qtpy)(phen)(NO3)2] (NO3) (4): The same 
procedure was followed as mentioned in 2.3 for the synthesis of complexes 2 and 4. The methanolic 
solution of La(NO3)3.6H2O (0.060 g, 0.138 mM) was added to the methanolic solution of 2-qtpy (2) 
and 3-qtpy (4) (0.050 g, 0.138 mM). The reaction mixture was refluxed for 4 h at 60 oC with stirring 
under nitrogen atmosphere. After 4 h, methanolic solution of 1,10-phenanthroline (0.012 mg 0.138 
mM) was added drop wise to both the complexes and stirred for an additional 2 h. Then the solution 
was allowed to dryness, yielded off-white solid. The complexes were soluble in MeOH, DMF and 
DMSO. 
 

 
 

 
 

Scheme 3. Synthesis of (a) complexes 2 and (b) 4. 
 
Spectral data for [4'-(2-quinoline)2,2';6',2''-terpyridine]bis(1,10-phenanthroline)-bis (nitrato) 
lanthanum(III)nitrate (2): Analysis (calculated %) C, 55.13; H, 3.08; N, 14.73.  Found: C, 54.96; H, 
3.01; N, 14.64. FT-IR (KBr disc, cm-1): 1608 w, 1584 w, 1432 s, 1392 w, 1295 s, 1122 w, 1041 m, 
965 w, 885 m, 816 m, 786 m, 734 s, 665 w, 613 m, 536 w (s, strong; m, medium; w, weak). ΛM (Scm2 

M-1) in DMF at 25⁰C 78.4. ESI-MS in methanol (m/z): 982.77 [M-(NO3
-)]. 1H-NMR (400MHz, 

DMSO-d6, δ ppm) 7.536–7.569 (2H, m), 7.675–7.715 (1H, td), 7.769–7.800 (4H, m), 7.847–7.889 
(1H, td) 7.999 (4H, s), 8.037–8.106 (3H, m), 8.224–8.245 (1H, d), 8.365–8.385 (1H, d), 8.496–8.516 
(4H, dd), 8.597–8.619 (1H, d), 8.694–8.714 (2H, d), 8.802–8.814 (2H, d), 9.105–9.112 (4H, d), 9.248 
(2H, s). 
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Spectral data for [4'-(3-quinoline)-2,2';6',2''-terpyridine](1,10-phenanthroline)bis (nitrato) 
lanthanum (III) nitrate (4): Analysis (calculated %) C, 49.96; H, 2.79; N, 14.56%.  Found: C, 49.74; 
H, 2.66; N, 14.46. FT-IR (KBr disc, cm-1): 1604 w, 1544 w, 1440 s, 1378 s, 1282 m, 1032 w, 844 w, 
788 m, 729 m, 609 w, 549 w (s, strong; m, medium; w, weak). ΛM (Scm2 M-1) in DMF at 25 ⁰C 108.2. 
ESI-MS in methanol (m/z): 803.6 [M-(NO3

-)]. 1H-NMR (400MHz, DMSO-d6, δ ppm) 7.527 (2H, t), 
7.687–7.835 (4H, tt), 7.972–8.112 (5H, m), 8.201–8.222 (1H, d) 8.464–8.483 (2H, d), 8.670–8.690 
(2H, dd), 8.765 (2H, t), 8.870 (2H, s), 8.992–9.075 (3H, d), 9.405 (1H, t). 
 
DNA binding studies: DNA binding interactions were carried out to examine the binding mode of 
HS-DNA and binding propensity of the complexes 1–4. By using UV-Visible absorption spectral 
method and viscosity method mode of binding was determined.  
 
Absorption spectral studies: The binding interactions of complexes 1–4 with HS-DNA were 
monitored by Tris-HCl/NaCl buffer (5 mM, pH 7.2) using DMF solvent. The changes in the spectral 
bands of the complexes 1–4 were measured with constant complex concentration (10 μM) with the 
varying concentration of HS-DNA. Before recording the spectrum, complexes were equilibrated to 
bind sufficiently with the HS-DNA. From this titration, the intrinsic binding constant (Kb) was 
determined using the equation  
 

[DNA]/(a-f) = [DNA]/(b-f) + 1/Kb(a-f) 
 

Where, a, f and b corresponds to Aobsd/[La], the molar extinction coefficient of free La(III) complex 
and that of fully bound complex. Plots of [DNA]/a-f vs [DNA] gives Kb as the ratio of slope to the 
intercept [26, 27].  
 
Viscosity measurements: The binding of complexes 1–4 were also confirmed by this method. 
Viscosity measurements were carried out at 37 (+ 0.1) oC in a constant temperature bath. The rate of 
flow of Tris-HCl buffer (5 mM, pH 7.2), HS-DNA and complexes 1–4 with DNA at various 
concentrations were measured in these experiments. Using the equation =(t-t0)/t0,  was calculated, 
where t is the flow time of HS-DNA in the absence and presence of complexes and t0 is the flow time 
of buffer alone. A plot of (/0)1/3 vs. [complex]/[DNA] was constructed from viscosity 
measurements, where  is the viscosity of DNA with the complexes and 0 is the viscosity of DNA 
alone [28].  
 
DNA cleavage experiments: The agarose gel electrophoresis of SC pUC 19 DNA was carried out by 
using Tris-HCl buffer (50 mM, pH 7.2). The extent of cleavage of SC pUC 19 DNA into nick circular 
form by the ligands and complexes at 10 μM concentration in the presence and absence of H2O2 and 
MPA was studied. Agarose gel 0.8 % was prepared by using 0.25 g in 25 mL 1xTAE buffer and 1.0 
mg mL-1 EB. The samples were incubated for 1 h 30 min. The samples were loaded to the gel using 
loading dye, and the experiments were carried out in dark for 1 h 30 m in TAE buffer and finally 
photographed [29, 30]. The extent of cleavage of SC pUC 19 DNA was determined by measuring the 
intensities of the bands using a UVITECH Gel Documentation system. Due corrections were made for 
the low level of NC form present in the original SC-DNA sample and for the low affinity of EB 
binding to SC compared to NC and linear form of DNA. For the complex 2 concentration dependent 
experiment at 5 and 7 μM was also done. Mechanistic studies were also carried out with different 
additives such as DMSO (hydroxyl radical quencher), NaN3 (singlet oxygen quencher) and with the 
methyl green (major groove binder) [31].  
 
Antibacterial activity: The antibacterial activity of ligands 2-qtpy and its complexes 1, 2, 3-qtpy and 
its complexes 3 and 4 were done by disc diffusion method [32] against Gram positive (Bacillus 
subtilis MTCC 645, Staphylococcus aureus MTCC 3160) and Gram negative (Escherichia coli ATCC 
25922, Klebsiella pneumoniae MTCC 109) bacteria as test organisms. About 50 and 100 µg of the 
sample permeated in Whatman filter paper discs were used to determine antibacterial activity. All the 
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plates were incubated at 37°C for 24 h. DMSO is used as a solvent for the bacterial activity. Zones of 
inhibition were measured after 24 h. The control discs contained DMSO as negative control and 
tetracyclin as positive control. 
 
Cytotoxic studies: To evaluate the influence of complex on the cell growth, the cytotoxic studies of 
2-qtpy and complex 2 were tested against HeLa (human cervical carcinoma) cell lines determined by 
using MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide] assay. The assay was 
carried out by the modified reported method [33, 34], with the concentration range of 10–320 μg mL-1. 
96 well plate was used for the assay, 100 μL of the diluted cell suspension (2,000 cells/well) was 
seeded using RPMI-1640 medium containing10% FBS (Fetal bovine serum). Different concentration 
of test drugs (100 μL) were added after 24 h. At 37oC, the plates were incubated in 5% CO2 
atomsphere for 24 h. For each well, after 24 h the test solution was discarded and 100 mL of MTT 
was added (6 mg 10 mL-1 of MTT in PBS [Phosphate bovine serum]). The well plates were again 
incubated for additional 4 h. The supernatant was removed and 100 µL of DMSO was added and the 
plates were gently shaken to solubilize the formed formazan. At the wavelength of 500 nm, the 
absorbance of each well was measured using a microplate reader. Using the given formula, the 
percentage growth inhibition was calculated.  
 

% Inhibition = 100-(OD of sample/OD of Control) × 100. 
 
The IC50 (concentration of test drugs needed to inhibit cell growth by 50 %) values were generated 
from the dose-response curves for cell lines. 
 
Antioxidant activity: The antioxidant activities of 3-qtpy and its complexes 3 and 4 were evaluated 
by DPPH free radical scavenging method and ferrous ion chelating method. 
 
Free radical scavenging method: This is the most commonly used method to evaluate the 
antioxidant activity. The antioxidant activity of samples was determined by modified reported method 
[35]. The stock solution of 1 mg mL-1 3-qtpy and its complexes 3 and 4 were prepared in DMF. Test 
solutions of different concentrations (10-70 μg mL-1) were taken in a 96-well plate, using 5 mM Tris-
HCl buffer (pH=7.4) solutions were made up to 200 L. 500 mM ethanolic DPPH solution was added 
to each well. Then the well plates were incubated in the dark for 30 min. For the base line correction 
blank solution (without test sample) was used. BHT (Butylated hydroxy toluene) and ascorbic acids 
were used as a positive control. At the wavelength of 517 nm, absorbance was measured for both 
blank solution and all the test samples. The decrease in the absorbance values indicated that 
complexes have free radical scavenging activity. The free radical scavenging activity was calculated 
by the equation: 
 

Free radical scavenging activity (%) = [(Ac−As)/Ac] × 100 
 

Where, Ac is the absorbance of control in the absence of 3-qtpy and its complexes, As is the 
absorbance of 3-qtpy and its complexes. 
 
Ferrous ion chelating method: The ligand 3-qtpy and its complexes 3 and 4 were assessed for ferric 
ion reducing antioxidant activity, determined by modified reported method [36]. In this method, the 
reduction of ferric (Fe3+) to ferrous (Fe2+) ion takes place in the presence of antioxidants. The stock 
solution of samples 1 mg mL-1 solution was prepared in DMF. Test solutions of different 
concentrations (10-70 μg  mL-1) were taken in a 96-well plate, using distilled water made up to 150 
µL. 2 mM FeCl2 solution (20 μL) to each well was added. The reaction was initiated by adding 5 mM 
Ferrozine (30 µL) to each well and shaken vigorously. After that, the well plates were incubated for 
10 min at room temperature. Absorbance of each well was measured at 562 nm against the blank 
(without test sample). EDTA-Na2 was used as standard. The % inhibition of Ferrozine-Fe2+ was 
calculated by the formula: 
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Ferrous ion chelating ability (%) = [1-As/Ao] × 100 

Where, As and Ao are the absorbance in the presence and the absence of the test samples respectively. 
A graph was plotted using % inhibition of ferrozine-Fe2+ complex formation vs. concentration of 
sample.  

 
RESULTS AND DISCUSSION 

 
Synthesis and characterization: The ligand 3-quinoline terpyridine was synthesized by using 3-
quinoline carbaxaldehyde and 2-acetyl pyridine as shown in scheme 1. The complexes 1−3 were 
synthesized and characterized by elemental and spectral analysis. The coordinating atom of the 
complexes was evaluated by using FT-IR spectra. The stretching vibration of ν(C=N) band of the 
ligand 2-qtpy was shown at 1580 cm-1 and is shifted to 1588 and 1585 cm-1 in the complexes 1 and 2. 
In the ligand 3-qtpy the stretching vibration of ν(C=N) band is 1582 cm-1 and is shifted to 1608 and 
1604 cm-1 in the complexes 3 and 4. This shift of higher wavenumber suggest that the coordination of 
nitrogen atom [37]. In all the complexes, the two asymmetric stretching bands are shown around 
1432–1462 cm-1 and 1287–1314 cm-1, indicates the coordination of bidentate nitrate [38]. A band 
appears around 1372–1396 cm-1 indicates the presence of ionic nitrate in all the complexes [39] which 
is also confirmed by the conductivity measurements.  
 
      The 1HNMR spectra of the ligand 2-qtpy, the chemical shift value of all the aromatic protons 
ranging from 7.55-8.82, where as in the complexes 1 and 2, the chemical shift values of the aromatic 
protons ranging from 7.548–9.267 ppm and 7.536–9.248 ppm respectively. In the ligand 3-qtpy, the 
chemical shift values of aromatic proton ranging from 7.379–9.444 ppm, in the complexes 3 and 4 the 
chemical shift values of aromatic protons are observed in the range 7.516–9.408 ppm and 7.527–
9.406 ppm respectively. All the expected protons are observed in the complexes 1–4 confirms the 
formation of complexes [40].   
 
The molecular weight of the ligands and the complexes are confirmed by the ESI-MS spectrometry. 
All the spectra of the complexes are measured in positive ion mode. In the ligand 3-qtpy the 
molecular ion peak is observed at 383.0 m/z value. In all the complexes the molecular ion peak 
corresponds to [M-(NO3)]+ as shown [17]. The ESI-mass spectral data is completely correlated with 
the simulated mass. 
 
DNA binding studies 
 
UV-Visible absorption titration: DNA binding experiments were done by UV-Visible experiment 
and viscosity measurements, to determine the mode of binding of the complexes with HS-DNA. UV-
Visible absorption method is an effective method to determine the mode of binding complexes with 
HS-DNA. The spectral titration of the 15 μM complexes in the absence and incremental addition of 
HS-DNA were recorded and shown in figure 1. From the spectra, with the increasing concentration of 
HS-DNA, the absorption bands of  HS-DNA have shown hypochromism and slight bathochromic 
shift indicates the intercalative mode of binding of the complexes [41]. The hypochromicity of the 
complexes 1–4 are in the range 31.1–48.8 and slight red shift can be seen in the spectra. This is due to 
the strong π → π* coupling between an aromatic chromophore of the complexes and the HS-DNA 
base pairs [42]. The order of binding strength of the complexes shows 2 > 4 > 1 > 3, the Kb values are 
in the range 105-106 M-1. The Kb values are tabulated in the table 1. Among all the complexes, 
complexes 2 and 4 have higher Kb value than the others. 
 
Viscosity measurements: Viscosity experiment is the most convincing technique to specify the mode 
of binding of La(III) complexes to HS-DNA in the absence of crystallographic data [43]. To examine 
the mode of binding of complexes viscosity experiments were carried out with the solution, HS-DNA 
with the complexes and are incubated at 37oC. The viscosity measurements on DNA solution is 
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Figure 1. UV-Visible absorption spectra of complexes 1 (a), 2 (b), 3 (c), 4 (d) in the absence and presence HS-DNA in 5 
mM Tris-HCl/50 mM NaCl buffer (pH 7.2) at 25 oC. The inset shows the plot of [DNA] vs. [DNA]/a-f. 

 
 

Table 1. Selected physicochemical data and DNA binding parameters of La (III) complexes (1-4) 
 

 
Comp. 

 
 

IRa /cm-1 
 

 
 

ΛM
c / 

Scm2 M-1 Kb, (M-1)d H (%)e ν(C=N) ν(NO3) ν(NO3)- 

(coordinated) (ionic) 
 1 1588 1456, 1289 1396 88.6 (2.69 + 0.2) x 105 45.0 

2 1585 1462, 1287 1388 112.2 (3.64 + 0.2) x 106 48.0 
3 1608 1432, 1295 1392 78.4 (2.59 + 0.2) x 105 31.1 
4 1504 1440, 1314 1378 108.0 (6.02 + 0.2) x 106 48.8 

aIn KBr phase, babsorption in DMF, cΛM, Molar conductivity in DMF at 25 oC, dKb,  
HS-DNA binding constant, He = [(Afree-Abound)/Afree] x 1 

 
sensitive towards the complexes and organic drug molecules bound by intercalation. With the 
successive addition of compounds to DNA, we examined the effect of specific viscosity of DNA. 
With the increase in concentration of complexes thereby increase in the specific viscosity thus we 
observed changes in the length of DNA (Figure 2). In classical intercalators like EtBr, it causes a 
significant increase in the specific viscosity of DNA solutions, where as in partial/non-classical 
intercalators the complexes bend or kink the DNA there by decrease in the length of DNA [41]. The 
increase in the specific viscosity of DNA suggests that complexes bind to DNA through intercalative 
mode. From the figure 2, it is clear that, the 2-qtpy complexes 2 and 1 have shown higher relative 
viscosity than the complexes of 3-qtpy suggesting the 2-qtpy complexes bind strongly than the 3-qtpy 
complexes.  
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Figure 2. Change in the relative specific viscosity of the HS-DNA with the successive  
addition of complexes 1–4 in 5 mM Tris-HCl buffer at 37 oC, pH 7.2. 

 
Chemical nuclease activity: The DNA cleavage activity of the complexes 1–4 were studied by 
agarose gel electrophoresis using pUC 19 DNA in the presence of H2O2 as oxidising agent and MPA 
as reducing agent. The efficiency of DNA cleavage of complexes 1–4 can be known by conversion of 
SC DNA into its nicked form and its linear form. Figure 3 shows the electrophoretic arrangement of 
plasmid DNA with ligands and their complexes. The results shows that, the control experiments using 
H2O2 and MPA alone (lanes 1–3) did not show any cleavage activity. Complexes 1 (lanes 7–9) and 3 
(Lanes 16–18) have shows moderate cleavage activity in the presence of both H2O2 and MPA (Tabel 
2) [44, 45]. Complex 2 shows maximum activity (lanes 10–12) in the presence of H2O2. Complex 4 
shows moderate cleavage activity in the presence of H2O2. For complex 2, we have done the cleavage 
activity at 5 and 7 µM concentrations (Figure 4, lane 4–9). From this, we observed that with the 
increase in concentration of complexes the rate of extent of cleavage also increases. At 10 µM (lanes 
10–12) concentration complex 2 shows maximum cleavage activity than other concentrations (Table 
3). The mechanistic aspects of oxidative cleavage were studied for the complexes 1–4 using DMSO 
(hydroxyl radical quencher, NaN3 (singlet oxygen quencher) and methyl green (major groove 
intercalator). Hydroxyl radical scavenger DMSO and major groove intercalator methyl green causes 
the inhibition of DNA cleavage. Thus, it is clear that oxidative cleavage is mediated by the generation 
of hydroxyl radicals. This shows that complex 2 is a major groove intercalator [31]. 

 

 
 

Figure 3. Cleavage of pUC 19 DNA (a) by 2-qtpy and its complexes 1 and 2 (lanes 4–12), (b) 3-qtpy and its  
complexes 3 and 4 (lanes 13–21) at 10 µM concentration in the presence of H2O2 and MPA in 50 mM  

Tris-HCl/NaCl buffer (pH=7.2) at 37oC. 
 

 
 
 

0 .40 0.45 0.50 0 .55 0 .60 0 .65

2

3

4

5

6

7

(
/

o)
1/

3

[C o m p lex]/[D N A ] (M )

 (1 )
 (2 )
 (3 )
 (4 )



P. R.Chetana et al                                            Journal of Applicable Chemistry, 2019, 8 (2):734-748 

www. joac.info 743 

 

Table 2. SC pUC 19 DNA cleavage data of 2-qtpy and its  
complexes 1, 2 and 3-qtpy and its complexes 3, 4 

 
Lane No. Conditions % SC % NC 

1 DNA + NaCl + Tris HCl 97 3 
2 DNA + NaCl + Tris HCl + H2O2 98 2 
3 DNA + NaCl + Tris HCl + MPA 96 4 
4 DNA + NaCl + Tris HCl + 2-qtpy 96 4 
5 DNA + NaCl + Tris HCl + H2O2 +2-qtpy 98 2 
6 DNA + NaCl + Tris HCl + MPA +2-qtpy 94 6 
7 DNA + NaCl + Tris HCl + 1 93 7 
8 DNA + NaCl + Tris HCl + H2O2 + 1 72 38 
9 DNA + NaCl + Tris HCl + MPA + 1 78 32 
10 DNA + NaCl + Tris HCl + 2 92 8 
11 DNA + NaCl + Tris HCl + H2O2 + 2 4 96 
12 DNA + NaCl + Tris HCl + MPA + 2 88 12 
13 DNA + NaCl + Tris HCl + 3-qtpy 96 4 
14 DNA + NaCl + Tris HCl + H2O2 +3-qtpy 94 6 
15 DNA + NaCl + Tris HCl + MPA +3-qtpy 94 6 
16 DNA + NaCl + Tris HCl + 3 92 8 
17 DNA + NaCl + Tris HCl + H2O2 + 3 68 32 
18 DNA + NaCl + Tris HCl + MPA + 3 64 36 
19 DNA + NaCl + Tris HCl + 4 94 6 
21 DNA + NaCl + Tris HCl + H2O2 + 4 76 24 
21 DNA + NaCl + Tris HCl + MPA + 4 88 12 

[NaCl] = 50 mM; [Tris-HCl] = 50 mM; [H2O2] = 200 µM; 
 [MPA] = 500 µM; [Complex] = 10 µM. 

 

 
 

Figure 4. Cleavage of SC pUC 19 DNA by [La(2-qtpy)(phen)2(NO3)2](NO3) (2) at 5, 7 and 9 M concentration  
(lanes 4–12) in the presence of H2O2 and MPA in 50 mM Tris-HCl/NaCl buffer (pH 7.2) at 37oC. 

 
 

Table 3. Concentration dependent SC pUC 19 DNA cleavage data of 
[La(2-qtpy)(phen)2(NO3)2](NO3) (3) 

 
Lane No. Condition % SC % NC 

1 DNA + NaCl + Tris HCl 96 4 
2 DNA + NaCl + Tris HCl + H2O2 97 3 
3 DNA + NaCl + Tris HCl + MPA 96 4 
4 DNA + NaCl + Tris HCl + 5 μM 92 10 
5 DNA + NaCl + Tris HCl + H2O2 + 5 μM 64 42 
6 DNA + NaCl + Tris HCl + MPA + 5 μM 88 6 
7 DNA + NaCl + Tris HCl + 7 μM 90 8 
8 DNA + NaCl + Tris HCl + H2O2 + 7 μM 38 58 
9 DNA + NaCl + Tris HCl + MPA + 7 μM 84 22 
10 DNA + NaCl + Tris HCl + 10 μM 96 4 
11 DNA + NaCl + Tris HCl + H2O2 + 10 μM 6 96 
12 DNA + NaCl + Tris HCl + MPA + 10 μM 92 18 
13 DNA + NaCl + Tris HCl + H2O2 + DMSO + 2 96 6 
14 DNA + NaCl + Tris HCl + H2O2 + NaN3 + 2 82 78 
15 DNA + NaCl + Tris HCl + H2O2 + MG + 2 88 12 

[NaCl] = 50 mM; [Tris-HCl] = 50 mM; [H2O2] = 200 µM; 
 [MPA] = 500µM; [Complex] = 10 µM 
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Antibacterial activity: The antibacterial activities of the ligands 2-qtpy and 3-qtpy as well as their 
complexes 1–4 were evaluated against Gram positive B. subtilis and S. aureus and Gram negative 
bacteria by Agar disc diffusion method [19]. Figure 5 show that the ligand 2-qtpy and complex 1 
shows moderate activity against all the bacteria in both 50 and 100 μM concentration. Complex 2 
shows moderate activity at 100 mM concentration against B. subtillis pathogen. Complex 3 show 
minimum activity against all the pathogen and complex 4 shows moderate activity against K. 
pneumonia and maximum activity against all other pathogens. All the tested compounds show 
significant activity against all the bacteria.  
  
 
 
 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
        

 
 
 

Figure 5. The antibacterial activity of ligands and its complexes 1–4 against Gram positive and 
Gram negative bacteria at concentration of 50 and 100 µg mL-1. 

 
In vitro cytotoxic activity: In the development of effective anticancer agents, evaluation of 
cytotoxic activity against cancerous cell lines is of great importance. The cytotoxicity of 2-qtpy and 
its complex 2 were tested against HeLa (human cervical carcinoma) cell lines by MTT assay [46]. 
Figure 6 shows that increase in the concentration of samples increases the percentage of inhibition. 
The complex 2 shows moderate in vitro cytotoxicity against HeLa cell lines with an IC50 value of 
78.84 M. The biological activity of the complexes was greatly influenced by the aromatic 
substituents in the terpyridine ligand.  
  

 
 

Figure 6. The percentage inhibition of 2-qtpy and its complex 2 at varying  
complex concentration against HeLa cell lines. 
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Antioxidant activity: The antioxidant activity of La(III) complexes were carried out by DPPH 
scavenging method in comparison with the ascorbic acid (natural antioxidant), also with BHT 
(synthetic antioxidant) and ferrous ion chelating method in comparison with EDTA-Na2. From the 
figure 7 and 8, the results show that the complexes do not show any appreciable antioxidant activity 
[47].  
 

  

 
Figure 7. (a) Bar diagram of DPPH radical scavenging ability of 3-qtpy and complexes 3 and 4 in comparison with BHT and 
ascorbic acid (AA). (b) A plot of % inhibition of formation of DPPH radicals vs. concentration of samples with its standards. 

 

 
 

 

Figure 8. (a) Bar diagram of ferrous ion chelating ability of 3-qtpy and complexes 3 and 4 in comparison with EDTA. 
 (b) A plot of % inhibition of ferrous ion radicals vs. concentration of samples with its standards. 

 
APPLICATION 

 
The lanthanum(III) complexes with aromatic planar phenanthroline in addition to terpyridine ligand 
can be used as DNA nicking agents under both oxidizing and reducing condition. These complexes 
can be used as antitumor agents against HeLa cell lines. Because of presence of N, N-heterocyclic 
bases (terpyridine and 1,10-phenanthroline) they act as antibacterial agents against Gram negative (E. 
coli) and Gram positive bacteria (B. subtillis).  
 

CONCLUSION 
 
In this work, we have synthesized 2-qtpy and its complexes 1 and 2, 3-qtpy and its complexes 3 and 4. 
The complexes 1 and 3 exhibit the coordination number 10, the complex 2 has the coordination 
number 11 and complex 4 has the coordination number 9. The spectral data confirmed the presence of 
both coordinated and ionic nitrate in the complexes. The complex [La(2-qtpy)2 (phen)2(NO3)2](NO3) 
(2) and [La(3-qtpy)(phen)(NO3)2](NO3) (4) show very good binding and cleavage activities and 
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antibacterial activity against all the tested bacterial strains. The complex 2 also shows cytotoxicity 
against HeLa cell lines. Other two complexes 1 and 3 were show moderate binding, cleavage and 
antibacterial activity. 

 
ACKNOWLEDGEMENTS 

 
Author D. R. Navya greatly acknowledges the UGC for providing RGNF fellowship to carry out this 
research work. The authors greatly acknowledge Dr. T. Demappa, Associate Professor, Department of 
polymer science, University of Mysore, Mysore and Dr. Y. Shivaraj, Assistant Professor, Government 
Science College, Bengaluru for providing spectroscopic facilities.  

 
REFERENCES 

 
[1]. M. Shibasaki, N. Yoshikawa, Lanthanide Complexes in Multifunctional Asymmetric Catalysis, 

Chem. Rev., 2002, 102, 2187−2210.  
[2]. D-d. Qin, G-f. Qi, Z-y. Yang, J-c. Wu, Y-c Liu, D-dong, Fluorescence and Biological 

Evaluation of the La(III) and Eu(III) Complexes with 7-methoxychromone-3-carbaldehyde 
Benzoyl Hydrazone Schiff Base, J. Fluoresc., 2009, 19, 409–418. 

[3]. K. Young, Q. Xiao, A. Zakarian, Toward the Synthesis of Muironolide A: Synthesis and 
Structure of Heteroleptic Lanthanide–Terpyridine Complexes with 2‐Oxo Amides Eur. J. Org. 
Chem., 2015, 2337–2341,  

[4]. W. T. David Lin, P. J. Jimmy Huang, R. Pautler, J. Liu, The group trend of lanthanides binding 
to DNA and DNAzymes with a complex but symmetric pattern, Chem. Commun., 2014, 50, 
11859−11862. 

[5]. B. Jiang, M. Wang, C. Li, J. Xie, DNA-binding and hydrolytic cleavage promoted by 
tetraazamacycle La(III) and Ce(III) complexes, Med. Chem. Res., 2013, 22, 3398–3404.  

[6]. X. Hongzhen, L. Guanzhong, Crystal structures and fluorescence properties of lanthanide 
complexes prepared with 2,2′-biphenyldicarboxylic acid and 2,2′:6′,2″-terpyridine J. Rare 
Earths, 2013, 31, 6, 639-644. 

[7]. A. B. Seidani, M. Shamsipur, Ion-imprinted polymeric nanoparticles for fast and selective 
separation of lanthanum(III), Microchim Acta., 2015, 182, 1747–1755. 

[8]. G. Zhao, F. Li, H. Lin, H. Lin, Synthesis, characterization and biological activity of complexes 
of lanthanum(III) with 2-(1'-phenyl- 2'-carboxyl-3'-aza-n-butyl)-1,10-phenanthroline and 2-(1'-
p-phenol-2'-carboxyl-3'-aza-n-butyl)-1,10-phenanthroline, Bioorg. Med. Chem., 2007, 15, 533–
540. 

[9]. M. Wang, Z. Yang, Y. Li, H. Li, Lanthanide complex of 1-phenyl-3-methyl-5-hydroxy 
pyrazole-4-carbaldehyde-(isonicotinoyl) hydrazone: crystal structure and DNA-binding 
properties, J. Coord. Chem., 2011, 64, 17, 2974–2983. 

[10]. L-X. Zhao, J. U. Sherchan, J. K. Park, Y. Jahng, B-S. Jeong, T. C. Jeong, C-S. Lee, E-S. Lee, 
Synthesis, cytotoxicity and structure-activity relationship study of terpyridines, Arch. 
Pharmcal. Res., 2006, 29, 12, 1091-1095.      

[11]. R. Mital, N. Jain, T.S. Srivatava, Synthesis, characterization and cytotoxic studies of diamine 
and diimine palladium(II) complexes of diethyl dithiocarbamate and binding of these and 
analogous platinum(II) complexes with DNA, Inorg. Chim. Acta., 1989, 166, 135−140. 

[12]. H. Mansuri-Torshizi, R. Mital, T.S. Srivastava, H. Parekh, M.P. Chitnis, Synthesis, 
characterization, and cytotoxic studies of α-diimine/1,2-diamine platinum(II) and palladium(II) 
complexes of selenite and tellurite and binding of some of these complexes to DNA, J. Inorg. 
Biochem., 1991, 44, 239-247. 

[13]. Z-Wang, H-Lin, S-zhu, T-Liu, Z-Zhou, Y-Chen, Synthesis, characterization and cytotoxicity of 
lanthanum (III) complexes with novel 1,10- phenanthroline-2,9-bis-[agr]-amino acid 
conjugates, Anti-Cancer Drug Design, 2000, 15, 405-411. 

[14]. F-H. Li, G-H. Zhao, H-X. Wu, H-Lin, H-K. Lin, Synthesis, characterization and biological 
activity of lanthanum(III) complexes containing 2-methylene–1,10-phenanthroline units 
bridged by aliphatic diamines J. Inorg. Biochem., 2006, 100, 36-46. 



P. R.Chetana et al                                            Journal of Applicable Chemistry, 2019, 8 (2):734-748 

www. joac.info 747 

 

[15]. J. Zhou, L-f. Wang, J-y. Wang, N. Tang, Synthesis, characterization, antioxidative and 
antitumor activities of solid quercetin rare earth(III) complexes J. Inorg. Biochem., 2001, 83, 
41–48. 

[16]. Z-M. Wang, H-K. Lin, S-R. Zhu, T-F. Liu, Y-T. Chen, Spectroscopy, cytotoxicity and DNA-
binding of the lanthanum(III) complex of an L-valine derivative of 1,10-phenanthroline J. 
Inorg. Biochem., 2002, 89, 97–106. 

[17]. A. Hussain, D. Lahiri, M. S. Ameerunisha Begum, S. Saha, R. Majumdar, R. R. Dighe, A. R. 
Chakravarty, Photocytotoxic Lanthanum(III) and Gadolinium(III) Complexes of 
Phenanthroline Bases Showing Light-Induced DNA Cleavage Activity,  Inorg. Chem., 2010, 
49, 4036–4045.  

[18]. H.X. Xu, H.Y. Zhang, X.G. Qu, Interactions of the human telomeric DNA with terbium–amino 
acid complexes J. Inorg. Biochem., 2006, 100 1646–1652. 

[19]. T. Ezhilarasu, A. Sathiyaseelan, P. T. Kalaichelvan, S. Balasubramanian, Synthesis of 4′-
substituted-2,2′;6′,2″-terpyridine Ru(II) complexes electrochemical, fluorescence quenching 
and antibacterial studies, J. Mol. Struct., 2017, 1134, 265-277. 

[20]. M. N. Patel, H. N. Joshi, C. R. Patel, Copper(II) complexes with norfloxacin and neutral 
terpyridines: Cytotoxic, antibacterial, superoxide dismutase and DNA-interaction approach 
Polyhedron, 2012, 40, 159-167. 

[21]. P. R. Chetana, V. V. Bhat, M. A. Dhale, DNA Interactions, Antibacterial and Antioxidant 
Studies of Newly Synthesized Lanthanum(III) Complexes Using N, N’-Bis(3-Pyridylmethyl) 
oxamide and N,N-Heterocyclic bases. Int. J. Pharm. Sci. Rev. Res., 2018, 49 (1) 15, 86-99. 

[22]. L. Logu, K. R. Kamatchi, H. Rajmohan, S. Manohar, R. Gurusamy, E. Deivanayagam, In 
vitro antimicrobial and antioxidant evaluation of rare earth metal Schiff base complexes derived 
from threonine, Appl. Organomet. Chem., 2015, 29, 90–95. 

[23]. S. A. Moya, R. Pastene, H. L. Bozec, P. J. Baricelli, A .J. Pardey, J. Gimeno, Metallic carbonyl 
complexes containing heterocycles nitrogen ligands: Part VI. Re(I), Mn(I), Mo(0), and W(0) 
compounds with 4′-phenyl-2,2′:6′,2″-terpyridine, Inorg. Chem. Acta., 2001, 312, 7-14. 

[24]. J. Huo, N. Arulsamy,J. O. Hoberg, Facile synthesis and platinum complexes of 4,5,5-
trisubstituted-2,2’:6’,2”-terpyridines Dalton Trans., 2011, 40, 7534-7540. 

[25]. S. Roy, S. Saha, R. Majumdar, R. R. Dighe and A. R. Chakravarty, DNA photocleavage and 
anticancer activity of terpyridine copper(II) complexes having phenanthroline bases, 
Polyhedron 2010, 29, 2787-2794. 

[26]. V. M. Manikandamathavan, M. Thangaraj, T. Weyhermuller, R. P. Parameswari, V. Punitha, 
N. N. Murthy and B. U. Nair, Novel mononuclear Cu (II) terpyridine complexes: Impact of 
fused ring thiophene and thiazole head groups towards DNA/BSA interaction, cleavage and 
antiproliferative activity on HepG2 and triple negative CAL-51 cell line, Eur. J. Med. Chem., 
2017, 135, 434-446. 

[27]. A. Anjaneyulu, K. Kamalaker Reddy, J. Sunitha, M. Sayaji Rao, Synthesis, Characterization, 
DNA binding, Anti-Bacterial and VEGF-C Growth Factor Docking Studies of New Cu(II), 
Ni(II) and Co(II) Complexes J. Applicable Chem., 2018, 7(4), 905-918. 

[28]. P. R. Chetana, R. K. Rao, D. Lahiri, DNA Binding and Oxidative Cleavage Activity of Ternary 
(α-Lipoic Acid) Copper(II) Complex of Heterocyclic Base Synth. React. Inorg, Met-Org. Nano-
Metal Chem., 2013, 43, 289-295. 

[29]. P. R. Chetana, M. N. Somashekar, B. S. Srinatha, R. S. Policegoudra, S. M. Aradhya, R. K. 
Rao, Synthesis, Crystal Structure, Antioxidant, Antimicrobial, and Mutagenic Activities and 
DNA Interaction Studies of Ni(II) Schiff Base 4-Methoxy-3-benzyloxybenzaldehyde 
Thiosemicarbazide Complexes, ISRN Inorg. Chem., 2013, 1-11. 

[30]. N. Chandrika, T. H. Suresha Kumara, G. Nagendrappa, P. R. Chetana, H. B. V. Sowmya, S. K. 
Rashmi, R. Dileep, C. Sandeep, Solvent-Free Solid Phase Syntheses of 2-Chloroquinoline-3-
carbaldehyde Phenyl Hydrazones and their DNA Cleavage Studies,  J. Applicable Chem., 2013, 
2(6), 1535-1542. 

[31]. P.R. Chetana, V. V. Bhat, M. A. Dhale, Hetero-Binuclear Complexes of Lanthanum (III) Using 
Bridging N,N′-Bis(2-Pyridylmethyl)Oxamide and Terminal 1,10-Phenanthroline: Synthesis, 



P. R.Chetana et al                                            Journal of Applicable Chemistry, 2019, 8 (2):734-748 

www. joac.info 748 

 

Characterization and Biological Evaluation, Int. J.  Pharm. Sci. Drug Res. 2018, 10(6), 460-
473.  

[32]. M. A. Dhale, S. Divakar, S. U. Kumar, G. Vijayalakshmi, Characterization of dehydro 
monacolin-MV2 fromMonascus Purpureusmutant,  J. Applied Microbiology, 2007, 103, 2168-
2173. 

[33]. S. M. Hegde, M. N. Kumar, K. Kavya, K. M. K. Kumar, R. Nagesh, R. H. Patil, R. L. Babu, G. 
T. Ramesh and S. C. Sharma, Interplay of nuclear receptors (ER, PR, and GR) and their steroid 
hormones in MCF-7 cells, Mol. Cell.Biochem., 2016, 422, 109-120. 

[34]. R. H. Patil, R. L. Babu, M. Naveen Kumar, K. M. Kiran Kumar, S. M. Hegde, G. T. Ramesh 
and S. Chidananda Sharma, Apigenin inhibits PMA-induced expression of pro-inflammatory 
cytokines and AP-1 factors in A549 cells,  Mol. Cell. Biochem., 2015, 403, 95-106. 

[35]. J. Dharmaraja, P. Subbaraj, T. Esakkidurai, S. Shobana, Studies on Ni(II), Cu(II) and Zn(II) 
complexes with 2-aminobenzamide and some bioactive imidazole enzyme constituents,  J. 
Coord. Chem., 2015, 68, 24, 4314–4344. 

[36]. A. T. Bilgicli, Y. Tekin, E. H. Alici, M. N. Yaraşir, G. Arabaci, M.  Kandaz, α- or β-Substituted 
functional phthalocyanines bearing thiophen-3-ylmethanol substituents: synthesis, 
characterization, aggregation behaviour and antioxidant activity, J. Coord. Chem., 2015, 68, 22, 
4102–4116. 

[37]. M. N. Patel, P. A. Dosi and B. S. Bhatt, Antibacterial, DNA interaction and superoxide 
dismutase activity of drug based copper(II) coordination compounds, Polyhedron, 2010, 29, 
3238-3245. 

[38]. P. G. Avaji, B. N. Reddy, S. A. Patil and P. S. Badami, Synthesis, spectral characterization, 
biological and fluorescence studies of lanthanum(III) complexes with 3-substituted-4-amino-5-
hydrazino-1,2,4-triazole Schiff bases, Trans. Metal. Chem., 2006, 31(7), 842-848. 

[39]. B. Maity,  S. K. Chakravarthi, M. Roy, A. A. Karande, A. R. Chakravarty, Eur. J. Inorg. 
Chem., 2011, 1137−1342   

[40]. K. Suntharalingam, A. J. P. White, R. Vilar, wo Metals Are Better than One: Investigations on 
the Interactions between Dinuclear Metal Complexes and Quadruplex DNA, Inorg. Chem., 
2010, 49, 8371-8380. 

[41]. C. N. Sudhamani, H. S. Bhojya Naik, K. R. Sangeetha Gowda, M. Giridhar, D. Girija, New 
Insights into the DNA Interactions of Novel Ru(II) Complexes of Chromeno[2,3-b]Quinoline 
and Fused Aromatic NN- Incorporated Ligands J. Applicable Chem., 2017, 6(1), 84-93. 

[42]. S. Ghosh, Z. Abbas, S. Dasari, A. K. Patra, Luminescent Eu3+ and Tb3+ complexes of 4-
aminophenyl terpyridine (ptpy): Photophysical aspects, DNA and serum protein binding 
propertie, J. Lumin., 2017, 187, 46-52. 

[43]. Y. N. Shi, K. Zheng, L. Zhu, Y.-T. Li, Z. Y. Wu and C. W. Yan, Synthesis and Structure of a 
Ternary Copper(II) Complex with Mixed Ligands of Diethylenetriamine and Picrate: 
DNA/Protein-Binding Property and In Vitro Anticancer Activity Studies  J. Biochem. Mol. 
Toxicol., 2015, 29, 221-233 

[44]. B. Maity, M. Roy, B. Banik, R. Majumdar, R. R. Dighe, A. R. Chakravarty, Ferrocene-
Promoted Photoactivated DNA Cleavage and Anticancer Activity of Terpyridyl Copper(II) 
Phenanthroline Complexes, Organometallics, 2010, 29, 3632-3641. 

[45]. S. Roy, S. Saha, R. Majumdar, R. R. Dighe, E. D. Jemmis, A. R. Chakravarty, Cobalt 
(II) complexes of terpyridine bases as photochemotherapeutic agents showing cellular uptake 
and photocytotoxicity in visible light, Dalton Trans., 2011, 40, 1233-1242. 

[46]. M. M. Milutinović, A. Rilak, I. Bratsos, O. Klisurić, M. Vraneš, N. Gligorijević, S. Radulović, 
Ž. D. Bugarčić, New 4′-(4-chlorophenyl)-2,2′:6′,2″-terpyridine ruthenium(II) complexes: 
Synthesis, characterization, interaction with DNA/BSA and cytotoxicity studies, J. Inorg. 
Biochem., 2017, 169, 1-12. 

[47]. A. A. Osowole, S. M. Wakil, M. O. Emmanuel, Synthesis, characterization, antioxidant and 
antimicrobial activities of some Metal(II) Complexes of the Mixed-Ligands, Vitamin B2 and 
Benzoic acid, Elixir. Appl. Chem., 2015, 79, 30370-30374. 

 


