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INTRODUCTION

Owing to their strong π-stacking ability, coordination
abilities and directional H-bonding, terpyridine and its deriva-
tives are prominent building blocks in organic as well as
inorganic chemistry [1,2]. Substituted terpyridines are versatile
ligands because they form complexes with d- and f-block metals.
They find applications in various fields like asymmetric catalysis,
luminescent functional materials, optical nanodevices, photo-
sensitization, solar cells, molecular switches and medical probes
[3,4]. Terpyridine complexes are extensively studied due to
their unique luminescent properties as well as biological activities,
such as interaction with biomolecules having potential applica-
tions in anticancer, antimicrobial agents and radiotherapy with
a specific inclination to bind with nucleic acids [5,6]. The coord-
inated terpyridines play a vital role in the antitumor activity
of the metallo-drugs because they can modify key parameters
such as lipophilicity and reactivity of metal complexes [5].
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The 2,2′:6′,2′′-terpyridine is a tridentate nitrogen containing
coplanar ligand and rarely it can act as mono or bidentate ligand.
The choice of this ligand is primarily due to their planar structure.
Due to planar structure insertion of complexes takes place in
between base pairs of DNA and hence are deliberated as good
metallo-intercalators [7,8]. Additionally, the introduction of
different groups at 4′-position of 2,2′:6′,2′′-terpyridine results
in the modification of photophysical and DNA interaction ability
of the complexes. Hence, the chemistry of terpyridine is a
dynamic and emergent area of attentiveness in the fields of
medicinal and bioinorganic chemistry [9]. 1,10-Phenanthroline
is a rigid planar heterocyclic base, which can be used as DNA
intercalator. Metal complexes containing 1,10-phenanthroline
are well known for DNA binding through intercalative mode.
So, we choose to synthesize La(III) complexes with these ligands
[10].

Lanthanum(III) complexes have been employed in various
biological and as well as photophysical applications. La(III)



complexes with quercetin [11], Schiff bases [12], oxamides
[13], norfloxacin [14], derivatives of phenanthroline have been
employed as chemical nucleases [15], DNA binding agents
[16], antimicrobial [13] and anticancer agents [7,11]. Lantha-
num(III) complexes have also shown ligand dependent photo-
luminescence properties [17,18]. But La(III) complexes having
terpyridine as ligands are less explored. In this view, we have
synthesized new complexes with lanthanum containing 4-
quinoline terpyridines and 1,10-phenanthroline. We have tested
these newly synthesized complexes for their chemical nuclease
activity against supercoiled (SC) pUC 19 DNA, binding abilities
towards Herring sperm (HS) DNA, antibacterial activities
against Gram positive (Bacillus subtilis and Staphylococcus
aureus) and Gram negative (Escherichia coli and Klebsiella
pneumoniae) bacteria and cytotoxicity against HeLa cell lines.
The complexes 1-4 have also been tested for their photolumine-
scence properties.

In this present work, we report the syntheses and character-
ization of La(III) complexes with 4-quinoline terpyridine ligand.
The DNA binding properties of the complexes have been investi-
gated by UV-visible absorption titration and viscosity measure-
ments. The DNA cleavage of the complexes have been investi-
gated by agarose gel electrophoresis method. These complexes
exhibit cytotoxic effects against HeLa cell lines and bactericidal
action against tested bacteria.

EXPERIMENTAL

All the reagents and solvents were commercially available
and used as received. Supercoiled (SC) pUC19 DNA (caesium
chloride purified), herring sperm-DNA (HS-DNA) were purc-
hased from Bangalore Genie (India). Agarose (molecular biology
grade), ethidium bromide were purchased from Sigma (USA).
Tris(hydroxymethyl)aminomethane-HCl (Tris-HCl) buffer was
prepared using deionized and sonicated triple distilled water.
Bacterial media was purchased from Himedia. The bacterial
strains were procured from IMTECH, Chandigarh, India. All
the cell lines for MTT assay were purchased from ATCC.

General procedure: The lanthanum complexes were
prepared by modified reported method. The ligand 4-qtpy was
synthesized [19] for the comparative study with the newly
synthesized complexes 1-4.

Synthesis of lanthanum(III) complexes 1-2: The complexes
1 and 2 were prepared by following modified reported method
using varied concentrations of ligand 4-qtpy [20]. La(NO3)3·
6H2O (0.030 g, 0.69 mM) and 4-qtpy (0.050 g, 0.138 mM for
1; 0.075 g, 2.07 mM for 2, respectively) were dissolved in 10
mL dry or air free methanol, refluxed for 4 h at 60 ºC with stirring
under nitrogen atmosphere. Then the solution was allowed to
dry to obtained off-white complexes, washed with 5 mL diethyl
ether and dried under vacuum. The complexes were soluble
in MeOH, DMF and DMSO.

Elemental analysis calcd. (found) % for C48H32N11O9La
[La(4-qtpy)2(NO3)2](NO3) (1): C, 55.13 (55.02); H, 3.08 (3.06);
N, 4.73 (14.68). FT-IR (KBr disc, νmax, cm-1): 1600 m, 1536
w, 1455 m, 1392 m, 1288 w, 1032 m, 1067 m, 857 w, 796 m,
623 m, 567 w. UV-visible in DMF [λmax, nm (ε, M-1 cm-1)]:
266 (66,333). ΛM (S cm2 M-1) in DMF at 25 ºC 92.2. ESI-MS
in methanol m/z: 982.62 [M-(NO3

−)]+. 1H NMR (400 MHz,

DMSO-d6, δ ppm) 7.517-7.547 (4H, m), 7.642-7.690 (4H, m),
7.84-7.878 (2H, t), 7.927-7.948 (2H, d), 8.045-8.086 (4H, t),
8.172-8.193 (2H, d), 8.568 (4H, s), 8.708-8.744 (8H, m),
9.041-9.052 (2H, d); Yield: 58 %.

Elemental analysis for calcd. (found) % for C72H48N15O9La
[La(4-qtpy)3(NO3)](NO3)2 (2): C, 61.50 (61.38); H, 3.44 (3.41);
N, 14.94 (14.88) %. FT-IR (KBr disc, νmax, cm-1): 1579 s, 1507
w, 1460 s, 1387 s, 1297 m, 1036 w, 861 w, 784 s, 737 s, 628 s,
540 w. UV-visible in DMF [λmax, nm (ε, M-1 cm-1)]: 265
(52,533). ΛM (S cm2 M-1) in DMF at 25 ºC 142.4. ESI-MS in
methanol m/z: 639.23 [M-2(NO3

−)]2+. 1H NMR (400 MHz,
DMSO-d6, δ ppm): 7.536-7.569 (6H, m), 7.666-7.715 (6H,
m), 7.859-7.900 (3H, t), 7.950-7.971 (3H, d), 8.065-8.108 (6H,
td), 8.193-8.214 (3H, d), 8.594 (6H, s), 8.729-8.766 (12H, t),
9.064-9.075 (3H, d); Yield: 64 %.

Synthesis of lanthanum(III) complexes (3-4): Complexes
3 and 4 were prepared by following modified reported method
using varied concentrations of 1,10-phenanthroline [20]. 4-
qtpy (0.050 g, 0.138 mM) and La(NO3)3·6H2O (0.030 g, 0.138
mM) were dissolved in 10 mL dry or air free methanol refluxed
for 4 h at 60 ºC with stirring under nitrogen atmosphere. Then
the methanolic solution of 1,10-phenanthroline (0.012 mg,
0.138 mM for 3 and 0.025 g, 0.276 mM for 4, respectively)
was added drop wise to the solution and stirred for an additional
2 h. The solution was allowed to dryness to yielded off-white
solid which was washed with 5 mL diethyl ether and finally
dried under vacuum. The complexes were soluble in MeOH,
DMF and DMSO.

Elemental analysis calcd. (found) % for C36H24N9O9La
[La(4-qtpy)(phen)(NO3)2](NO3) (3): C, 49.96 (49.82); H, 2.79
(2.76); N, 14.56 (14.52). FT-IR (KBr disc, νmax, cm-1): 1578 w,
1544 w, 1454 s, 1390 m, 1298 m, 1028 m, 840 s, 724 s, 613 m,
536 w. UV-visible in DMF [λmax, nm (ε, M-1 cm-1)]: 264 (66,333).
ΛM (S cm2 M-1) in DMF at 25 ºC: 94.8. ESI-MS in methanol
m/z: 802.77 [M-(NO3

−)]+. 1H NMR (400 MHz, DMSO-d6, δ ppm):
7.522-7.552 (2H, dd), 7.646-7.687 (2H, m), 7.698 (1H, m),
7.77-7.801 (1H, m) 7.845-7.883 (2H, td), 7.931-7.951 (2H, d),
8.002 (1H, s), 8.048-8.091 (3H, td), 8.175-8.196 (1H, d), 8.495-
8.518 (1H, d), 8.572 (2H, s), 8.711-8.748 (5H, m), 9.045-9.056
(1H, d), 9.100-9.911 (1H, d); Yield: 53 %.

Elemental analysis calcd. (found) % for C48H32N11O9La
[La(4-qtpy)(phen)2(NO3)2](NO3) (4): C, 55.13 (55.04); H, 3.08
(3.05); N, 14.73 (14.68). FT-IR (KBr disc, νmax, cm-1): 1582 s,
1541 w, 1458 m, 1388 s, 1291 m, 1034 w, 852 w, 784 vs, 730
s, 617 vs, 572 w . UV-visible in DMF [λmax, nm (ε, M-1 cm-1)]:
265 (52,533). ΛM (S cm2 M-1) in DMF at 25 ºC: 118.2. ESI-MS
in methanol m/z: 982.67 [M-(NO3

−)]. 1H NMR (400 MHz,
DMSO-d6, δ ppm) 7.556-7.571 (2H, m), 7.683-7.719 (2H, m),
7.780-7.811 (4H, m), 7.863-7.884 (1H, td) 7.951-7.972 (1H,
dd), 8.015 (4H, s), 8.066-8.110 (4H, td), 8.194-8.214 (2H, d),
8.503-8.528 (1H, dd), 8.595 (2H, s), 8.728-8.768 (4H, m),
9.066-9.077 (1H, d), 9.114-9.119 (4H, dd); Yield: 68 %.

Detection method: The elemental analyses of the newly
synthesized complexes 1-4 were done, using a Thermo Finnigan
FLASH EA 1112 CHNS analyzer. The calculated values are
correlated with the observed values. Molar conductivity measure-
ments were carried out by Control Dynamics (India) conductivity
meter. The FT-IR spectra of the complexes were recorded on
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Perkin Elmer Lambda 35 spectrophotometer in the range 4000-
500 cm-1. The fluorescence emission spectral measurements
of the 4-qtpy and its La(III) complexes in DMF/Tris-HCl buffer
are carried out at wavelength ranging from 300 to 550 nm using
Jasco spectrofluorometer at an excitation wavelength around
290 nm. 1H NMR (Bruker, 400 MHz) spectra of the complexes
were recorded in DMSO-d6 solution using tetramethylsilane
(TMS) as internal standard. ESI-Mass spectrometry of the comp-
lexes were performed on a Bruker Esquire 6000 (ESI) mass
spectrometer.

DNA binding studies: By using electronic absorption
spectra and viscosity measurements, the binding propensities
of complexes with HS-DNA were measured. UV-visible absor-
ption measurements of the complexes in DMF/Tris-HCl buffer
were carried out at wavelengths ranging from 200 to 800 nm
using Shimadzu UV-1800 PC spectrophotometer.

UV-Visible absorption titration: The binding interaction
study of La(III) complexes (1-4) with HS-DNA were measured
using Tris-HCl/NaCl buffer (5 mM Tris-HCl, 5 mM NaCl, pH
7.2). The purity of HS-DNA in Tris-HCl/NaCl buffer was
measured at 260 and 280 nm, gave a ratio of 1:1.9 showed
that DNA was protein free [21]. The concentration of DNA
was calculated from its known molar extinction (ε) value of
6,600 M-1 cm-1. Stock solutions of the complexes were prepared
by DMF and diluted with Tris-HCl buffer to obtain required
concentration of the complexes. The electronic absorption
titrations were measured with increasing concentration of HS-
DNA with constant complex concentration (15 µM). Before
recording the spectrum, samples were equilibrated to bind
sufficiently to DNA. The intrinsic binding constant (Kb) was
determined by using the equation [3]:

a f b f b a f

[DNA] [DNA] 1

( ) ( ) K ( )
= +

ε − ε ε − ε ε − ε
where, molar absorptivity of the complexes after each addition
of DNA, εf = molar absorptivity of free; εa = apparent comp-
lexes and εb = molar absorptivity of complexes in fully bound
form with DNA. A plot of [DNA]/εa − εf versus [DNA] gives
Kb as the ratio of slope to the intercept.

Viscosity measurements: Viscometric experiments were
performed at 37 (± 0.1) ºC in a constant temperature bath. In
these experiments, the rate of flow of 5 mM Tris-HCl buffer
(pH 7.2), HS-DNA and La(III) complexes with DNA at various
concentrations were measured. The relative specific viscosity
of HS-DNA was calculated using the equation η = t − to/to

where t is the perceived flow time of DNA in the presence and
absence of the complexes, to is the flow time of buffer alone.
A graph of (η/ηo)1/3 vs. [complex]/[DNA] was plotted, where
η is the viscosity of DNA with the complexes and ηo is the
viscosity of DNA alone [22,23].

DNA cleavage experiments: The chemical nuclease
activity of 4-qtpy and its complexes 1-4 with super-coiled pUC
19 DNA was monitored by agarose gel electrophoresis method
using 50 mM Tris-HCl/NaCl buffer (pH = 7.2). The extent of
cleavage of super-coiled  pUC 19 DNA into nick circular (NC)
form by complexes at 10 µM concentration in the presence
and absence of H2O2 and MPA, was studied [24]. The samples
were incubated for 90 min. 0.8 % agarose gel was prepared by

dissolving 0.25 g in 25 mL 1XTAE buffer then by adding
1.0 µg mL-1 ethidium bromide. The samples were loaded by
loading dye containing 0.25 % bromophenol blue, 0.25 %
xylene cyanol and 30 % glycerol (2 µL). The experiment
was carried out in dark for 90 min at 45 V in TAE buffer and
photographed. By measuring the intensities of the bands using
a UVITECH Gel Documentation System, the extent of cleavage
of SC-DNA was determined. Due corrections were made for
the low level of nick circular form present in the original super-
coiled-DNA sample and for the low affinity of ethidium bromide
binding to super-coiled compared to nick circular and linear
forms of DNA. Mechanistic studies were carried out with different
additives such as DMSO (hydroxyl radical quencher), NaN3

(singlet oxygen quencher) and with the major groove binder
methyl green [13,25].

Antibacterial activity: The antibacterial assays for 4′-
[(4-quinoline)-2,2′;6′,2′′-terpyridine] (4-qtpy) and its La(III)
complexes 1-4 were carried out by disc diffusion method using
Gram positive bacteria (Bacillus subtilis MTCC 645 and Staphyl-
ococcus aureus MTCC 3160) and Gram negative bacteria
(Escherichia coli ATCC 25922 and Klebsiella pneumoniae
MTCC 109) as test organisms. The compounds were dissolved
in DMSO (1 mg mL-1) for the assay. Antibacterial activity was
determined in Whatman filter paper discs containing 50 and
100 µg mL-1 of the samples incubated at 37 ºC for 24 h. After
24 h zone of inhibition were measured [26]. Tetracycline and
DMSO were used as positive and negative controls, respec-
tively.

Cytotoxic study: To evaluate the effect of compounds
on the cell growth, the cytotoxic studies of 4-qtpy and complex
4 were tested on human cervical carcinoma cell line (HeLa) by
using [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide] (MTT) assay. 100 µL of diluted cell suspension
(50,000 cells/well) was seeded using respective media
containing 10 % fetal bovine serum (FBS) in the 96 well plate.
After 24 h the monolayer was washed with medium and then
100 µL of test drugs at different concentrations were added.
The plates were incubated in 5 % CO2 atomosphere at 37 ºC
for 24 h. The test solution was discarded after incubation and
100 µL of MTT was added (6 mg/10 mL of MTT in PBS) to
each well. The well plates were again incubated for additional
4 h at 37 ºC in 5 % CO2 incubator. The supernatant was removed
and 100 µL of DMSO was added and the plates were gently
shaken to solubilize the formed formazan. The absorbance
of each well was measured using a microplate reader at the
wavelength of 590 nm. The percentage growth inhibition was
calculated by the formula:

OD of sample
Inhibition (%) 100 100

OD of control
= − ×

The IC50 (concentration of test drug needed to inhibit cell
growth by 50 %) values are generated from the dose-response
curves for cell lines [11].

RESULTS AND DISCUSSION

Synthesis of bis[4′-(4-quinoline)2,2′;6′,2′′-terpyridine]-
bis(nitrato)lanthanum(III) nitrate [La(4-qtpy)2(NO3)2](NO3) (1)
and tris[4′-(4-quinoline)2,2′;6′,2′′-terpyridine](nitrato)-
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lanthanum(III) nitrate [La(4-qtpy)3(NO3)](NO3)2 (2): Complexes
1 and 2 are obtained in good yield. Complexes 1-2 are synthe-
sized by refluxing La(III) nitrate (0.69 mM) and 4-qtpy (0.138
mM for 1 and 2.09 mM for 2) in methanol for 4 h at 60 ºC
(Scheme-I).

Synthesis of [4′′′′′-(4-quinoline)2,2′′′′′;6′′′′′,2′′′′′′′′′′-terpyridine]-
(1,10-phenanthroline)bis(nitrato)lanthanum(III) nitrate
[La(4-qtpy)(phen)(NO3)2](NO3) (3) and [4′′′′′-(4-quinoline)-
2,2′′′′′;6′′′′′,2′′′′′′′′′′-terpyridine]bis(1,10-phenanthroline)bis(nitrato)
lanthanum(III) nitrate [La(4-qtpy)(phen)2(NO3)2](NO3) (4):
Complexes 3 and 4 are obtained in good yield. Complexes 3-
4 are prepared by refluxing La(III) nitrate (0.138 mM) and 4-
qtpy (0.138 mM) in methanol for 4 h at 60 ºC. After 4 h, 1,10-
phenanthroline is added (0.138 mM for 3 and 0.276 mM for
4) and refluxed for an additional 2 h (Scheme-II).

The molar conductivity values suggested that the complex
2 is 1:2 electolyte having the conductivity value 157.2 Scm2

M-1 and other complexes are 1:1 electrolytes having the values
in the range 80-120 Scm2M-1 in DMF solvent [27].

IR spectra: The stretching vibration of ν(C=N) band of
4-qtpy observed at 1562 cm-1 is shifted to 1600-1578 cm-1 in
La(III) complexes. This shift towards higher wave number of
about 16-38 cm-1 in the complexes specifies that coordination

of ligands through nitrogen atom to La(III) metal [7,24]. The
information about the possible binding modes of nitrate groups
are obtained in the IR spectra of nitrato complexes. In  La(III)
complexes 1-4, the two asymmetric stretching bands are obser-
ved around 1460-1455 and 1298-1288 cm-1. The magnitude
of separation of these two stretching is around 167-157 cm-1,
indicates the bidentate coordination of nitrate groups [28]. A band
observed around 1392-1388 cm-1 is indicative of ionic nitrate
which is confirmed by the conductivity measurements [27].

Absorption and emission spectra: The electronic absor-
ption spectra of the complexes (1-4) are recorded in DMF, which
gives the valid information on the structural facts of complexes.
In 4-qtpy, the absorption band appears at 283.13 nm is due to
the ligand centred π→π* transition, which is shifted towards
the lower wavelength around 265.2-280.27 nm in the La(III)
complexes. The weak absorption band appears at 315.26 nm
in 4-qtpy is due to π→π* transition which appears around
317 nm in the complexes [3]. The affinity to shift either higher
or lower wavelength is owing to the coordination of 4-qtpy to
La(III) [4]. Absorption for the complexes in DMF/Tris-HCl
buffer does not show any significant changes recorded at room
temperature for upto 4 h suggesting their stability in DMF/
Tris-HCl solution [3].
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N N
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+
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N
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Scheme-I: (a) Preparation of complex 1 and (b) complex 2

1268  Chetana et al. Asian J. Chem.



Due to π→π* transition, the complexes exhibit ligand
centred emission at 398, 438 and 470 nm [18,29]. In the ligand
4-qtpy and its La(III) complexes, the emission maxima are
observed at 438 nm. The complexes 1 and 3 show maximum
luminescence intensity than other complexes.

1H NMR spectra: In general, the structure of the La(III)
complexes can be resolved from the information obtained from
1H NMR spectra. In complexes 1 and 2, nine sets of signals
ranging from 7.517-9.052 ppm signifies the existence of aromatic
groups in the newly synthesized complexes. The -C=N protons
having chemical shift values ranging from 8.708-9.074 ppm
experiences a downfield shift compared to the free ligand
confirms the coordination of azomethine nitrogen to La(III)
metal and hence strongly signifies the deshielding effect [4]. In
complexes 3 and 4, thirteen sets of signals ranging from 7.522
to 9.129 ppm signifies the presence of aromatic protons. The
-C=N protons having chemical shift values ranging from 8.711
to 9.129 ppm experience a downfield shift compared to the
free ligand, confirms the coordination of azomethine nitrogen
to La(III) metal and hence strongly signifies the deshielding
effect [30]. Owing to its highly planar and stronger deshielding
effect, the protons of the phenanthroline show larger downfield
shift compared to other two complexes 1 and 2. In all the La(III)
complexes 1-4, the number of protons appears in 1H NMR spectra
correlates with the total number of protons present in the La(III)
complexes [8,30].

ESI-mass spectra: The ESI mass spectra for ligand and
its La(III) complexes were recorded to confirm the proposed
structure. All the spectra of La(III) complexes are measured in
positive ion mode. The m/z value of complex 2 corresponds to
[M-2(NO3)]2+ and other complexes 1, 3 and 5 corresponds to
[M-(NO3)]+. The ESI-mass spectral data is completely correlated
with the simulated mass.

Cyclic voltammetric study: Cyclic voltammetric experi-
ments were carried out by CHI 600E electrochemical instrument
at room temperature in DMF. The potential range was varied
from -0.4 to 0.6 V at different scan rate using 0.1 M tetrabutyl-
ammonium perchlorate (TBAP) as supporting electrolyte. The
reactions were carried out under oxygen free condition with a
three electrode system: a glassy carbon working electrode, a
saturated calomel reference electrode and a platinum wire
auxillary electrode. The working electrode was polished with
1.0, 0.3, 0.05 µ alumina and washed clearly by using distilled
water prior to electrochemical measurements.

The electrochemical behaviour of La(III) terpyridine comp-
lexes are carried out by cyclic voltammetric measurements in
DMF solution containing 0.1 M TBAP. The experimental results
of anodic (EO) and cathodic (ER) peak potential, potential
separation ∆E = EO − ER and diffision coefficient (D) are given
in Table-1. From Fig. 1a-c, it is shown that the peak current (ip)
varies with the different scan rate (10-100 mV) and is signifi-
cantly correlated with the square root of scan rate (v1/2) [31,32].
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O N O (NO3)

+

+ La(NO3)3.6H2O

MeOH
4 h, reflux at 60 oC
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4-qtpy La(4-qtpy)(phen)(NO3)2](NO3) (3)

phen, 2h, 
reflux at 60 oC
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ONO

(NO3)+ La(NO3)3.6H2O

MeOH

4 h, reflux at 60 oC
(b)

+

La(4-qtpy)(phen)2(NO3)2](NO3) (4)

4-qtpy

phen, 2h, 
reflux at 60 oC
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O N O

N
N N
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Scheme II: (a) Preparation of complex 3 and (b) complex 4
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TABLE-1 
ELECTROCHEMICAL DATA OF 4-qtpy, COMPLEXES 1 AND 3 

Samples 
EO 

(10 mV) 
ER 

(10 mV) 

EO–ER  
(10 mV) 

reversibility 

Proton diffusion 
coefficient (D) 

(× 10-7 V) 
4-qtpy 0.0866 0.1583 0.0834 3.776 
Complex 1 0.1184 0.2018 0.0704 7.785 
Complex 3 0.1412 0.2116 0.0717 6.772 

 
In Fig. 1a-c, it has been shown that the increase in scan rate
from 10-100 mV enhances the redox potential along with the
increase in reversibility. Complex 1 shows a high redox value
with increased diffusion coefficient value compared to ligand
and complex 3.

Due to the influence of electrolyte, smaller the oxidation-
reduction  value (EO − ER) greater will be the electrode activity,
and greater is the diffusion coefficient (D) and greater will be
the electrochemical performance [33,34].

DNA binding studies: It is well known that for many metal
based drugs DNA is the primary target molecule. Therefore,
study of binding mode of metal complexes with DNA is vital.
The mode of binding of lanthanum(III) complexes 1-4 with
HS-DNA are carried out by UV-visible absorption and viscosity
method.

UV-visible absorption spectral studies: UV-visible absorption
method is an effective method to determine the mode of binding
of metal complexes with HS-DNA. In this experiment, the absor-
ption spectra of the complexes were recorded by incremental
addition of HS-DNA with constant complex concentration.
The UV-visible spectra of lanthanum(III) terpyridine complexes
in the absence and successive addition of HS-DNA are shown
in Fig. 2. The spectra clearly show that the absorption bands
of lanthanum complexes 1-4 have shown hypochromism with
increasing concentration of DNA and slight bathochromic shift
indicating the intercalative mode of binding [35]. The hypo-
chromicity for the complexes 1-4 are 22.4-67.7 % and the slight
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Fig. 1. Cyclic voltammogram of (a) 4-qtpy, (b) complex 1 and (c) complex 3 in DMF and TBAP is used as supporting electrolyte in the
potential range -0.4 to 0.6 at the scan rate 10-100 mV (inset show the plot of peak current (ip) and the square root of scan rate v1/2

red shift of 1-3 nm can be seen in the spectra [3]. This is due
to a strong π→π* coupling between an aromatic chromophore
of the complexes and the HS-DNA base pairs [7,36]. The Kb

(binding constant) values have been given in Table-2. The order
1 > 3 > 2 > 4 follows the Kb values in the range 105-106 M-1.
The higher binding tendency of terpyridine complexes compared
to phen complexes is due to the presence of extended planar
aromatic ring in terpyridine [35]. The higher Kb value of the
complexes 1 and 3 are owed to less hindered coordination
environment which facilitates easy intercalation between the
complexes and the DNA base pairs.

Viscosity measurements: In the absence of crystallographic
data this hydrodynamic method is used because this is the
most convincing technique to specify the mode of binding of
lanthanum(III) complexes to HS-DNA. Viscometric method
is very sensitive to the complete variations in the contour length
of DNA strands. In classical intercalators, owing to perception
of the metal complex into nucleobases, there is an elongation
in the length of DNA double helix, leads to increase in the
HS-DNA viscosity [35,37]. Thus, the viscometric measurements
were carried out by increasing the concentration of complexes
1-4, keeping HS-DNA as constant. In Fig. 3, changes in the
length of DNA is observed with increase in the concentration
of complexes 1-4 there by increase in the viscocity. Complex
1 has the highest viscocity which specifies its strong intercalating
character. With these results, all the lanthanum(III) complexes
1-4 are intercalated in accordance with the other spectral results.

Chemical nuclease activity: The synthesized La(III)
complexes in comparison with 4-qtpy were studied by agarose
gel electrophoresis using pUC 19 DNA. By using synthesized
La(III) complexes 1-4 (10 µM), the super-coiled form (form I)
of pUC 19 DNA can be converted into nicked form (form II)
and then to linear form (form III) in an agarose gel by applying
voltage. The DNA cleavage efficiency of complexes 1-4 can
be recognized by conversion of supercoiled DNA into its nicked

TABLE-2 
SELECTED PHYSICO-CHEMICAL DATA AND DNA BINDING PARAMETERS OF La(III) COMPLEXES 1-4 

IRa (cm-1) 
Compd. 

ν(C=N) ν(NO3) (coordinated) ν(NO3)
– (ionic) 

Absorptionb λmax 
(ε, dm3 M-1 cm-1) 

ΛM
c (S cm2 M-1) Kb (M

-1)d H (%)e 

1 1600 1451, 1314 1398 266 (66,333) 92 (4.2 ± 0.2) × 106 57.6 
2 1578 1460, 1322 1394 265 (52,533) 142 (5.3 ± 0.2) × 105 67.7 
3 1572 1455, 1308 1392 266 (44,600) 94 (1.4 ± 0.2) × 106 26.6 
4 1580 1460, 1315 1396 283 (40,666) 118 (2.9 ± 0.2) × 105 22.4 

aIn KBr phase, bAbsorption in DMF, cΛM, Molar conductivity in DMF at 25 °C, dKb, HS-DNA binding constant, eH = [(Afree–Abound)/Afree] ×100 
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Fig. 3. Effect of increasing conc. of complexes on the relative viscosity of
HS-DNA at 37.0 (± 0.1) °C in 5 mM Tris-HCl buffer pH 7.2

form and linear form. Fig. 4 displays the electrophoretic array
of plasmid DNA treated with 4-qtpy and its La(III) complexes
1-4. In agarose gel, super coiled DNA moves faster than nicked
circular while linear form moves in between them. From Fig.
4, there is no significant DNA cleavage for controls, DNA
alone and in the presence of oxidizing agent H2O2 and reducing
agent MPA (lanes 1-3). Complexes 3 and 4 showed the maxi-
mum cleavage activity (lanes 14 and 17) in the presence of H2O2

and showed moderate cleavage activity (lanes 15 and 18) in
the presence of MPA. Complexes 1 and 2 showed a moderate
cleavage activity (lanes 9 and 12) in the presence MPA (Table-3)
[38,39].

The concentration dependent experiment for complex 5 at 5,
7 and 10 µM concentration are shown in Fig. 5. The complex
4 showed a weak cleavage activity at conc. 5 and 7 µM and the
maximum activity at 10 µM (Table-4). The mechanistic study
of oxidative cleavage (Fig. 6) was studied using the hydroxyl
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Fig. 2. UV-visible absorption spectra of complexes 1 (a), 2 (b), 3 (c) and 4 (d) in the absence and presence of HS-DNA in 5 mM Tris-HCl/50
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Fig. 4. Agarose gel electrophoretic diagram of 4-qtpy and its La(III) complexes 1-4 at 10 µM by hydrolytic and oxidative cleavage methods
in presence H2O2 and MPA and 50 mM Tris-HCl/NaCl buffer (pH = 7.2) at 37 °C
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TABLE-3 
SC pUC 19 DNA CLEAVAGE DATA OF  
4-qtpy AND ITS La(III) COMPLEXES 1-4 

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 + 4-qtpy 94 6 
5 DNA + NaCl + Tris HCl + H2O2 + 4-qtpy 95 5 
6 DNA + NaCl + Tris HCl + MPA + 4-qtpy 92 8 
7 DNA + NaCl + Tris HCl + 1 84 16 
8 DNA + NaCl + Tris HCl + H2O2 + 1 92 8 
9 DNA + NaCl + Tris HCl + MPA + 1 68 32 
10 DNA + NaCl + Tris HCl + 2 92 8 
11 DNA + NaCl + Tris HCl + H2O2 + 2 88 12 
12 DNA + NaCl + Tris HCl + MPA + 2 32 68 
13 DNA + NaCl + Tris HCl + 3 84 16 
14 DNA + NaCl + Tris HCl + H2O2 + 3 8 92 
15 DNA + NaCl + Tris HCl + MPA + 3 68 32 
16 DNA + NaCl + Tris HCl + 4 92 8 
17 DNA + NaCl + Tris HCl + H2O2 + 4 6 94 
18 DNA + NaCl + Tris HCl + MPA + 4 74 26 

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

 
TABLE-4 

CONCENTRATION DEPENDENT SC pUC 19 DNA  
CLEAVAGE DATA OF [La(4-qtpy)(phen)(NO3)2](NO3) (3) 

Lane 
no. 

Conditions 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 8 
5 DNA + NaCl + Tris HCl + H2O2 + 5 µM 64 36 
6 DNA + NaCl + Tris HCl + MPA + 5 µM 88 12 
7 DNA + NaCl + Tris HCl + 7 µM 90 10 
8 DNA + NaCl + Tris HCl + H2O2 + 7 µM 38 62 
9 DNA + NaCl + Tris HCl + MPA + 7 µM 84 16 
10 DNA + NaCl + Tris HCl + 10 µM 96 4 
11 DNA + NaCl + Tris HCl + H2O2 + 10 µM 6 94 
12 DNA + NaCl + Tris HCl + MPA + 10 µM 92 8 

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

 
% NC

NC

SC

Lanes 1 2 3 4 5 6

8 86 14 10 68 4

Fig. 6. Agarose gel electrophoretic diagram showing SC pUC 19 DNA
cleavage in the presence of H2O2, 50 mM Tris-HCl/NaCl buffer (pH
= 7.2) and additives (DMSO, NaN3 and methyl green (MG)) by [La(4-
qtpy)(phen)(NO3)2](NO3) (3) and of [La(4qtpy)(phen)2(NO3)2](NO3)
(4)

radical quencher DMSO, singlet oxygen quencher NaN3 and
major groove intercalator, methyl green in the presence of
H2O2. From the results (Table-5), it is observed that the cleavage
ability of complexes is inhibited in presence of hydroxyl radical
quencher DMSO. Thus, it is confirmed that oxidative cleavage
is mediated by the generation of hydroxyl radicals. It is also
confirmed that major groove binder methyl green inhibits the
cleavage ability of complexes 3 and 4. This showed that the comp-
lexes 3 and 4 are the major groove intercalators [13,40].

TABLE-5 
MECHANISTIC STUDY OF COMPLEXES  

3 AND 4 WITH pUC 19 DNA 

Lane 
no. 

Conditions SC 
(%) 

NC 
(%) 

1 DNA + NaCl + Tris HCl + H2O2 + DMSO + 3 92 8 
2 DNA + NaCl + Tris HCl + H2O2 + NaN3 + 3 14 86 
3 DNA + NaCl + Tris HCl + H2O2 + MG + 3 86 14 
4 DNA + NaCl + Tris HCl + H2O2 + DMSO + 4 90 10 
5 DNA + NaCl + Tris HCl + H2O2 + NaN3 + 4 72 68 
6 DNA + NaCl + Tris HCl + H2O2 + MG + 4 96 4 

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

 
Antibacterial activity: 4′-[(4-Quinoline)-2,2′;6′,2′′-

terpyridine] (4-qtpy) and its La(III) complexes 1-4 are screened
for antibacterial activities against Gram negative bacteria E.
coli and K. pneumonia and Gram positive bacteria B. subtilis
and S. aureus, respectively. Tetracycline (30 µg mL-1) is used
as positive control and DMSO is used as negative control [10].
The activities of the La(III) complexes are evidenced from
zone of inhibition. The ligand, 4-qtpy shows moderate activity
against E. coli and S. aureus and minimum activity against
B. subtilis and K. pneumonia at 50 and 100 µg mL-1 (Fig. 7).
Complexes 1 and 3 show moderate activity against all the
bacteria and complex 3 shows maximum activity against K.
pneumonia at 50 µg mL-1, complex 2 shows minimum activity
against all the bacteria while complex 4 shows maximum activity
against E. coli and S. aureus at 50 µg mL-1  and it shows moderate
activity against other bacteria. All the complexes showed signi-
ficant antibacterial activities against all the tested bacteria [41].

in vitro Cytotoxicity: The cytotoxicity of 4-qtpy and complex
4 are evaluated against human cervical carcinoma (HeLa) cell
line by MTT assay. Increase in the concentration of samples
increases the percentage of inhibition. The ligand 4-qtpy did
not show any activity against HeLa cell lines. The complex 4
shows in vitro cytotoxic activity against HeLa cell line with an IC50

value of 179.4 µM. These results suggested that the cytotoxicity
depends upon the nature of bidentate and tridentate ligand
coordinated to the metal center [42]. Fig. 8 shows that the increase
in concentration of drug increases the percentage of inhibition.

1 2 3 4 5 6 7 8 9 10 11 12

4 3 4 8 36 12 10 62 16 4 94 8% NC

NC

SC

Lanes

Fig. 5. Agarose gel electrophoretic diagram showing SC pUC 19 DNA cleavage by [La(4-qtpy)(phen)(NO3)2](NO3) (3) at concentration 5, 7,
10 µM by hydrolytic and oxidative cleavage methods in presence of 50 mM Tris-HCl/NaCl buffer (pH = 7.2) at 37 °C
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Conclusion

In present work, we have synthesized four La(III) comp-
lexes with 4-quinoline terpyridines. All the complexes were
structurally confirmed by their elemental analyses and spectro-
chemical analyses such as 1H NMR, FT-IR, UV-visible spectra
and ESI-mass spectra. The ligand 4-qtpy and complexes 1 and
3 are redox active. The peak current increases with the increase
in scan rate and is significantly correlated with the square root
of the scan rate. The complex 1 shows high redox activity value
compared to complex 3 and 4-qtpy. [La(4-qtpy)2(NO3)2](NO3)
(1) and [La(4-qtpy)(phen)(NO3)2](NO3) (3) complexes showed
very good binding and cleavage activity and they also shown
ligand dependent fluorescence properties. The complex 1 also
shown good antibacterial activity against K. pneumonia and
complex 2 shows good activity against K. pneumonia and B.
subtillis. The complex 4 viz. [La(4-qtpy)(phen)2(NO3)2](NO3)

showed a good activity against E. coli and S. aureus pathogens.
Thus, these complexes can be employed as potent therapeutic
and diagnostic tools.
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