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ABSTRACT
Background: Two new mixed ligand ruthenium(II) complex es of the type [Ru(bpy) (L)](PF ) where 2-[ 4,5-bis(4 dimethylaminophenyl)-1H-imidazol-2-yl]-1H-benzimidazole (1) and 2-[ 4,5-bis(4-fluorophenyl)-1H-imidazol-2-yl]-1H
benzimidazole (2) have been syn thesized. Methods: Both the complexes were characterized by elem ental analyses, UVvisible, IR and ESI-MS techniques. Cyclic and differen tial pulse vol tammetry methods have been employed to study th e
redox behavior of complexes. Results and D iscussion: Electrophoretic stu dies showed that the complexes are able to
cleave superc oiled plasmid DNA more effectively in the presence of light at the wavelen gth of 480 nm. Moreover th e
newly synthesized complexes show better antimicrobial activity compared to that of the ligands. Cytotoxic activity against
MCF7 cancer cell lines has been studi ed using MTT assay. Conc lus ion: Both the complexes exhibit significant biological
activities against DNA, microbes and MCF7 cancer cell lines.
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1. INTRODUCTION
Though transition metals occupy many key positions in biological
processes, metal-based drugs are traditionally undervalued by the
pharmaceutical industry, which is dominated by organic chemistry.
Nevertheless, a number of coordination compounds have been
applied in the therapy of various diseases. Ruthenium is a very good
metal to be used in metal complex drugs considering its ability to
mimic iron in binding to certain biological molecules. Ruthenium
compounds are regarded as promising alternatives to platinum
compounds and offer many approaches to innovative
metallopharmaceuticals, the compounds are known to be stable and
to have predictable structures both in the solid state and in solution:
tuning of ligand affinities and accompanied by a steadily increasing
knowledge of the biological effects of ruthenium compounds [1, 2].
Many ruthenium compounds are evaluated for clinical applications
mostly for cancer treatment. Ru(II) and Ru(III) complexes having the
similar ligand exchange rates compared to Pt(II) complex (cis-platin,
carboplatin, etc.,) which shown to be anticancer agents. Ligand
exchange is an important criterion when it comes to clinical
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applications [3-6]. Very few molecules are able to reach the biological
targets without being modified. NAMI-A and KP1019 are the two
ruthenium drugs under clinical trials [7]. They have afforded great
research interest in anticancer study to overcome the chief limitations
of the platinum based drugs [8-10]. Research on mixed ligand metal
complexes has been put into practice in order to combine the
pharmacological properties of both the ligands and metal thus reduce
toxicity simultaneously [11]. In the present work, we have synthesized
two new mononuclear mixed ligand ruthenium(II) complexes of type
[Ru(bpy)2(L)](PF6)2 (where L=2-[ 4,5-bis(4-dimethylaminophenyl)-1Himidazol-2-yl]-1H-benzimidazole (1) and 2-[ 4,5-bis(4-fluorophenyl)1H-imidazol-2-yl]-1H-benzimidazole (2)) have been synthesized and
characterized by various physico-chemical techniques.
Photocleavage of plasmid DNA, antioxidant, anticancer and
antimicrobial activities of the synthesized complexes have been
reported.
2. EXPERIMENTAL SECTION
2.1. Materials
Ruthenium chloride trihydrate, ammonium hexafluoro phosphate, 4,4’difluorobenzil and 4,4’-bis(dimethylamino benzil) were purchased from
Sigma-Aldrich. Acetic acid, ammonium acetate, methanol, acetonitrile
and ethanol were purchased from SD Fine chemicals. Benzimidazole2-carboxaldehyde was prepared by following a reported procedure[12].
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2.2. Methods
Found: C, 73.88; H, 6.18; N, 19.85. IR, cm-1(KBr pellet) 3369, 3091,
Absorption spectra were recorded on Shimadzu UV-160A UV-Visible 2912, 1641, 1541, 1379, 1253.
spectrophotometer. Cyclic (CV) and differential pulse voltammetries
(DPV) were performed by using CH instrument (USA) model CH-620 2.3.2. Synthesis of 2-[4,5-bis(4-difluorophenyl)-1H-imidazol-2-yl]B electrochemical analyzer. A conventional three electrode system 1H-benzimidazole (L2)
consisting of platinum disc as a working electrode, platinum wire as 2-[4,5-bis(4-difluorophenyl)-1H-imidazol-2-yl]-1H-benzimidazole was
an auxiliary electrode and saturated calomel (SCE) as a reference synthesized by using the same procedure described above by
electrode was used for the electrochemical measurements. 0.1 M reacting benzimidazole-2-carbaldehyde (0.124 g, 0.85 mmol) with 4,4’tetrabutyl ammonium perchlorate (TBAP) was used as the supporting difluorobenzil (0.2 g, 0.81 mmol) and ammonium acetate (Yield 0.19 g,
electrolyte for all the experiments. Elemental analyses were performed 62 %). ESI-MS: m/z 373.4 (M+1)+. Anal. Calc. for C H F N : C, 70.96;
22 14 2 4
using Elementar Vario EL III at Sophisticated Test and Instrumentation H, 3.79; N, 15.05. Found: C, 70.92; H, 3.74; N, 15.03. IR, cm-1 (KBr
Centre (STIC), Kerala. Positive ion electronspray ionization mass pellet) 3436, 3032, 2312, 1668, 1598, 1232.
spectra of the complexes were obtained by using Thermo Finnigan
LCQ 6000 advantage max ion trap mass spectrometer. IR spectra 2.4. Synthesis of Complexes
were recorded as KBr pellets in the 400 - 4000 cm-1 region using a
Shimadzu FT–IR 8000 spectrophotometer. All the DNA gel images 2.4.1. Synthesis of [Ru(bpy)2(L1)](PF6)2 (1).
were taken using UVITEC gel documentation system and fragments A mixture of [cis-Ru(bpy)2Cl2]·2H2O (0.2 g, 0.38 mmol) and L1 (0.14 g,
0.38 mmol) was suspended in an ethanol/water solvent mixture (3/1,
were analysed using UVIchem and UVI-band software.
v/v). The mixture was refluxed under an inert atmosphere for 4 h
while vigorous stirring was maintained. The reaction mixture was
2.3. Synthesis of Ligands
cooled to room temperature; the solvent was reduced under vacuum
2.3.1. Synthesis of 2-[4,5-bis(4-dimethylaminophenyl)-1H- to one-third of its initial volume. A saturated aqueous solution of
NH 4 PF 6 was added to precipitate [Ru(bpy) 2 (L1)] 2+ as its
imidazol-2-yl]-1H-benzimidazole (L1)
4,4’-bis(dimethylamino)benzil (0.2 g, 0.67 mmol), benzimidazole-2- hexafluorophosphate salt. The product was filtered and washed with
carboxaldehyde (0.103 g, 0.71 mmol) and ammonium acetate (2 g, 25 water (3 × 10 mL) and then purified by column chromatography on
mmol) were dissolved in 15 mL acetic acid and heated to reflux for 3 neutral alumina using acetonitrile/toluene (1.5/1, v/v) as an eluent.
h. After cooling, cold water (10 mL) was added to the solution, Yield: 0.2739 g, 67 %. Anal. Calc. for C46H42F12N10P2Ru: C, 49.07; H,
during which light green precipitate was appeared. It was filtered 3.76; N, 12.44. Found: C, 49.04; H, 3.74; N, 12.39. ESI-MS: m/z 981.83
and recrystallized using ethanol (Yield 0.15 g, 51 %). ESI-MS: m/z (M-PF6)+; IR, cm-1(KBr pellet) 3429, 3097, 1589, 1379, 1247, 840, 765.
423.5 (M+1)+. Anal. Calc. for C26H26N6: C, 73.91; H, 6.20; N, 19.89. UV-Visible max, nm 277, 323, 508.

Fig. 1. Synthetic route of ruthenium(II) complexes
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2.4.2. Synthesis of [Ru(bpy)2(L2)](PF6)2 (2).

relative humidity for 48 h. Experiments were performed in triplicate

The synthesis and purification of compound 2 were similar to those

and the medium without the compounds served as control. After

of 1 using [Ru(bpy)2Cl2]·2H2O (0.2 g, 0.38 mmol) and L2 (0.12 g, 0.38

48 h, 15 µL of MTT (5 mg mL-1) in phosphate buffered saline (PBS)

mmol). Yield: 0.2299 g, 59 %. Anal. Calc. for C42H30F14N8P2Ru: C, 46.99;

was added to each well and incubated at 37p C for 4 h. The medium

H, 2.81; N, 10.42. Found: C, 46.95; H, 2.78 N, 10.38. ESI-MS: m/z

with MTT was then removed and the formed formazan crystals were

1076.54 (M+1) ; IR, cm (KBr pellet) 3394, 3074, 1666, 1598, 1415,

dissolved in 100 mL of DMSO and the absorbance measured at 570

1232, 844, 759. UV-Visible max, nm 285, 326, 512.

nm using a micro plate reader. The % cell inhibition was determined

+

-1

using the following formula, and a graph was plotted between % of
2.5. DNA Cleavage Activity

cell inhibition and concentration. From this plot, the IC50 value was

Photonuclease activity of the complexes was monitored using gel

calculated. The % cell inhibition was determined using the following

electrophoresis of plasmid DNA (pUC19). The solutions were

formula.

prepared for the photolysis experiment containing 3 μL of
100 μg mL-1 plasmid DNA in Tris buffer and varying amounts of

% Cell Inhibition = 100- Abs (sample)/Abs (control) ×100.

complexes 1-2 (0–24 µM). Each solution was incubated for 1 hour
and then irradiated at 450 nm for various time intervals varying from

Nonlinear regression graph was plotted between % Cell inhibition

10 min to 60 min. The samples were then subjected to electrophoresis

and Log concentration and IC50 was determined using GraphPad

in 0.8 % agarose gel (tris-boric acid-EDTA buffer, pH 8.0) at 50 V for

Prism software.

-1

2 h. The gel was stained with 0.5 μg mL of ethidium bromide. The
stained gel was illuminated under UV lamp and gel documented. In a

2.7. Antimicrobial Assay

separate experiment the DNA was incubated with 24 µM of the metal
complex and 10 mM of histidine and irradiated at 440 nm. The

2.7.1. Test Microorganisms:

photolysed solution was subsequently subjected to electrophoresis.

Two Gram-positive bacteria (Staphylococcus aureus and Bacillus
subtilis), two Gram-negative bacteria (Escherichia coli and

2.6. In vitro Cytotoxicity Assay

Pseudomonas aeruginosa), and two fungi (Aspergillus niger and

3-[4,5-dimethylthiazol-2-yl]2,5-diphenyltetrazolium bromide (MTT)

Candida albicans) were used in the present study for evaluation of

is a yellow water soluble tetrazolium salt. A mitochondrial enzyme in

antimicrobial activity of the synthesized compounds. Medium used

living cells, succinate-dehydrogenase, cleaves the tetrazolium ring,

for the antimicrobial testing was Muller Hilton agar media and

converting the MTT to an insoluble purple formazan. Therefore, the

autoclaved at 15 lbs/in2 for 15 minutes.

amount of formazan produced is directly proportional to the number
2.7.2. Antimicrobial Activity:

of viable cells.

Agar disc diffusion method was used to study the antimicrobial
The human breast cancer cell line (MCF 7) was obtained from

activity of the newly synthesized compounds. For the evaluation of

National Centre for Cell Science (NCCS), Pune and grown in Eagles

antimicrobial activity, the size of inoculum was adjusted to

Minimum Essential Medium (EMEM) containing 10 % fetal bovine

approximately 108 colony-forming units (cfu/mL) by suspending the

serum (FBS). All cells were maintained at 37ºC, 5 % CO2, 95 % air and

culture in sterile distilled water. Petri dishes containing 20 mL of

100 % relative humidity. For screening experiments, the cells were

Muller Hilton agar medium were swabbed with a culture of the

seeded into 96-well plates in 100 mL of the respective medium

respective microbial strains and kept for 15 min for the absorption of

containing 10 % FBS, at a plating density of 10 000 cells/well and

culture. Sterile borer is used to create the wells (6mm in diameter),

incubated at 37 ºC, 5 % CO2, 95 % air and 100 % relative humidity for

and we added 25, 50, 75 and 100 μL solution of each compound of

24 h prior to the addition of compounds. The compounds were

25, 50, 75 and 100 µg/mL concentration respectively reconstituted in

dissolved in DMSO and diluted in the respective medium containing

the DMSO on the pre-inoculated plates. All the plates were incubated

1 % FBS. After 24 h, the medium was replaced with the respective

at 37ºC for 24 hrs. Antimicrobial activity of all the synthesized

medium with 1 % FBS containing the compounds at various

compounds was determined by measuring the zone of inhibition

concentrations and incubated at 37p C, 5 % CO2, 95 % air and 100 %

around the wells. DMSO was used as a negative control, whereas
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Gentamycin was used as positive control. This procedure was
performed in three replicate plates for each organism.

redox couple involving in quasi-reversible one electron redox process.
The E1/2 value calculated is +0.8957 V. Complex 2, [Ru(bpy)2(L2)](PF6)2
registers cathodic peak potential at +0.8601 V and anodic peak
potential at +0.9395 V at the scan rate of 100 mVs-1. The separation
between the peak potentials is 79 mV. These values indicate the
presence of RuII/RuIII redox couple and the redox reaction is quasireversible in nature. The E1/2 value appearing at +0.8998 V points to
the fact that RuII in the complex species may not undergo reduction
easily. It can be seen from the Table 1 that the RuII/RuIII redox potential
is influenced by the substituents on the phenyl group. Fluoro group
is more electron withdrawing compared to dimethylamino group.
Due to this reason RuII/RuIII redox potential of fluoro substituted
complex 2 is more positive compared to dimethylamino substituted
complex 1.

3. RESULTS AND DISCUSSION
Analytical data indicated the formation of 1:2 ruthenium complexes
with ligands 1 and 2 respectively. The ligands were soluble in ethanol
and methanol. The metal complexes were reddish brown coloured,
non hygroscopic solids, stable in air, infusible at higher temperature,
insoluble in water and many common organic solvents but they are
soluble in acetonitrile, DMF and DMSO. The molar conductance
values of the complexes 1 and 2 (measured in 10-3 M DMF) are 135
and 142 Scm2 mol-1 respectively indicating their non-electrolytic
nature. The authenticity of the complexes were established form ESI
mass spectral analysis of the complexes 1 and 2 show the base peak
at m/z of 981.83 and 1076.54 respectively. The characteristic IR bands
of the ligands L1 and L2 were assigned at 3369 and 3436 cm-1 to –NH Table 1. Electrochemical parameters for the ruthenium(II) complexes
stretching frequencies respectively. The stretching frequencies for 1 and 2 at the scan rate of 100 mvs-1
C-H at 3091 and 3032 cm-1 and CH=N at 1589 and 1598 cm-1 for ligands
Compound
Epc
Epa
ΔEp
E1/2
L1 and L2 respectively. The IR spectra of the complexes were
V
V
V
V
compared with that of the free ligands to show the changes during
[Ru(bpy)2(L1)](PF6)2 (1)
0.8599 0.9314
0.071
0.8957
complexation. The IR spectra of the Ru(II) complexes 1 and 2, showed
[Ru(bpy)2(L2)](PF6)2 (2)
0.8601 0.9395
0.079
0.8998
a broad band around 3493 to 3387 cm-1 due to the amine and the
Compound
I pa
I pc
I pa/I pc
lattice water peaks. The (C=N) stretching vibration, in the free ligand
-5A)
-5A)
(x10
(x10
at 1589 and 1598 cm-1 for L1 and L2 has been shifted to 1587 and 1595
[Ru(bpy)2(L1)](PF 6)2 (1)
3.0251
1.1044
2.73
cm-1 proving that the azomethine nitrogen is involved in co-ordination.
[Ru(bpy)
(L2)](PF
)
(2)
4.5617
1.6762
2.72
2
6
2
The band at 3091 and 3032 cm-1 for L1 and L2 which are responsible
for (C-H) stretching vibration have been shifted to 3081 and 3074 3.1. BIOLOGICAL STUDIES
cm-1 respectively for complexes 1 and 2 during complex formation.
Spectroscopic properties of the complexes were studied in acetonitrile. 3.1.1. DNA cleavage activity
The electronic spectra of the ligands L1 and L2 show bands at 274- The interaction of plasmid pUC19 DNA with newly synthesized Ru(II)
277 and 319-328 nm. The first band corresponds to the * complexes was studied using agarose gel electrophoresis method.
transition and band at 319-328 nm corresponds to n* transition The gel picture showing the cleavage of plasmid pUC19 DNA is
associated with the >C=N functional groups of the ligands. The depicted in Fig. 2. In the present study, the Ethidium bromide (EtBr)
stained banding pattern of plasmid pUC19 DNA was tested with
absorption spectra of these complexes are typical of the ruthenium
newly synthesized ruthenium complexes. No cleavage activity has
polypyridyl complexes with intense UV bands assignable to ligandbeen obtained in the absence of light. Apparently the complexes
centered transitions at 277, 323 nm for complex 1 and 326, 285 nm for
show efficient cleavage activity upon irradiating them in the light at
complex 2. Metal to ligand charge transfer (MLCT) transition is
the wave length of 480 nm.
observed as a slightly broad band in the visible region at 508 and 512
nm for complex 1 and 2 respectively. The redox behaviour of ruthenium
The control experiments did not show any apparent cleavage of
complexes was studied with the help of cyclic voltammetry and the
DNA (lane 1). It was observed that both the complexes were able to
redox properties are presented in Table 1. The cyclic voltammogram
cleave DNA at the concentration of 24 μM (lanes 2 and 3). DNA
of complex 1, [Ru(bpy)2(L1)](PF6)2 measured in acetonitrile solution
cleavage mechanisms by the present complexes were investigated in
at 100 mVs-1 scan rate features the oxidation of RuII to RuIII at the the presence of singlet oxygen quencher (Histidine) and hydroxyl
anodic peak potential of +0.9314 V. Reduction of RuIII occurs at radical scavenger (DMSO) under our experimental conditions. Both
+0.8599 V upon scan reversal. The separation between the anodic histidine and DMSO had no effect on the cleavage reaction (lanes 4and cathodic peak potentials, Ep is at 71 mV. Thus the cyclic 7). This suggests that the singlet oxygen and hydroxyl radicals are
voltammetric responses give evidence for the presence of RuII/RuIII
Journal of Pharmacy Research Vol.10 Issue 10 October 2016
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not involved in the cleavage reaction. This result clearly indicates
that DNA damage occurs through guanine base oxidation of DNA
by excited state of ruthenium complexes.

albicans. The results illustrated in (Table 2 and 3) revealed that the
tested compounds had a good antibacterial activity than the standard
antibiotics. However, in most of the cases they possessed 50 % of
the activity of the standards. Compound 1 showed a greater activity
than 2 on almost all the pathogens. Compound 1 showed pronounced
activity against Candida albicans, Escherchia coli and Aspergillus
niger. Compound 2 showed good activity against Aspergillus niger
and a moderate activity against all the other organisms under study.
The standards used for the antibacterial and antifungal activity were

Fig. 2. Cleavage of supercoiled pUC19DNA by the complexes 1 and
2 when incubated for 1 h and followed by irradiation at 480 nm for
30 min (Lane 1-7). Lane 1: DNA alone; Lane 2: DNA+24 μM complex
1; Lane 3: DNA+24 μM complex 2; Lane 4: DNA+24 μM complex
1+Histidine; Lane 5: DNA+24 μM complex 1+DMSO; Lane 6:
DNA+24 μM complex 2 + Histidine; Lane 7: DNA +24 μM complex
2 +DMSO.

Gentamycin and Clotrimazole respectively. The anti-microbial
activity for the complexes has been found to be greater than the free
ligands. This can be attributed to the Tweedy’s chelation theory
according to which chelation reduces the polarity of the metal atom
mainly because of the potential sharing of its positive charge with
the donor group and possible -electron delocalization over the
whole ring. This increases the lipophilic character of the metal chelate,
favouring its permeation through the lipid layers of the bacterial

3.1.2. Antimicrobial studies

membranes. Furthermore, the mode of action of the compounds may

In-vitro microbial activity against certain bacterial and fungal species
was screened for the free ligands and the ruthenium complexes using
disc diffusion method. The antimicrobial activities of the newly
synthesized ligands and complexes were tested against the pathogens
viz., Staphylococcus aureus, Bacillus subtilis, Pseudomonas

involve hydrogen bonding via., the >C=N group with active centers
of cell constituents resulting in the interference with normal cell
process. The activities of the complexes have been compared with
the activity of the standard bacteriocide (Gentamycin) and fungicide
(Clotrimazole) and it has been found that the complexes show better

aeroginosa, Escherchia coli, Aspergillus niger and Candida

activity.
Table 2. Antibacterial activity of ligands and their ruthenium(II) complexes
S.
No

1
2
3
4
5

Test Drug

Zone of Inhibition (mm)
S. aureus

L1
L2
1
2
Gentamycin
Standard

B.Subtilis

E. coli

P.aeruginosa

25

50

75

100

25

50

75

100

25

50

75

100

25

50

75

100

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

10
10
22
17
-

11
12
26
21
-

13
14
32
25
-

14
16
35
27
17

10
10
11
13
-

11
11
14
15
-

13
13
18
18
-

16
15
22
21
18

9
10
18
15
-

11
12
21
20
-

13
15
25
22
-

15
18
32
25
18

9
10
15
14
-

13
12
18
16
-

15
15
20
18
-

18
18
22
20
18

Note: Zone size less than 15 mm – Least active; 16 – 20 mm– moderatively active; Above 20 mm – highly active

Table 3. Antifungal activity of ligands and their ruthenium(II) complexes
S.

Test Drug

Zone of Inhibition (mm)

No

A. niger

C. albicans

25

50

75

100

25

50

75

100

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

μg/mL

1

L1

9

10

12

14

13

15

17

20

2

L2

9

10

11

13

10

13

15

18

3

1

16

18

20

25

14

16

20

22

4

2

16

20

24

28

13

16

21

25

5

Clotrimazole
Standard

-

-

35

-

-

-

20

Note: Zone size less than 15 mm – Least active; 16 – 20 mm– moderatively active; Above 20 mm – highly active
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3.1.2. In-vitro anticancer activity
Of the various human diseases, cancer is the most intractable disease
for which no practical and generally effective drugs or methods of
control are available. Therefore, the identification of novel, potent,
selective, and less toxic anticancer agents remains one of the most
pressing problems. Cancer is a complex disease that is a normally
associated with a wide range of escalating effects both at the molecular
and cellular levels. The compounds 1 and 2 synthesized were
evaluated for their cytotoxicity against human breast cancer cell line
MCF-7 by means of MTT assay that measured mitochondrial
dehydrogenase activity as an indication of cell viability. The results
were analysed by means of cell viability curves and expressed in IC50
values in the studied concentration range of 0.25 to 100 μM. The
activity of the compounds that corresponds to the inhibition of cancer
cell growth at a maximum level is shown in Fig.3.

Fig. 3. Percentage growth inhibition of MCF-7 cell line as a function
of concentration of the compounds 1 and 2
The results of MTT assay revealed that the compound 2 possessed
higher cytotoxic effect than 1. The presence of fluoro substituent in
2 has enhanced the cytoxicity compared to 1. The data obtained for
our compounds showed cytotoxicity with short incubation period
(48 h) and hence the data are highly significant.
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