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Abstract The ligand 2-(2-fluronyl)1H-imidazo[4,5-f]
[1,10-Phenanthroline] (fyip) was synthesized and four
mixed ligand complexes [Ru(phen),fyip]** 1, [Co(phen),
fyip]> ™ 2, [Ru(bpy)ofyip]** 3 and [Co(bpy),fyip]** 4 are
prepared. These complexes are characterized by IR, 'H, '*C
NMR and mass. The interaction of these complexes with
calf thymus DNA have been studied. DNA binding was
monitored by absorption, fluorescence spectroscopy, vis-
cosity and thermal denaturation studies. All complexes
bind to DNA through an intercalative mode with compa-
rable strength and their intrinsic binding constants follows
the order 1 > 2 > 3 > 4. These four complexes promote
the photocleavage of plasmid pBR322 DNA upon irradia-
tion at 302 nm. Antibacterial activity of these complexes
have also been studied.
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Introduction

The interaction of ruthenium(Il) complexes with DNA
have attracted attention because of their potential utilities
for DNA structure probes, DNA dependent electron
transfer probes, DNA-foot printing and sequence-specific
cleaving agents [1-4]. Luminescent transition metal com-
plexes such as Ru (L)%+ (L = 1,10, phenanthroline (or) its
substituted derivatives) have been utilized as photo sensi-
tizers in such areas as solar energy conversion [5], electron
transfer studies [6, 7] and probes of macromolecular
structure [8]. These complexes are the most frequently used
probes in the above applications due to strong visible
absorption, high photo chemicals stability, efficient lumi-
nescence, and relatively long-lived metal to ligand charge
transfer (MLCT) excited states [9]. Barton and co-workers
have reported some accelerated electron-transfer between
metal complexes mediated by DNA [10]. The great success
of using Ru-—polypyridyl complexes for probing DNA
binding is documented in the literature [11-14]. Several
polypyridyl cobalt(Ill) complexes have been reported
which bind DNA through intercalation and are effective
photo nucleases. Ji and co-workers have published several
reports on the DNA binding and photo nuclease activities
of cobalt(Ill) complexes [13, 15-20]. In our previous
reports [21, 22], we have synthesized a series of novel
polypyridyl type ligands, containing an imidazo ring (L)
and demonstrated the binding of [Co(bpy), L]** and
[Co(phen), L]** type complexes to DNA via the interca-
lation of L into the DNA base pairs. In this work, we have
synthesized four complexes. [M(phen),L] and [M (bpy),L]
M = Ru*", Co*"), L = (fyip) 2-(2-fluronyl)lH-imi-
dazo[4,5-f][1,10-Phenanthroline] and the DNA binding
properties of complexes studied with electronic absorption,
steady-state emission studies, viscosity and thermal
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denaturation. These complexes can intercalate into DNA
base pairs and cleave the pPBR322 DNA with high activity
upon irradiation.

Experimental section
Materials and instrumentation

Emission measurements were carried by using a Elico
spectroflurometer model SL174. UV—Visible spectra were
recorded on an Elico Bio-spectrophotometer model BLI198.
IR spectra were recorded, in KBr phase on Perkin—Elmer
FTIR-1605. Es*-MS mass spectra were recorded on JEOL
SX 102/DA-6000 mass spectrometer/data system. "H and
3C-NMR spectra were measured on a Varian XL 300 MHz
spectrometer with DMSO-dg as a solvent at room temper-
ature and tetramethylsilane (TMS) as the internal standard.

DNA binding experiments

Doubly distilled water was used to prepare tris buffer
(5 mM Tris—HCI, 10 mM NaCl pH = 7.1). All chemicals
were of reagent grade. A solution of calf thymus DNA in
buffer gave a ratio of 1.8-1.9 absorbance at 260 and
280 nm, indicating DNA was free of protein [23]. The
DNA concentration per nucleotide was determined by
using a molar absorption coefficient (6,600 Mt cm_l) at
260 nm [24].

The absorption titrations of the complex in buffer were
performed by titrating fixed concentration of complex
(10 uM). Complex—DNA solutions were allowed to incu-
bate for 5 min before recording the absorption spectra. In
order to evaluate the binding strength of the complex, the
intrinsic binding constant K;,, with CT-DNA was obtained
by monitoring the change in the absorbance at metal to
ligand charge transfer (MLCT) band, with increasing
concentration of DNA. The intrinsic binding constant K,
was calculated from Eq. 1 [25].

[DNA]/(Sa — Sf) = [DNA}/(&J — Sf) + 1/Kb(8b — 8f) (1)

where [DNA] is the concentration of DNA. ¢,, & and g,
corresponds to the apparent absorption coefficient Apsq/
[complex], the extinction coefficient for the free complex,
and the extinction coefficient for the complex in the fully
bound form respectively. In plots of [DNA]/(e, — &) ver-
sus [DNA]. K, is given by the ratio of slope to the
intercept.

In the emission studies fixed metal complex concentra-
tion (6 M) was taken varying concentration (0-150 uM)
of DNA was added. The excitation wavelength was taken
fixed and the emission range was adjusted before mea-
surements. The fraction of the ligand bound was calculated

@ Springer

from the relation C, = C[(F — F)/Fmax — Fo)l, where C;
is the total complex concentration, F is the observed
fluorescence emission intensity at a given DNA concen-
tration, Fy is the intensity in the absence of DNA, and Fi,.x
is when complex is fully bound to DNA. Binding constant
(Kp) was obtained from a Scatchard plot of #/Cy versus r,
where r is the C,/[DNA] and C; is the concentration of free
complex.

Viscosity experiments were carried out in an Ostwald
viscometer maintained at a constant temperature
30.0 £ 0.1 °C in a thermostatic water-bath. Calf thymus
DNA samples approximately 200 base pairs were prepared
by sonicating in order to minimize complexities arising
from DNA flexibility [26]. Flow time was measured with a
digital stopwatch and each sample was measured three
times, and then an average flow time was calculated. Data
were presented as (11/110)”3 versus the [complex]/[DNA],
where 1 is the viscosity of DNA in presence of complex
and 7 is the viscosity of DNA alone. Viscosity values were
calculated from the observed flow time of DNA and
DNA + complex [27].

Thermal denaturation studies were carried out with an
Elico Bio-spectrophotometer model BL198, equipped with
a temperature-control programmer (£0.1 °C). Absorbance
at 260 nm was continuously monitored with increase in
temperature 1 °C per min, for solutions of CT-DNA
(100 uM) in the absence and presence of the ruthenium(IIl)
and cobalt(IIT) complexes (10 uM).The data was presented
as OD vs temperature, at 260 nm respectively.

The antibacterial tests were performed by the standard
disc diffusion method [28]. The complexes were screened
for antibacterial activity against standard microorganisms
such as Staphylococcus aureus, E. coli, Pseudomonas
aeruginosa and Klebsiella pneumonia. The Mueller Hinton
agar was prepared and poured fresh into sterile Petri plates
and allowed to dry, and inoculate 0.2 mL of bacterial
culture which has 10° cells/mL concentrations. The com-
plex was dissolved in DMSO to get a final concentration of
100 pL. per disc. Each plate contains standard microor-
ganisms with four different complexes (5 pL each com-
pound) and standard antibiotics such as ampicillin, co-
trimaxizole and norfloxacin were also tested on these
standard microorganisms as controls, and kept in the
refrigerator for 5 min and these were transferred to the
incubator at 37 °C. After 24 h of incubation, the zone of
inhibition of the complexes as well as standard antibiotics
on standard microorganisms were checked. The minimum
inhibitory concentrations (MICs) for these complexes were
measured.

For the gel electrophoresis experiments, Supercoiled
pBR322 DNA (0.2 uM) was treated with Ru(Il) complexes
and the samples were then irradiated at room temperature
with a UV lamp 302 nm for 2 h. Samples were analyzed
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by electrophoresis for 2.5 h at 40 V on a 0.8% agarose gel
in Tris—acetic acid-EDTA buffer. The gel was stained with
1 pg/mL ethidium bromide and then photographed under
UV light (Fig. 1).

Synthesis

The compounds 1,10, phenanthroline-5,6-dione [29], cis-
[Ru(phen),Cl,]-2H,O and cis-[Ru(bpy),Cl,]-2H,O [30],
cis-[Co(phen),Br;]Br-2H,0O and cis-[Co(bpy),Br,]Br-2H,
O[31] were synthesized according to the procedure avail-
able in literature.

Synthesis of (fvip) 2-(2-fluronyl)l-H-imidazo[4,5-f][1,10-
Phenanthroline]

The ligand was synthesized according to the procedure in
the literature [32]. A mixture of phen—dione (0.53 g,
2.50 mmol), 2-fluorene carboxaladehyde (0.679, 3.50 mmol)
ammonium acetate (3.88 g, 50.0 mmol) and glacial acetic
acid (15 mL) was refluxed together for 4 h. The above
solution was cooled to room temperature and diluted with
water. Drop wise addition of conc. aq. NH; gave a dark
orange ppt, which was collected washed with H,O and
dried, the crude product thus obtained was purified by
recrystallization with ethanol and dried (80%). The ES*-
MS spectrum shows a molecular ion peak at m/z 385 which
is equivalent to its molecular weight (calc.: 384).

Synthesis of [Ru(phen),fyip](ClO4),-3H,0 (1)

A mixture of cis-[Ru(phen),Cl,]-2H,0 (0.12 g, 0.16 mmol),
fyip (0.061 g, 0.16 mmol) and methanol/water 1:1 (15 mL)

‘ X
N _0
NZ= ‘ \O
AN

Fig. 1 Synthetic routines of the
Ru(II) and Co(III) complexes

2-fluorene

reflux

carboxaladehyde

Ammonium acetate
glacial aceticacid

was refluxed for about 5 h. It was then cooled to room
temperature. After filtration an equal volume of saturated
aqueous sodium per chlorate solution was added. The
brownish solid was collected and washed with small
amount of water, ethanol then dried under vacuum (72%).
ES*-MS: calculated: 1024, found: 1026.

Synthesis of [Ru(bpy),fyip](ClO4),-1.5 H,O (2)

This red complex was synthesized as above, with cis-
[Ru(bpy),Cl,]-2H,0 (0.10 g, 0.016 mmol) in place of cis-
[Ru(phen),Cl,]-2H,O (68%). EST-MS: calculated: 1041,
found: 1041.

Synthesis of [Co(phen),fyip](ClO4)s (3)

This complex was prepared by mixing cis-[Co(phen),Br;]-
Br-2H,0 (0.716 g, 1.0 mmol) and fyip (0.576 g, 1.5 mmol)
in 20 mL of ethanol and was refluxed for 6 h. After fil-
tration it was then cooled to room temperature, and satu-
rated ethanolic solution of sodium perchlorate was added.
The light yellowish solid was collected and washed with
small amount of water and then dried under vacuum (66%).

Synthesis of [Co(bpy),fyip](ClO4); (4)

This complex was synthesized according to the procedure
given above.  cis-[Co(bpy),Br,]Br-2H,O  (0.578 g,
1.0 mmol) and fyip (0.576 g, 1.5 mmol) taken in 20 mL of
ethanol refluxed for 5 h. Yellow color solid obtained (66%).

These complexes were characterized by IR, 'H and '*C
NMR and the data are given in Tables 1, 2.
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Table 1 'H NMR and IR data of complexes

Complexes IR-data '"H-NMR (300 MHz, DMSO-dg, TMS)
C=C C=N  M-N(phen)/bpy M-L
Fyip 9.1 (d, 2H), 8.9 (d, 2H), 8.5 (s, 1H), 8.3 (d, 1H), 8.0 (d, 1H), 7.8 (d, 2H), 7.5
(d, 2H), 7.20 (d, 2H), 3.95 (CH, of ligand, 2H)
[Ru(phen)fyip] 1,410 1,540 610 705 9.1 (d, 6H), 8.8 (d, 6H), 8.4 (s, 1H), 8.2 (d, 1H), 8.0 (d, 1H), 7.7 (d, 2H), 7.4
(m, 6H) 7.2 (d, 2H), 7.1 (s, 4H) 4.1 (s, 2H)
[Co(phen),fyip] 1,440 1,570 605 730 9.5 (d, 6H), 9.2 (d, 6H), 8.5 (d, 1H), 8.3 (d, 1H), 8.2 (d, 4H), 8.0 (d, 2H), 7.7
(s, 1H), 7.6 (d, 1H), 7.5 (t, 6H), 4.1 (CH, of ligand, 2H)
[Ru(bpy)ofyip] 1,420 1,560 623 712 9.3 (d, 2H), 9.1 (d, 4H), 8.9 (d, 4H), 8.6 (s, 1H), 8.4 (d, 2H), 8.2 (d, 2H), 8.0
(t, 4H), 7.9 (d, 2H), 7.7 (t, 2H), 7.4 (t, 4H), 4.2 (CH, of ligand, 2H)
[Co(bpy)ofyip] 1,470 1,600 625 690 9.4 (d, 2H), 9.17 (d, 4H), 8.7 (d, 4H), 8.4 (d, 2H), 8.10 (s, 1H), 7.95 (d, 2H),
7.7 (d, 3H), 7.65 (d, 3H), 7.35 (t, 2H), 7.21 (d, 4H), 3.9 (CH, of ligand, 2H)
13 1
CT:IE:)elezxes © [HINMR data of [Ru(phen)fyip] [Co(phen)fyip] [Ru(bpy)-fyip] [Co(bpy)-fyip]
153.04(C)) 153.57(C)) 156.81(C;, Cs) 156.77(Cy)
152.67(C,, Cg) 150.83(C,, Cs) 121.89(C,, Cy1) 123.11(C)
123.7(C3) 123.42(C3, Cy¢) 136.43(C3) 137.79(C3, C»)
143.76(Cy, Co) 140.14(C4) 127.81(Cy4, Cy2) 126.58(C4, C7)
128.0(Cs, Cyq) 129.24(Cs, C;) 130.47(Cg, C7) 152.96(Cs)
140.24(Cq) 131.85(Cg) 151.53(Cg) 127.58(Co, Cg)
136.76(C7) 135.70(Co) 133.64(Co) 151.56(Cg)
127.69(C11) 126.96(C ) 126.28(C ) 125.91(C0, Cx)
130.42(C;») 127.58(Cy) 124.41(Cy;, Cis) 123.11(Cy1, Cis)
147.19(Cy3, C14) 128.70(Cy5) 143.41(Cy3, Cy) 124.40(C 15, C16)
126.89(C;s) 143.75(Cy3, C1w) 137.96(C14) 144.87(Cy5)
125.51(Cy6, C) 141.88(C4) 122.16(C ) 140.21(C4)
150.11(Cy) 125.85(C;s, Co) 135.65(Cy) 149.82(Cy)
36.42(CH, group) 36.31(CH; group) 37.42(CH, group) 130.56(Cy)

36.44(CH, group)

Results and discussion
Electronic absorption titration

Electronic absorption spectroscopy technique is utilized to
determine the binding of complexes with the DNA helix. A
complex bound to DNA through intercalation is charac-
terized by the change in absorption (hypochromism) and
red shift in wave length due to a strong stacking interaction
between the aromatic chromophore and the DNA base
pairs. The extent of hypochromism is consistent with the
strength of the intercalative interaction [33-35]. The elec-
tronic absorption spectra of the polypyridyl ruthenium(II)
complex [Ru(phen),fyip]*" in the absence and the pres-
ence of CT-DNA in tris buffer (pH = 7.2) are given in
Fig. 2. Upon the addition of CT-DNA, the electronic
absorptions of 1, 2, 3 and 4 experienced significant
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hypochromism (H%) and red-shift are given in Table 3.
These data imply that these complexes bind to DNA in an
intercalation mode [36, 37]. The absorption spectrum of all
four complexes are characterized by distinct and intense
MLCT transitions in the visible region which are attributed
to Ru(dn) — bipy(n*) and phen n* and Ru dm — fyip.
The bands below 350 nm are attributed to intra ligand (IL)
n — m* transitions while the metal to ligand charge
transfer MLCT bands appear at lower energy (470 nm).
In order to compare the binding strengths of these
complexes, the intrinsic binding constants K}, of the four
complexes with CT-DNA were obtained by monitoring the
changes in absorbance at 453, 320, 463 and 310 nm
respectively for 1, 2, 3 and 4 complexes. The value of K,
was evaluated using Eq. 1 [25]. Intrinsic binding constants
Ky, of the four complexes, are given in Table 3. These data
confirm that these complexes bind to DNA in the order
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Fig. 2 Absorption spectra of [Ru(phen),fyip]** in tris-buffer upon
addition of CT-DNA in absence (fop) and presence of CT-DNA
(lower) the [complex] = 10-15 um; [DNA] = 0-126 pm. Insert
plots of [DNA]/(e, — &) versus [DNA] for the titration of DNA with
complex. Arrow shows change in absorption with increasing DNA
concentration

1 > 2 >3 > 4. The binding constant depends on the pla-
narity of the intercalating ligand. Since the intercalator is
same in all the four complexes the difference in K;, depends
on the ancillary ligand and metal. The ancillary ligand
phenanthroline compared to bipy is more planar and
hydrophobic, hence the binding affinity is more for complex
1and 2. We know that Ru®" complexes binds to DNA much
stronger than Co>" complexes. Since the size of ruthenium
metal is higher than cobalt and the difference in self
aggregation and electronic effect induced by the ruthenium
metal is also higher. Ru*™ has 4d orbital which will delo-
calize more than 3d (Co3 ). This makes the intercalating
ligand electron deficient in Ru(II) complexes than Co(III)
and hence Ru(Il) complexes binds strongly than Co(III).

Steady-state emission studies
In the absence of DNA, complex can exhibit luminescence

in tris- buffer at ambient temperature. The excitation peaks
appeared at 467, 343, 467, 382 nm and the emission

Table 3 Comparison of DNA-binding data of complexes
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Fig. 3 Fluorescence emission spectra of complex [Co(phen),fyip]*"
tris-buffer (pH = 7.0) in the presence of CT-DNA [com-
plex] = 10 uM. The arrow shows the fluorescence intensity change
upon increase of DNA concentration. /nset is the binding isotherm for
the interaction of complex [Co(phen),fyip]** with DNA. The line is
the best fit, obtained by nonlinear least-square analysis to the simple
McGhee—Von Hippel model

appeared at 599, 421, 604, 447 nm for 1, 2, 3 and 4
complexes, respectively. Upon addition of CT-DNA, the
emission intensities of complex 1, 2, 3 and 4 increase
around 4.95, 2.82, 2.00 and 1.69 times than the complex
alone in Fig. 3. This implies that complexes can strongly
interact with DNA and be protected by DNA efficiently,
since the hydrophobic environments inside the DNA helix
reduces the accessibility of solvent water molecules to the
complex and the complex mobility is restricted at the
binding site, leading to decrease of the vibrational modes
of relaxation, and hence fluorescence intensity increases.
Binding data were cast into the form of Scatchard plot of /
C¢ versus r, where r is the binding ratio C,/[DNA] and Cy is
the free ligand concentration. The binding constants cal-
culated from Fig. 3 (9.5 x 10°) are comparable with
absorption data. The K values are given in Table 3.

Emission quenching experiments using [Fe(CN)6]4_ as
quencher were studied to observe the binding of the com-
plexes with CT-DNA. The Stern—Volmer quenching con-
stant K, can be determined by using Stern—Volmer
equation [38].

Complexes Hypochromism (%) Absorption A; Absorption binding Emission binding (Ky)
constant K, constant
Only com 1:30 1:200
[Ru(phen),fyip]*t  13.3 13 1.8 x 10° 52 x 10° 1053.2 4253 710
[Co(phen),fyip]’™  10.4 9.2 x 10° 9.7 x 10° 830.6 2115 282
[Ru(bpy)-fyip]** 9.9 8.05 x 10° 8.62 x 10° 525.5 1457 172
[Co(bpy)-fyip]*+ 7.3 1.8 x 10° 2.8 x 10° 307.9 125.2 7.19
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Fig. 4 Emission quenching of A B .5,
complexes A [Co(bpy),fyip]** 1.48 8
and B [Ru(phen)zfyip]H] with 2.6 1
[Fe(CN)¢]*~ in the absence of 1.4 1 -
DNA (filled square), presence ’
of DNA 1:30 (filled diamond), 1.32 1 2.2 -
1:200 (filled triangle) 5
[Ru] = 10 uM, W ]
[Fe(CN)ol*™ = 0.1 M I/l 1.24 .
1.16 1 1.6 1
1.4 1
1.08 1
1.2 1
N , A
17 - 2 f — | 1 T T T
0.0003 0.0008 0.0013 0.0018 0.0003 0.0008 0.0013 0.0018
[Fe(CN)g]* mmol/L [Fe(CN)¢l* mmol/L
Io/I =1+ ky[Q] (2)  Viscosity measurements

where I, and I are the fluorescence intensities in the
absence and presence of quenching [Fe(CN)6]4_. K, is the
linear Stern—Volmer constant and [Q] is the quencher
concentration. In the plot of Iy/I versus [Q] slope is the K,
in Fig. 4. The K, values for the complexes in the absence
of DNA and in the presence of DNA are given in Table 3.
The K, values are smaller in presence of DNA as
explained by repulsions of the highly negative [Fe(CN)¢]*~
from the DNA polyanion backbone which hinders access of
[Fe(CN)6]4_ to the DNA bound complexes [39, 40], hence
quenching is small. At higher concentration of DNA the
slope is almost zero indicating that the bound species is
inaccessible to quencher. From absorption and fluorescence
spectroscopy studies the binding of complexes with DNA
is in the order 1 > 2 > 3 > 4.

2.6 7
2.4
2.24

mo O w

(Tl/ﬂo)”a

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
[complex]/[DNA]

Fig. 5 Effect of increasing amounts of ethidium bromide (A),
complex 1 (B), complex 2 (C), complex 3 (D) and complex 4
(E) on the relative viscosity of calf thymus DNA at 30 (£0.1) °C.
[DNA] = 0.5 mM
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The viscosity studies provide a strong evidence for inter-
calation or groove binding [41]. A classical intercalation
model demands that the DNA helix must lengthen as base
pairs are separated to accommodate the binding ligand,
leading to increase of DNA viscosity. In contrast, a partial
intercalation could bend the DNA helix and reduce its
effective length and, concomitantly, its viscosity [27, 42].
The effect of complexes 1, 2, 3 and 4 on the viscosity of
rod-like DNA are shown in Fig. 5. For complexes 1 and 2
upon increasing the amount of complex, the viscosity of
DNA increases steadily, while for the complexes 3 and 4
the increase in viscosity is comparatively less. Ethidium
bromide is a known DNA classical intercalator and
increases the relative specific viscosity by lengthening of
the DNA double helix through the intercalation mode. The
increased degree of viscosity, which may depend on the
intercalative affinity of complex, and follows the order
EB > 1>2 > 3>4.

Thermal denaturation studies

According to the literature [43, 44], the intercalation of
natural or synthesized organics and metallointercalators
generally results in a considerable increase in melting
temperature (7,). As intercalation of the complexes into
DNA base pairs causes stabilization of base stacking and
hence raises the melting temperature of the double-stran-
ded DNA. The DNA melting experiment is useful in
establishing the extent of intercalation [35] of the complex
with DNA. The complexes were incubated with CT-DNA
and their temperature raised from 25 to 80 °C and the OD
at 260 nm was monitored [45]. Here T,, of CT-DNA was
found to be 60.8 °C in tris-buffer, with addition of the
complex (10 pL) to DNA, T,, increases dramatically to
739 £ 0.2, 723 £ 0.2, 69.6 0.2 and 68.3 £ 0.2 °C,
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Fig. 6 Photocleavage studies of pBR322 DNA, in the absence and
presence of complexes [Ru(phen),fyip]** [1], [Co(phen),fyip]** [2],
[Ru(bpy)-fyip]** [3] and [Co(bpy).fyip]’* [4] light after 30 min
irradiation at 302 nm. Lane a control plasmid DNA (untreated
pBR322), lane b—e addition of complexes in amounts of 10, 20, 30,
40 pL

respectively. These results also suggest the interaction of
complex 1 with DNA is more among the three complexes.

DNA photocleavage

The sequence-specific cleaving agent is a new cleaving
agent composed of DNA recognizing system and cleaving
system. They can cleave DNA in any sequence. The
octahedral transition metal complex is stable to the oxidant,
but sensitive to light. Upon irradiation, they can cleave
DNA by generating singlet oxygen, or hydroxyl radical.
The features common to these complexes are that these
complexes have high affinity for double-strand DNA and
they can intercalate into the base pairs of DNA. The
plasmid DNA exits in three different forms; that is super
coiled, nicked and linear. These different types can be
distinguished by electrophoresis, since they migrate in
different velocity, as super coiled type DNA migrates the
quickest, and nicked type DNA is the slowest and linear is
in between. Figure 6 shows the gel electrophoresis sepa-
ration of pBR322 DNA after incubated with Ru(Il) and
Co(II) complexes (1-4) and irradiation at 302 nm. No
DNA cleavage was observed for the control in which metal
complex was absent (lane a) with increase in the concen-
tration of the complex, the amount of form I of plasmid

Table 4 Antibacterial activity of four complexes with standard antibiotics

S. no. Name of the compound Staphylococcus Klebsiella (mm) Pseudomonas (mm) E. coli (mm)
aureus (mm)
1 DMSO No inhibition No inhibition No inhibition No inhibition
2 Compound I 20 18 11 17
3 Compound II 8 No inhibition 13
4 Compound III No inhibition No inhibition No inhibition
5 Compound IV 10 No inhibition No inhibition No inhibition
6 Ampicillin 28 25 No inhibition 18
7 Co-trimaxizole 24 23 No inhibition 23
8 Norfloxacin 20 17 22 28

Table 5 Detection of minimum inhibitory concentration of complexes and standard antibiotics

S. no. Name of the compound MIC (mcg) Staphylococcus Klebsiella (mcg) Pseudomonas (mcg) E. coli (mcg)
aureus (mcg)

1 Compound I 20 20 25 20 20

2 Compound II 50 50 50 Nil 30

3 Compound III 60 60 Nil Nil Nil

4 Compound IV 40 40 Nil Nil Nil

5 Ampicillin 10 10 10 10 10

6 Co-trimaxizole 1.25 1.25 1.25 Nil 1.25

7 Norfloxacin 10 10 10 10 10
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DNA diminishes gradually, where as form II increases [15,
46]. All complexes exhibit plasmid DNA cleavage.

Antibacterial activities

Zone of inhibition was measured for four complexes as
well as standard antibiotics and the results are given in
Table 4. The complexes 1 and 2 are very promising in
exhibiting their ability to inhibit/destroy both Gram posi-
tive and Gram negative pathogenic bacteria. Whereas
compounds 3 and 4 have shown antibacterial activity only
on Gram positive bacteria. The MIC is the lowest con-
centration of a drug that inhibits more than 99% of the
population. Complexation reduces the polarity of the metal
ion because of the partial sharing of its positive charge with
the donor groups. Chelation makes the chelating ligand
more potent bactereostatic agents thus inhibiting the
growth of bacteria more than the chelating ligands. Such
complexation could enhance the lipophilic character of the
central metal ion, which subsequently favours permeation
through the lipid layers of cell membrane [47]. For com-
plex 1 the MIC is 20 pg for Gram positive bacteria and
25 pg for Gram negative bacteria. For complex 2 MICs
50 pg for both Gram positive and Gram negative bacteria,
for complex 3 and 4 MIC is 60 and 40 ng against Gram
positive bacteria. The MIC data of four complexes are
given in Table 5. So the antimicrobial activity of four
complexes is in the order of 1 > 2 > 3 > 4. The low MIC
indicates that they can be used as therapeutic agents after
studying their selective toxicity and other necessary tests.

Conclusions

The results described in this study demonstrate that
extension of planarity of ligand can bind strongly and can
intercalate into the base pairs of DNA. The planarity of the
modified 1,10-phenanthroline ligands plays an important
role in dictating the DNA binding affinity. Absorption,
emission, thermal denaturation studies tells that, these
complexes can intercalate into DNA base pairs via fyip
ligand. DNA-binding constants of the Ru(Il) or Co(III)
complexes with phenanthroline as ancillary ligand are large
as compared to bipyridyl as ancillary ligand. This support
the role of ancillary ligand, when intercalating is same the
binding strength depends on the planarity of the ancillary
ligands. The DNA photocleavage abilities of these com-
plexes follow the order 1 <2 <3 < 4.
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