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Abstract: The mer-trichloro dimethylsulphoxide-S-(1,10-phenanthroline) ruthenium (Un)
([Ru(phen)(DMSO)CI;]) complex has been synthesized. The structure has been characterized from FT-IR, *H
NMR and UV-Vis spectroscopic data. The geometry of this complex determined by single crystal X-ray
diffraction study was found to be octahedral. The binding of this complex with Calf Thymus DNA (CT-DNA) has
been investigated by spectroscopic, electrochemical and electrophoresis studies. Anticancer activity of this
compound studied both in vivo and in vitro against Dalton’s lymphoma in mice was found to be significant.
Keywords: DNA, Ruthenium complex, Calf thymus, Anticancer activity, Dalton’s Lymphoma.

I.  Introduction:

Metal-based compounds constitute a discrete class of chemotherapeutics widely used as anticancer and
antiviral agents. Most established antitumor metal-based drugs are cisplatin and its analogues, such as
carboplatin and oxaliplatin. Cisplatin is an anticancer agent being used for the treatment of testicular, ovarian,
head, neck and germ cell tumors (Rosenberg B,1985 and Bertino JR et al., 1997). However, the optimal use of
this drug is limited due to its dose limiting nephrotoxicity. The new platinum compounds like carboplatin and
oxaliplatin are found to possess comparatively very narrow therapeutic index, and also it has limited clinical
utility due to drug resistance and side effects(Dabholkar M et al.,1996 and Shimada H et al.,1993). Hence it is
necessary to look for more effective and less toxic other metal-based anticancer agents.

Ruthenium complexes have attracted much interest as alternative drug to cisplatin in cancer
chemotherapy. Ruthenium complexes have similar ligand exchange kinetics as platinum (Il) complexes and
exist in different oxidation states under different physiological conditions(Jakupec M A et al., 2005 and Schluga
P et al., 2006). Many reviews that illustrate the unique DNA binding modes and antitumor effects have been
reported (Kostova | 2006). Ruthenium complexes are presently receiving great attention in the fields of
biological, pharmaceutical and medicinal chemistry as anti-tumor agents. Ruthenium compounds show low
systematic toxicity and appear to penetrate reasonably well within the tumor cells, binding effectively to DNA
and proteins and presenting in some cases selective anti-metastatic properties (Brabec V and Novakova O,
2006) However, it is essential to design superior drugs in terms of effectiveness compared to cisplatin and other
metal drugs (Rosenberg B et al.,1965). The 1-10 phenanthroline (phen) ligand has been found in many metal-
based anticancer agents (Clarke MJ et al., 1999 Vessieres A et al., 2006, Morris RE et al., 2001, Hong-Ke Liu et
al., 2011 and Finlay GJ et al., 2000). There are certain metal complexes with different types of ligands, which
are in fact found to be quite effective anticancer agents(Kostova | 2006, Clarke M J 2003 and Bratsos | et al.,
2007). Moreover, extensive studies on the biological properties of potential metal-based anticancer agents of
phen and DMSO ligands have been found in literatures. There are numerous ruthenium complexes containing
phenanthroline ligand and some of these complexes acquire good anticancer activity (Tysoe SA et al., 1993 and
Liu J et al., 2008). Again the Ru(ll) and Ru(lll) complexes of dimethyl sulfoxide (DMSO) ligand are known
for good anticancer activity (Murali S et al., 2002, Sun S et al., 2009 Yong-guang Y et al., 2011, D. P. Rillema
et al.,1982 and Hartinge CG et al., 2008).

The cis-[RUClIy(NH3),]Cl, fac-[RuCI3(NHs)s] and trans-HIm[RuCl,(Im),] complexes are some of the
anticancer agents effective against primary tumour cells (Thota S et al., 2012, Stubbs M et al., 1996, Li-Feng
Tan et al., 2005, Anghileri L J, et al., 1975, Allardyce CS et al., 2005, Paul H et al., 2012, Wang F et al., 2003
and Nomizo A, et al., 2010). The ligands like isatin, thio semicarbazones, and chloro-fluoro-phenyl are also
found in some Ru(ll) complexes and the cytotoxic activity both in vivo and in vitro studies of these complexes
are promising (Karki SS et al., 2007). Similarly, NAMI emerges out as anti-metastatic agent, but only small
fraction of the compound can reach the tumour target (Galanski M et al., 2003, Sava G et al., 2002 and
Arandjelovic SS et al.,2009). Here, the synthesized complex [Ru(phen)(DMSO)CI;]) Ru(l11) complex has been
characterized and the DNA binding ability as well as antitumor activity against Dalton’s Lymphoma have been
examined.
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Il.  Experimental section:
Materials:

Analytical grade RuCl3.3H,0 was purchased from Sigma, and used without purification. Calf Thymus
DNA(CT-DNA), tris-buffer and tetrabutylammonium perchlorate(TBAP) were obtained from Sigma-Aldrich,
USA. CT-DNA was dissolved in tris-buffered saline ( pH 7.6 ,TBS), and dialyzed overnight against the same
buffer so that Asso/Asg Of the dialyzed solution should be > 1.8 (Anghileri L J et al., 1975). The 1,10-
phenanthroline (phen) and other solvents were used as received.

Synthesis of mer-trichlorodimethylsulphoxide-s-(1,10-phenanthroline) ruthenium (111) complex.

The compound was prepared by refluxing cis-Ru(phen)Cl,.2H,0 with dimethylsulphoxide (DMSO) in
solvent of ethanol and water mixture for half hour. Cis-Ru(phen)Cl,.2H,O was synthesised by refluxing
RuCl;.3H,0 with phen according to the procedure given in literature (Krause RA 1977). Then evaporated the
solvent by heating in water bath and subsequently purified the compound. The purity of the compound was
checked by thin layer chromatography (TLC). The mer-trichlorodimethylsulphoxide-s-(1,10-phenanthroline)
ruthenium (I11) compound was obtained as a red colored crystal with 80% yield. IR (KBr) values are 1646
(C=N aromatic), 1090 (S=0), 3064 (C-H, SP? Carbon), 3012, 2926, 2852 (C-H methyl) 1591, 1538, 1413 (C=C
aromatic), 450 and 429 (Ru-N and Ru-S). *H NMR (CDCl;-d6 300 MHz) values at 10.18, 8.52 and 8.25 ppm for
N-H ,C-H and C-H bonds of 1,10 phenanthroline ligand was found. The values at 2.19 and 2.66 ppm for two
methyl groups of DMSO, 7.24 ppm for solvent CDCl; and 1.5 ppm for water impurity in CDCl; were found.
Anal. calculated for C14 H14 N2 : C, 34.78; H, 2.90; N, 5.80. Found: C, 34.75; H, 2.80; N, 5.72.

Crystal structure determination:

Single crystal X-ray diffraction data was obtained at 100 K with Brunker smart AXS diffractometer
with graphite-monochromatised Mo-Ko. radiation by ¢-o scans. We used full matrix least square on F2. The
molecular graphic structure was analyzed by ORTEP plot program. The structure was refined by using
SHELXL-97, other materials were prepared by wingx publication routine (Figure 1) (Barton JK and Raphael
AL etal.,1984).

Crystal data: Molecular formula C14H1,CIsN,0,S;Ru,, formula weight 465.75 gmol™, a = 8.8458(8) A,
b=11.9754(10) A, ¢ = 16.7314(14) A, a. = 92.220(4)°, B =104.317°(4),y = 92.945(4)°, cell volume = 1712.7(3)
A3 Z=4, Dcal = 1.806 gcm™, triclinic, space group p-1. Data Collection: Bruker Smart Apex Il CCD, Mo-Ka
radiation (A= 0.71073 A), graphite monochromator, Crystal size 0.52 X 0.23 X 0.14 mm?®, 296(2)K, @ and ®
scan, 3.9° <260 <60.18° -12 <h <12, -16 < k <16, -23<1<23 35146 reflection measured, 9885 unique, u(Mo-Ka)
1.51 mm™, experimental absorption collection with Multi-scan (Sheldrick GM 1996 ).

Structure solution and refinement: The structure was solved by SHELXS97 (Sheldrick GM 1997), and
refinement was carried out by full-matrix least square on F? using the same program SHELXL97. All non-H
atoms are refined with anisotropic temperature factors and the hydrogen atoms were positioned from the
different synthesis map with isotropic temperature factors of Uiso(H) = 1.2 Uiso (C) for CH and 0.114 Uiso(C)
for CH3.401 refined parameters, final R1= 0.0347, wR2 = 0.0892 for 8001 reflections with | > 24/, and final
R1= 0.0478, wR2= 0.0994 for all data, with largest peak difference and hole of 0.780/-0.726 e A® in the
vicinity of the Cl; and O; atom. The structural data has been deposited to Cambridge Crystallographic Data
Center (CCDC 889313).

Spectroscopic studies on DNA binding:

The spectroscopic, electrochemical and electrophoresis studies of this Ru complex with Calf Thymus
DNA (CT-DNA) have been carried out. We observed distinct spectral shift after mixing the complex with CT-
DNA. It might be due to CT-DNA binding by this complex.

UV-Visible Absorption Titration:

The UV-visible absorption spectra of [Ru(phen)(DMSO)CIs] complex in presence of CT-DNA has
been performed (Figure 2). The experiment was performed by maintaining constant concentration of the
complex with varying CT-DNA concentrations within the range of 0.59X10° M to 2.96X10°° M. The absorption
spectra of the complex are characterized by two distinct intense transitions at 400 nm and 273 nm, which are the
characteristic of metal to ligand charge transfer(Ru (dpi)-(Lpi*) transition). With the of the concentrations CT-
DNA from 0.59X10°° M to 2.96X10™° M, absorbance intensity of both the two peaks decreased without shifting
the wavelengths(Tables 1 and Figure 2). These spectral characteristics might be due to the binding of CT-DNA
with the complex. To estimate quantitatively the binding strength of [Ru(phen)(DMSO)CI;], the intrinsic
binding constants (K ) was calculated from the following equation (Shahabadi N et al., 2011 and Rathinasamy
S et al.,2006).
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= 1
s +1
Ea—Ef [DNA] kg,

where €, & and g, are the extinction coefficients of observed solution, free complex and the solution of the
complex with maximum CT-DNA concentration. The value of K, was obtained from the slope of the plot
(Figure 2B). It was found to be 2.77 X 10*M™.

Fluorescence Emission Titration:

To further investigate the interaction of the complex with CT-DNA fluorescence titration experiment
was performed. The emission spectra of the complex at excitation wavelength of 280 nm, and in presence of
varying amounts of CT-DNA are shown in Figure 3. On increasing the concentrations of CT-DNA from 0.59
X10°M to 4.1X10° M, a new peak appeared at 445 nm in addition to the other peak at 324 nm. The intensities
of both these peaks have been increased with the increase of CT-DNA (Table 2 and Figure 3). Intercalation by
phen ligand of the complex within DNA base pair upon DNA binding might enhance the luminescence of the
complex, which is similar to the nature of DNA binding of other previously reported complexes (Kg=2.77 X 10*
M™) (Rathinasamy S et al.,2006). The value is typical for intercalation by hydrophobic phen ligand.

Electrochemistry:

Cyclic voltammetric study for [Ru(phen)(DMSO)CI;] complex was carried out in DMSO
solution(0.005 M) containing 0.1 M TBAP as supporting electrolyte using Ag/Ag* as reference electrode, and
a glassy carbon electrode was used as working electrode. Inert environment was maintained by passing N, gas
through the solution to remove oxygen. The cyclic voltamogram shows distinct oxidation and reduction peaks
of a reversible electron transfer couple at scan rate 100 mVs™. The shift of redox potential (Ey;,) from 222 mV
to 256 mV on addition of CT-DNA was observed (Figure 4).

Electrophoresis experiment:

The binding of trichlorodimethylsulphoxide-S-(1,10-phenanthroline) ruthenium (111) complex with CT-
DNA was further supported by electrophoresis experiment. The solution of CT-DNA was prepared in tris-HClI
buffer at pH 7.6. The binding of complex with CT-DNA was monitored by preparing solutions of the complex
having three different concentrations, 6 mM, 3 mM and 2 mM with CT-DNA, which was incubated for 24 hours
at 37° C before running Gel Electrophoresis. The three solutions were placed at three different lanes, 1, 2 and 3
in the gel along with free CT-DNA (5 mM), which was kept at lane C. The composition of base pairs in the CT-
DNA used in this experiment was 42 mole for GC, 58 mole for AT in 100 mole. The samples were run from -ve
to +ve potential for 3 hours at different voltages (half an hour at 50 V, 1 hour at 60 V, half an hour at 70 V and 1
hour at 80 V) on a 1% agarose gel prepared in tris-borate EDTA. After photographed the gel under UV light, it
appears that lane C moves faster than lane 1, 2 and 3 and the brightness decreases from lane C lane 1, 2 and 3
(Figure 5).

Biological studies of trichlorodimethylsulphoxide-S-(1,10-phenanthroline) ruthenium (111) complex:
Effect of different concentrations of trichloro dimethylsulphoxide-S-(1,10-phenanthroline) ruthenium
(1) complex on mice bearing Dalton’s lymphoma:

C3H/He strain of mice both male and female, 8-10 weeks old and weighing 20-22g was used in all sets of
experiments. Animals were kept in polypropylene cages and were fed on a commercial diet (Goldmohar, Lipton,
India) and tap water ad libitum. Mice were kept under standard condition (especially pathogen free, temperature
ranging from 22-23°C and relative humidity 65-70%. Transplantable ascites Dalton’s lymphoma was obtained
from Chittaranjan National Cancer Research Centre, Kolkata, India and maintained in the laboratory by regular
serial transplantations by injecting 2x10" cells/mice in PBS after a regular interval of 10 days. Ruthenium
compound, trichlorodimethylesulphoxide-S-(1,10-phenanthroline) ruthenium (11l) was prepared in the
laboratory as mentioned. All other chemicals were purchased from Hi-media, Mumbai, India and were of
analytical grade.

Control and experimental animals were selected randomly and divided into groups of 10 mice each
according to randomized block design. Each animal was transplanted with 3x10° cells/mice. After 4 days of
post-tumor transplantation, the experimental mice were treated with single i.p. injection of different
concentrations of trichloro dimethylsulphoxide-S-(1,10-phenanthroline) ruthenium (111) dissolved in Phosphate
buffered saline (PBS) (pH 7.4). Control animals were injected with equal amount of PBS. In each group %
Survival, increase in the mean survival time of tumor bearing mice and tumor free survivors were observed.
Effect of trichlorodimethylsulphoxide-S-(1,10-phenanthroline) ruthenium (I11) complex on the survival of
Dalton’s lymphoma cells in vivo:
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Dalton’s lymphoma cells were isolated from the peritoneal cavity of tumor bearing mice (control and
treated with different concentrations of this Ru complex). 2-3 ml of sterile phosphate buffered saline (PBS) was
injected into the peritoneal cavity and the fluid containing the tumor cells was withdrawn, and collected in
sterile petridishes for incubation at 37° C for 2 hours. The cells of macrophage lineage adhered to the bottom of
petridishes to form a confluent monolayer. The non-adherent population of lymphoma cells was gently aspirated
out and washed repeatedly with PBS. The viability was tested by tryphan blue exclusion test.

Effect of trichlorodimethylsulphoxide-S-(1,10-phenanthroline) ruthenium (IIl) on the survival of
Dalton’s lymphoma cells in vitro:

For cytotoxicity assay in vitro, Dalton’s lymphoma cells were plated at high density (8x10’cells/dish)
at time 0 in DMEM containing fetal calf serum, 10 mM NaHCO,, 0.3% glutamine and different concentrations
of Ru complex for a fixed treatment duration of 1 hour. Control dishes were treated with equal amount of PBS
used as a solvent for trichlorodimethyl sulphoxide -S- (1,10-phenanthroline) ruthenium(l11). At the end of drug
treatment, cells were harvested and washed with PBS, suspended again in ADM with DFCS and incubated for
72 hours at 37° C. After incubation, cells were trypsinized and viable cells were counted by tryphan blue
exclusion test.

I1l.  Results and Discussion:

The geometry around the ruthenium atom of [Ru(phen)(DMSO)CI;] is found to be octahedral with a
phen ligand occupying two coordination sites while the other coordination sites are occupied by one DMSO and
three chlorine atoms. The compound was prepared by refluxing the RuCl3.3H,0 and phen in solvent mixture of
ethanol and water, and subsequent addition of DMSO. Initially, the two CI atoms might be replaced by phen
ligand, and then DMSO molecule reacts with Ru(phen)Cl;.2H,O to replace the inner Cl atom to give
[Ru(phen)(DMSO)CI;]. The crystalline compound so obtained was analyzed by XRD studies and the ORTEP
structure is shown in Figure 1. The molecular structure of [Ru(phen)(DMSO)CI;] complex shows a slightly
distorted octahedral arrangement around the ruthenium atom. The metal atom is bonded to one bi-dentate 1,10-
phenanthroline ligand, three chlorine atoms and a dimethylsulphoxide ligand through the sulphur atom. The
bond distances between Ru metal and other coordinating ligands reasonable with those of other already
synthesized  complexes, like  RuCI(DMSO)(1,10-phen),][BPh,],  cis-Ru(DMSO),Cl, and  [(n°-
CeMeg)Ru{(CsH4N),C=NMe}CI]PF¢ (Karki SS et al., 2007).The Ru-N bond trans to S is found longer than the
other Ru-N bond. The variation of Ru-N bond lengths may be due to the influence of 7 electrons of Cl and S
atoms to the Ru-N bonding (Karki SS et al., 2007). Both the solid as well as the solution state absorption spectra
of the complex show two distinct peaks at the Ay at 273 nm and 400 nm. The infrared spectra of the complex
are observed at wavelengths, 1086 cm™, 449 cm™ and 414 cm™ respectively. The potential bonds corresponding
to these observed spectral peaks are -S=0, -Ru-N and Ru-S. The *H NMR study cannot clearly detect the peaks
of corresponding ligands.

Further studies were carried out to understand the binding of this complex with CT-DNA. Absorbance
intensities of the peaks at 400 nm and 273 nm have decreased with the increase of CT-DNA concentrations from
0.59X10° M to 2.96X10° M (Table 1 and Figure 2). The observed spectral characteristics suggest strong
interactions between [Ru(phen)(DMSO)CIs] complex with CT-DNA. The intrinsic binding constant, K, is found
to be 2.77 X10* M™. The fluorescence spectra of the complex is found different from the spectra taken after
mixing with CT DNA(Figure 3). In addition to the original apex at 324 nm of the complex, a new peak was
observed at 445 nm, which becomes more intense on increasing the concentrations of CT-DNA from 0.59 X10°
M to 4.1X10° M (Table 2 and Figure 3). Such observable spectral shifts and change in intensity indicate the
binding of [Ru(phen)(DMSO)CI;] complex with CT-DNA. The spectral peak of CT-DNA taken at pH 7.4 is
260 nm, and the ©- ® * transition for aromatic ligand(phen) is found at 266 nm. A broad band > 400 nm
corresponds to metal to ligand charge transfer (E,q- n*) (Lever ABP 1984). Such typical spectral characteristics
suggest intercalation of phen ligand with CT-DNA(Li L et al., 2012) base pairs.

The redox potentials obtained from Osteryoung Square Wave Voltammetry (OSWV) of the complex
and after mixing with CT-DNA were found at 224 mV and 256 mV respectively (Figure 4). The binding of the
complex with CT-DNA can be inferred from the positive shift in the redox potential (34 mV) after mixing with
CT-DNA. Such positive shift of potential might be due to intercalation of hydrophobic phen ligand with DNA
base pairs (Medhi OK et al., 1997). The positive shift in the potential might also increase the stability of Ru'
after binding to DNA. The observed E;, of this complex is very close to the reported value of NAMI
[Na*(RuCl,(dmso)(Ima)] which is +235 mv (Alessio E et al.,1993). Moreover, we performed electrophoresis
experiments to understand the binding of [Ru(phen)(DMSQ)CI;] complex with CT-DNA. Lane C moves
slightly faster from —ve to +ve side in the gel electrophoresis than lanes, 1, 2 and 3. The electrophoretic
mobilities and brightness of the bands decrease significantly as the concentrations of the complex increases from
lane 3 to 1. Hence, the binding of this complex with CT-DNA has been clearly shown (Figure 5).
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Electrophoresis of CT-DNA (5 mM) revealed a more intense band but when a higher concentrations of CT-
DNA (6 mM) was mixed with same amount of Ru complex a very weak band was observed (Figure 5). This
suggests the formation of DNA adduct with Ru complex. Further, as the concentration of CT-DNA was
increased from 2-6 mM and mixed with same amount of Ru complex, the sharpness of DNA band was found to
decrease indicating direct correlation between the amounts of DNA and adduct formation.

As we know that the metallic drugs, cisplatin is an important class of chemotherapeutic agent widely
used in cancer chemotherapy, but its clinical use is limited due to nephrotoxicity (Kim YK et al., 1995 and
Wolfgang GHI, et al., 1994). Among the transition metal compounds, Ruthenium appears to be a likely
candidate in near future even though its chemistry differs from that of platinum. The most significant differences
are its octahedral geometry and greater propensity to undergo redox reactions. The hypoxic environment of
many tumors may favor the reduction of ruthenium (111) compounds to ruthenium (I1) species (Pegg D G et al.,
1994 and Clarke MJ et al.,1988). The hydrophobicity of phenanthroline ligand is responsible for DNA binding
ability and for possible anticancer activity of this complex (Chen T et al., 2012).

In the present studies a newly synthesized ruthenium compound trichlorodimethylsulphoxide-S- (1,10-
phenanthroline) ruthenium(IIl) was tested against murine’s Dalton’s lymphoma. Percentage survival of mice
bearing tumor after treatment with this compound is shown in Figure 6. A direct correlation was observed
between the dose of compound administered and increase in the % survival of tumor bearing mice. All the
control animals without any treatment failed to survive beyond 10 days post tumor transplantation. When the
tumor bearing mice were treated with 20 mg/kg of compound, 100% of animals survived till day 18 post tumor
transplant and the maximum survival period was found to be 28 days. When the dose of ruthenium compound
was increased to 30 and 40 mg/kg, the maximum survival time increased to 30-32 days. When the concentration
was further increased to 50 mg/kg the maximum survival period increased to 45 days (Figure 6). The viability
of tumor cells was found to depend on the concentrations of ruthenium compound injected in mice. Increasing
concentrations of Ruthenium compound had adverse effect on viability of tumor cells. Almost 90% of viability
was observed with 10-20 mg/kg of compound. However, 30-40 mg/kg dose has shown 70-80% viable cells. The
LCs, was found to be 50 mg/kg (Figure 7).

Present study has also shown the effects of Ruthenium compound at the cellular level through a study
of its lethal activity in an in vitro system. Results obtained in the present study with Dalton’s lymphoma cells
are expressions of cell killing assay and not the growth inhibition assay. It was found that cytotoxicity of
ruthenium compound depends upon its concentration in the culture media. Survival of Dalton’s lymphoma cells
treated in vitro with different concentrations of ruthenium complex for a fixed time duration of 1h is shown in
Figure 8. There exists an inverse linear correlation between the concentration of ruthenium in the medium and
% survival of lymphoma cells. ICsq of ruthenium was found to be 40 pg/ml (Figure 8).

Most of the investigations reporting ruthenium compounds as anti-tumor agents have been carried out
as in vitro studies and only a few are in vivo studies. Ruthenium- DMSO complexes have been reported to
increase the life span of tumor bearing mice in vivo (Pieper, T and Keppler, BK 1998). These compounds are
also effective against several murine models including a cisplatin resistant P 388 leukemia cell line. While a
number of Ruthenium compounds have been tested, the prototype compound RAPTA-C has been reported to be
most effective anti-cancer compound of this series and has been used extensively against a number of murine
cell lines. Chatterjee S et al studied the effect of RAPTA-C induced apoptosis in EAC cells isolated from
peritoneal cavity of tumor bearing mice and found that the apoptosis was dose dependent (Chatterjee S et al.,
2008). In the present studies, the effect of compound has also been found to be dose dependent.

In a similar study, flow cytometry analysis of RAPTA-C induced cell cycle phase distribution of nuclear DNA
has shown increased content of haploid DNA in RAPTA-C treated cells (Chatterjee S et al., 2008). However,
the DNA in S-phases decreased from 6.3 to 3.6 % suggesting that tumor suppressor gene P is central to the
induction of cell cycle arrest and apoptosis in response to DNA damage of cellular stage in human cells. Earlier
it has been reported that ruthenium (l11) compounds having significant cytotoxic properties are able to bind
firmly to DNA and modify its structural conformation (Brabec V et al.,1995). So the anticancer activity of the
present compound may be related to its DNA binding ability.

IV.  Conclusion:

The synthesis of ruthenium complex, its CT-DNA binding and biological studies have been performed.
The structure analyzed by single crystal XRD study shows six-coordinated octahedral geometry. The crystal
structure is a representative complex, [Ru(phen)(DMSO)CI;], and the structural features are in accord with
already reported ruthenium complexes. The CT-DNA binding of this complex is evidenced by various
experimental techniques. On the basis of spectroscopic shift, the intrinsic binding constant (Ky) is found to be
2.77X10* M™. Based on the observed distinct shift of electrochemical E,;, and electrophoresis band shifts, the
complex is expected to bind with CT-DNA. The hydrophobicity of the phen ligand may be responsible for DNA
binding and possibly related to the anticancer activity of ruthenium complex.
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This compound acquires good antitumor property against Dalton’s lymphoma both in vivo and in vitro.

The compound exhibited dose dependent increase in the survival time of tumor bearing mice, however, no
tumor free survivor was observed. From the biological studies in vivo, the highest dose of this complex is 50
mg/kg. Electrophoretic analysis of CT-DNA with the complex suggests the formation of DNA adduct, which
might be responsible for the antitumor activity of this compound.
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Table 1. The wavelengths and absorbances of the complex with and without mixing CT-DNA at different concentrations.

Samples Wavelengths (nm) Absorbances
Amax (1) Amax (2) 1 2
DNA 260 0.061
b Complex 273 400 2.034 0.367
c Complex +0.59 X10°M DNA 273 400 1.977 0.333
d Complex +1.10 X10°M DNA 273 400 1.908 0.327
e Complex +1.78 X10°M DNA 273 400 1.884 0.322
f Complex +2.37 X10°M DNA 273 400 1.869 0.319
g Complex +2.96 X10°M DNA 273 400 1.844 0.315

Table 2. The emission peaks and fluorescence intensities of the complex with and without mixing CT-DNA at different
concentrations.

Samples Apex (nm) Intensities(+1)
DNA 563 33.80
b Complex 324 76.47
c Complex +0.59X10°M DNA 324 118.40
445 33.69
d Complex +1.78X10°M DNA 324 124.90
445 37.66
e Complex +2.37X10°M DNA 324 137.90
445 46.12
f Complex + 3.5X10°M DNA 324 143.30
445 51.71
g Complex + 4.1X10°M DNA 324 163.70
445 58.71
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Figurel ORTEP molecular structure of the Ru(phen)(DMSO)CI; complex. Selected distances/A and bond
angles/®

Rul-N1=2.082(2), Rul-N2=2.088(2), Rul-S1=2.320(4), Rul-Cl1=2.336(2), Rul-Cl2=2.347(1), Rul-
CI3=2.346(1), S1-01=1.393(4), S1-C13=1.784(4), S1-C14=1.770(4), N1-Rul-N2=79.22(10), CI1-Rul-
N2=84.94(7), Cl2-Rul-N2=92.23(7), CI3-Rul- N2=95.71(8), CI1-Rul-N1=87.48(7), ClI2-Rul-N1=87.31(7),
CI3-Rul-N1=174.89(4), CIl1-Rul-CI2=174.45(3), CI3-Rul-Cl1=92.79(3), CI3-Rul-CI2=92.24(3), S1-Rul-
N1=97.92(6), S1-Rul-Cl1=91.31(3), S1-Rul-Cl2=91.26(3), S1-Rul CI3=87.38(3), Rul-S1-01=119.40(1), O1-
S1-C13=102.50(3), 01-S1-C14=111.60(3), C13-S1- C14=99.27(4).
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Figure 2. (A) UV-visible spectra of the 5mM complex with and without mixing CT-DNA at different
concentrations and (A) plot of e,—e¢/ e,—¢¢ against reciprocal concentration of CT-DNA (1/[DNA]).(C) and (D)
are the UV-visible spectra of the complex in DMSO solvent and solid state. The maximum absorption peaks
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(Amax) for the both state are obtained around at 273 nm and 400 nm which may indicates the complex has same
structure in the solution as well as solid state.
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Figure 3. Fluorescence intensity of the 5mM complex with and without mixing CT-DNA at different
concentrations, along with free CT-DNA.
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Figure 4. (A) Cyclic voltammogram of 5 mM complex at different scan rate (50 mV/S to 250 mV/S), (B)
Cyclic voltammogram of 5 mM the complex (a) and after mixing with 5mM CT-DNA (b), (C) and (D) are the
square wave voltammogram for the 5 mM complex (E1,=222 mV) and the complex in presence of 5mM CT-
DNA (E;,=256 mV), respectively. The redox potential shows 34 mV positive shift on addition of CT-DNA.
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Figure 5. Gel electrophoresis of trichlorodimethylsulphoxide-S-(1,10-phenanthroline) ruthenium (111) complex
with CT-DNA (5 mM) studied in gel electrophoresis in tris-HCI buffer at pH 7.6 (concentration taken are 2
mM, 3 mM, 6 mM as indicated lane 3,2, 1).
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Figure 6. Effect of this Ru complex on mice bearing Dalton’s lymphoma. No tumor bearing mice became tumor
free after treatment 50 mg/kg of the complex. Rest of the animals also (p< 0.05) increase in their life span
compared to control (compound is dissolved in PBS pH 7.4).
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Figure 7. Effect of the complex on the survival of Dalton’s lymphoma cells in vivo. The results are an average
of five (n=5) independent experiments in triplicate and represented as mean + SE. p < 0.05 vs control.
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Figure 8. The results are an average of five (n=5) independent experiments in triplicate and represented as mean

+ SE. p < 0.05 vs control.
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