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ABSTRACT

Cis-diaminedichloroplatinum (1), [cis-(NBLPtCl,], is one of the most successful anticancer comgsuim recent
years the search for new drugs with antineoplaatitivity has led to synthesis of palladium compdexecause of
its analogy with Platinum (II). The aim in this dfuwas to show the interaction between DNA andapalm
complexes using docking studies, to elucidate tsiple action mechanism of cis-[(1S, 2S)-()-N*-bis(1-
phenylethyl)-1,2-propanodiimine]PdCland cis-{(1S, 2S)-(-)-N1, ?bis[1-(4-metilphenyl)ethyl]-1,2- propano -
diimine}PdC}). Our results suggest a possible interaction dfguium complex and the DNA, forming a covalent
bond manner similar to cisplatin.
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INTRODUCTION

Cis-diaminedichloroplatinum (Il), [cis-(NJLPtCL], clinically called cisplatin is one of the mosticsessful
anticancer compounds[1]. It is an antineoplastieggdmost used on cervical, lymphoma, melanoma,ctestiead,
and ovary cancer[2-8]. However, it has secondadytaric effects that may develop a secondary tugb}] Many
cellular components including RNA, proteins, DNAembrane phospholipids, and microfilaments reach wit
cisplatin[7], in membranes Cisplatin interacts wighospholipids and phosphatidylserine[9], disrupie
cytoskeleton[10], and affects the polymerizationaztin microfilaments resulting from the formatiaf Pt-S
bonds[11].

Research in the field of platinum-based cancer cileenapy showed that cisplatin and its analogouspownds
exhibit very similar patterns of antitumor sensithand susceptibility to resistance, which medrat tmost of them
produce identical adducts with DNA [12]. Severdickes have appeared during recent years dealitigplatinum-
based anticancer agents[13-17], based on thesesttite proposed mechanism of action relies orfictmeation of
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adducts with DNA, being the main of this interantithe purine bases to form bonds between the N7 and
cisplatin[18-19].

On the other hand, due to the frequent resistanciis drug during cancer chemotherapy[20], as asllthe
limitation in dosing due to its toxic effects, thdnave been many attempts to find complexes withatgr potency
and less toxicity than the existing clinical drugss a consequence of this, previous studies fatnaéurally on the
other platinum group metals, ruthenium, rhodium|aodum, osmium and iridium[21]. The significantslarity
between the coordination chemistry of palladiur &hd platinum (1) compounds has advocated studasdium
complex (ll) as antitumor drugs[22]. A key facttiat might explain why platinum is most useful whienomes
from the ligand-exchange kinetics. The hydrolysispalladium complexes is too rapid:*limes faster than for
their corresponding platinum analogues. They dissive readily in solution leading to reactive sigscthat are
unable to reach their pharmacological target[1]wileer, there is evidence that palladium complexehb®logical
activity such as, anti-viral, anti-fungal, anti-mobial and anti-tumor[23-31].

In a previous study we reported that the synthefstsio chiral palladium complexass-[(1S, 29-(-)-N*, N*-bis(1-
phenylethyl)-1,2-propanediimine]PdCland cis-{(1S, 29-(-)-N', N-bis[1-(4-metilphenyl)ethyl]-1,2-propanedi
imine}PdClL have shown promisinig vitro cytotoxic activity against different classes ohcer cells. In this paper
we study the possible mechanisms of action of tleesapounds. The results have shown the dockingiestud
indicated a favorable interaction between LQCP1 lBQ€P2 (ligand) to DNA in the groove of the doulbielix.
These results suggest that the interaction betwerromplexes of Palladium and the DNA is differrom of
adducts of DNA with cisplatin, but the formationtbg adduct between DNA and the Palladium can $§goresible
for cell death previously demonstrated [32]. It wldobe noted that studies of molecular link proside possible
view more detailed drug-receptor interaction ha&at@d a new rational approach to the design ofsiwitere drug
structure is designed based on its adjustmentraeiimensional structures in the recipient sitethis work the
white therapeutic was DNA and ligands complexeBaifadium.

EXPERIMENTAL SECTION

Synthesis
Synthesis and Characterization of palladium comggexas reported previously [32].

Minimization of the Structures.

Palladium complexcis[(1S, 29-(-)-N', N*-bis(1-phenylethyl)-1,2-propanodiimine]PdQILQCP1) andcis{(1S
29-(-)-N', NP-bis[1-(4-metilphenyl)ethyl]-1,2- propanodiimine}Rt) (LQCP2); was minimized with GAUSIAN
09 software using calculation DFT PW1PW/LANL2DZdFL).

Molecular Docking

A structural model of the catalytic domain of DNAasvconstructed using a Molecular Operating Enviremm
(MOE) ver 2010.10, with the structure publishedXeRay Diffraction of DNA — cisplatin complex, andhe
modeling template was downloaded from the ProteitaBank (www.pdb.org) with code PDB-ID 3LPV and7.
A resolution and the major grove was determinedVi)E’s Site-Finder. The most stable complex pallatiwas
used as ligand; the structure was docked into tN&A Btructure. The docking process consisted of gishe
protocol for rigid-rigid docking, followed by rigiflexible and flexible-flexible docking methods. naily, the
adduct DNA-ligand was visualized with MOE.

RESULTS AND DISCUSSION

Based on previous reports suggesting that Palladiumplexes have different biological activities iit them the
antiproliferative[26, 32], our goal was to show tthalladium complexes can interact with DNA, andttthis
interaction could trigger death in cancer cells. t&€st this theory, molecular-using link studies evearried out
GAUSSIAN 09 and MOE ver. 2010.10.

Initially we determined the physicochemical chagsistics of the complex in order to know its solity;
topological area, and weight of the complexes etdlilustrates the Molecular Weight (MW), PartitiQoefficient
Octanol: Water (LogP) and topological polar surfacea (tPSA) to Palladium Compleis-[(1S, 29-(-)-N*, N*-
bis(1-phenylethyl)-1,2-propanodiimine]PdCl (LQCP1) andcis{(1S 29-(-)-N*, N*-bis[1-(4-metilphenyl)ethyl]-
1,2- propanodiimine}PdG) (LQCP2) calculated using the MOE software, fR8A in the two complexes studied
are equivalent because both molecules have similastituent, both complexes of Palladium complyhwitles
Lipinski important to know if these complexes may ¢onsidered as molecular candidates for new dragspth
cases complexes fulfill these rules.
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The HOMO/LUMO relationship (Table 1) shown stalyildomplexes acquired to add groups phenyl (LQCEnt)
methyl (LQCP2) at the ends of the molecules (FigThese results suggest that the LQCP2 complexmas
likely to interact with DNA.

Table 1. Values generated by molecular docking beeen LQCP1 and LQCP?2 (ligands) to DNA (target)

cis(1S, 29-(-)-N, N>-bis(1-phenylethyl)-1,2- | cis-{(1S, 29-(-)-N!, N*bis[1-(4-metilphenyl)ethyl]-1,2-
propanediimine]PdGI(LQCP1). propanediimine}PdGI(LQCP2).
Molecular Weight (g/mol). 413.645 441.699
LogP 5.3 6.08
TPSA(X) 6.48 6.48
HOMO/LUMO (GAP) (eV) 3.2672 3.2754
Energyvalues kcal/mol -93.09 £ 21.72 -106.95 + 36.92
Affinity (pKi) 4.004 +0.076 3.55+0.14
Efficiency 18.33 +2.94 15.2 +0.9574

DNA = Deoxyribonucleic acid

Figure 1. Palladium complexes minimized with GAUSSAN 09. The Images, A correspondsis-[(1S, 25)-(-)-N*, N*bis(1-phenylethyl)-1,2-
propanediimine]PdCl, (LQCP1), the Image B correspondsis-{(1S, 25)-(-)-N*, N*-bis[1-(4-metilphenyl)ethyl]-1,2- propanediimine}PdCl,
(LQCP2)

Results showed a favorable interaction between RN& Palladium complex in major groove to DNA (F& &nd
Fig 3A) similar to cisplatin[33-34], the data indie a Free Gibbs energy of -93.09 + 21.72 kcaltmblQCP1 and -
106.95 + 36.92 to LQCP2 (Table 1), similar to cigipl -114kcal/mol[35], energy equivalent to thenfiation a
covalent bond.

The interaction between the Palladium complexes@Né occurred with the oxygen atom of the basesnne
and thymine to LQCP1 complex, and on the other heytdsine and adenine to LQCP2 complex, but this
interaction is not similar to cisplatin because kireding between DNA and Cis-platinum occurs on [figogen
atom (N7) of guanine [35]. Results showed contattvben the metal (BY of Palladium complexes with the
structure of DNA (Fig 2B and 2D), in addition thdésean interaction arene-cation between adeninetlamdd*
LQCP2 which may explain the free energy more nggaBibbs thrown in the molecular docking (Fig 2BJso,

link distance between the atom of oxygen of theogiénous bases and Palladium was 1.19A for LQCRLK)

and 1. 44A to LQCP2 (Fig 2C), indicating a shodistance with LQCP1.

Furthermore, the results show that the binding dergs of palladium occurs in DNA guanine and cytesfor
LQCP2 (Fig 2C), and guanine and thymine to LQCHg @A), in the case of guanine is given interactimtween
the Oxo group in position 6 of the base with thé"Pid the case of thymine is given in the Oxo grauposition 4
of the nitrogenous base and the metal, but suenactions do not show contact with nitrogen andrtfé, so that
contact could be generated with the oxygen of ttiegenous bases farthest from the deoxyribose ring

The results of the molecular docking suggest arte interaction between LQCP1 and LQCP2 (ligandpNA
in the major groove of the double helix. Theseultssindicate that the palladium complex called lRIChas a
higher affinity for this macromolecule that LQCP&hwalues of 4.005 and 3.5 respectively (Tablettiy complex
(LQCP1) has an efficiency of 18.33 compared wittP¥% for LQCP2, becoming better for LQCP1, whichncides
with the distance of bond formation being shortied® A), for this complex affinity that arises igjher with the
target molecule (DNA).
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Figure 2.Molecular Docking between Paladium compless versus DNA. Image A represents the Gaussian cant on the surface of DNA
and cis-[(1S, 2S)-(-)-N1, N2-bis(1-phenylethyl)-1-gropanediimine]PdCI2 (LQCP1), Image B representstte docking between DNA and
LQCP1. Image C represent the Gaussian contact on ¢hsurface of DNA andcis-{(1S, 25)-(-)-N*, N*bis[1-(4-metilphenyl)ethyl]-1,2-
propanediimine}PdCI2 (LQCP2); the Image D represers the docking between DNA and LQCP2

The results suggest that the interaction betweercéimplexes of Palladium and the DNA is differemtiie DNA
adducts in cisplatin, but the ADN-palladium addfmmimation may be responsible for the death of gels/iously
demonstrated. Finally, the palladium complex QS{ 29-(-)-N', N-bis[1-(4-metilphenyl)ethyl]-1,2-
propanodiimine}PdG) called LQCP2 has a better biological activity thd QCP1, according to the
Physicochemical properties and molecular dockingutated which is consistent with tirevitro data[32].

In addition, the results suggest that the inteoachetween Palladium complexes and DNA would fomadduct
between the two molecules due to the probable fiomaf a covalent bond, however without this tleenadduct is
formed between the metal and the oxygen atoms efnttrogen bases being different from the adduonéal
between DNA and cisplatin, which occurs with thetaheontact with the atoms of nitrogen from theagenous
bases the result of this adduct formation couldgsponsible for the death of cells previously dest@ted.
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