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Abstract--  For the purpose of finding additional metal based 

anticancer medications with lower toxicity and higher affectivity, 

Pd(Pip)Cl2 complex, where Pip is piprazine, was synthesized and 

characterized. The stoichiometries and stability constants of the 

complexes formed between   [Pd(Pip)(H2O)2]
2+ and some selected  

bimolecular targets as DNA  unit constituents were investigated 

at 25°C and at constant 0.1 mol.dm-3 ionic strength. The various 

complex species formed were evaluated utilizing concentration 

distribution diagrams. Solid ternary complexes involving 

[Pd(Pip)]2+ with inosine, guanosine and adenine have been 

synthesized and characterized , and tested for their  biological 

activity against some selected bacteria and fungi.  A further 

investigation of the binding properties of the diaqua complex 

[Pd(Pip)(H2O)2]
2+ with calf thymus DNA (CT-DNA) was 

investigated by UV–Vis spectroscopy throughout this research. 

The intrinsic binding constants (Kb) calculated from UV– Vis 

absorption studies is 4.68x103 mol.dm-3. The calculated (Kb) value 

was found to be of lower magnitude than that of the classical 

intercalator EB (ethidium bromide) (Kb = 1.23 (±0.07) x 105 

mol.dm-3), suggesting an electrostatic and/or groove binding 

mode for the interaction with CT-DNA. 

         INTRODUCTION 

It has become clear that nucleic acids play active role and 

diverse roles in nature in the past few decades. Heavy metal 

interactions with nucleic acids indeed have provided the basis 

for the successful application of cis- platin and the related 

compounds as anticancer drugs . Cancer chemotherapy based 

on metal complexes started at a clinical level in the late 

seventies with the use of cis-platin [1]. Cis-Platin is still in use 

today in the form of carboplatin or iproplatin, which are 

characterized by lower toxicity and higher activity against 

testicular and bladder tumors, ovarian carcinomas, head and 

neck cancer, etc,[2]. The mechanism of the antitumor action of 

cis-platin is believed to be mainly due to the formation of an 

intrastrand crosslink with DNA [3,4].  Although cis-platin is 

the most successful metal-based drug, a large number of tumor 

inhibiting metal complexes, with diverse mechanisms of 

action, were synthesized and reported recently [5,6]. Severe 

toxic side effects including tumor lysis syndrome, 
nephrotoxicity and neurotoxicity limit the dose that can be 

given to patients [7]. The similarity between the coordination 

chemistry of platinum(II) and palladium(II) compounds 

supports the hypothesis that palladium complexes can act 

successfully as antitumor drugs, often with promising activity, 

and may be able to circumvent cisplatin resistance and show 

fewer side effects relative to other heavy metal anticancer 

compounds. In solution, Pd(II) amine complexes appear to 

penetrate reasonably well into tumor cells and bind effectively 

to DNA and accordingly destroy their replication ability. 

 Heavy metal interactions with nucleic acids indeed 

have provided the basis for the successful application of cis- 

platin and the related compounds as anticancer drugs [8]. 

 The study of piperazine complexes was performed 

because (1) piperazine has O6–N…H [9] and/or phosphate-

N…H intramolecular hydrogen bonding [10] with the Pt-DNA 

adduct, favoring interaction with DNA and (2) the piperazine 

ring may undergo stacking interactions with the sugar group of 

DNA, again favoring interaction with DNA. The latter effect 

is similar to that reported for carboplatin, where the stacking 

interaction between the cyclobutane ring and the sugar group 

is part of the increased antitumor activity [11]. 

Adenine, a purine nucleobase, is an important 

naturally occurring nitrogen heterocyle present in nucleic acid, 

it is also frequently encountered as an inextricable part of 

enzyme cofactors and second messenger systems which are 

essential for certain catalytic reactions and biochemical 

processes [12]. Also, The discovery of isozymes (type I and 

II) of inosine-5´-monophosphate, IMP, dehydrogenase 

,(IMPDH;EC1.1.1.205) the rate-limiting enzyme of de novo 

GTP biosynthesis , has attracted attention as possible novel 

approach to cancer diagnoses and selective tumor cell 

chemotherapy [13] 

Based on the above facts and in  an attempt to 

discover further metal based anticancer drugs with higher 

activity and lower toxicity, we continue  our previous work on 

equilibria of complex formation reactions of cis-

(diamine)palladium(II) complexes with different biorelevant 

ligands, [14–18] .In this project we have synthesized and 

characterized [Pd(pip)Cl2] and then converted it into the 

corresponding diaqua complex, which was reported previously 
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to be the active form under physiological conditions that is 

available for binding to different biorelevant ligands [13, 16].  

We have investigated the complex formation 

equilibria  between [Pd(Pip)(H2O)2]
2+

 and some selected DNA 

units constituents. The stability constants of the complexes 

were determined. The concentration distributions of various 

species formed in solution were also evaluated as a function of 

pH. Solid ternary complexes of [Pd(pip)Cl2] with  some 

selected DNA unit constituents , such as inosine 

(inos.),guanosine (guan) and adenine (aden.) have been 

synthesized. The prepared complexes were characterized by 

elemental analysis, i.r., and tested for their biological activities 

against some selected bacteria and fungi.  The Study also 

includes DNA binding ability of the diaqua complex 

[Pd(Pip)(H2O)2]
2+

with calf-thymus DNA (CT-DNA) using 

electronic absorption spectroscopy. The intrinsic binding 

constants (Kb) was calculated from UV–Vis absorption 

studies. The calculated value suggests an electrostatic and/or 

groove binding mode for the interaction of the complex with 

CT-DNA. 

  

2 EXPERIMENTAL 

 
2.1 Materials and Reagents 
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PdCl2 and piperazine  were obtained from Aldrich. The DNA 

constituents inosine, inosine-5´-monophosphate, guanosine, 

guanosine-5´-monophosphate cytosine, adenosine, adenine , 

were also provided by Sigma Chemical Co. The nucleotides 

were prepared in the protonated form with standard HNO3 

solution. Calf thymus DNA was obtained from Sigma 

Chemical Co. All chemicals were of the analar grade or higher  

and were used without further purification. Solutions were 

prepared by dissolving the chemicals in deionized water 

shortly before use. All DNA-binding experiments were carried 

out in Tris–HCl buffer solution (50 mmol_dm
-3

 NaCl,  

5 mmol.dm
-3

 Tris–HCl, pH 7.1). The Tris–HCl buffer was 

prepared using deionized, triple distilled water. Solutions of 

CT-DNA in the buffer gave a ratio of UV–Vis absorbance of 

1.8–1.9:1 at 260 and 280 nm, indicating that the DNA was 

sufficiently free of protein [17]. The concentration of DNA 

was determined spectrophotometrically (e260 = 6.600 mol.dm
-

3
cm

-1
) [19]. The stock solution of DNA was stored at -20 

0
C. 

    

 

2.2 Synthesis of the Complexes  

 
The dichloro complex ; [Pd(pip)Cl2] was prepared by heating 

PdCl2 (0.177 g, 1.0mM) and KCl (0.149 g, 2.0mM) in 10mL 

water to 70
0
C with stirring. The clear solution of [PdCl4]

2-
 was 

filtered and piperazine (0.086 g, 1.0mM) dissolved in 10mL 

H2O was added dropwise to the stirred solution. The pH value 

was adjusted to 2–3 by the addition of HCl and/or  NaOH. An 

yellowish-brown precipitate of [Pd(pip)Cl2] formed and was 

stirred for an additional 30 min at 50
0
C. After filtering off the 

precipitate, it was thoroughly washed with H2O, ethanol, and 

diethylether. Yellow powder was obtained. C4H10N2PdCl2 - 

1/2H2O: Calcd (%): C, 17.61; H, 4.03; N, 10.2. Found (%): C, 

17.42; H, 4.02; N, 10.1. [Pd(pip)Cl2] was converted into the 

corresponding diaqua complex [5] in solution by the  addition 

of two equivalents of AgNO3, followed by heating to 40–50
0
C 

for 3 h, The precipitated AgCl was removed finally  by 

filtration 

[Pd(pip)(inos)] , [Pd(pip)(guan)] and [Pd(pip)(aden)]  

complexes were synthesized by mixing [Pd(pip)Cl2] (0.112 g, 

0.41mM) with AgNO3 (0.139 g, 0.82mM) in 10mL H2O; the 

mixture was stirred in the dark for 24 h. White precipitate 

(AgCl) was filtered off  and the filtrate was added to the DNA 

units in the dichloride form , dissolved in 10mL H2O (0.20 g, 

0.82mM) for inosine, (0.22 g, 0.82mM) for guanosine  and 

(0.10 g, 0.8mM) for adenine. The pH value was adjusted 

between 4 and 5 with NaOH and the solution was stirred for 

an additional 2 h at 60 
0
C and stored at 4

0
C overnight. The 

precipitated complexes were isolated by filtration, washed 

with water, ethanol, and finally diethylether. Elemental 

hydrogen, nitrogen and carbon analyses were performed with 

a Perkin- Elmer 240 elemental analyzer The  analytical data 

for Pd(pip)(inos) (C14H22N6O5Pd): Calcd (%): C, 36.4; H, 

4.7;N, 18.2.  Found (%): C, 35.8; H, 4.4; N, 17.8. The 

analytical data for Pd(pip)(guan.) (C14H23N7O5Pd): Calcd (%): 

C, 35.2; H, 4.8; N, 20.5. Found (%): C, 34.8; H, 4.3; N, 20.6. 

and for Pd(pip)(aden) .2H2O (C9H15N7Pd): Calcd (%): C, 29.6; 

H, 4.1;N, 26.8. Found (%): C, 29.8; H, 4.3; N, 27.1 

 IR spectra were measured on a 8001-PC FT-IR 

Shimadzu spectro-photometer using KBr pellets.  

 

2.3  Biological activity 

The in vitro antimicrobial screening of the Pd(II) diaqua 

complex was tested for their biologic affectivity on specific 

pathogenic fungi and bacteria disc diffusion method. This was 

tested by storing the complex at dry room temperature and 

dissolved in (DMSO), then growing (Staphylococcus aureus) 

and (Escherichia coli) bacteria in nutrient agar medium for 48 

h followed by subculturing to fresh medium in order to test 

bacteria. The Candida albicans and Aspergillus flavus grown 

into sabouraud dextrose agar medium for 72 h followed by 

subculturing to fresh medium and utilized to test fungi. The 

plates were then incubated at 27±1
o
C for 24–48 h and 35±2

o
C 

for fungi and bacteria, respectively. Inhabitation was recorded 

by estimating the distance across of the inhibitory zone after 

the time of incubation. 

 

2.3 Absorption Titration 

 

Absorption titration experiments were carried out by varying 

the DNA concentration in the range (0–140.0)  mol.dm
3
 and 

maintaining the complex’s concentration constant at 20 

mol.dm
-3

. After measuring the absorption spectra, an equal 

amount of CT-DNA solution was added to the diaqua complex 

solution [Pd(pip)(OH2)]
2+

. The reference solution was the 

corresponding buffer solution. Absorbance values were 

recorded after each successive addition of DNA solution and 

equilibration (ca. 10 min). The sample solution was scanned in 

the range of 200–400 nm. Each sample was measured three 

times and the average value was calculated. The absorption 

data were analyzed for an evaluation of the intrinsic binding 

constant, Kb, of the complexes with CT-DNA. 

 

 

2.4 Apparatus and Procedure 

 

Potentiometric titrations were performed with a Metrohm 686 

titroprocessor equipped with a 665 Dosimat. The 

titroprocessor and electrode were calibrated with standard 

buffer solutions prepared according to NBS specification [20]. 

All titrations were carried out at 25.0 ± 0.1 _C in purified 

nitrogen atmosphere using a titration vessel described 

previously [13]. Absorption titration experiments were made 

using a TB-85-thermobath Shimadzu model UV 

spectrophotometer. 

Acid dissociation constants of the ligands were determined by 

titrating 0.20 mmol.dm
-3

 samples of each with standard NaOH 

solutions. Ligands were converted into their protonated form 

with standard HNO3 solutions. Acid dissociation constants of 

the coordinated water in [Pd(pip)(H2O)2]
2+

 were determined 

by titrating 0.20 mmol.L
-1

 of complex with standard 0.05 

mol.dm
-3

 NaOH solution. The formation constants of the 

complexes were determined by titrating solution mixtures of 

[Pd(pip)(H2O)2]
2+

 (0.20 mmol.dm
-3

) and the ligand in the 

concentration ratio of 1:2 (Pd:ligand). The titrated solution 
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mixtures each had a volume of 40 mL and the titrations were 

carried out at 25 
0
C and 0.1 mol.dm

-3
 ionic strength (adjusted 

with NaNO3). The pH meter readings were converted to 

hydrogen ion concentration by titrating a standard HNO3 

solution (0.01 mol.dm
-3

), the ionic strength of which was 

adjusted to 0.1 mol.dm
-3

 with NaNO3, with standard NaOH 

(0.05 mol.dm
-3

) at 25 
0
C. The pH was plotted against p[H] and 

the relationship pH - p[H] = 0.05 was observed. The species 

formed were characterized by the general equilibrium.

  

 
     pM + qL +  rH                                   (M)p(L)q(H)r                                               (1)                                

 

For which the formation constants are given by 

           pqr =   rqp

rqp

[H][L][M]

](H)(L)[(M)
                                                                             (2)                    

where M, L, and H stand for [Pd(pip)(H2O)2] 
2+

 ion, ligand, and proton.  

 
2.5 Data Processing 

 

The calculations were performed using MINIQUAD-75 [21]. 

The stoichiometry and stability constants of all the complexes 

formed were determined by trying various composition 

models for the systems studied. The model selected was that 

which gave the best statistical fit and was chemically 

consistent with the magnitudes of the various residuals, as 

described previously  [21]. Tables 1, and 2 list the stability 

constants together with their standard deviations (SDs) and the 

sum of the squares of the residuals derived from the 

MINIQUAD output. The concentration distribution diagrams 

were obtained with the program SPECIES [22] under the 

experimental condition used. 

 

3. RESULTS AND DISCUSSION 

The acid dissociation constants of the ligands were determined 

at 25
0
C and at constant 0.1 mol.dm

-3
 ionic strength (adjusted 

with NaNO3), as were the stability constants of the Pd(II) 

complexes. The results obtained are in good agreement with 

literature data [5, 13] 

 

3.1 Hydrolysis and  acid–base equilibria of [Pd(Pip)(H2O)2]
2+

 

 

The [Pd(pip)(H2O)2]2+ may undergo hydrolysis. Its acid–base 

chemistry was characterized by fitting the potentiometric data 

to various acid–base models. The best-fit model was 

consistent with formation of three species: 10-1, 10-2, and 20-

1, as given in reactions (1)–(3). Trials were made to fit the 

potentiometric data assuming the formation of the 

monohydroxo-bridged dimer, 20-2, but this resulted in a very 

poor fit to the data. The bridged species 20-1 was detected by 

Nagy et al. [23] for a similar system. Also, this hydrolyzed 

species was formed with Be(II) complex [24]. 

 

 

 

[Pd(Pip)H2O)2]2+ [Pd(Pip)(H2O)OH]+ + H+

100 10-1

(3)

 
 

     

[Pd(Pip)(H2O)(OH)]+ [Pd(Pip)(OH)2]+    +    H+      (4)
10-1 10-2  
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    (5) 

 

The pKa1 and pKa2 values for [Pd(pip)(H2O)2]
2+

 are 4.78 and 9.34, respectively. The 

equilibrium constant for the dimerization reaction (5) calculated by equation (6) is 3.37. 

 
     Log Kdimer =  log β 20-1  - log β 10-1  =  -1.41-(-4.78) = 3.37                                   (6) 

.  
The distribution diagram for [Pd(pip)(H2O)2]

2+
 and its 

hydrolyzed species is given in figure 1. The dimer with a 

single hydroxyl bridge reaches a maximum concentration of 

73% at pH 5, whereas the concentration of the monohydroxo 

species (10-1) increases  with increasing of pH reaching a 

maximum concentration of 95% at pH 8. A further increase in 

pH is accompanied by an increase in the dihydroxo species 

(10-2), which is the main species with pH above 10.0. This 

reveals that in the physiological pH range, (at pH 6–7) the 

monohydroxo complex (10-1) predominates and can interact 

with the DNA subunits. At higher pH, the less active 

dihydroxo complex will  be the major species, and 

consequently the ability of DNA to bind the Pd(amine) 

complex will decrease significantly  

 

3.2 Ternary complexes involving [Pd(Pip)(H2O)2]
2+

  with 

DNA unit constituents 

 

The accepted model for DNA complex formation with 

[Pd(Pip)(H2O)2]
2+

 is consistent with the formation of 1:1 and 

1:2 complexes as shown in Table 1.   

Inosine has two coordination sites, N1H and N7H. 

The pKa value of N7H is too low to determine by 

potentiometry. The pKa of N1H group is 8.43, in agreement 

with that obtained previously [26]. Inosine and its nucleotides 

inosine-5′-monophosphate (IMP) form a monoprotonated 

complex, in addition to the formation of 1:1 and 1:2 

complexes. The pKa of the protonated inosine complex is 4.77. 

This value corresponds to N1H. The lowering of this value 

with respect to that of free inosine (pKa = 8.43) is due to 

acidifcation upon complex formation [13]. IMP has in 

addition, a phosphate as a binding site. It forms mono- and 

diprotonated complexes. The pKa values of the protonated 

species of the IMP complex (112) are 3.37 (log10 β112 - log10β 

111) and 6.56 (log10 β111 - log10 β 110). The former pKa value 

corresponds to the -PO2(OH) group, and the second pKa value 

to the N1H group. The N1H group is acidified upon complex 

formation by 1.78 pKa units. Acidification of the N1H group 

upon complex formation is consistent with a previous report 

for the IMP complex [27]. The complexes formed with IMP 

are more stable than those of inosine. The extra stabilization 

can be explained on the basis of different  coulombic forces 

operating between the ions resulting from the negatively 

charged phosphate group in IMP . The speciation of the 

inosine and inosine monophsphate complex is presented in 

Figures 3, and 4 where the species distribution of the 

complexes is plotted as a function of pH. Figure 3, indicates 

that the 111 complex is formed in the acidic pH range, which 

corresponds to the N(7) coordinated species, while N(1) is still 

protonated. Increasing of pH is accompanied by a decrease in 

the 111 complex concentration and an increase in that of 110. 

Figure 4. shows that the 110 species is formed in the 

biological pH range  

 

3.3. Effect of chloride ion concentration on the equilibrium 

constants of [Pd(Pip)(H2O)2]
2+

 complexes  

 

Antitumor platinum(II) amines are usually administrated in the 

form of cis-dichloro complexes. This form persist in human 

blood plasma because of its high chloride content (0.1M). The 

net zero charge on the complex facilitate its passage through 

cell walls. Within many cells, the chloride concentrations is 

much lower (only ca 4mM). A realistic extrapolation of the 

present study to biological recelant conditions will require 

studying the effect of [Cl
-
] on the stability constant of the 

complexes. The results in Table 2 show that the stability 

constant of the 1:1 complex in the [Pd(Pip)(H2O)2]
2+

 complex 

tend to decrease on increasing [Cl
-
]; This is explained on the 

basis that the concentration of the active species, the mono- 

and the diaqua complexes, decrease with increasing [Cl
-
];  this 

will in turn affect the stability of the complexes formed. 

 

 

3.4 I.r and biological activity of complexes  

 

The i.r. spectra of the ternary complex formed with adenine  

reveal the presence of coordinated water molecules, as 

indicated by a broad band at 3482 cm
-1

 and two weaker bands 

at approximately 911 and 690 cm
-1

, respectively [38]. Low 

frequency bands corresponding to the vibration of Pd-N bands 

have also been assigned for the three complexes. The i.r. 

spectra of the complex [Pd(pip)(inos)] and [Pd(pip)(guan.)] 

exhibit strong NH absorption bands, being unchanged 
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compared to their position in the ligand, indicating that the 

N1H is not involved in coordination as reported previously 

and that coordination occur through N7 leaving N1H in its 

protonated for, which is in agreement with the data obtained 

from potentiometric measuements. The (NH) bands are 

observed at 1483.6 cm
-1

 for inosine complex, and at 1460 cm 
-

1
 for the guanosine  complex, respectively. The 

[Pd(pip)(aden.)] exhibt strong absorption band at 3317 cm
-1

 

corresponds to NH2 vibration  

Antimicrobial activity of metal complexes, in vivo, 

against various species of fungi and bacteria are tested. The 

data that are listed in Table 3 show that the entire tested 

compounds have a significant biological activity against 

Gram-negative (G−) and Gram-positive (G+) bacteria and also 

fungi. Those complexes' biological activity is governed by 

several factors, including: The nature of the donor atoms; the 

chelate effect of the ligands, the nature of the metal ion, the 

total charge on the complex ion, the geometrical structure of 

the complex and the nature of the counter ions that neutralize 

the complex [22,23]. The comparison between the biological 

activity of the synthesized complexes and the standards 

tetracycline (antibacterial agent) or amphotricine B (antifungal 

agent) revealed on the following results: 

1. The synthesized complexes were generally more 

reactive against Gram-negative (G−) than Gram-

positive (G+) bacteria. 

2. Using Escherichia coli (G−) and Staphylococcus 

aureus (G+): the adenine  complex has the highest 

activity compared  to that of inosine and guanosine 

complexes, but slightly lower than that of the 

tetracycline standard. 

3. Using Candida albicans fungus: The guanosine 

complex has the highest reactivity, nearly close to 

that of the standard. The biological activity of the 

inosine complex is higher than that of adenine but 

lower than that of the standard.  

4. Using Aspergillus flavus fungus: the antifungal 

activity of the adenine complex is higher than that of 

the standard. [Pd(pip)(inos)] has higher reactivity 

than that of guanosine complex and slightly less than 

the standard. and oxalate complexes is lower than 

that of the standard . 

This implies that these complexes could be used for the 

treatment of some common diseases caused by E. coli or any 

other caused by any of these particular strains [24]. 

3.4  DNA Binding 

 

Electronic Absorption Spectra 

Electronic absorption spectroscopy is usually employed to 

determine the binding characteristics 

of metal complexes with DNA. The magnitude of spectral 

perturbation is an evidence for DNA binding [28]. The 

absorption titrations were carried out by using a fixed amount 

of the complex (20 lmol_dm-3) with increasing concentrations 

of DNA in the range from 0 to 140 lmol_dm-3. The reference 

solution was the corresponding buffer solution. While 

measuring the absorption spectra, equal amounts of DNA was 

added to both the compound solution and the reference 

solution to eliminate the absorbance of DNA itself. 

Absorbance values were recorded after each successive 

addition of DNA solution and equilibration (ca. 10 min). Each 

sample solution was scanned in the range 200–500 nm. The 

absorption spectra of the complexes with increasing 

concentrations of CT-DNA are given in Fig. 4. The 

[Pd(Pip)(H2O)2]
2+

 complex shows an absorption maximum at 

λmax = 256 nm. When titrated by CT-DNA, there is a 

continuous red shift of λmax up to 259 nm and continuous 

increase in absorption (hyperchromism), which indicate that 

the interaction with CT-DNA results in the direct formation of 

a new complex with the double-helical CT-DNA [29]. 

Additionally, the red shift observed is evidence of stabilization 

of the CT-DNA duplex. The absorption intensity is increased 

due to the fact that the purine and pyrimidine DNA bases are 

exposed because of binding of the complexes to DNA. It is 

well known that DNA double helix possesses many hydrogen-

bonding sites that are accessible both in the minor and major 

grooves. It is likely that the amino groups in the piperazine  

ligand form hydrogen bonds with DNA, which may contribute 

to the hyperchromism observed in the absorption spectra 

[30,31]. 

Metal complexes may bind to DNA with several 

different binding modes, namely by intercalation or not 

intercalation, such as groove binding and binding to the 

phosphate group [13]. In the present study it is assumed that 

the positively charged diaqua complex will electrostatically 

interact with the negatively charged phosphate backbone at the 

periphery of the double helix CT-DNA. This electrostatic 

binding mode of the complexes to CT-DNA is also evidenced 

by the strong hyperchromism observed, suggesting  tight 

binding to CT-DNA and stabilization. The observed strong 

hyperchromism is most pronounced in the  -  transition, 

indicating that the complex are actively in associating with the 

DNA.  

As far as the Pd(II) is concerned, it is likely that the 

ligand facilitate the formation of the van der Waal’s contacts 

within the walls of groove or hydrogen bonds in DNA grooves 

when interact with DNA in Tris–HCl buffer. 

In order to further illustrate the binding strength of 

the palladium (II) complex with CT-DNA, the intrinsic 

binding constant Kb was determined from the spectral titration 

data. It can be calculated by monitoring the changes in 

absorbance at the corresponding max with increasing 

concentrations of CT-DNA, using the 

following Eq. (7) [32]: 

 

)(

][

fa

DNA

 
=

)(

][

fb

DNA

 
+

)(

1

fbbK  
                                                                                    

(7) 
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Where [DNA] is the concentration of DNA in base pairs, f, 

a, and b correspond to the extinction coefficient, 

respectively, for the free palladium diaqua complex (II), for 

each addition of DNA to the palladium(II) complex and for 

the palladium(II) complex in fully bound form. 

A plot of 
)(

][

fa

DNA

 
 versus [DNA] gives Kb, insets in Fig. 5, 

as the ratio of the slope to the intercept.  From the 
)(

][

fa

DNA

 
 

versus [DNA] plots, the intrinsic binding constant Kb was 4.68 

x 10
3
 mol·dm

-3
 (R

2
=0.91 for nine point.  The calculated Kb 

value for the complex was found to be of lower magnitude 

than that of the classical intercalator EB (Ethidium bromide) 

(Kb = 1.23 (±0.07)  10
5
 mol·dm

-3
) [32]  reveals a strong 

binding to CT-DNA.    

 

   4.  CONCLUSION 
 The study of the interaction of Pd(II) amine complexes with 

CT-DNA is of special interest for pharmaceutical and 

biomedical research.  Although DNA interactions of number 

of mixed ligand complexes have previously appeared in the 

literature, still there is scope to design and study small 

molecules containing mixed ligand as new chemical 

nucleases. The present investigation describes the complex 

formation equilibria of [Pd(Pip)(H2O)2]
2+

 where Pip is  

piprazine,  with some selected DNA units in combination with 

DNA-binding study using electronic absorption spectroscopy.  

It has been reported that Pd complexes with different amine 

ligands  when tested in vitro [33] would improve the 

cytotoxicities.  These results would form a clear basis for 

understanding the mode of action of such metal species under 

physiological conditions. From the above results, it may be 

concluded that mixed-ligand complexes are formed in the 

physiological pH range, indicating this interaction. 

The  results  of the  antimicrobial  activity 

revealed that the complexes inhibited the bacterial and fungel 

growth. This has been explained on the basis of the chelate 

therapy [34] and it may be  concluded  that the antibacterial  

activity of the compounds is related to cell wall structure of 

bacteria. 

The study also describes the interaction of 

[Pd(Pip)(H2O)2]
2+

 complex with CT-DNA The introduction of 

piperazine into the Pd(II) coordination sphere results in 

decreasing the electron density on the metal center, making it 

more electrophilic. As a consequence, the acidity of the 

coordinated water molecule in the diaqua complex would 

increase and this would favor the binding with CT-DNA.  The 

binding of the complex with CT-DNA has been studied by 

UV–Vis spectroscopy revealing the strong binding ability. The 

calculated binding strength (Kb) of the complex to CT-DNA 

suggests that the major interaction is an electrostatic and/or 

groove binding mode.  From the current investigation we 

concluded that the title complex exhibits strong binding ability 

to DNA which points to the promising properties of the Pd(II) 

amine complexes as model anticancer agents. 

It is hoped that the obtained data will  be a significant 

contribution to workers carrying out mechanistic studies in 

biological media and hold much promise in the field of drug 

discovery.  
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Table I 

Formation constants for ternary complexes formed between  [Pd(Pip)(H2O)2]
2+ with some selected  DNA constituents at 25ºC and 0.1 mol·dm-3  ionic strength. 

M, L and H
a
 

are the 

stoichiometric coefficients corresponding to Pd(Pip)
2+

, DNA, and H
+
, respectively.  

b 
Standard deviations are given in parentheses.    

c
 Sum of square of residuals. 

 

 

 

System M L H
a 

Logβ
b
 S

c
 

 

[Pd(Pip)]
2+

-OH 
1 

1 

2 

0 

0 

0 

-1 

-2 

-1 

-4.78(0.01) 

-14.12(0.03) 

          -1.41(0.02) 

1.4E-8 

 

Cytosine 0 

1 

1 

1 

 

1 

1 

2 

1 

 

1 

0 

0 

1 

 

4.65 (0.02) 

 9.03(0.03) 

13.29(0.04) 

14.80(0.01) 

 

 

Guanosine 0 

1 

1 

1 

 

1 

1 

2 

1 

 

1 

0 

0 

1 

 

8.43 (0.02) 

 9.03(0.03) 

13.29(0.04) 

14.80(0.01) 

 

 

Guanosine-5-monophosphate  0 

1 

1 

1 

 

1 

1 

2 

1 

 

1 

0 

0 

1 

 

8.43 (0.02) 

 9.03(0.03) 

13.29(0.04) 

14.80(0.01) 

 

 

Inosine 0 

1 

1 

1 

 

1 

1 

2 

1 

 

1 

0 

0 

1 

 

8.43 (0.02) 

 7.03(0.03) 

11.29(0.04) 

11.80(0.01) 

 

8.3E-8 

 

7.1E-8 

 

 

Inosine-5´-monophosphate 0 

0 

0 

1 

1 

1 

1 

 

 

 

 

1 

1 

1 

1 

2 

1 

1 

 

 

 

 

1 

2 

3 

0 

0 

1 

2 

 

 

 

 

8.95 (0.02) 

15.27(0.02) 

17.10(0.06) 

 8.12(0.031) 

13.23 (0.04) 

14.65(0.06) 

18.12(0.01) 

 

 

 

 

9.4E-8 

 

 

7.3E-8 

 

 

 

 

 

Adenosine 0 

1 

1 

1 

 

1 

1 

2 

1 

 

1 

0 

0 

1 

 

8.43 (0.02) 

 9.03(0.03) 

13.29(0.04) 

14.80(0.01) 

 

Adenine 0 

1 

1 

 

1 

1 

2 

 

1 

0 

0 

 

9.55 (0.01) 

11.20(0.034) 

18.27(0.06) 

 

9.3E-8 

1. 9E-7 
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Table II 

Formation constants for complexes of [Pd(Pip)(H2O)2]
2+ at different concentration of chloride  at 25ºC and 0.1 mol·dm-3  ionic strength. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M, L and H
a
 are the stoichiometric coefficients corresponding to Pd(Pip)

2+
, and H

+
, respectively.  

b 
Standard deviations are given in parentheses. 

   
c
 Sum of square of residuals. 

 

 
 

 

 
 

 

 
 

 

 

[Cl-] mol L
-1

 M L H
a 

Logβ
b
 S

c
 

 

0.0 

1 

1 

2 

0 

0 

0 

-1 

-2 

-1 

-4.78(0.01) 

-14.12(0.03) 

         -1.43(0.01) 

1.4E-8 

0.05 
1 

1 

2 

0 

0 

0 

-1 

-2 

-1 

-4.98(0.01) 

-14.3(0.03) 

         -1.63(0.01) 

9.3E-8 

 

8.3E-8 

 

0.1 
1 

1 

2 

0 

0 

0 

-1 

-2 

-1 

-5.18(0.01) 

-14.52(0.03) 

         -1.63(0.01) 

9.3E-8 

 

 

8.3E-8 

 

0.15 

 

1 

1 

2 

0 

0 

0 

-1 

-2 

-1 

-5.78(0.01) 

-14.72(0.03) 

         -1.73(0.01) 

1. 7E-8 

3.5E-8 

 

 

0.2 

1 

1 

2 

0 

0 

0 

-1 

-2 

-1 

-5.88(0.01) 

-14.82(0.03) 

         -1.83(0.01) 

1.6E-7 

8.6E-8 

0.25 
1 

1 

2 

0 

0 

0 

-1 

-2 

-1 

-5.98(0.01) 

-14.92(0.03) 

         -1.93(0.01) 

9.3E-8 

1. 49E-7 
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Table III 
Antimicrobial and antifungal activities of [Pd(pip)(H2O)2]  with DNA units 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

Inhibition zone diameter (mm/mg sample) 

             Bacteria                                    Fungi 

 

Sample 

Candida  

albicans 

Aspergillus 

flavus 

Staphylococcus 

aureus    (G+) 

Escherichia 

coli   (G-) 

16 17 18 26 [Pd( Pip )(inos)]. H2O 

18 15 17 23 [Pd(Pip)(guan.)].2H2O 

15 19 22 26 [Pd( Pip)(aden.)].2 H2O 

 

 

20 

 

 

18 

31       32 Tetracycline antibacterial agent 

Amphotricine B  

Antifungul  agent 
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Fig. 5. Absorption spectra of [Pd(Pip)(H2O)2]

2+ complex [1] in the Tris-HCl buffer upon addition of CT-DNA: = 20mmol.L-1, [CT-DNA] = 40[1], 50[2], 60[3], 

70[4], 80[5], 90[6], 100[7], 10[8], 120[9], 130[10], 140[11], 150[12] and 160 mmol.L-1 [13]. The arrow shows the absorption increase with increasing CT-DNA 
concentration. Insert plot of [CT-DNA]/(εa-εf) versus [CT-DNA] for the titration of CT-DNA with the complex. 


