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Interaction between ethylenediamine 8-hydroxyquinolinato palladium(II) chloride and calf thymus

DNA (CT-DNA) in aqueous solution were studied by UV-Visible absorption, fluorescence spectroscopic

techniques and gel chromatography at temperatures of 300 K and 310 K. The complex bound strongly and

intercalatively to the CT-DNA. The results of the cytotoxicity assay of the Pd(II) complex on the leukemia

cell line, K562 indicated lower cytotoxicity than cisplatin. The Pd(II) complex is considered an agent with

potential antitumor activity. The calculation of several binding and thermodynamic parameters of the in-

clusion Pd(II) complex with CT-DNA may provide deeper insights into the mechanism of action of these

types of complexes with nucleic acids.
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INTRODUCTION

DNA plays a fundamental role in the storage and ex-

pression of genetic information in a cell. DNA is not only

an important biological material with a unique double heli-

cal rod like structure, but also an interesting anionic poly-

electrolyte. Studies on the interaction of transition metal

complexes with DNA have been pursued in recent years.1,2

Investigations of the interactions of DNA with transition

metal complexes are basis to design new types of the phar-

maceutical molecules to elucidate the mechanism involved

in the site specific recognition of DNA and to determine the

principles governing the recognition.3-5 In general, most

drugs have three distinct modes of non-covalent interaction

with DNA, intercalative association in which a planar, aro-

matic moiety slides between the DNA base pairs, DNA

groove binding through a combination of hydrophobic,

electrostatic, and hydrogen binding interactions, and exter-

nal binding by electrostatic attraction.6,7

Among transition metal complexes, special attention

has been turned to platinum complexes that are structurally

different to complexes of the other platinum-group metals

like ruthenium, rhodium, palladium, and iridium.8 Among

them palladium(II) complexes are very interesting candi-

dates for alternative metal-based drugs, since the coordina-

tion geometry and complex forming processes of palla-

dium(II) are very similar to those of platinum(II). The de-

velopment of palladium anticancer drugs has been promis-

ing and their design has been based mainly on the struc-

ture-activity relationship used for platinum anticancer

drugs as well as good models for the analogous Pt(II) com-

plexes in solution.9-11 As a result, some palladium com-

plexes with aromatic N-containing ligands, e.g. derivatives

of pyridine, quinoline, pyrazole and 1,10-phenanthroline,

have shown very promising antitumor characteristics.8,12

Our research in this area is focused on designing and struc-

turally characterizing a series of palladium(II) and plati-

num(II) complexes with different ligands which demon-

strated notable in vitro cytostatic activity against K562

tumor cell line.11-15

Recently we have reported the synthesis and theoreti-

cal investigations on a novel complex of formula [Pd-

(en)(8QO)]Cl (where en is ethylenediamine and 8QO- is

8-hydroxyquinoline anion).16 As a continuation of our stud-

ies on this antitumor complex, we report here cytotoxicity,

binding and thermodynamic parameters on the interaction

between the complex and calf thymus DNA. Using elec-
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tronic absorption, fluorescence titration and gel filtration

experiments, the mode of binding of the complex to DNA

were studied. The information obtained from this study

will help elucidate the interaction between this agent and

nucleic acids. It is speculated that this mechanism must be

different from that reported for cisplatin.

RESULTS AND DISCUSSION

Cytotoxic activity

The results of the cytotoxic activity on leukemia cell

line K562 was determined according to the dose values of

exposure of the complex required to reduce survival of the

cell lines to 50% (Ic50). The 50% cytotoxic concentration of

Pd(II) complex was determined 0.08 mM (Fig. 1). As

shown in Fig. 1, cell growing after 24 h was significantly

reduced in the presence of various concentrations of the

compound. Furthermore, the Ic50 cytotoxicity values of the

complex was compared to that found for anti-cancer agents

used nowadays, that is, cisplatin under the same experi-

mental conditions. This value (154 �M) is much higher as

compared to those achieved for the metal complex reported

in this article.

DNA Binding studies

DNA – denaturation and thermodynamic parameters

Absorption titration can monitor the denaturation ex-

periments as follows: the sample cell was filled with 1.8

mL CT-DNA (0.136 mM). In this concentration, the ab-

sorption of CT-DNA is roughly 0.9. The reference cell is

filled with 1.8 mL Tris-HCl buffer. Both cells were set sep-

arately at constant temperatures of 300 K or 310 K with 25

�L stock solution of Pd(II) complex (1.4 mM), subsequently

added to each cell. After 3 min., the absorption was re-

corded at 260 nm for CT-DNA and at 640 nm to eliminate

the interference of turbidity. Addition of metal complex to

both cells was continued until no further changes in the ab-

sorption readings were observed. The profiles of denatur-

ation of CT-DNA by [Pd(en)(8QO)]Cl is shown in Fig. 2 at

two temperatures of 300 K and 310 K. The concentration of

metal complex in the midpoint of transition, [L]1/2, for

Pd(II) complex at 300 K is 0.197 and at 310 K is 0.202 mM.

The important observation of this work is the low value of

[L]1/2 for this complex17 i.e. this complex can denature

CT-DNA at very low concentration. Thus, if this complex

is to be used as an anti-tumor agent, lower dosage, with pre-

sumably less side effects must be used. It is of note that the

absorbance of CT-DNA bases (purines and pyrimidines)

decreases as their ring systems become more stacked and in

closer proximity to one another. Thus, decrease in the ab-

sorbance at 260 nm with increase of amount of Pd(II) com-

plex added to CT-DNA may be due to: (i) a possibility that

interaction between CT-DNA and the metal complex causes

the double helix of CT-DNA to become more straight lead-

ing to stacking. This stacking may cause conformational

changes leading to a sort of denaturation, or (ii) each strand
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Fig. 1. The growth suppression activity of the Pd(II)-

complex (�) on K562 cell line was assessed us-

ing MTT assay as described in material and

methods. The tumor cells were incubated with

varying concentrations of the complex for 24 h.

Fig. 2. The changes of absorbance of CT-DNA at �max

= 260 nm due to increasing the total concentra-

tion of [Pd(en)(8-QO)]Cl, [L]t, at constant tem-

perature of 300 K and 310 K.



after denaturation get associated in a more stacked struc-

ture and (iii) metal complex slips into the helix and masks

the hydrophobic bases leading to a decrease in absorb-

ance. As will be seen in the later part of this paper, the

[Pd(en)(8QO)]Cl complex can bind CT-DNA taking the

mode of intercalation. This mode of binding supports the

above three hypothesis.

Furthermore, some thermodynamic parameters found

in the process of CT-DNA denaturation are discussed here:

Using the CT-DNA denaturation plots (Fig. 2) and Pace

method,27 the value of K, i.e. unfolding equilibrium con-

stant, and �G
H O( )2

� , i.e. unfolding free energy of CT-DNA at

two temperatures of 300 K and at 310 K in the presence of

[Pd(en)(8QO)]Cl have been calculated. A straight line is

observed when the values of �G
H O( )2

� are plotted against the

concentration of metal complex in the transition region at

300 K and at 310 K. These plots are shown in Fig. 3. As we

know, the higher the values of �G
H O( )2

� , the larger the con-

formational stability of CT-DNA. However, the values of

�G
H O( )2

� (Table 2) are decreased by rising the temperature.

This is as expected because in general, the decrease in

�G
H O( )2

� value is the main reason for the decrease in DNA

stability.18 The m, that is the slope of these plots (a measure

of the metal complex ability to denature CT-DNA) and the

intercept on ordinate, �G
H O( )2

� (conformational stability of

CT-DNA in the absence of metal complex) are summarized

in Table 2. The values of m for the above complex are much

higher than those of Pd(II) complexes reported earlier,14

which indicate the higher ability of this Pd(II) complex to

denature CT-DNA. Another important thermodynamic pa-

rameter is molar enthalpy of CT-DNA denaturation in ab-

sence of Pd(II) complex �H
H O( )2

� . To find this, we calculated

the molar enthalpy of CT-DNA denaturation in the pres-

ence of the metal complex, �H°conformation or �H°denaturation, in

the range of two temperatures using Gibbs-Helmholtz

equation.19 On plotting the values of these enthalpies ver-

sus the concentration of metal complex, straight line will be

obtained which are shown in Fig. 4 for Pd(II) complex.

Intrapolation of these lines (intercept on ordinate, i.e., ab-

sence of metal complex) give the values of �H
H O( )2

� (Table

2). This plot shows that in the range of 300-310 K the

changes in the enthalpies in presence of Pd(II) complex are

decreasing. These observations indicate that on increasing

the concentration of Pd(II) complex, the stability of CT-

DNA is decreased. Moreover, the entropy of CT-DNA un-

folded by Pd(II) complex, �S
( )H O2

� have been calculated by

means of equation �G = �H-T�S and the data are given in

Table 2. These data show that the metal-DNA complex is

more disordered than that of native CT-DNA, because the

entropy changes are positive for Pd(II)-DNA complex in

the denaturation processes of CT-DNA (Table 2). These

thermodynamic parameters compare favorably well with

those of Platinum(II) and palladium(II) complex as re-

ported earlier.13,14

Absorption titration measurements

Absorption titration was performed at a fixed drug

concentration (25 �L for 300 K and 500 �L for 310 K of 1.4

mM stock) with various concentrations (100-140 �L for

300 K and 135-180 �L for 310 K of 3 �M stocks) of CT-
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Fig. 3. The molar Gibbs free energies plots of unfold-

ing (�Gº vs. [L]t) of CT-DNA in the presence of

[Pd(en)(8-QO)]Cl.

Fig. 4. Plots of the molar enthalpies of CT-DNA dena-

turation in the interaction with [Pd(en)(8-

QO)]Cl complex in the range of 300 K to 310 K.



DNA in total volume of 2 mL. In this experiment, change in

absorbance, �A, was calculated by subtracting the absorb-

ance reading of mixed solutions of each metal complex

with various concentrations of CT-DNA, from absorbance

reading of free metal complex. The values of �Amax, change

in absorbance when all binding sites on CT-DNA were oc-

cupied by metal complex, are given in Table 1 and Fig. 5.

These values were used to calculate the concentration of

metal complex bound to CT-DNA, [L]b, and the concentra-

tion of free metal complex, [L]f and v, ratio of the concen-

tration of bound metal complex to total [DNA] in the next

experiment, that is, titration of fixed amount of CT-DNA

(125 �L for 300 K and 155 �L for 310 K of 0.19 mM stock)

with varying amount of the metal complex (460-530 �L of

1.4 mM stock) in total volume of 2 mL, separately. Using

these data (v and [L]f), the Scatchard plots20 were con-

structed for the interaction of Pd(II) complex at the two

temperatures 300 K and 310 K. The Scatchard plots are

shown in Fig. 6 for [Pd(en)(8QO)]Cl. To obtain the binding

parameters, the above experimental data (v and [L]f) were

substituted in equation (1), i. e. Hill equation.21

v = g(K[L]f)
n/(1+(K[L]f)

n) (1)

Thus we get a series of equation with unknown pa-

rameters n, K and g. Using Eureka software, the theoretical

values of these parameters could be deduced (Table 1). n

were estimated 0.90 and 0.91 at 300 K and 310 K that show

the system is noncooprative and all the binding sites are

identical.16 The apparent binding constant values of com-

plex were determined and were found 0.169 × 103 M-1 and

0.157 × 103 M-1 at 300 K and 310 K, respectively (Table 1).

The maximum errors between experimental and theoretical

values of v are also shown in Table 1 which is quite low.

Also the experimental (dots) and theoretical (lines) values
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Fig. 5. The changes in the absorbance of fixed amount

of palladium(II) complex in the interaction with

varying amount of CT-DNA at 300 K and 310

K. The linear plot of the reciprocal of �A versus

the reciprocal of [DNA] for [Pd(en)(8-QO)]Cl.

Table 1. Values of �Amax and binding parameters in the Hill equation for interaction between

Pd(II) complex and CT-DNA in 20 mmol/L Tris–HCl buffer and pH 7.0

Compound Temperature (K) a �Amax
b g c K × 103 (M)-1 d n e Error

300 0.407 0.169 0.90 3 × 10-4

[Pd(en)(8-QO)]Cl
310 0.349

2
0.157 0.91 2 × 10-4

a Change in the absorbance when all the binding sites on CT-DNA were occupied by metal

complex.
b The number of binding sites per 1000 nucleotides.
c The apparent binding constant.
d The Hill coefficient (as a criterion of cooperativity).
e Maximum error between theoretical and experimental values of �.

Fig. 6. Scatchard plots for binding of [Pd(en)(8-

QO)]Cl with CT-DNA.



of � in the Schatchard plots are superimposable on each

other (Fig. 6). Finding the area under plots of binding iso-

therms and using Wyman-Jons equation,12,13 we can calcu-

late the Kapp and �G
H O( )2

� at 300 K and 310 K for each par-

ticular v and also �H
H O( )2

� . Plots of the values of �H
H O( )2

�

versus the values of [L]f are shown in Fig. 7 for the Pd(II)

complex at 300 K. Fig. 7 shows a deflections in enthalpy of

binding which may be due to binding of metal complex to

DNA or DNA denaturation. Similar observations can be

seen in the literature where Pd(II) complex has been inter-

acted with CT-DNA.14

Fluorescence spectroscopic studies

No fluorescence was observed for aqueous solution

of the Pd(II) complex alone or in the presence of calf thy-

mus DNA. So the binding of Pd(II) complex sample with

CT-DNA cannot be directly presented in the emission spec-

tra. It has been studied by competitive Ethidium bromide

(EBr) binding experiments. The molecular fluorophore,

EBr, is known to show intense fluorescence light when

bound to CT-DNA, due to its strong intercalation between

the adjacent CT-DNA base pairs.22,23 The addition of Pd(II)

complex caused the quenching fluorescence of the EBr-

DNA system. This case can be considered as the complex

directly reacted with the CT-DNA of DNA-EBr system,

which leads to the EBr molecules left the EBr-DNA sys-

tem, and the emission intensity of EBr-DNA system de-

creased.24

The emission spectra of EBr bound to CT-DNA in the

absence and the presence of the Pd(II) complex are given in

Fig. 8. The addition of the complex to CT-DNA pretreated

with EBr caused appreciable reduction in the emission in-

tensity, indicating that the replacement of the EBr fluoro-

phore by the complex results in a decrease of the binding

constant of Ethidium bromide to CT-DNA.12-14

In order to understand quantitatively the magnitude

of the binding strength of the Pd(II) complex with CT-

DNA, the fluorescence quenching data of CT-DNA were
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Fig. 7. Molar enthalpies of binding in the interaction

between CT-DNA and [Pd(en)(8-QO)]Cl ver-

sus free concentrations of complex at pH 7.0

and 300 K.

Table 2. Thermodynamic parameters of CT-DNA denaturation by palladium(II) complex

Compound
Temperature

(K)

a m (kJ/mol)

(mmol/L)-1

b �� )( 2OHG

(kJ/K mol)

c
�� )( 2OHH

(kJ/mol)

d
�� )( 2OHS

(kJ/mol)

300 109.9 22.20 0.51
[Pd(en)(8-QO)]Cl

310 77.06 17.03
176.58

0.51

a Measure of the metal complex ability to denature CT-DNA.
b Conformational stability of CT-DNA in the absence of metal complex.
c The heat needed for CT-DNA denaturation in the absence of metal complex.
d The entropy of CT-DNA denaturation by metal complex.

Fig. 8. Fluorescence emission spectra of interacted

EBr-DNA in the absence (1) and presence of

different concentrations of Pd(II) complex:

0.167 mM (2); 0.222 mM (3); 0.267 mM (4);

0.311 mM (5) at 300 K.



analyzed using the Stern-Volmer equation:24,25-27

F0/F = 1 + KSV [Q] (2)

where F0 and F are the fluorescence intensities of the CT-

DNA in the absence and presence of Pd(II) complex, re-

spectively. KSV is the Stern-Volmer dynamic quenching

constant and [Q] is the total concentration of the quencher

(in this case, Pd(II) complex). The fluorescence quenching

data of CT-DNA Eq. (2) was shown in Fig. 9. The plots of

F0/F versus [Q] showed positive deviation. The KSV value

for the Pd(II) complex is (1.55 ± 0.01) × 103 M-1. Similar

values can be seen in the literature, which were obtained

according to the same method.28,29 From these results, it

can be concluded that Pd(II) complex bound to CT-DNA in

good agreement with the linear Stern-Volmer equation and

the CT-DNA-Pd complex formed, resulted in a fluores-

cence quenching of the fluorophore. These results indicate

that the probable quenching mechanism of a Pd(II) CT-

DNA binding reactions are initiated by compound forma-

tion rather by dynamic collision and it may be concluded

that the Pd(II) complex bind to CT-DNA via the intercala-

tion mode.11

Further studies to characterize the mode of binding of

[Pd(en)(8-QO)]Cl to CT-DNA were carried out.12-15 The

number of EBr molecules intercalated to CT-DNA in pres-

ence of different concentrations of the Pd(II) complex was

calculated using Scatchard analysis.20 In this experiment,

the wavelengths of excitation and emission were set at 540

nm and 700 nm respectively. Both have 0.5 nm slit widths.

Solutions of CT-DNA, EBr and metal complex were pre-

pared in Tris-HCl buffer of pH 7.0. In this medium solu-

tions of Pd(II) complex were interacted with CT-DNA by

incubating them at 300 K and 310 K for 4 h, appropriate

amount of EBr was then added to them and further incu-

bated at room temperature (300 K) for 4 h and finally pro-

cessed for fluorescence spectral measurement. Saturation

curves of fluorescence intensity for [Pd(en)(8-QO)]+-DNA

system at different rf values (2.78, 3.70 and 4.45) were ob-

tained in the presence of increased concentrations of EBr

(2, 4 to …, 20 µM). The fluorescence Scatchard plots ob-

tained for binding of EBr to CT-DNA in absence (�) and

presence (�, �,�) of various concentrations of [Pd(en)(8-

QO)]Cl complex were shown in Fig. 10. This figure shows

that the complex inhibits competitively the EBr binding to

CT-DNA (type-A behavior),20 where number of binding

sites n, (intercept on the abscissa) remain constant and the

slope of the graphs, that is Kapp, (apparent association con-

stant) decreases with increasing the concentration of Pd(II)

complex (Table 3). This implies that the [Pd(en)(8-QO)]Cl

complex is intercalating in CT-DNA and thereby compet-

ing for intercalation sites occupied by EBr. The values of
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Fig. 9. Stern-Volmer curve for quenching of CT-DNA

by Pd(II) complex in 20 mM NaCl solution at

300 K.

Fig. 10. Competition between [Pd(en)(8-QO)]Cl with

ethidium bromide for the binding sites of

CT-DNA (Scatchard plot). In curve 1 (�),

Scatchard’s plot was obtained with calf thy-

mus DNA alone. Its concentration was 60 �M.

In curves nos. 2 (�), 3 (�) and 4 (�) respec-

tively, 0.167, 0.222 and 0.267 mM metal com-

plex, were added, corresponding to molar ratio

[complex]/[DNA] of 2.78, 3.7 and 4.45. Solu-

tions were in 20 mM NaCl, 20 mM Tris-HCl

(pH 7.0). Experiments were done at room tem-

perature.



Kapp and n, are listed in Table 3. Similar modes of binding

have been observed for the Pd(II) complexes.30-32

The mode of binding between CT-DNA and the above

Pd(II) complex was further investigated by gel filtration

experiment. In this experiment, [Pd(en)(8QO)]Cl (840

�M) was interacted with CT-DNA (460 �M) for 4 h at 300

K in Tris-HCl buffer and then passed through a Sephadex

G-25 column equilibrated with the same buffer. Elution

was done with buffer and each fraction of the column was

monitored spectrophotometrically at 373 and 260 nm for

Pd(II)–DNA system. The gel chromatogram obtained from

these experiments is given in Fig. 11 (A). This chromato-

gram shows that two peaks were obtained for both afore-

mentioned wavelengths and none of them were resolved.

This indicates that in the presence of palladium(II) com-

plex, CT-DNA partially breaks into two fragments, one

with higher and the other one with lower molecular weight.

Surprisingly, the Pd(II) metal complex bound to the frac-

tion with lower molecular weight as is clear from the ab-

sorption reading at 373 nm. To confirm the breaking of

CT-DNA by this metal complex, a solution of CT-DNA

alone was passed through the same column and each eluted

fraction of 2 mL was monitored at 260 nm. The gel chro-

matogram obtained is shown in Fig. 11 (B). This indicates

that the highly polymerized calf thymus DNA has frag-

ments with approximately similar molecular weights.

The binding of the complex with CT-DNA was fur-

ther studied by the precipitating the CT-DNA from the in-

teracted DNA-metal complexes with absolute ethanol. The

precipitated CT-DNA was then separated out, washed sev-

eral times with ethanol and redissolved in Tris-HCl buffer.

This solution was monitored spectrophotometrically for

CT-DNA at 260 nm and Pd(II) complex at 373 nm. The

presence of DNA-metal complex in this solution as ob-

served by spectral method, further supported that the bind-

ing between CT-DNA and metal complex is strong enough

that not readily break.

EXPERIMENTAL SECTION

Reagents

All reagents and solvents are of analytical reagent

grade and doubly distilled water is used all along. Tris-HCl

(tris(hydroxymethyl) amino methane hydrochloride) and

Sephadex G-25 were purchased from Merck Co. (Ger-

many). [Pd(en)(8QO)]Cl was synthesized in our labora-

tory.16 Calf thymus DNA (CT-DNA) and Ethidium bromide

(EBr) was obtained from Sigma Chemical Co. (USA) and

used as received. Solutions of CT-DNA in 20 mM NaCl, 20

mM Tris-HCl (pH 7.0) gave a ratio of UV-Vis absorbance

of 1.8-1.9:1 at 260 and 280 nm, indicating that the CT-DNA
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Table 3. Binding parameters for the effect of palladium complex

on the fluorescence of EBr in the presence of CT-DNA

Compound a rf
b K × 105 (M)-1 c n

0.00 1.69

2.78 0.93

3.70 0.74
[Pd(en)(8-QO)]Cl

4.45 0.56

0.0082

a Formal ratio of metal complex to nucleotide concentration.
b Association constant.
c Number of binding sites (n) per nucleotide.

Fig. 11. Gel chromatograms of (A) [Pd(en)(8-QO)]Cl–

DNA complex, (B) CT-DNA alone, obtained

on Sephadex G-25 column, equilibrated with

20 mmol/L Tris–HCl buffer of pH 7.0 in the

presence of 20 mmol/L sodium chloride.



was sufficiently free of protein.33 The CT-DNA concentra-

tion per nucleotide was determined by absorption spectros-

copy using the molar absorption coefficient (6600 M-1

cm-1) at 260 nm.34 The stock solution of Pd(II) complex

(1.4 mM) was made in the same buffer by gentle stirring

and heating at 308 K, and CT-DNA (4 mg/mL) at 278 K

was stirred until homogenous and used after not more than

four days.

Apparatus

Electronic absorption spectra were recorded on a

JASCO UV-Vis-7850 recording spectrophotometer. Fluores-

cence intensity measurements were carried out on a Hitachi

spectrofluorimeter model MPF-4. All spectrometric mea-

surements were performed in a quartz cuvette with a 1 cm

path length.

In-vitro cytotoxicity assay

The leukemia cell line K562 was maintained in a

RPMI medium supplemented with 10% heat-inactivated

fetal calf serum and 2 mM L-glutamine, streptomycin and

penicillin (5 �g/mL), at 310 K under a 5% CO2/95% air at-

mosphere. Growth inhibition was measured by means of

MTT assay, which is used as an alternative assay for the

measurement of cell proliferation.35 This assay is depend-

ent on the cleavage and conversion of the soluble yellowish

MTT to the insoluble purple formazan by active mitochon-

drial dehydrogenase of living cells. Harvested cells were

seeded into 96-well plate (2 × 104 cell/mL) with varying

concentrations of the sterilized drug (0-250 �M) and incu-

bated for 24 hours. At the end of four hours incubations 25

�L of MTT solution (5 mg/mL in PBS) was added to each

well containing, fresh and cultured medium.11 The insolu-

ble formazan produced was then dissolved in solution con-

taining 10% SDS and 50% DMF (under dark condition for

2 h at 310 K), and optical density (OD) was read against re-

agent blank with multi well scanning spectrophotometer

(ELISA reader, Model Expert 96, Asys Hitchech, Austria)

at a wavelength of 570 nm. Absorbance is a function of

concentration of converted dye. The OD value of study

groups was divided by the OD value of untreated control

and presented as percentage of control (as 100%). Results

were analyzed for statistical significance using two tailed

Student’s t-test. Changes were considered significant at p <

0.05.

Interaction with CT-DNA

All experiments involving the interaction of the com-

plex with CT-DNA were carried out in Tris-HCl buffer of

pH 7.0 medium containing 20 mM sodium chloride.36,37

The metal complex solutions, with and without CT-DNA

were incubated at 300 K and 310 K. Then, the spectropho-

tometric readings at �max (nm) of complex where CT-DNA

has no absorption were measured. Using trial and error, the

incubation time for solutions of DNA-metal complex at

300 K and 310 K found to be 4 h. No further changes were

observed in the absorbance reading after longer incubation

periods.

DNA-denaturation studies and determination of ther-

modynamic parameters

Absorption spectroscopy is one of the most useful

techniques to study the binding of any drug to CT-DNA.38-41

The application of UV absorption method to the study of

denaturation of CT-DNA with [Pd(en)(8QO)]Cl complex

was similar to previously reported studies.12,13 In these ex-

periments, the concentration of each metal complex at mid-

point of transition, [L]1/2, was determined. Also, thermody-

namic parameters such as: �G
H O( )2

� , i.e. conformational sta-

bility of CT-DNA in the absence of metal complex;

�H
H O( )2

� , i.e. the heat needed for CT-DNA denaturation in

the absence of metal complex; �S
( )H O2

� that is the entropy of

CT-DNA denaturation by metal complex as well as m, mea-

sure of the metal complex ability to denature CT-DNA were

found out using Pace method.42,43 All measurements were

performed in 20 mM Tris-HCl buffer (pH 7.0) at 300 K and

310 K.

Determination of binding parameters

In the interaction of the metal complex with CT-

DNA, the procedures followed to determine binding pa-

rameters: n, K, and g, where n is Hill coefficient, K is ap-

parent binding constant and g is the number of binding sites

per 1000 nucleotides of DNA were determined according

to reported method.44 All measurements were performed

separately at 300 K and 310 K and repeating three times for

the complex.

Fluorescence spectroscopy

For florescence experiment, CT-DNA was pretreated

with Ethidium bromide (EBr) for 30 min. To this pretreated

CT-DNA solution various amount of Pd(II) complex were

added and their effection on the emission intensity was

measured at 300 K temperature. The fluorescence intensity

of the complex at the highest denaturant concentration at

471 nm excitation wavelength has been checked, and the
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emission intensity of this compound in the range of 540-

700 nm was very small and negligible.

CONCLUSION

Detailed analysis of the binding of [Pd(en)(8QO)]Cl

with CT-DNA by fluorescence, UV-Vis techniques and gel

chromatography method are carried out in this work. Ex-

perimental results indicate that the complex can bind non-

cooperatively to CT-DNA take presumably the mode of in-

tercalation. This complex unexpectedly denatures CT-

DNA at very low concentration. Several binding and ther-

modynamic parameters are also presented. This water solu-

ble palladium complex breaks the CT-DNA into two un-

equal fractions and only binds to the fraction with lower

molecular weight. We have also shown that this complex is

especially active against chronic myelogenous leukemia

cell line, K562.

In conclusion, we can assert that promising results

obtained for the antitumor agent presented in this paper

make it possible candidates for the treatment of cancer and

encourage us to design new complexes, which have better

antitumor activity.
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