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We report the preparation and characterization of a new and water soluble complex of palladium(Il) with 1,10- phenan-
throline and butyldithiocarbamate ligands. This compound has been studied through spectroscopic techniques, 'H NMR,
IR, electronic spectra and elemental analysis and conductivity measurements. The complex shows 50% cytotoxic con-
centration (Icso) value against chronic myelogenous leukemia cell line, K562, much lower than that of cisplatin. Thus
the mode of binding of this complex to calf thymus DNA have been extensively investigated by isothermal titration
UV-visible spectrophotometry, fluorescence, gel filteration and other methods. UV-visible studies show that the com-
plex exhibits cooperative binding with DNA and remarkably denatures the DNA at extremely low concentration (~13
puM). Fluorescence studies indicate that the complex intercalate into DNA. Gel filtration studies suggest that the binding
of Pd(IT) complex with DNA is strong enough that it does not readily break. In these interaction studies, several ther-
modynamic and binding parameters are also determined which may reflect the mechanism of action of this type of com-

pound with DNA.
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Introduction

The design of small transition metal complexes that can in-
teract at specific sequences of DNA is an important research
line."” There are several types of binding sites on DNA where
binding of metal complexes can occur: (i) covalent binding with
purine and pyrimidine bases, (ii) intercalation between base
pairs, (iii) in the minor groove, (iv) in the major groove, (v) hy-
drogen binding with different groups, (vi) ionic binding mainly
with phosphate groups, (vii) hydrophobic and hydrophilic in-
teractions " efc. Moreover, several biological experiments have
also suggested that the DNA is the biological target of many
antitumor drugs and potential antineoplastic agents.G’

Many classes of currently used pharmaceutical agents contain
examples of metal compounds. Typical examples of anticancer
drugs are cisplatin, oxaliplatin, nedaplatin and (:arboplatin.8 To-
day, cis-diamminedichloroplatinum(II) (cisplatin) is one of the
most effective drugs used to treat urogenital tumors, head, neck,
small cell lung and cervical carcinomas.’ Other transition metal
complexes with favorable antitumor activity are rhodium and
palladium complexes.'’ However, a serious difficulty with cis-
platin as an anticancer drug is its toxicity towards the kidney."""?
This problem can be reduced to a tolerable level if the flow of
urine is greatly increased by the simultaneous administration
of water and diuretic drugs, or by the use of other drugs in com-
bination with cisplatin.'” In response to this need one approach
has used diethyldithiocarbamate in combination with cisplatin.
Because it has protected a variety of animal species from renal,
gastrointestinal and bone marrow toxicity, induced by cispla-
tin."* However, several platinum and palladium dithiocarbamate
complexes are known to have been tested in various medical
applications.ls'19 In these complexes, the major advantage of us-

ing the small bite-angle of dithiocarbamate moiety as a stabiliz-
ing chelating ligand is its unique property to remain intact under
a variety of reaction conditions.”

Recently we have reported several dithiocarbamate deriva-
tives of 2,2’-bipyridine-platinum(II)/-palladium(II) complex-
2" These complexes have shown antitumor activity much
lower than that of cisplatin against human cell tumor line, K562,
in vitro. They intercalate in DNA; hence the biological target
molecule of these complexes seems to be DNA of the cell. More-
over, these complexes have good water solubility and they are
expected to have low toxicity due to their inability to bind sulf-
hydryl groups of proteins of kidney tubules.

We have now extended our efforts and prepared butyldithio-
carbamato1,10-phenanthrolinepalladium(Il) nitrate to see the
changes in its properties such as cytotoxicity, binding and ther-
modynamic parameters. In this complex, the coplanarity of 2,2’-
bipyridine has been extended by replacing it with 1,10-phenan-
throline which may influence the intercalation properties of this
complex. Using electronic absorption, fluorescence titration and
gel filtration experiments, the mode of binding of the complex
to DNA were studied in detail and the results of these investiga-
tions are reported here. The information obtained from this study
will be helpful to understand the mechanism of the interaction
between this agent and nucleic acid. This mechanism must be
different from that reported for cisplatin.

Experimental

Materials and general methods. The reagents and solvents
were of analytical grade. Butylamine and AgNOs were purchas-
ed from Aldrich (England)., Tris-HCI buffer, 1,10-phenanthro-
line, CS,, NaOH, NaCl and KBr were obtained from Merck
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(Germany). Palladium(II) chloride anhydrous was bought from
Fluka (Switzerland) and highly polymerized calf thymus DNA
sodium salt from Sigma Chemical Co. (U.S.A.). The ligand
butyldithiocarbamate sodium salt (Bu-dtc Na) was synthesized
as reported carlier.” [Pd(phen)Br,] was prepared by the proce-
dure described in the literature.”

Infrared spectrum of the metal complex was recorded on a
Jas.co-460 Plus FT-IR spectrophotometer in the range of 4000 -
400 cm" in KBr pellets. Electronic absorption spectrum of the
title metal complex was measured on a Jasco UV/vis-7850
recording spectrophotometer. 'H-NMR spectra were recorded
on a Brucker DRX-500 Avance spectrometer at 500 MHz in
DMSO-ds using tetramethylsilane as internal reference. Con-
ductivity measurements of the above Palladium complex was
carried out on a Systronics conductivity bridge 305, using a con-
ductivity cell of cell constant 0.98. Microchemical analysis of
carbon, hydrogen and nitrogen for the complex was carried
out on a Herause CHNO-RAPID elemental analyzer. Melting
points were measured on a Unimelt capillary melting point ap-
paratus and reported uncorrected. Doubly distilled water was
used as solvent.

Synthesis of butyldithiocarbamato-1,10-phenanthrolinepal-
ladium(Il) nitrate [Pd(Bu-dtc)(phen)] NQOs. This complex was
synthesized by the procedure described previously,22 except that
[Pt(bpy)Cl:] was replaced by [Pd)(phen)Br:] (0.45 g, 1 mmol).
The yield was 0.317 g, 64% and the complex decomposes at 174
°C. Analysis calculated for C;7H;sN4O3S:Pd (496): C, 41.13;
H, 3.63; N, 11.29%. Found: C, 41.09; H, 3.64; N, 11.31%. Solid
state FT-IR spectroscopy of the above complex shows three
main characteristic stretching bands at 1560, 1034 and 3220
cm | assigned to v (N-CSS), v (SCS) and (N-H) modes respec-
tively.”** The sharp band at 1386 cm ' is assigned to uncoor-
dinated NO; anion.”® Electronic spectra exhibit four bands. The
band at 354 (loge =3.55) assigned to MLCT and the other bands
at 273 (e =4.50), 245 (¢ =4.58) and 210 (¢ =4.73) may be assign-
ed to first, second and higher intraligand n-* transitions of 1,10-
phenanthroline ligand as well as -CSS™ group of dithiocarba-
mate. 'H NMR (500MHz, DMSO-dj, ppm, sb = singlet broad,
t = triplet and m = multiplet): 0.96 (t, 3H, H-a), 1.39 (m, 2H,
H-b), 1.61 (m, 2H, H-c), 3.42 (m, 2H, H-d), 11.54 (sb, -NH-),
7.88 (m, 2H, H-3,8), 8.06 (sb, 2H, H-5,6), 8.28 (m, 2H, H-4,7),
8.78 (m, 2H, H-2,9) (Scheme 1 (II)). Molar conductance mea-
surement for the complex is 94.16 Q' mol ' cm” indicating 1:1
electrolyte.”’

Cytotoxic studies. The method followed has been reported
previously.” Here also 1 x 10" cells/mL of chronic myelogenous
leukemia cell line K562 were used in Tris-HCl buffer solution of
pH 7.0 and all experiments were carried out in triplicates.

Binding studies. [Pd(Bu-dtc)(phen)|NO; complex was inter-
acted with calf thymus DNA in Tris-HCI buffer (10 mM of pH
7.0) containing 10 mM sodium chloride using the ultraviolet
absorption and fluorescence techniques as reported carlier.”'
Palladium complex (0.05 mmol/L) were made in Tris-HCl buff-
er by gentle stirring and heating at 35 °C, while that of DNA (4
mg/mL) at 4 °C until homogenous. All the spectrophotometric
measurements were done at Amax of PA(II) complex (300 nm)
where DNA has no absorption. In these studies, the metal com-
plex and DNA were incubated in Tris-HCI buffer at 300 K and
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Scheme 1. Proposed structure and nmr numbering schemes of (I) Bu-
dtcNa and (II) [Pd(Bu-dtc)(phen)]NO;

310 K for 6 h before spectral measurements. Because using trial
and error method, the incubation time for solutions of DNA-
metal complex was found to be 6 h at 300 K as well as 310 K. No
further changes were observed in the absorbance readings after
longer incubation indicating that the reaction is completed. The
concentration of DNA was found out based on determination
of phosphate (P). Millimolar extinction coefficient of native
DNA solution at Assbased on DNA P was 6.6 x 10°M ' em '.*

Results and Discussion

A new palladium(II) complex of general formula [Pd(Bu-dtc)
(phen)]NOs (where Bu-dtc is an anion of butyldithiocarbamate
and phen is 1,10-phenanthroline) has been synthesized by in-
teraction of [Pd(phen)(H>0),](NOs3), with an anion of butyldi-
thiocarbamate. The analytical data of this complex are given in
experimental section and the proposed structures in scheme 1.
Cytotoxicity and the modes of binding of this complex to CT-
DNA have been studied:

Cytotoxicity results. The above palladium(II) complex has
been tested against K562 leukemia cells™ and its 50% inhibitory
dose (Icso) value is 10 uM (Fig. 1). Icso value of cisplatin, the
well known anticancer drug, under the same experimental con-
ditions was determined. These growth inhibition studies show
that Icso value of [Pd(Bu-dtc)(phen)]NOs complex is around
fifteen times less than cisplatin, (154 uM).

It is also lower than our analogous Pd(II) dithiocarbamate
complexes reported earlier.”” The growth inhibition studies of
the metal complex suggested that the DNA is the target biomac-
romolecule for this complex as well as cisplatin.”

UV-vis spectral studies and evaluation of binding paramet-
ers. Various concentrations of CT-DNA (66.8 to 283.9 uM for
the experiments carried out at 300 K and 37.2 to 558 uM at
310 K) was added to fixed amount of [Pd(Bu-dtc)(phen)|NOs
(15 uM) in Tris-HCl buffer of pH 7.0. Change in the absorbance
of PA(I) complex, AA, at 300 nm was calculated by subtracting
the absorbance reading of each DNA-metal complex solution
from absorbance reading of free metal complex solution. The
maximum AA (AAmax), i.. change in the absorbance when all
binding sites on DNA were occupied by metal complex (Fig.
2, intercept on ordinate) is 0.246 at 300 K and 0.167 at 310 K.
These values were used to calculate the concentration of metal
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Figure 1. The growth suppression activity of the Pd(I)-complex (®) on
K562 cell line was assessed using MTT assay as described in material
and methods. The tumor cells were incubated with varying concentra-
tions of the complex for 24 h.
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Figure 2. The changes in the absorbance of fixed amount of palladium
complex in the interaction with varying amount of DNA at 300 K and
310 K. The linear plot of the reciprocal of AA versus the reciprocal
of [DNA] for [Pd(Bu-dtc)(phen)]NOs.

complex bound to DNA, [L]s, and the concentration of free
metal complex, [L]g, and v, the ratio of the concentration of
bound metal complex to total concentration of DNA in the
next experiment *'i.e. titration of fixed amount of DNA (37.2
uM) with varying concentration of Pd(II) complex (2.5 to ~14
uM). The Scatchard plots were obtained separately at 300K
and 310K by plotting v/[L]¢ versus v of the relationship v=[L]y/
[DNA]; (Fig. 3). These plots are curvilinear concave down-
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Figure 3. Scatchard plots for binding of [Pd(Bu-dtc)(phen)|NO;with
DNA.

wards, suggesting cooperative binding.31 Similar cooperativitity
in binding of analogous complexes with DNA have also been
observed.””?

When substituting these data (v and [L]g) in Hill equation, v=
g(K[L]0"(1H(K[L]9", we get a series of equations with un-
known binding parameters n, K and g. Using Eureka software,
the theoretical values of these parameters have been deduced.
The results are shown in Table 1. These results are comparable
with those of 2,2’-bipyridine-platinum and -palladium com-
plexes of dithiocarbamates as reported earlier.”””” The maxi-
mum errors between experimental and theoretical values of v
are also shown in Table 1, which are quite low. The K, apparent
binding constant and n, the Hill coefficient in the interaction
of [Pd(Bu-dtc)(phen)]NOs with DNA is higher than that of [Pd
(Bu-dtc)(bpy)]NOs™ and [Pd(mor-dtc)(bpy)]NOs> with DNA.
This indicates that the cooperativity of phen complex to DNA
is comparable with those of 2,2’-bipyridine-platinum and -palla-
dium complexes of dithiocarbamates as reported earlier.”* Si-
milar results were obtained for [Pd(ddtc)(bpy)]NOxH,0.”

Knowing the experimental (dots) and theoretical (lines) valu-
es of v in the Scatchard plots and their superimposability on
each other, these values of v were plotted versus the values of
In[L]¢. The results are sigmoidal curves and are shown in Fig. 4
at 300 K and 310 K. These plots indicate positive cooperative
binding at both temperatures for the complex. The area under
these plots of binding isotherms were found and by using Wy-
man-Jones equation,” Kapps AG”, and AH’, were calculated at
300 K and 310 K for each particular v. Plots of the values of AH",
versus the values of [L]r are shown in Fig. 5 for [Pd(Bu-dtc)
(phen)]NOs at 300 K. This plot shows that at very low value of

Table 1. Values of AAmx and binding parameters in the Hill equation for interaction between Pd(Il) complex and DNA in 10 mmol/L Tris-HCI buffer

and pH 7.0
Compound Temperature (K) AA " g’ K (mol/L)™ n’ Error’
[Pd(Bu-dtc)(phen)]NO; 300 0.246 5 6.693 1.972 0.0007
310 0.167 5 4.360 1.604 0.0004

“Change in the absorbance when all the binding sites on DNA were occupied by metal complex. "The number of binding sites per 1000 nucleotides. “The
apparent binding constant. “The Hill coefficient (as a criterion of cooperativity). ‘Maximum error between theoretical and experimental values of v.
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Figure 4. Binding isotherm plots for [Pd(Bu-dtc)(phen)]NOs in the
interaction with DNA.
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Figure 5. Molar enthalpies of binding in the interaction between DNA
and [Pd(Bu-dtc)(phen)]NOs versus free concentrations of complex at
pH 7.0 and 300 K.

[L]¢ (~0.0076 - 0.008 mM), the binding sites on DNA for Pd
(II) complex have been saturated. This may be due to high affini-
ty of Pd(I) complex with CT-DNA.*¥

DNA denaturation studies and determination of thermo-
dynamic parameters. The procedure followed was similar to that
reported earlier.”” These experiments were carried out separately
at two temperatures of 300 K and 310 K in Tris-HCI buffer me-
dium. The absorbance at 258 nm was monitored for either CT-
DNA (105.30 uM for experiments carried out at 300 K and
102.12 uM at 310 K) or mixtures of DNA with increasing con-
centrations of Pd(II) complex (1.35 to 25 uM at 300 K and 0.685
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Figure 6. The changes of absorbance of DNA at Amax= 258 nm due to
increasing the total concentration of [Pd(Bu-dtc)(phen)]NOs, [L];, at
constant temperature of 300 K and 310 K.

to 24 uM at 310 K). Also the absorbance of DNA and mixture
of DNA-Pd(IT) complex were measured at 640 nm to eliminate
the interference of turbidity.

The profiles of denaturation of DNA by [Pd(Bu-dtc)(phen)]
NOs are shown in Fig. 6. As the Fig. 6 shows, the concent-
ration of metal complex in the midpoint of transition, [L],/, at
300K is 13.4 uM and at 310 K is 12.7 uM. One of the most im-
portant observations made in this research is the extraordinary
low values of [L];, for [Pd(Bu-dtc)(phen)]NOs; complex. This
means that the complex can denature CT-DNA at extremely low
concentration and if it will be used as anticancer agent, quite low
doses will be needed, which may have fewer side effects. These
values are quite lower than [L]i» values of binding of [Pt/Pd
(bpy)(Et-dtc)INOs™ and [Pt/Pd(bpy)(Bu-dtc)]NOs>* complexes
(~100 uM) with CT-DNA.

It is noticeable that, absorbance of DNA bases (purines and
pyrimidines) decrease as their ring systems become parallel and
near to one another, more stacking. Thus decrease in the absor-
bance at 258 nm with increase of amount of Pd(Il) complex add-
ed to DNA may be due to: (i) a possibility that interaction bet-
ween DNA and the metal complex causes the double helix of
DNA to become more straight leading to stacking. This stacking
may cause conformational changes leading to a sort of dena-
turation, or (ii) each strand after denaturation get associated in
a more stacked structure and (iii) metal complex slips into the
helix and masks the hydrophobic bases leading to a decrease
in absorbance. As will be seen in the later part of this paper, the
[Pd(Bu-dtc)(phen)]NO; complex can bind CT-DNA taking the
mode of intercalation. This mode of binding supports the above
three hypothesis.

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

Compound Temperature (K) m*(kJ/mol) (mmol/L)_1 AGw0) (KI/molK)  AH'wof (KJ/molK)  AS°wo” (kJ/molK)
[Pd(Bu-dtc)(phen)]NO; 300 589.6 9.846 37.58 0.055
310 710.1 19.610 0.030

“Measure of the metal complex ability to denature DNA. "Conformational stability of DNA in the absence of metal complex. “The heat needed for DNA
denaturation in the absence of metal complex. “The entropy of DNA denaturation by metal complex.
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Figure 7. The molar Gibbs free energies plots of unfolding (AG® vs.
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Figure 8. Plots of the molar enthalpies of DNA denaturation in the
interaction with [Pd(Bu-dtc)(phen) ]NO; complex in the range of 300 K
to 310 K
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Figure 9. Gel chromatograms of [Pd(Bu-dtc)(phen)]NOs-DNA com-
plex, obtained on Sephadex G-25 column.
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Figure 10. Fluorescence emission spectra of interacted EBr-DNA in the
absence (1) and presence of different concentrations of Pd(II) complex:
8 uM (2); 12 uM (3); 15 uM (4) at 300 K.
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Figure 11. Competition between [Pd(Bu-dtc)(phen)]NO; with ethi-
dium bromide for the binding sites of DNA (Scatchard plot). In curve
1 (m), Scatchard’s plot was obtained with calf thymus DNA alone. Its
concentration was 60 pM. In curves nos. 2 (O), 3 (A) and 4 () res-
pectively, 8, 12 and 15 uM metal complex, were added, corresponding
to molar ratio [complex]/[DNA] 0 0.133, 0.2 and 0.25. Solutions were
in 10 mM NaCl, 10 mM Tris-HCl (pH 7.0). Experiments were done at
room temperature.

Using the DNA denaturation plots (Fig. 6) and Pace method,”
the value of K, unfolding equilibrium constant and AG®, unfold-
ing free energy of DNA at two temperatures of 300 K and at 310
K in the presence of [Pd(Bu-dtc)(phen) [NOshave been calculat-
ed. A straight line is observed when the values of AG° are plott-
ed versus the concentration of metal complex in the transition
region at 300 K and 310 K. These plots are shown in Fig. 7.
The m, slope of these plots (a measure of the metal complex
ability to denature DNA) and the intercept on ordinate, AG°#,0),
(conformational stability of 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,”* which indicate the higher ability of this
Pd(IT) complex to denature DNA. As we know, the higher the
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values of AG®, the larger the conformational stability of DNA.
However, the values of AG® (Table 2) are increased by increas-
ing the temperature. This is as expected because in general,
most of the macromolecules are more stable at higher values of
AG° (HZO).37 Molar enthalpy of DNA denaturation in absence of
Pd(I1) complex, AH ¢1,0), is another important thermodynamic
parameter. To find this, we calculated the molar enthalpy of DNA
denaturation in presence of the metal complex, AH’conformation OF
AH’ genaturation, 1n the range of two temperatures using Gibbs-
Helmbholtz equation.38 On ploting the values of these enthalpies
versus the concentration of metal complex, straight line will be
obtained which are shown in Fig. 8 for [Pd(Bu-dtc)(phen)]
NOjs complex. Intrapolation of these lines (intercept on ordinate,
i.e., absence of metal complex) gives the values of AH ur,0)
(Table 2). This plot shows that in the rang of 300 - 310 K the
changes in the enthalpies in presence of Pd(II) complex are de-
scending. These observations indicate that on increasing the
concentration of Pd(Il) complex, the stability of DNA is decreas-
ed. Moreover, the entropy of DNA unfolding by Pd(IT) complex,
AS°ur0) have been calculated using equation AG = AH-TAS and
the data are given in Table 2. These data show that the metal-
DNA complex is more disordered than that of native DNA, be-
cause the entropy changes are positive for Pd(II)-DNA complex
in the denaturation processes of CT-DNA (Table 2). The above
thermodynamic parameters agree well with those we have re-
ported for [Pt/Pd(bpy)(Et-dtc)]NOs*' and [Pt/Pd(bpy)(Bu-dtc)]
NO;™ complexes.

Modes of binding. CT-DNA (5.07 pM) was interacted with
[Pd(Bu-dtc)(phen)]NOs (47.5 uM) for 6 h at 300 K in Tris-HCl
buffer. This DNA-metal complex solution was then passed
through a Sephadex G-25 column equilibrated with the same
buffer. The elusion of the column fractions of 2.0 mL was moni-
tored at 300 nm and 258 nm for DNA-Pd(II) complex system.
These results are given in Fig. 9. This plot shows that the peak
obtained for the two wavelengths are not resolved and suggests
that DNA has not separated from the metal complex. Thus it
implies that the binding between DNA and the metal complex
is not reversible under such circumstances. Because, if the in-
teraction between DNA and metal complex was weak, the DNA
should have come out of the column separately.39

The interaction between DNA and the Pd(I) complex was
further investigated by precipitation of DNA from interacted
DNA-metal complex with excess ethanol, where the metal com-
plex was not found in the supernatant as observed by spectral
method. It suggests that the bonding of this metal complex with
DNA is strong enough and does not break readily. It is also
irreversible and supported the above experiment.”’

Thermal denaturation of CT-DNA in presence and absence of
the above mentioned Pd(II) complex were conducted. In this
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experiment, an incubated DNA-metal complex solution was
subjected to denaturation achieved by heating at 100 °C for 10
min. same concentrations of DNA and metal complex solutions
were separately run as blank. Spectral changes were measured
immediately at 300 nm for Pd(II) complex and at 258 nm for
DNA solutions at about 0 °C. There is a 84 - 86% reduction in
binding of denatured DNA to Pd(II) complex as compared with
binding of native DNA to the same compound. This implies that
denatured DNA also has some favorable binding sites (other
than intercalation) for the above metal complex.z‘o’41

Another study to determine the character of the interaction
between Pd(IT) complex and CT-DNA was done as described
carlier.” Increasing ionic strengths of the medium (50 mM NaCl
and 0.6 mM MgCl,) reversed the binding by 12% and 14% res-
pectively. This shows that electrostatic or hydrogen bonding
or both may have been involved in the binding of above cationic
palladium(IT) complex with CT-DNA. However, as the percen-
tage of reversal in binding is low, some other interactions must
be also involved in the binding.

Ethidium bromide (EBr) displacement experiments. In
order to establish the binding of [Pd(Bu-dtc)(phen)|NOs to DNA
by intercalation, the ethidium bromide (EBr) solution prepared
in the above buffer of pH 7.0 was titrated with DNA-palladium
complex in the same buffer. Fig. 10 shows the effect of Pd(II)
complex (8, 12 and 15 uM) on fluorescence spectrum of solution
containing CT-DNA (60 uM) and EBr (2 uM). It is seen that in-
creasing the concentration of the Pd(II) complex results in a
gradual decrease in fluorescence intensity of CT-DNA-EBr
solution, without affecting any perceptible shifts in fluorescence
Amax. This implies that the Pd(IT) complex can displace EBr from
DNA-EBr system. A similar fluorescence quenching behavior
Wazs1 g)zbserved for analogous Pd(IT) complexes reported earli-
er.””

Other studies to determine the character of the above inter-
action was done as described earlier.”” It is well known that the
fluorescence of ethidium bromide is greatly enhanced upon non-
specifically intercalation into DNA. However, competitive
binding of the Pd(II) complex and EBr to DNA will result in a
decrease in the fluorescence intensity. The number of EBr mole-
cules intercalated to DNA in presence of different concentra-
tions of the Pd(IT) complex was calculated using Scatchard ana-
1ysis.42 In this experiment, the wavelengths of excitation and
emission were set at 540 nm and 700 nm respectively with both
having 0.5 nm slit widths. Solutions of DNA, EBr and metal
complex were prepared in Tris-HCI buffer of pH 7.0. In this
medium, Pd(IT) complex were interacted with CT-DNA by in-
cubating them at 300 K for 6 h, appropriate amount of EBr
was added to them and further incubated at room temperature
(300 K) for 6 h and finally processed for fluorescence spectral

Table 3. Binding parameters for the effect of palladium complex on the fluorescence of EBr in the presence of DNA

a
It

Compound
0.00

0.133 0.20 0.25

[Pd(Bu-dtc)(phen)]NO; 0.168" (0.078)°

0.128(0.078)

0.059(0.078) 0.045(0.078)

“Formal ratio of metal complex to nucleotide concentration. bAssociation constant “Number of binding sites (n) per nucleotide.
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measurements. Saturation curves of fluorescence intensity for
[Pd(Bu-dtc)(phen)] -DNA system at different ryvalues (0.133,
0.2 and 0.25) in presence of increasing concentrations of EBr
(2,4t0...,20 uM) were obtained. The fluorescence Scatchard
plots obtained for binding of EBr to DNA in absence (®) and
prescence (©) of various concentration of [Pd(Bu-dtc)(phen)]
NO; complex were shown in Fig. 11. This figure shows that
the complex inhibits competitively the EBr binding to DNA
(type-A behavior), where number of binding sites n, (intercept
on the abscissa) remain constant and the slope of the graphs
that is Kapp, (apparent association constant) decrease with in-
creasing the concentration of Pd(I) complex (Table 3). This
implies that the [Pd(Bu-dtc)(phen)]NOs; complex is inter-
calating in DNA and thereby competing for intercalation sites
occupied by EBr. The values of Kqyp and 1, are listed in Table 3.
The analogous [Pd(bpy)(mor-dtc)[NOs and [Pt(bpy)(mor-dtc)]
NO;” complexes with few other Diimine/Diamine palladi-
um(Il) complexes of diethyldithiocarbamate33 showed similar
modes of binding.

Conclusions

The work presented deals with the synthesis and characteriza-
tion of a new palladium(II) complex bearing 1,10-phenanthro-
line and butyldithiocarbamate ligands. It shows in vitro cyto-
toxic properties about fifteen times better than cisplatin. The
DNA -binding behavior of this complex was examined by ab-
sorption and fluorescence spectra. Experimental results indicate
that the complex can bind to CT-DNA take the modes of inter-
calation and probably ionic binding. It can denature the DNA
at very low concentrations. Several binding and thermodynamic
parameters have been determined which may be useful to under-
stand the mechanism of interaction of this type of compounds
with DNA or their antitumor activities.
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