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Ö Z

Cis-[Pd(sac)2(PPh2Et)2] kompleksinin DNA ve HSA bağlanma etkileşimleri bir seri deneysel yöntem ve moleküler doking 
ile kapsamlı bir şekilde çalışıldı. Pd(II) kompleksi DNA’nın majör oluğundaki AT’ce zengin konumlara bağlandı ve HSA’nın 

IIA alt bölgesindeki hidrofobik boşluk ile etkileşti. Bu deneysel bulgular moleküler doking çalışmaları ile desteklendi. Pd(II) 
kompleksi farklı kanser türlerine karşı güçlü sitotoksik aktivite gösterdi. Özellikle MCF-7 meme kanser hücreleri için 
sisplatinden daha yüksek seçiciliğe sahip oldu.

Anahtar Kelimeler 
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A B S T R A C T

The binding interactions of cis-[Pd(sac)2(PPh2Et)2] with DNA and HSA were comprehensively studied by a number of 
experimental methods and molecular docking studies. The Pd(II) complex bound to AT-rich sites in the major groove of 

DNA, and interacted with the hydrophobic cavity of the subdomain IIA of HSA. These experimental findings were supported 
by molecular docking studies. The Pd(II) complex had shown strong cytotoxic activity against different cancer cell lines and 
it also had selectivity especially for MCF-7 breast cancer cells higher than  cisplatin. 
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INTRODUCTION

Biological activities of Pd(II) complexes received less at-
tention compared to those of Pt(II) complexes, owing to 
use of cisplatin, [PtCl2(NH3)2], in the treatment of vario-
us types of cancer. However, the similarity between the 
coordination chemistry of Pd(II) and Pt(II) encouraged 
studies on biological activities of Pd(II) complexes. Stu-
dies in this field were well documented in the recent 
reviews [1-4], indicating that Pd(II) complexes may be 
considered as promising antiviral, antifungal, antimicro-
bial and antitumor agents.

Saccharin (sacH, 1,1-dioxo-1,2-benzothiazol-3-one or 
o-benzosulfimide) is well-known non-caloric synthetic 
sweetener and loses the imine proton in the aqueous 
solution to form the saccharinate anion (sac). The ani-
on has several coordination sites such as imino nitro-
gen, carbonyl and sulfonyl groups towards metal ions 
and undergoes complexation rather easily with a wide 
range of metal ions [5]. Mixed-ligand Pd(II) and Pt(II)  
sac complexes displayed significant anticancer activity 
[6-11]. Our research group has recently synthesized a 
number of Pd(II) and Pt(II) sac complexes containing 
mono and diphosphines. The new complexes were tes-
ted for their anticancer activity and the results showed 
that the Pt(II) complexes displayed great cytotoxicity on 
various cancer cell lines [12-18]. During these studies, 

one Pd(II) complex cis-[Pd(sac)2(PPh2Et)2] (Figure 1) was 
found to exhibit cytotoxic activity on cancer cells and 
this paper presents the biological activity data of the 
complex. In addition, its interactions with important 
biological molecules such as DNA and human serum al-
bumin (HSA) were studied using experimental methods 
and molecular docking calculations.      

MATERIALS and METHODS

Materials and Measurements 
The synthesis, characterization and X-ray structure of 
cis-[Pd(sac)2(PPh2Et)2] was reported earlier [19]. All che-
micals were purchased and used without further puri-
fication. UV-vis spectra were measured on a Perkin El-
mer Lambda 35 spectrophotometer, while fluorescence 
spectra were recorded at room temperature with a Va-
rian Cary Eclipse spectrophotometer equipped with a 
Xe pulse lamp of 75 kW. 

DNA/HSA Binding Studies
In DNA binding experiments, fish sperm (FS) DNA was 
used. A stock solution of FS-DNA was prepared in the 
Tris-HCl buffer (20 mM Tris-HCl/NaCl, pH = 7.0), while a 
stock solution of cis-[Pd(sac)2(PPh2Et)2] was prepared in 
MeOH. The UV-vis spectra of the FS-DNA solution (50 
μM) treated with increasing the concentration of the 
Pd(II) complex (0–50 μM) were recorded and the intrin-

Figure 1. Molecular structure of cis-[Pd(sac)2(PPh2Et)2].
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sic binding constant (Kb) was calculated according to the 
Benesi-Hildebrand equation [20]. In fluorescence mea-
surements, the Pd(II) complex (0–50 μM) was added to 
FS-DNA solution (50 μM)  pre-treated with ethidium 
bromide (EB) (5 μM) in Tris-HCl. The emission spectra 
of these solutions were recorded upon excitation at λex 

= 295 nm. The quenching constant (KSV) was determined 
using the Stern-Volmer equation [21], while the binding 
constant KF was determined from the Scatchard equa-
tion [22]. The viscosity of the FS-DNA solutions (25 μM) 
mixed with increasing amounts of the Pd(II) complex 
(0–2 μM)  was measured using an Ubbelohde visco-
meter at 20 °C. Viscosity values were calculated from 
the observed flow time of DNA-containing solutions (t) 
corrected for the flow time of buffer alone (t0), η = t – 
t0. The melting of DNA was determined by the UV/vis 
spectrophotometer equipped with a Peltier temperatu-
re programmer. The temperature of the FS-DNA soluti-
ons (100 μM) containing the Pd(II) complex (25 μM) was 
monitored from 25 to 95 °C. The melting temperature 
(Tm) were determined from the plot of relative absor-
bance (A/A25) at 260 nm versus temperature.

A stock solution of HSA was prepared in Tris-HCl buffer 
(5 mM Tris-HCl, 10 mM NaCl, pH = 7.4). UV-vis spectra of 
the HSA solutions (10 μM) containing the Pd(II) complex 
(0–20 μM) were performed and the binding constant 
(Kb) was calculated using the Benesi-Hildebrand equ-
ation [20]. Fluorescence titration experiments were 
carried out at a constant concentration of HSA (5 µM) 
and varying concentrations of the Pd(II) complex (0–10 
μM) upon excitation at 280 nm. The binding constant 
(KF) was obtained from the Scatchard equation [22]. 
Synchronous fluorescence spectra were measured at 
two different Δλ values (difference between the λex and 
λem), setting Δλ = 15 nm and Δλ = 60 nm for Tyr and Trp, 
respectively.
    

Gel Electrophoresis Studies 
The solutions containing 20 μg plasmid DNA and the 
Pd(II) complex (0–250 μM) in 50 mM Tris-HCl/NaCl buf-
fer (pH 7.2) were incubated at 37 °C for 4 h. In a separate 
experiment, the plasmid DNA was incubated with MG 
and DAPI (100 μM) for 1 h and then the Pd(II) complex 
(100 μM) was added to the solution. The final solutions 
were incubated another 3 h. The samples were elect-
rophoresed for 45 min at 120 V on 1.0% agarose gel 
using 1X TBE buffer (pH 8.0). In restriction enzyme inhi-
bition studies, the plasmid DNA was incubated with 50 

µM of the complexes at 37 °C in the buffer (pH 7.2) for 
1 h. These solutions were subsequently incubated sepa-
rately with HindIII and BamHI (2 units) for 15 min. The 
results of incubation were obtained from 1.5 % (w/v) 
agarose gel electrophoresis in 1X TBE buffer. The gels 
were then stained using 1 μg cm−3 EB and photograp-
hed under UV light. 

Molecular Docking Studies
Molecular docking studies were carried out using Auto-
dock/Vina [23]. The crystal structures of 1BNA (CGCGA-
ATTCGCG) and 1H9Z (HSA) were taken from the Protein 
Data Bank. The binding site was centered on the DNA 
or HSA and a grid box was created with 60 × 60 × 60 
points and a 0.375 Å grid spacing in which almost the 
entire macromolecules were involved. For each docking 
calculation, 10 different poses were required within the 
energy range of 2 kcal mol–1. All other parameters were 
kept at their default values. The docked molecules were 
visualized by Discovery Studio 3.5 software.

Cell Viability Assay 
Lung cancer (A549), breast cancer (MCF-7), colon 
cancer (HCT116) and human bronchial epithelial cells 
(BEAS-2B) were cultured with RPMI 1640 culture me-
dia supplemented with penicillin G (100 U/mL), strep-
tomycin (100 µg/mL), L-glutamine, and 10% fetal bovine 
serum at 37 °C in a humidified atmosphere containing 
5% CO2. The Pd(II) complex was dissolved in DMSO and 
further dilutions were prepared in cell culture medium. 
Final concentration of DMSO was maximum 0.1% in or-
der to avoid its toxic effect on cells. The cell viability 
was determined using the ATP viability method, which 
based on the measurement of intracellular ATP content 
in cells. A549, MCF-7, HCT116 and BEAS-2B cells were 
seeded 5 x 103 cells /well and treated for 48 h with the 
Pd(II) complex. Cisplatin was used as a positive control. 
The ATP content in the treated cells and control cells 
was measured using a luminometer (Lumistar Omega 
microplate reader, Germany) according to the principle 
of luciferin-luciferase bioluminescence reaction. Mea-
suring time was 1 second. Results were obtained as Re-
lative Light Unit (RLU) and the % viability of the samples 
was calculated according to the RLU values obtained 
from the control cells. Viability was calculated by using 
the formula below:

Viability (%) = [100 x (Sample RLU) / (Control RLU)]
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RESULTS and DISCUSSION

Interaction with DNA
Interaction of cis-[Pd(sac)2(PPh2Et)2] with FS-DNA was 
investigated a number of experimental methods. Firstly, 
electronic absorption spectroscopy was used to detect 
interactions between biomolecules and metal comp-
lexes. As shown in Figure 2a, the addition of the Pd(II) 
complex results in a increase in absorption intensity of 
the UV band of the FS-DNA solutions with a 5 nm red-
shift, which implies that there exists an interaction bet-
ween the Pd(II) complex and DNA. The binding constant 
(Kb) obtained from the spectral data (Table 1) compares 
well with the corresponding Pt(II) sac complexes with 
monophosphines [12, 17], and indicates that the Pd(II) 
complex successfully binds to DNA.

EB fluorescence displacement experiments were used 
to investigate the DNA binding of the Pd(II) complex. 
The intrinsic fluorescence intensity of both DNA and 
EB is low in the Tris buffer. However, after addition 
into DNA, the fluorescence intensity of EB is greatly en-
hanced due to intercalation between the base pairs of 
DNA. Thus, the exchange of EB can be used to probe 
the interaction of molecules with DNA. If the molecu-
les intercalate into DNA or binding the grooves of DNA, 
the binding sites of DNA available for EB will be dimi-
nished, and consequently, the fluorescence intensity of 
EB will be quenched. The fluorescence intensity of FS-
DNA solutions pretreated with EB shows a remarkable 
decrease with an increase in the amount of the Pd(II) 
complex (Figure 2b). This observation clearly indicates 
that the Pd(II) complex interact with FS-DNA through 

Figure 2. DNA binding data: (a) UV-vis spectra, (b) fluorescence emission spectra (EB-bound DNA) and (c) viscosity of the DNA solu-
tions upon addition of increasing amounts of  cis-[Pd(sac)2(PPh2Et)2]. (d) Melting of the DNA solutions (100 μM) containing the Pd(II) 
complex (25 μM). Arrows show the changes in the spectral intensity with increasing concentrations of the Pd(II) complex. r = [Comp-
lex]/[DNA(bp)]. Insets: plot of 1/[complex] vs. 1/(A–A0) for UV-Vis data and Stern-Volmer plot of the fluorescence data.
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the groove binding mode, releasing some EB molecu-
les from EB-DNA system. The quenching of EB bound 
to DNA by the Pd(II) complex is in agreement with the 
linear Stern–Volmer and the Scatchard equations. The 
quenching (KSV) and fluorescence binding constant (KF) 
values given in Table 1 are similar to that obtained from 
UV spectral data. In addition, the n value (number of 
binding sites) corresponds to a   1:1 molecular ratio bet-
ween the Pd(II) complex and DNA nucleotides. 

Spectroscopic methods are only indicative of binding of 
molecules to DNA, but they are not sufficient to suggest 
a binding mode. The viscosity of DNA solutions is sus-
ceptible to the binding mode of molecules. Intercalati-
on of a molecule into DNA results in an increase in DNA 
viscosity, since base pairs are separated to accommo-
date the new molecule and hence the DNA helix leng-
thens. On the other hand, groove binding of a molecule 
does not affect the length of the DNA helix and also 
DNA viscosity. Therefore, the measurement of viscosity 
of DNA solutions is regarded as the most sensitive met-
hod to determine the binding mode of molecules [24]. 
The viscosity of FS-DNA solutions was measured in the 
presence of EB (a DNA intercalator), Hoechst 33342 (a 
DNA groove binder) and the Pd(II) complex (Figure 2c).
The viscosity of FS-DNA solutions changes slightly in the 
presence of increasing amounts of the Pd(II) complex, 
suggesting that the complex interacts with DNA thro-
ugh groove binding.

When a DNA solution is heated, the induction of confor-
mational changes occurs and the double strands is se-
parated. The DNA denaturation is called as DNA melting. 
The melting point (Tm) of the DNA solutions is measured 
at 260 nm as a function of temperature (Figure 2d). The 
FS-DNA solution (100 μM) has a melting point of 63 °C. 
At a complex/DNA ratio of 0.25, the Pd(II) complex inc-

reases in the melting point of DNA by ca. 4 °C, indicating 
the increased stability of the DNA double helix in the 
presence of the Pd(II) complex, due to its strong inte-
raction with DNA.

DNA Cleavage
Transition metal complexes may activate DNA cleavage 
reactions [25, 26]. The different DNA nuclease activity 
of the metal complexes corresponds to their different 
binding affinity towards DNA. The gel electrophoretic 
separations showing the cleavage of pBR322 plasmid 
DNA induced by the Pd(II) complex were illustrated in 
Figure 3a. When a plasmid DNA is conducted by elect-
rophoresis, the fastest migration is observed for the su-
percoiled form (SC). If one strand is cleaved, the super-
coiled generates a slower-moving open circular form 
(OC). If both strands are cleaved, a linear form (L) forms 
and migrates in between. The Pd(II) complex converts 
the SC form of plasmid DNA to the OC form even at 10 
μM in the absence of any internal agent. At higher con-
centrations over 50 μM, the OC form begins to diminish 
due to degradation of the OC form to smaller fragments 
of DNA. In agreement with the experimental observati-
ons given above, the present data suggest that the Pd(II) 
complex strongly binds to DNA. 

The groove binding selectivity of the Pd(II) complex to-
wards DNA was studied in the presence of a minor gro-
ove binder (DAPI, 4,6-diamidino-2-phenylindole) and a 
major groove binder (MG, methyl green). The groove 
binders display different DNA cleavage activity on the 
plasmid DNA incubated with the Pd(II) complex (Figure 
3b). The Pd(II) complex shows nuclease activity in the 

Kb (M
−1) KSV × (M−1) KF × (M−1) n

DNA binding

0.53 (± 0.03) × 104 1.13 (± 0.05) × 104 1.47 (± 0.05) × 104 1.0

HSA binding

0.57 (± 0.04) × 104 2.16 (± 0.07) × 104 7.95 (± 0.12) × 105 0.9

Table 1. Binding parameters for the interaction of cis-[Pd(sac)2(PPh2Et)2] with DNA and HSA. 
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presence of DAPI, whereas addition of MG completely 
inhibits the DNA cleavage activity of the Pd(II) complex,  
suggesting that the Pd(II) complex act as a DNA major 
groove binder, in agreement with the results obtained 
in the DNA binding studies. In addition, the binding spe-
cificity of the Pd(II) complex towards the base sequence 
of DNA was assessed by the enzyme inhibition assay 
using BamHI (G↓GATCC) and HindIII (A↓AGCTT) rest-
riction endonucleases possessing different recognition 
sites. As shown in Figure 3c, the Pd(II) complex is unable 
to inhibit BamHI and the most of the SC form of plas-
mid DNA is linearized by this enzyme. However, the en-
donuclease action of HindIII is completely inhibited by 
the Pd(II) complex. The present results suggest that the 
Pd(II) complex is a high affinity DNA major groove bin-
der with a preference for Adenine (A)/Thymine (T)-sites 
of DNA. Similar results were observed Pt sac complexes 
of other tertiary phosphines [12, 17, 18].

Interaction with HSA
As shown in Figure 4a, the addition of cis-
[Pd(sac)2(PPh2Et)2] gradually increases the absorbance 
of the HSA solutions, indicating binding of the complex. 
The binding constant (Kb) in Table 1 is similar to those re-
ported for the corresponding Pt(II) complexes [12, 17], 
but somewhat lower than those of warfarin, and pheny-
lbutazone drugs bound to HSA with high affinity [27]. 

It is well established that, the intrinsic fluorescence of 
HSA is mainly due to the aromatic tryptophan (Trp), tyro-
sine (Tyr) and phenylalanine (Phe) residues in HSA. The 
fluorescence emission of the HSA solutions is quenched 
by the Pd(II) complex (Figure 4b). The corresponding 

binding constants (KSV and KF) given in Table 1 compare 
well with those of the Pt(II) sac complexes of monop-
hoshines. Since the fluorescence emission peaks for the 
Tyr and Trp fluorophores are sensitive to the polarity 
of their environment, the change in the microenviron-
ments of these residues is detected by the synchronous 
fluorescence measurements. The characteristic emissi-
ons for the Tyr and Trp residues of HSA are obtained by 
fixing the wavelength intervals (Δλ) at 15 and 60 nm, 
respectively [28]. Figures 4c and 4d demonstrate that 
upon gradual addition of the Pd(II) complex, the maxi-
mum emission wavelength of the Tyr and Trp residues 
did not change significantly, although their fluorescen-
ce intensities decreased considerably. The present re-
sults indicate that the binding of the Pd(II) complex to 
HSA did not lead to a change in the polarity of the mic-
roenvironment of the Trp and Tyr residues. However, it 
causes changes in the internal packing of HSA [29].

Molecular Docking
The docking models of DNA (PDB ID: 1BNA) showed that 
cis-[Pd(sac)2(PPh2Et)2] binds to the A rich sequence in 
the major groove of DNA (Figure 5a) in agreement with 
observations obtained from the binding experiments of 
the complex. The Pd(II) complex forms strong N−H···O 
hydrogen bonds with the A bases of DNA through the 
carbonyl and sulfonyl groups of the sac ligand in the 
complex (Table 2). The free binding energy of the doc-
ked molecule was computed as −24.69 kJ mol−1, which is 
very close to that obtained from the fluorescence bin-
ding data (–23.39 kJ mol−1).

Figure 3. (a) Cleavage of pBR322 plasmid DNA (20 µM) by cis-[Pd(sac)2(PPh2Et)2] after incubation for 4 h at 37 °C, (b) Effect of groove 
binders DAPI and MG (100 µM) on the cleavage of plasmid DNA in the absence and presence of the Pd(II) complex (100 µM) and  (c) 
Effect of the Pd(II) complex (50 µM) on the cleavage of the plasmid DNA digested with BamHI and HindIII enzymes. C is the control.
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Molecular docking of the Pd(II) complex with HSA (PDB 
ID: 1H9Z) displayed that the complex favourably ente-
red the hydrophobic cavity of the subdomain IIA and 
was surrounded by 3 amino acid residues, such as Glu-
153, Lys-199 and His-242 via hydrophobic interactions 
(Figure 5b and Table 2).  The free binding energy of the 
docked structure was calculated as −30.96 kJ mol−1, 
highly similar to the experimental data of fluorescence 
quenching (–31.76 kJ mol−1). 

Anticancer Activity
The in vitro cytotoxic activity of cis-[Pd(sac)2(PPh2Et)2] 
was determined by the ATP assay against lung cancer 
(A549), breast cancer (MCF-7), colon cancer (HCT116) 
and human bronchial epithelial cells (BEAS-2B) and com-
pared with the clinically used reference complex, cispla-
tin. The dose-response curves in Figure 6 indicated that 

the viability of the cells depends on the concentration 
the complex and the IC50 values (the concentration for 
50% inhibition of cell viability) (Table 3) showed that the 
Pd(II) complex was significantly more potent against 
MCF-7 and HCT116 cancer cell lines, but it was practi-
cally inactive on A549 cells in the selected dose range. 
In addition the cytotoxic efficacy of the Pd(II) complex 
on MCF-7 cells was greater than that of cisplatin. More-
over, it is less toxic to normal cells (BEAS-2B) compared 
to cisplatin. The present results suggest that the Pd(II) 
complex displays selectivity for MCF-7 cell line. 

Figure 4. HSA binding data: (a) UV-vis spectra, (b) fluorescence emission spectra, (c) synchronous fluorescence spectra (at Δλ = 15 
nm) and (d) synchronous fluorescence spectra (at Δλ = 60 nm) of the HSA solutions upon addition of increasing amounts of cis-
[Pd(sac)2(PPh2Et)2]. Arrows show the changes in the spectral intensity with increasing concentrations of the Pd(II) complex. r = [Comp-
lex]/[HSA]. Insets: plot of 1/[complex] vs. 1/(A–A0) for UV-Vis data and Stern-Volmer plot of the fluorescence data. 
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Figure 5. Molecular docking of cis-[Pd(sac)2(PPh2Et)2] with DNA (a) and HSA (b).

Hydrogen bonding Distance (Å)
Hydrophobic
interaction

Distance (Å) ΔG (kJ mol–1)

DNA docking (1BNA)

DA18:H61···O3(sulfonyl) 2.42 – – –24.69

DA6:H62···O3(sulfonyl) 2.61 – –

DA17:H8···O1(carbonyl) 2.86 – –

DA6:H61···O3(sulfonyl 2.94 – –

HSA docking (1H9Z)

HIS242:HE1···O2(sulfonyl) 2.07 HIS242π...Alkyl 3.43 –30.96

GLN196:HA···O1(carbonyl) 2.27 GLU153:OE2...π 3.72

          LYS199:CB...π 3.77

          HIS242π...π 4.40

Table 2. Intermolecular interactions of cis-[Pd(sac)2(PPh2Et)2] with DNA and HSA.

   MCF-7     A549 HCT116 BEAS-2B

cis-[Pd(sac)2(PPh2Et)2]              8.34±0.11              > 40 26.15±0.59 16.95±0.11

Cisplatin             13.89±0.14        18.73±0.34 15.53±1.60 7.49±0.31                       

Table 3. Cytotoxic activity (IC50, µM) of cis-[Pd(sac)2(PPh2Et)2]. 
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CONCLUSION

In summary, cis-[Pd(sac)2(PPh2Et)2] efficiently binds 
to DNA and prefers AT-rich sites in the major groove 
binding mode. This complex also strongly interacts 
with HSA trough hydrophobic interactions. The 
experimental observations of binding studies were 
confirmed by molecular docking studies. The Pd(II) 
complex exhibits potent antitumor activity against 
human cancer cell lines of MCF-7 and HCT116 and 
displays higher anticancer activity and selectivity on 
MCF-7 cells as compared cisplatin.
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