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Abstract The thermodynamics of the interaction between new synthesized anti-cancer drug
(2,2′-bipyridin n-butyl dithiocarbamato Pd (II), ButPd), and HSA was investigated at pH = 7
by isothermal titration calorimetry. A new solvation model was used to reproduce the en-
thalpies of HSA interaction by ButPd within a broad range of complex concentrations. The
solvation parameters attained from the new model were attributed to the structural change
and biological activity of HSA. The binding parameters for the interaction of ButPd and
HSA indicated that the considerable conformational changes in HSA were not observed
after being bound with ButPd. It was found that HSA has three identical and cooperative
binding sites for ButPd.
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1 Introduction

Human serum albumin (HSA) is the most abundant protein in systemic circulation, with
HSA comprising 60% in plasma. This protein can play a dominant role on drug disposition
and efficacy. HSA has a high affinity to an extraordinarily diverse range of materials, such
as drugs, metabolites, fatty acids and metal ions [1–4]. HSA can bind and carry through
the bloodstream many drugs, which are poorly soluble in water and it is responsible for
the maintenance of blood pH, drug disposition and efficacy, and the contribution of colloid
osmotic blood pressure [4–6]. The unique feature of albumin is its ability to bind a wide
variety of compounds, mainly because of the availability of hydrophobic pockets inside the
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Schema 1 The molecular structure of 2, 2′-bipyridin n-butyl dithiocarbamato Pd (II) nitrate (ButPd)

protein network and the flexibility of the albumins to adapt their shape [7, 8]. The crystallo-
graphic analysis of HSA revealed that this protein is a single-chain 66 kDa protein, which
is largely α-helical, and consists of three structurally homologous domains that assemble
to form a heart-shaped molecule. Each domain is a product of two subdomains, which are
predominantly helical and extensively cross-linked by several disulfide bridges [9–11].

The development of palladium anticancer drugs has not been promising and their design
has mainly been based on the structure-activity relationship used for platinum anticancer
drugs as well as good models for the analogous Pt (II) complexes in solution. Pd (II) com-
plexes are expected to have lower kidney toxicity than cisplatin due to the inability of pro-
teins in the kidney tubules to replace the tightly bound chelate ligands of Pd (II) with sulfy-
dril groups [12–14]. Studies have shown that Pd (II) complexes are very effective in inhibit-
ing proliferation of several tumor cell lines [15, 16]. Genova et al. showed that the Pd (II)-
benzyl bis(thiosemicarbazone) complex exhibits a significant activity against the acyclovir-
resistant viruses R-100 (HSV-1) and PU (HSV-2) with an in vitro selectivity index of 8.0
versus 0.01 for acyclovir [16]. This complex also negatively influenced the expression of
key structural HSV-1 proteins, thus simultaneously suppressing virus entry, transactivation
of virus genome, capsid assembly and cell-to-cell spread of infectious HSV progeny [17].
This work represents the most comprehensive study on the interactions between a new de-
sign anticancer drug of ButPd with carrier blood protein of HSA and provides new evidence
for validity of our recently introduced solvation model and more insights into the interac-
tions of ButPd with HSA for further understanding of the effects of metal based drugs on
the stability and the structural changes of carrier proteins.

2 Materials and Method

HSA was obtained from Sigma-Aldrich (Taiwan, China) and ButPd was synthesized in our
laboratory [17]. Protein concentrations were determined from absorbance measurements at
277 nm in 1 cm quartz cuvettes. All other materials and reagents were of analytical grade,
and solutions were made in 50 mmol·L−1 buffer phosphate using double-distilled water.

The isothermal titration calorimetric experiments were carried out on a VP-ITC ultra
sensitive titration calorimeter (MicroCal, LLC, Northampton, MA). The microcalorimeter
consists of a reference cell and a sample cell of 1.8 mL in volume, with both cells insulated
by an adiabatic shield. All solutions were thoroughly degassed before use by stirring under
vacuum. The sample cell was loaded with HSA solution (60 µmol·L−1) and the reference
cell contained buffer solution. The solution in the cell was stirred at 307 rpm by the syringe
(equipped with micro propeller) filled with ButPd solution (1.2 mmol·L−1) to ensure rapid


