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Abstract 

Cisplatin induced nephrotoxicity is a major side effect limiting its 

chemotherapeutic use. We investigated whether piceatannol (PIC)can protect 

against cisplatin-induced nephrotoxicity in rats and the potential underlying 

mechanisms. A single dose of cisplatin (7mg/kgi.p.) was used to induce 

nephrotoxicity and PIC was given in different daily doses (5, 10 and 20 mg/kg 

i.p.), for seven days starting two days before cisplatin injection. Cisplatin 

significantly increased blood urea nitrogen and serum creatinine levels and 

induced tubular degeneration, hemorrhage and cast formation. PIC at dose 10 

mg/kg was effective in preventing these alterations. In subsequent mechanistic 

study, PIC (10 mg/kg i.p.) reversed cisplatin-induced kidney injury molecule 1 

and neutrophil gelatinase associated lipocalin and ameliorated cisplatin-

induced oxidative stress, inflammation and apoptosis. PIC inhibited cisplatin-

induced lipid peroxidation and glutathione depletion. Additionally, PIC 

reversed cisplatin-induced reduction in the gene expression of nuclear factor 

E2-related factor 2 and the relative mRNA level of antioxidant related genes; 

hemeoxygenase-1, cysteine ligase catalytic and modifier subunits, as well as 

superoxide dismutase and glutathione-S-transferase activities. Furthermore, 

cisplatinproinflammatory response was reduced by PIC treatment as evidenced 

by decreased tissue levels of interleukin-1β, tumor necrosis factor-α, 

cyclooxygenase-2 and inducible nitric oxide synthase, as well as reversing 

nuclear factor kappa-B activation. Moreover, PIC suppressed cisplatin-induced 

apoptosis by decreasing p53 and cytochrome C expression and caspase-3 

activity. Furthermore, we also investigated PIC ability to modify cisplatin 

cytotoxicity on two different cancer cell lines; Human hepatocellular 

carcinoma and Prostate carcinoma cell lines. PIC enhanced cisplatin cytotoxic 

effects by lowering its IC50 values in both cell lines. Therefore PIC has the 

potential for ameliorating cisplatin-induced renal injury while improving its 

cytotoxic activity.  

Key wards:Cisplatin, piceatannol, nephrotoxicity, oxidative stress, 

inflammation, apoptosis. 
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. Cisplatin 

      Cisplatin is one of the most potent chemotherapeutic drugs, widely used for 

cancer treatment. Cisplatin is used alone or in combination with other 

chemotherapeutic agents for the treatment of a spectrum of specific cancers, 

including testicular, ovarian, bladder, head and neck, esophageal, small and 

non-small cell lung. It is also used for breast, cervical, stomach and prostate 

cancers, as well as Hodgkin’s and non-Hodgkin’s lymphomas, neuroblastoma, 

sarcomas, multiple myeloma, melanoma, and mesothelioma (Miller et al., 

2010). 

1.1. Discovery and history 

      Cisplatin was first synthesized by M. Peyrone in 1844 while its chemical 

structure was first elucidated by Alfred Werner in 1893. However, the 

compound gained scientific attention in 1960s, when Rosenberg et al. (1965) 

at Michigan State University,identifiedcertain electrolysis products of platinum 

electrodes which were able to inhibit cell division of Escherichia coli. These 

initial observations created much interest in the possible use of these products 

in cancer chemotherapy.In 1968, cisplatin was injected at the non-lethal dose to 

mice bearing a standard murine transplantable tumor, and caused marked tumor 

regression(Rosenberg et al., 1969). 

In 1971, cisplatin was taken for clinical trials by the US National Cancer 

Institute (NCI). By the end of the 1970s it had earned a place as the key 

ingredient in the systemic treatment of germ cell cancers. It was the first FDA-

approved platinum compound for cancer treatment in 1978 (Kelland, 

2000).The discovery of cisplatin is considered a corner stone which triggered 

the interest in platinum and other metal-containing compounds as potential 

anticancer drugs (Florea and Büsselberg, 2011).  

 



1.2. Chemistry 

      Cisplatin [(CAS No. 15663-27-1), cisplatinum, cis-

diamminedichloroplatinum(II)], is a metallic (platinum) compound with a 

chemical formula: H6Cl2N2Pt.It is a white or deep yellow to yellow-orange 

crystalline powder at room temperature. It is slightly soluble in water (1 in 

1000) and N,Ndimethylformamide, insoluble in alcohol; sparingly soluble in 

dimethylformamide. A 0.1% solution in 0.9% saline has a pH of 4.5-6.0. The 

injectable preparation has a pH of 3.5-6.2(Dasari and Tchounwou, 2014). 

Cisplatin is stable under normal temperatures and pressures but transform 

slowly over time to the trans-isomer. Cisplatin has a molecular weight of 301.1 

gm/mol, a density of 3.74 g/cm
3
 and a melting point of 270°C(Dasari and 

Tchounwou,2014). 

Cisplatin exists as an electro-neutral, four coordinate platinum complex. It has 

two chloride ion ligands situated adjacent to one another, and two ammonia 

ligands, in a square (tetragonal) planar structure(Fig.I). The anticancer activity 

of cisplatin is due to the relative ease of substitution of the chlorine ligands 

with nucleophilic species like nucleic acid bases of a DNA strand.The cis 

isomer has antitumor activity, while the transisomer of cisplatin, transplatin, 

showed no antitumor activity(Johnstone et al., 2015) 
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