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Preface

Cancer is a leading cause of death worldwide. Treatments aimed at curing,
prolonging life and improving the quality of life of patients with cancer, as well as
supportive care, are ways in which the burden of cancer can be reduced. In treatment,
chemotherapies have been the mainstay for almost 100 years, helping improve the
survival rate of patients significantly. Therefore, the pharmaceutical industry has a
mission to discover and develop new anticancer drugs through innovative discovery
technologies and development approaches.

Antineoplastic platinum complexes have proven to be effective and are widely
applied to several human malignancies. Among of them, cisplatin (CDDP) is one of
the most widely used antineoplastic agents. However, its clinical use is limited by its
potent nephrotoxicity, which can lead to acute renal failure. On the other hand,
nedaplatin (NDP) is a novel antineoplastic platinum complex with reduced
nephrotoxicity. It causes myelosuppression, particularly resulting in thrombocytopenia,



as the dose-limiting toxicity, but nephrotoxicity occurs less frequently. However,
detailed toxicological data concerning NDP in the experimental model are still limited,
and a more complete evaluation of its nephrotoxic effects should be necessary.

A series of this study were conducted firstly 1) to elucidate the functional and
morphological changes in the kidney of rats treated with NDP by comparing those in
CDDP-treated rats (Chapter 1), and secondarily 2) to investigate the ameliorative effects
on the nephrotoxicity following NDP treatment by the modification of dosing protocol
and to clarify the mechanism behind the effect (Chapter 2). Recently, toxicogenomics
has been expected to accelerate drug development and aid risk assessment. Therefore,
finally 3) the gene expression profiles were analyzed in the kidney (particularly, renal
papilla) following NDP treatment in rats using DNA microarrays to elucidate the
molecular mechanism of NDP-induced nephrotoxicity and to identify potential
biomarker genes (Chapter 3).

Chapter 1 Toxicological Characterization of a Novel Antineoplastic Platinum Complex
Nedaplatin (NDP)
Section 1.1 A Comparative Study on Nephrotoxicity of Cisplatin (CDDP) and

Nedaplatin (NDP) in Rats

The present study was designed to elucidate the functional and morphological changes in the
kidney of rats treated with NDP by comparing those in CDDP-treated rats. A single bolus dose of 15
mg/kg NDP or 7.5 mg/kg CDDP was injected intravenously to 8-, 11-, or 15-week-old male and
female rats, which were then sacrificed after 10 days. As a result, CDDP treatment markedly
increased urinary excretion of protein and marker enzymes; NDP also increased them, but to a lesser
extent. CDDP increased plasma creatinine and blood urea nitrogen in rats of all age groups at
necropsy. No apparent changes were seen following NDP treatment except in the 15-week-old rats.
These results suggested that NDP is less nephrotoxic than CDDP. CDDP-treated rats showed
remarkable proximal tubular lesions in the renal cortex and corticomedullary region, and the papillary
lesions were minor. On the other hand, the NDP-induced nephrotoxicity was morphologically
characterized by hyaline droplet changes, necrosis or hyperplasia of the collecting duct epithelium in
the renal papilla and the epithelium covering the papilla. In short, NDP is a promising
second-generation platinum complex with reduced nephrotoxicity.

Section 1.2 Time Course of the Change of Nedaplatin (NDP)-Induced Nephrotoxicity

in Rats

The present experiment was conducted to characterize the time course of changes of
NDP-induced nephrotoxicity in rats. A single bolus dose of 6 or 12 mg/kg NDP was injected
intravenously to rats, which were then sacrificed 2, 4, 7 and 14 days after dosing. NDP-induced



nephrotoxicity was initially characterized by single cell and/or focal necrosis in the epithelium of
distal tubules and collecting ducts as well as proximal tubules. In the later stage, subsequent cystic
dilatation and regeneration occurred in these affected tubules, but incomplete tissue repair was still
observed in the kidney 14 days after dosing. In short, the present study has demonstrated that the
characteristic time course of changes of the nephrotoxicity associated with the NDP treatment.
Moreover, it was suggested that attention must be paid to the nephrotoxicity as well as myelotoxicity
during the NDP treatment.

Chapter 2 Amelioration of Nedaplatin (NDP)-Induced Nephrotoxicity
Section 2.1 Ameliorative Effect by Hydration on Nedaplatin (NDP)-Induced
Nephrotoxicity in Rats

The present experiment was conducted to evaluate whether hydration is useful for the
amelioration of the nephrotoxicity. Nonhydrated (Nhyd) or hydrated (Hyd) rats, treated with a single
intravenous dose of 20 mg/kg NDP, were sacrificed 7 days after dosing. As a result, NDP-induced
nephrotoxicity was dramatically reduced by hydration, while it had no clear effects on myelotoxicity.
Measurement of urinary platinum excretion revealed that total amount of platinum excretion was
significantly higher in Hyd-NDP rats than that in Nhyd-NDP rats. In terms of its urinary
concentration, Hyd-NDP rats showed lower concentration compared to that in Nhyd-NDP rats. In
short, pre- and post-hydration at dosing is effective at minimizing the nephrotoxicity of NDP.

Section 2.2 Ameliorative Effect by Continuous Infusion on Nedaplatin (NDP)-Induced
Nephrotoxicity in Rats

The current experiment was conducted to evaluate whether prolongation of infusion time is
useful for the amelioration of NDP-induced nephrotoxicity. Rats were treated with 12 mg/kg NDP
with the following dosing protocols, bolus injection, 1- or 4-hour continuous infusions, and sacrificed
3 days after dosing. NDP-induced nephrotoxicity was dramatically reduced by the prolongation of
infusion time, while it had no clear effects on myelotoxicity. In short, prolongation of the infusion
time is effective at minimizing the nephrotoxicity of NDP.

Chapter 3 Comparative Analysis of Gene Expression between Renal Cortex and Papilla
in Nedaplatin (NDP)-Induced Nephrotoxicity in Rats

To elucidate the molecular mechanism of NDP-induced nephrotoxicity and to identify
potential biomarker genes with a particular focus on the renal papillary toxicity, the gene expression
profiles were analyzed in two renal regions, the cortex and the papilla, following NDP treatment in
rats using DNA microarrays. Rats received a single intravenous dose of 10 mg/kg NDP or vehicle
alone (5% xylitol solution) were sacrificed 6 days later. Global gene expression analysis revealed



that several genes involved in various functional categories were commonly deregulated in both renal
regions, such as apoptosis, cell cycle regulation, DNA metabolism, cell migration/adhesion and
cytoskeleton organization, or genes induced as a perturbation of oxidative status and calcium
homeostasis. Comparative analysis of gene expression between the renal cortex and papilla revealed
that genes encoding several subtypes of cytokeratins were identified as being specifically
overexpressed in the papilla by the NDP treatment. Immunohistochemistry confirmed increased
expression of cytokeratins 14 and 19 at the epithelium covering the papilla and/or the collecting duct
epithelium. Overall, the present results contribute to understanding the renal molecular events of
NDP-induced nephrotoxicity including novel potential biomarker genes that may serve as indicators
of renal papillary toxicity.

Conclusions

1. NDP is a promising second-generation platinum complex with reduced nephrotoxicity.
However, it was suggested that attention must be paid to the nephrotoxicity as well as
dose-limiting myelotoxicity during the NDP treatment.

2. NDP-induced nephrotoxicity was morphologically characterized by single cell and/or focal
necrosis followed by cystic dilatation and regeneration not only in the proximal tubule but also in
the distal tubule and the collecting duct.

3. The hydration was effective at minimizing the nephrotoxicity of NDP. The amelioration effect
could be interpreted as resulting from hydration causing polyuria and diluting the platinum
concentration in the urine and also shortening the platinum contact time with the renal tubules.

4. The prolongation of the infusion time was effective at minimizing the nephrotoxicity of NDP.
The amelioration effect could be interpreted as resulting from prevention of temporary elevation
of urine platinum concentration.

5. Mechanistically, the gene expression pattern elicited by NDP treatment suggested the
occurrence of apoptosis and the perturbation of oxidative status. Among the several genes
specifically reflected the renal papillary damage, cytokeratins 14 and 19 were one of the most
promising biomarker candidates, the increased expression of which on the protein levels were
confirmed by immunohistochemistry.

6. The animal model used in these studies is likely to be useful for analyzing pathophysiological
events of acute renal failure following the treatment of antineoplastic platinum complex.
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