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The kidney is a major target site of chemical carcinogenesis. However, a reliable in vivo assay for rapid
identification of renal carcinogens has not been established. The purpose of this study was to develop a
new medium-term gpt delta rat model (the GNP model) to facilitate identification of renal carcinogens.
In this model, we carried out an in vivo mutation assay using unilaterally nephrectomized kidney tissue
and a tumor-promoting assay using residual kidney tissue, with diethylnitrosamine (DEN) as the renal
tumor initiator. To clarify the optimal time of DEN injection after nephrectomy, time-dependent changes
in bromodeoxyuridine-labeling indices in the tubular epithelium of nephrectomized rats were examined.
The optimal dose of DEN injection and sufficient duration of subsequent nitrilotriacetic acid treatment
were determined for detection of renal preneoplastic lesions. The standard protocol for the GNP model
was determined as follows. Six-week-old female gpt delta rats were treated with test chemicals for 4
weeks, followed by a 2-week washout period, and 40 mg/kg DEN was administered intraperitoneally to
initiate renal carcinogenesis. Unilateral nephrectomy was performed 48 h before DEN injection, followed
by gpt assays using excised kidney tissues. One week after DEN injection, rats were further exposed to test
chemicals for 12 weeks, and histopathological analysis of renal preneoplastic lesions was performed as
an indicator of tumor-promoting activity in residual kidney tissue. Validation studies using aristolochic
acid, potassium dibasic phosphate, phenylbutazone, and d-limonene indicated the reliability of the GNP
model for predicting renal carcinogens and the underlying mode of action.

© 2014 Elsevier GmbH. All rights reserved.
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1. Introduction possesses phase 1 and phase II detoxification mechanisms, it

is highly probable that DNA damage can be caused by reac-

Carcinogenicity is a key factor in safety assessments of envi-
ronmental chemicals because resulting neoplastic lesions can
be irreversible and often fatal. The kidney receives an abundant
supply of blood in order to perform its vital roles in metabolism
and excretion of xenobiotics, which may increase the risk of car-
cinogen exposure (Radford et al,, 2013). In addition, as the kidney

Abbreviations: UN, unilateral nephrectomy; PH, partial hepatectomy; GST-P,
glutathione S-transferase placental form; DEN, diethylnitrosamine; AT, atypical
tubule; AH, atypical hyperplasia; BrdU, 5-bromo-2'-deoxyuridine; PCT, proximal
convoluted tubule; PST, proximal straight tubule; DT, distal tubule; NTA, trisodium
nitrilotriacetic acid; AA, aristolochic acid; PDP, potassium dibasic phosphate; PBZ,
phenylbutazone; DL, d-limonene; DW, distilled water; MF, mutant frequency; Lls,
labeling indices.

* Corresponding author. Tel.: +81 3 3700 9819; fax: +81 3 3700 1425.

E-mail address: umemura@nihs.go.jp (T. Umemura).

http://dx.doi.org/10.1016/j.etp.2014.09.006
0940-2993/© 2014 Elsevier GmbH. All rights reserved.

tive metabolites or oxidative stress generated during chemical
metabolism (Choudhary et al, 2005; Mizerovska et al., 2011;
Priestap et al., 2012; Kakehashi et al., 2013). Indeed, National Toxi-.
cology Program (NTP) background data for lifetime bioassays using
rodents demonstrated that the kidney is the second organ targeted
by chemical carcinogenesis after the liver (National Toxicology
Program, 2014). However, because tremendous amounts of time
and large numbers of animals are required in lifetime bioassay
using rodents, the International Conference on Harmonisation
(ICH) guideline recommends alternative in vivo studies, including
medium-term rat liver animal models, e.g., the Ito model, or
6-month carcinogenicity models using transgenic mice, such
as rasH2 and p53-deficient mice (International Conference on
Harmonisation, 1997). In particular, quantitative analysis of glu-
tathione S-transferase placental form (GST-P) foci, which is used
as a preneoplastic hepatocyte marker in the Ito model, is very
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