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Abstract

Antiangiogenic compound has been believed to be an ideal drug in the current cancer biological therapy, but the angiogenesis inhibitors suffer
setback for unknown toxicity now. A novel synthetic indolin-s-ketone small molecular compound, 3Z-3-[(* H-pyrrol-2-yl)-methylidene]-1-(1-
piperidinylmethyl)-1,3-2 H-indol-2-one (Z24) can inhibit angiogenesis in new blood vessels. The hepatotoxicity effects of Z24 oral administration
(dosed at 60, 130 and 200 mg/kg) have been investigated in female Wistar rats by using metabonomic analysis of 'H NMR spectra of urine,
plasma and liver extracts, as well as by clinical chemistry analysis, liver histopathology and electron micrographs examination. The 'H NMR
spectra of the biofluids were analyzed visually and via pattern recognition by using principal component analysis. The metabonomic trajectory
analysis on the time-related hepatotoxicity of Z24 was carried out based on the "H NMR spectra of urine samples, which were collected daily
predose and postdose over an 8-day period. Urinary excretion of citrate, lactate, 2-oxo-glutarate and succinate increased following Z24 dosing.
Increased plasma levels of lactate, TMAO and lipid were observed, with concomitant decrease in the level of glucose and phosphatidylcholine.
Metabolic profiling on aqueous soluble extracts of liver tissues with the high dose level of Z24 showed an increase in lactate and glutamine,
together with a decrease in glucose, glycogen and choline. On the other hand, studies on lipid soluble extracts of liver tissues with the high dose
level of Z24 showed increased level in lipid triglycerides and decreased level in unsaturated fatty acids and phosphatidylcholine. Moreover, the
most notable effect of Z24 on the metabolism was the reduction in the urinary levels of creatinine and TMAO and the increase in acetate, citrate,
succinate and 2-oxo-glutamate with time dependence. The results indicate that in rats Z24 inhibits mitochondrial function through altering the
energy and lipid metabolism, which results in the accumulation of free fatty acids and lactate because of the lack of aerobic respiration. These data
show that the metabonomic approach represents a promising new technology for the toxicological mechanism study.
© 2006 Elsevier Inc. All rights reserved.
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Introduction

Angiogenesis is the process of sprouting of capillaries from
preexisting blood vessels, which is essential for the sustained
growth and metastasis of primary solid tumors (Folkman,
1972; Holash et al., 1999). Antiangiogenic therapy has been
believed to be an ideal strategy in the current cancer biological
therapy. By the end of 2002, at least 10,000 cancer patients
worldwide have received some form of experimental anti-
angiogenic therapy, and more than 300 angiogenesis inhibitors
have been discovered, of which 80 are in clinical trials
(Madhusudan and Harris, 2002). SU5416, a model antiangio-
genesis compound, had been developed as an effective drug
for antiangiogenesis. But, it was withdrawn from a Phase III
trial in advanced colon cancer for the significant incidence of
toxicity and the lack of target, although it exhibited good
efficiency in preclinical tests (Cristofanilli et al., 2002; Gerber,
2003). The angiogenesis inhibitors suffer setback. But it is too
early to proclaim the antiangiogenesis strategy a failure (Ken
et al., 2002). The urgent work that toxicologists have to do is
to learn about why it fails and its toxicological mechanism so
as to reduce the high attrition rates of drugs entering clinical
trials (Cui et al., 1995). Obviously, it is of importance to
systematically study the toxicological mechanism of rejected
compounds for next better drug. 3Z-3-[('H-pyrrol-2-yl)-
methylidene]-1-(1-piperidinylmethyl)-1,3-2H-indol-2-one
(Z24, Fig. 1), a novel synthetic indolin-2-ketone small
molecular compound, is an inhibitor of angiogenesis in new
blood vessels that inhibits the growth of multiple tumor types
in vivo (Lu et al., 2003; Wang et al., 2004). Z24 is a structural
analog of SU5416, which belongs to indolin-2-ketones. It is
speculated that the antitumor activity of Z24 is similar to that
of SU5416 (Lu et al., 2003).

Repeated doses (long-term toxicity test) and single dose tests
have been used widely on drug toxicological mechanism
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research in the preclinical drug safety evaluation phase. But,
these methods are labor-intensive and time-consuming and
cannot be used to get a systematic result. High resolution 'H
NMR spectroscopic analysis of biofluids, in particular, urine
and blood plasma, has been more and more widely used in the
drug safety assessment process in pharmaceutical industry as a
method for identifying target organ toxicity through urinary
biomarkers (Nicholson et al., 1999, 2002; Lindon et al., 2000,
2003). When coupled with pattern recognition methods, a
thorough analysis of the resulting complex multiparametric
spectroscopic data sets can be obtained (Beckwith-Hall et al.,
1998; Holmes et al., 2000; Lindon et al., 2001). This approach
to study the metabolic processes in biological systems has been
termed metabonomics (Nicholson et al., 1999, 2002). Metabo-
nomics combines the techniques of high resolution NMR with
the pattern recognition technology to rapidly evaluate the
metabolic status of an animal, such that the onset, duration,
severity and target organ localization can all be determined from
peripheral samples such as urine, blood plasma and so on. The
information obtained from metabonomics is complementary to
that from proteomics and genomics and is applicable to a wide
range of problems in diverse biomedical research areas.
Metabonomics is now recognized as an independent and widely
used technique for evaluating the toxicities of drug candidate
compounds (Waterfield et al., 1993; Robertson et al., 2000;
Nicholson et al., 2002).

In previous study, it was proved that Z24 had hepatotoxicity
to rodent and some genes related with metabolic pathways (like
Glycolysis) were changed with Z24 treatment (unpublished
data). However, its hepatotoxic mechanism, especially the
changes in metabolic profiling, is unclear. In this study, the
hepatotoxic mechanism of Z24 was investigated by using an
integrated metabonomic approach, and the feasibility of
metabonomic method for drug toxicological mechanism
research and screening in vivo was also evaluated.
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Fig. 1. Chemical structure of Z24 and its "H NMR spectrum in methylsulfonate form.
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