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ABSTRACT

Substances capable of causing a toxic effect contain a structural feature or
moiety (metabolic toxicophore) that bestows the toxic property. The metabolic
toxicophore may then undergo bioactivation to a reactive metabolite that may interact
with protein or DNA to cause biological and physiological alterations in normal cellular
homeostasis and possibly toxicity. Further scholarship is required regarding the potential
of these metabolic toxicophores to undergo bioactivation and exert toxic effects.

FS is a furan ring-containing loop diuretic that, while safe in humans, has been
shown to cause direct hepatotoxicity (Mitchell et al., 1974). The premise of this thesis
was to investigate the role of bioactivation of the furan ring in the hepatotoxicity of FS in
mice. Additionally, a thiophene and pyrrole analogues of FS were synthesised to allow
for direct comparison of the potential for bioactivation and toxicity.

FS (1.21 mmol/kg) was shown to cause hepatotoxicity in mice at 5 and 24 h.
However, an identical dose to rats was non-toxic at 5 and 24 h. The presence of
hepatotoxicity in livers of mice receiving a toxic dose of FS was confirmed by
histopathology. A 1 h pre-dose of the P450 enzyme inhibitor, ABT, was shown to
completely prevent hepatotoxicity of FS in mice. Administration of the THF analogue of
FS, whereby the furan ring of FS is reduced, to mice was shown to be non-toxic. The
level of irreversible binding of FS (nmol equivalent bound/mg protein; mean + SEM;
0.35 £ 0.16, 0.80 = 0.28 and 1.57 + 0.98 at 1, 5 and 24 h respectively) was shown to
parallel the severity of toxicity. A 1 h pre-dose of ABT was shown to block irreversible
binding of FS to hepatic protein in mice (0.09 + 0.05 and 0.11 £ 0.04 at 5 and 24 h
respectively), in addition to blocking the toxicity. In rats, there was no significant level
of irreversible binding of FS to hepatic protein (0.26 + 0.13 and 0.22 + 0.06 at 5 and 24 h
respectively). A toxic dose of FS was shown to have no significant effect on hepatic
GSH levels in mice and rats. FS was shown to cause a significant increase in the level of
nuclear Nrf2 at 1 h following administration of a toxic dose of FS, providing an insight
into downstream mechanisms of cell defence. In rats, FS was shown to undergo P450-
mediated metabolism to form a novel y-ketocarboxylic acid and FS-GSH conjugate.
Additionally, FS was shown to be metabolised to a glucuronide and an N-dealkylated
metabolite. In mice, the same metabolites were identified, although there was no
evidence of the formation of a GSH conjugate. The chemical structure of the y-
ketocarboxylic acid metabolite of FS was confirmed by LC-MS/MS and 'H NMR
analysis. In a mouse liver microsomal system, FS was shown to irreversibly bind to
mouse microsomal protein (% bound/mg protein + SEM; +NADPH: 1.91 + 0.17; -
NADPH: 0.49 + 0.05). Similarly, FS was shown to irreversibly bind to rat and human
microsomal protein in the presence of NADPH (% bound/mg protein + SEM; rat: 2.24 +
0.22; human: 0.47 + 0.04). However, the level of binding in human microsomes was
significantly less than that in mouse and rat. FS was incubated in a mouse liver
microsomal system with equimolar amounts of NAL and NAC, and shown to form a
NAL/NAC FS adduct. This was characterised by LC-MS/MS, providing evidence for in
vitro formation of a novel y-ketoenal metabolite, similar to that observed previously with
4-ipomeanol (Baer et al., 2005).

The thiophene analogue of FS was shown to be non-toxic to mice and rats at 5
and 24 h. Additionally, the pyrrole analogue of FS was shown to be non-toxic in mice at
24 h. LC-MS/MS analysis of the in vivo metabolism of the thiophene analogue identified
three potential GSH conjugates, resulting from the bioactivation of the thiophene ring
and subsequent conjugation to GSH. The N-dealkylated metabolite and glucuronide of
the thiophene analogue were also identified. In vitro, the thiophene analogue was shown
to significantly irreversibly bind to mouse liver microsomal protein (% bound/mg
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protein = SEM; +NADPH: 0.61 + 0.07; -NADPH: 0.13 £ 0.01). There was no significant
binding of the thiophene analogue to rat or human liver microsomal protein.

In conclusion, the data presented in this thesis have shown that both furan and
thiophene heterocycles are capable of undergoing bioactivation to form a reactive
metabolite. This data provides further evidence that furan moieties within drugs can be
bioactivated to reactive intermediates and that an unsubstituted furan, of the type found
in FS, should be regarded as a potential safety issue. The lack of hepatotoxicity observed
in humans with FS highlights the difficulty in predicting downstream outcomes from
reactive metabolite formation and the benefits of low dosing regimes in mitigating any
risk.
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Chapter 1: General introduction

1.1 INTRODUCTION

The ability to predict the safety profile of new chemical entities will
transform the drug development process. Adverse drug reactions (ADRs) are a major
cause of patient morbidity and mortality (Lazarou et al., 1998; Pirmohamed et al.,
1998). Such reactions are also a major impediment in the process of drug
development, able to preclude effective drug therapy, and may lead to drug
withdrawal even if they occur in only a minority of patients (Jefferys et al., 1998). In
1998, the pharmaceutical industry spent more than $20 billion on drug discovery and
development research, with more than one-fifth of this total being used on screening
assays and toxicity testing (Michelson and Joho, 2000).

The majority of ADRs are dose-dependent type A reactions. Type A reactions
are usually due to an exaggeration of the known pharmacology of the drug. A more
problematic issue is type B (idiosyncratic) reactions, which are unpredictable,
seemingly dose-independent and host-dependent, and as such are more frequently
life-threatening.

The process of drug metabolism in humans can be regarded as a
detoxification mechanism, facilitating the excretion of drugs and chemicals from the
body by converting them to more polar, hydrophilic compounds. However,
metabolism can also result in the formation of chemically reactive metabolites that
account for the toxicological actions of the parent compound. While processes exist
to inactivate these chemically reactive metabolites, they may become saturated, be
absent or impaired in some individuals, and thus reactive metabolites may
accumulate. Furthermore, certain compounds may be poor substrates for certain
detoxication processes. In the absence of adequate detoxication mechanisms, reactive

metabolites may bind to or damage cellular macromolecules, such as proteins and






















































































































































































































































































































































































































































































































































































































































