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ABSTRACT

Pyrrolizidine alkaloids (PAs) are naturally occurring chemical compounds which are found in

various plant species worldwide. Although not all PAs are toxic, retrorsine is another representative

retrorncine-type PAs consider as one of the most toxic member of the PAs family which has historically

received most of the attention to have a genotoxic, hepatotoxic effects on animals and a serious health

problem to human as a veno occlusive disease and liver cancer. The mechanism of hepatotoxicity

induced by PAs in which PAs convert to the toxic form in the liver has been extensively studied. It has

been shown that a genotoxic mechanism is correlated to the tumorigenicity of retrorsine through the

formation of the DHP-derivaed DNA adducts. Cytochrome P450 is playing an essential key role in

mechanism of liver genotoxicity. The genotoxicity activity of PAs has made them targets for studies

designed to determine genes involved in the metabolic actiavation of retrorsine. Microarray studies are

now playing a powerful approach in gene expression and discovery. Hence, to better understanding the

mechanism of genotoxic effects of retrorsine treated rats, this microarray analysis together with the real

time PCR provide qualification and quantification information of the liver metabolizing enzymes

activities, including those of the cytochrome P450 enzymes, and identification of genes involved in

liver cancer induced by retrorsine treatment. The present study represents the first in vivo examination

of chronic transcriptional response of the liver to retrorsine exposure. The available evidence on the

metabolism and target-tissue specificity for retrorsine's tumorigenesis suggests that active metab~lites

of retrorsine interact with endothelial cells in the liver which cause cell toxicity, followed by

compensatory proliferation of DNA-damaged endothelial cells causing mutations in these cells. We

have identified 53 genes in the liver of retrorsine-treated rats that were differentially expressed. Our

findings suggest that these genes may play an important role in the metabolism of retrorsine. The genes

identified in this study are involved in many diverse processes, including apoptosis, angiogenesis, cell

growth, cell death, adhesion, and cell movement of endothelial cells, oxidative stress, liver

development, catalytic activity, and signal transducer activity. P450 2E I enzyme is the major

metabolizing enzymes responsible for metabolism ofretrorsine which was confirmed to be increased in

gene expression by Real-Time PCR, these findings suggest that pyrrolizidine alkaloids retrorsine is

metabolically activated by P450 2El to form chemically reactive dehydrogenated intermediates.
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CHAPTER I
1. Introduction

1.1 Pyrrolizidine alkaloids

Pyrrolizidine alkaloids (PAs) are regarded as naturally occurring chemical compounds which

are found in various plant species of Senecio, Crotalaria, Erechlifes and other related genera worldwide

(ANZFA, 2001; Joseilson, el aI., 2004; Kaleab, et aI., 2004; Smith and Culvenor, 1981). It is well

documented that the various PAs are hepatoxic through the function of 6,7-dihydro-7-hydroxy-l

hydroxymethyl-5H-pyrrolizine (DHP) -derived DNA adduct formation (Jeffrey, el aI., 1991; Peter, el

al., 2002; Peter, el al., 2004; Yu-Ping, el al., 2005). Although not all PAs are toxic, retrorsine is a

representative of retroencine-type PAs, considered to be one of the most toxic member of the PAs

family. It has historically received much attention and is thought to have a genotoxic, hepatotoxic effect

on animals, and to present a serious health problem to humans by causing veno occlusive disease

(VOD) and liver cancer (Chen and Huo, 2010; Rasenack, el al., 2003; Zhe and Ji-Rong, 2010).

Retrorsine toxicity has historically been a significant problem worldwide. Thus, recent studies have

been established to study the tumorigenicity and hepatotoxicity of PAs including Retrorsine (RTS) in

vivo and in vitro.

The mechanism of hepatotoxicity induced by PAs in which PAs convert to the toxic form in the

liver has been extensively studied (Yu-Ping, el al., 2005; Mattocks and Butler, 1973). It has been shown

that a genotoxic mechanism is correlated to the tumorigenicity of retrorsine through the formation of

6,7-dihydro-7-hydroxy-l-hydroxymethyl-5H-pyrrolizine (DHP)-derived DNA adducts (Yan, et al.,

2008). Also, it has been reported that riddelline and retrorsine share the same metabolic activation in

rats which can serve as biomarkers for the tumorigenicity (Yu-Ping, el al., 2005). Cytochrome P450

plays an essential key role in the mechanism of liver genotoxicity. The genotoxicity activity of PAs has



made them targets for studies designed to determine genes involved in metabolic activation of

retrorsine.

Alkaloids are naturally occurring chemical compounds containing basic nitrogen atoms that

have a pharmacological effect on humans and other animals. Humans have been using alkaloids in the

form of plant extracts for poisons, narcotics, stimulants and medicines for at least the last several

thousand years. More than 10,000 alkaloids of different structures are now known to have been used as

drugs worldwide (Schardt, et a/., 2007; Toni, 1995). Currently 25% of materia medica have

traditionally been of interest and are known to have been used as drugs, either as pure compounds (such

as the narcotic analgesic morphine, the analgesic and antitussive codeine, and the chemotherapeutic

agents vincristine and vinblastine) oras teas and extracts. Plant constituents have also served as models

for modern synthetic drugs and continue to result in new drug discoveries. Nevertheless, certain plant

drugs are still extremely important, such as atropine for tropicamide, quinine for chloroquine, and

cocaine for procaine and tetracaine. Alkaloids are basic in character and are sometimes toxic to animals

when eaten, resulting in significant financial and production losses each year (Holstege, et a/., 1995).

The biological role of alkaloids in plants is still a matter of speculation, but they are thought to have

evolved as a defensive mechanisim against predators (Ober and Hartmann, 1999).

Pyrrolizidine alkaloids are hepatotoxins found in many species of plants throughout the world

and are produced by a large variety of organisms, including bacteria, fungi, and animals and are part of

the group of natural products (also called secondary metabolites). More than 350 PAs have been

identified in over 6,000 plants in the Broaginaceae (many genera), Asteraceae (tribes Senecioneae. and

Eupatorieae), Orchidaceae (nine genera) and Fabaceae (mainly the genus erota/aria) (Dharrnananda,

2002). More than 95% of the PA containing plants investigated thus far belonged to these four families

(Ober and Hartmann, 1999; Stegelmeier, 1999).

Each year alkaloids cause considerable economic loss to the livestock industry and possible



adverse effects to human health though exposure to these compounds as contaminants of grain, milk,

herbal teas, honey, and herbal medicines (Dale, 2006; John, e/ al., 2002; Prakash, e/ al., 1999;

Stegelmeier, 1999). While all livestock are susceptible to PA toxicity, goats and sheep are less

susceptible, while the most frequently and greater risk of severe infection is for horses and cattle.

Particularly those parts of the world with arid climates and poor rainfall are susceptible to grain

contamination and promotion of PA containing plant growth as weeds among cultivated crops. The

first recorded instance of PA poisoning was in 1920 when many people in the Western Cape province of

South Africa suffered from liver cirrhosis after eating bread made with wheat probably contaminated

with Senecio burchellii. (Willmot and Robertson, 1920). In 1974 it was reported that the largest

outbreak of human intoxication by PAs was in Afghanistan when an estimated 35000 people were

affected after grain was contaminated with Heliotropium plant material. Among 7200 cases examined,

1600 were affected and many died three to nine months after the onset of clinical signs (Mohabbat, e/

al., 1976). A variety of animal products can be contaminated by pyrrolizidine alkaloid and also enter

the human food chain, leading to possible long- term toxic effects on humans.

Milk residue is one of the most frequently encountered products of animals that have ingested

PA-containing plants (Dickinson, e/ al., 1976). another source is eggs which can be contaminated with

PAs from chickens eating contaminated grain and honey which has been found to contain high PA

levels, causing a risk to those who consume large amounts of honey (Deinzer, e/ al., 1977; Mattocks, et

al., 197 I). PA toxicity has historically been a significant problem, but with modern herbicides and

better grazing management practices this problem has been minimized in some areas.
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