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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 discase 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

of liver icity. The icity 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 i ion and i ion il ion of the liver izing 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

and target-ti pecificity for retrorsine's tumorigenesis suggests that active metabolites
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 i ted rats that were di i 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 2E1 enzyme is the major

enzymes ible for ism of retrorsine 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 2EI to form i reactive



o

ACKNOWLEDGEMENTS

First and foremost, I should offer my thanks and gratitude to our greatest GOD for all the love
and gaudiness which I was blessed with throughout my entire life.

[ want to convey my gratitude to my supervisor; Dr. Joseph Banoub, Adjunct Professor of
Chemistry at Memorial University and Head, Special Project at the Science Branch of the Department
of Fisheries and Oceans, for welcoming me into his lab during these two years, also I want to thank
him for the support that he has given and are still giving to Department of Fisheries and Oceans, which
was strongly needed and deeply appreciated. My deepest thanks go to my associate supervisor Dr.
Dawn Marshall who shepherded me through the bulk of work and motivated me to perform to my
maximum ability through her valuable suggestions and continuous support. I owe her so much. I must
also thank Dr. Ezio Laconi for assistance in conducting the study, his effort and help in providing
samples and time dedicated for reading the study and sharing his knowledge with us. I would also like
to thank Dr. Brian Staveley and Dr. Helene Volkoff for accepting to be on my thesis committee and for
their advices and helpful comments on the manuscript.

I want to extend my appreciation to all family members of Memorial University of
Newfoundland for their support throughout my project, Mr. Gary Collins, Mr. Craig Barnes, Mr. Henry
Murphy, and Mr. Peter Earle, for ordering and providing materials required for the work, Dr. Chou Lu
at The Centre for Applied Genomics for his care and support and Kozue Otaka for his help. Also I want
to express my thanks to GaP Lab, especially Dr. Elizabeth Perry and Dr. Ed Yaskowiak for their sincere
help and their expert technical assistance. Also I want to extend my thanks to Dr. Martin Bourbonniére
and Dr Arun Balachandran from Applied Biosystems for their assistance and help.

My heart-felt thanks and appreciation go to my wonderful mum for her great love and

tremendous encouragement. Thank you more than words can express. Also I want to thank my adorable



brother, Khalid, and my lovely sisters Shireen, Dr. Darine, Rita, and Roula for their love, persistent
help and support. I am so fortunate to have you all in my life sharing the road of life with its saddest
and happiest moments.

I want to extend my thanks to my colleges, Peter M’ngale, Michael Pappoe, Mariana Diaz
Gomez, Vanessa Young, Kimberly Jean Chafe, Cassidy Brothers, Madeline Fitzpatrick, Anas M
Malkawi, Ali Alutoom, Poorva Vyas, Mel Agaseven, David Lipsett, Kimberly Jean Chafe, Lee Wong,
Noor M. Mahfouz, Teeba Alsafar, Jo-Anna Clark, Allison Rae, and Sarah Tuziak for their support. Also
I 'want to extend my gratitude and thanks to my colleges of Princess Haya Biotechnology Center-Jordan
University of Science and Technology, Aseel Abu-Shaer, Wesal Habbab, and Maha Karam, Alla Al-
Bzour for their contributions to the data analysis, their love and help throughout my work.

The endorsement of this research would have not been possible without the assistance of
Biology Department at Memorial University of Newfoundland. I am deeply and forever indebted to Dr.

Ted Miller for his constant support, and it ions during my difficult

moments.
This rescarch was generously supported by grants from School of Graduate Studies and

NSERC. At last I want to thank all people who participated in this study and make it possible.

1



TABLE OF CONTENTS

Abstract

Table of contents v
List of figures Vil
List of tables X
List of VI
Glossary of terms XII
Dedication X1V
CHAPTER I: INTRODUCTION 1
L1 F izidine alkaloids 1
12 Structure of izidine alkaloids 4
1.3 Toxicity of i21dinG AlKBlOIAS sy eusvssssnvenyossonsssmmmmmtmmmessrmeaveris e 5
14 Metabolic activation of izidine alkaloids 7
15 C ive responses 8

151 The Same species respond differently to different PAs .

152 Species differ in response to the same PAs

1.6 Clinical effects of pyrrolizidine alkaloid toxicity in human .

| 17 D ination and ification of toxic

18 iological properties of pyrrolizidine alkaloids

19 Absorption and metabolic routs of retrorsine activation ...

1.9.1 Ab;

192 Metabolic routes of izidine alkaloids




1.9.2.1 Hydrolysis 13

1922 N-Oxidation ...

1923 Dehydrogenation

1924 Conjugation

1925 N-D i w16
110 isms of icity and igenicity ....... 16
L1 Genetic damage and related effects 16
112 Risk of izidi 17
1.13 Treatment .... 18
1.14 Retrorsine and human exposure 18
1.15 i 19
116 Objectives of this study 20
CHAPTER II:  MATERIALS AND METHODS 22
2.1 Samples 2
22 Treatment procedure 22
23 Methods 22

2.3.1  Isolation of RNA from liver tissues

232 Quantification and determination of quality of total RNA ...

2321 Q i ion of RNA ... 23

2322 Visualization of RNA preparations on 1.5% Agarose gels .....

2323 BIOARGIYZET ©oovoooivioiereieresesssiesses e 2
24 Mi experiment . 24
241  Sample ion and labeling 25




242  cRNA synthesis 25

243 Hybridization and washing 25
244 Microarray image scanning 26
245 Analysis of mi data 27
245.1 ization of mi data 27
2.5 Quantitative Real-Time PCR analysis (qPCR) 29
251 Preparing cDNA 29
25.1.1  First strand cDNA synthesis from total RNA ...
2512 T settings 30
2513 cDNA quantificati 30

252 Gene expression analysis using TagMan® Assays ..

2521  TaqMan Gene Exp Assay chemistry 31

2522 Performing PCR amplificati 32
25221  Assay optimizati 32

25222  Thermal cycling conditi 32

25223  qPCR analysis methods 33
252231  PCR reaction efficiency 33

252232 C i ificati 37

252233  Statistical analysis 38

CHAPTERIII:  RESULTS 40
3.1 RNA quality 40
32 Mi analysis 44
321 Principal Component Analysis (PCA) 44

\




322 Signi analysis

3221  ttest, P values

3.22.2  Volcano plot with a fold change

33 Genes associated with drug genes ...
34 Genes involved in iver abOMMAItES .. ... v..o. oo 48
3.5 Validation of di ial gene byq reverse iption p se chain

reaction (Real Time RT-PCR) 50
CHAPTERIV:  DISCUSSION 53
CHAPTERV:  CONCLUSION 59
LITERATURE CITED 60
Appendix A 74
Appendix B 75

Vil



LIST OF FIGURES

Figure 1-1: Structures of retrorsine (left) and retrorsine N-oxide (right)

Figure 1-2: Essential structures for hepatotoxicity

Figure 1-3: Metabolic pathway of 1,2-unsaturated PAs to toxic and non-toxic bases expression
value on the Y axis

Figure 2-1: Box Whisker plot, with the samples on the X-axis and the Log Normalized

Figure 2-2: The log2 raw intensity data of the six samples (Control 1,2, 3, and RST 4, 5, 6)
were plotted against each other

Figure 2-3: Standard curves with five points of each Gene Expression Assay (NQO-1, CCNG-1,
ABCBIB, Endogenous Control, and CYP2EI) obtained by real-time PCR (RT-PCR)

Figure 2-4: Amplification plots viewed with the Y Axis set to a log scale of five-fold dilution series of
each assays (Endogenous Control, ABCBIB, Cyclin GI, CYP2EI, NQOI). The optimal
setting for the threshold is the point where all the log plots are linear and parallel, as shown
in where the threshold is set here for each assay

Figure 2-5: Effect of retrorsine treatment of ( ABCBIB, Cyclin GI, CYP2EI, and NQOI) genes
expression and on Endogenous Control (ACTB) gene expression in liver tissues. Expression
differences are shown by ACt values

Figure 3-1: Quality of RNA Isolated from Rats liver Tissue

Figure 3-2: Electropherogram (from the Agilent 2100 Bioanalyzer) for Rats Control Total RNA

Figure 3-3: Electropherogram (from the Agilent 2100 Bioanalyzer) for Retrorsine —treated Rats

Figure 3-4: Principal Component Analysis (PCA) of gene expression profile for Control and
RTS-Treated groups

Figure 3-5: Volcano Plot (-log10 P-value vs. -log2 fold change)

Vi




Figure 3-6: Expression of genes related to phase II, IIl drug metablolizing ( CYP2EI, NQO1) and
Cyelin G1 gene

Figure 3-7: Expression of genes related to phase I drug metablolizing (ABCBIB) gene



LIST OF TABLES
Table 2-1: Purity and Integrity of RNA Isolated from RNA samples.
Table 2-2: Thermal cycler conditions of RNA-to-cDNA Reverse transcription.
Table 2-3: Purity and Integrity of cDNA yields from reverse transcription
‘Table 2-4: PCR reaction mix components
Table 2-5: StepOne™ system thermal cycling conditions

Table 3-1: Di i ion analysis report mentioning the Test

Table 3-2: The significant changes in gene expression related to phase I, 11, 11l drug metablolizing
genes

Table 3-3: Genes involved in carcinogenesis altered by retrorrsine treatment in liver

LIST OF ABBREVIATIONS



260............Absorption at 260 nm

260/280...... Ratio of absorption at 260 to 280

¢DNA........Complementary DNA
CT............Confidence threshold

DHP. 6,7-dihydro-7-hydroxy-1 SH-p
Go... .Gene ontology

mMRNA........Messenger RNA

NCBI.........National Center for biotechnology information

P45

.cytochrome P450
PA.......o..n. Pyrrolizidine Alkaloid

PCA..........Principle component analysis

...Polymerase Chain Reaction

....quantitative real time polymerization chain reaction

«..Ultraviolet

WHO.........World Health Organisation

Xl



GLOSSARY OF TERMS

260/230: ratio of sample absorbance at 260 and 230 nm. This is a secondary measure of nucleic acid

purity. The 260/230 values for “pure” nucleic acid are often higher than the respective 260/280 values.

They are commonly in the range of 1.8-2.2. If the ratio is appreciably lower, this may indicate the
presence of co-purified contaminants.

Assay ID: Identifier assigned by Applied Biosystems to TagMan® Gene Expression Assays and
TagMan® SNP Genotyping Assays.

Concentration: Concentration of the cRNA product. (ug/ul)

Endogenous control: This is an RNA or DNA that is present in each experimental sample as isolated.
By using an endogenous control as an active reference, you can normalize quantitation of a messenger
RNA (mRNA) target for differences in the amount of total RNA added to each reaction.

Exogenous control: This is a characterized RNA or DNA spiked into each sample at a known
concentration. An exogenous active reference is usually an in vitro construct that can be used as an
internal positive control (IPC) to distinguish true target negatives from PCR inhibition. An exogenous
reference can also be used to normalize for differences in efficiency of sample extraction or
complementary DNA (cDNA) synthesis by reverse transcriptase. Whether or not an active reference is
used, it is important to use a passive reference containing the dye ROX in order to normalize for non-
PCR-related fluctuations in fluorescence signal.

Gene Ontology (GO): is a controlled vocabulary to describe gene and gene product attributes of any
organism. The GO project is a collaborative effort to address the need for consistent descriptions of
gene products in different databases. The three organising principles of GO are molecular function,
biological process and cellular component.

Hepatectomy: Removal of the liver.
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p galy: The ion of abnormal hep: (the most common cell type) in the liver.
its genome.
ng/ul: sample concentration in ng/ul based on absorbance at 260 nm and the selected analysis constant.
See the “Concentration Calculation (Beer’s Law)™ in the appendix for more details on this calculation.
Reference: A passive or active signal used to normalize experimental results. Endogenous and
exogenous controls are examples of active references. Active reference means the signal is generated as
the result of PCR amplification. The active reference has its own set of primers and probe.
Standard: A sample of known concentration used to construct a standard curve.
T-test: T-test unpaired is chosen as a test of choice with a kind of experimental grouping shown in

Table 1. Upon completion of T-test the results are displayed as three tiled windows.

TagMan® reagents: PCR reaction components that consist of primers designed to amplify the target
and a TagMan® probe designed to detect amplification of the target.
Transgenic: An animal that carries a foreign gene that has been deliberately inserted into

Veno-occlusive disease: Blockage of the small veins in the liver, resulting in liver damage.
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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, Erechtites and other related genera worldwide
(ANZFA, 2001; Joseilson, et al., 2004; Kaleab, ef al., 2004; Smith and Culvenor, 1981). It is well
documented that the various PAs are hepatoxic through the function of 6,7-dihydro-7-hydroxy-1-
hydroxymethyl-SH-pyrrolizine (DHP) -derived DNA adduct formation (Jeffrey, ef al., 1991; Peter, et

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

of i pe PAs, i 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, ef al,, 2003; Zhe and Ji-Rong, 2010).

toxicity has histori been a signi problem ide. Thus, recent studies have

been i to study the igenicity and icity 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, er 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-1 SH. izine (DHP)-derived DNA adducts (Yan, ef 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, e al., 2005). Cytochrome P450

plays an essential key role in the ism of liver icity. The icity 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 (Schardl, er al, 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) or as 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, ef al., 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 ins 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 Crotalaria) (Dharmananda,
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

2




adverse effects to human health though exposure to these compounds as contaminants of grain, milk,
herbal teas, honey, and herbal medicines (Dale, 2006; John, ef al., 2002; Prakash, et 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

and ion 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 cating 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 istan 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, et
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 ecating 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, ef al., 1977; Mattocks, et
al., 1971). 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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