TABLE OF CONTENTS

Declaration

Acknowledgements

Conference attendance and presentations

Abstract

Abbreviations

Tables

Figures

1. Introduction

1.1. Epidemiology of cardiac hypertrophy and failure

1.2. Normal cardiac metabolism

1.2.1. Regulation of cardiac metabolism by AMP-activated protein kinase

1.2.2. Transcriptional regulation of fatty acid metabolism

1.3. Cardiac metabolism in L\VVH and heart failure

1.4. Neurohormonal activation in heart failure

PAGE NO

Vi

12

14



1.5. Hypothesis

1.6. Study objectives

2. Materials and Methods
2.1. Materials

2.2. Methods

2.2.1. Ethical approval

2.2.2. Preparations
a) Isoproterenol preparation
b) Gelatine cubes preparation

c) Anaesthetic preparation

2.2.3. Animal model and experimental protocol

2.2.4. Metabolic substrate measurements

2.2.5. Echocardiography

2.2.6. Tissue measurements

2.2.7. mRNA extraction, cDNA synthesis and quantitative RT-PCR

a) MRNA extraction

b) cDNA synthesis and quantitative RT-PCR

2.2.8. Electron transmission microscopy

2.2.9. Statistical analysis

17

17

20

21

21

21

21

21

22

22

23

26

27

29

29

30

31

33



3. Results

3.1. Body mass, visceral fat mass and tibial length

3.2. Fenofibrate prevents isoproterenol-induced lowering of blood triglycerides

3.3. Fenofibrate delays the onset of isoproterenol-induced left ventricular hypertrophy

3.4. Fenofibrate prevents isoproterenol-induced LV systolic chamber dysfunction

3.5. Cardiac mRNA expression of metabolic regulation genes

3.5.1. Increased AMPKa;, gene expression following co-administration of

isoproterenol and fenofibrate

3.5.2. Downregulation of PPARa and PGC-1a gene expressions following

co-administration of isoproterenol and fenofibrate

3.5.3. Fenofibrate administration preserves the mRNA expression of TFAM

3.6. Mitochondrial analysis

3.6.1. No evidence of mitochondrial biogenesis following administration of

isoproterenol and fenofibrate

3.6.2. Fenofibrate prevents isoproterenol-induced mitochondrial pathology

3.7. Correlations between gene expression and cardiac function

34

38

41

41

42

48

50

50

50

51



4. Discussion

4.1. Main outcomes of the study 56
4.2. Fenofibrate prevents isoproterenol-induced LVH and LV systolic dysfunction 57

4.3. Fenofibrate preserves mitochondrial integrity against isoproterenol-induced damage 60

4.4. Fenofibrate may protect against isoproterenol cardiac damage via metabolic 63
remodeling
4.5. The role of AMPKay in fenofibrate-induced cardioprotection 67

5. Conclusion

5.1. Summary and conclusions 70
5.2. Limitations and future studies 70
6. References 73

7. Appendices 106



DECLARATION

I, Tlangelani Maswanganyi, hereby declare that this dissertation is my own work (except
where acknowledgements indicate otherwise). It is being submitted for the degree of Master
of Science in Medicine in the University of the Witwatersrand, Johannesburg. It has not been

submitted before for any degree or examination at this or any other University.

Mr Tlangelani Maswanganyi

Signed at.......c.ooeii it this.............. day of.................. 2010

Dr Siyanda Makaula (SUPEIVISOI) ... e eis s e ce et et e e e e et e e e e et a e eeaes

SIgNed At ..o this....... dayof .....cccvviinnn. 2010

Dr Richard Brooksbank (CO-SUPEIVISOI) ... ...ueie s e e e e ee e e ete e e e

Signed at.......coie i this....... dayof ..........eeie. 2010



ACKNOWLEDGEMENTS

I would like to thank Dr Siyanda Makaula for his passionate scientific guidance and constant
supervision, 1 am especially grateful for the continued support with the writing of this
dissertation. To Dr Richard Brooksbank, thank you for guidance with the writing of the

dissertation and molecular aspects of experimentation.

I would also like to thank Mr Ernest Somya, Mr Phikolomzi Mgandela, Ms Keneilwe
Peloakgosi, Ms Margaret Badenhorst, Mrs Pam Sharpe and the staff at the University of the
Witwatersrand Central Animal Services for their technical assistance. The study was funded
by a Carnegie Large Research grant and National Research Foundation research grant

obtained by Dr Siyanda Makaula.

I also thank Dr Tobias Chirwa from the School of Public Health at the University of the

Witwatersrand for his advice on statistical analysis.



CONFERENCE ATTENDANCE AND PRESENTATIONS

The following is a list of presentations offered in support of this dissertation.

T Maswanganyi, R Brooksbank, P Mgandela, AJ Woodiwiss, GN Norton, S Makaula.

Fenofibrate prevents cardiac pump dysfunction in the isoproterenol model of cardiac
hypertrophy. SA Heart Congress. Wild Coast Sun, South Africa (2008). Oral presentation. 2-

6 November 2008.

T Maswanganyi, R Brooksbank, P Mgandela, AJ Woodiwiss, GN Norton, S Makaula.

Fenofibrate prevents isoproterenol-induced left ventricular hypertrophy and pump
dysfunction: the role of metabolic gene regulation. University of the Witwatersrand
Postgraduate Symposium. Johannesburg, South Africa (2008). Oral presentation. 7-8

November 2008.

T Maswanganyi, R Brooksbank, P Mgandela, AJ Woodiwiss, GN Norton, S Makaula.

Fenofibrate prevents isoproterenol-induced cardiac pump dysfunction: the role of
mithochondrial gene regulation. Congress of the Physiology Society of Southern Africa
(PSSA). University of Pretoria, South Africa (2008). Oral presentation. 16-19 September

2008.

T Maswanganyi, R Brooksbank, P Mgandela, AJ Woodiwiss, GN Norton, S Makaula.

Fenofibrate prevents cardiac pump dysfunction in the isoproterenol model of heart failure.
University of the Witwatersrand, Faculty of Health Sciences Research Day. Johannesburg,

South Africa (2008). Poster presentation. 20 August 2008.



ABSTRACT

The role of metabolic remodelling in heart failure is not fully understood, significant
evidence has accumulated to suggest that it may be central to the development of left
ventricular (LV) remodelling and LV dysfunction. Heart failure is also characterized by
sustained neurohumoral activation. We have previously demonstrated that chronic low dose
administration of isoproterenol contributes to cardiac structural and functional changes,
however, little is known about metabolic and mitochondrial changes that may accompany the
development of isoproterenol-mediated heart failure. In the current study, we hypothesised
that metabolic dysregulation and loss of mitochondrial integrity mediates left ventricular
hypertrophy (LVH) and left ventricular (LV) systolic dysfunction in the isoproterenol model
of heart failure. Furthermore, modulation of expression of key metabolic genes and
mitochondrial transcription factors by fenofibrate, a peroxisome proliferator-activated

receptor alpha (PPAR«) agonist, will preserve left ventricular function.

To achieve this, male Sprague-Dawley rats weighing between 250-300g were injected with
low dose isoproterenol (0.04 mg.kg™.day™) and/or administered with fenofibrate (100 mg.kg
day™) for five weeks. Thereafter, metabolic substrates such as glucose, FFAs and TG
concentrations were obtained. Left ventricular hypertrophy (LVH) and cardiac function were
assessed using echocardiography. Expressions of metabolic and mitochondrial genes such as
PPARa, AMP-activated protein kinase alpha 2 (AMPKay), PPARYy coactivator-1 (PGC-1a),
mitochondrial transcription factor (TFAM) and nuclear respiratory factor-1 (NRF-1) were
determined using real-time polymerase chain reaction. Mitochondrial integrity was assessed

using transmission electron microscopy.

Administration of isoproterenol significantly increased left ventricular mass (LVM) and

decreased endocardial fractional shortening (FSeng); isoproterenol also induced myofibrillar



derangement, mitochondrial derangement and cristae disruption. Fenofibrate prevented
isoproterenol-induced increase in LVM and improved FSe,q. Fenofibrate co-administration
prevented loss of mitochondrial integrity possibly via TFAM. Furthermore, fenofibrate may
have induced metabolic remodelling via upregulation of AMPKoa, and downregulation of

cardiac PPARa and PGC-1a.

Therefore our data suggests that fenofibrate-mediated cardioprotection against isoproterenol-
induced LVH and LV systolic dysfunction was accompanied by metabolic switching and
preservation of mitochondrial integrity. While isoproterenol did not induce any changes in
metabolic genes, fenofibrate-mediated cardioprotection could have been through changes in

metabolic genes.
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