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ABSTRACT

The prevalence of hypertension and its associated co-morbidities is increasing in
Malaysia. This, despite the availability of modern antihypertensive drugs. Most of
these antihypertensive drugs are, however, also associated with side effects, which
may influence the patient compliance. There is therefore a need to develop new
antihypertensive medications with less or no side-effects to better manage
hypertension. Ficus deltoidea has recently attracted the attention of scientists for its
medicinal value. Although various parts of the Ficus Deltoidea plant have been used
for centuries in Malay traditional medicine, its effect on blood pressure, however,
remains unexplored. This study therefore investigated the blood pressure-lowering
effect of standardized ethanolic-water extract of leaves of Ficus deltoidea var
angustifolia (FD-A) in male spontaneously hypertensive rats (SHR). The mechanism
of its antihypertensive effect was also investigated. SHR, aged 12-14 weeks, were
given daily either 800 mg/kg or 1000 mg/kg of FD-A extract of leaves orally for 28
days. Blood pressure was measured weekly using tail-cuff plethysmography and urine
was collected using metabolic cages on days 0 and 29. Animals were euthanized on
day 29, and serum and tissue samples were collected. Serum and urinary electrolytes,
components of the renin-angiotensin-aldosterone-system in serum, serum ET-1, NO
and cyclo-oxygenase-2 (COX-2) concentrations, and total antioxidant status (TAC)
were measured. 'H-NMR-based metabolomics analysis was performed on the urine.
Gene expression analysis was performed on the tissue samples. Liver and kidney
functions as well as morphological features of kidney, aorta and liver were also
assessed. Compared to the control SHR, blood pressure was significantly lower in
FD-A treated rats. Both doses showed significant blood pressure-lowering effect as
evident from the area under the time versus response curve (AUC). This decrease was
comparable to those of Losartan, captopril and aliskerin. Serum concentration of
angiotensin [ was lower whereas that of ACE was higher in F'D-A treated rats. FD-A
treated rats had improved endothelial function as evidenced by lower serum
concentrations of ET-1 and eNOS when compared to that in the control SHR. ET-1
gene expression was significantly lower in FD-A treated SHR than that in control
group. FD-A treated rats had higher serum TAC compared to that in the control SHR
group. No significant differences were evident in serum COX-2 concentration and
serum and urinary electrolytes between FD-A treated and control SHR. However,
urinary calcium excretion was higher in FD-A4 treated rats. Urine metabolomics study
revealed significantly increased excretions of 23 metabolites involved in energy
metabolism and antioxidant action in F'D-A4 treated rats. Some of these metabolites
include hippurate, taurine, dimethylamine, homocysteine, allantoin, methylamine, n-
phenylacetylglycine, and guanidinoacetate. Gene expression of FOXO1 was lower
whereas the expression of GPx, SOD2 and uricase were significantly higher in the
kidney and liver of FD-A4 treated SHR when compared to those in the controls. There
were no evident toxic effects of FD-A on either the liver or the kidney. In conclusion,
ethanolic-water extract of leaves of FD-A significantly reduces blood pressure in
SHR. The actions of FD-A4 might involve increased TAC and a reduction in ET-1, the
latter perhaps reflecting improved endothelial function and redox status in FD-4
treated rats. These effects also seem to be associated with changes in several
metabolic pathways, including taurine and hypotaurine, glycine, serine and threonine,
alanine, aspartate and glutamate metabolisms, which require further investigations.

v



ACKNOWLEDGEMENT

In the name of Allah, the Most Gracious and the Most Merciful. Alhamdulillah, all
praises to Allah for the strength and His blessing that help me complete this thesis. I
take this opportunity to express my deepest gratitude to my supervisors, Professor Dr.
Harbindar Jeet Singh, Professor Dr. Nor Hadiani Ismail, Associate Professor Dr.
Nuraliza Abdul Satar and Dr. Effat Omar, for their guidance, invaluable constructive
criticism, friendly advice and support during the last five years.

I would like to express my appreciation to the Dean, Faculty of Medicine, Deputy
Dean (Postgraduate & Professional Training), lecturers and UiTM staff for their
assistance and support towards my postgraduate study. Indeed, their willingness in
sharing ideas, knowledge and skills is deeply appreciated. I am grateful to the
Ministry of Higher Education for providing me scholarship through MyPhD and
Ministry of Agriculture and Agro-based Industry for providing the research grant.
This piece of achievement is proudly dedicated to my parents, family, and friends.
Most importantly, none of this could have happened without the endless support and
encouragement from my family members especially my parents, Almarhum Mr.
Ahmad Kamal Ab Hamid and Mrs. Ramlah Hussin, my beloved wife Mrs. Salwani
Abd Ghani, and daughters, Hidayati Hanisah Mohd Saleh and Maisarah Mardhiyah
Mohd Saleh and my siblings. Always in my thoughts are my late parents-in-law,
Almarhum Mr. Abd Ghani Abdullah and Almarhum Mrs. Sharifah Rabiah Ismail for
being so kind and supportive to me. May Allah bless my late father and parents-in-law
until we meet again in Jannah, InshaAllah.

Finally, my special words of thanks should also go to the senior members of the AIG
research group including Dr. Damayanthi Durairajanayagam, Dr. Noor Azean Anis,
Dr. Norasikin, Dr. Fayez Almabhouh, and my labmates, Dr. Faizatul Isyraqiah, Dr.
Ifrah, Zurain, Maryam Jameelah, Amir Hafidz and Halimatul Saadiah for always
being so kind and helpful throughout my PhD journey. I must also thank Prof. Dr.
Khozirah Shaari, Dr. Ahmed Mediani, Mr. Salahaudin and Mr. Mohd Syukri for their
guidance in the NMR work. To those who indirectly contributed in this research, your

kindness means a lot to me. May Allah richly bless all of you, Thank you.



TABLE OF CONTENT

Page

CONFIRMATION BY PANEL OF EXAMINERS ii
AUTHOR’S DECLARATION iii
ABSTRACT iv
ACKNOWLEDGEMENT \4
TABLE OF CONTENT vi
LIST OF TABLES xiii
LIST OF FIGURES XV
LIST OF ABBREVIATIONS xviii
CHAPTER ONE INTRODUCTION 1
1.1 Research Background 1
1.2 Problem Statement 3
1.3 Research Questions 3
1.4 Hypotheses 4
1.5  Research Aims and Objectives 4
1.5.1 Aims 4

1.5.2 Objectives 4

1.6 Significance of Study 5
1.7 Scope and Limitation of Study 5
CHAPTER TWO LITERATURE REVIEW 6
2.1  Overview of Hypertension 6
2.1.1 Definition of Hypertension 6

2.1.2 Epidemiology of Hypertension 7

2.1.3 Types of Hypertension 9

2.1.4 Risk Factors of Hypertension 9

2.1.4.1 Age 10

2.1.4.2 Ethnicity 10

2.1.4.3 Family History 11

vi



