UNIVERSITI TEKNOLOGI MARA

UNRAVELLING THE
BIOCHEMISTRY AND METABOLIC
PROFILES OF
ACACIAHONEY IN
AMELIORATING STRESS-
DEPRESSION
BEHAVIOUR INVIVO

ANIS SYAMIMI BINTI MOHAMED

Thesis submitted in fulfillment
of the requirements for the degree of
Doctor of Philosophy
(Pharmacology)

Faculty of Pharmacy

May 2022



ABSTRACT

Malaysian Acacia honey has been widely explored for its chemical characteristics but
has received little attention in illness models. Our early investigation revealed that
Acacia honey (AH) might have the capacity to alleviate stress-induced depression in
rats. However, the mechanism remains unknown. Recent research on stress disorders
has established a relationship between the gut and mental health via the gut-brain axis.
Therefore, this study was conducted to elucidate the activity of AH in alleviating stress-
depression disorder through the gut-brain axis by using the chronic unpredictable mild
stress (CUMS) model to induce stress (S) in rats. AH undergoes a physicochemical and
rheological test before being subjected to the in vivo study. Forty-two (42) male
Sprague-Dawley rats were divided into seven groups [(1) normal control (NC), (2)
Acacia honey (AH), (3) amitriptyline (AMT), (4) S, (5) S+AH, (6) StAMT (positive
control), and (7) S+AH+AMT] were subjected to physical, sucrose preference and open
field tests before being sacrificed to obtain serum, blood, and organs (kidney, liver,
ileum, caecum and hypothalamus). Serum, blood and histopathological analysis were
performed, followed by protein expression (ELISA, Western blot, and
immunofluorescence), as well as metabolomics. Data were analysed using the unpaired
T-test or one-way/two-way ANOVA. The physicochemical and rheological tests
confirm the originality of the AH used in this study. Current findings have shown that
AH reduced the effect of CUMS-induced stress depression in rats by the increase in
bodyweight [S+AH (31.34 % * 1.88) versus the S group (28.60 % * 1.86), p < 0.05]
and the sucrose preference ratio [S+AH (83.67 % £ 1.20) versus the S group (44.33 %
+12.17), p < 0.05] while protecting against abnormal histopathological changes in the
liver and kidney, as well as the behavioural activities of stress rats. AH supplementation
has been shown to activate the NPY1 receptor (Neuropeptide Y1 receptor) to inhibit
CORT (corticosterone) and PYY (peptide YY), which inhibit satiety and neuronal
injury during stress in the hypothalamus, respectively. Subsequently, AH was shown to
reduce the level of AChE (acetylcholine esterase), cortisol, and C-FOS in the serum of
stressed rats. Apart from that, AH was shown to increase the NPY and AChE levels in
the ileum by an unknown receptor to improve appetite and decrease gut motility by
inhibiting ACh (acetylcholine). AH demonstrated that caecum activates the GLP1
(Glucagon-like peptide 1) receptor, leading to an increase of pro-BDNF. The protection
of AH is shown to inhibit the PKC that triggers C-FOS. AH was found to not be
involved in regulating COX-1 and COX-2 expression during stress in all organs. The
involvement in metabolic pathways such as tryptophan, arachidonic acid, taurine, and
hypotaurine, a carbon pool through folate, pentose, and glucuronate interconversions,
lysine degradation, tyrosine, and primary bile acid biosynthesis was revealed by data
from the serum metabolomes of stressed rats. The results demonstrated the activation
of NPY1, unknown, and GLP1 receptors during stress by AH by regulating various
proteins, hormones, and neurotransmitters in the hypothalamus, ileum, and caecum,
respectively. Furthermore, this study provides an insight into the AH mechanism in
reducing stress-depression disorder.



ACKNOWLEDGEMENT

Firstly, 1 wish to thank God for allowing me to embark on my PhD and complete this
long and challenging journey. My gratitude and thanks go to my supervisor Dr Zolkapli
Eshak and my co-supervisors, Professor Kalavathy Ramasamy, Associate Professor Dr.
Abdah Md Akim and Associate Professor Dr Mizaton Hazizul Hasan, for their support,
patience and ideas in assisting me with this project.

| want to express my gratitude to the staff of Pharmacology-Toxicology Lab and
Imaging Centre, Faculty of Pharmacy, for sharing their knowledge, assistance and
facilities.

This thesis is dedicated to my parents, Mohamed Mat Sin and Che Faridah Ismail, for
their unconditional love and support throughout my life. Finally, my appreciation goes
to my husband (Mohd Hafiz Abdul Manan), son (Muhammad Uwais) and daughters
(Aisyah Humaira & Aeman Aathirah), who continuously provides me with support and
patience.



TABLE OF CONTENTS

Page

CONFIRMATION BY PANEL OF EXAMINERS i
AUTHOR DECLARATION i
ABSTRACT iv
ACKNOWLEDGEMENT Vv
TABLE OF CONTENTS vi
LIST OF TABLES Xi
LIST OF FIGURES Xii
LIST OF SYMBOLS Xiv
LIST OF ABBREVIATIONS XV
CHAPTER ONE INTRODUCTION 1
1.1  Research Background 1
1.2 Problem Statement 3
1.3 Research Objectives 4

1.3.1 General Objective 4

1.3.2 Specific objectives 4
1.4  Hypothesis 4
1.5  Significance of The Study 5
CHAPTER TWO LITERATURE REVIEW 6
2.1  Stress-depression Disorder in Malaysia 6

2.1.1 Management of Stress-depression disorder 8

2.1.2 CUMS model Mimicking Stress-depression disorder in vivo Model 12

2.2  Stress-Depression Signalling 14
2.2.1 Stress-Depression Signalling and Its Receptors 14
2.2.2 Involvement of Other Downstream Proteins 16
2.2.3 Regulation by Neurotransmitters and Hormones 18
2.3 Honey and its Composition 19
2.3.1 Authentication of Honey 20

Vi



2.3.2 Honey and Its Biological activities 23

2.4 Mechanism of The Gut-Brain Axis 27
2.4.1 Neural Pathway 27

2.4.2 Enteroendocine Signalling 27

2.4.3 Serotonin and Tryptophan Metabolism 28

2.4.4 Immune Signalling 29

2.5  Stress-depression Disorder and Disease 30
CHAPTER THREE RESEARCH METHODOLOGY 32
3.1  Experimental Work Flow Chart 32
3.2  Chemicals and Reagents 33
3.3  Honey Collection and Storage 34
3.4  Pollen Analysis 34
3.5  Physicochemical Characteristics 35
3.5.1 Identification and Quantification of Sugar Using High-Performance

Liquid Chromatography (HPLC) 37

3.5.2 Texture Properties 38

3.5.3 Rheological Property 38

3.5.4 Determination of Antioxidant Properties 38

3.6 Invivo model 40
3.6.1 Housing and Husbandry of Rats 40

3.6.2 Stress-Depression Level in Rodent Model 40

3.6.3 Haematological (Full Blood Count) and Serum Biochemistry Analysis

43

3.6.4 Erythrocytes Haemolysis Assay 43

3.6.5 Histopathology of The Kidney and Liver 44

3.6.6 Metabolomics 44

3.6.7 Immunofluorescence 46

3.6.8 ELISA 46

3.6.9 Western blot 48

3.7 Statistical analysis 48

vii





