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Chairman: Tham Chau Ling, PhD  
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The worldwide prevalence of IgE-antigen-mediated allergic diseases, such as 
asthma and anaphylaxis, has increased dramatically over the past decades. 
Mast cells, which play a critical role in IgE-mediated allergy by contributing 
through its ability to release various proinflammatory mediators during 
degranulation. 2, 4, 6-trihydroxy-3-geranylacetophenone (tHGA), is an active 
compound originated from a local shrub known as Melicope ptelefolia. Previous 
studies demonstrated the potential therapeutic effects of tHGA in murine model 
of allergic airway inflammation. However, the underlying mechanism of the 
inhibitory effects of tHGA on mast cell degranulation remains unknown. 
Therefore, the current study aim is to investigate the in vitro and in vivo 
inhibitory effects of tHGA on IgE-mediated mast cell degranulation beside 
exploring its underlying mechanism. Three non-toxic concentrations of tHGA 
were used to investigate the cell morphology changes and selected key 
mediators release by DNP-IgE-sensitized RBL-2H3 cells during degranulation 
process. Apart from that, real time qPCR was used to study the effect of tHGA 
on gene expression of the mediators’ release. Calcium assay kit was used to 
determine whether tHGA affects the mast cell activation whereas Western 
blotting was employed to explore the inhibitory role of tHGA by studying the 
signaling molecules located along LAT and LAT2 axis signaling pathways. In 
order to justify the speculated molecular target of tHGA, siRNA was utilized to 
silence the gene of protein of interest. Finally, in vivo study was carried out to 
determine tHGA’s pharmaceutical effects in an animal model of anaphylaxis. 
For the results, pre-treatment of tHGA was able to preserve the cell 
morphology and actin microfilaments rearrangement challenged by DNP-BSA. 
This has led to a significant decrease in the release of both selected preformed 
and de novo synthesis mediators as well as the gene expression of mediators’ 
release. Within the signalling pathway during IgE-mediated mast cell activation, 
tHGA was shown to play a major inhibitory role in LAT-PLCγ-MAPK pathway, 
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which involves mainly the role of calcium ions. However, tHGA only plays a 
partial inhibition in the downstream of LAT2-PI3K pathway. Interestingly, the 
inhibition tHGA does not affect the activity of Syk tyrosine kinase molecule, 
which is responsible for the activation of both LAT and LAT2 pathways. This 
shows that the possible molecular target of tHGA in IgE-mediated mast cell 
degranulation might be the adapter transmembrane protein LAT. Apparently, 
LAT-deficient RBL-2H3 cells demonstrated that tHGA was unable to inhibit the 
IgE-mediated mast cell degranulation process, thus further justified the 
speculation that LAT is the possible molecular target of tHGA. Finally, tHGA is 
shown to be effective in the in vivo study where pre-treatment of tHGA was 
able to significantly decrease the serum mediators level while preserving the 
morphology of isolated peritoneal mast cells in DNP-BSA challenged Sprague 
Dawley rats by demonstrating less release of granules into the surrounding 
environment. As a conclusion, tHGA was shown to play a significant inhibitory 
effect in IgE-mediated mast cell degranulation both in in vitro and in vivo model. 
Specifically, tHGA targets the transmembrane LAT during the IgE-mediated 
mast cell activation.       
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Pengerusi: Tham Chau Ling, PhD 
Fakulti: Perubatan dan Sains Kesihatan 
 

Sejak dekad yang lalu, kelaziman penyakit alahan di seluruh dunia yang 
disebabkan oleh IgE / Antigen seperti asma dan anafilaksis telah meningkat 
secara mendadak. Sel mast memainkan peranan yang kritikal dalam penyakit 
alahan IgE melalui keupayaannya untuk menghasilkan pelbagai induksi 
keradangan ketika pengaktifannya. 2, 4, 6-trihydroxy-3-geranylacetophenone, 
atau dikenali sebagai tHGA, merupakan kompaun aktif yang berasal dari pokok 
renek tempatan iaitu tenggek burung. Kajian terdahulu menunjukkan bahawa 
tHGA mempunyai kesan terapeutik yang berpotensi dalam keradangan saluran 
udara yang berasaskan model haiwan. Tetapi, mekanisme asas yang 
menyebabkan kesan rencatan oleh tHGA dalam pengaktifan sel mast masih 
belum diterokai. Oleh itu, tujuan kajian semasa ini adalah untuk menyiasat 
kesan-kesan rencatan bagi tHGA dalam IgE pengaktifan sel mast dengan 
menggunakan model sel dan haiwan disamping menentukan peranannya 
dalam isyarat laluan. Tiga kepekatan tHGA yang tidak bertoksik telah 
digunakan untuk menyelidik perubahan morfologi sel serta penghasilan induksi 
keradangan yang terpilih oleh IgE-sensitasi sel-sel RBL-2H3 yang aktif. 
Disamping itu, teknik real time qPCR telah dugunakan untuk menggaji 
kerencatan tHGA terhadap gen induksi keradangan. Ujian kalsium juga telah 
dilaksanakan untuk menentukan sama ada tHGA menjejaskan penggerudian 
kalsium dalam sel semasa sel mast diaktifkan. Dari segi penentuan peranan 
penghalangan tHGA dalam lata isyarat sel, teknik Western blot telah digunakan 
untuk mengkaji ungkapan protein molekul isyarat yang terletak di sepanjang 
laluan isyarat LAT dan LAT2. Untuk menjustifikasikan hasil spekulasi molekul 
sasaran tHGA, Short interference RNA (siRNA) telah digunakan untuk tujuan 
menurunkan ungkapan gen protein yang dispekulasi. Akhirnya, bagi 
memastikan bahawa kesan perencatan tHGA dapat berfungsi dalam model 
haiwan, tHGA telah digunakan dalam model anafilaksis haiwan supaya kesan 
farmaseutikalnya dapat ditentukan. Dari segi keputusan eksperimen, 
perawatan awal tHGA dapat mengekalkan morfologi sel serta penyusunan 
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microfilamen-filamen actin yang diaktifkan oleh DNP-BSA. Ini menyebabkan 
pengurangan yang ketara dalam kesemua penghasilan induksi keradangan 
yang terpilih dan juga gen-gen yang berkaitan denganya. Dari segi isyarat 
laluan dalam proses pengaktifan sel mast, tHGA memainkan peranan 
kerencatan yang utama dalam isyarat LAT-PLCγ-MAPK yang terutamanya 
melibatkan ion-ion calcium. Akan tetapi, tHGA hanya memainkan peranan 
separa dalam kerencatan isyarat LAT2-PI3K yang merupakan laluan alternatif 
isyarat pengaktifan. Apa yang menarik adalah tHGA tidak memainkan 
peranannya dalam perencatan aktiviti molekul Syk tyrosine kinase yang 
bertanggungjawab mengaktifkan laluan isyarat LAT dan LAT2. Ini 
membuktikan bahawa kemungkinan besar sasaran molekul bagi tHGA dalam 
isyarat lata huluan IgE-pengaktifan sel mast merupakan transmembran LAT. 
Justifikasi telah dibuktikan di mana IgE-sensitasi sel-sel RBL-2H3 yang telah 
didedahkan dengan siRNA LAT masih menghasilkan induksi-induksi 
keradangan yang ketara walaupun telah dirawat awal oleh tHGA. Dari segi 
kajian haiwan, hasil-hasil keputusan daripada rawatan awal tHGA terhadap 
tikus-tikus Sprague Dawley yang didedahkan dengan DNP-BSA menujukkan 
tahap mediator dalam serum darah telah menurun secara ketara. Bukan 
sahaja itu, hasil pemeriksaan mikroskop bagi sel-sel mast peritoneal yang 
terpencil menunjukan bahawa tHGA dapat mengekalkan morfologi sel 
walaupun telah diaktifkan disamping mengurangkan pelepasan granul-granul 
dalam sel ke sekeliling luar. Kesimpulannya, tHGA dibukti dapat memainkan 
peranan yang ketara dalam perencatan IgE-pengaktifan sel mast scara in vitro 
dan in vivo. Secara khususnya, sasaran perencatan tHGA dalam proses 
pengaktifan sel mast adalah transmembran LAT. 
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CHAPTER 1 

 

INTRODUCTION 

 

Allergies are a number of reactions caused by hypersensitivity of the immune 
system to innocuous antigens in the environment that are normally harmless 
and cause minute problems in most people. The exposure of atopic individuals 
to potential allergens such as dust, mites, and pollen might lead to tissue 
damage and undesirable allergic reactions including allergic asthma, food 
allergies, atopic dermatitis, and anaphylaxis (Bieber et al., 2013; Fiocchi et al., 
2013; Richard et al., 2013; Stephen et al., 2013). The prevalence of allergic 
diseases worldwide is rising dramatically in both developed and developing 
countries (Pawankar et al, 2013). This increase is especially problematic in 
children, who are bearing the greatest burden of this rising trend over the last 
two decades (Pawankar et al, 2013). The pathogenesis behind allergic 
diseases is complex and until now, is still not fully understood. However, there 
are increasing evidences that mast cells (MCs) play a crucial role in Type I 
allergy, as well as in innate and adaptive immune responses (Harvima et al., 
2014). 

 

Mast cells are known as critical participants in various biologic allergic disease 
processes (Bruhns et al., 2005; Plaut et al., 1989). They originate in the bone 
marrow from a lineage-specific multipotent hematopoietic progenitor after 
which they migrate to tissues and mature into effector cells in the proximity of 
organs and blood vessels (Gri et al., 2012; Migalovich-Sheikhet et al., 2012). 
These cells express receptors on their surface membranes that have high 
affinity and specificity for IgE (Wang et al., 2012). Interactions between 
multivalent antigens and surface-bound IgE will cause FcεRI aggregation, 
resulting in mast cell activation and release of various proinflammatory 
mediators (Wang et al., 2012). These released mediators will result in 
vasodilatation, bronchoconstriction, and other inflammatory responses (Sakai 
et al, 2010). Therefore, mast cell activation is widely recognised as a critical 
event in many IgE-mediated immune responses including allergic asthma, 
allergic rhinitis, atopic dermatitis, and anaphylaxis (Galli and Tsai, 2012; 
Sheinkopf et al., 2008; Holgate et al., 2005). 

 

As mast cell degranulation is an important pathophysiological feature of allergic 
diseases in the initiation of immediate responses following exposure to 
allergens (Locksley, 2010), the activation of mast cells by antigens has been 
reported as strictly dependent on the influx of extracellular calcium, in which a 
complex interaction between signaling molecules and various pathways located 
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within the cells is involved (Sanchez-Miranda et al., 2010; Shumilina et al., 
2008). Mast cell activation in allergic reactions is regulated by the aggregation 
of FcεRI, which immediately releases chemical mediators such as histamine 
and proteases in the early phase, as well as newly synthesised inflammatory 
mediators including prostaglandins, leukotrienes, and other proinflammatory 
cytokines in the late phase of allergic reactions (Yamaguchi et al., 1999). 
Although during mast cell activation, the immediate receptor-proximal signalling 
events seem common in the release of all categories of mediators, the 
receptor-distal signalling events must diverge to regulate the different 
mechanisms by which these mediators are released (Gilfillan and Tkaczyk, 
2006).  

 

Many prescription medicines commonly used for the treatment of allergies such 
as glucocorticoids, ketotifen, and cromolyn have been shown to have inhibitory 
effects on mast cell degranulation and mediator release. However, in patients 
with allergy, as in those with many other diseases, several different cell types 
are involved in causing symptoms, and therefore a number of potential targets 
exist (Harvima et al., 2014). The problem of selectivity and attempting to hit 
multiple targets simultaneously increases potential side effects and adverse 
drug reactions (Harvima et al., 2014). Therefore, considerable progress has 
been made in the last decade to explore new possibilities for treating allergic 
diseases, specifically by targeting MCs. 

 

Currently, anti-histamine drugs and steroids remain the mainstay of therapies 
to combat allergic diseases (Kaliner, 2009). Apart from that, small-molecule 
inhibitors that target leukotrienes (zileuton and pranlukast) or histamine 
receptors (clemastine and loratadine) are also being used to treat allergic 
diseases, although adverse effects such as cardiac toxicity and angioedema 
have occasionally been reported (Van Hoecke et al., 2007). There are also 
drugs that prevent mediator release from activated mast cells, also known as 
mast cell stabilisers, such as cromolyn sodium and ketotifen fumarate (Finn 
and Walsh, 2013). However, these treatments cause unwanted side effects 
such as drowsiness, upset stomach, chest congestion, and dry mouth 
(Oppenheimer and Casale, 2002). As such, many researchers are now shifting 
their attention towards natural compounds or other traditional medicinal herbs 
to control immune responses and combat allergic reactions with less side 
effects (Tang et al, 2015; Chung et al, 2013). A diverse range of mast cell 
stabilising compounds have been identified from natural sources in the last 
decade, and are currently under clinical trial (Nugroho et al., 2009; Mazuc et al. 
2008; D’Cruz and Uckun, 2007; Altounyan, 1967). Although in many cases, the 
precise mode of action of these molecules is unclear, all of these substances 
have demonstrated mast cell stabilisation activity and therefore may have 
potential therapeutic use in the treatment of allergic and related diseases 
where mast cells are intrinsically involved (Finn and Walsh, 2013). 
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2, 4, 6-trihydroxy-3-geranylacetophenone (tHGA) is an active compound that 
can be found in a local shrub namely Melicope ptelefolia (Abas et al., 2006). 
Due to its exceptional antipyretic, analgesic, and anti-inflammatory activities, M. 
ptelefolia has been traditionally used for treating a wide range of diseases 
including eczema and dermatitis (Shaari et al., 2006; Van et al., 1998). tHGA is 
also shown to exhibit anti-inflammatory activity through LOX/COX inhibition 
(Shaari et al., 2011). Recently, it has been reported that this compound can be 
synthesised in the laboratory for which its anti-inflammatory effects in a murine 
model of allergic asthma was demonstrated (Ismail et al., 2012). In addition, 
previous findings confirm the effects of tHGA in reducing airway 
hyperresponsiveness, eosinophilia, goblet cell hyperplasia, inflammatory cell 
infiltration, cysteinyl leukotriene, and Th2-associated cytokines (IL-4, IL-5 and 
IL-13) synthesis (Lee et al., 2017; Ismail et al., 2012). However, there have 
been been no attempts as yet to relate the anti-inflammatory and anti-asthmatic 
effects of tHGA with mast cell degranulation. 

 

 

Figure 1: Molecular structure of tHGA 

 

Since previous studies have shown that tHGA is able to suppress the 
production of many of these cytokines and mediators in murine models of 
allergic asthma, it is hypothesised that tHGA may exert its anti-inflammatory 
and anti-allergic properties via inhibition of IgE-mediated mast cell 
degranulation. Therefore, this study is designed to explore the potential 
inhibitory effects of tHGA in in vitro and in vivo models of IgE-mediated mast 
cell degranulation. Apart from that, the mechanism of action underlying its 
inhibitory action within the signaling cascade during mast cell activation is also 
studied in order to identify the possible molecular target of tHGA. 
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1.1. General objective 

 

To determine the in vitro and in vivo inhibitory effects of tHGA on IgE-mediated 
mast cell degranulation. 

 

1.2. Specific objectives 

 

i. To determine the effects of tHGA on the morphology of mast cells and the 
production of mast cell related proinflammatory mediators using in vitro 
model of IgE-mediated mast cell degranulation. 

 

ii. To dissect the mechanism of action underlying the mast cell stabilizing 
effects of tHGA using in vitro model of IgE-mediated mast cell 
degranulation. 

 

iii. To identify the potential molecular target(s) associated with the mast cell 
stabilizing effects of tHGA using in vitro model of IgE-mediated mast cell 
degranulation. 

 

iv. To determine the effects of tHGA on the morphology of mast cells and the 
production of mast cell related mediators using in vivo model of IgE-
mediated mast cell degranulation. 
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1.3.  Hypotheses 

 

i. tHGA is able to inhibit IgE-mediated mast cell degranulation in an in vitro 
model by stabilizing the mast cell morphology and attenuates the release 
of mast cell related proinflammatory mediators. 

 

ii. tHGA is able to play a vital part in the inhibition of protein molecules within 
the signalling pathways, including the LAT-PLCγ-MAPK and LAT2-PI3K 
axis pathways, during IgE-mediated mast cell activation. 

 

iii. The possible molecular target of inhibition for tHGA in IgE-mediated mast 
cell degranulation is located on the upstream signalling cascade. 

 

iv. tHGA is able to inhibit IgE-mediated mast cell degranulation in an in vivo 
model of allergic diseases by preserving the peritoneal mast cell structure 
and attenuates the release of proinflammatory mediators in the blood sera. 

 

1.4. Limitation of study 

 

i. The mast cell stabilizer included in this study, ketotifen fumarate, was not 
intentionally used to do comparison with the effects of tHGA, but rather as 
an experimental control group to ensure that there is an intended inhibitory 
effect on all the experimental designs throughout this study. 

 
ii. The ketotifen fumarate’s concentration (300 µM) and dose (1 mg/kg) 

selection for the respective in vitro and in vivo study were based on 
previous reported studies (Wang et al., 2012; Singh et al., 2012).   
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Figure 2: Overview of experimental works on chapter 3 to chapter 6 
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