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The prevalence of neurodegenerative diseases affecting the worldwide population is 

showing an elevating trend over the last two decades. Chronic neuroinflammation 

has been proven to contribute to the pathogenesis of these diseases and over-

activated microglial cells as well as the inflammatory mediators produced play a 

crucial role in sustaining the progression of neuroinflammation. In the anti-

inflammatory approach, non-steroidal anti-inflammatory drugs (NSAIDs) are among 

the therapeutic choices and are anticipated to be useful drugs in treating 

neuroinflammation. Unfortunately, NSAIDs-associated adverse effects had 

hampered the long term usage of these drugs and thus prompted the investigations 

for discovering innovative therapeutics for neurodegenerative diseases. Previously, 

cardamonin isolated from Alpinia rafflesiana was shown to possess promising anti-

inflammatory property in macrophages and hence potential to be used as a 

therapeutic agent for various inflammatory diseases. However, the mechanism of 

action and molecular basis of cardamonin on microglial cells, which are the central 
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nervous system (CNS)-specific macrophages, still remains unknown. Hence, the 

main objectives of this study were to investigate the effects of cardamonin on 

microglial inflammatory responses as well as its mechanism of action in cellular 

model of neuroinflammation.  

 

In this study, effects of cardamonin on nitric oxide (NO) production in recombinant 

mouse interferon- (IFN-) and Escherichia coli lipopolysaccharide (LPS)-stimulated 

microglial cell line (BV2) were evaluated using Griess assay while immunoassays 

were used for determination of prostaglandin E2 (PGE2), tumour necrosis factor-α 

(TNF-α), interleukin-1β (IL-1β) and interleukin-6 (IL-6) secretion. To decipher the 

mechanism in which cardamonin possibly regulates microglia, effects of cardamonin 

on inducible nitric oxide synthase (iNOS) and cyclooxygenases (COX) protein 

expression as well as the gene expression of TNF-α, IL-1β and IL-6 were 

determined. In order to understand the effects of cardamonin on cell signal 

transduction, NF-κB DNA binding activity as well as cell surface expression of 

cluster of differentiation 14 (CD14) and toll-like receptor 4 (TLR4) of cardamonin-

treated BV2 cells were investigated.  

 

Results obtained demonstrated that cardamonin inhibited NO and PGE2 production in 

IFN-γ/LPS-stimulated BV2 cells dose-dependently, with IC50 values of 27.45 ± 0.46 

µM and 2.52 ± 0.12 µM, respectively. This inhibitory effect was contributed by the 

suppression of cardamonin on the protein expression of iNOS and COX-2, 

respectively, without affecting COX-1 protein expression. Besides, cardamonin also 

reduced the production of TNF-α, IL-1β and IL-6 with the IC50 values of 40.02 ± 

4.01 M, 5.25 ± 0.85 M and 13.36 ± 1.52 M, respectively as well as inhibited the 
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gene expression of these three cytokines. The results further verified the interruption 

of cardamonin on NF-κB signalling pathway by attenuation of NF-κB DNA binding 

activity. Interestingly, cardamonin was found to demonstrate suppressive effect on 

the cell surface expression of CD14 in IFN-γ/LPS-stimulated BV2 cells as well.  

 

In conclusion, these experimental data have provided mechanistic insights for the 

anti-inflammatory actions of cardamonin on BV2 cells via suppression of CD14 

signalling followed by interruption of NF-κB activation. With these results, it could 

be projected that by limiting the inflammatory responses of microglia, the tissue 

injury and neuron death associated with neuroinflammatory diseases may be lessened 

by cardamonin. Thus, cardamonin could be a potential lead compound for 

developing anti-inflammatory drugs for neuroinflammatory diseases.  
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Kelaziman penyakit kemerosotan sistem saraf yang mempengaruhi populasi sedunia 

menunjukkan peningkatan sejak dua dekad yang lepas. Keradangan sistem saraf 

kronik telah dibuktikan menyumbang kepada patogenesis penyakit ini. Sel mikroglia 

yang terlampau aktif dan penghasilan bahan perantaraan keradangan memainkan 

peranan yang kritikal dalam keradangan sistem saraf yang berterusan. Ubat anti-

keradangan tanpa steroid merupakan antara pilihan rawatan dan dijangka berguna 

untuk merawat keradangan sistem saraf. Malangnya, kesan sampingan yang 

melibatkan penggunaan ubat anti-keradangan tanpa steroid ini telah menghalang 

penggunaan jangka masa panjang ubat ini dan menggesa penyelidikan ke arah 

penemuan rawatan inovatif untuk penyakit kemerosotan sistem saraf. Sebelum ini, 

cardamonin yang dipencilkan daripada Alpinia rafflesiana telah dibuktikan memiliki 

kesan anti-keradangan pada sel makrofaj dan dengan ini berpotensi untuk dijadikan 

sebagai ejen terapeutik untuk pelbagai penyakit keradangan. Walau bagaimanapun, 

mekanisme tindak balas dan asas molekul cardamonin pada sel mikroglia yang 
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merupakan makrofaj spesifik dalam sistem saraf pusat, masih tidak diketahui lagi. 

Oleh itu, objektif utama kajian ini adalah untuk mengkaji kesan cardamonin pada 

tindak balas keradangan mikroglia dan mekanisme tindak balasnya dalam model 

selular keradangan sistem saraf.  

 

Dalam kajian ini, kesan cardamonin pada penghasilan nitrik oksida (NO) dalam sel 

mikroglia (BV2) yang dirangsang dengan interferon-γ (IFN-γ) dan LPS Escherichia 

coli telah dinilai menggunakan ujian Griess manakala ujian imuno digunakan untuk 

menentukan perembesan PGE2, TNF-α, IL-1β dan IL-6. Untuk mentafsir mekanisme 

yang mungkin digunakan oleh cardamonin untuk mengawal atur mikroglia, kesan 

cardamonin ke atas ekspresi protein iNOS yang boleh diaruh dan COX serta ekspresi 

gen TNF-α, IL-1β dan IL-6 telah dikenal pasti. Untuk memahami kesan cardamonin 

pada transduksi isyarat, percantuman NF-κB DNA serta ekspresi CD14 dan TLR4 

pada permukaan sel mikroglia BV2 telah dikaji.  

 

Daripada kajian yang telah dijalankan, didapati cardamonin merencat pengeluaran 

NO dan PGE2 dari sel BV2 yang dirangsang dengan IFN-γ/LPS dengan nilai IC50 

27.45 ± 0.46 µM and 2.52 ± 0.12 µM, masing-masing. Kesan perencatan ini adalah 

disebabkan oleh kesan perencatan ekspresi protein iNOS dan COX-2, tanpa 

mempengaruhi ekspresi protein COX-1. Selain itu, cardamonin juga mengurangkan 

penghasilan TNF-α, IL-1β dan IL-6 masing-masing dengan nilai IC50 40.02 ± 4.01 

M, 5.25 ± 0.85 M and 13.36 ± 1.52 M, disertai dengan perencatan ekspresi gen 

ketiga-tiga sitokin ini. Kajian ini mengesahkan kesan perencatan cardamonin ke atas 

transduksi isyarat NF-κB dengan merencatkan percantuman NF-κB dan DNA. Lebih 



vii 
 

menarik lagi, cardamonin juga dapat merencatkan ekspresi CD14 pada permukaan 

sel BV2 yang dirangsang dengan IFN-γ/LPS.   

 

Kesimpulannya, kajian ini telah memberikan kefahaman mekanisma anti-keradangan 

cardamonin pada sel BV2 melalui perencatan isyarat CD14 diikuti dengan 

perencatan pengaktifan NF-κB. Dengan penemuan ini, malah boleh ditunjukkan 

bahawa, dengan mengehadkan tindak balas keradangan mikroglia, kecederaan tisu 

dan kematian neuron berkaitan dengan penyakit keradangan sistem saraf dapat 

dikurangkan dengan cardamonin. Oleh itu, cardamonin berpotensi untuk dijadikan 

sebagai bahan sebatian kimia utama bagi penemuan dadah anti-keradangan untuk 

penyakit keradangan sistem saraf.  
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CHAPTER 1 

INTRODUCTION 

 

Advancement in medical and pharmacological development had triumphantly 

increased the average life span of human population globally. However, parallel with 

this increment in life expectancy, more people are living long enough to suffer from 

age-related loss of function and disease including neurodegenerative disorders, such 

as Alzheimer’s disease (AD), Parkinson’s disease (PD) and amyotrophic lateral 

sclerosis (Matteo and Esposito, 2003). Apart from aging, genetic and environmental 

factors are other important causative agents for neurodegenerative diseases namely, 

Huntington’s disease (HD) (Roos, 2010) and multiple sclerosis (MS) (Hemmer et al., 

2006). To date, an ideal therapy without long term debilitating side effects for these 

neurodegenerative diseases is still under the pursue of neuroscientists due to the 

diverse etiology of the disorders. Fortunately, despite the multiple risk factors for the 

pathogenesis of these central nervous system (CNS) degenerating disorders, a 

handful of evidences have identified chronic neuroinflammation as the convergence 

point of the disease pathologies as reviewed by Tansey and Goldberg (2010), Frank-

Cannon et al. (2009) as well as Block and Hong (2005).  

 

In the course of chronic neuroinflammation, microglia which is the resident immune 

cell of the CNS, plays a crucial role. Unlike the activated microglia found in acute 

neuroinflammation which are neuroprotective, this prolonged, over-activation of 

microglia results in the release of a myriad of inflammatory mediators which are 

neurotoxic (Tambuyzer et al., 2009; Block and Hong, 2005; Aloisi, 2001). Nitric 

oxide (NO) is a free radical produced by inducible nitric oxide synthase (iNOS) and 
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it is prominently expressed in activated microglia in response to immunologic 

challenges such as lipopolysaccharide (LPS), interferon-γ (IFN-γ), tumour necrosis 

factor-α (TNF-α) and interleukin (IL)-1β (Vincent, 1994; Nathan, 1992). NO 

produced as well as its derivatives including reactive nitrogen oxides and superoxide 

anions could mediate neurotoxicity and contribute to the progression of 

neurodegenerative diseases such as in AD (Liu et al., 2002) and PD (Iravani et al., 

2001). 

 

In addition to iNOS, cyclooxygenase-2 (COX-2) is another inducible protein in 

which its expression is highly elevated in activated microglia. Following the 

increased expression of COX-2, a surge is observed in the production of 

prostaglandin E2 (PGE2), which is the main inflammatory product of this protein 

(Minghetti and Levi, 1998). Along with microglial over-activation, a variety of 

inflammatory cytokines namely TNF-α, IL-1β and IL-6 are being secreted in large 

amount as well (McCarty, 2006; Owens et al., 2005). These inflammatory mediators 

work in concert to exacerbate the chronically sustained, unmitigated inflammatory 

episodes in the CNS and eventually contribute to the degenerative insults (Hensley, 

2010). Hence, by reducing the expression of these mediators, their detrimental 

effects contributing to neuronal cell death could be largely eliminated.   

 

Ever since the involvement of neuroinflammation in the pathogenesis of 

neurodegenerative disorders had been unraveled, research on non-steroidal anti-

inflammatory drugs (NSAIDs) had developed and the neuroprotective effect resulted 

from the suppression of inflammatory responses shown by long term NSAIDs use 

were observed in several neurodegenerative disease models such as AD (Dokmeci, 
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2004; Halliday et al., 2000; Beard et al., 1998; Andersen et al., 1995) and PD 

(Becker et al., 2011). Unfortunately, adverse effects including gastrointestinal 

complications (Beppu et al., 2011; Bidaut-Russell and Gabriel; 2001; Buttgereit et 

al., 2001), cardiovascular risks (Krotz and Struthmann, 2010; Motsko et al., 2006) 

and nephrotoxicity (Harirforoosh and Jamali, 2009) which occurred following the 

consumption of NSAIDs had hampered the long-term usage of these drugs. As a 

consequence, the discovery of alternative anti-inflammatory drugs or treatments is of 

utmost importance. 

 

On the natural end of the treatment spectrum, a wide variety of phytochemicals 

possessing anti-inflammatory property are potential compounds for developing anti-

inflammatory drugs in treating neuroinflammation (Lu et al., 2010; Ha et al., 2008; 

Hwang et al., 2008; Lim et al., 2008; Jung et al., 2007; Moon et al., 2007). 

Cardamonin isolated from Alpinia rafflesiana is one of the naturally occurring 

chalcone which showed promising anti-inflammatory effects on macrophages 

(Syahida et al., 2006) through the inhibition of nuclear factor-kappa B (NF-κB) 

signalling pathway (Israf et al., 2007). 

 

In this study, the effects of cardamonin on chronic neuroinflammatory responses and 

the possible mechanisms of action were explored and elucidated by using a cellular 

model of neuroinflammation. First, murine microglial cell line (BV2) were 

stimulated with recombinant mouse interferon- (IFN-) and Escherichia coli 

lipopolysaccharide (LPS), followed by cardamonin treatment. The effects of 

cardamonin on IFN-/LPS-stimulated BV2 cells were then determined by various 

downstream experiments, including assaying inflammatory mediators (NO, PGE2 
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and cytokines) production, iNOS and COX protein production, cytokines gene 

expression, NF-κB DNA binding activity as well as cell surface expression of cluster 

of differentiation 14 (CD14) and toll-like receptor 4 (TLR4).  

 

The hypothesis of this study states that cardamonin from Alpinia rafflesiana might be 

able to suppress inflammatory responses in this cellular model of neuroinflammation 

by inhibiting NF-κB signalling pathway and cell surface expression of LPS receptors 

(CD14 and TLR4).  
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Objectives of the study 

 

The general objective of this project is to elucidate the possible anti-inflammatory 

properties of cardamonin from Alpinia rafflesiana on IFN-γ/LPS-stimulated BV2 

microglial cell line.  

 

The specific objectives are: 

1. To evaluate the effects of cardamonin on iNOS protein expression and NO 

production in IFN-γ/LPS-stimulated BV2 cells. 

2. To examine the effects of cardamonin on protein expression of COX-1 and 

COX-2 as well as the secretion of PGE2 in IFN-γ/LPS-stimulated BV2 cells.  

3. To investigate the effects of cardamonin on both the production and gene 

expression of TNF-α, IL-1β and IL-6 in IFN-γ/LPS-stimulated BV2 cells.  

4. To understand the effects of cardamonin on NF-κB DNA binding activity in 

IFN-γ/LPS-stimulated BV2 cells. 

5. To ascertain the effects of cardamonin on CD14 and TLR4 cell surface 

expression in IFN-γ/LPS-stimulated BV2 cells.   
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