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The therapeutics of asthma is commonly based on the use of steroids and
bronchodilators. However, steroid-sensitive asthmatics are at the risk of debilitating
side effects associated with persistent use of steroids. There is, therefore, the need for
discovery and development of better and safer alternatives. Andrographis paniculata
(AP) is traditionally used as a herbal remedy to a wide range of inflammatory
conditions. Its anti-inflammatory activity is attributable to its major diterpenoid,
andrographolide (AGP). Anti-asthma activity of AGP was previously reported in
ovalbumin mouse asthma model. This study investigated the anti-asthma potential of
standardised Andrographis paniculata aqueous extract (APAE) and aqueous ethanolic
extract (APEEso) in house dust mite (HDM) induced asthma. In addition, the efficacy
and mechanism of action of AGP in the prevention of airway inflammation and
oxidative stress in toluene diisocyanate (TDI)-induced occupational asthma (OA)
model were evaluated. The extracts were standardised based on percentage
distribution of AGP, neoandrographolide (NAG) and 14-deoxy-11,12-
didehydroandrographolide (DDAG). The AGP, NAG and DDAG contents of
standardised APAE were approximately 3.4%, 1.1% and 0.1% (w/w), while that of
APEEso were 8.7%, 1.4% and 0.3% (w/w) respectively. APAE was proven to inhibit
NF-xB p65 signalling pathway in a TNF-a-exposed A549 bronchial epithelial cell line
without inducing cytotoxicity. The inhibition of p65 signalling pathway occurred by
preventing IKK phosphorylation, IkB-a activation, p65 nuclear translocation and
DNA binding activity of p65. In vivo analysis of APAE and APEEsg activity in 14
days HDM-induced asthma model recorded substantial improvement in asthma
markers. Treatments were administered following a prophylactic regimen. Both
treatments significantly decreased bronchoalveolar lavage fluid (BALF) total and
differential leukocyte count at a dose range of 50 — 200 mg/kg. A significant reduction



in BALF IL-4, IL-5, IL-13, and eotaxin, as well as HDM-specific IgE, total serum IgE
and IgG were recorded. Histopathological analysis of lung samples showed a
remarkable reduction in perivascular and peribronchial inflammation, as well as
suppression of mucus production by both APAE and APEEso. A dose-dependent
decrease in airway resistance and a slight increase in dynamic lung compliance were
witnessed. Notably, the expression of NF-kB transcribed genes, Th2 inducible genes
and eosinophil modulating genes were decreased, while Nrf2 gene was concomitantly
upregulated.  Diisocyanate-induced asthma presented airway inflammation of
neutrophilic endotype. The administration of AGP (0.1, 0.5 and 1 mg/kg) produced
progressive decreased in airway inflammation parameters. In addition to suppression
of airway cellular infiltration and mucus production, collagen deposition was deterred
by the treatments. TDI exposure induced an aberrant distribution of E-cadherin and -
catenin in airway epithelia. AGP ameliorated the loss of airway integrity by restoring
normal distribution of E-cadherin and -catenin. The mechanism of action of AGP in
TDI-induced asthma occurred through ROS scavenging and up-regulation of the
pulmonary HO-1 level via p38/Akt/GSK-3B/Nrf2 dependent pathway. The expression
of both Thl and Th2-related genes were downregulated in AGP treated animals.
Furthermore, TDI-induced airway hyperreactivity was improved by AGP
administration. These findings strongly suggest that AGP and AP extracts could serve
as potential alternative treatments for chemical and nonchemical-induced asthma
respectively.
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Perubatan teraputik yang lazim digunakan untuk penyakit asma berdasarkan
penggunaan steroid berserta bronkodilator. Selain itu, pesakit asma yang sensitif
terhadap penggunaan steroid berisiko untuk mengalami kesan sampingan berikutan
penggunaan steroid dalam jangka masa yang panjang. Oleh itu, penemuan dan
perkembangan perubatan alternatif yang lebih baik dan selamat diperlukan.
Andrographis paniculata (AP) digunakan untuk melegakan pelbagai jenis keradangan
dalam rawatan tradisional. Andrographolide (AGP), sebagai bahan utama diterpenoid
dapat mengakibatkan aktiviti antikeradangan berlaku. AGP dilaporkan mempunyai
kesan pencegahan penyakit asma dalam model mencit dengan penggunaan ovalbumin.
Tujuan penyelidikan ini adalah untuk menyiasat keupayaan anti-asma dengan
menggunakan ekstrak cecair AP (APAE) dan ekstrak cecair-etanol AP (APEEsp) yang
diselaraskan pada model asma yang diakibatkan oleh kutu hama. Tambaha n pula,
keberkesanan dan tindakan mekanisma AGP dalam pencegahan keradangan di saluran
pernafasan dan tekanan pengoksidaan didorong oleh toluene diisocyanate (TDI) telah
dinilai. Bahan-bahan ekstrak tersebut diselaraskan berdasarkan pada peratusan
pengagihan ~ AGP,  neoandrographolide  (NAG) dan  14-deoxy-11,12-
didehydroandrographolide (DDAG). Kandungan AGP, NAG dan DDAG dalam
APAE yang telah diselaraskan adalah 3.4%, 1.1% dan 0.1% (w/w) manakala APEEsg
adalah 13.6%, 1.2% dan 0.2% (w/w). APAE terbukti dapat menghalang laluan isyarat
NF-kB p65 dalam sel epitelium bronkial A549 yang didedahkan kepada TNF-a
(20ng/ml). Penghalangan laluan isyarat p65 adalah disebabkan oleh penghalangan
fosforilasi IKK, pengaktifan IkB-a, translokasi p65 ke dalam nukleus dan pengikatan
p65 ke DNA. Penganalisaan APAE dan APEEsg selama 14 hari ke atas model in vivo
yang dijangkiti oleh kutu hama menunjukkan penambahbaikan yang ketara dalam
penanda penyakit asma. Secara profilaktik, rawatan telah disuapkan. Kedua-dua



APAE dan APEEsg pada dos 50-200mg/kg dapat mengurangkan bilangan keseluruhan
dan perbezaan leukosit dalam cecair bronkoalveolar lavage (BALF) secara ketara.
Pengurangan IL-4, IL-5, IL-13, dan eotaxin di dalam BALF dan spesifik IgE HDM,
keseluruhan 1gG dan IgE dalam serum dapat dikurangkan secara mendadak. Analisa
histopatologi dari sampel paru-paru mencit menunjukkan bahawa pengurangan
keradangan di persekitaran vaskular dan bronkial malah pengurangan bendalir oleh
APAE dan APEEsp. Dos berkurang dalam rintangan saluran pernafasan dan dynamic
compliance meningkat. Selain itu, ekspresi gen hasilan NF-kB, gen dorongan Th2 dan
gen pengawalan eosinophil telah berkurang manakala gen hasilan Nrf2 meningkat.
Asma yang disebabkan oleh TDI menunjukkan keradangan pada saluran pernafasan
jenis neutrophil. Penggunaan AGP (0.1, 0.5 dan 1mg/kg) dapat mengurangan
keradangan saluran pernafasan secara berperingkat. Selain daripada mencegah
kemasukan sel ke dalam saluran pernafasan dan penghasilan bendalir, perawatan juga
menghalang dari pemendapan kolagen. Pendedahan TDI mengakibatkan pengagihan
E-cadherin dan 3-catenin yang tidak normal pada tisu epitel saluran pernafasan. AGP
memulihkan intergriti saluran pernafasan dengan mengembalikan pengagihan E-
cadherin dan -catenin secara normal. Tindakan mekanisma AGP pada asma jenis TDI
adalah melalui proses neutralisasi ROS dan peningkatan tahap HO-1 pulmonari
melalui laluan p38/Akt/GSK-3B/Nrf2. Ekspresi gen berkaitan dengan Thl dan Th2
telah menurun bagi haiwan yang dirawat dengan AGP. Hiperaktiviti saluran
pernafasan akibat TDI juga bertambah baik dengan rawatan AGP. Penemuan ini
menunjukkan bahawa ekstrak AP dan AGP berupaya digunakan sebagai rawatan
alternatif untuk merawat penyakit asma yang berpunca dari bahan bukan kimia
mahupun kimia.
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CHAPTER 1

INTRODUCTION

1.1 Background

Asthma is a chronic airway inflammatory disorder characterised by persistent airway
inflammation, airway obstruction, airway hyperresponsiveness (AHR) and
remodelling ( Hill & Wood, 2009; Chung et al., 2014). Exposure of tissues or organs
to destructive stimuli such as irritants, microbial pathogens or toxic cellular elements
triggers inflammatory responses (Brennan & Bowie, 2010). This entails a cascade of
activities involving various inflammatory cells such as neutrophils, basophils,
eosinophils, dendritic cells, monocytes, macrophages, mast cells, B-cells as well as T-
cells. Inflammatory processes are regulated in such a way that appropriate leukocytes
are recruited to the site of inflammation (Turner et al., 2014). Similarly, the interaction
of several cellular elements in response to trigger, sensitiser and irritants has been the
bedrock of asthma pathogenesis. These capture the heterogeneity of the disorder when
it comes to its presentation, aetiology and pathophysiology, thereby contributing to its
complexity and difficulty in treatment.

Clinically, airway inflammatory complications in asthma lead to recurrent airway flow
limitations associated with wheezing, coughing, shortness of breath and chest
tightness. Uncontrollable and life-threatening episodic asthma exacerbations or “flare-
ups” could occur as a result of severe expiratory airway flow limitations (Keglowich
& Borger, 2015; GINA, 2017). Moreover, the pathobiology of asthma is
heterogeneous and genetically complex, thereby making the discovery of more
effective treatments a challenging task (Anderson, 2008).

Andrographis paniculata (AP) is a herbaceous plant belonging to the Acanthaceae
family, it is often cultivated in India, China, and Malaysia for medicinal purposes. The
plant is extremely bitter, and it is often referred to as the “the king of bitters”. In recent
decades, several reports have revealed the diverse therapeutic potentials of AP extracts
in properly controlled clinical trials (Mishra et al., 2007; Chao & Lin, 2010; Thakur,
etal., 2014). Andrographolide (AGP), a labdane diterpenoid, is the major bitter-tasting
secondary metabolite contained in the plant, and it is often considered to be the major
bioactive constituent of the plant (Hidalgo et al., 2005; Lim et al., 2012; Jayakumar et
al., 2013). In addition to anti-inflammatory potential, AP herb possesses analgesic,
antimalarial, anti-oxidant, antineoplastic, antiulcerogenic, antibacterial, antiplatelet,
antidiarrhoeal and antithrombotic properties (Jarukamjorn & Nemoto, 2008).



1.2 Statement of Research Problem

Asthma is a global health concern affecting about 334 million people across all age
groups (Global Asthma Network, 2014).Although the number is little when compared
to that of diseases such as cancer and cardiovascular disorders, asthma is among thirty
most prevalent diseases in the world (Wang et al., 2017). Its prevalence, especially
among children, has consistently been on the rise especially in developing countries
(Asher & Pearce, 2014). The alarming incidence of asthma necessitated the
establishment of asthma control and relief guidelines such as the Global Strategy for
Asthma Management and Prevention by Global Initiative for Asthma (GINA); Expert
Panel Report (EPR) Guidelines for the Diagnosis and Management of Asthma; and
British Guideline for Management of Asthma. In spite of these efforts, asthma control
is still at sub-optimal level (GINA, 2017). Furthermore, environmental and lifestyle
risk factors have contributed to the rise in the prevalence of asthma.

Urbanisation is considered an important environmental risk factor for asthma. Rapid
industrialisation among the low-income and middle-income countries further exerts
the burden of urbanisation on residents of such communities (Robinson et al., 2011;
Gaviolaet al., 2016). Although Malaysia is gradually advancing towards international
high-income threshold, the country is not spared from the devastating burden of
industrialisation on respiratory health (Qureshi et al., 2015). According to the
Malaysian National Health Morbidity Survey (NHMS) 2011, the prevalence of asthma
among Malaysians rose from 4.5% in 2006 to 6.3% in 2011 (Liam et al., 2014; Chan
et al., 2015). Whereas, epidemiological studies on the distribution of non-
communicable diseases in Malaysia reported 13.2% asthma prevalence among older
Malaysians (Teh et al., 2014).

Although some countries have recorded an appreciable decline in hospitalisation and
deaths due to asthma, the disease is still a major source of global socio-economic
burden. It creates a substantial burden on patients and their families, resulting in
significant morbidity and even mortality. Depending on the symptoms and state of
airway limitations, treatments are stepped-up when adequate control is not achieved
and stepped-down upon reaching stability. This form of step-wise treatment is strongly
advocated for asthma management (Holgate & Thomas, 2017). Management of
intermittent asthma requires an initial administration of short-acting beta-2 agonists
(SABA). Stepping up of this treatment involves the administration of low dose inhaled
corticosteroids (ICS) in combination with SABA (Reddel et al., 2015). Depending on
the severity, the doses of ICS could be increased to middle or high dose in combination
with long-acting beta-2 agonists (LABA), whereas SABA could be administered only
when needed (Reddel et al., 2015). Due to variation in responses, add-on medications
such as cromolyn, leukotriene receptor antagonist (LTRA), omalizumab or even short
courses of oral corticosteroids (OCS) are administered to achieve the desired response
(GINA, 2017). Nevertheless, asthma remains inadequately controlled in some patients
especially the severe endotype. Most of these medications have also shown some
detrimental adverse effects, therefore, this necessitates the need to develop better
treatments for asthma.



1.3 Justification for the Study

The traditional use of AP in the treatment of inflammatory diseases, diabetes and
infections in Asian (e.g. China, India and Thailand) and Scandinavian countries has
long been documented (Jayakumar et al., 2013). Asthma as an inflammatory and
oxidative stress disorder affecting lower respiratory tract could be treated with the
anti-inflammatory and antioxidant activity of AP. Although the plant is traditionally
used in the management of upper respiratory tract infection and the common cold,
there is no evidence for its anti-asthma activity and mechanism of action in the
prevention of asthma symptoms. Persistent activation of nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-xB) and disruption of nuclear factor
erythroid-2-related factor 2 (Nrf2) activity have been associated with asthma
pathogenesis (Williams et al., 2008; Schuliga, 2015). Major bioactive molecules
contained in AP, namely AGP and 14-deoxy-11,12-didehydroandrographolide
(DDAG) were shown to ameliorate asthma symptoms in mouse asthma models by
inhibiting NF-xB signalling and stimulating heme oxygenase-1 (HO-1) and Nrf2
activity (Bao et al., 2009; Guan et al., 2011). This research is conceptualised based on
the possible attenuation of asthma by Andrographis paniculata agqueous extract
(APAE) and Andrographis paniculata aqueous ethanolic extract (APEEsp) via the
inhibition of NF-xB activation by AP extracts (Figure 1.1). The study further explored
the potential of AGP in ameliorating asthma through the upregulation of HO-1
production and Nrf2 activation in mouse asthma models.
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Figure 1.1 : Research concept map. Hypothetical inhibitory effect of (A) APAE and
APEEso on NF-kB signalling pathway and (B) the up-regulatory effect of AGP on
HO-1 and Nrf2 activation.
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Hypothesis

AP extracts possess anti-asthma activity and inhibit inflammation through the

inactivation of the NF-«B signalling pathway.

AGP prevents chemical-induced asthma via activation of Nrf2 pathways.



15 Objective of the Study
151 General Objective

The main objective of this study is to investigate the therapeutic potential of AP
extracts and AGP in experimental asthma models.

152 Specific Objectives

i.  To prepare, standardise and estimate the aqueous solubility of six solvent AP

extracts.

ii.  To determine the effect of APAE on the NF-xB cell signalling pathway in
A549 cells.

iii.  To assess the efficacy of APAE and APEEs in house-dust mite (HDM)-
induced mouse asthma model.

iv.  To determine the efficacy and elucidate the mechanism of action of AGP in a
toluene diisocyanate (TDI)-induced asthma model.
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