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Corticosteroids and non-steroidal anti-inflammatories are the most effective 
treatments for a variety of inflammatory conditions such as asthma. Steroids 
act by blocking transcription factors, such as nuclear factor (NF)-κB and 
activator protein (AP)-1 to down-regulate a vast array of pro-inflammatory 
genes, whereas NSAIDs specifically target cyclo-oxygenase (COX) activity to 
reduce prostaglandin production. However, the use of both types of drugs is 
associated with unwanted side effects, and a significant proportion of patients 
are steroid resistant. Thus, there is an urgent need to develop novel anti-
inflammatory drugs to replace or complement present day therapy.  
 
The bioactive compounds from the famous Asian herb Andrographis 
paniculata (known locally in Malaysia as Hempedu Bumi) have been studied 
for almost a century. The focus has been placed on the identification of 
antiinflammatory and anticancer agents. The herb contains two main 
diterpenoid constituents named andrographolide (AGP) and 14-deoxy-11,12-
didehydroandrographolide (DDAG). AGP and DDAG were found to exhibit 
anti-asthma effects by inhibiting inflammatory responses in an allergic mouse 
asthma model. As such, both of them could act as novel replacement for 
current anti-inflammatory drugs. However, due to inadequacies of both 
compounds in terms of drug-like properties, DDAG analogues were 
semisynthesised to tackle these shortcomings. 
 
Among the analogues, 3,19-diacetyl-14-deoxy-11,12-
didehydroandrographolide (SRS27) was proven to inhibit cysteinyl 
leukotriene (CysLT) and nitric oxide (NO) synthesis in mouse macrophages, 
like AGP. However, DDAG on the other hand, failed to exhibit such activity. 
SRS27 was less toxic compared with AGP, which suggests that a simple 
chemical modification of DDAG produces a compound with CysLT and NO 
inhibitory activity similar to AGP but maintained the toxicity profile similar to 
DDAG. It is interesting to note that other analogues such as SRS28, SRS49, 
SRS76 and SRS83 with chemical modifications on the same carbon numbers 
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3 and 19 of DDAG were unable to show inhibition of CysLT and NO 
synthesis.  
 
Consequently, the potential anti-inflammatory effect of SRS27 was 
investigated in ovalbumin (OVA)-induced mouse asthma model. The 
compound was administered in a prophylactic manner and showed a 
substantial decrease in asthma parameters. SRS27 at 3 mg/kg twice daily for 
three days consecutively significantly reduced OVA-induced total cell such as 
macrophages, eosinophils, lymphocytes and neutrophils, as well as 
inflammatory cytokines such as IL-4, IL-5, IL-13 and eotaxin in 
bronchoalveolar lavage (BAL) fluid. The compound also suppressed serum 
IgE production. In addition, SRS27 suppressed mucus hyper-secretion and 
expression of inflammatory mediators such as TNF-α, MCP-1, Muc5ac, 
RANTES, IL-33 and iNOS. Mechanistically, the compound inhibited lung NF-
κB p65 nuclear translocation. In line with this observation, p65 NF-κB nuclear 
translocation was also found to be inhibited by the compound in A549 lung 
cancer cell line. Notably, this inhibition was not a result of cell toxicity as 
peripheral blood count in normal BALB/C mice treated with 3 mg/kg of 
SRS27 was not affected. The acute toxicity in mice further supported this 
idea, which indicated SRS27 is indeed a safe compound, just like DDAG. A 
pharmacokinetic study in Balb/C mice at 3 mg/kg single dose revealed 
SRS27 that had a relatively short half-life but was able to achieve a 
concentration range of 13- 19 µM concentration that could be related to in 
vitro anti-asthma activities. SRS27 is the first known DDAG derivative tested 
positive in a mouse asthma model and as such this compound could serve 
as a prototype and template for future improvement as a potential 
prophylactic agent to control asthma. 
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Kortikosteroid dan drug anti-inflamasi non steroid (DAINS) merupakan 
rawatan yang paling berkesan untuk pelbagai keadaan radang seperti asma. 
Steroid bertindak dengan menyekat faktor transkripsi, seperti factor nuklear 
(NF) κB dan pengaktif protein (AP) -1 untuk merencat pelbagai gen pro-
keradangan, manakala DAINS bertindak  ke atas aktiviti siklooksigenase 
(COX) dengan mengurangkan sintesis prostaglandin. Walaubagaimanapun, 
penggunaan kedua-dua jenis ubat tersebut memberi kesan sampingan yang 
tidak diingini, dan sebahagian besar daripada pesakit mengalami kerintangan 
terhadap steroid. Oleh sebab itu, keperluan untuk membangunkan ubat anti-
inflamasi yang baharu untuk menggantikan atau sebagai pelengkap bagi 
terapi yang sedia ada adalah amat kritikal. 
 
Sebatian bioaktif daripada salah herba terkenal di Asia, iaitu Andrographis 
paniculata (Hempedu Bumi) telah dikaji lebih daripada satu abad dengan 
tumpuan diberikan untuk mengenalpasti ejen anti-inflamasi dan antikanser. 
Herba ini mengandungi dua komponen utama diterpenoid iaitu 
andrographolide (AGP) dan 14 - deoxy- 11 ,12- didehidroandrographolide 
(DDAG). AGP dan DDAG didapati menunjukkan kesan anti asma apabila 
tindakbalas inflamasi dalam model alahan asma mencit berkurangan selepas 
diberi diterpenoid tersebut. Oleh itu kedua-dua komponen tersebut dilihat 
berpotensi menjadi penggantibagi ubat anti-inflamasi semasa yang baharu. 
Walaubagaimanapun, disebabkan sebatian ini mempunyai ciri-ciri ubat yang 
tidak sesuai, analog DDAG dihasilkan untuk menangani kelemahan ini dan 
seterusnya kajian dilakukan untuk menjelaskan hubungan struktur - aktiviti. 
 
Antara analog yang dikaji, 3,19-diacetyl-14-deoxy-11,12-
didehidroandrographolide (SRS27) telah dibuktikan  dapat merencat sintesis 
cysteinyl leukotriene (CysLT) dan nitrikoksida (NO) dalam makrofaj mencit, 
seperti AGP. Namun, DDAG didapati gagal untuk mempamerkan aktiviti 
sedemikian. SRS27 yang didapati kurang toksik berbanding dengan AGP, 
menunjukkan pengubahsuaian kimia yang mudah ke atas DDAG 
menghasilkan sebatian yang mengandungi aktiviti terhadap CysLT dan NO 
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seperti AGP dan mengekalkan profil ketoksikan seperti DDAG. Menariknya, 
analog lain seperti SRS28, SRS49, SRS76 dan SRS83 dengan 
pengubahsuaian kimia pada nombor karbon yang sama iaitu 3 dan 19 dalam 
DDAG didapati tidak menunjukkan aktiviti perencatan sintesis CysLT dan NO. 
 
Selanjutnya, potensi kesan anti-inflamasi oleh SRS27 dikaji dalam model 
asma mencit diaruh dengan ovalbumin (OVA). SRS27 yang diberikan secara 
profilaktik menunjukkan penurunan ketara parameter asma. Sebatian ini 
yang diberikan secara intraperitonium pada dos 3 mg/kg sebanyak 2 kali 
sehari selama 3 hari berturut-turut telah mengurangkan jumlah sel yang 
diaruh oleh OVA seperti makrofaj, eosinofil, limfosit, dan neutrofil, serta 
sitokin inflamasi seperti IL-4, IL-5, IL-13 dan eotaxin dalam cecair 
bronchoalveolar (BAL lavage). Sebatian ini juga merencatkan penghasilan 
IgE. Disamping itu, ia juga dapat merencat rembesan lendir dan ekspresi 
pengantara inflamasi seperti TNF- α, PKM -1, Muc5ac, RANTES , IL- 33 dan 
iNOS. Daripada sudut mekanisme, sebatian tersebut menghalang translokasi 
nukleus NF-κB p65 di dalam paru-paru. Selaras dengan pemerhatian ini, p65 
NF-κB nuclear translokasi juga didapati direncatkan oleh sebatian tersebut di 
dalam sel kanser paru-paru (A549). Perencatan ini bukan terhasil akibat 
daripada ketoksikan sel dimana kiraan darah periferi dalam mencit BALB/C 
normal yang dirawat dengan 3 mg/kg SRS27 adalah tidak terjejas. Hasil 
kajian ketoksikan akut menggunakan model mencit telah menyokong idea ini 
dengan membuktikan SRS27 sebagai satu sebatian yang selamat seperti 
DDAG. Kajian farmakokinetik pula menunjukkan bahawa dos tunggal 3 
mg/kg SRS27 mempunyai jangka separuh hayat yang agak singkat (4.8 min) 
tetapi mampu mencapai julat kepekatan maksima darah sebanyak 13 - 19 
μM yang boleh dikaitkan dengan aktiviti anti-asma in vitro. SRS27 
merupakan analog DDAG yang pertama diuji positif dalam model asma 
mencit dimana ia berpotensi dijadikan sebagai sebatian prototaip dan templat 
untuk penambahbaikkan sebagai sebatian profilaktik yang berpotensi untuk 
mengawal asma pada masa hadapan. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of the Study 

Asthma is one of the most common chronic diseases, affecting both children and adults 

worldwide, with increasing prevalence over the past 40 years. The reasons for this 

dramatic increase in asthma are not yet clear and are likely to include multiple 

contributing factors. There are currently 300 million people worldwide estimated to be 

affected by asthma (Masoli et al., 2004). For decades, the number of asthmatic cases has 

been increasing significantly. Considering population growth and increased urbanisation, 

the number of asthmatic patients is expected to rise to 400 million by the year 2025. It is 

estimated that 1 out of 250 deaths worldwide is due to asthma attacks (Peters et al., 

2006).  

 

1.2 Problem Statements 

Asthma is underdiagnosed and undertreated, but the symptoms usually respond well and 

can be controlled with inhaled corticosteroids (CS) and a short- or long-acting β2-

agonist (Braman, 2006). Glucocorticoids are the most effective anti-inflammatory drugs 

available for the treatment of many chronic inflammatory and immune diseases, 

including asthma, rheumatoid arthritis, inflammatory bowel disease and autoimmune 

diseases (Barnes, 2010). In Malaysia, the most preferred medications for 'first-line', 

'second-line' and 'third-line' treatment for asthma by government doctors were inhaled 

short-acting beta2-agonists (SABAs), CS, and leukotriene antagonist, respectively, 

whereas private doctors preferred oral SABAs, inhaled CS, and oral CS, respectively 

(Loh and Wong, 2005). However, CS suffers from unwanted side effects and a 

significant proportion of patients are steroid-resistant (Adcock and Lane, 2003; Barnes, 

2010). Steroid-resistant patients have symptoms consistent with asthma and show very 

poor or no response at all to high doses of inhaled or even systemic corticosteroids 

(Barnes, 2010). In addition to resistance, there has been increasing concern over the 

adverse effects of CS, such as osteoporosis, glaucoma, growth retardation in children 

and poor wound healing effects (Schacke et al., 2002). Add-on therapies for asthma such 

as long-acting reliever inhalers, leukotriene receptor antagonists and theophylline were 

invented to attenuate asthma via other approaches; however, the effects of these 

treatments are not as efficacious as those of steroids.  

 

There has been a sharp increase in economic burden associated with asthma over the last 

40 years, particularly in children. Asthma can involve costs related to health care use 

and morbidity, including missed work and school days. The large asthma burden and 

continued adverse outcomes present an on-going public health challenge, including the 

effort to enhance the uptake of underutilised management strategies to control symptoms 

(Akinbami et al., 2011). Approximately 300 million people worldwide currently have 

asthma, and its prevalence increases by 50% every decade. Although asthma is most 

common in developed (westernised) countries, it is becoming increasingly common in 

developing countries like Malaysia, which is most likely related to the increased 

urbanisation of communities. Despite the constant publications and guidelines from the 

National Asthma Education and Prevention Program to educate the public awareness on 
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the disease, asthma still remains poorly controlled, with annual estimated costs of up to 

56 billion USD (Spangler, 2012). 

 

1.3 Significance of the Study 

With the in-depth knowledge of asthma available, many new therapies for asthma have 

been developed. Current leading therapies for asthma rely mainly on ICS and LABAs. 

Despite being the most effective treatment for asthma, ICSs cause several systemic side 

effects. Add-on therapies that have been introduced over the past decade also either pose 

noticeable side effects (in the case of omalizumab) or have a narrow therapeutic index 

(in the case of theophylline). Thus, there is always an urgency to discover and develop a 

more potent and yet safer treatment for asthma. Searching for an alternative for many 

inflammatory diseases in natural products is the current trend, as many of the plants have 

yet to be exploited and studied (Lim et al., 2012). 

 

The bioactive compounds from the famous Asian herb Andrographis paniculata have 

been studied for their anticancer and anti-inflammatory properties for more than a 

decade (Lim et al., 2012). The herb contains two main diterpenoid constituents named 

andrographolide (AGP) and 14-deoxy-11,12-didehydroandrographolide (DDAG). Both 

of the compounds were found to exhibit antiasthma effects by inhibiting inflammatory 

responses in an allergic mouse asthma model (Bao et al., 2009; Guan et al., 2011). In the 

present investigation, the anti-inflammatory effects and the involved pathways of a 

DDAG analogue which possess improved drug-like properties compared with the parent 

compound as new antiasthma agents were investigated.  

 

1.4 HYPOTHESIS 

The new semi-synthetic andrographolide derivatives have anti-asthma activity through 

their inhibitory effect on NF-κB and related pathways.  

 

1.5 OBJECTIVES OF THE STUDY 

 

1.5.1 Main Objective: 

The aim of the study is to investigate the potential of DDAG analogues which possess 

improved drug-like properties compared with the parent compound as new antiasthma 

agents. 

 

1.5.2 Specific Objectives 

a) To determine the inhibition of cysteinyl leukotriene and nitric oxide synthesized in 

vitro by andrographolide derivatives in mouse macrophage models.    

b) To determine the effect of SRS27 on cell signalling pathway in A549 cells 

associated with anti-asthmatic effect. 

c) To determine the efficacy of SRS27 in a mouse asthma model. 

d) To evaluate toxicity and pharmacokinetics of SRS27 in mice.  
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