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Phytochemical study on the rhizomes of Alpinia mutica afforded four compounds; a 

kavalactone, 5,6-dehydrokawain (6) as a major constituent and the flavonoids; 

flavokawin B (12), pinostrobin (33) and pinocembrin (9) together with β-sitosterol 

(14) while, isolation work on the rhizome extracts of Boesenbergia armeniaca 

afforded two pyrone compounds; 6-aryl-4-methoxy-2-pyrone (93) and 6-cis-styryl-4-

methoxy-2-pyrone (94). Compounds (93) and (94) were new to the species and this 

is a first report on their structural elucidation using 2D NMR spectroscopy. Similar 

work on the leaves of Aglaia variisquama yielded two triterpene compounds; 

lupenone (95) and lupeol (96) together with β-sitosterol (14) and this is a first report 

on phytochemicals of the leaves of A. variisquama.  

 

The crude hexane and chloroform extracts of the rhizomes of A. mutica showed 

significant cytotoxicity against HT-29 (human colon) cancer cells with IC50 values 

less than 15 µg/mL. The crude hexane extract also showed significant cytotoxic 

activity against MCF-7 (human breast) cancer cells with an IC50 value of 16.10 

µg/mL. Flavokawin B (12) was the most cytotoxic constituent against HT-29 and 

MCF-7 cancer cells with an IC50 value of 4.68 µg/mL and 5.18 µg/mL, respectively. 

Besides, compounds (6), (33) and (9) also showed significant cytotoxicity against 

HT-29 and MCF-7 cancer cells with an IC50 value ranging from 6 to 13 µg/mL, 

except for pinocembrin (9) which exhibited weak cytotoxicity against MCF-7 cancer 

cells. The cytotoxicity of the isolates of the rhizomes of A. mutica against human 

cancer cell lines using MTT assay is firstly reported here.  

 

All the rhizome extracts of B. armeniaca demonstrated significant cytotoxicity 

against HeLa (human cervical) cancer cells with an IC50 value ranging from 16 to 18 

µg/mL, except for the methanol extract which was inactive. The crude ethyl acetate 

extract was the most cytotoxic against MCF-7 cancer cells with an IC50 value of 1.10 

µg/mL. Moreover, compounds (93) and (94) showed significant cytotoxicity against 

MCF-7 cancer cells with an IC50 value of 16.70 µg/mL and 14.10 µg/mL, 

respectively. All the crude extracts of the leaves of A. variisquama showed 

significant cytotoxicity against HeLa cancer cells with IC50 values less than 15 

µg/mL while, its methanol extract exhibited weak cytotoxicity. Here, the cytotoxic 

activities of compounds (93) and (94) as well as the crude extracts of the leaves of A. 

variisquama against human cancer cells are firstly reported. 
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Kerja pemencilan terhadap rizom Alpinia mutica telah menghasilkan empat sebatian 

iaitu 5,6-dehydrokawain (6), flavokawin B (12), pinostrobin (33) dan pinocembrin 

(9) bersama dengan β-sitosterol (14). Manakala, kajian fitokimia terhadap rizom 

Boesenbergia armeniaca telah menghasilkan 6-aryl-4-methoxy-2-pyrone (93) dan 6-

cis-styryl-4-methoxy-2-pyrone (94). Pemencilan sebatian (93) dan (94) daripada 

rizom B. armeniaca serta penentuan struktur kimia sebatian tersebut menggunakan 

teknik NMR 2D adalah pertama kali dilaporkan di sini. Kerja pemencilan yang 

serupa terhadap daun Aglaia variisquama menghasilkan sebatian lupenone (95), 

lupeol (96) dan β-sitosterol (14), adalah pertama kali dilaporkan di sini. 

 

Ekstrak heksana dan klorofom bahagian rizom A. mutica mempamerkan aktiviti 

sitotoksik yang signifikan terhadap sel kanser HT-29 dengan nilai IC50 kurang 

daripada 15 µg/mL. Ekstrak heksana juga menunjukkan aktiviti sitotoksik yang 

signifikan melawan sel kanser MCF-7 dengan nilai IC50 16.10 µg/mL. Flavokawin B 

(12) adalah sebatian yang paling aktif melawan sel kanser HT-29 dan MCF-7 dengan 

nilai IC50 4.68 µg/mL dan 5.18 µg/mL, masing-masing. Selain itu, sebatian (6), (33) 

dan (9) turut menunjukkan aktiviti sitotoksik yang signifikan terhadap sel kanser HT-

29 dan MCF-7 dengan nilai IC50 antara 6 hingga 13 µg/mL, manakala pinocembrin 

(9) mempamerkan aktiviti yang lemah melawan sel kanser MCF-7. Aktiviti 

sitotoksik oleh ekstrak rizom dan sebatian yang dipencilkan daripada A. mutica 

terhadap sel kanser manusia menggunakan kaedah MTT adalah pertama kali 

dilaporkan di sini.  

 

Kesemua ekstrak bahagian rizom B. armeniaca telah menunjukkan aktiviti sitotoksik 

yang signifikan melawan sel kanser HeLa dengan nilai IC50 antara 16 hingga 18 

µg/mL, kecuali ekstrak metanol yang tidak aktif. Bagi sel kanser MCF-7, ekstrak etil 

asetat adalah paling aktif dengan nilai IC50 1.10 µg/mL. Di samping itu, sebatian (93) 

dan (94) telah mempamerkan aktiviti sitotoksik yang signifikan melawan sel kanser 

MCF-7 dengan nilai IC50 16.70 µg/mL dan 14.10 µg/mL, masing-masing. Kesemua 

ekstrak bahagian daun A. variisquama pula mempamerkan ketoksikan yang 

signifikan terhadap sel kanser HeLa dengan nilai IC50 kurang daripada 15 µg/mL, 

kecuali ekstrak metanol yang lemah. Aktiviti sitotoksik untuk sebatian (93) dan (94) 

serta ekstrak daun A. variisquama melawan sel-sel kanser manusia adalah pertama 

kali dilaporkan di sini.  
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CHAPTER ONE 

 

INTRODUCTION 

 

1.1 Natural Products and Their Importance 

 

Natural products can be defined as any products which being produced naturally by 

living organisms either by plants, animals or microorganisms. Natural products are 

categorized into two major groups namely primary metabolites (for example: amino 

acids, proteins, nucleic acids, lipids and carbohydrates) where they are used by all 

living organisms to control certain functions such as for their growth and 

development whereas, secondary metabolites can be classified into several major 

groups based on their chemical structures such as alkaloids, steroids, terpenes and 

phenolic compounds (Ahmad and Raji, 1993).  

 

However, in most cases the term natural products refers to secondary metabolites 

which are small molecules with molecular weight less than 2000 atomic mass unit 

(amu) produced by an organism that are not strictly necessary for the survival of the 

organism (Sarker et al., 2006). According to Sarker et al. (2006), natural products 

will certainly continue to be considered as one of the major sources of new drugs in 

the years to come because they offer incomparable structural diversity and have 

“drug-like” properties (as they can be absorbed and metabolized). 

 

Numerous natural products possess therapeutic values and being used to promote 

health beyond basic nutrition. Sarker et al. (2006) also pointed out that natural 

products can contribute to the search for new drugs in several ways and one of them 

is being used directly in an unmodified state for example, vincristine isolated from 

Catharanthus roseus which is well known on its strong anticancer property. Besides, 

Ahmad and Raji (1993) summarized the importance of natural products research on 

medicinal field by a direct use of compounds which have been isolated from plants, 

as therapeutic agent. For examples, morphine from Papaver somniferum, atropine 

from Atropa belladonna and digitoxin from Digitalis purpurea. Plants products can 

also be used as starting material in the synthesis of many kinds of drugs. For 

instance, steroid hormone like adrenal cortex hormone is normally synthesized from 

sapogenin steroid. Natural products also play as an active pharmacology model in 

the synthesis of certain drugs. This may be due to the certain plant products with 

therapeutic values which cannot be used directly because of their side effects.  

 

Many contemporary drugs have been originally discovered from natural sources 

through the traditional uses since ages ago by indigenous people for treating various 

diseases. An intensive study on plants used traditionally by folk people such as 

‘Tongkat Ali’ (Eurycoma longifolia) has led to the isolation of compound names 

eurycomalactone and its derivatives as antimalarial agents; ‘Seruntum/Putarwali’ 

(Tinospora crispa) gave palmatine which can be used to treat hypertension and 

‘Letup-letup’ (Physalis minima) gave physalin B, an antitumor agent (Ahmad and 

Raji, 1993). 
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There will always be a progress in the finding of new drugs equivalent to the 

increasing of population and diversity of ailments in addition of resistance of certain 

existing drugs to some diseases and microorganisms such as bacteria and fungi. Even 

though there are new sources and approaches in the drug discovery and development 

process, natural products still maintain their important role as one platform and basis 

in providing many diverse chemical entities with variety of medicinal values. These 

are true where natural products and natural product-derived compounds have been 

selected as drug candidates to undergo clinical trial and several phases of drug 

discovery processes.  

 

Cragg et al. (1997) stated that among 92 anticancer drugs commercially available 

prior to 1983 in the United States and among worldwide approved anticancer drugs 

between 1983 and 1994, 60% are of natural origin. A review by Butler (2004), 

described that in the year 2000, natural products and natural product derivatives 

comprised 14 of the top 35 drugs (based on worldwide sales). Moreover, there has 

also been a steady introduction of new natural products and natural products-derived 

drugs in the United States, Europe and Japan from 2000 to 2003. A total of 15 drugs 

were launched (one in 2000, four in 2001, five in 2002 and five in 2003). Recent 

review by Mishra and Tiwari (2011) stated that a total of 19 natural products based 

drugs were approved for marketing worldwide in between the year 2005 to 2010, 

among which 7 are classified as natural products, 10 as semi-synthetic natural 

products and 2 as natural product-derived drugs. 

 

1.2 Plant Species Introduction 

 

1.2.1 Zingiberaceae 

 

Zingiberaceae family or well known as ginger family consists of about 1,200 species 

of which 1,000 are found in tropical Asia (Larsen et al., 1999). The ginger species 

are basically rhizomatous, aromatic herbs ranging in size from as small as 15 cm to 

as tall as 5 m. Majority of the species grow in the wild and prefer shaded and moist 

habitats, for example Alpinia katsumadai grows wildly in Southern China mainly in 

Hainan, Guangxi and Guangdong provinces (Yuan et al., 2009). The Zingiberaceae 

family are widely used in traditional medicines with variety of therapeutic values, as 

flavouring agents and also as a source of certain dyes. Larsen et al. (1999) stated 

many studies have shown that at least more than ten cultivated species of 

Zingiberaceae have been used frequently in traditional medicine.  

 

According to Habsah et al. (2003), the plant species from several genus of the ginger 

family such as Alpinia, Zingiber, Curcuma and Kaempferia are among the most 

often used as ingredients in traditionally prepared health supplements, tonics and 

ointments. Tushar et al. (2010) pointed out that Zingiberaceae can be established as a 

medicinal plant family by reporting that 41 % of the total 88 plant species from 

Zingiberaceae from the Northeast India have been found to possess medicinal 

properties. 

 

Rhizomes of ginger plants have been widely used as spices or condiments (Larsen et 

al., 1999), eaten raw or cooked as vegetables and used for flavouring foods, and also 

taken as carminatives for relieving flatulence. In addition, they are also consumed by 
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women during ailment, illness and confinement (Chan et al., 2008). Powder of 

rhizomes of Curcuma longa or turmeric is commonly used as a dietary pigment and 

spice. It has also been used traditionally in Asian medicine for the treatment of 

inflammation, skin wounds and hepatic disorders, coughing and certain tumours 

(Sumiyoshi and Kimura, 2009).  

 

Besides rhizomes, the leaves of ginger plants have been used for foods flavouring. 

For example, in Malaysia the leaves of Curcuma longa are used to wrap fish before 

steaming or baking (Larsen et al., 1999) and the combination of leaves of Curcuma 

longa and Kaempferia galangal are ingredients of curries (Chan et al., 2008). 

According to Ibrahim (1999), the leaves of Kaempferia rotunda and Kaempferia 

galangal are eaten fresh or cooked as vegetables, and used as cosmetic powder also 

as food flavouring agents. In Okinawa (Japan), leaves of Alpinia zerumbet are sold 

as herbal tea and commonly used to flavour noodles and to wrap rice cakes. Leaves 

of Elettariopsis latiflora have been used to relieve flatulence, to improve appetite 

and as an antidote to poisons while in Thailand while boiled leaves of Hedychium 

coronarium are applied to relieve stiff and sore joints (Chan et al., 2008). 

 

1.2.1.1 Genus Alpinia 

 

Alpinia is a large, widespread and taxonomically complex genus in the 

Zingiberaceae family with 230 species occurring throughout tropical and subtropical 

Asia (Kress et al., 2005). The most remarkable trait of this genus is the beauty of its 

inflorescence, which explains its wide ornamental use through the commercialization 

of its seedlings and flowers (Victorio, 2011). Many species of the genus Alpinia 

provide a variety of medicinal properties. Alpinia galanga (galangal) which is the 

most common Alpinia species has been used as carminative, stomachic and as 

antibacterial agents in Thailand (Mayachiew and Devahastin, 2008). Mayachiew and 

Devahastin (2008) also pointed out that the rhizome extracts of galangal possessed 

high antioxidant activity and showed good activity against the growth of food 

poisoning bacteria, Staphylococcus aureus.  

 

Besides galangal, Alpinia zerumbet and Alpinia purpurata were the Alpinia species 

that have been used in folk medicine to treat hypertension and as anti-inflammatory 

(Victorio, 2011). Lin et al. (2009) described that leaves of Alpinia pricei were used 

to make traditional zongzi (a glutinous rice dumpling) in Taiwan while its rhizomes 

were used as a folk medicine for dispelling abdominal distension and enhancing 

stomach secretion and peristalsis. Some other examples of Alpinia species are A.  

officinarum, A. conchigera, A. ligulata and A. speciosa. 

 

1.2.1.2 Genus Boesenbergia 

Boesenbergia genus comprises of approximately 80 species distributed throughout 

tropical Asia (Saensouk and Larsen, 2001). One-quarter of the total Boesenbergia 

species are indigenous to Borneo (21 species) and Thailand (20 species); therefore, 

these areas were proposed as the center of origin of Boesenbergia (Poulsen, 1993; 

Larsen and Larsen, 2006). Boesenbergia species is extremely rare if compared to 

other genus of Zingiberaceae family and most of them are found in very damp, 

shaded areas and usually close to streams or in boggy conditions (Jing et al., 2011). 
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Boesenbergia genus was regarded as closely related to Kaempferia and 

Scaphochlamys (Holttum, 1950) and they are often difficult to distinguish. They are 

classified in the tribe Hedychieae (Holttum, 1950) but Kress et al. (2002) suggested 

that they should be treated as subfamily Zingiberoideae, tribe Zingibereae. They are 

small herbaceous plants with short, fleshy or slender rhizomes, one to a few leaves, 

similar appearance in vegetative characters and occurring in similar habitats. 

However, Boesenbergia is believed to be closer to Scaphochlamys than to 

Kaempferia (Hussin et al., 2001).  

 

Many variations in colour can occur in Boesenbergia species. For instance, B. 

curtisii can have black or white leaf-sheaths and B. plicata can be yellow or red 

flowers (Vanijajiva et al., 2003). Other examples of Boesenbergia species are B. 

rotunda, B. oligosperma, B. pulchella, B. prainiana, B. stenophylla and B. cordata. 

Among these, only B. rotunda is cultivated commercially and its rhizomes have been 

used for medicinal such as treatment of colic disorder and as an aphrodisiac in 

Thailand folk medicine (Jaipetch et al., 1982). 

 

1.2.2 Meliaceae 

 

Meliaceae family is well represented in Southern and Eastern Africa and 

Madagascar. The plants range in size from magnificent forest trees to small shrubs 

where certain species are important as timber trees (Mulholland et al., 2000). Some 

common examples genera from this family are Trichilia, Dysoxylum, Aglaia and 

Azadirachta. According to Ting et al. (2011), Dysoxylum species have long been 

used to treat inflammatory conditions and fever throughout Asia. Trichilia hirta is a 

tree traditionally used in the folk medicine of Cuba to treat asthma, cancer and ulcers 

(Sosa et al., 2011), while Trichilia emetica is a plant native to Africa has been used 

traditionally as a remedy for abdominal pains, dermatitis, haemorrhoids, jaundice 

and chest pain (Komane et al., 2011).  

 

A lot of study has been carried out on Meliaceae species and most of them have been 

proved to possessed significant insecticidal activity against varieties of insects. A 

study by Xie et al. (1994) indicated that most of extracts of Trichilia species 

collected from Costa Rica region can significantly deter larval growth of 

polyphagous lepidopterans Peridroma saucia. Nathan et al. (2006) reported that the 

Indian neem tree Azadirachta indica is a promising source of botanical insecticides 

with several limonoid compounds isolated from this plant species demonstrated high 

mortality effects and proved to be the most potent growth inhibitor on 

Cnaphalocrocis medinalis, a major insect pest of rice (Oryza sativa).  

 

1.2.2.1 Genus Aglaia 

Aglaia is the largest genus of the tropical and subtropical plant family, Meliaceae 

(Kim et al., 2006), comprises of more than 100 woody species ranging from small to 

large trees up to 40 m high (Joycharat et al., 2008) and represents an important 

component of the tropical rainforests of the Indomalaysian region (Pannell, 1992). 

Proksch et al. (2005) pointing out that crude extracts from leaves and flowers of 

various Aglaia species are used in traditional medicine in several countries of 
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Southeast Asia. For example, in Vietnam they are being used for the treatment of 

inflammatory skin diseases and allergic inflammatory disorders such as asthma.  

 

Instead of being used medicinally, other uses of Aglaia species can be seen by the 

utilization of flowers of Aglaia odorata in China and Java, where this species has 

been used for flavouring tea and scenting clothes, respectively (Pannell, 1992). Some 

other examples of Aglaia species are A. oligophylla, A. leucophylla, A. argentea and 

A. elliptifolia. Besides their traditional usage, the plants species from Meliaceae 

family are well recognized and acknowledged as sources of insecticidal and 

anticancer agents. 

 

1.3 Problems Statement 

 

Cancer continues to be a major disease that caused many people to die and suffer. 

Cancer can be considered as one of the main killers besides heart attack and it is a 

disease that many people worry about and try to avoid. In the mean time, there are 

hundreds thousand high plants, shrubs and herbs existing on our earth but only a 

small portion has been studied for their phytochemicals and biological activities. 

Whereas, naturally occurring entities mainly, plant products have played an 

important role in the treatment of cancer. They continue to provide promising 

bioactive compounds for the development of new ‘leads’ to combat cancer diseases. 

 

Alpinia mutica or locally known as ‘chengkenam’ has been cultivated mostly as 

ornamentals. The rhizomes of this plant has been reported to possess significant 

cytotoxicity towards several cancer cells and showed potential antioxidant activity. 

While, Boesenbergia armeniaca is a rather rare ginger species from Boesenbergia 

genus and has been reported to shows significant cytotoxicity towards breast cancer 

cells (MCF-7). Due to these properties, both plant species were selected for further 

research on its phytochemicals and biological activities. 

 

Aglaia species have been reported to possess some interesting biological activities 

mainly its strong in vitro anticancer activity against several of human cancer cells. 

As for Aglaia variisquama, there is a need to study extensively on its 

phytochemicals and biological activities since no previous study has been reported. 

Besides, previous investigation carried out by our group on Boesenbergia and Aglaia 

species afforded flavonoids and triterpenes, some of which demonstrated significant 

cytotoxic activity. 

 

 

 
Figure 1.1: Pictures of various parts of Alpinia mutica, A: Fruits & Leaves; B:    

                    Rhizomes; C: Flowers 

A C B 
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1.4 Objectives of the Study 

 

The objectives of the study are: 

 

1) To extract and isolate pure compounds from the rhizomes of Alpinia mutica 

and Boesenbergia armeniaca and the leaves of Aglaia variisquama using various 

chromatographic methods. 

2) To elucidate the chemical structures of isolated compounds using spectroscopic 

techniques including Infrared (IR), Mass Spectrometry (MS) and Nuclear 

Magnetic Resonance (NMR 1D and 2D) spectroscopy. 

3) To evaluate the biological activities (cytotoxic, antioxidant and antimicrobial) 

of the crude extracts and isolated compounds from the plant species.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3: Leaves of Aglaia variisquama Figure 1.2: Boesenbergia armeniaca 

Adapted from: http://sites.google. 

com/site/florimages 
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