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Current research indicates that radical oxygen species (ROS) liberated along with some 

other components in the body are capable of destroying cellular constituents and act as 

secondary messengers for some chronic diseases, such as diabetes, Alzheimer`s disease 

(AD), coronary heart diseases, skin disease and inflammation. Because many researchers 

have demonstrated that most of the drugs and additives used in the treatments of AD, 

diabetes, or skin diseases may result in toxic effects and causes other serious diseases, 

chemical and biological studies on medicinal and edible plants have been investigated to 

discover new active compounds. Therefore, the main objective of this study was to 

evaluate the effect of methanol extract and different polarity fractions of two Malaysian 

medicinal plants Cynometra cauliflora (nam-nam) and Callicarpa maingayi (tampang 

besi) leaves for their antioxidant, cholinesterase, tyrosinase and α-glucosidase inhibitory 

activities. In addition, the identification of the bioactive compounds from the active 

fractions was performed using the LC-DAD-ESIMS/MS and spectroscopic techniques. 

 

The methanolic leaf extract of C. cauliflora exhibited potent inhibition against all three 

enzymes and high antioxidant activity. The bioactivity was found to be concentrated in 

the EtOAc and n-BuOH fractions. Applying LC-DAD-ESIMS/MS to the two active 

fractions led to the identification of total 18 metabolites. These compounds includes 

isomer of procyanidin; procyanidin tetramer (139), procyanidin trimer (141) and 

procyanidin hexamer (149), catechin (140), isomer of taxifolin pentoside (142), vitexin 

(143), isovitexin (144), kaempferol hexoside (145), isomer of quercetin pentoside (146), 

quercetin hexoside (147), apigenin 6-C-glucose-8-C-glucose (148), kaempferol–

coumaroyl-hexoside (150) and isorhamnetin hexoside (151). The phytochemical 

investigation of the EtOAc and n-BuOH fractions of the plant led to the isolation of four 

different compounds. Through a combination of spectroscopy (1D and 2D NMR) and 

mass spectrometry, these compounds were identified as apigenin 8-C-glucoside (143), 

apigenin 6-C-glucoside (144), taxifolin 3-O-arabinofuranoside (142) and acacetin 7-O-β-

glucoside (152). All the compounds exhibited good to weak DPPH radical scavenging 

and α-glucosidase inhibitory activities and relatively moderate to weak inhibitory 
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activity against acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) when 

compared to positive control. 

 

Similarly for C. cauliflora, LC-DAD-ESIMS/MS was used to analyze the most bioactive 

fractions (EtOAc and n-BuOH) of Callicarpa maingayi. Cistanoside F (109), apigenin 6-

C-glucoside-8-C-glucoside (148), β-OH-forsythoside B (132) and campneoside II (112), 

isocampneoside I (122), rhamnazin 3-O-rutinoside (153), forsythoside B (26), 

campneoside I (118), aceteoside (27), isoaceteoside (24), eukovoside (123), acacetin 

diglucuronide (126), apigenin 7-O-rutinoside (154), 2’-acetylacteoside (28), 2’-

acetylacteoside isomer (28), acacetin 7-O-glucoronide (130), β-OH-poliumoside (114), 

kaempferol 3-sulfate-7-arabinopyranoside (155) and poliumoside (29), were tentatively 

identified based on their UV spectra and MS/MS data. All these compounds are reported 

in this species for the first time. Phytochemical investigations of the DCM and hexane 

fractions of C. maingayi were also carried out. Eight known compounds namely 

euscaphic acid (51), arjunic acid (156), ursolic acid (20), apigenin (131), acacetin (157), 

stigmasterol 3-O-β-glycopyranoside (158) and sitosterol 3-O-β-glycopyranoside (159) 

were isolated from the DCM fraction, while n-hexacosanoic acid (160) from the hexane 

fraction. Compounds 51, 156, 20, 131, 157 and 160 were isolated for the first time from 

the C. maingayi. Furthermore, the triterpenoid effects on AChE and α-glucosidase 

enzymes were also investigated. Ursolic acid (20) was found to display moderate 

inhibition against AChE, whereas euscaphic acid (51) and arjunic acid (156) 

demonstrated moderate α-glucosidase inhibitory activity. The biological activities of the 

crude extracts of C. cauliflora and C. maingayi and the pure compounds were in 

alignment with their ethno pharmacological uses. In conclusion, this study have 

validated the use of these plants in traditional medicinal practice and suggested that they 

may have potential applications in the treatment of various free radical mediated 

diseases. 
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FITOKIMIA, BIOAKTIVITI DAN LC-DAD-MS/MS ANALISIS EKSTRAK 

DAUN NAM-NAM (Cynometra cauliflora L.) DAN  

TAMPANG BESI (Callicarpa maingayi K. & G.) 

Oleh 

MUHAMMAD ABUBAKAR ADO 

September 2016 

Pengerusi : Profesor Madya Faridah Abas, PhD 

Institut : Biosains 

Kajian terkini menunjukkan bahawa radikal oksigen spesies (ROS) dibebaskan bersama-

sama dengan beberapa komponen lain dalam badan mampu memusnahkan juzuk sel dan 

bertindak sebagai utusan sekunder untuk beberapa penyakit kronik seperti diabetes, 

penyakit Alzheimer`s (AD), penyakit jantung koronari, penyakit kulit dan keradangan. 

Oleh kerana ramai penyelidik telah menunjukkan bahawa kebanyakan ubat-ubatan dan 

bahan tambahan yang digunakan dalam rawatan AD, kencing manis, atau penyakit kulit 

boleh menyebabkan kesan toksik dan menyebabkan penyakit serius yang lain, kajian 

kimia dan biologi ke atas tumbuh-tumbuhan ubatan dan boleh dimakan adalah cara 

alternatif untuk mencari sebatian aktif yang baru. Oleh itu, objektif utama kajian ini 

adalah untuk menilai kesan ekstrak metanol dan fraksi kekutuban berbeza daripada dua 

tumbuhan ubatan Malaysia iaitu Cynometra cauliflora (nam-nam) dan Callicarpa 

maingayi (tampang besi) terhadap aktiviti antioksidan, perencatan asetilkolinesterase, 

tirosinase dan α-glukosidase. Di samping itu, pengenalpastian sebatian bioaktif daripada 

fraksi aktif dilakukan dengan menggunakan teknik LC-DAD-ESIMS/MS dan 

spektroskopi. 

Ekstrak metanol daun C. cauliflora menunjukan perencatan kuat terhadap ketiga-tiga 

enzim dan aktiviti antioksidan yang tinggi. Bioaktiviti itu ditemui tertumpu pada fraksi 

EtOAc dan n-BuOH. Analisis LC-DAD-ESIMS/MS terhadap dua fraksi aktif ini 

membawa kepada pengenalpastian 18 metabolit. Sebatian-sebatian ini termasuk isomer 

daripada prosianidin; prosianidin tetramer (139), prosianidin trimer (141) dan 

prosianidin heksamer (149), catechin (140), isomer daripada taksifolin pentosida (142), 

viteksin (143), isoviteksin (144), kaempferol heksosida (145), isomer kuersetin 

pentosida (146), kuersetin heksosida (147), apigenin 6-C-glukosa-8-C-glukosa (148), 

kaempferol-koumaroil-heksosida (150) dan isorhamnetin heksosida (151). Kajian 

fitokimia terhadap fraksi EtOAc dan n-BuOH membawa kepada pemencilan empat 

sebatian yang berbeza. Melalui gabungan analisis spektroskopi (1D dan 2D NMR) dan 

spektrometri jisim, sebatian ini telah dikenal pasti sebagai apigenin 8-C-glukosida (143), 

apigenin 6-C-glukosida (144), taksifolin 3-O-arabinofuranosida (142) dan akasetin 7-O-
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β-glukosida (152). Semua sebatian mempamerkan aktiviti pemerangkap radikal DPPH 

dan perencatan α-glukosidase dari bak hingga baik lemah dan aktiviti perencatan 

asetikolinesterase (AChE) dan butirilkolinesterase (BChE) dari sederhana hingga lemah 

berbanding kawalan positif. 

 

Sama seperti C. cauliflora, LC-DAD-ESIMS/MS telah digunakan untuk menganalisis 

fraksi paling aktif (EtOAc dan n-BuOH) daripada Callicarpa maingayi. Cistanosida F 

(109), apigenin 6-C-glukosida-8-C-glukosida (148), β-OH-forsitosida B (132) dan 

campneosida II (112), isocampneosida I (122), rhamnazin 3-O-rutinosida (153), 

forsitosida B (26), campneosida I (118), aseteosida (27), isoaseteosida (24), eukovosida 

(123), akasetin diglukuronida (126), apigenin 7-O-rutinosida (154), 2'-asetilakteosida 

(28), isomer 2'-asetilakteosida (28), akasetin 7-O-glukuronida (130), β-OH-poliumosida 

(114), kaempferol 3-sulfat-7-arabinopiranosida (155) dan poliumosida (29), telah 

dikenal pasti secara tentatif berdasarkan data MS/MS dan spektrum UV. Semua sebatian 

dilaporkan dalam spesies ini buat kali pertama. Kajian fitokimia terhadap fraksi DCM 

dan heksana C. maingayi juga telah dijalankan. Lapan sebatian yang dikenali sebagai 

asid euskapik (51), asid arjunik (156), asid ursolik (20), apigenin (131), akasetin (157), 

stigmasterol 3-O-β-glikopiranosida (158) dan sitosterol 3-O-β-glikopiranosida (159) 

telah berjaya dipencilkan daripada fraksi DCM, manakala asid n-heksakosanoik (160) 

daripada fraksi heksana. Sebatian 51, 156, 20, 131, 157 dan 160 tersebut telah 

dipencilkan buat kali pertama dari C. maingayi. Tambahan pula, kesan triterpenoid 

terhadap enzim AChE dan α-glukosidase turut disiasat. Asid ursolik (20) didapati 

mempamerkan perencatan sederhana terhadap enzim AChE, manakala asid euskapik 

(51) dan asid arjunik (156) menunjukkan aktiviti perencatan sederhana terhadap enzim 

α-glukosidase. Aktiviti biologi ekstrak mentah C. cauliflora dan C. maingayi dan 

sebatian tulen adalah selari mengikut kegunaan etnofarmakologi. Kesimpulannya, kajian 

ini telah mengesahkan penggunaan tumbuh-tumbuhan ini dalam amalan perubatan 

tradisional dan mencadangkan bahawa tumbuhan tersebut berpotensi digunakan dalam 

rawatan pelbagai penyakit yang disebabkan pengantara radikal bebas. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 General 

 

Medicinal plants and their derived products have been an important medicinal source for 

several thousands of years worldwide (McChesney et al., 2007).  In the early 1900s, i.e. 

prior to the “Synthetic Era”, approximately 80% of all medicines used were obtained 

from medicinal plants or natural products (Singh et al., 2014). In the past few years, 

there has been a drastic increase in research in the field of natural product-based drugs 

because of their ready availability, cost effectiveness, relatively less side effects, 

structural diversity and better tolerability (Singh et al., 2014). Twenty-five years ago, it 

was estimated that approximately 70% of new chemical entities used in medicinal 

practice were obtained directly or indirectly from natural products. Even the World 

Health Organization has recognized the importance of traditional medicine and has 

established guidelines, strategies and standards for the use of medicinal plants (Baker et 

al., 2007; McChesney et al., 2007; Singh et al., 2014). 

 

 

Medicinal plants occupy a prominent position in meeting the primary health care needs 

of many people, particularly in developing countries because they are inexpensive, 

effective, safe and readily available (Farnsworth et al., 1985; Agara et al., 2007; Cragg 

and Newman, 2013). Plant-based systems continue to play an important part in 

healthcare, and their use by various cultures has been widely documented. A survey of 

plant-derived pure compounds used as drugs in countries hosting WHO-Traditional 

Medicine Centers indicated that of 122 compounds identified, 80% were used for the 

same or related ethnomedical purposes and were derived from only 94 plant species 

(Cragg and Newman, 2013).  Furthermore, the increased costs of prescription drugs for 

the maintenance of health have fueled interest in medicinal plants to obtain new plant-

derived drugs (Hoareau and DaSilva, 1999).  Historically, all medicinal preparations 

were obtained from plants, in the simple form of plant parts or by combining different 

parts as crude extracts (Ayyanar and Ignacimuthu, 2011).  

 

 

The use of medicinal plants as sources of therapeutic agents in drug discovery occurs via 

four pathways: a) using the whole plant or plant parts as herbal remedies, e.g., 

echinaceas, feverfew, garlic, cranberry, and Ginkgo biloba; b) isolating bioactive 

compounds from plants for direct use as drugs, e.g., digitoxin, morphine, reserpine, 

digoxin, taxol, vinblastine, and vincristine; or c) identifying bioactive compounds of 

new or known structures that will guide the production of semi-synthetic products for 

use as patentable drugs with higher activity and lower toxicity, e.g., nabilone, 

oxycodone, metformin, and taxotere: and/or d) using the agents for clinical, 

pharmacological, and chemical studies e.g., lysergic acid diethylamide, mescaline, and 

yohimbine (Fabricant and Farnsworth, 2001).  
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Innovations in the use of medicinal plants in different parts of the world are vital to 

establishing new directions for the propagation of alternative medicine with better 

economic and social benefits. In Malaysia, medicinal plants play an important role in the 

treatment of various ailments. The use of plant preparations for such purposes has been 

well documented (Herbal Medicine Research Centre, 2002; Zaidan et al., 2005). More 

than one hundred plant species in Malaysia are reported to have medicinal properties 

(Zaidan et al., 2005). Indeed, it has been reported that more than 250,000 species of 

higher plants in Malaysia with therapeutic potential, only 5–15% have been studied. 

Thus, there is enormous potential to identify plant resources with useful phytochemicals 

(Chew et al., 2011). 

 

 

1.2 Plant Secondary Metabolites  

 

For many decades, humans have used various secondary metabolites (phytochemicals) 

produced by higher plants (Yazaki, 2005). These bioactive constituents of plants can be 

classified into three different categories based on their biosynthetic origins: alkaloids, 

terpenoids, and phenylpropanoids and allied phenolic compounds (Wolfender et al., 

2003; Edeoga et al., 2005). Several of these compounds have shown various biological 

activities such as the inhibition of protein synthesis, cardiac activity, the inhibition of the 

nerve system, and the modulation of microtubule structure. These bioactive secondary 

metabolites from plants have been used as natural medicines, and the plants containing 

these metabolites have frequently been utilized as medicinal plants and identified in 

numerous recipes for crude drugs (Wolfender et al., 2003; Yazaki 2005).  

 

 

Secondary metabolites from medicinal plants with unknown pharmacological activities 

have been extensively examined as sources of medicinal agents for the treatment and 

prevention of different ailments. For example, more than 80% of drug substances were 

obtained from natural products or inspired by natural compounds (Harvey, 2008). 

Furthermore, five natural-product-related drugs were approved as the first members of 

new classes of drugs, including the ziconotide and exenatide peptides and the small 

molecules ixabepilone, retapamulin, and trabectedin. Other products are composed of 

compounds from plant sources, e.g., elliptinium, galantamine and huperzine: from 

microbes, e.g., daptomycin, from animals e.g., exenatide and ziconotide: and from 

synthetic or semi-synthetic compounds processes based on natural products, e.g., 

tigecycline (1), everolimus (2), telithromycin (3), micafungin (4) and caspofungin (5). 

These drugs (Figure 1.1) cover a range of therapeutic activities, such as anti-infective, 

anti-diabetic, and anti-cancer activities, and have highly diverse chemical structures 

(Cragg and Newman , 2007; Lam, 2007; Harvery, 2008; Cragg and Newman, 2016). 
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Figure 1.1 : Secondary Metabolites Contributing to New Medicinal Properties 

 

 

1.3 Problem Statement and Justification 

 

It is now known that radical oxygen species (ROS) such as hydroxyl radical (OH
.
), 

superoxide anion radical (O
.-

2), and nitric oxide (NO), produced in the body are capable 

of destroying other cellular constituents and they act as secondary messenger for many 

chronic diseases (Vina et al., 2004; Stuchbury and Munch, 2005; Ferreira et al., 2006). 

This is generally considered to be linked to many chronic health problems such as 

cancers, cardiovascular problems, inflammation, diabetes and Alzheimer`s disease (Mata 

et al., 2007; Biglari et al., 2007).  
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Treatment of such diseases (Alzheimer, diabetes, and skin diseases) involves the 

inhibitions of enzymes known to be acetylcholinesterase for a person with Alzheimer`s 

disease, α-glucosidase in diabetes conditions and tyrosinase for skin diseases. The 

licensed medicines for inhibiting these enzymes presently in use for the treatment of 

these disorders such as donepezil, tacrine, galantamine, acarbose, miglitol, and 

hydroquinone have been reported to exhibit several severe side effects (Li et al., 2005; 

Choi et al., 2010; Wszelaki et al., 2010). Some of the frequent reported adverse effects 

include peripheral and central side effects such as fatigue or depression, gastrointestinal 

disturbances, insomnia, intestinal pain, flatulence and  diarrhea, among other (Germanas 

et al., 2007; Bolen et al., 2007; Yilmazer-Musa, 2012).  

 

 

In view of the fact that most of the inhibitors used for the treatments of such diseases 

acquired some toxic effects and caused another serious ailment, chemical and biological 

studies on medicinal and edible plants have been increased in order to find bioactive 

compounds from natural sources. Therefore, the present study is focused on screening, 

profiling and isolation of the phytochemicals from the leaves of Cynometra cauliflora 

and Callicarpa maingayi. Although, these species have been used broadly in traditional 

medicine for the treatment of many ailments, biological testing and purification of the 

bioactive compounds has been lacking. As part of intensive studies on Malaysian 

medicinal plant in the development of the source of useful pharmaceutical agents, this 

research was conducted based on the following objectives: 

 

1. To screen the methanol extract and different polarity fractions (hexane, 

dichloromethane, ethyl acetate, n-butanol and aqueous) of C cauliflora and C. 

maingayi leaves for their antioxidant, acetylcholinesterase, tyrosinase and α-

glucosidase inhibitory activities. 

2. To profile the bioactive fraction(s) using liquid chromatography–diode array 

detection–electrospray ionization–tandem mass spectrometry (LC-DAD-

ESIMS/MS).  

3. To isolate the chemical constituents from the active fractions of  C. cauliflora 

and C. maingayi using several chromatographic techniques.  

4. To elucidate and characterize the structure of the isolated compound(s) using 

various spectroscopic techniques.  

5. To evaluate the antioxidant, cholinesterase and α glucosidase inhibitory 

activities of the isolated compounds.  
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