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Marine natural products, especially sponges, are the primary producers of secondary 

metabolites that of interest for investigation for clinical applications globally. 

However, there are limited studies being performed on sponges from Malaysia waters. 

Hence, the current study aimed to screen and isolate bioactive metabolites from marine 

sponges (Haliclona, Xestospongia, Aaptos, Axinella, Axinyssa, Mycale, Plakortis, and 

Penares) of Malaysia waters. Preliminary studies focused on several biological 

activities [α-glucosidase, cytotoxicity, antioxidant potential, nitric oxide (NO) 

scavenging activity, and antimicrobial] from marine sponge samples collected from 

Langkawi Island and Port Dickson. The most active fraction were chosen for nuclear 

magnetic resonance (NMR) and liquid chromatography mass spectrometry (LCMS) 

profiling before proceeding with various chromatographic methods for isolation. The 

bioassay screening results showed that marine sponges from Langkawi Island 

displayed better activities with DPPH inhibition ranges from 0 to 81.89%, NO 

scavenging ranges from 0 to 83.82%, and IC50 values for cytotoxicity (against MCF-

7) ranging from 20.41 to 40.19 g/mL except for α-glucosidase inhibition testing 

which had inhibition ranges from 0 to 0.83%.  However, the Port Dickson samples 

showed the highest inhibition among all the tested biological activities except for the 

NO scavenging. However, the other samples from Port Dickson showed inhibition 

ranges approximately 20 to 30% for DPPH and 30 to 40% for NO scavenging testing. 

Haliclona sp. (L2) from Langkawi Island was chosen for further fractionation and 

isolation due to its overall performance in the screening. Further bioassay testing on 

the L2 fractions found that the non-polar fractions [hexane (14.05% inhibition in α-

glucosidase) and dichloromethane (DCM) (45.24% inhibition of DPPH and 94.66% 

inhibition of NO scavenging)] were the most active fractions. NMR profiling 

tentatively identified 43 metabolites including amines, amides, fatty acids and 

carboxylic acids from the Haliclona sp. crude extract and nine secondary metabolites 

from the hexane and DCM active fractions; the main fatty acids constituents included 
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linolenic acid, palmitic acid and arachidic acid. Characterization of compounds such 

as tryptophan, indoleacrylic acid, nor-5β-cholestane-3α,7α,12α,24,25-pentol, 

adenylsuccinic acid, and muricatacin using LCMS were performed with supporting 

data from the literatures and MS database. Subsequently, compounds isolation was 

performed on the nonpolar fractions using various chromatographic methods, 

including column chromatography and high-performance liquid chromatography 

(HPLC). A cholestanol derivative (1) was isolated from the hexane fraction while 1-

(phenoxyamino)undecan-4-ol (2) and 1-(phenoxyamino)dodecan-3-ol (3) were 

isolated from the DCM fraction. Characterization of the isolated compounds was 

successfully performed based on the collection of spectroscopic (IR, NMR and MS) 

data with comparisons to the literatures. In conclusion, the current study successfully 

assessed the bioactivity of 16 species from marine sponges collected from Malaysian 

waters and characterized isolated compounds from the nonpolar active fractions of 

Haliclona sp.. These findings are also useful and may serve as an important basis for 

future drug discovery and development from marine organisms.  
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Hasil semulajadi marin, terutamanya span, adalah pengeluar utama kepada metabolit 

sekunder yang mempunyai kepentingan untuk kajian aplikasi klinikal di seluruh dunia. 

Walau bagaimanapun, kajian penyelidikan terhadap span marin daripada perairan 

Malaysia adalah terhad. Oleh itu, kajian ini bertujuan untuk menyaring dan 

mengasingkan metabolit bioaktif daripada span marin (Haliclona, Xestospongia, 

Aaptos, Axinella, Axinyssa, Mycale, Plakortis, dan Penares) berasal dari perairan 

Malaysia. Kajian awal tertumpu kepada beberapa aktiviti biologi (α-glukosidase, ujian 

sitotoksik, potensi antioksidan, aktiviti pemerangkapan nitrik oksida (NO), and ujian 

antimikrob) daripada koleksi span marin yang diambil daripada Pulau Langkawi dan 

Port Dickson. Pecahan yang paling aktif diprofil menggunakan resonans magnetik 

nuklear (NMR) dan spektrometri jisim kromatografi cecair (LCMS) sebelum proses 

pengasingan dengan menggunakan pelbagai kaedah kromatografi. Ujian aktiviti 

biologi menunjukkan bahawa span marin berasal dari Pulau Langkawi menunjukkan 

keputusan yang lebih baik dalam pemerangkapan radikal bebas oleh DPPH yang 

memberikan julat perencatan antara 0 hingga 81.89%, pemerangkapan nitrik oksida 

(NO) dengan julat perencatan antara 0 hingga 83.82%, dan menunjukkan nilai IC50 

yang rendah untuk ujian sitotoksik (terhadap MCF-7) yang berjulat dari 20.41 hingga 

40.19 g/mL kecuali untuk aktiviti perencatan α-glukosidase yang berjulat antara 0 

hingga 0.83%. Akan tetapi, sampel dari Port Dickson yang menunjukkan nilai 

perencatan tertinggi dalam kalangan semua aktiviti biologi yang dijalankan kecuali 

untuk ujian pemerangkapan nitrik oksida (NO) di mana sampel yang lain dari Port 

Dickson menunjukkan nilai perencatan yang berjulat dari 20 hingga 30% untuk 

pemerangkapan DPPH dan 30 hingga 40% untuk pemerangkapan nitrik oksida (NO). 

Sampel Haliclona sp. (L2) yang berasal dari Pulau Langkawi dipilih untuk menjalani 

pecahan dan pengasingan lanjut disebabkan prestasi keseluruhannya dalam ujian 

aktiviti biologi yang dilakukan. Pecahan daripada pelarut tidak polar daripada L2 yang 

terdiri daripada heksana (nilai perencatan sebanyak 14.05% dalam ujian perencatan α-
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glukosidase) dan diklorometana (DCM) (nilai perencatan sebanyak 45.24% dalam 

ujian pemerangkapan radikal bebas oleh DPPH dan nilai perencatan sebanyak 94.66% 

dalam ujian pemerangkapan nitrik oksida (NO)) merupakan pecahan yang paling aktif 

selepas ujian aktiviti biologi yang selanjutnya dilakukan.  Pengenalpastian menerusi 

kajian resonans magnetik nuklear (NMR) berjaya mencirikan 43 metabolit daripada 

ekstrak mentah Haliclona sp. (L2) termasuk amina, amida, asid lemak dan asid 

karboksilik dan sembilan metabolit sekunder dari pecahan aktif heksana dan pecahan 

DCM di mana unsur-unsur asid lemak utamanya termasuk asid linolenik, asid palmitik 

dan asid arakidik. Pencirian sebatian seperti triptofan, asid indolakril, nor-5β-kolestan-

3α,7α,12α,24,25-pentol, asid adenilokinik, dan murikatasin dilaksanakan dengan 

menggunakan LCMS dengan data sokongan dari penyelidikan terdahulu dan 

pangkalan data MS. Kemudian, pengasingan sebatian dilakukan pada pecahan 

daripada pelarut tidak polar dengan menggunakan pelbagai kaedah kromatografi, 

termasuk kromatografi kolum dan kromatografi cecair tekanan prestasi tinggi 

(HPLC). Terbitan kolestanol (1) terpencil daripada pecahan pelarut heksana dan 1-

(fenoksiamino)undekan-4-ol (2) dan 1-(fenoksiamino)dodekan-3-ol (3) terpencil 

daripada pecahan pelarut DCM. Pencirian terhadap sebatian yang terasing telah 

berjaya dilakukan berdasarkan pengumpulan data-data spektroskopi (NMR dan MS) 

dan perbandingan dengan data daripada penyelidikan terdahulu. Kesimpulannya, 

kajian ini berjaya menilai bioaktiviti daripada 16 spesies span marin yang 

dikumpulkan dari perairan Malaysia dan mencirikan sebatian yang terasing daripada 

pecahan aktif iaitu pecahan pelarut tidak polar daripada Haliclona sp. Penemuan ini 

juga berguna untuk dijadikan asas penting untuk penemuan dan perkembangan ubat-

ubatan daripada organisma marin pada masa depan. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

Mother nature serves as a source of medicine for treatments and preventions of 

diseases as a result of life’s developing multiple solutions to recurring challenges, in 

response to which and to enhance their chances of survival by producing billions of 

diverse compounds, many of which are potentially useful to mankind (Bakuni and 

Rawat, 2005). Over 62% of small molecule agents approved for use as drug in the 

market can be traced back to its natural products origin such as aspirin from willow or 

birch, morphine from poppy, penicillin from fungus and adriamycin from bacterium 

(Newman, Cragg and Snader, 2003; Amy, 2012). However, drug discovery requires 

random screening of thousands of species and the procedure is not rapid. At the same 

time, tropical rainforests which housing 50% of earth’s plants are disappearing fast, 

from 16% of earth’s land surface in 1950 to 8% in 2002 (David, 2008). Apart from 

the huge inventory of flora, fauna and other forms of life, the world’s biodiversity also 

contains all of the interactions, energy pathways, symbioses and other elements that 

contribute to life of all the species.   

The oceans, representing 95% of the Earth’s hydrosphere, are the greatest center of 

biodiversity that lie a treasure trove of undiscovered metabolites of novel chemical 

structures, elaborating diverse biological properties of potential medical interests 

(Jaksha, 2010). The first wave of marine-derived drug discovery in the 1950’s have 

yielded potent cephalosporin family of antibiotics to fight a range of bacterial 

infections, as well as the unprecedented discovery of AZT for treating AIDS. A second 

wave in recent years has now yielded several clinically useful drugs and 

investigational drug candidates which are already in the pipeline such as dolastatin 10, 

ecteinascidin-743 and ziconitide. These discoveries are only the ‘tip-of-the-iceberg’. 

A great challenge still awaits and, in this respect, the potential of the tropical Indo-

Pacific oceans to yield useful natural products still remains to be sustainably tapped. 

With threats of drastic anthropological changes, natural disasters and pollution 

resulting from human activities, there is now a growing concern that we are losing 

many of the oceans' untold resources before we can even fully understand them. 

Therefore, it is imperative that natural products from these valuable bioresources be 

assessed and evaluated for their potential use for the benefit of mankind. 

Marine sponges under phylum Porifera are one of the richest sources of biologically 

active secondary metabolites with vast chemical diversity (Rifai et al., 2005). They 

are now among the best sources of novel compounds according to Appeltans et al. 

(2012) and Thomas et al. (2010), contributing the highest number of compounds per 

year among other marine natural products for year 2006 and 2007 (Blunt et al., 2009), 

while in the 20th century, scientists conservatively estimate 11% of the thousands of 

tested sponge species may produce cytotoxic compounds that may contribute to the 

discovery of drugs (Garson, 1994). The chemical defenses of these sessile marine 
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invertebrates may possess exert a multitude of biological activities besides producing 

nitrogen-containing substances that usually called marine alkaloids. These compounds 

have been found to interact with key aspects to the cell cycle, and with enzymes or 

other targets, providing insights into new therapeutics, including antibacterial, 

anticoagulant, antiviral, antifungal, antiinflammatory, antituberculosis, antimalarial, 

and antiplatelet agents with the hope of new cures to important existing diseases such 

as cancer (Ramanjooloo et al 2014; Izzati et al., 2011; Qaralleh et al., 2010; Rao et 

al., 2006; Coello et al., 2009; Guzmán et al., 2011; Takei et al., 2010; Lucas et al., 

2003).  

1.2 Problem Statement 

Studies had been done on marine sponges globally on obtaining the anti-inflammatory 

metabolites from isolated terpenoids (Robert and Michael, 2005), anti-fungal 

sphingosine and its derivatives (El-Amraoui et al., 2013), new cytotoxic 

norsesterterpene peroxide obtained from Thai sponges (Phuwapraisirisan et al., 2003), 

new alkaloids obtained with anti-microbial, free redial scavenging (DPPH) and cancer 

growth inhibition activities (Youssef et al., 2013) and more. There are few studies 

have been reported on the isolation of chemical compounds and bioactivities from the 

Malaysian sponges collected from various coastal waters including Pulau Bidong, 

Pulau Kapas, Pulau Perhentian and Pulau Redang in Terengganu, Pulau Kera in 

Penang and also Pulau Langkawi, Kedah. (Khozirah et al., 2009; Habsah et al., 2009a; 

Khamsah et al., 2005; Izzati et al., 2011; Qaralleh et al., 2010). Therefore, this 

research aims to isolate more compounds with therapeutics effects in drug discovery 

field for existing diseases from marine sponges locally in view of researches done 

globally. Besides, current study focusses on different species of sponges available 

locally for a better knowledge regarding the available sponge species with the 

possibilities for further researches to be done based on the activities shown.  

1.3 Objectives of Study 

The specific objectives of current study are presented as below:  

1. To screen the biological activities of selected marine sponges from West 

Coasts of Peninsular Malaysia.  

(From the screening activities in Objective 1, Haliclona sp. was identified as 

having more potential in tested activities, thus was selected for further study.) 

2. To profile the chemical constituents in the Haliclona sp. using NMR and 

LCMS/MS analyses.  

3. To isolate and characterize the chemical constituents from the Haliclona sp. 

using various chromatographic and spectroscopic techniques. 
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