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Chairman: Professor Mawardi Rahmani, PhD 
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Detailed phytochemical investigation has been carried out on leaves and bark of 

Artocarpus elasticus (Moraceae) collected from two separate locations, Gunung 

Nuang, Selangor and Sarawak. Various chromatography techniques such as thin 

layer chromatography (TLC), gravity column chromatographic, vacuum column 

chromatography, and chromatotron have been used to isolate several compounds of 

different classes, such as triterpenes, chalcones, flavone, and 

dihydrobenzoxanthones.  Structural elucidations of the pure compounds were carried 

out using spectroscopic techniques such as UV, IR, NMR, MS and also by 

comparison with published data. The crude extracts and some isolated compounds 

were screened for antioxidant activity using 2, 2-diphenyl-1-picrylhydrazyl assay, 

cytotoxicity by using microculture tetrazolium salt assay and antimicrobial activity 

using disc diffusion assay. The cell lines used in the cytotoxic assay were human 

estrogen receptor (ER+) positive breast cancer (MCF-7), human estrogen receptor 

(ER-) negative (MDA-MB 231), human hepatocarcinoma (HepG2), and normal 

human cell (WLR-68).  For the antimicrobial activity samples were tested against 
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Bacillus ATCC, Bacillus cereus, Bacillus subtilis, Staphylococcus aureus ATCC, 

Staphylococcus aureus IMR, Staphylococcus pyogenes, Staphylococcus epidermidis, 

S1211 IMR, Pseudomonas aeruginosa, Klebsiella sp., Pseudomonas multocida, 

Enterobacter cloacae and  Escherichia coli. 

 

Isolation work on leaves of Artocapus elasticus collected from Gunung Nuang, 

Selangor, Malaysia has led to the isolation and identification of three new 

dihydrochalcones [elastichalcone A (105), elastichalcone B (109), elastichalcone C 

(107)], cycloartocarpesin (111) along with stigmasterol (96) and p-hydroxybenzoic 

acid (112). In contrast, detailed study on the bark of Artocarpus elasticus collected 

from Sarawak afforded one new flavone, elastixanthone (113), together with the 

known cycloartobiloxanthone (15), artobiloxanthone (79) and artonin E (80).  

 

All compounds isolated showed interesting biological activity towards certain 

bioassays. However, five of the prenylated flavonoids, cycloartobiloxanthone (15), 

artonin E (80), elastichalcone B (109), cycloartocarpesin (111) dan elastixanthone 

(113) exhibited good potential for further development as antioxidant agent with IC50 

values of 40.02, 11.50, 11.30, 11.89 and 21.60 µg/ml, respectively. Cytotoxic assay 

carried out on the isolated compound revealed that artonin E (80) possesses potent 

cytotoxic activity against human estrogen receptor (ER+) positive breast cancer 

(MCF-7) and human estrogen receptor (ER-) negative (MDA-MB 231) with IC50 

value of 2.5 and 15 µg/ml, respectively. Similarly, artonin E (80) and elastichalcone 

B (109) displayed broad spectrum of antimicrobial activities on the growth of 

Bacillus ATCC, B. cereus, B. subtilis, S. aureus ATCC, S. aureus IMR, S. pyogenes, 

E. coli and S. epidermidis.  
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ARTOCARPUS ELASTICUS REINW. EX BLUME 

Oleh 

FAIQAH BINTI RAMLI 

Mei 2013 

Pengerusi: Profesor Mawardi Rahmani, PhD 

Fakulti      : Sains 

 

Kajian fitokimia dan aktiviti biologi ke atas kulit batang dan daun Artocarpus 

elasticus telah dijalankan. Pelbagai teknik kromatografi seperti turus graviti, 

kromatografi turus vakum, kromatografi radial dan kromatografi lapisan nipis telah 

digunakan untuk penulenan beberapa sebatian daripada kelas yang berbeza seperti 

triterpena, calkon, flavon, dan xanton. NMR, MS, IR, UV dan juga pembandingan 

dengan data literatur telah digunakan untuk pengenalpastian struktur sebatian yang 

telah dipencilkan. Ekstrak mentah dan sebahagian sebatian yang telah dipencilkan 

telah diuji aktiviti antioksidan, sitotoksik dan antimikrob dengan masing-masing 

menggunakan kaedah 2,2-difenil-1-pikrilhidrazil (DPPH), mikrokultur tetrazolium 

garam dan peresapan cakera. Sel yang digunakan untuk ujikaji sitotoksik adalah 

kanser payudara (MCF-7), penerima estrogen negative manusia (MDA-MB 231), 

hepatokarsinoma manusia (HepG2), dan sel manusia normal (WLR-68). Aktiviti 

mikrob telah diuji ke atas Bacillus ATCC, Bacillus cereus, Bacillus subtilis, 

Staphylococcus aureus ATCC, Staphylococcus aureus IMR, Staphylococcus 
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pyogenes, Staphylococcus epidermidis, S1211 IMR, Pseudomonas aeruginosa, 

Klebsiella sp., Pseudomonas multocida, Enterobacter cloacae dan Escherichia coli. 

Kerja pemencilan ke atas daun Artocarpus elasticus yang diperoleh dari Gunung 

Nuang, Selangor, Malaysia telah membawa kepada pemencilan tiga dihidrocalkon, 

elasticalkon A (105), elasticalkon B (107), elasticalkon C (109) dan asid p-

hidroksibenzoik (112), sikloartokarpesin (111), dan stigmasterol (96). Kajian yang 

sama ke atas kulit batang Artocarpus elasticus yang diperoleh dari Sarawak, 

Malaysia telah membawa kepada pemencilan satu flavon baru elastixanton (113), 

bersama dengan tiga flavon lain yang dikenali sebagai, cycloartobiloxanthone (15) 

dan artobiloxanthone (79) dan artonin E (80).  

Ujian aktiviti biologi telah dijalankan ke atas semua sebatian yang telah dipencilkan. 

Walau bagaimanapun, lima flavon, sikloartobiloxanton (15), artonin E (80), 

elasticalkon C (107), sikloartokarpesin (111), dan elastixanton (113) menunjukkan 

potensi yang baik sebagai ajen antioksidan dengan IC50 40.02, 11.53, 11.30, 11.89 

dan 21.60 µg/ml. Kaedah sitotoksik ke atas kesemua sebatian menunjukkan artonin 

E (80) mempunyai aktiviti sitotoksik ke atas sel kanser payudara (MCF-7) dan 

penerima estrogen negatif (MDA-MB 231) dengan nilai IC50 2.5 dan 15 µg/ml. 

Namun begitu, hanya artonin E (80) dan elasticalkon B (109) sahaja menunjukkan 

perencatan yang kuat ke atas pertumbuhan Bacillus ATCC, B. cereus, B. subtilis, S. 

aureus ATCC, S. aureus IMR, S. pyogenes, E. coli dan S. epidermidis.  
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CHAPTER 1 

 

    INTRODUCTION 

 

1.1 Introduction 

It is a well known fact that plants play an important role in daily human life by 

providing oxygen, food, wood, furniture, rubber and are even used in traditional 

medicines which contribute to the economic development in certain countries 

(Raskin et al., 2002). Studies have exhibited that chronic diseases such as stroke, 

myocardial infarction, certain type of cancers, diabetes mellitus, Alzheimer’s 

disease, allergy, septic shock, osteoporosis, neurodegeneration and some other 

diseases associated with aging are easier to prevent than to cure, and that 

consumption of phytochemical-rich fruits and vegetables, along with culinary herbs 

and spices, can reduce the risk of developing such condition (Vickery et al., 1981).   

 

Over the centuries, drugs were entirely of natural origin and composed of herbs, 

animal products, and inorganic materials. Early remedies may have combined these 

ingredients, but it is certain that those treatments were effective, leading to early 

herbals. As chemical techniques improve, the active constituents were isolated from 

plants, structurally characterized, and further synthesized in the laboratory. 

Sometimes, more effectively, better drugs were produced by structural 

modifications, or by total synthesis of analogues of the active principles. Even so, 

herbal remedies are also enjoying revival as modern drugs (Dewick, 2001).  
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In Malaysia, 55.4% are still covered by tropical forest all over the country. Studies 

on local Malaysian plants such as turmeric (Curcuma domestica), betel leaf (Piper 

betel), pandan leaf (Panadanus odorus), asam gelugur (Garnicia atroviridis), 

mengkudu (Morinda citrifolia), pegaga (Centella asiatica), ginger (Zingiber 

officinale), and cassava shoot (Manihot asculenta) have been shown to exhibit 

various good biological activity (Sies, 1996). 

 

The world has witnessed intense research on Artocarpus genus which is distributed 

in South East Asia including Malaysia. Artocarpus species are large evergreen trees 

that have edible fruits. They are use for furniture and building materials due to their 

strong and durable dark-colored wood (Jayasinghe et al., 2006; Hakim et al., 2005). The 

fruits, roots, buds and leaves are also widely used as traditional medicine against 

various diseases such as malaria fever, liver cirrhosis, hypertension, and diabetes. 

Regarding the chemical constituent, many chalcones, flavanoids, xanthones and 

triterpenes have been reported from various Artocarpus species. Recent 

investigations show that the flavanoids that present in both lower and higher plants 

posses antioxidant, anticancer, antiplatelet, anti-inflammatory effects and protects 

the body from mutagens such as smoke and other pollutants (Radwan et al., 2009). 

 

Plants are potential sources of natural antioxidant. They produce various 

antioxidative compounds to counteract reactive oxygen species (ROS) in order to 

survive. ROS include free radicals such as hydroxyl radicals (OH·) and superoxide 

anion radicals (O
2-

), and non free-radicals such as H2O2 and single hydrogen are 

various forms of activated oxygen. Studies have shown that ROS can cause aging, 

cancer and many other diseases as they can induce some oxidative damage to 
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biomolecules such as lipids, nucleic acids, proteins and carbohydrates (Choi et al., 

2006; Fareidoon et al., 2007). Several studies had been conducted to estimate the 

relationship between phenolic compounds and antioxidant activity. The phenolic 

compound effect as antioxidant has been demonstrated in many systems through in 

vitro studies as in human low density lipoprotein and liposomes (Katalinic et al., 

2004). 

 

Antimicrobial resistance is a global concern since it is now recognized that resistant 

microorganisms are prevalent in both the inpatient and outpatient population. The 

world currently face antibiotic-resistant microbes such as Mycibacterium 

tuberculosis, Staphyloccus aureus, and Streptococcus pneumonia that quickly evolve 

pathways around singular antimicrobial agents. Plants already demonstrated the 

sensible strategy of using multiple biologically active chemicals to outsmart the 

adaptable microbial pests (Blondeau et al., 1999).  It is shown that green tea 

(Camellia sinesis) extract is effective in the prevention of dental cavity because of 

the antibacterial activity of the flavour compounds and the antiplaque activity of the 

polyphenols extracted from the plant (Cseke et al., 2006).  

 

Although several new antimicrobial drugs have recently been introduced and 

additional ones are forthcoming, experience suggests that, as new drugs become 

widely deployed, resistance to these agents will emerge and spread as well. 

Successful control of antibiotic resistance will require both the continued 

development of new drugs and the judicious use of our current arsenal of antibiotics 

(Blondeau et al., 2000). 
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Taxol is a unique taxane diterpene amide that possesses antitumor and antiluekemic 

properties. Until recently, taxol could not be synthesized, and the most economical 

taxol was from Pacific yew (Taxus brevifolia). Thus, to obtain this anticancer drug, 

large areas of Pacific yew forests in United States were destroyed.  

 

Flavonoids extracted from several plants display antimutagenic and anticancer 

activity through modulation of cell-signalling pathways related to cell growth and 

proliferation. Thus, recent years the world has witness rapid bioactivity research on 

flavonoid for new and alternative compound that can be used as cure (Cseke et al., 

2006). 

 

1.2 Problem Statement 

Several constituents including chalcones, flavanoids, xanthones and triterpenes 

isolated from Moraceae plants were reported to have biological activities such as 

antifungal, antibacterial, antimalarial and cytotoxic activities. Some of the 

compounds isolated are particularly important and relevant for many applications 

such as prevention of cancer or stroke (Hakim, 2010). Demand for natural 

ingredients which are reported to be safe and health-promoting property is increasing 

due to the awareness of consumers on health diet (Raskin et al., 2002).  Hence, the 

past few decades have witnessed intense research devoted to the antioxidant, 

cytotoxic, antimicrobial and anti-inflammatory properties of phenolic compounds 

found in Artocarpus species (Jagtap et al., 2010). Thus, bioassay activities of 

Artocarpus elasticus are of interest. 
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1.3 Objectives and Scope of Study 

The objective of this study is to extract and isolate the compounds from two different 

parts of Artocarpus elasticus, which were collected from Gunung Nuang, Selangor 

and Sarawak, respectively. Further, biological activity of crude extracts and the 

compounds will be tested using DPPH, MTT and disc diffusion assays. The scope of 

the study is the extraction of the plants was done by cold percolation method using 

solvent of increasing polarity (hexane, chloroform/ethyl acetate, and methanol) for 

three days and three times each. The pure compounds were isolated using various 

chromatography techniques such as thin layer chromatography (TLC), gravity 

column chromatographic, vacuum liquid chromatography (VLC) and chromatotron. 

The structures of the isolated compounds will be determined spectroscopically by 

interpreting various spectral data including NMR, MS, IR, and UV and through 

comparison with data of related compounds in the literature. The biological activity 

of the crude extracts and pure compounds were tested using the DPPH, MTT and 

disc diffusion method. 

 

1.4 Significance of Study 

To best of our knowledge, phytochemical studies on leaves of the plant have not 

been done before. However, previous studies reported the isolation of flavonoid 

derivatives and their interesting biological activities from bark of A. elasticus. The 

chemical deviation and biological activities of the isolated compounds were 

determined.  

 

 

 



© C
OPYRIG

HT U
PM

181 
 

BIBLIOGRAPHY 

Arung, E.T., Yoshikawa, K., Shimizu, K. and Kondo, R. 2010. Isoprenoid-substituted 

flavonoids from wood of Artocarpus heterophyllus on B16 melanoma cells: 

Cytotoxicity and structural criteria. Fitoterapia 81: 120-123.  

 

Asada, Y., Li, W. and Yoshikawa, T. 1998. Isoprenylated flavonoids from hairy root 

cultures of Glycyrrhiza Glabra. Phytochemistry 47, 389-392.  

 

Badarinath, A.V., Rao, K.M.,  Chetty, C.M.S.,  Ramkanth, S., Rajan, T.V.S. and 

Gnanaprakash, K. 2010. A Review on In-vitro Antioxidant Methods: 

Comparisions, Correlations and Considerations. Int. J. PharmTech. Res. 2: 1276-

1285.  

 

Bauer, A.W., Kirby, W.M.M., Sherris, J.C and Turck, M. 1966. Antibiotics 

susceptibility testing by a standardized single disc method. The American 

Journal of Clinical Phatology 45: 493-496. 

 

Blondeau, J.M. and Vaughan, D. 2000. In vitro activity of 19 antimicrobial agents 

against 3513 nosocomial pathogens collected from 48 Canadian medical centres. 

Int. J. Antimicrob. Ag. 15: 213-219. 

 

Choi, Y., Jeong, H.S. and Lee, J. 2007. Antioxidant Activity Of Methanolic Extract 

From Some Grains Consumed In Korea. Food Chem. 103:130-138. 

 

Chung, M.I., Lu, C.M., Huang, P.L. and Lin, C.N. 1995. Prenylflavonoids of Artocarpus 

heterophyllus. Phytochemistry 40: 1279-1282.  

 

Cseke, L.J., Kirakosyan, A., Kaufman, P.B., Warber, S.L., Duke, J.A., and Brielmann, 

H.L. 2006. Natural Products from Plants 2
nd

 Ed. pp 263-475. Taylor and Francis.  

 

Cushnie, T.P.T and Lamb, A.J. 2005. Antimicrobial activity of flavonoids. Int. J. 

Antimicrob. Ag. 26: 343-356. 

 

Dewick, P.M. 2001. Medicinal Natural Products. 2
nd 

Ed. pp 149-157. University of 

Nottingham, UK: Wiley.  

 

Fareidoon, S. and Ho, C.H., 2007. Antioxidant Measurement and Applications. J. Am. 

Chem. Soc. 956:39-66. 

 

Gu, L., Wu, T. and Wang, Z. 2009. TLC bioautography-guided isolation of antioxidants 

from fruit of Perilla frutescens var. acuta, Food Sci. Technol. Res. 42: 131–136.  

 

Hakim, A. 2010. Diversity of secondary metabolites from Genus Artocarpus 

(Moraceae). Nusantara Bioscience 2: 146-156. 



© C
OPYRIG

HT U
PM

182 
 

Hakim, E.H, Asnizar, Yurnawilis, Aimi, N., Kitajima, M., and Takayama, H. 2002. 

Artoindonesianin P, a new prenylated flavone with cytotoxic activity from 

Artocarpus lanceifolius. Fitoterapia 73: 668-673.  

 

Hakim, E.H., Juliawaty, L.D., Syah, Y.M. and Achmad, S.A. 2005. Molecular diversity 

of Artocarpus champeden (Moraceae): A species endemic to Indonesia. Mol. 

Divers. 9:149-158. 

 

Hano, Y., Yamagami, Y., Kobayashi, M., Isohata, R. and Nomura, T. 1990. Artonins E 

and F Two New Prenylflavones from the bark of Artocarpus communis Forst. 

Heterocycles 31: 877-882.  

 

Hashim, N., Rahmani, M., Sukari, M.A., Ali, A.M., Alitheen, N.B, Go, R. and Ismali, 

H.B.M. 2010. Two new xanthones from Artocarpus obtusus. J. Asian Nat. Prod. 

Res. 12: 106-112.  

 

Heim, K.E., Tagliaferro, A.R. and Bobilya, D.J. 2002. Flavonoids antioxidants: 

Chemistry, metabolism and structure activity relationship.  J. Nutr. Biochem. 13: 

572-584. 

 

Jagtap, U.B. and Bapat, V.A. 2010. Artocarpus: A review of its traditional uses, 

phytochemistry and pharmacology. J. Ethnopharmacol. 129: 142-166. 

 

Jayasinghe, L., Balasooriya, B.A.I.S., Padmini, W.C., Hara, N. and Fujimoto, Y. 2004. 

Geranyl chalcone derivatives with antifungal and radical scavenging properties 

from the leaves of Artocarpus nobilis. Phytochemistry 65: 1287–1290. 

 

Jayasinghe, L., Rupasinghe, G.K., Hara, N. and Fujimoto, Y. 2006. Geranylated 

phenolic constituents from the fruits of Artocarpus nobilis. Phytochemistry 67:  

1353–1358. 

 

Katalinic, V., Milos M., Kulisic T. and Jukic, M. 2006. Screening of 70 Medicine Plant 

Extracts for Antioxidant Capacity and Total Phenols. Food Chem. 94: 550-557. 

 

Keng, H. 1969. Orders and Families of Malayan Seed Plants: Synopsis of Orders and 

Families of Malayan Gymnosperms, Dicotyledons and Monocotyledons. pp 137-

142. University of Malaya Press: Kuala Lumpur: Cathay Press.  

 

Kijjoa, A., Cidade, H.M. Gonzalez, M.J.T.G., Afonso, C.M., Silva, A.M.S. and Herz, 

W. 1998. Further prenylflavonoids from Artocarpus elasticus. Phytochemistry 

47: 875 878. 

 

Kijjoa, A., Cidade, H.M. Pinto, M.M.M., Gonzalez, M.J.T.G., Anantachoke, C., Gedris, 

T.E. and Herz, W. 1996. Prenylflavonoids from Artocarpus elasticus. 

Phytochemistry 43: 691-694. 



© C
OPYRIG

HT U
PM

183 
 

Ko, H.H.,  Lu,Y.H.,  Yang, S.Z.,  Won, S.J. and Lin, C.N.  2005. Cytotoxic 

Prenylflavonoids from Artocarpus elasticus. J. Nat. Prod. 68: 1692-1695. 

 

Kochummen, K.M. 1960. Manual of Malayan Timber Trees. Forest Research Institute: 

Kepong Publisher.  

 

Lee, S.K., Zakaria, H.M., Chung, H.S., Luyengi, L., Gamez, E.J.C., Mehta, R., 

Kinghorn, A.D., Pezzato, J.M. 1998. Evaluation of the antioxidant potential of 

natural products. Combinant Chem High Throughput Screen 1:35-46. 

 

Lin, C.N. and Shieh, W.L. 1992. Pyranoflavonoids from Artocarpus communis. 

Phytochemistry 31: 2922-2924.  

 

Lin, C.N., Shieh, W.L. and Jong, T.T. 1992. A pyranodihydrobanzoxanthone epoxide  

from Artocarpus communis. Phytochemistry 31: 2563-2564.  

 

Lin, K.W., Liu, C.H., Tu, H.Y., Ko, H.H. and Wei, B.L. 2009. Antioxidant 

prenylflavonoids from Artocarpus communis and Artocarpus elasticus. Food 

Chem. 115: 558–562. 

 

Lu, C.M. and Lin, C.N. 1993. Two 2’, 4’, 6’-trioxygenated flavanones from Artocarpus 

heterophyllus. Phytochemistry 33: 909-911. 

 

Maia, J.G.S., Andrade, E.H.A. and Zoghbi, M.D.G.B. 2004. Aroma volatiles from two 

fruit varieties of jackfruit (Artocarpus heterophyllus Lam.). Food Chem. 85: 195-

197. 

 

Mosmann, T.R. 1983. Rapid colorimetric for cellular growth and survival applications 

to proliferation and cytotoxic assays. Journal of Immunology Methods 65:55-68. 

 

Musthapa. I., Juliawaty, L.D., Syah, Y.M.,  Hakim, E.H., Latip, J. and Ghisalberti,E.L. 

2009. An Oxepinoflavone from Artocarpus elasticus with Cytotoxic Activity 

against P-388 Cells. Arch Pharm Res 32: 191-194. 

 

Najihah Hashim. 2011. Chemical constituents and biological activities of selected 

Artocarpus spp. Doctor of Philosophy Thesis.  University Putra Malaysia, 

Malaysia. 

 

Ngameni, B., Ngadjui. B.T., Folefoc, G.N., Watchueng, J. and Abegaz, B.M. 2004.  

Diprenylated chalcones and other constituents from the twigs of Dorstenia 

barteri var. subtriangularis. Phytochemistry 65: 427-432.  

 

Radwan, M.M., Guzman, R.R., Manly, S.P., Jacob, M. and Ross, S. 2009. Sepicanin 

A—A new geranyl flavanone from Artocarpus sepicanus with activity against 

methicillin-resistant Staphylococcus aureus (MRSA). Phytochem. Lett.  2: 141–

143. 



© C
OPYRIG

HT U
PM

184 
 

Rao, M.S., Kumar, J.K., Rao, P.S., Toth, G., Simon, A., Balazs, B. and Duddeck, H. 

1999. Constituents of Clotalaria trifoliastrum roots, Fitoterapia, 70, 200-202. 

 

Raskin, I., Ribnicky, D.M., Komamytsky, S., Ilic, N., Poulev, A., Borisjuk, N., Brinker, 

A., Moreno, D.A., Ripoll, C., Yakoby, N., O’Neal, J.M., Cornwell, T., Pastor, I., 

and Fridlender, B. 2002. Plants and Human Health in the Twenty-First Century. 

Trends in Biotechnology 20: 522-531. 

 

Sandhar, K.H., Kumar, B., Prashner, S., Tiwari, P., Salhan, M. and Sharma, P. 2011. A 

Review of Phytochemistry and Pharmacology of Flavonoids. International 

Pharmaceutical Sciencia 1: 25-41. 

 

Schwartz, J.J and Wall, M.E. 1955. Isolation of the sterols of the white potato. Journal 

of the American Chemistry Society 77: 5442-5443.  

 

Seo, E.K., Lee. D., Shin, Y.G., Chai, H.B., Navarro, H.A., Kardono, L.B.S., Rahman, I., 

Pezzuto, J.M., Cordell, G.A.,Farnsworth, N.R., Kinghorn, A.D., Wani, M.C. and 

Wall, M.E. 2003. Bioactive Prenylated Flavonoids from the Stem Bark of 

Artocarpus kemando. Arch Pharm Res. 26: 124-127.  

 

Shimizu, K., Kondo, R. and Sakai, K. 2000. Inhibition of tyrosinase flavonoids, 

stilbenes and related 4-subtituted resorcinols: Structure-Activity Investigations. 

Planta Med. 66: 11-15.  

 

Sies, H. 1996. Oxidative Stress: Oxidants and Antioxidants, Institute For Physiological 

Chemistry. pp 189-278. New Jersey, USA: Prentice Hall.  

 

Sodhi, K.R., Satya, P. and Clark, J.H. 2012. A comparative study of different metal 

acetylacetonates covalently anchored onto amine functionalized silica: A study 

of the oxidation of aldehydes and alcohols to corresponding acids in water. 

Green Chem. 14: 1649-1656. 

 

Soekamto, N.H., Achmad, S.A., Ghisalberti, E.L., Hakim, E.H. and Syah, Y.M. 2003. 

Artoindonesianin X and Y, two isoprenylated 2-arylbenzofurans from 

Artocarpus fretessi (Moraceae). Phytochemistry 64: 831-834.  

 

Soepadmo, E. and Saw. L.G. 2000. Tree Flora of Sabah and Sarawak. Kuala Lumpur, 

Malaysia. Forest Research Institute Malaysia (FRIM). 185-215. 

 

Sritularak, B., Tantituvunont, A., Chanvorachote, P., Mekwasan, K., Miyamoto, T., 

Kohno, Y. and Likhitwitayawuid, K. 2010. Flavonoids with free radical 

scavenging activity and nitric oxide inhibitory effect from the stem bark of 

Artocarpus gomeizianus. J. Med. Plants Res. 4(5): 387-392.  

 



© C
OPYRIG

HT U
PM

185 
 

Suhartati, T., Achmad, S.A., Aimi, N., Hakim, E.H. Kitajima, M., Takayama, H. and 

Takeya, K. 2001. Artoindonesianin L, a new prenylated flavone with cytotoxic 

activity from Artocarpus rotunda. Fitoterapia 72: 912-918.  

 

Suhartati, T., Yandri, and Hadi, S. 2008. The Bioactivity Test of Artonin E from the 

bark of Artocarpus Rigida Blume. Eur. J. Sci. Tech. 23: 330-337.  

 

Sultanbawa, M.U.S. and Surendrakumar, S. 1989. Two pyranodihydrobenzoxanthones 

from Artocarpus nobilis. Phytochemistry 28: 599-605. 

 

Syah, Y.M., Achmad, S.A., Ghisalberti, E.L., Hakim, E.H., Makmur, L. and Mujahidin, 

D. 2002. Artoindonesianin Q-T, four isoprenylated flavones from Artocarpus 

champeden Spreng. (Moraceae). Phytochemistry 61: 949-953. 

 

Syah, Y.M., Achmad, S.A., Ghisalberti. E.L., Hakim.E.H. and Muhajidin, D. 2004. Two 

new cytotoxic isoprenylated flavones, artoindonesianin U and V, from the 

heartwood of Artocarpus champeden. Fitoterapia 75: 134-140.  

 

Syah, Y.M., Juliawaty, L.D., Achmad, S.A., Hakim, E.H. and Ghisalberti. E.L. 2006. 

Cytotoxic prenylated flavones from Artocarpus champeden. J Nat Med  60: 308-

312. 

 

Vickery, M.L. and Vickery, B. 1979. Secondary plant metabolism. 2
nd

 ed. London: 

Macmillan.  

 

Wang, Y., Xu, K., Lin, L., Pan, Y. and Zheng, X. 2007. Geranyl flavonoids from the 

leaves of Artocarpus altilis. Phytochemistry 68: 1300–1306. 

 

Weng, J.R., Chan, S.C., Lu, Y.H., Lin, H.C., Ko, H.H. and Lin, C.N. 2006. Antiplatelet 

prenylflavonoids from Artocarpus communis. Phytochemistry 67: 824-829. 

 

Widyawaruyanti, A., Subehan, Kalauni, S.K., Awale, S., Nindatu, M., Zaini, N.C., 

Syafruddin, D., Asih, P.B.S., Tezuka, Y. and Kadota, S. 2007. New prenylated 

flavones from Artocarpus champeden, and their malarial activity in vitro. J. Nat. 

Med. 61: 410-413.  

 

Zhang, S., Yang, X., Coburn, R.A. and Morris, M.E. 2005. Structure activity 

relationship and quantitative structure activity relationships for the flavonoid-

mediated inhibition of breast cancer resistant protein. Biochem Pharmacol 70: 

627-639. 

 

Zheng, P.Z., Cheng, K.W., To, J.T.K., Li, H. and Wang, M. 2008. Isolation of 

tyrosinase inhibitors from Artocarpus heterophyllus and use of its extract as 

antibrowning agent. Mol. Nutr. Food Res. 52: 1530-1538.  
 

 


	CHEMICAL CONSTITUENTS AND BIOLOGICAL ACTIVITIES OF ARTOCARPUS ELASTICUS REINW EX BLUME
	Abstract
	TABLE OF CONTENTS
	CHAPTER 1
	BIBLIOGRAPHY



