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ABSTRACT 

The objective of this project was to extract secondary metabolites from medicinal plants 

and to screen for phytochemicals; alkaloids, saponin, cardiac glycoside, tannin and 

polyphenol in the samples. It was also in determining the inhibition potential of plants 

extraction towards serine/threonine protein kinases, especially GSK-3~ and MKK 1, 

bacteria and fungal. Total of 10 medicinal plants which are Nephrolepis auriculata, 

Se/aginel/a doederleil1ii, Dicranopteris lil1earis, Ballhil1ia plIrpllrea, Lonicera japol1ica, 

SYllediella Ilodiflora, Cycas revoluta, Strobilanthlls crisplIs, Opllntia dillenii and 

Kyllil1ga brevifolia, have been collected from Orchid De Villa, Inanam, Sabah. Onl y 

methanol extract has been tested for phytochemical analysis. In alkaloid test, LOllicera 

japonica showed precipitation in Mayer, Wagner and Dragendroff test while Cycas 

rem/ufa showed slight cloudy only in Dragendroff test. Gelatin test and FeCh test was 

performed in tannin and polyphenol test. Nephrolepis allriculata and Oplllltia dillellii 

extracts showed presence of tannin while Dicranopteris linearis, Cycas revo/llta and 

Kyllillga brevifolia extracts showed presence of polyphenol. Selaginella doederleillii, 

Ballhil1ia pUlplirea, Lonicera japol1ica, SYl1ediella l1odiflora, C)'cas revolllla, 

Strobi/allthlls crisplIs, Oplll1fia dillel1ii and Kyllinga brevifolia showed the presence of 

cardiac glycoside. In saponin test, foam test was carried out, Nephrolepis auriclllafa, 

Se/agil1ella doederleil1ii, Dicranopteris linearis, Bauhinia pwpurea, Lonicera japol1ica, 

SYllediella 17odiflora and Kyllillga brevifolia extracts showed positive result; meanwhile 

Strobilal1thlls crisplIs and 0pul11ia dillenii showed negative result mean the presence of 

free acid after added Na2S04 . In bacteria screening system, only E. coli, Staphylococcus 

alll·eus and Bacillus subtilis showed inhibition activity; meanwhile there is no activity 

against Samonella typhi and Ellterobacter aerogenes and also Candida krusei and 

Candida a/bicalls. Yeast strains HI0075 transformed with pKTIO-gsk-3~ and latter 

transformed with YEP24-MCK 1 was used n GSK-3~ screening system. This system is 

based on temperature sensitivity (25°C and 37°C), in which this transformed yeast 

strain are able to suppress temperature sensitivity phenotype. Results found that no 

GSK-3p potential inhibitors found from the samples. In MKKI screening system, all 

methanol extracts showed potential inhibitory activity. This system utilizes mutant yeast 

MKK 1 P386 which is under control of the strong GAL 1 p. Overexpression of the mutant 

gene will cause cell growth arrest with the addition of galactose. 
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ABSTRAK 

Objektif kajian ini adalah untuk mengekstrak metabolik sekunder daripada tumbuhan 

ubat-ubatan dan penyaringan fitokimia; alkaloid, saponin, glikosida kardium, tanin dan 

polifenol daripada sampel-sampel. Ia juga bertujuan untuk mengkaji sample yang 

berpotensi untuk merencatkan serine/threonine protein kinases, terutamanya GSK-3~ 

and MKKl, antibakteria dan antifungi. Sebanyak 10 sampel yang digunakan dalarn 

kajian ini, iaitu Nephrolepis auricula/a, Selaginella doederleinii, Dicranopteris linearis, 

Bauhinia purpurea, Lonicera japonica, Synediella nodiflora, Cycas revoluta, 

Strobilanthus crispus, Opuntia dillenii and Kyllinga brevifolia. Ekstrak metanol telah 

digunakan untuk kajian fitokimia. Untuk alkaloid, Lonicera japonica menunjukan 

mendakan setelah ditambah reagen Mayer, Wagner dan Dragendroff, Cycas revoluta 

pula menunjukan kekeruhan yang tidak jelas hanya pada ujian Dragendroff. Ujian 

gelatin dan FeCh digunakan dalam penyaringan tanin dan poliphenol, ekstrak 

Nephrolepis auriculata dan Opuntia dillenii telah menunjukan kehadiran tanin 

manakala ekstrak Dicranopteris linearis, Cycas revoluta dan Kyllinga brevifolia telah 

menunjukan kehadiaran polifenol. Ekstrak Selaginella doederleinii, Bauhinia purpurea, 

Lonicera japonica, Synediella nodiflora, Cycas revoluta, Strobilanthus crispus, Opul1tia 

dil/enii dan Kyllinga brevifoliav menunjukan kehadiran glikosida kardium. Untuk 

saponin, ujian buih digunakan, ekstrak Nephrolepis auriculata, Selaginella doederleinii, 

Dicranopteris linearis. Bauhinia purpurea, Lonicera japonica, Synediella nodiflora 

dam Kyllinga brevifolia menunjukan keputusan positif; manakala Strobilanthus crisp"s 

dan Opuntia dillenii yang keputusan negatif menunjukan kehadiran asid bebas selepas 

dikaji dengan Na2C03 . Untuk bakteria, hanya E. coli, Staphylococcus aureus dan 

Bacillus subtilis menunjukan perencatan aktiviti, manakala tiada aktiviti terhadap 

Samonella typhi dan Enterobacter aerogenes dan juga fungi, Candida krusei dan 

Candida albicans. Strain yis HI0075 yang telah ditransformasi dengan pKTI0-gsk3p 

dan YEp24-MCKI digunakan dalam penyaringan sistem GSK-3p. Sistem ini adalah 

berdasarkan sensitiviti yis terhadap suhu (25°C dan 37°C), strain yis yang telah 
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ditransformasi ini boleh mengatasi fenotip sensitif terhadap suhu. Tiada perencat 

GSK-3p ditemui daripada sampel-sampel. Untuk MKKI penyaringan sistem, semua 

ekstrak metanol berpotensi dalam perencatan aktiviti yis. Sistem ini menggunakan strain 

yis MKKIP386 dimana dipengaruhi oleh GALlp. Ekspresi melampau gen mutan ini akan 

menyebabkan pertumbuhan sel terhalang dengan penambahan galaktosa. 
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CHAPTER 1 

INTRODUCTION 

Medicinal plants contain of medicinal properties and they are widely used to treat 

various diseases today. Thus, it is very important for human. Today, approximately 80 

% population of worldwide are depend on medicinal plants and herbs for their 

treatment of diseases. Data from World Health Organization (WHO) indicates that by 

today, around 21,000 of plant species have been used as medicine. Many plants extract 

have been analyzed by scientists through the processes of fractionation, isolation, 

purification and identification of their compounds for further study and analysis 

(Fasihuddin and Hasmah, 1993). Therefore, many drugs have been produced by 

medicinal plants as treatment for different kinds of diseases. 

Phytochemicals are sometimes referred to as phytonutrients. Phytochemicals 

are to be any chemical or nutrient derived from a plant source. It is a chemical 

metabolites compound from plants which contains of pnmary and secondary 

metabolite. For primary metabolites, it is directly involved in the normal growth, 

development, and reproduction of organism which are able to produce a lot of 
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component such as ammo acid, lipid, carbohydrate, and enzyme. Photosynthesis, 

glycolysis and krebs cycle are those process involved in primary metabolites. 

However, secondary metabolites are those chemical compounds in organisms that are 

not directly involved in those processes, but usually have important ecological 

function (Fasihuddin and Hasmah, 1993). 

In this project, screenmg for glycogen synthase kinase 3 r?> (GSK-3P) and 

mitogen-activated protein kinase kinase 1 (MKKl) inhibitors from protein 

serine/theonine kinases (MAPK) pathway of the yeast Saccharomyces cerevisiae were 

carried out. These enzymes in the signal transduction and cell cycle of Saccharomyces 

cerel'isiae are homologous from yeast to human. Therefore, this is my purpose of 

choosing them for this project. Potential inhibitors of the GSK-3 r?> and MKKI gene 

can be especially useful in cancer therapy and also in the study of cell signaling. 

Besides of these, bacteria and fungi inhibitors are also screened in this project. These 

screening systems are using secondary metabolites from medicinal plants and used as 

inhibitors for antibacterial, antifungal and anticancer. 

The objectives for this project are to extract secondary metabolites 

compounds from medicinal plants. It is also aimed to screen for phytochemical 

compounds in medicinal plants. Besides that, it is also important in determining the 

inhibition potential of di fferent solvent fraction of medicinal plants extraction towards 

bacteria, fungi, GSK-3p and MKKl. 
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CHAPTER 2 

LITERITURE REVIEW 

2.1 Plant Samples 

2.1.1 Nephrolepis auriculata 

Photo 2.1 Nephrolepis auriculata, photo taken from Orchid De Villa 

Kingdom 
Phylum 
Class 
Order 
Family 
Genus 
Species 

: Plantae 
: Pteridophyta 
: Filicopsida 
: Polyodiales 
: Dryopteridaceae/Oleandraceae 
: Nephrolepis 

: Nephrolepis auriculata 
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Nephrolepis aurivulata also know as Tuber sword fern. It is originated from tropical 

Asia. It distributes abundant in the warm habitats, disturbed area and wasteland 

(Kamarudin & Latif!, 2002). It consists of tufted stipes, 5-15 cm long, densely 

covered when young with yellowish-brown, entire, narrowly linear, hair-pointed 

scales; stolons long shining sometimes bearing scaly tubers with 1-3 cm long, fronds 

30-60 cm long, pinnate; rachis grooved, scaly a bove, pinnae sessile, unegual at base, 

auricle acute, articulate to rachis, both surfaces glabrescent; lower pinnae obtuse, 

gradually shortened, upper soriferous pinnae to nearly 4 cm long, more or less acute; 

margins serrulate to crenate (Huang, 2003). It is believed that N aurivulata can be 

used to treat skin itch disease and hypertension (high bloor pressure) (Kamarudin & 

Latiff,2002). 

2.1.2 Selaginella doederleinii 

Photo 2.2 SeZaginel/a doederZeinii, photo taken after harvesting 
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Kingdom 
Phylum 
Class 
Order 
Family 
Genus 
Species 

: Plantae 
: Pteridophyta 
: Lycopsida 
: Selaginellales 
: Selaginellaceae 
: Selaginella 
: Selaginella doederleinii 

5 

Selaginella doederleinii is distributed in Asia such as Hong Kong, Japan, Taiwan, 

India, Malaysia or Vietnam. It is grown on the montane forest floors at low and 

medium altitude. It possesses of main stems erect with decumbent at base, 12-35 cm 

tall, bearing long rhizopores; branches alternate, 8-10 nun wide. Its leaves are 

dimorphic, lateral leaves are oblong, unequal-sided, pointing outward, the margins 

almost entire on abaxial side, ciliate on adaxial side; median leaves are inbricating, 

ovate, nearly equal-sided, aristate, pointing upwards; axillary leaves are equal-sided, 

ovate, ciliate. Strobili bear on tips and sides of the lateral branches, 5-12 cm long; 

sporophylls monomorphic, ovate, aristate, keeled, the margins ciliate (Huang, 2003). 

The leaf of S. doederleinii contains of alkaloid, sterol saponins and shikimic acid. The 

therapeutic uses of this plant are malignant hydatic mole and chorionic epithelioman 

(Kee,1999) 

UMS 
UNIVERSITI MALAYSIA SABAH 



109 

REFERENCES 

Akindahunsi, A. A. & Salawu, S. O. 2005 . Phytochemical screening and nutrient 

anti nutrient composition of selected tropical green leafy vegetables. African 

Journal of Biotechnology 4(6) : 479-501 . 

Alexander, M. 1977. Illtroduction to Soil Microbiology. John Wiley and Sons, Inc., 

New York. 

Andoh, T. , Hirata, Y & Kikuchi, A. 2000. Yeast glycogen synthase kinase 3 is 

involved in protein degradation in cooperation with Bull, Bul2 and Rsp5 . 

Molecular Cell Biology 20: 6712-6720. 

Apers, A. , Huang, Y. , Miert, S. V, Dommisse, R ., Berghe, D . V, Pieters, L. & 

Vlietinck, A. 2000. Characterisationof new oligoglycosidic compounds in two 

Chinese medicinal herbs. Phytochemical Analysis, 13(4): 202-206. 

Armstrrong, 1. L. , Bonavaud, S. M., Toole, B . 1. & Yeaman, S. J. 2000. Regulation of 

glycogen synthesis by amino acids in cultured human muscle cells. 711e 

Journal of Biological Chemistry 276(2) : 952-956. 

Band, 1. D . & Maki, D . G. 1979. Infections caused by arterial catheters used for 

hemodynamic monitoring. American Journal }.,fedicinal, 67735-67741 . 

Bajaj , Y. P. S. 1993 . Medicinal and Aromatic Plant. Berlin : Springer-Verlag 

Publishing. 

Bascom, A. 2002. Incorporating Herbal Medicine into Clinical Practice . F. A. Davis 

Company, Canada. 

UMS 
UNIVERSITI MALAYSIA SABAH 



110 

Berg, 1. M ., Tymoczko, 1. L. & Stryer. L. 2002. Biochemistry. 5th Edition. W. H 

Freeman and Company. 

Bhat, R. v., Haeberlein, S. L. B. & Avila, 1. 2004. Glycogen synthase kinase 3 : A drug 

target for CNS therapies. Journal of NeurochemistlY, 1-5 . 

Bodey, G . B., Duguid, D. W., Gibbs, D., Hanak, H., Hotchi, M ., Mall, 0., Martino, P., 

Meunier, F., Milliken, S., Naoe, S., Okudaira, M ., Scevola, D. & Wout, 1. V. 

1992. Fungal infections in cancer patients: An international autopsy survey. 

Europe Journal Clinical Microbiology Il1fection 11: 99-] 09. 

Bremness, L. 1994. Herbs. Dorling Kindersley, London. 

Brusch, 1. L. & Garvey, T. 2006. Typhoid Fever. eMedicine. 

Cha, H., Lee, E . K. & Shapiro, P. 2001 . Identification of a c-tenninal region that 

regulates mitogen-activated protein kinase kinase-l cytoplasmic localization 

and ERK activation. Journal Biology Chemistry, 276: 48494-48501. 

Chen, 0. , Huang, L. D ., Jiang, Y. M . & Manji, H . K. 1999. The mood-stabilizing agent 

valproate inhibits the activity of glycogen synthase kinase-3 . JOl/mal 

NeurochemitlJ' 72 : 1327-1330. 

Chin , W. Y. 1992. A guide to Medicinal Plal1t. BP Singapore Science Centre. 

Cohen, P. & Goedert, M . 2004 . GSK3 inhibitors: Development and therapeutic 

potential. Natllre 3: 1-\ O. 

UMS 
UNIVERSITI MALAYSIA SABAH 



111 

Cohen, P. 2002. Protein kinase: The major drug targets of the twenty first century. 

Natllre Review Drugs Discovery 1: 309-315 . 

Colegate, S. M. & Molyneux, R . J. 1993. Bioactive Natural Product: Detection. 

Isolalion and Structural Determination CRC Press, America Syarikat. 

Cooper, G M., & Hausman, R. E. 2004. The Cell. A Molecular Approach. 3th Edition. 

American Society of Microbiology Press. New York . 

Cross, D. A., Alessi, D. R. , Cohen, P., Andjelkovich, M . & Hemmings, B. A. 1995. 

Inhibition of glycogen synthase kinase 3 by insulin mediated by protein kinase 

B. Nature (London). 378 : 785-789. 

David, w. c., Clyde, L. E., David, A. S., & Cheryl, A. W. 1998. Green Kyllillga. 

Proceedings of the UCR Turfgrass and Landscape Management Research 

Conference and Field Day. 

Dent, P. & Grant, S . 1996. Pharmacologic interruption of the mitogen-activated 

e:-..1racellular regulated kinase/mitogen-activaed protein kianse signal 

transduction pathway: potential role in promoting cytotoxic drug action. Pure 

and Application, 745-748. 

Doble, B. D . & Woodgett, 1. R . 2003. GSK-3: Tricks of the Trends for a Multi-tasking 

Kinase . Journal of Cell Science 116(7): 1175-1186. 

Ebadi, M. 2002. Pharmacodillamic Basis of Herbal Medicine. CRC Press, LLC, 

U.S .A. 

UMS 
UNIVERSITI MALAYSIA SABAH 



112 

Edberg, S. C. 1991. US EPA human health assessment: Bacillus sub/ilis. U.S. 

Environmental Protection Agency, Washington, D.C. (Unpublished) . 

Edeoga, H. 0 ., Okwu, D. E. & Mbaebie, B. O. 2005 . Phytochemical constituent of 

some Nigerian medicinal plants . African Journal oj Biotechnology 4(7) : 

685-688. 

Elia, A. E. H. , Cantley, L. C. & Yaffe, M. B . 2003. Proteomic screen finds 

pSer/pThr-binding domain localizing Plkl to mitotic substrates. Science 299: 

1228-1231. 

Fasihuddin Ahmad & Hasmah Raji . 1993 . Kimia hasilall sel11l1lajadi dall (ul11buhall 

IIbafal1 . Dewan Bahasa dan Pustaka, Kuala Lumpur. 

Frame, S. & Cohen, P., 2001. Review Article: GSK-3 Takes Centre Stage More Than 

20 Years After Its Discovery. Biochemical Journal 359: 1-16. 

Foo, S. H. 2006. Screening for microbial inhibitors of signal transduction particularly 

the AktIGSK-3~ pathway. Degree of Master Thesis, Universiti Malaysia Sabah 

(unpublished) . 

Goodwin, P. H. & Chen, G. Y. J. 2002 . Expression of a glycogen synthase kinase 

homolog from Col/etofrichu/11 gloeosprioides f sp. Malvae during infection of 

Malva pllsilla. Calladian JOllrnal oj Microbiolog)~ 48(11) : 1035-1039. 

Gustin, M. c., Albertyn, J., Alexander, M. & Davenport, K. 1998. MAP kinase 

pathway in the yeast Saccharomyces cerevisiae . Microbiology and Iv/oleclllar 

Biology Reviews. 

UMS 
UNIVERSITI MALAYSIA SABAH 



113 

Harbome, J. B . 1984. Phytochemical Methods: A guide to modern techniques of pIa III 

analysis. Chapman and Hall, London, 1-31 . 

Hellion-fbarrola, M . c., Ibarrola, D. A., Montalbetti, Y., Villalba, D ., heinichen, O . & 

Ferro, E. A. 1999. Acute toxicity and general pharmacological effect on 

central nervous system of the crude rhizome extract of Kyllillga brevijolia 

Rottab . Journal ofElhnopharmacology 66: 271-276. 

Hirata, Y , Andoh, T, Asahara, T & Kikuchi, A. 2003 . Yeast glycogen synthase kinase 

3 activates Msn2p dependent transcription of stress responsive genes . 

Ivloleeular Biologicy ofrhe Cell. 14: 302-312. 

Ho, B.L. 2000. Bacreriology: with emphasis 011 phytopathogenic bacteria. School of 

Science and Technology, University Malaysia Sabah, Kota Kinabalu . Seribu 

Jasa Sdn. Bhd. 

Ho, C. C. 2003. Molecular Cell Biology, Biodiversity and Biotechnology. Universiti 

Malaysia Sabah. 

Ho, C. L. 2006. Isolation of bioactive compounds extracts from Ewycoma lingijolia 

jack old leaves, screening for antibacterial, antifungal and GSK-3~ inhibition. 

Degree of Bachelor Saince, Universiti Malaysia Sabah (unpublished) . 

Huang, T c., 2003 . Flora of TaiwaJl . Volume 6 . 2nd edition. Department of Botany 

National Taiwan University. Taipei, Taiwan. 

Jaksa, S., Rahmat , F, Othman, F, Ismail P. & Mansor, S.M ., 2004 . Cancer induction 

and effect of Strobilal1thes crisplls leaf extract on liver history and enzymes 

changes in rats. JOllmql Tropical Medicinal Plallt 5 : 187-192. 

UMS 
UNIVERSITI MALAYSIA SABAH 



114 

Jones, D. L. 1993. Cycads of the world. Australia. 

Jope, R. S. 2003. Lithium and GSK-3 : One inhibitors, two inhibitory actions, multiple 

outcomes. Trends Pham1Gcology Science 24: 441-443 . 

Kamarudin, M . S. & Latiff, A. 2002. Tumbuhan Ubalal1 Malaysia. Pusat pengurusan 

Penyelidikan Universiti Kebangsaan Malaysia, Malaysia. 

Kaufma n, P. B ., Cseke, S. W., Duke, 1. A. & Brielmann, H. L. 1999. Nalliral products 

from plan/s. CRC Press, Boca Raton, 208-239. 

Kee, C. H ., 1999. The Pharmacology ofChil1cse Herbs, 2nd edition. CRC Press, New 

york. 

Kendall, J. 8., Gray, L. 1. & Carol, A. L. C. 1994 . MEKK can function in yeast 

MAPK pathway downstream of protein kinase C. Procecdings of Na/inal 

Academy of Sciences ojthe USA 91: 4925-4929. 

KUSUIllOtO, J. T., Shimada, I., Kakiuchi, N ., Hattori, M . & Namba, T. 1992. Inhibitory 

effects of Indonesian plant extracts on reverse transcriptase of an RNA tumour 

virus (I). Phy lothel: Res. 6: 241-244 . 

Leost, M., Schultz, c., Link, A. , e/ al. 2000. Paulones are potent inhibitors of 

glycogen synthase kinase-3p and cyclin-dependent kinase 5/p25 . Eur. 1. 

Biochem, 267: 5983 -5994. 

Logan, N. A. 1988. Bacillus species of medical and veterinary importance. Journal 

Medicinal Microbiology 25: 1 57-165 . 

UMS 
UNIVERSITI MALAYSIA SABAH 



11S 

Loro, 1. F, Del R. 1. & Perez-Santana, L. 1999. Preliminary studies of analgesic and 

ant i- inflammatory properties of 0pulllia dillellii aqueous extract. Journal of 

Ellmo-pharmacology 67: 213-218 . 

Mad igan, Michael, T. , Martink John, M. & Jack, P. 2003 . Brock Biology of 

MicroOlgal1isl11 . 10th Ed, Pearson Hall Inc., United States of America. 

Martin, R. 1. & Gopalakrishnan, S., 2005 . Insecticidal activity of aerial parts of 

SYlledrella l1odiflora gaerlll (Compositae) on spodoptera litura (FAB.) Journal 

Central Europeal1 Agriculture, 6(3) : 223-228 . 

Martinez, A., Castro, A. , Doronsoro, I. &Alonson, M . 2002, Glycogen synthase kinase 

3 (GSK-3) inhibitors as new promising drugs for diabetes, neurodegeneration, 

cancer and inflammation. !l1edicil1e Research Review 22: 373-384. 

Maznah Ismail , Elizabeth Manickam, Azlina Md. Danial, Asmah Rahmat, & Asmah 

Ya haya, 2000. Chemical composition and antioxidant activity of SfI-obilal1thes 

cri.spus leaf extract. Journal Nulrient Biochemist!)' 11 : 536-542. 

Michaeli s, M. L. 2003 . Drugs targeting Alzheimer's disease: Some things old and 

some things new. The Journal of Pharmacology Gnd Experimental 

Therapeutics 301(3): 897-901. 

Moustakas, A., Souchelyntskyi, S. & Heldin, C. H. 2001 . Smad regulation in TGF-~ 

signal transduction. Journal Cell Science 144: 4359-4369. 

Mylonakis, E. & Hiong, c., 2006. Escherichia coli infections. eMedicine. 

UMS 
UNIVERSITI MALAYSIA SABAH 



116 

Pearson, G, Robinson, F, Gibson, T B., Xu, B.E., Karandikar, M., Bennan, K. & 

Cobb, M. H. 2001. Mitogen-activated protein (MAP) kinase pathway : 

Regulation and physiological functions . El1docme Review 22(2) : 153-183 . 

Pollard, T. D. & Earnshaw, W. C. 2002 . Cell Biology. Elservier Science, United State 

of America . 

Puah, S. H. 2002. Penyaringan metabolit sekunder menentang system transduksi 

isyarat dalam yis Saccharomyces cerel'isiae. Disertasi Sarjana Sains, Universiti 

Malaysia Sabah (unpublished). 

Rahmat, A., Edrini , S ., Akim, A. M ., Ismail, P., Rin, T Y Y & Bakar, M . F A. 2006 . 

Anticarcinogenic Propertied of Strobilal1thes cri!}]Jus Extracts and its 

compounds ill "itro . Illtematiollal Journal ofCallcer Research 2(1) : 47-49. 

Ramesh, ., Viswanathan, M . B., Saraswathy, A., Balakrishna, K, Brindha, P., 

Lakshmanaperumalsamy, P. 2002. Phytochemical and antimicrobial studies of 

Begonia malabarica . Journal of ethl1opharmacology 79 : 129-132. 

Romanchak, E., Criley, R. & Sugii, N., 2006. 771e propagation and production of 

Ullihe Fern (Dicral1opteris linearis) for potential use as a restoraTioll species. 

Department of Tropical Plant and Soil Sciences. 

Schulz, W.A. 2005 . Molecular Biology of Human Cancers. An advanced Studellt~· 

Textbook. Springer, Netherlands. 

Seth, A., el al. 1992. Signal transduction within the nucleus by mitogen-activated 

protein kinase. The Journal of Biological Chemistry 34: 24796-24503. 

UMS 
UNIVERSITI MALAYSIA SABAH 



117 

Shaw, M. & Cohen, P. 1999. Role of protein kinase B and the MAP kinase cascade in 

mediating the EGF-dependent inhibition of glycogen synthase kinase 3 in 

swiss 3T3 cells. FEES Lett. 461: 120-124. 

Sugita , K & Ohtani, M. 1997. Inhibitors of Ras-transformation. Current 

Pharmaceutical Drug 3: 323-334. 

Sunarto, P. A 1977. Materia Medika Illdollesia. Penerbit Ditektorat lenderal 

Pengawasan Obat dan Makanan, Jakarta, Indonesia. 

Tan, S. C 1990. Biokimia Tumbllhall Hijall . 1st Ed. Dewan Pustaka dna Bahasa, Kuala 

Lumpur. 

Tolan, R. W. & Baorto, E. P., 2006. Staphylococcus A1Il·ells injection eMedicine. 

Von Eiff, C, Becker, K, Machka, K, et af. 2004 . Nasal carriage as a source of 

Staphylococcus aureus bacteremia. Study Group. N Eng.! 1. Med, 344(1): 

1 ) -16. 

Watanabe, Y , hie, K & Matsumoto, K 1995. Yeast RLMI encodes a serum response 

factor-like protein that may function downstream of the Mpk1 (S1t2) 

mitogen-activated protein kinase pathway. Molecular and Celllllar Biology ]5 : 

5740-5749. 

Wee, Y C, 1992. A Gllide to Medicinal Plants. Singapore Science Centre. 

Wiart , C 2002. Medicinal Plants ~f Southeast Asia. Pelanduk Publications, Malaysia, 

36-38. 

UMS 
UNIVERSITI MALAYSIA SABAH 



118 

Widmann, c., Gibson, S., Jarpe, M . B. & Johnson, G L. 1999. Mitogen-activated 

protein kinase: Conservation of a three kinase module from yeast to humaf). 

Physiological Reviews 79(1) : 143-180. 

Woodgett, 1. R. 2003 . MA P kinases. Handbook o/Cell Signaling. Volume 1. Elsevier 

Science, United State of America. 

Zakaria, Z. A., AbdulGhani , Z. D. F. , Raden Modh. Nor, R. N. S., Gopalan, H. K. , 

Sulaiman M. S., Abdullah, F. C. 2006. Antinociceptive and anti-inflammatory 

activities of Dicranopteris lillearis leaves chloroform extract in experimental 

animals. Yakllgakll Zasshi, 126 (11) : 1197-1203. 

Zhang, C. & Beaven, M. A. 1999. The MAP kinases and their role in mast cells and 

basophil s. Signal Tral1Sdllctiol1 ill Mast Cells and Basophils, SpringIer-verlag 

New York Inc. 

UMS 
UNIVERSITI MALAYSIA SABAH 


