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ABSTRACT


Traditional  herbal  medicine  has  been  widely  used  in  the  treatment  of  various 
 diseases.  A number of herbal medicines have been shown to have a favourable effect in 
 treating cancer or cancer-related diseases. Phaleria macrocarpa (Scheff.) Boerl is one of 
 the  traditional  herbal  medicines  that appear  to  be  useful  for  treating  patients  who  are 
 hypertensive,  diabetic  and  cancerous.  This  affect  may  be  associated  to  its  high 
 antioxidant,  antimicrobial,  anti-inflammatory,  and  cytotoxic  activities  as  well  as  other 
 bioactivities present in its chemical constituents.  


The present study employed a bioassay - guided fractionation and purification of 
 bioactive compounds from the P. macrocarpa plant. The methanol extract and fractions 
 of the fruits and seeds of the plant were first screened for their cytotoxic potential using 
 MTT cell proliferation assay. Chemical investigation of the bioactive ethyl acetate then 
 led to the isolation and identification of  several  chemical constituents.  Fractionation of 
 the  ethyl  acetate  fraction  of P.  macrocarpa seeds  yielded  palmitic  acid,  beta-sitosterol 
 and (Z)-9, 17-octadecadienal. The ethyl acetate fraction of P. macrocarpa fruits yielded 
 β-sitosterol,  a  mixture  containing  stigmast-4-en-3-one,    2,  4',  6-trihydroxy-4-
 methoxybenzophenone,  and  1-(2,  6-dihydroxy-4-methoxyphenyl)-2-(4-hydroxyphenyl) 
 ethanone. 


The compounds 2, 4', 6-Trihydroxy-4-methoxybenzophenone, 1-(2, 6-dihydroxy-
4-methoxyphenyl)-2-(4-hydroxyphenyl) ethanone  and 9, 17-octadecadienal were tested 
for  cytotoxicity  on  the  human  colon  carcinoma  HT-29  cell  line  and  normal  human 
fibroblast  lung  MRC-5  cell  line  using  the  MTT  assay.  These  compounds  displayed 
cytotoxic  effect  on  the  HT-29  cell  line  in  a  dose-  and  time-dependent  manner  but 
exhibited  very  low  cytotoxic  effect  on  the  normal  MRC-5  cell  line.  Morphological 
features of apoptosis such as cell  shrinkage,  membrane blebbing, nuclear condensation 
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and DNA  fragmentation under  inverted, phase and fluorescence  microscopy  were then 
 examined. 


The effects of the compounds on cells were further  analysed using the Annexin 
 V-FITC/PI assay. In this assay, the percentage of early apoptotic, late apoptotic, necrotic 
 and live cells were determined and it was observed that cell death was induced in a dose- 
 and  time-dependent  manner  in  HT-29  cells.  Results  of  cell  cycle  analysis  further 
 confirmed that G0/G1 arrest and S-phase accumulation of HT-29 cells declined in a time-
 dependent manner after treatment with the compounds. 


Taken together, these results suggested that the induced cell death resulting from 
treatment  with  the  compounds  were  possibly  associated  with  changes  in  the  protein 
expression. The cell death also showed many characteristic of an apoptotic form of cell 
death. Thus, these compounds merit further investigation as potential anticancer agents.
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ABSTRAK


Ubat-ubatan  herba  tradisional  telah  digunakan  secara  meluas  dalam  rawatan 
 pelbagai  penyakit.  Kini,  beberapa  ubat-ubatan  herba  baik  boleh  merawat  kanser  atau 
 penyakit  yang  berkaitan  dengan  kanser. Phaleria  macrocarpa  (Scheff.)  Boerl  adalah 
 salah satu daripada ubat-ubatan herba tradisional  Indonesia  yang sangat berguna untuk 
 merawat pesakit yang menghidapi penyakit seperti kencing manis atau kanser kerana ia 
 mengandungi  antioksidan  yang  tinggi,  anti-mikrob,  anti-radang,  dan  aktiviti  sitotoksik 
 serta bioaktiviti lain yang disebabkan oleh kandungan bioaktif kimianya.  


Eksperimen  dalam  kajian  ini  adalah  berdasarkan  bioesei  yang  berpandukan 
 pemeringkatan. Pada  mulanya, ekstrak metanol dan  fraksi-fraksi dari  buah-buahan dan 
 biji  P.  macrocarpa  saring  keupayaan  ketoksikannya  menggunakan  MTT.  Kemudian, 
 penyiasatan  kimia  etil  asetat  bioaktif  yang  membawa  kepada  pengasingan  dan 
 pengenalpastian  beberapa  juzuk  kimia  dijalankan.  Dari  esktrak  etil  asetat  benih 
 macrocarpa  P.  macrocarpa,  terdapat  asid  palmitik,  beta-sitosterol  dan  (Z)  -9,  17-
 oktadekadienal.  Dari  fraksi  etil  asetat  yang  dijalankan  buah  P.  macrocarpa  terdapat  β-
 sitosterol,  campuran  mengandungi  stigmast-4-en-3-satu,  2,  4,  6-trihydroksi-4-
 metoksibenzofenon  dan  1  -  (2,  6-dihidroksi-4-metoksifenil)  -2  -  (4-hidroksifenil) 
 ethanon. 


2, 4, 6-Trihidroksi-4- metoksibenzofenon, 1 - (2, 6- dihidroksi-4-metoksifenil) -2 
- (4-hidroksifenil) ethanon dan 9, 17-oktadekadienal telah diuji ke atas sel kolon HT -29 
dan  fibroblast  paru-paru  manusia  normal  MRC-5.  Sebatian  didapati  mempunyai  kesan 
mengikut dos dan masa tetapi menpunyai kesan sitotosik yang sangat rendah pada titsan 
sel normal (MRC-5). Seterusnya, ciri morfologi badan apoptotik seperti pengecutan sel, 
blebbing membran, pemeluwapan nuklear dan pemecahan DNA di bawah tertonggeng, 
fasa dan pendarfluor mikroskop turut dijalankan. 
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Dalam  esei  Annexin  V-FITC/PI  mendapati  bahawa  peratusan  sel  pada  awal  apoptotis, 
lewat  apoptotis  atau  sel  nekrotik  sekunder  dan  sel-sel  hidup  boleh  ditentukan  dengan 
ketara mengikut perubahan dos dan cara. Selain itu, kajian ini juga mengesahkan bahawa 
keputusan analisis kitaran sel menunjukkan G0/G1 dan pengumpulan S-fasa HT-29 sel-
sel  merosot  adalah  bergantung kepada  masa  selepas  rawatan.Kesimpulannya,  Oleh  itu, 
keputusan dari kajian ini menujukkan bahawa biji Phaleria macrocarpa (Scheff.) Boerl 
berpotensi untuk digunakan sebagai perubatan moden pada masa akan datang.
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 treated with various concerntrations of extract and all fractions for 
 24h, 48h and 72h prior to the determination of cytotoxicity by 
 using MTT cell proliferation assay. 
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Figure 4.32  In vitro, cytotoxic effects of methanol extract and its fractions of 
 P. macrocarpa seeds on SKOV-3 ovarian cancer cells line. Cells 
 were treated with various concentrations of extract and all 
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fractions for 24h, 48h and 72h prior to the determination of 
 cytotoxicity by using MTT cell proliferation assay. 


Figure 4.33  In vitro, cytotoxic effects of methanol extract and its fractions of 
 P. macrocarpa seeds on MDA-MB231 breast cancer cells line. 


Cells were treated with various concentrations of extract and all 
 fractions for 24h, 48h and 72h prior to the determination of 
 cytotoxicity by using MTT cell proliferation assay. 
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Figure 4.34  In vitro, growth inhibition of MCF-7 cells by methanol extract of 
 P. macrocarpa fruit determined by MTT assay. 
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Figure 4.35  In vitro, growth inhibition of MCF-7 cells by hexane fraction of P. 


macrocarpa fruit determined by MTT assay. 
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Figure 4.36  In vitro growth inhibition of MCF-7 cells by chloroform fraction 
 of P. macrocarpa fruit determined by MTT assay. 
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Figure 4.37  In vitro, growth inhibition of MCF-7 cells by ethyl acetate fraction 
 of P. macrocarpa fruit determined by MTT assay. 
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Figure 4.38  In vitro, growth inhibition of HT-29 cells by methanol extract of 
 P. macrocarpa fruit determined by MTT assay. 
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Figure 4.39  In vitro, growth inhibition of HT-29 cells by hexane fraction of P. 


macrocarpa fruit determined by MTT assay. 
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Figure 4.40  In vitro, growth inhibition of HT-29 cells by chloroform fraction 
 of P. macrocarpa fruit determined by MTT assay. 
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Figure 4.41  In vitro, growth inhibition of HT-29 cells by ethyl acetate fraction 
 of P. macrocarpa fruit determined by MTT assay. 
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Figure 4.42  In vitro, growth inhibition of SKOV-3 cells by methanol extract of 
 P. macrocarpa fruit determined by MTT assay. 
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Figure 4.43  In vitro, growth inhibition of HT-29 cells by chloroform fraction 
 of P. macrocarpa fruit determined by MTT assay.  
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Figure 4.44  In vitro, growth inhibition of SKOV-3 cells by chloroform fraction 
 of P. macrocarpa fruit determined by MTT assay. 
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Figure 4.45  In vitro, growth inhibition of SKOV-3 cells by ethyl acetate 
 fraction of P. macrocarpa fruit determined by MTT assay. 
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Figure 4.46  In vitro, growth inhibition of MDA-MB231 cells by methanol 
 extract of P. macrocarpa fruit determined by MTT assay. 
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Figure 4.47  In vitro, growth inhibition of MDA-MB231 cells by hexane 
 fraction of P. macrocarpa fruit determined by MTT assay. 
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Figure 4.48  In vitro, growth inhibition of MDA-MB231 cells by chloroform 
 fraction of P. macrocarpa fruit determined by MTT assay. 
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Figure 4.49  In vitro, growth inhibition of MDA-MB231 cells by ethyl acetate 
 fraction of P. macrocarpa fruit determined by MTT assay. 
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Figure 4.50  In vitro, cytotoxic effects of the methanolic extract, ethyl acetate 
 fraction, hexane fraction, chloroform fraction and water fraction of 
 P. macrocarpa fruit on MCF-7 breast cancer cell line. Cells were 
 treated with various concentrations of the extract and all fractions 
 for 24h, 48h and 72h prior to determining the cytotoxicity by MTT 
 cell proliferation assay. 
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Figure 4.51  In vitro, cytotoxic effects of methanolic extract, ethyl acetate 
 fraction, hexane fraction, chloroform fraction and water fraction of 
 P. macrocarpa fruit on HT-29 colon cancer cell line. Cells were 
 treated with various concentrations of extract and all fractions for 
 24h, 48h and 72h prior to determining the cytotoxicity by MTT 
 cell proliferation assay. 
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Figure 4.52  In vitro, cytotoxic effects of methanolic extract, ethyl acetate 
 fraction, hexane fraction, chloroform fraction and water fraction of 
 P. macrocarpa fruit on SKOV-3 ovarian cancer cell line. Cells 
 were treated with various concentrations of extract and all 
 fractions for 24h, 48h and 72h prior to determining the 
 cytotoxicity by MTT cell proliferation assay. 
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Figure 4.53  In vitro, cytotoxic effects of methanolic extract, ethyl acetate 
 fraction, hexane fraction, chloroform fraction and water fraction of 
 P. macrocarpa fruits on MDA-MB231 breast cancer cell line. 


Cells were treated with various concentrations of extract and all 
 fractions for 24h, 48h and 72h prior to determining the 


cytotoxicity by MTT cell proliferation assay. 
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Figure 4.54  In vitro, cytotoxic effects of the 2, 4', 6-trihydroxy-4-


methoxybenzophenone on HT-29 colon cancer cells. Cells were 
 treated with various concentrations of the compound derived from 
 the ethyl acetate fraction of P. macrocarpa fruit for 24h, 48h and 
 72h prior to determining the cytotoxicity by MTT cell 


proliferation assay. 
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Figure 4.55  In vitro, cytotoxic effects of the 2, 4', 6-Trihydroxy-4-


methoxybenzophenone on normal fibroblast lung cells. Cells were 
 treated with various concentrations of the compound derived from 
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the ethyl acetate fraction of P. macrocarpa fruit for 24h, 48h and 
 72h prior to determining the cytotoxicity by MTT cell 


proliferation assay. 


Figure 4.56  In vitro, cytotoxic effects of 1-(2, 6-Dihydroxy-4-methoxyphenyl)-
 2-(4-hydroxyphenyl) ethanone on HT-29 colon cancer cells. Cells 
 were treated with various concentrations the 1-(2, 6-Dihydroxy-4-
 methoxyphenyl)-2-(4-hydroxyphenyl) ethanone compound 
 derived from the ethyl acetate fraction of the P. macrocarpa fruit 
 for 24h, 48h and 72h, prior to determining cytotoxicity by MTT 
 cell proliferation assay. 
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Figure 4.57  In vitro, cytotoxic effects of 1-(2, 6-Dihydroxy-4-methoxyphenyl)-
 2-(4-hydroxyphenyl) ethanone on normal fibroblast lung cells. 


Cells were treated with various concentrations the 1-(2, 6-
 Dihydroxy-4-methoxyphenyl)-2-(4-hydroxyphenyl) ethanone  
 derived from the ethyl acetate fraction of the P. macrocarpa fruit 
 for 24h, 48h and 72h, prior to determining cytotoxicity by MTT 
 cell proliferation assay. 
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Figure 4.58  In vitro, cytotoxic effects of 9, 17-octadecadienal on HT-29 colon 
 cancer cells. Cells were treated with various concentrations of 9, 
 17-octadecadienal (z) from ethyl acetate fraction of P. macrocarpa 
 fruit for 24h, 48h and 72h prior to determining cytotoxicity by 
 MTT cell proliferation assay. 
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Figure 4.59  In vitro, cytotoxic effects of 9, 17-octadecadienal (z) on normal 
 fibroblast lung cells. Cells were treated with various 


concentrations of 9, 17-octadecadienal (z) from ethyl acetate 
 fraction of P. macrocarpa fruit for 24h, 48h and 72h prior to 
 determining cytotoxicity by MTT cell proliferation assay.  
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Figure 4.60  HT-29 cells treated with the compound (30 µg/mL) for 24h, 48h 
 and 72h were shown to undergo morphological changes typical of 
 apoptosis. Control or treated cells were observed under inverted 
 microscope and photographed. 
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Figure 4.61  Treatment with 2, 4', 6-trihydroxy-4-methoxybenzophenone for 
 24h, 48h and 72h induced morphological changes typical of 
 apoptosis in HT-29 colon cancer cells. Control or treated cells 
 were observed under phase contrast microscopy and 


photographed. 
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Figure 4.62  Treatment with IC50 value (30 µg/mL) of 2, 4', 6-trihydroxy-4-
 methoxybenzophenone for 48h induces morphological changes 
 typical of apoptosis in HT-29 colon cancer cells. After being 
 stained with acridine orange and propidium iodide, treated cells 
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were observed under fluorescence microscopy for live cells 


stained (green colour), apoptotic cells (orange colour) and necrotic 
 cells or dead cells (red colour). 


Figure 4.63  Effects of 2, 4', 6-trihydroxy-4-methoxybenzophenone on the 
 induction of apoptosis in HT-29 cells. The cells were treated with 
 different concentrations of the compound (25, 50 and 75 µg/mL) 
 and in a time dependent manner (24h, 48h and 72h), and stained 
 with PI staining. The viable cells (LL); the early apoptotic cells or 
 the later apoptotic cells or dead cells or the necrotic cells (UL). 
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Figure 4.64  Histogram representation of the quantitative percentage of viable 
 cells (LL), early apoptotic cells (LR), primary necrotic cells (UL) 
 and late apoptotic cells or secondary necrotic cells (UR) of HT-29 
 treatment with different concentrations of 2, 4', 6-Trihydroxy-4-
 methoxybenzophenone for 24h, 48h and 72h. 
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Figure 4.65  : HT-29 cell treated with the IC50 value (30 µg/mL) 


concentrations of 2, 4', 6-Trihydroxy-4-methoxybenzophenone for 
 24h, 48h and 72h, and analyzed by flow cytometry after staining 
 with PI was conducted.  Percentages of the diploid cells (DNA 
 content) at G0/G1, S, and G2/M phases of HT-29 cells were 
 determined after 24h, 48h and 72h incubation periods. 
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Figure 4.66  Histogram showing quantitative percentage of diploid cells (DNA 
 content) in each cell cycle phase without treatment and with 
 treatment. 
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Figure 4.67  Treatment with 1-(2, 6-dihydroxy-4-methoxyphenyl)-2-(4-
 hydroxyphenyl) ethanone  for 24h, 48h and 72h induces 


morphological changes typical of apoptosis in HT-29 colon cancer 
 cells. Control or treated cells were observed under inverted 


microscope and photographed. 
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Figure 4.68 


Treatment with 1-(2, 6-dihydroxy-4-methoxyphenyl)-2-(4-
 hydroxyphenyl) ethanone  for 24h, 48h and 72h induces 


morphological changes typical of apoptosis in HT-29 colon cancer 
 cells. Control or treated cells were observed under phase contrast 
 microscope and photographed. 
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Figure 4.69 


Treatment with IC50 value of 1-(2, 6-dihydroxy-4-


methoxyphenyl)-2-(4-hydroxyphenyl) ethanone for 48h induces 
 morphological changes typical of apoptosis in HT-29 colon cancer 
 cells. After being stained with acridine orange and propidium 
 iodide, treated cells were observed under fluorescence microscopy 
 and cells appeared under the imagez of live cells (green colour), 
 necrotic cells orange colour) and apoptotic cells or death cells (red 
 colour).. 
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Figure 4.70  Effects of 1-(2, 6-dihydroxy-4-methoxyphenyl)-2-(4-


hydroxyphenyl) ethanone on the induction of apoptosis in HT-29 
 cells. The cells were treated with different concentration of 
 compound (25, 50 and 75 µg/mL )  in a time dependent manner 
 (24h, 48h and 72h), labelled with FITC annexin V and PI. Viable 
 cells (LL); Early apoptotic cells (LR); Late apoptotic cells or dead 
 cells (UR); Necrosis (UL). 
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Figure 4.71  Histogram representation of the quantitative percentage of viable 
 cells (LL), early apoptotic cells (LR), necrotic cells (UL) and late 
 apoptotic cells (UR) of HT-29 treatment done with different 
 concentration of 1-(2, 6-dihydroxy-4-methoxyphenyl)-2-(4-
 hydroxyphenyl) ethanone (DMHE) for 24h, 48h and 72h. 


140 


Figure 4.72 


Effect of 1-(2, 6-dihydroxy-4-methoxyphenyl)-2-(4-


hydroxyphenyl) ethanone (DMHE) on HT-29 cell cycle. Cells 
 treated with compound (25μg/mL) for 24h, 48h and 72h, and 
 analyzed by flow cytometry after staining with PI. Percentages of 
 the diploid cells (DNA content) at G0/G1, S, and G2/M phases of 
 HT-29 cells were determined after 24h, 48h and 72h incubation 
 periods. 
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Figure 4.73  Effects of isolated bioactive 1-(2, 6-dihydroxy-4-methoxyphenyl)-
 2-(4-hydroxyphenyl) ethanone compound on the HT-29 cell cycle. 


Cells treated with IC50 value of concentrations of compound for 
 24h, 48h and 72h, and analysed by flow cytometry after staining 
 with PI. Histogram showing quantitative percentage of DNA 
 content in each cell cycle phase without treatment and with 
 treatment. 
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Figure 4.74 


Treatment with compound for 24h, 48h and 72h induces 


morphological changes that is typical of apoptosis in HT29 colon 
 cancer cells. Control or treated cells were observed under inverted 
 microscope and photographed. 
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Figure 4.75  Treatment with compound for 24h, 48h and 72h induces 


morphological changes that is typical of apoptosis in HT29 colon 
 cancer cells. Control or treated cells were observed under phase 
 contrast microscope and photographed. 
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Figure 4.76 


Treatment with compound for 48h induces morphological changes 
 that is typical of apoptosis in HT29 colon cancer cells. After 
 staining was done with acridine orange and propidium iodide, 
 treated cells were observed under fluorescence microscopy and the 
 image of live cells (green colour), necrotic cells (orange colour) 
 and apoptotic cells or dead cells (red colour) were captured. 
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Figure 4.77  Effects of 9, 17-octadecadienal on induction of apoptosis in HT29 
 cells. The cells were treated with different concentrations of 
 compound (5, 10 and 25 µg/mL ) in a time dependent manner 
 (24h, 48h and 72h), labelled with FITC Annexin V and PI. 
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Figure 4.78 


Histogram representation of the quantitative percentage of viable 
 cells (LL), early apoptotic cells (LR), necrotic dead cells (UL) and 
 late apoptotic/secondary necrotic cells (UR) of HT-29 treatment 
 with different concentration of compound for 24h, 48h and 72h. 
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Figure 4.79 


HT-29 cells treated with the concentrations (10 µg/mL) of 9, 17-
 octadecadienal for 24h, 48h and 72h, and analysed by flow 
 cytometry after staining with PI. Percentages of diploid cells 
 (DNA content) at G0/G1, S, and G2/M phases of HT-29 cells were 
 determined after 24h, 48h and 72h incubation periods. 
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Figure 4.80 


HT-29 cells treated with IC50 value of concentrations of (Z)-9, 17-
 Octadecadienal (m/z 264) for 24h, 48h and 72h, and analyzed by 
 flow cytometry after staining with PI. Histogram showing 
 quantitative percentage of DNA content in each cell cycle phase 
 without treatment and with treatment. 
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CHAPTER 1  INTRODUCTION


Today, herbal  medicine plays a  prominent  role  in our  health  and  it has become 
 almost  as  essential  as  modern  medicine.  However, traditional  herbal  medicine  has  not 
 been standardized in its usage mainly because it has not been very much explored.  Herbal 
 medicine  is  a  traditional  form  of  treatment  performed  by  locals  who  gather  raw 
 ingredients  from  one  or  more  plants  and  apply  them  as  therapeutic  treatments  or  as 
 medication. 


Moreover, herbal medicine has contributed enormously to human healthcare and 
 this has been increasingly acknowledged in medical practice for generations (Farnsworth 
 et al., 1985). An estimate by the World Health Organization (WHO) indicated that up to 
 80% of the world’s population still relied on traditional herbal medicine as their primary 
 source of healthcare. Traditional herbal medicine has been used to maintain and promote 
 human health, as well as to prevent or reduce symptomatic disorders and  to date herbal 
 medicine has made great contributions to healthcare in general. 


Furthermore, herbal medicine has played a key role in the world’s pharmaceutical 
 products companies. Therefore, it follows that there is a high demand for natural or herbal 
 medicine in the global market. Approximately 10,000 plants have been listed as medicinal 
 plants  but  only  300  species  are  used  commercially  in  traditional  medicine.  Several 
 researchers are  currently  investigating  their  values scientifically  in order  to study their 
 medicinal  properties.  In  the  current  research,  several  classifications  have  been 
 implemented in order to define and classify herbal medicine.  


Indonesia  has  an  abundance  of  natural  resources and  one  of  its  most  important 
features has always  been  its abundant plant  life (Jemal et al., 2007). Traditional  herbal 
medicine has been used by the Indonesian society since ancient times where knowledge 
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has  been  passed  down  from  generation  to  generation.  Traditional  herbal  medicine  has 
 been a cultural mainstay in Indonesia for a good many centuries as it is believed to help 
 locals maintain their health as well as to treat diseases. Despite the increasing awareness 
 of  modern  medical  treatments,  traditional  herbal  medicine  still  remains  as  a  popular 
 choice in Indonesia.  


In this study, the focus was on a plant known as Phaleria macrocarpa which  is 
 renowned  in  Indonesia  for  its  ability  to  treat  a  variety  of  ailments  including  cancer, 
 diabetes  mellitus,  allergies,  cardiac  problems,  hepatic  diseases,  kidney  failure, 
 hypertension, skin diseases, and many others (Harmanto et al., 2002; Jemal et al., 2007). 


The fruits and leaves of the P. macrocarpa are most commonly consumed in traditional 
 medicine when mixed with other medicinal plants. Its seeds, however, are very toxic and 
 they produce an unpleasant smell. It is, however, used in Indonesia to treat skin diseases. 


 The  fruits  and  leaves  of  the Phaleria  macrocarpa  contain  alkaloids,  saponins, 
 flavonoids,  polyphenols,  triterpenoids  and  many  other  components.  The  seeds  on  the 
 other hand contain alkaloids, triterpenoids and coumarin groups (Hartani et al., 2005) as 
 well as steroids (Susanthy et al., 2005). The major flavanoids present in the pericarp are 
 kaempferol, myricetin, naringin and rutin and those found in the seeds and mesocarps are 
 naringin and quercetin (Rudi et al., 2011). Ethyl acetate fractions derived from the flesh 
 of the fruit contains flavonoids, triterpenoids and coumarin groups (Hartati et al., 2005). 


The major components of the flavonoids contained in the fruits of P. macrocarpa 
have been shown to be useful for blood circulation and in preventing blockages of blood 
vessels, the lowering of cholesterol levels, reducing fat collected in blood vessel walls, 
and  also  in  lowering  the  risk  of  coronary  heart  disease.  They  also  contain  anti-
inflammatory  agents  and  antioxidants,  and  help  alleviate  pain  if  there  is  bleeding  or 
swelling. It is believed that the flesh of the P. macrocarpa (Mahkota Dewa) fruit contains 
anti-oxidative compounds that can fight cancer.  
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In addition, a powder derived from the dried flesh of the P. macrocarpa fruits has 
 been used  for medicinal purposes  where  it was  reported to remedy dysentery, diabetes 
 mellitus, hypertension, cancer and certain skin diseases (Harmanto et al., 2002). The fruit 
 of  the P.  macrocarpa is  potent  in  treating  hypertension,  diabetes,  cancer  and  diuretic 
 problems.  It  has  a  long  history  of  pharmacological  usage,  and  the  lack  of  information 
 about  its  biological  activities  has  led  to  ongoing  investigations  (Hendra  et  al.,  2011). 


Consumption  of  P.  macrocarpa  has  a  synergistic  effect  on  Adriamycin-
 cyclophosphamide treatment in decreasing the tumour growth and protects the kidney and 
 liver  from  damage  (Chong  S.C  al.,  2011).  Moreover, P.  macrocarpa  extract  has  been 
 shown to reduce body weight, cholesterol, triglycerides and HDL LDL levels (Riwanto 
 et al., 2011).     


The antibacterial, radical scavenging activities and cytotoxic properties of crude 
 extracts from P. macrocarpa leaves have been reported by Andriani et al., (2011). Among 
 the important sources of newer chemotherapeutic agents discovered were the chemicals 
 derived  from  such  herbal  sources.  Also,  the  use  of  complementary  and  alternative 
 medicine  such  as  botanical  extracts  is  becoming  increasingly  popular  among  cancer 
 patients (Harmanto, 2003 & Nahleh, 2003) while a number of phytochemicals have been 
 proven to possess anticancer properties (Wong et al., 2005). 


With the various potential benefits reported for P. macrocarpa, the present study 
 therefore was performed with the following main objectives:  


1.  To examine the cytotoxicity of extracts and fractions from the fruits and seeds of 
 P. macrocarpa in selected human cancer and non-cancer cell lines; 


2.  To isolate bioactive compounds from the fruits and seeds of P. macrocarpa;  


3.  To elucidate the structure(s) of the chemical components of the active extract by 
using spectroscopic and spectrometric methods (GC-MS, LC-MS/MS and NMR 
analysis);  
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4.  To  investigate  the  cytotoxic  activity  of  bioactive  compounds  isolated  from 
 objectives  (2)  and  (3)  by  determining  the  effects  of  the  compounds  on  human 
 colon cancer cells (HT-29) and human fibroblast cell line (MRC-5);  


5.  To  identify  the  molecular  pathways  of  apoptosis  effected/involved  following 
treatment  of  cancer  cell  lines  (HT-29  and  MRC-5)  with  bioactive  compounds 
from P. macrocarpa through cell cycle analysis and morphological examination 
of cancer cells.   
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Figure 1.1: Flow chart of research proje
 Fresh seeds and fruits of P. macrocarpa  
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Figure 1.1: Flow chart of Experimental Approach.  
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CHAPTER 2


LITERATURE REVIEW


2.1.  Cancer

Cancer  is  a  major  public  health  problem  all  over  the  world.  Cancer  refers  to  a 
 family of diseases in which tissues grow and spread uncontrollably throughout the body, 
 and can gradually  become  fatal (Lewis, 2003). Cancer comes  in the  form of abnormal 
 cells  which  multiply  in an uncontrolled fashion and  it can spread throughout the body. 


Such cells can emerge in a variety of tissues and organs, and each of these sites may carry 
 different  cell  types  that  have  been  or  are  currently  receiving  the  impact of  the  disease 
 (Farnsworth et al., 1985).   The net result of this is more than a hundred types of cancer 
 distinguishable from one another on the basis of their original location and the cell type 
 that is involved (Farnsworth et al., 1985).   


Cancers are caused by multiple factors; namely genetic and environmental factors, 
 diet  and  lifestyle  factors,  which  include  smoking,  alcohol  consumption,  stress,  lack  of 
 exercise and so on. Cancer brings about significant morbidity and mortality and poses a 
 major public health problem worldwide (Lewis, 2003). The most common types of cancer 
 are breast and prostate cancers followed by lung, colon, bladder, and lymphoma.  


2.2.  Carcinogens 


The term carcinogen refers to a substance directly involved in causing cancer. A 
substance  that  elevates  the  risk  of  cancer,  while  not  directly  causing  it,  is  called 
carcinogenic.  While  a  great  many  substances  are  thought  to  cause  cancer,  a  substance 
may  only  be  called  carcinogenic  if  ample  evidence  has  been  found  to  prove  its 
carcinogenicity. Carcinogens react with DNA (deoxyribonucleic acid) by inciting deadly 
alterations or by causing the rate of cell division to escalate erratically. This alteration in 
the  regularity  of  cell  division  may  subsequently  increase  the  probability  of  intrinsic 
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changes in DNA (Deorukhkar et al., 2007). Evidence of the correlation between exposure 
 to  alleged carcinogens and the advancement of cancer  itself  is worthy of consideration 
 (Hanaha et al., 2000). Commonly known carcinogens include certain types of pesticides, 
 radon,  asbestos,  arsenic,  and  cigarette  smoke.  Ironically,  certain  substances  that  are 
 beneficial such as chlorine (used to disinfect water) may also be carcinogenic where its 
 by-products have been found to cause a variety of diseases. 


It is interesting to note that one of the major known carcinogens emanates from 
 an  element  necessary  to  life  itself.  The  ultraviolet  rays  produced  by  the  sun  are 
 carcinogenic  as  exposure  to  ultraviolet  radiation  has  been  found  to  cause  an  array  of 
 cancers affecting the skin. A substance cannot be said to be carcinogenic unless there has 
 been prolonged and sustained human exposure to it. In addition to this, the breath taking 
 number of substances said to be potential carcinogens is so immense that it has become 
 increasingly difficult to ascertain exactly what is safe to use and consume. 


2.3.  Carcinogenesis

The process in which normal, healthy cells are mutated into cancer cells and thus 
 contribute  to  the  likely  onset  of  cancer  is  known  as  carcinogenesis.  Despite  modern 
 advances in cancer treatment as well as the increasing knowledge of its mechanisms, there 
 is  still  a  gap  in  understanding  the  molecular  events  preceding  it.  Twenty  five  years  of 
 scientific advancement in cancer research has resulted in a varied and detailed body of 
 knowledge, where this deadly disease has been revealed to be the culmination of a number 
 of dynamic alterations in the genome itself (Deorukhkar et al., 2007).  


Although  carcinogenesis  involves  a  complex  interplay  between  genes,  the 
environment and multiple cumulative mutational events are required for the progression 
from normal to a fully malignant phenotype. The quintessential traits of cancer cells are 
fundamental  alterations  in  cell  physiology  that  collectively  dictate  malignant  growth 
(Hanaha et al., 2000).    
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2.4.  Natural Products  


Natural  products  are  derived  from  organic  matters  such  as  animals,  plants,  or 
 microbes,  and  their  pharmacological  and  biological  potentials  can  be  used  to  treat 
 diseases.  Natural  products  derived  from  plants  in  particular,  have  formed  the  very 
 foundations of traditional  medicine  in  many of the great civilizations of old,  including 
 Egypt, China, and India (Balandrin et al., 1993). The World health organization (WHO) 
 has  indicated  that  herbal  medicine  is  still  the  primary  choice  for  80%  of  the  world’s 
 population. 


2.4.1.  Bioactive natural products

Each natural product has one or more bioactivity. Some may possess antioxidant, 
 antimicrobial,  antibacterial,  antifungal,  anti-cancer,  anti-hypertensive  and  anti-diabetic 
 activities.  


2.4.2.  Natural products with anticancer activity  


The  last  20  years  has  seen  great  strides  in  the  never-ending  battle  to  eliminate 
 cancer.  Our  understanding  of  the  various  mechanisms  of  this  disease  has  been  greatly 
 assisted  by  advances  in  cellular  and  molecular  biology.  Natural  products  have  greatly 
 contributed to the development of anti-cancer drugs and vaccines (Cooper. 1993).  


Most natural anticancer agents are secondary metabolites produced from one of 
the  two  protection  mechanisms  of  the  plant  or  from  organisms  which  defend  it  from 
pathogens and growth regulations (Kintios & Barberaki, 2004).  These metabolites may 
constitute  a  compound  cytotoxin  or  are  capable  of  modulating  tumor  development 
(Kintios & Barberaki, 2004). These are just examples of the various natural compounds 
that have been found to have great potential in treating cancer through mechanism-based 
approaches which employ bioactive compounds.  
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2.5.  Plants

Although  medicinal  plants  can  be  found  worldwide,  they  are,  however,  most 
 abundant  in  tropical  regions.  As  such,  classifying  them  systematically  is  important,  in 
 order to understand as well  as to study them extensively  and efficiently. The Phaleria 
 macrocarpa (Scheff.) Boerl plant is one such medicinal plant and it originates from Irian 
 Jaya, Indonesia. 


2.6.  The P. macrocarpa plant  


P. macrocarpa belongs to the Thymelaeceae family and is called Mahkota Dewa 
 in Indonesia which means 'God's Crown' in the Indonesian language. The name given to 
 this fruit infers that it came from heaven, as a benediction from divinity to help mankind.  


The P. macrocarpa plant is perennial and is usually planted to provide shade. It 
 is of medium size and its height can reach up to  four meters. Its stem is full of sap and 
 has  a  greenish  brown  bark,  a  white  stem,  taproots  and  also,  flowers,  leaves,  fruits  and 
 seeds. Its small flowers are white and have a pleasant smell; physically, it resembles the 
 clover.  Moreover,  all  parts of  the P.  macrocarpa,  namely  the  flesh  of  its  fruits,  seeds, 
 leaves and stem, are beneficial components commonly used in herbal medicine.  


Figure 2.1: The P. macrocarpa (Scheff.) Boerl plant. 
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2.6.1.  The Fruit of P. macrocarpa

The fruit of the P. macrocarpa consists of a skin which is bright red, flesh, shell 
 and seeds. It has white flesh, which is fibrous and watery (Figure 2.2). The flesh is round 
 in shape, of orbicular to apple size (3-5cm), has a smooth surface, and dull green in color 
 when young but becomes red when ripened. The fruits grow on the trunks and branches 
 of the trees and has very short stalks making it look like it is attached to the branches.  


Figure 2. 2: The fruit of the  P. macrocarpa (Scheff.) Boerl  
 (http://farmasi.ugm.ac.id). 


2.6.2.  The Leaves of P. macrocarpa  


The leaves of the P. macrocarpa are long, thin and oval, with a long, sharp edge 
 and  are  flat  and  smooth.  The  Indonesian  people  utilize  them  as  tea  leaves  and  as 
 traditional medicine since ancient times (Figure 2.3). 


Figure 2.3: The leaves of the P. macrocarpa (Scheff.) Boerl 
 (http://farmasi.ugm.ac.id). 
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2.6.3.  The Seeds of P. macrocarpa

The seeds of the P. macrocarpa are oval with a  diameter of about  1cm (Figure 
 2.4). The outer part is brown and the inner part is white. The seeds are the most poisonous 
 part but local people use them to treat skin diseases. 


Figure 2.4: The Seeds of P. macrocarpa (Scheff.) Boerl. 


2.7.  Chemical components of P. marcrocapa  


The  major  chemical  components  of P.  macrocarpa  are  flavonoids,  alkaloids, 
 saponins, tannins, and terpenoids. The n-hexane extract from the fruits of P. macrocarpa 
 contains  terpenoid  compounds,  whereas  the  ethanol  extract  of  its  fruits  and  seeds  are 
 composed  of  alkaloids,  flavanoids  and  triterpenoids  (Susanthy,  2005).  The  main 
 flavonoid content in the pericarp, mesocarp, and seeds are  kaempferol, naringin, and rutin 
 (Rudi  et  al.,  2011).  The  bark  contains  alkaloids,  terpenoids,  flavonoids,  polyphenols, 
 saponins,  resins,  lignin  and  benzophenones  (Harmanto,  2002).  2,  4’,  6-trihydroxy-4-
 methoxybenzophenone 2-0-β-D-glucopyranoside has been isolated from the ethyl acetate 
 extract of the bark (Winnarno, 2009).  


Wan-Joo  Kim  (Kim  et  al.,  2010)  reported  that  a  mangiferin  compound  was 
 extracted from the peel of the P. macrocarpa fruit by using subcritical water extraction. 


A new phenolic glycoside, mahkoside A, together with six known compounds including 
mangiferin,  kaempferol-3-O-beta-D-glucoside,  dodecanoic  acid,  palmitic  acid,  ethyl 
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stearate and sucrose have been isolated from the pit of the P. macrocarpa fruit (Oshimi 
 et al., 2008). Also isolated were lignans pinoresinol, lariciresinol and matairesinol (Saufi 
 et al., 2008). The chemical structures for these compounds are shown in Figure 2.5. 


Kaempferol 


Myricetin 


Mahkoside A 


Mangiferin 


Figure 2.5: Chemical structures of compounds reported present in P. marcrocarpa. 
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Quercetin 


Naringin 


Rutin 


Figure 2.5. Chemical structures of compounds reported present in P. marcrocarpa 
 (Continued). 
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Kaempferol-3-O-beta-D-glucoside 


Sucrose 


Tamoxifen 


5-fluorourasil 


Dodecanoic acid 


Figure 2.5. Chemical structures of compounds reported present in P. marcrocarpa 
 (Continued). 
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Palmitic acid 


Ethyl stearate 


Figure 2.5. Chemical structures of compounds reported present in P. marcrocarpa 
 (Continued). 


2.7.1.  Chemical components of P. macrocarpa leaves

It  has  been  reported  that  the  leaves of  the P.  macrocarpa  contain  alkaloids, 
 terpenoids,  flavonoids,  polyphenols,  saponins,  resins,  lignins  and  benzophenones 
 (Harmanto, 2002). Phalerin (4, 5-dihydroxy benzophenone-3-O-β-D-glucopiranoside has 
 been obtained from the methanol extract of  P. macrocarpa leaves (Hartati et al., 2005). 
<
    
  





      
      
        
      


            
    
        Rujukan

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Muat turun sekarang ( PDF - 221 halaman - 6.97 MB )
            

      


              
          
            Outline

            
              
              
              
              
              
                              
    Screening of cytotoxic activity of P. macrocarpa seed extract and its
                              
    Discussions
              
              
            

          

        

      
      
        
  DOKUMEN BERKAITAN

  
    
      
          
        
            (6E, 10E) Isopolycerasoidol and (6E, 10E) isopolycerasoidol methyl ester, prenylated benzopyran derivatives from pseuduvaria monticola induce mitochondrial-mediated apoptosis in human breast adenocarcinoma cells
        
      

        The anti-proliferative and cytotoxic effects of these compounds on human breast cancer cell- lines (MCF-7 and MDA-MB-231) and a human normal breast epithelial cell line (MCF-10A)

    
      
          
        
            Revealing glycoproteins in the secretome of MCF-7 human breast cancer cells
        
      

        Chen, “Comparative secretomic and N-glycoproteomic profiling in human MCF-7 breast cancer and HMEpC normal epithelial cell lines using a gel-based strategy,” Cancer Cell

    
      
          
        
            Dentatin Induces Apoptosis in Prostate Cancer Cells via Bcl-2, Bcl-xL, Survivin Downregulation, Caspase-9, -3/7 Activation, and NF-κB Inhibition
        
      

        Treatment with dentatin dose-dependently inhibited cell growth of PC-3 and LNCaP prostate cancer cell lines, whereas it showed less cytotoxic eﬀects on normal prostate epithelial

    
      
          
        
            BIOACTIVITY AND CHEMICAL INVESTIGATIONS OF  PERESKIA BLEO AND PERESKIA GRANDIFOLIA 
        
      

        were  initially  investigated  for  their  biological  activities  such  as  antioxidant,  antimicrobial  and  cytotoxic  effect  against  five  human  cancer  cell  lines,  namely

    
      
          
        
            INVESTIGATION OF PHYTOCHEMICALS FROM  CALOPHYLLUM SPECIES FOR THEIR CYTOTOXIC 
        
      

        All the crude extracts and pure compounds obtained were screened for  their  cytotoxic  activity  against  HeLa,  MDA-MB-231,  LS174T  and  T98G  cancer cell lines, and HEK293

    
      
          
        
            CaOv-3 CELL LINE 
        
      

        extract were  used  to  treat two  types  of cancer  cell  lines  that  are  cervical  cancer  cell  line  (HeLa)  and  ovarian  cancer cell line (CaOv-3) to screen

    
      
          
        
            The moisture content in the whole plant of P
        
      

        In the neutral red cytotoxicity assay, the methanol extract, hexane and water fractions did not show cytotoxic activity against MCF7, Ca Ski, A549, HT-29, HCT 116 and MRC5 cell

    
      
          
        
            PHYTOCHEMICAL AND CYTOTOXIC STUDIES   ON FLAVONOIDS FROM THE FRUIT OF   
        
      

        Two cell lines were used for the cytotoxic study using MTS assay (Section  2.4.4.6).The cell lines used were Hep G2 and T- 47D, each representing known  cells originating from

      



      

    

    
            
            
      
  DOKUMEN BERKAITAN

  
          
        
    
        
    
    
        
            Semi-purified fraction of Clinacanthus nutans induced apoptosis in human cervical cancer, SiHa cells via up-regulation of bax and down-regulation of Bcl-2
        
        
            
                
                    
                    10
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Malaysian Tualang Honey and its potential anti-cancer properties: a review
        
        
            
                
                    
                    7
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            APOPTOTIC EFFECTS OF &alpha;-MANGOSTIN ON CERVICAL CANCER CELL LINES
        
        
            
                
                    
                    118
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            DISSERTATION SUBMITTED IN FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE OF MASTER OF SCIENCE
        
        
            
                
                    
                    121
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            THESIS SUBMITTED IN FULFILLMENT OF THE REQUIREMENTS FOR THE DEGREE OF DOCTOR OF PHILOSOPHY
        
        
            
                
                    
                    145
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            (1)of M al
        
        
            
                
                    
                    132
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Sequence-specific inhibition of microRNA-130a gene by CRISPR/Cas9 system in breast cancer cell line
        
        
            
                
                    
                    7
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            STUDY OF CYTOTOXIC MECHANISM AND  THE ROLE OF microRNA IN MDA-MB-231 CELL 
        
        
            
                
                    
                    50
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Syarikat

        	
             Tentang Kami
          
	
            Sitemap

          


      

      
        Hubungi  &  Bantuan

        	
             Hubungi Kami
          
	
             Feedback
          


      

      
        Legal

        	
             Syarat Penggunaan
          
	
             Polisi
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Dapatkan aplikasi percuma kami

        	
              
                
              
            


      

    

    
      
        
          Sekoly
          
            
          
          Topik
                  

        
          
                        Bahasa:
            
              Bahasa Melayu
              
                
              
            
          

          Copyright azpdf.org © 2024

        

      

    

  





    



  
        
        
        
          


        
    
  
  
  




    
    

    
        
            
                

            

            
                                
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


