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Plants have been a good source of therapeutic agents for thousands of years and an 

impressive number of modern drugs used for treating cancer diseases are derived 

from natural sources. Due to its antioxidant properties, which are related to potential 

anti-cancer effects, the Theobroma cacao (T. cacao) has recently garnered increasing 

attention and become the subject of research. In the present study, in vitro screening 

was performed to investigate the antiproliferative activity of fresh non-edible cocoa 

plant parts such as the cocoa leaf (CL), cocoa bark (CB), cocoa husk (CH), 

unfermented cocoa shell (UFCS), fermented coco shell (FCS), coco root (CR), cocoa 

cherelle (CC) and cocoa pith (CP) against several cancer cell lines. Based on the 3-

[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium (MTT) assay results, the CL 

extract had strong antiproliferative activity against breast cancer (MCF-7) cells and 

its median inhibitory concentration (IC50) was 41.43 ± 3.26 µg/mL as compared to 

the other extracts and cell lines. While, antioxidant activity was determined using the 

2,2-diphenyl-2-picrylhydrazyl (DPPH), thiobarbituric acid–reactive substances 

(TBARS) and Folin-Ciocalteu assays. The CR extract had the highest antioxidant 

activity; its median effective dose (EC50) was 358.3 ± 7.0 μg/mL and total phenolic 

content was 22.0 ± 1.1 g gallic acid equivalents (GAE)/100 g extract as compared to 

the other extracts. Only CC extract demonstrated 10.4% ± 1.1 inhibitions in the lipid 

peroxidation assay. For the phytochemical screening, all extracts showed the 

presence of saponins, flavonoids, condensed tannins, triterpenes and phytosterols, but 

no alkaloids or hydrolysable tannins.  

 

 

The CL methanolic extract was purified and identified using bioassay-guided 

fractionation and gas chromatography-mass spectrometry (GC-MS), respectively. 

Successive extraction (partitioning) of the CL extract was carried out in hexane 

followed by dichloromethane and methanol. The CL hexane partitioned fraction 

showed the highest antiproliferative activity against MCF-7 cells, with an IC50 of 

66.7 ± 7.95 μg/mL and further purified using column chromatography, which was 

divided into 3 steps: fractionation, sub-fractionation and sub-sub-fractionation. The 
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CL sub-fraction (II/SF7) was selected for GC-MS chemical characterisation because 

it had the highest anti-cancer activity, with an IC50 of 6.36 ± 0.71 μg/mL, and it 

generated 9 major active compounds with synergistic effects against MCF-7 cells. 

Eight compounds were known compounds and one unidentified compound was 

designated ZNL-UPM/MCB-1. The present study marks the first time CL sub-

fraction (II/SF7) from T. cacao leaf extract has been investigated for its 

antiproliferative activity and apoptotic effect on MCF-7 cells. The MTT assay 

detected optimum antiproliferative activity in the cells after 48 hours treatment with 

CL sub-fraction (II/SF7). This sub-fraction exerted significant dose-dependent 

growth inhibitory effects on the cells by inducing apoptosis, demonstrated by the 

formation of apoptotic bodies, fragmented DNA ladder, and disruption of the 

mitochondrial membrane potential. The apoptosis induced by CL sub-fraction 

(II/SF7) was observed via caspase-3, caspase-8, and caspase-9 activation, indicating 

involvement of the intrinsic and extrinsic apoptotic pathways. Meanwhile, 3 genes in 

the MCF-7 cells, namely DDIT3, GADD45G and HRK, showed significant changes 

in expression after treatment with CL sub-fraction (II/SF7) at the IC75 (45.0 µg/mL) 

as compared with untreated cells and the IC50 (6.4 µg/mL). The post-treatment fold 

changes in DDIT3, GADD45G and HRK expression were 3.8, 6.73, and 2.01, 

respectively. However, the expression levels of some well-known apoptosis-related 

genes did not show changes. Further, the genes found differentially expressed in the 

MCF-7 cells could be closely related to apoptosis. Given the overall high IC50 

against the normal liver WRL-68 cell line, this study showed that the active 

methanolic extract of T. cacao leaf had cytotoxic effect on cancer cells, but not on 

normal cells. The findings determine CL sub-fraction (II/SF7) from the T. cacao has 

significant potential for breast cancer chemoprevention and can be developed as an 

anti-cancer agent in the future. The unidentified active compound will be 

characterized in future studies. 
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Oleh 

 

ZAINAL BIN BAHARUM 

 

Mei 2016 

 

 

Pengerusi : Profesor Madya Abdah Md. Akim, PhD 

Fakulti : Perubatan dan Sains Kesihatan 

 

 

Tumbuh-tumbuhan telah menjadi satu sumber yang berguna sebagai agen-agen 

terapeutik selama beribu-ribu tahun dan merupakan satu jumlah yang 

membanggakan bagi perubatan moden yang digunakan untuk merawat penyakit-

penyakit kanser yang berasal daripada sumber-sumber semula jadi. Oleh kerana ciri-

ciri antioksidannya, yang berkaitan dengan potensi sebagai kesan anti-kanser, 

Theobroma cacao (T. cacao) baru-baru ini telah mendapat perhatian yang semakin 

meningkat dan menjadi subjek dalam penyelidikan. Dalam kajian ini, penyaringan 

secara in vitro telah dilakukan untuk menilai aktiviti antiproliferatif bahagian-

bahagian pokok koko segar seperti daun koko (CL), kulit koko (CB), kulit buah koko 

(CH), kulit biji koko yang tidak difermentasi (UFCS), kulit biji koko yang 

difermentasi (FCS), akar koko (CR), putik koko (CC) dan empulur koko (CP) 

terhadap beberapa sel-sel kanser. Berdasarkan keputusan ujian 3- [4,5-

dimethylthiazol-2-YL] -2,5-diphenyltetrazolium (MTT), ekstrak CL menunjukkan 

aktiviti antiproliferatif yang kuat terhadap sel-sel kanser payudara (MCF-7) dan 

kepekatan perencatan median (IC50) ialah 41.43 ± 3.26 μg/mL berbanding dengan 

ekstrak-ekstrak dan sel-sel yang lain. Manakala, aktiviti antioksidan telah ditentukan 

dengan menggunakan ujian 2,2-difenil-2-picrylhydrazyl (DPPH), bahan-bahan asid-

reaktif thiobarbiturik (TBARS) dan Folin-Ciocalteu. Ekstrak CR mempunyai aktiviti 

antioksidan yang paling tinggi; dos berkesan median (EC50) ialah 358,3 ± 7.0 μg/mL 

dan jumlah kandungan fenolik ialah 22.0 ± 1.1 g setara Gallic asid (GAE)/100 g 

ekstrak berbanding dengan ekstrak-ekstrak lain. Walaubagaimanapun, hanya ekstrak 

CC sahaja menunjukkan 10.4% ± 1.1 perencatan dalam ujian peroksidaan lipid. 

Untuk penyaringan fitokimia pula, semua ekstrak telah menunjukkan kehadiran 

saponin, flavonoid, tanin pekat, triterpenes dan fitosterol, tetapi tiada alkaloid atau 

tanin terhidrolisis.  

 

 

Ektrak metanol CL telah ditulenkan dan dikenalpasti menggunakan bioesei-berpandu 

pemeringkatan dan kromatografi gas-spektrometri massa (GC-MS). Pengekstrakan 
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berturut-turut (pembahagian) bagi ekstrak CL telah dijalankan dalam heksana diikuti 

oleh diklorometana dan metanol. Pecahan bahagian heksana CL telah menunjukkan 

aktiviti antiproliferatif yang tertinggi terhadap sel-sel MCF-7, dengan IC50 iaitu 66.7 

± 7.95 μg/mL dan seterusnya ditulenkan menggunakan kromatografi turus, yang 

dibahagikan kepada 3 langkah: pemeringkatan, sub-pemeringkatan dan sub-sub-

pemeringkatan. CL sub-pecahan (II/SF7) telah dipilih untuk pencirian kimia 

menggunakan GC-MS kerana ia mempunyai aktiviti anti-kanser yang paling tinggi, 

dengan IC50 iaitu 6.36 ± 0.71 μg/mL dan ia menjana 9 sebatian bahan aktif utama 

dengan kesan sinergi terhadap sel-sel MCF-7. Lapan sebatian yang dikenali dan satu 

sebatian yang tidak dikenali ditandakan sebagai ZNL-UPM/MCB-1. Kajian ini 

merupakan kali pertama bagi CL sub-pecahan (II/SF7) dari ekstrak (T. cacao) dinilai 

untuk aktiviti antiproliferatif dan kesan apoptotik pada sel-sel MCF-7. Seterusnya, 

ujian MTT telah mengesan aktiviti antiproliferatif yang optima dalam sel-sel tersebut 

selepas rawatan selama 48 jam dengan CL sub-pecahan (II/SF7). Sub-pecahan yang 

digunakan tersebut mempunyai kesan yg signifikasi terhadap kesan perencatan 

pertumbuhan bagi kebergantungan dos ke atas sel-sel dengan merangsang apoptosis 

yang ditunjukkan melalui pembentukan pecahan-pecahan apoptotik, pecahan 

penunjuk saiz DNA dan gangguan potensi membran mitokondria. Apoptosis yang 

dicetuskan melalui CL sub-pecahan (II/SF7) telah diperhatikan juga melalui 

pengaktifan caspase-3, caspase-8, dan caspase-9, dimana menunjukkan penglibatan 

tapak jalan apoptotik secara intrinsik dan ekstrinsik. Sementara itu, 3 gen dalam sel-

sel MCF-7, iaitu DDIT3, GADD45G dan HRK telah menunjukkan perubahan ketara 

dalam pengekspresi selepas rawatan dengan CL sub-pecahan (II/SF7) iaitu IC75 (45.0 

μg/mL) berbanding dengan sel-sel yang tidak dirawat dan IC50 (6.4 μg/mL). Pasca-

rawatan bagi perubahan berganda dalam ekspresi DDIT3, GADD45G dan HRK 

masing-masing adalah 3.8, 6.73 dan 2.01. Walaubagaimanapun, paras ekspresi bagi 

beberapa gen yang dikenali berkaitan apoptosis tidak menunjukkan sebarang 

perubahan. Seterusnya, didapati ada gen-gen telah mengekspresi secara berbeza 

dalam sel-sel MCF-7 berkemungkinan berkait rapat dengan apoptosis. 

Memandangkan IC50 mempunyai nilai yang tinggi terhadap sel hati normal (WRL-

68), kajian ini menunjukkan bahawa ekstrak aktif metanol bagi daun T. cacao 

mempunyai kesan sitotoksik terhadap sel-sel kanser, tetapi tidak pada sel-sel normal. 

Hasil kajian menunjukkan bahawa CL sub-pecahan (II/SF7) dari T. cacao 

mempunyai potensi yang signifikasi sebagai kimopreventif bagi kanser payudara dan 

boleh dibangunkan sebagai agen anti-kanser pada masa hadapan. Sebatian aktif yang 

tidak dikenali akan dijalankan penciriannya dalam kajian pada masa hadapan. 
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CHAPTER 1 

 

 

1 INTRODUCTION 

 

 

1.1 Background of study 

 

 

Cancer is a complicated and multifactorial illness characterised by the unusual 

development of cells. The development of cancer cell formation typically occurs via 

a variety of genetic and epigenetic changes (Giri et al., 2006; Mbaveng et al., 2011). 

Cancer occurs where there is a net accumulation of aberrant abnormal cells arising 

from overproliferation, low apoptosis or a combination of both (Abdul et al., 2009). 

Hameroff, (2004) reported on the theories of cancer origin, where malignant cells 

divide and multiply uncontrollably. Cancer is likewise brought about by adjustments 

in tumour suppressor genes, oncogenes and microRNA genes (Croce, 2008). In 

addition, difficulty is often encountered when treating cancer due to drug resistance, 

toxicity, and low cancer drug specificity (de Mesquita et al., 2009). Cancer is a 

serious burden to the public health system and remains a challenge for scientists to 

solve. 

 

 

As reported by Rajesh et al. (2011), cancer was expected to claim 9 million lives 

worldwide by 2015. In Peninsular Malaysia, the most 5 prevalent cancers such as 

breast, colorectal, lung, cervical and nasopharyngeal cancer were diagnosed among 

Malaysians in 2007 and around 21,773 cancer cases were reported (National Cancer 

Registry, 2011). In the past decade, natural substances have played important roles as 

cancer chemoprevention and therapeutic agents (Fulda, 2010). One modality of 

cancer treatment is chemotherapy. About 65.0% of drugs used in chemotherapy are 

of natural origin (Nurhanan et al., 2008). Therapeutic plants have a long history in 

both traditional and present day use for cancer treatment (Conforti et al., 2008; Jain 

& Jain, 2011) and have been used as remedies for human diseases for centuries (Nisa 

et al., 2011; Sharma et al., 2011; Shoeb, 2006). 

 

 

Natural products confer various beneficial effects on human health and naturally 

occurring bioactive substances have been reported to protect against tumorigenesis 

and suppress the growth of established tumours. Cancer cells have progressed to 

various mechanisms to protect the induction of programmed cell death, or apoptosis. 

It has been shown that activation of the apoptosis signalling pathways by natural 

active compounds constitutes a key event in these anti-cancer activities. Furthermore, 

about 87.0% of human diseases such as cancer, bacterial infection and 

immunological disorder are treated using natural active products and drugs, while 

over 3000 plant species producing about 25.0% of prescribed drugs worldwide have 

been reported to have anti-cancer characteristics. In the developing countries, about 

80.0% of the population still relies on traditional medicines from natural products, 

especially those from plants, for their primary health care needs (Khajure & Rathod, 

2011; Uddin et al., 2011). Traditional medicine from plants can also be used as 
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potential sources of development of new drugs that can be used as future anti-cancer 

agents (Caamal-Fuentes et al., 2011). 

 

 

Cocoa is the seed of the cocoa tree (T. cacao), an evergreen plant about 6–12 m in 

height. It grows at suitable altitudes of 30–300 m in areas of moderate temperatures 

ranging 18–32°C. T. cacao can grow in adequate moisture and needs about 1–5 L/m
2
 

rainfall per year (Weisburger, 2001). Cocoa was used by the Aztec, Olmec and Maya 

civilisations as a divine food and they consumed cocoa products as early as 600 BC. 

Several documents from the Badianus Manuscript, the Florentine Codex and the 

Princeton Codex mention that more than 100 medicinal benefits of cocoa have been 

reported regarding the bioactive compounds, chemical composition and health 

benefits of cocoa and other cocoa-based products which have documented over 200 

scientific studies (Addai, 2010; Mhd Jalil & Ismail, 2008; Ramiro et al., 2005). It has 

also been reported by Jalil et al. ( 2008) that various parts of T. cacao, especially the 

cocoa bean, are utilised as chocolate and other non-edible cocoa plant parts such as 

the bark, leaf, butter, pulp and flower have been used for medicinal purposes. The 

Mayans and Aztecs valued the cocoa bean highly as a food and they believed that 

cocoa was given to them directly by Gods. The name T. cacao, meaning ‘food of the 

gods’ was discovered by Carl Linnaeus a Swedish botanist in 1737, when cocoa 

came to Europe (Bennett, 2003; Rusconi & Conti, 2010).  

 

 

Recently, most research on cocoa has focused on polyphenol compounds, especially 

flavonoid compounds that function as strong antioxidant agents (e.g. as reducing 

agents, free radical scavengers, metal chelators) and their potential benefits to human 

health (Hii et al., 2009; Osman et al., 2004; Summa et al., 2006). Numerous studies 

have reported that bioactive compounds in T. cacao, for example, phenolic 

compounds have potential medical advantages for anticipating several critical 

diseases such as cardiovascular illness, inflammation, neurodegenerative disorders 

and cancer (Arlorio et al., 2009; Rimbach et al., 2009; Schinella et al., 2010). The 

active compounds identified from cocoa bean are epicatechin, gallocatechin, 

anthocyanins, epigallocatechin, procyanins, catechin, flavones, flavonol glycosides 

(quercetin-3-O-arabinoside, luteolin-7-O-glucoside) and others (Belščak et al., 2009; 

Jonfia-Essien et al., 2008).  

 

 

In order to develop safe and natural anti-cancer agents from cocoa plant parts, a 

novel approach has to be established through the screening, purification, 

identification and in vivo evaluation of T. cacao tissues, taking into consideration the 

physical and biochemical properties of the compounds and their therapeutic effects, 

which will not only provide the long-expected remedy and cure for cancer and other 

ailments but which can also be used as the basis for screening, purifying and 

identifying other bioactive compounds that occur naturally in hundreds and 

thousands of plants across the globe, as they have enormous potential in biomedical 

application. Therefore, the current study proposed for eavaluation the effect of non-

edible cocoa plant part methanolic extracts using in vitro cancer studies, which 

hypothesized would identify novel natural anti-cancer agents with potent bioactivity. 
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The current study is to investigate the potential capability of the chemical 

constituents of the cocoa plant part extracts, which were isolated and later identified 

as having potential antiproliferative activities against various human cancer cell 

lines. The research findings will be useful for future documentation of the active 

constituents intended as new chemical entities. These in turn shall form the basis for 

developing novel drugs and for conducting pre-clinical testing and clinical phase I 

and II trials in the near future. 

 

 

1.2 Problem statement 

 

 

Currently, the health aspect of cocoa, especially in cancer studies, has focused on the 

seed only and not other cocoa plant parts. The intention of the present study was to 

discover anti-cancer compounds from cocoa bark, leaf, husk, fermented shell, 

unfermented shell, pith, cherelle and root, for which the active compounds and 

biological activities, especially against cancer, have not been established as 

compared to cocoa seed. A previous study reported that most plant parts contain 

active compounds that are useful for treating cancer. Meanwhile, a cure has not yet 

been found for cancer, despite cancer being a disease of worldwide importance. The 

synthetic therapies in use today are not only unable to cure cancer but harmful due to 

the side effects. 
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1.3 Research objectives 

 

 

1.3.1 General objective 

 

 

To identify anti-cancer properties of bioactive constituents from the non-edible plant 

parts of T. cacao against several cancer cell lines in promoting apoptosis activity and 

to determine their cytotoxicity against normal cell line. 

 

 

1.3.2 Specific objectives 

 

 

1. To investigate the antioxidant activity, total phenolic content, anti-lipid 

peroxidation activity and phytochemical contents in methanolic leaf, bark, 

pod, unfermented shell, fermented shell, root, cherelle and pith extracts of T. 

cacao. 

 

2. To screen the antiproliferative activity of methanolic leaf, bark, pod, 

unfermented shell, fermented shell, root, cherelle and pith extracts of T. 

cacao against several cancer cell lines. 

 

3. To purify and identify anti-cancer agents from the most potent 

antiproliferative activity of methanolic plant part extract of T. cacao using 

chromatography and spectroscopy. 

 

4. To evaluate the cytotoxic effect of the crude extract, partitioned fraction, 

fraction, sub-fraction and sub-sub-fraction from most potent antiproliferative 

activity of methanolic plant part extract of T. cacao against a normal WRL-68 

cell line. 

 

5. To evaluate apoptosis in selected cancer tissue following treatment with the 

most potent antiproliferative activity of methanolic plant part extract of T. 

cacao via morphological, mitochondrial membrane potential, DNA 

fragmentation, caspases activity and human cancer gene expression assay. 
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1.4 Research hypothesis 

 

 

The current study should provide beneficial informations about the discovery of 

bioactive compounds from the T. cacao plant for treating various critical human 

cancers in Malaysia, as the plant parts investigated could have effective anti-cancer 

properties. Cocoa is the third largest export commodity in Malaysia, can be easily 

found, is used widely, especially in food and beverages and contains active 

compounds such as flavonoids, polyphenols and alkaloids. Moreover, the active 

compounds and biological activities of the abovementioned non-edible cocoa plant 

parts have not been established. The phytochemical properties of the non-edible 

cocoa plant parts are expected to eliminate cancer cells by inducing apoptosis, or 

programmed cell death, without affecting normal cells. Furthermore, this study 

would also add value to the cocoa-based products already available on the market 

and diversify the usage of cocoa, for example, for developing anti-cancer drugs. The 

present study hypothesises that non-edible cocoa plant parts can play an important 

role as natural anti-cancer agents by preventing cancer through apoptosis. 
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