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ABSTRACT 

This study was designed to determine the antiproliferative and apoptotic properties of the 

methanol/water fractions and crude extract of coffee cherry pulp using five breast cell 

lines: MCFIOA (normal), MDA-MB-231, Hs578T (invasive) and MCF7, T47D (non

invasive). Cell viability and morphology. following exposure was monitored after 48 

hours. The crude extract, and two of its fractions (3 and 4), exhibited a non-specific 

antiproliferative effect against all the cell lines unlike fraction 0, which exhibited an 

antiproliferative effect on' invasive cells only. By DAP! staining and immunostaining 

with cleaved caspase 3 antibodies, we have showed this anti proliferative effect to be 

associated with the induction of apoptosis. Through our work we have showed that the 

pulp of coffee fruit contain substance (s), which have the potential to target invasive cells 

specifically, and thus has a great potential for metastatic cancer therapy. 
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CHAPTER! 
INTRODUCTION 

According to the American Cancer Society, about 1,500 Americans die everyday from 

cancer, the second leading cause of death in the United States. Cancer is responsible for 

one in each four deaths, and is exceeded only by heart disease. About 563,700 new cases 

of cancer are diagnosed every year and more than 18 million cases have been diagnosed 

since 1990 \. Breast cancer, the second leading cause of cancer deaths in women today, is 

exceeded only by lung cancer, when nonmelanoma skin cancers are excluded. Years of 

scientific research on cancer have led to the discovery of numerous ways of fighting this 

- disease. Chemotherapy, which is the use of drugs to target cancer cells by disrupting cell 

division, is one of the most commonly used anti-cancer therapies. 

Numerous anticancer drugs, over 100 at present, are available on the market, and are used 

alone or in combination. A serious drawback of these drugs is their lack of specificity of 

action, a serious hindrance to their' full efficacy. Far from targeting cancerous cells alone, 

these molecules attack normal cells as well, causing a wide range of side effects, among 

which are life-threatening organ toxicities. To date, there is still a serious need of finding 

better molecules; molecules that will act more specifically and thus will induce fewer 

side effects. 

Terrestrial plants, because of the structural and biologkal diversity of their constituents, 

offer an important source for the discovery of potential new drugs. Many antimicrobials 



as well as anticancer prescription drugs, such as vinblastin, etoposide, and taxol, among 

others, have been derived from plants 2. 

The present project, which can be classified as being part of. the ongomg effort to 

discover new and better anticancer molecules, is a drug discovery project targeting a part 

of the coffee fruit, the pulp, which is mainly discarded during the processing of coffee , 
fruit into coffee beverage, but which has been documented to be used by some areas of 

the world as part of a healthy diet This part of the fruit has been previously shown to 

exhibit anticancer potential. In 1996 for instance, Nagasawa, et al showed that the hot 

water extract of the residue left after the removal of coffee bean (the pulp part of the 

fruit) markedly inhibited both the development and the growth of spontaneous mammary 

tumors in mice. Kobayashi, et al in 1996 and 1997, showed that this extract also 

exhibited an immuno modulating ability, which he presented as an explanation to the 

anticancer potential shown by Nagasawa. 

In the present work, our main objective is to assay, in vitro, the anticancer potential of the 

hot water extract of coffee cherry fruits, and its methanol! water fractions, on five human 

breast tissue cell lines: one from normal breast tissue (MCFIOA), two from invasive 

breast cancer MDA-MB231 and Hs578T) and two from non-invasive breast cancer 

(MCF7 and T47D). To reach our goal, we planned three specific objectives. Our first 

specific objective was to study the effect of coffee pulp's crude extract and its methanol 

water fractions on the proliferation pattern of our five cell lines. Our second specific 

" 
objective was to monitor the variation of the morphology of these cells as a result of their 

2 



,. 

treatment with the crude extract or its fractions. And finally, based on'the results of our 

first two objectives, our third specific objective was to investigate whether the extracts 
, 

induce cell death through apoptosis. 

3 
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CHAPTER 2 

REVIEW of the LITTERATURE 

1. Cancer 

Cancer is characterized by the uncontrolled growth and spread Of abnormal cells, which 

generates a tumor. Not all tumors are cancerous. There are two distinct types of tumors, 
. 

benign and malignant. A benign tumor, such as a common skin wart, remains confined 

to its original location and will neither invade surrounding normal tissues nor spread to 

distant body sites. A malignant tumor, however, is capable of both invading local 

tissues 'and spreading' throughout the body via the circulatory or lymphatic system, a 

phenomenon known as metastasis. Only malignant tUmors are properly referred to as 

~ 

cancers. It is their ability to invade and metastasize that makes cancer so dangerous. 

Whereas benign tumors can usually be removed surgically, the spread of malignant 

tumors to distant bodY'sites frequently makes them more difficult to treat 3. 

Cancer is a genetic and environmental disease. Risk factors of cancer can be either , 

internal (inherited mutated gene) or external to the body (such as tobacco, infection by 

virus/microorganisms of all kind). None of these risk factors is sufficient to cause 

cancer by its own, and usually, several cancer-promoting factors are present before a 

person develops a malignant growth. Cancer arises from the accumulation of mutations 

that promote clonal selection of cells with increasingly aggressive behavior. Even 

though the vast majorities of mutations occurring in cancer are somatic and are found 

only in individual cancer cells, 1 % percentage of all cancer is hereditary I. 

4 



Everyone is at risk of developing cancer. Cancer is not specific to a particular part of the 

body and can affect almost all types of body tissue. However, only few occur frequently. 

,The four most common cancers, accounting for more than half of all cancer cases, are 

those of the breast, prostate, lung, and colon/rectum. The World Heath Organization has 

'estimated that more than 1.2 million of people will be diagnosed with breast cancer this 

year worldwide 3,4. 

1.1. The origin and progression of cancer 

The development of cancer can start with the abnormal proliferation of a single cell. 

Mutations that cause the transformation of a normal cell into a cancerous cell can be 

classified into three functional categories: those that increase the ability of the cell to 

proliferate, those that decrease the susceptibility of a cell to apoptosis, and those that 

increase the general mutation rate of the cell 5. 

Abnormal proliferation is more often the result of a mutation in specific genes, usually 

• genes involved in the regulation of cell cycle (such as an oncogenes or tumor suppressor 

genes) or in the control of apoptotic pathways. After a first round of mutation (s), further 

mutations occur, followed by selection of more rapidly growing cells, resulting in the 

progression of the tumor (Alberts et ai, 2002). The more the rate of cell division increases 

the more the mutations can accumulate, and the more the clone of cells is unregulated 

(Figure!). 

5 



Oncogenic mutations induce cancer only if they occur in dividing cells. Similar mutations 

occurring in non-dividing cells (e.g., neurons and muscle cells) will usually not induce 

cancer, thus the rarity of tumors of muscle and nerve cells in adults 7. 
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1.2.How Cancer CeUs Differ from Normal CeUs 

Cells are capable of cancerous growth if they have six key properties: a genetic 

instability, the ability to disregard external and internal signals that regulate cell 

6 



proliferation and to avoid suicide by apoptosis, tbe'potential to circumvent programmed 

limitations to proliferation, the ability, of escape replicative senescence, to avoid 

differentiation and finally, for invasive"cancer, the ability to invade and metastaze as well 

6, 

.' 
Cancer cells and normal cells behave very differently. Cultured, normal cells unlike their 

cancerous counterpart are only able to go through a very limited number of cell divisions 

before dying through a process known as replicative senescence. This occurs as a result . ' 

of their incapacity to syntbesize telomerase. Normal cells proliferate in culture until they 

reach a finite cell density, at which point they become quiescent, arrested in the Go stage 

of the cell cycle. This is one of the primary distinctions between cancer cells and normal 

cells in culture, a phenomenon known as' density-dependent inhibition of cell . . 
proliferation. When cells from normal epithelial tissue, for instance, are placed in culture, 

they divide until they form a continuous monolayer. Cell-cell contact signals the cells to 

stop dividing. Cancer cells" on the otber hand, show no contact inhibition. Malignant 

cells derived from epithelial tissues will continue to proliferate, piling up on one another 

5, This uncontrolled growth of cancer cells results from accumulated abnormalities 

affecting many of the cell regulatory mechanisms. Cancer' cells break tbe most basic rules 

of behavior by which multicellular organisms are built and maintained, and differ' from 

their normal neighbors. 

Dependence on growth factors that are needed for normal development is another 

important difference between normal and cancerous cells. Tumor cells usually need less 

growth factor than their normal counterparts for their expansion; this contributes even 
7 • 



more to the unregulated proliferation of tumor cells both in vitro and in vivo. In some 

cases, cancer cells can even produce the growth factors they need to stimulate their own 

proliferation, a phenomenon known as autocrine growth stimulation 6. Compared to 

normal cells, cancer cells are less stringently' regulated by cell-cell and cell-matrix 

interactions. Most cancer cells are less adhesive than normal cells, often as a result of 

reduced expression of cell surface adhesion molecules. Cancer cells possess other 
• 

particular properties that play an important role in invasion and metastasis, namely their 

ability to secrete proteases that digest extracellular matrix components, allowing the 
• 

cancer cells to invade adjacent normal tissues as well as their ability to secrete growth. 

factors that promote the formation of new blood vessels 6. 

1.2.1. Cell cycle regulation and cancer 

1.2.1.1.Cell cycle 

Through a series of events, referred to as cell the cycle, cells duplicate accurately the vast 

amount of DNA in the chromosomes and then segregate the copies precisely into two 

genetically identical daughter cells. The cell cycle can be divided into four stages within 

which characteristic biochemical events occur in preparation for cell division. The cell 

cycle of a mammalian cell, for instance, is traditionally divided into four sequential 

phases: G], S, G" and M. G 1, S, and G, together are called interphase. In a typical human 

cell proliferating in culture, interphase might occupy 23 hours of a 24 hour cycle, with I 

hour for mitosis or M phase (Figure 2) 6. G1 phase is the post-mitotic phase, a stage in 

which the biosynthesis of many enzymes necessary for DNA synthesis occurs. The S or 
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synthesis phase is the phase in which the cell doubles its DNA content in direct 

preparation for cell division. This phase requires 10-12 hours and occupies about half of 

the cell-cycle time in a typical mammalian cell. This phase is the main target of many cell 

cycle based inhibitors. The phase G, is a short premitotic phase during which specialized 

protein and RNA synthesis occurs along with the manufacture of the mitotic apparatus. 

The M phase is the shortest phase as it requires about an hour in a mammalian cell. It 

involves a series of dramatic events that include nuclear division. Mitosis begins with 

chromosome conden~ation: the duplicated DNA strands, packaged into elongated 

chromosomes, condense i~to the much more compact chromosomes required for their 

segregation. The nuclear envelope then breaks down, and the replicated chromosomes, 

each consisting of a pair of sister chromatids, become attached to the microtubules of the 

mitotic spindle. The cell pauses briefly in a state called metaphase, when the 

chromosomes are aligned at the equator of the mitotic spindle, poised for segregation. The 

sudden separation of sister chromatids marks the' beginning of anaphase, during which 

the chromosomes move to opposite poles of the spindle, where they decondense and 
, 

reform two intact nuclei. The cell is then pinched in two by cytoplasmic division, or 

cytokinesis, and cell division is complete 6. Cell division (and thus tissue growth) is 

subject to a tightly controlled mechanism and mistakes occurring in this process are 

generally thought to be important for the development of cancer. 

1.2.1.2.Cell cycle Regulation 

The most important components of the regulation of cell cycle are cyclin-dependent-

kinases (cdK), Maturation Promoting Factor (MPF), p53, and p27 8. Many different Cdks 
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have been isolated from mammalian cells so far, namely Cdk I, 2, 4, and 6. Components 

of the cell cyele machinery are frequently altered in human cancer. Cyelin-dependent 

kinases playa central role, governing the initiation, progression, and completion of cell 

cyele events. 

G1 - Gap 1 
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M - M II OSIS 
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Figure 2. Overview of cell cycle 

Cdk allows orderly transition between cell cycle phases, causing the cell to move from 

G I to S or G2 to M. This is controlled by their association with cyelins and cdk 

inhibitors, by their state of phosphorylation, and by ubiquitin-mediated proteolysis. As 

malignant cells evolve, both genetic and epigenetic mechanisms commonly affect the 

expression of cell cyele regulatory proteins, causing overexpression of cyclins and loss of 

expression of cdk inhibitors. A major consequence is deregulated cdk activity, providing 

cells with a selective growth advantage. The crucial role of the cdks has prompted great 

interest in the development of specific kinase inhibitors that would be expected to block 

cell cycle progression and induce growth arrest 9. 

Maturation-promoting factor (MPF), also called M-Phase promoting factor, is an 

heterodin1er composed of cyelin Band cyelin-dependent kinase (CDKI , also known as 
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Cdc2). MP'F is known to be a key regulator of both mitotic and meiotic process. This 

protein triggers progression through the cell cycle by promoting the entrance into mitosis 

from the 02 phase (through phosphorylation of multiple proteins neede~ during mitosis) 

'and is activated at the end of O2 through a phosphatase which catalyses the reverse 

reaction. 

p53, or TP53 's, function is mainly to halt the cell cycle when the DNA is damaged. The 

active p53 protein is' a transcriptional regulator that is activated in response to DNA 

damage. Activated wild-type p53 does not only help in preventing progression of the cell 

cycle until the DNA damage is repaired, but also, under some circumstances, in inducing 

apoptosis. It is a positive regulator of apoptosis. Mutations in the p53 tumor suppressor 

are present in a wide variety of human cancers. It is estimated that 50 percent of all 

human tumors lack' a functional p53 gene. In breast cancer, the presence of p53 gene 

alterations has been associated with worse prognosis. In the absence of a functional p53 

.' gene, the p53 apoptosis pathway does not become activated, and the cell cycle progresses 

even in the absence of DNA repair. 

Several other tumor-suppressor genes have been reported to date. Many encode proteins 
, 

that are negative regulators of the cell cycle (as the Rb protein, elements of the TGF-jl 

signaling pathway) that normally act by inhibiting mitosis 8. p27 is a key regulator of G 1-

to-S phase progression. It prevents premature activation of cyclin E-cdk2 in Gland 

promotes 'the assembly and activation of other cdk. While the p27 gene is rarely mutated 

in human cancers, the action of p27 is impaired in breast and other human cancers 

II 

• 



" 

• 

through accelerated p27 proteolysis. The loss of p27 is also an indicator of poor patient 

outcome in a majority of breast cancer studieslQ. 

1.2.1.3. Cell cycle and anticancer drugs 

Many of the compounds under study as anti-tumor agents act at multiple steps in the cell 

cycle, and their effects may be cytostatic or cytotoxic, depending on the cell cycle status 

of the target cells (Shapiro and Wade, 1999). With regards to their impact on the cell 

cycle, there are two major classes of anticancer agents: cell cycle specific agents (CCS) 

and cell cycle nonspecific agents (CCNS). 

Technically, CCS Agents (also termed "schedule dependent") are phase-specific agents 

rather than cycle-specific agents. In vivo, CCS produces a greater cell kill if the amount 

of drug is given in multiple or repeated fractions rather than as a large single dose. 

Pharmacologically, they are described as anti-metabolite drugs producing biochemical 

blockage of a specific reaction or reactions occurring in a specific phase of cell cycle. 

This category is most efficient in tumors in which there are a large number of cells 

dividing. 

CCNS agent on the other hand, which are cell cycle phase nonspecific and non schedule 

dependent, are equally effective in large tumors in which the growth fraction, mitotic 

index are low. In this case, cell death is directly proportional to the absolute dose given 8. 

2. Programmed cell death 

Programmed cell death is a process that occurs even in normal. healthy organisms. It 
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occurs during embryonic development, organogenesis, as well as in several physiological 

processes during adult life 11. Cell death occurs as a result of either mechanical damage or 

exposure of the cells to toxic chemicals. Cells commit suicide for two main reasons, 

when it is necessary to allow proper development of the organism and when it represents 

a threat to the integrity of the whole organism. 

2.1. Role of apoptosis 

2.1.1. Apoptosis in normal development 

Apoptosis is a normal part of the development of an orgamsm. In human adults, 

approximately 1011 cells die and are replaced every day. Approximately 100,000 cells die 

by apoptosis every second to regulate tissue homeostasis and the immune system 12. The 

mass of cells lost each year throu~ normal cell death is close to our entire body weight. 

In the developmental process of a human body, apoptosis plays numerous critical roles. 

Apoptosis is necessary for the proper spacing and orientation of neurons, as well as for 

generating the middle ear space, the vaginal opening, and the spaces between our fingers 

and toes. Apoptosis eliminates unneeded structures, controls the number of cells in 

particular tissues, and sculpts complex organs (Gilbert, 2000). Apoptosis also plays a 

crucial role in the development and maturation of the breast. Normal breast development 

is controlled by a balanc:, betwee~ cell proliferation and apoptosis, and there is strong 

evidence that tumor growth is not just a result of uncontrolled proliferation but also of 

reduced apoptosis. The dysregulation of apoptosis leads to the expansion of neoplastic 

cells. The balance between proliferation and apoptosis is also crucial in determining the 
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overall growth or regression of the tumor in response to chemotherapy. Many anticancer 

treatments, including chemotherapy, endocrine treatment, and radiotherapy, target genes 

and 'proteins that control apoptosis and thus enhance cell death. Resistance to anticancer 

treatment rises from the dysregulation of apoptosis pathway 13. 

2.1.2. Apoptosis protects the integrity of an organism 

An aberrant cell can represent a serious threat for the survival of the entire organism. 

Cells that have suffered DNA damage or are affected by a virus can constitute the' starting 

point of a tumor, unless such cells are destroyed. Cytotoxic T cells help in the elimination 

of cells that are infected with a virus by inducing them to undergo apoptosis. Cells that 

have suffered serious DNA damage usually induce self destruction (suicide) by 

increasing the expression of an apoptosis regulator such as p53, which is potent inducer 

of apoptosis. 

The activation of apoptotic pathways can occur via a variety of stimuli, including ligand 

binding to cell surface receptors, for example, FAS, mitochondrial response to stress and 

factors released from cytotoxic T cells. One of the most widely recognized features of 

apoptosis is the activation of caspases. 

2.2. Mechanism of apoptosis 

Cells normally grow, divide, and die. Apoptosis or programmed cell death is a common 

pathway of cell death that occurs to prevent cells that have suffered serious damage from 
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proliferating. and thus prevents development of a tumor. It is also well documented that 

apoptosis is a major pathway that regulates and controls cell death and tissue homeostasis 

during development and maturation. 
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Figure 3. Morphological Change during Apoptosis. 
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Apoptosis is essential in maintaining the nOJ mal balance between cell births and deaths in 

tissues that undergo cell turnover. Resistance to apoptosis is thus a key characteristic of 

malignant cells. A large number of mutations that inhihit apoptosis have heen found in 

tumors 6. Apoptosis occurs in an orderly fashion and is regulated by physiological 
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stimuli. Apoptosis is characterized by both morphological and biochemical features. 

2.2.1. Morphological features of apoptosis 

The mam morphological characteristics are nuclear fragmentation and cellular 

breakdown into membrane-bound apoptotic bodies or vesicles in which cytoplasmic 

organelles appear to be intact 14. The sequences of events of this form of cell death are: 

the shrinkage of the cells which then develop bubble-like blebs on their surface; the 

degradation of the chromatin id the nucleus; release of cytochrome C from the 

mitochondria and breakdown of the cell into small, membrane-wrapped, fragments 

(Figure 3). Adjacent cells. either take up those bodies or they may be sloughed off. 

Macrophages sometimes play a role in the removal of the apoptotic bodies 15. 

Phosphatidyl serine, which is normally located within the plasma membrane, is exposed 

• 
on the cell surface during this process and will playa crucial role in the engulfment of the 

cell fragments by phagocytic cells. Not all classical hallmarks of apoptosis are necessarily 

displayed in a given cell. This is highly dependent on the nature and strength of a death 

stimulus, and the type of the affected tissue 12. 

2.2.2. Biochemical features of apoptosis 

Beside morphological changes, cells which are undergoing apoptosis present 

biochemical modifications. Internucleosomal DNA fragmentation occurs as a result of 

endonuclease activity, and is always detected when the morphological changes of 

apoptosis are recognized. Although it has not been yet proven, internucleosomal DNA 

cleavage is certainly the lethal event in apoptosis as cells are probably not able to repair 
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the numerous double-strand breaks that they have experienced and eventually die 14. 

Caspases playa central role in the apoptotic pathway. 
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Figure 4. The core component of apoptosis pathways. 
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2.3. Apoptosis and caspases 

-.-

Caspases, cysteine-containing aspartate-speci fie proteases, are known to be a molecular 

mechanism responsible for apoptosis . Caspases belong to the cysteine protease family 

and specifically cleave their substrates immediately after aspartic acid residues 12. Caspases 

are the executioners of cell death as they initiate apoptosis after reception of external and 

internal signals. In nonnal cells, caspases are produced in an inactive state, referred to as 

zymogen or procaspase, awaiting conversion into the active fonn via a proteolytic 

cleavage by another member of the caspase family or by an enzyme belonging to a 
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different class of proteins. There are two classes of caspases: initiators or upstream 

caspases, which are cleaved in response to attivation signals coming from other Jlasses 

of proteins, and executioners or downstream/effector caspases, the first of which is 

cleaved by an activated initiator caspase. The zymogen forms of up siTe am initiator caspases 

have long N-terminal pro-domains that are protein interaction modules that associate with 

proteins that trigger caspase activation. In contrast, downstream effector caspases contain 

short N-terminal prodomains, and are largely dependent on upstream caspases for their 

proteolytic processing and activation 15. Ea~h activated caspase molecule can then cleave a 

large number of downstream procaspase molecules, thereby activating them and 

amplifying the reaction. These newly activated enzymes will then activate an even large 

number of some downstream procaspase molecules. Consequently, a small number of 

• initiator caspases, via an amplifying chain reaction called a cascade, will lead to the 

explosive activation of a large number of procaspase molecules. 

The chief method for triggering the caspase cascade involves the 'induced proximity model'. 

This model is predicated on the empiric observation that the zymogen forms of unprocessed 

caspases are not entirely inactive but rather possess weak protease activity. When brought into 

close apposition through protein interactions (typically involving the large prodomains), the 

zymogens can trans-process each other, producing fully active proteases. 

Two major pathways for the activation of caspases have been elucidated, both of which utilize 

the induced-proximity mechanism. One of these pathways employs the tumor necrosis factor 

(TNFJ-farnily of receptors. Binding of ligand to these receptors at the cell surface results in the , 
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recruitment of several intracellular proteins to the cytosolic domains of the receptors, 

• 
including certain pro-caspases, forming a 'death-inducing signaling complex' (DISC) that 

triggers caspase activation and leads to apoptosis IS. The other pathways are mitochondria-

dependent and the initial event in triggering the caspase cascade through this pathway is the 

translocation of cytochrome c from the mitochondria to the cytoplasm, where it interacts with 

apaf-l and procaspase-9 in the apoptosome complex, resulting in the (auto) activation of 

procaspase-9 and the subsequent activation of procaspase-3. Once cytosolic caspase-3 is 

activated and functions as a proteolytic enzyme, a 'point of no return' is reached 12. 

Activated effector caspases will next cleave a number of key proteins in the cell, 

including specific cytosolic proteins and nuclear lamins, leading to the controlled death 

of the cell 6. Bcl-2-farnily proteins playa crucial role in the regulation of this second pathway and 

they are sometimes referred to as guardians of the mitochondria -dependent pathway for 

apoptosis. This family of proteins is made up of both pro-apoptotic and anti-apoptotic 

members. Many of these proteins physically interact, forming a complex network of homo-

and heterodimers. The relative amounts of active anti- and pro-apoptotic Bcl-2 family 

proteins determine the sensitivity or resistance of cells to myriad apoptotic stimUli, including 

growth factorineurotrophin deprivation, hypoxia, radiation, anti-cancer drugs, oxidants, and 

Calcium 15. 

There are currently 12 known caspases in humans. These proteins are involved in a wide 

variety of functions, from the regulation of inflammatory responses by proteolytic 

activation of inflammatory cytokines for caspases-I, -4 and -5, to apoptotic signaling for 

caspases-2, -3, -6, -7, -8, -9 and -10. Other functions have been reported such as the 
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" involvement of caspases in process like cell cycle regulation, hematopoesis and signal 

transduction in the immune system 16, Caspases-8, -9, and -10 are known to initiate the 

caspase 'activation cascade. Caspases-3, -6 and -7, propagate the cascade and are 

activated by the proteolytic cleavage process mediated by other upstream caspases in the 

c 

caspase cascade pathway. These effectors caspases, caspase-3, -6 and-7 will then act to . . 
cleave various cellular targets 17. 

Caspase-3, also known as CPP32, apopain, or Y AMA, is an enzyme that plays a key role 

in programmed cell death. Caspase 3 is a well-characterized typical executioner caspase 

involved in many pr~teolytic processes in apoptotic cells. This caspase can be activated by the 

initiator caspases-8 and -9, as well as by the serine protease granzyme B. Caspase-3 

mediates the cleavage of proteins that are essential for cell stability, DNA repair and activation 

of DNases and playa central role in apoptosis as it is involved in both the mitochondrial and the 

TNF dependent apoptotic pathways (Figure 5). It is present in many different cell lineages 

and is responsible for the cleavage of a variety of molecules such as poly ADP-ribose 

polymerase (PARP), Protein Kinase C (PKC), actin, and DNA-dependent protein kinase. 

20 



~~-------v.--------~ 
Apoptoall 

Figure S. Apoptosis ('JIspase signaling. 

3. Human Breast 

3.1.Anatomy of normal breast 

The breast of an adult woman is a muscle-free milk-producing structure, supported by 

and attached to the front of the chest wall on either side of the breast bone or sternum by 

ligaments. Each breast consists of approximately 15 to 20 lobes that are arranged in a 

circular fashion and covered by a subcutaneous adipose tissue that covers the lobes, and 

gives the breast its size and shape. Each lobe is comprised of many lobules, at the end of 

which are tiny bulb like glands, or sacs, where milk is produced in response to hOllt:lonal 

signals. Ducts connect the lobes, lobules, and glands in nursing mothers. These ducts 

deliver milk to openings in the nipple. The areola is the darker-pigmented area around tbe 
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nipple. The physiology of the breast (development, enlargement, milk production) is 

influenced by three major hormones estrogen, progesterone and prolactin . 
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Figure 6. Anatomy of Human Breast. 

"I"· A ducts; B lobules; C dilated section of duct to hold milk; 0 nipple; E fat; F pectoralis 
major muscle; G chest walUrib cage 
"2"_ A nonnal duct cells; B basement membrane; C lumen (center of duct) 
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3.2. Breast development and maturation 

The breast is one of the few organs that complete its development after birth in two 

discrete physiological states: puberty and pregnancy. During these stages there are 

noticeable alterations in breast proliferation and differentiation . Changes in the apoptotic 

regulatory proteins of the 8c1-2 family occur in parts due to tbe influence of estrogens 
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and progesterone. Cells in the tennini of the developing mammary ducts remam 

mitotically quiescent until the onset of pregnancy, duri;'g which rapid epithelial 

proliferation occurs with additional ductal branching and lobuloalveolar growth. After 

lactation, there is massive restructuring and apoptosis leading to involution and a return 

to the primary structure 17. In the absence of pregnancy there is repeated cycling of the 

resting state in parallel with menstruation until there follows a gradual process of senile 

involution with menopause. Most apoptotic changes occur in the lobular unit of the 

tenninal duct, with cyclical changes through the menstrual cycle and a peak of apoptosis 

close to the end of the menstrual cycle ]3. 

3.3.Breast cancer 

3.3.1. Incidence of breast cancer 

After skin cancer, breast cancer is the most frequent cancer in women. The probability for 

a woman to develop breast cancer during her lifetime is one in twelve 19. The American 

Cancer Society estimates that in 2005, approximately 2 I 1,240 women in the United 

States will be diagnosed with invasive breast cancer. It is the second leading cause of 

death due to cancer in women after lung cancer, and the most frequent cause of death in 

women of age 35 to 55 1. 

3.3.2. Types of Breast Cancers 

There are two main types of breast cancer, invasive or infiltrating and non-invasive or 

in-situ breast cancer. Some cancerous tumor may have no symptoms or may cause 
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swelling, tenderness, and discharge from the nipple or, indentation, or a dimpled 

appearance in the skin over the tumor. Most breast cancers begin in the ducts, other in 

the lobules and the rest in other tissues ,. 

3.3.2.1.Non-invasive breast cancer 

All breast cancers which originate in the ducts or lobules of the breast are referred to as in 

situ carcinoma at early stage. At this stage, the cancer has not invaded surrounding fatty 

tissues of the breast nor spread to other organs in the body and is still confined to the 

ducts or the nodules. When it starts in the duct, the breast cancer is referred to as ductal 

carcinoma in situ (DCIS) or intraductal carcinoma. DCIS is the most common type of 

, noninvasive breast cancer. Approximately 20% of newly diagnosed breast cancer will be 

• DCIS. This form of cancer is curable providing it is diagnosed early. Lobular carcinoma 

in situ (LCIS), which starts in the lobule, is also a form of noninvasive breast cancer. 

Patients with this form of cancer are at higher risk of developing the invasive form of 

breast cancer than those suffering from DCIS. 

. , 
3.3.2.2. Invasive breast cancer 

Invasive ductal carcinoma (IDC) is the most common form of invasive breast cancer, up 

to 80% of all cancers. This cancer starts iIi the duct and spreads to the fatty tissue of the 

breast and other parts of the body through the lymphatic system and bloodstream. It is 

also known as infiltrating ductal breast cancer. 
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Invasive lob,;,lar cancer (ILC) is another type of invasive breast cancer. It is less common 

than IDC as it constitutes only 5 % of all invasive breast cancers. It starts in the milk

producing glands or lobules and then spreads to the other parts of the body. It is also 

known as infiltrating lobular breast cancers. 

Medullary carcinoma is another form of invasive breast cancer, which also constitutes 

about 5 % of all diagnosed cases of breast cancer. The hallmark of this type of cancer is 

the clear separation between normal and affected tissue, and is characterized by the large 

size of the cancer cells and the presence of immune cells at the edges of the tumor. 

Mucinous carcinoma, also referred to as colloid carcinoma is a rare type of invasive 

breast cancer is caused by mucus-producing cancer cells. The prognosis for mucinous 

carcinoma is better than that of the most common forms of invasive breast cancer. 

Tubular carcinoma is another form of invasive breast carcinoma. It accounts for about 2% 

of all breast cancers and have a better prognosis than invasive ductal or lobular 

carCInomas 20. 

3.3.2.3. Other forms of breast cancer 

• Inflammatory breast cancer is a really rare form of breast disease which constitutes only 

1 % to 3% of all breast cancers. It occurs when cancer cells block lymph vessels or 

channels in the skin. It affects the skin of the breast, which appears thick, looks red and 

feels warm. 
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Paget's disease of the nipple is a rare type of breast cancer (I %) that starts in the breast 

ducts and spreads to the skin of the nipple and then to the areola, the dark circle around 

the nipple. It may be associated with infiltrated or in situ carcinoma. The main symptom , 

are the changes in the appearance of the skin of the nipple and areola that appears 

crusted, scaly, and red, with areas of bleeding or oozing as well as burning or itching. 

Phyllodes tumor is a rare form of breast cancer which can either be benign or malignant. 

It does not start neither in the duct nor in the lobules. The tumor de~elops in the stroma 

(connective tissue) of the breast. These types of cancers do not respond to the usual 

treatments for breast cancer and is mainly treated by the physical removal of the tumor 20. 

3.3.3. Risk factor of breast cancer 

Many factors, both internal and external to the body predispose or increase the chance of 

developing breast cancer in ones lifetime. Many of these factors are lifestyle-related and 

thus are avoidable to protect oneself against this type of cancer. Other factors however 

cannot be modified as they are related to the gender, age, and genetic aberrations. 

3.3.3.1. Lifestyhi-related or manageable risk factors 

,The number of pregnancies, the age of a woman at which the first child is born, the 

pattern of menstruation, usage of oral contraceptive, breast-feeding, consumption of 

alcohol, obesity and high;fat diets, and physical activity are few factors that affect the 

incidence of bi-east cancer. 

, 
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Women that have many pregnancies or have been pregnant before the age of 30 have a 

lower risk of developing breast cancer. Because it reduces the total number of menstrual 

cycles in the lifetime of a woman, continuous breast-feeding after pregnancy, up to 1.5 

to 2 years might have. a protective effect against the development of breast tumors. 

Recent studies have suggested that the use of oral contraceptives as well as the hormone 

replacement therapy (HRT) after menopause (long term) slightly increases the chance 

of having breast cancer. Because the level of estrogen production is affected by the 

amount of fat of the body, obesity and high fat diets increase the risk of developing 

breast cancer, a risk which decreases with physical activity. The frequency of , 

consumption of alcohol also influences the risk of developing breast cancer. Women 

who have one drink a day have a very small increased risk compare to those who have 

two to five drinks daily I. 

3.3.3.2. Non manageable risk factors 

Being a woman increases the risk of developing breast cancer as it is far less common in 

men. The risk of suffering from breast cancer. during one's lifetime is increased in 
• 

f 

" 
females compared to males at a ratio of 100: I. Breast cancer affects one out of every 

twelve women. Age is also a risk factor of breast cancer. About 18% of breast cancer 

diagnoses are among women in their 40's, while about 77% of women with breast cancer , 

are older than' 50 when they are diagnosed 21. 

The risk of developing breast cancer also varies with ethnic background. In the United 

States, Caucasians are slightly more likely to develop breast cancer than African-
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Americans. But African-American women are more likely to die of breast cancer because. 

their cancers are often diagnosed later and at a more advanced stage. There is also some 

evidence that African-American women have more aggressive tumors. Asian, Hispanic, 
, 
and Native American women have a lower risk of developing breast cancer. 

The personal and family history of breast cancer also plays a significant role in the 

incidence of breast cancer. A woman with cancer in one breast has a 3- to 4-fold 

increased risk of developing a new cancer in the other breast or in another part of the 

same breast. This is different from a recurrence of the first cancer. And the fact of having 

one or morc family members that has suffered from this disease increases the chance of 

developing it. Women who as children or young adults have had radiation therapy to the 

chest area as treatment for another cancer have a significantly increased risk for breast 

cancer (as high as 12 fold). 

Other factors are gene-related. Many genes have already been reported to increase one's 

risk of developing breast cancer. Among these are BReA I, BReA2, ATM and, p53 

tumor suppressor gene 21. 

3.3.4. Breast cancer associated genes 

Genes involved in the development of cancer encode proteins that cause the 

malfunctioning of a number of cellular signaling pathways. Recent studies have shown 

that about 5% to 10% of all breast cancers are hereditary. BReAI and BReA2 which 

stand for breast cancer gene 1 and 2 respectively, are tumor suppressor genes, and thus 
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normally prevent tumor development through DNA damage repair. Approximately 80% 

of women who inherit mutated forms of these genes will develop breast cancer in their 

lifetime, and those with BRCAI mutations have a high risk of developing ovarian cancer 

as well 22- The risk of developing breast cancer increases by 6 % when a man carries the 
• 

mutated form of BRCA2. 

Another gene that plays a critical role in the development of breast cancer is the HER-

2/neu, which is the most common proto-oncogene in breast cancer. It encodes a growth 

factor receptor that is over expressed in 20-30% of metastatic breast cancers. The over 

expression of the neu gene is associated with decreased survival. This gene is the target 

of antibody-based therapy against breast cancer. Herceptin anti.-HER-2 antibodies are 

designed to block this receptor 13. 

Other genes have been discovered that might also playa role in breast cancers, namely 

the ATM gene, CHEK-2 gene, and p53 tumor suppressor gene. 

ATM stands for !!,taxia-!elangiectasia mutation. Mutation in this recessive gene increases 

the risk of developing various cancers including breast cancer. Certain families with a 

high incidence of breast cancer have been found'to have a mutated form of this gene. 

Normally the ATM gene is involved in detecting DNA damage especially double-strand 

breaks. It interrupts (with the aid of p53) the cell cycle when damage is found as well as 

maintaining normal telomere length. It is estimated that I % of Americans (more than 2 

million people) carry at least one copy of the defective form of the gene. The mutated 
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ATM gene is closely linked to a childhood disorder of the nervous system called Ataxia 

Telangiectasia, or AT which afflicts I in 40,000 children in the U.S 2]. 

Inherited mutations of the p53 tumor suppressor gene can also increase the risk of 

developing not only breast cancer but also many other types of cancer such as, leukemia, 

brain tumors, andlor sarcomas (cancer of bones or connective tissue). Almost 50~ of all 

human cancer cells contain a p53 mutation. These cancers are more aggressive and more 

often fatal 23. 

3.4. Breast cancer diagnosis and treatment 

3.4.1. Diagnosis 

In its early stage, breast cancer is usually painless and often shows no apparent signs. 

But later in the disease, a broad range of symptoms may appear, including a lump or 

thickening in or near the breast or in the undenirm area. A change in the size or shape of 

the breast, some nipple discharge or tenderness, changes in the skin appearance, which 

looks more like the skin of an orange, can also occur. The early diagnosis of cancer is of 

great importance as cancer can easily be treated at early stage. A diagnosis of breast 

cancer is usually made by clinical breast examination, mammography, ultrasonography 

or biopsy. Depending on the result, further tests might be needed for confirmation 1,20. 
, ' 

3.4.2. Treatment of breast cancer 

There are many treatment options for breast cancer. These treatment options can be used 

alone or in combination depending on the case. Surgical removal of the tumor is the 
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oldest form of treatment of cancer. It offers the greatest chance for cure for many types of 

cancer, and it is more efficient when the tumor has not yet spread to otlier parts of the 

body. With radiation therapy, a high dose of x-rays is used to kill cancer cells or prevent 

them from growing. This form of treatment is more efficient in cells, which are actively, 

or quickly, dividing and less effective on cells that are in a resting phase (GO) or are 

dividing slowly. Radiation therapy, attacks reproducing cancer cells, but it can also affect 

reproducing cells of normal tissues 'causing a wide range of side effects. Other forms of 

treatment include hormonal therapy- the use of hormones to stop cancer cells from 

growing, and biological therapy or immunotherapy, the use of the immune system to 

fight cancer and/or lessen the side effects of some cancer treatments 20. Chemotherapy is 

the most commonly recommended form of treatment. The goal of cliemotherapy can be 

the cure, control of tumor growth or simply the palliation of advanced incurable cancers. 

4. Anticancer drugs 

4.1. Chemotherapy 

4.1.1. General concepts 

Chemotherapy refers to the use of anticancer drugs to kill or stop the growth of cancer 

cells. Chemotherapy is very often the first choice of treating not only breast cancer but 

many other forms of cancer as well. The main difference between this form of treatment 

and others such as surgery or radiation, is that it is a systemic form of treatment and thus 

more efficient when the cancer has already spread to other parts of the body. Drugs that 

are used for chemotherapy do not usually act in a specific way and attack all reproducing 
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cells, both normal as well as cancer cells. Many types of mitotically active normal cells 

are attacked by this form of treatment and include hair follicle cells, bone marrow cells, 

cells of the skin and mouth, as well as the stomach and intestines 20. 

Many factors are taken into account when anticancer drugs are prescribed. The type of 

cancer, the tissue of origin, the stage of cancer, the present of metastases, 'and the 

histological grade are important considerations 24. , 

4.i.2. Mode of action of chemotherapeutic drugs 

As the drugs are carried through the vascular system, they can reach cancer cells all over 

the body. These drugs are absorbed by actively dividing cells. Some healthy cells are able 

to repair the damage caused by chemotherapy, but cancer cells are unable to and 
• 

eventually die. Anticancer drugs interfere with the activity of cancer cells by either 

directly disrupting a specific phase of cell development or by sending conflicting signals 

to the cells, which will eventually stop growing or undergo apoptosis 24. 

Currently available drugs have a variety of ways of disrupting the development cycle of 

cancer cells. Nitrosoureas and alkylating agents, for instance, interfere with cell division 

and affect cancer cells in all phases of their life cycle by directly reacting with DNA. 

Antimetabolites interfere with the cell's ability for normal metabolism. They either give 

the cells wrong information or block the formation of "building block" chemical 

reactions. Vinca alkaloids are naturally occurring plant alkaloids that stop cell division in 

a specific phase. Antibiotics from natural sources interfere with cell division. They can 

affect cancer cells in all phases of their life cycle and interfere with DNA synthesis. 
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Podophyllins, also a plant-derived component, acts by interfering with an enzyme needed 

for DNA synthesis and causes the DNA strands to break. Taxanes, also derived from 

plants, acts by disrupting a network inside cancer cells that is needed for the cells to 

divide and grow. Camptothecans stop the action of an enzyme needed for DNA synthesis 

and cause the DNA strands to break 25. Topoisomerase II inhibitors interfere with an 

enzyme which is important in DNA replication. Mitotic inhibitors are plimt alkaloids, 

which can stop mitosis or inhibit enzymes for making proteins needed for cell division 20. 

4.1.3. Side effects of anticancer drugs 

Chemotherapy drugs are designed to target rapidly dividing cells, a main characteristic 

of cancer. Unfortunately, this characteristic is not limited to cancer cells, as many types 
• 

of normal cells divide rapidly as well. Chemotherapy interferes with many processes 

necessary for the normal cell development, causing a wide range of side effects. The 

damage to the normal cells .is usually temporary and most side effects disappear once the 

treatment is over. The severity of side effects usually differs from person to person. 

Some chemotherapy treatments may cau~e infertility. Infertility can be temporary or 
• 

permanent, depending on the drUgs used. Other sexual dysfunctions that can result from 

chemotherapy are premature ejaculation, loss of interest in sexual intercourse, problem of 

erection as well as genital pain during sex. Irritation of the prostate gland or urethra as 

part of cancer treatment can cause painful ejaculation. 

Cells in the patient's body, cells lining the inside of the mouth and throat are also fast-
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growing cells and are unfortunately affected by anticancer drugs, This leaves patients 

with extremely painful open sores in those areas, which prevents them from eating, 

drinking, or even talking for a week or more after such treatments, Other drugs can affect 

the lining of the digestive system causing diarrhea, nausea or constipation, Other drugs 

reduce the number of blood cells produced by the bone marrow, Because white blood 

cells are affected the susceptibility to infections increase, Because red blood cells, which 

contain hemoglobin and carry oxygen, are affected, different problems such as anemia 

and fatigue occur, Platelets count is also affected, leading to blood clots and bleeding 

problems in cancer patients, Other most common side effects are depression, hair loss, 

nerve and muscle effects, pain, and taste changes 20, 

4.1.4. Anthracyclines: doxorubicin 

Anthracyclines are not only anticancer drugs but also antibiotics, Anthracyclines interfere • 

with enzymes involved in DNA replication. Anthracyclines disrupt cell division by two 

mechanisms that both affect the structure of the DNA. The first is by intercalation into 

the base pairs in the DNA minor grooves and termination of its function and the second 

one is by causing free radical damage the ribose in the DNA, Examples of such drugs are 

daunorubicin, epirubiciti, idarubicin, and mitoxantrone as well as doxorubicin, also 

known as Adriamycin, These agents work in all phases ofthe cell cycle. 

Doxorubicin stops the growth of cancer cells, causing the cells to die. The mechanism of 

doxorubicin action is related to its ability to intercalate into DNA (double helix) and to 

form the ternary complex with DNA topoisomerase II followed by inhibition of 
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replication and transcription or to cause DNA strand damage. It is used to treat non-

Hodgkin's lymphoma, multiple myeloma, acute leukemias, and cancers of the breast, 

adrenal cortex, endometrium, lung, and ovary. Doxorubicin also affects blood cells count 

by lowering white blood cells, red blood cells, and platelets. Other side effects have been 

reported, including hair loss, anemia, nausea, vomiting, skin change, bleeding, sensitivity 

to sun, and urine discoloration. 

4.2. Natural products 

Natural products have shown in the past to be a good source of anticancer agents. Many 

clinical drugs currently available on the market such as vinblastine, vincristine and taxol 

among many others are derived from plant. Vinblastine and vincristine were derived from 

Catharanthiis raseus and Taxol or paclitaxel was isolated from the bark of the Pacific or 

American yew tree, Taxus brevifalia 2. Other interesting drug discovery projects from 

plants are underway. 

Green tea, for instance, in addition to lowering cholesterol, preventing heart disease, 

boosting oral hygiene and possibly aiding in weight loss, might be effective in fighting 

. 
certain types of cancer. It has been demonstrated in vitro that a component of green tea: 

epigallocatechin-3-gallate (EGCG) helps kill leukemia cells by interrupting the 

communication signals they need to survive. Epigallocatechin-3-gallate (EGCG) 

significantly prevents the growth of new blood vessels in animals. Drinking tea may 

prevent or treat of angiogenesis-dependent diseases, including cancer and blindness 

caused by diabetes 26. 
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Strawb~rries, blueberries, and raspberries contain content chemicals that inhibit cancer 

cell growth. Extract of freeze dried blueberry and strawberry show an inhibitory effect 

against cultures of two aggressive cervical cancer cell lines (CaSki and SiHa) and two 

. breast cancer cell lines (MCF-7 and T47·D) n. 

5. Coffee Plant 

Coffee, from the genus Coffea, probably originated in the Ethiopian province of Kaffa, 

though there is controversy about its origins. The crop first became popular in Arabia 

around the 13th century. Its popularity was probably enhanced by Islam's prohibition 

against alcoholic beverages. Nowadays, coffee ranks as one of the world's major 

commodity crops and is a major export of many countries. The name "coffee" comes 

from the Latin form of the genus Coffee, a member of the Rubiaceae family, which 

includes more than 500 genera and 6,000 species of tropical trees and shrubs. The tree 

produces red or purple fruits (drupes), which contain two seeds; popularly called the 

"coffee beans" or "coffee berries". A few varieties produce one seed, and are called 

"peaberry" varieties. A coffee tree can grow fruits within 3-5 years and continue to 

produce for about 50-60 years or more. The blossom of the coffee tree is similar to 

jasmine in color and smell.' The fruit takes about nine months to ripe 28. On a commercial 

point of view, only two species are important: Coffea arabica Land Coffea canephora 

vat. robusta. There are many other. varieties of coffee among which, Brazilian coffee 

(mostly Arabica), Columbian coffee (Arabica type), Java coffee, African coffees, Mocca 

coffee, Caffeine free coffee, Max Havelaar. 
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S.l.Coffee fruits 

The fruit or "coffee berry" is a two-seeded unit deep-crimson when fully mature, about I 

cm in diameter, The coffee berry shows four anatomical fractions: the coffee bean proper 

or endosperm; the hull or endocarp; a layer of mucilage or mesocarp? and the pulp or 

esocarp, Because of the viscous nature of the mucilage when the berry is mature, a slight 

pressure applied to the berry is enough to expel the two beans from the ~ruit 29, , 
• 

S.2.Antioxidant properties of coffee 

In plants, phenols play many roles, They are not only building blocks of the plant tissue 

structures, but also play ari important role in the protection of the plant against different 

kinds of pathogens, acting as antimicrobial and antiviral agents, Polyphenols can act as 

antioxidants as well, scavenging oxygen radicals, The intake of these components from 

food has been associated with the reduction of risk of developing some disease such as 

coronary heart disease and some types of cancer. 

, . 
Green coffee contains a large amount of varied polyphenols such 'as chlorogenic acid, 

caffeic acid, ferulic acid, and p-coumaric. acid, Ferulic acid and caffeic acid have 

demonstrated strong antioxidant activity both in vivo and in vitro, Caffeic and ferulic 

acid, which are also found in green tea, have been shown to have the ability to degrade 

carcinogenic substances, Ferulic acid helps prevent nitrates in the digestive tract from 

being converted into the carcinogenic nitrosamines (Riche lie et aI, 2001), Robusta 

exhibits a higher antioxidant activity than Arabica, which could be due to the higher 
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amount of chlorogenic acid. Recent studies have shown that the roasting step, which 

co~tributes to give to the pleasant taste and aroma of coffee markedly,' affects the 

compo'sition of the ~offee's polyphenols both in a quantitative as well as qualitative way 

through Maillard reactions (non-enzymatic browning which involves the reaction of. 

simple sugars and amino acids) 30. 

5.3. Coffee pulp chemical composition 

Coffee pulp, also identified as coffee fruit without seeds, is an abundant agricultural by-. 

product that causes serious environmental pollution problems. It represents around 43% 

of the weight of the coffee fruit on a fresh weight basis, or approximately 28% (26-30%) 

of the coffee fruit on dry weight basis. Considerable efforts are underway for efficient' 

utilization and value addition of this agro industrial residue for its use as animal feed or 

as a substrate for enzyme production by solid-state fermentation 31. 

, 
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Figure 7: Branch and fruit of a coffee plant 

A: Coffee cherry 
B: Cut open fruit 

I - Fruit husk, 2 - two flattened coffee beans 
C: Cross-section through a coffee cherry 

1 - Flesh (pulp) 2 - parchment 3 - silver skin4 - coffee bean 
D: Coffee bean 

I -"Furrow" 
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In coffee Arabica, four classes of phenolic coinpounds have been identified so far in fresh 

coffee pulp and are grouped into four classes: flavan-3-0Is (monomeric catechins and 

proanthocyanidins), hydroxycinnamic acids (caffeoylquinic acid, caffeoylquinic acid 

derivatives, and p-coumaroylquinic acid), flavonols, and finally anthocyanidins. Flavan-

3-01s were the predominant group, representing over 58.3% of total polyphenols 

identified. Monomeric flavan-3-01s account for 5.3% of total phenolic compounds present 

in fresh coffee pulp 31. A different study, including 12 different cultivars have established 

that the average content of phenolic compounds tentatively identified by HPLC. in fresh 

coffee pulp was chlorogeilic acid (5-caffeoylquinicacid), 42.2%; epicatechin, 21.6%; 

isochlorogenic acid I, 5.7%; isochlorogenic acid II, 19.3%; isochlorogenic acid III, 4.4%; 
• 

catechin, 2.2%; rutin, 2.1%; protocatechuic acid, 1.6%; and ferulic acid, 1.0% 31. 

S.4. Variation of the antioxidant activity of coffee 

The aroma of coffee is developed during roasting. The procedure adopted depends on the 

type of coffee (light, medium, or dark) that is being produced. The beans are heated to 

200- 250°C, for a roasting time that ranges from 0.75 to 25 min, with the optimum time 

being 1.5-6 min. It has been documented that after even a light roasting, the antioxidant 

activities of Arabica and'Robusta coffees decrease markedly. This detrimlmtal effect is 

proportional to the extent of the roasting and can be explained by the loss of poly phenolic 

compounds and the successive formation of other antioxidant compounds or pyrolysis 

products (less active) when more severe thermal conditions are applied 30. Mariaa 

Dolores et aI, 2002 studied the impact of the roasting process on the antioxidant activity 

of coffee. The material used was aqueous extracts of Colombian Arabica coffee beans 
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roasted to give light, medium, and dark samples. A progressive decrease in antioxidant 

activity with degree of roasting was observed. This decrease was linked mainly with 

variation in chI orogenic acids, found mainly in green beans. Maximum antioxidant 

activity was observed for the medium-roasted coffee; the dark coffee had a lower 

antioxidant activity 54. 

5.5. Processing step of coffee beans 

Prior to marketing, coffee beans go through a multiple step process after harvesting. 

Coffee beans are pulped (usually using a mechanical pulper) to remove the bulk of the 

soft flesh, the beans are fermented by one of several means, most often wet 

fermentation in water for a period of 10 to 36 hours, and afterwards the beans are 

washed to remove the last of the sticky mucilage not removed by fermentation before 

the beans are dried (usually in the sun); at this stage the dried bean still have a hull 

which will be removed later by a milling process. This process is time-consuming, 
i 

expensive and, for most growers, labor-intensive. Coffee at this stage is known as 

milled beans. Coffee is then roasted, the final color depending on the degree of roasting 

that alters the internal chemistry of the bean and therefore its flavor and aroma 28. 

5.6. Impact of Coffee based beverages on human health 

The real impact that coffee beverages might have on human health is still a controversial 

subject. Much scientific evidence shows that moderate coffee consumption of 4-5 cups 

per day, is safe for the general population and may even confer health benefits 33. 
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5.6.1. Impact of coffee consumption on diseases other than cancer . , 

Frequent consumption of coffee-based beverages has been reported to affect our health 

both positively and negatively. A cause-effect relationship between coffee-based 

beverages and susceptibility to different diseases has been broadly studied. 

It has been found, for instance, that coffee reduced the risk of developing Alzheimer 

disease (AD). The more frequent the consumption of coffee the lower the risk of having 

AD. People who drank coffee on a regular basis were found to be 50% - 80% less likely 

to develop Parkinson's disease than those who did not consume coffee 34.35. 

The relationship between the frequency of coffee consumption and the development of 

osteoporosis in post-menopausal women has also been studied but -is still highly 

controversial 36. 

The frequent consumption of coffee may have a negative impact on heart disease as 

some researchers "have showed that there is a relationship between high coffee 

consumption and the elevation of plasma homocysteine level (a putative risk factor for 

cardiovascular diseases) 37. 

Coffee drinking has a positive effect on gallstones in men. The risk of developing the 

disease is reduced by 40% in men drinking 2 to 3 cups of caffeinated coffee per day, 

and a 45% decrease in those drinking more 38., 

5.7. The anticancer effect of coffee 

5.7.1. 'Coffee beverages and cancer 
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Whether coffee is a carcinogenic or chemopreventive has been a subject of debate until 

recently, Some studies have, in the past, suggested a possible link between the frequency 

of coffee consumption and the risk of developing some types of cancer, A monograph on 
, . 

coffee, caffeine, tea and mate run by the International Agency for Research in 1990, the 

main purpose of which was to assess whether these beverages should be classified as 

being conducive to cancer, found no link between the regular consumption of coffee and 

the increased risk of developing any kind of cancer, apart from bladder cancer 33, 

Compared to non-smokers, smokers are more at risk for developing bladder cancer, 

However, a new study found bladder cancer to be about half as likely to occur in smokers 

,who regularly drank coffee compared to smokers who did not; suggesting that the coffee 

consumption might modify the effect of tobacco smoking, The mechanisms by which this 

protective effect occurs have not been eluci~ted yet 38, 

The potential of coffee to protect against cancer has been suspected for a long time owing 

to its high content in antioxidant components. A well known antioxidant found in coffee 

is methylpyridinium which'is about 2-3 times higher in espresso coffee than in a medium 

roasted coffee beverage, Methylpyridinium (that can be found in both caffeinated and 

decaffeinated coffee) is absent in raw coffee beans but is formed during the roasting 

process from its chemical precursor, trigonellin, which is common in raw coffee beans, In 

vitro cytotoxicity assay of a conventionally prepared decaffeinated Columbus coffee 

extract'on intestinal cell line demonstrated dose dependent responses 33, 
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5.7.2. Pulp of coffee fruit and breast cancer 

When coffee is processed, the external part of the fruit is mainly discarded. In some parts 

of the world, however, this part of the fruit is claimed to have medicinal properties and is 

used by many populations to make a healthy drink. In 1995 and 1996, Nagasawa et al 

showed that hot water extract of coffee cherry residue has the ~bility to markedly inhibit 

both the development and the growth of spontaneous mammary tumors in mice and 

effect, which is in the water-soluble portion of the extarct. When this extract is fed to 

mice, an increase in the differentiation of thymocytes as well as in the activation of 

peripheral lymphocytes occurs. This led them, to the conclusion that the suppression 

effect coffee cherries pulp have on mammary tumors may be associated with this 

immunomodulation. In a follow up studies by Nagasawa in 1996 and Kobayashi et al in 

1996 and 1997 showed that this extract increase the B-Iymphocyte response as well, 

suggesting that the extract has a good immuno potential and could playa big role in the 

antitumorigenic effect observed in the previous study. 
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1. Cell culture 

CHAPTER 3 
MATERIAL AND METHODS 

In this project, five cell types from human breast tissues were used. Among these cells 

were, one immortalized non-tumorigenic human mammary epithelial cells (MCFIOA), 

• 
two cells line from invasive breast cancer (MDA-MB-23I and Hs578T), and two non-

invasive breast cells (MCF7, T47D). These cells were all purchased from American Type 

Culture Collection (VA, USA). The cancerous cells (Hs578T, MDA-MB-231, T47D, , 

MCF7) were maintained in monolayer culture at 37°C in RPMI 1640 medium 

supplemented with 10% FBS, 6% HEPES, 6% L-G1utamine (Invitrogen, Carlsbad, CAl, 

in 'an humidified incubator with 5% C02 in air. MCFIOA cells were maintained in a 

special medium D-MEM/F 12 supplemented with horse serum 5%, EGF (20 fIg/ml), 

hydrocortisone (0.5 fIg/ml), cholera toxin (100 fIg/ml), insulin (10 fIg/ml) and penicillin! 

streptomycin (IX) (Invitrogen, Carlsbad, CAl. 

2. Preparation of Crude extract and fractions 

2.1. Crude extract 

The coffee fruits were harvested from Kana, Hawaii on October 28, 2004 and brought to 

Honolulu where the pulps were separated from the bean of the fruit. For each 100g of 

pulp, 200 ml of hot water was added and the mixture was blended fof' approximately 35 

seconds and centrifuged at 4,000 rpm for 5 minutes. The resulting large brown pellet, 

approximately 1/3 of the total initial volume, was discarded. The brown colored-
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supernatant was collected and filtered through a Whatman #1 filter paper to obtain about 

160 ml of the crude extract (Figure 8). 

2.2. The fractionation 

The fractionation was done with Extract-Clean™ and Ultra-Clean™ Cl8 column 

purchased (Alltech Associates, Inc). The Extract-Clean™ and Ultra-Clean™ Cl8 

columns linked to a vacuum system were used for the fractionation of supernatant. This 
• 

system separates components by polarity. The columns were first pre-conditioned with 

methanol (l0 m!) and rinsed with water (5 ml) before loading the extract to be 

fractionated. Six milliliters of crude extract were then added to the column. The void 

volume was collected and labeled as fraction #0. The columns were then eluted with a 

system of solvents with different proportions of methanol and water; 2ml of each elution 

solvent system was added to the column and fractions were collected (Table 1). 

2.3. HPLC retention analysis 

For HPLC retention analysis, the test Mix Components used were: Phenol (0.7 gil), 

benzaldehyde (0.1 gil), N, N-Diethyl-meta-toluamide (1.0 gil) III 65/35 

acetonitrile/water, the external Standard used was benzene (21-tll ml in acetonitrile). For 

the test Chromatograms the mobile Phase was acetonitrile/water (60:40 v:v), the flow 

Rate was 120 mllmin, the detection was done at UV254 nm: 250 x 46 mm. 
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2.4. Fraction lyophilisation 

After the collection of the fractions, methanol was eliminated from fractions 2, 3, 4, 5 and 

6 using a Rota vapor. The remainder was then lyophilized, Each fraction was weighted 

and dissolved in cell-culture media at a final concentration of 10mglml, aliquoted and 

stored at -70° C. 

3. Analysis of cell proliferation 

3.1. Preparation of test compound 

The different concentrations to be tested on each cell line were prepared in a separated 96 

well plate (the dilution plate), A two-fold dilution of each fraction, the crude extract and 

doxorubicin was made in quadruplet. All wells but those of the first row of the dilution 

plate were first loaded with 100 ~I of RPM I or DMEM F- 12 depending on the cell type 

being tested, In the first row, 200 ~I of the test component, fractions or extract at their 

highest concentration for the assay were prepared, From this first row, a two-fold dilution 

was done using 100 ~I (Table2), The highest concentration to be tested for each extract 

was determined by wt/wt ratio of the lyophilized fraction to the crude extract. 

3.2. Cytotoxicity assay 

Inhibition of cell proliferation by doxorubicin, the crude extract, and fractions of the • 

residue of coffee cherries was measured by the quick proliferation assay (Biovision, San 
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Francisco CAl, Cells were seeded in triplicate in the 96 well plates at concentration, 

which gave approximately an 80% confluence after 48 hours of incubation, 
, . 

This concentration corresponds to 1.2 x 104 cells per well for MDA-MB23I; 7.5 x 103 

cells 'per well for MCF7 and I. 7x 103 cells per well for Hs578T, 5000 cells per well for 

T47D and finally 3200 cells per well for MCFlOA, The 96-well micro plates were then 

incubated for a period of approximately 24 h to allow the cells to attach, The medium 

was then discarded and replaced by 0, I ml of fresh medium or medium transferred from 

the dilution plate (medium that contain various concentrations of the crude extract, 

fractions of coffee cherries, or doxorubicin ( Table 2), Wells with no cells were also 

included in these assays as a negative colorimetric controL The plates were then 

incubated for 48 hours at 37° C, 5% CO" Two types of data were collected, first, a 

comparative analysis of the morphology of cells of the untreated vs, treated populations 

under a phase contrast microscope (Zeiss Axiovert25) at amplification 40X for MDA-

MB-231, MCF7, Hs578T, MCF lOA and 5X for T47D, Secondly, using the quick 

proliferation assay kit, metabolically active cells in treated vs, untreated population of 

cells were monitored, The quick proliferation assay kit contains a substrate, the 

tetrazolium salt, which is transformed into formazan dye by mitochondrial 

dehydrogenase, an enzyme that exists only in metabolically active cells. The amount of 

formazan and thus the color that is produced is proportional to the amount of 

mitochoJ?drial dehydrogenase present, which is proportional to the number of cells that 

are metabolically active in the well, 
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Figure 8. Extraction and Fractionation Process 
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The values obtained from the population of untreated 'cells were considered as 100% 

J._.. ... 

activity of mitochondrial dehydrogenase. The formazan dye produced by viable cells can 

be quantified by a multi-well spectrophotometer (microtiter plate reader) by measuring 

the absorbance of the dye solution at 450 nm. Briefly, 10 III of WST-IIECS solution is 

added in each well of the 96-well micro plate. The plates are incubated for 3 h at 37°C , 
before the absorbance is measured in a micro plate reader at a wavelength of 450 nm. 

These assays were in triplicates and repeated. 

3.3. Data analysis 

The percentage of metabolically active cells population of cells treated at a gIven 

concentration, X, was calCulated using the following formula. 

x= (A-a I B-b) * 100 

A= optical density from cell population treated with a gIven concentration of a 

doxorubicinl coffee crude! fractions 

a = optical density due to the medium plus doxorubicinl coffee crude! fractions, at 

given concentration (in absence of cells) 

B= optical density from untreated cell population 

b= optical density due to the medium alone 

Any value of A-a<O was recorded as zero 
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Table 2. Test concentrations of doxorubicin, extract and fraction 

Test Doxorubicin Crude. FO FI F2 F3 F4 F5 F6 

component extract 

dilutions 60microgr/ml 5mg1m1 3mglml ·1.5mg1m1 O.7mg1m1 l.lmg1m1 1.4mg1m1 O.lmg1m1 O.lmg1m1 

, 
30 2.5 1.5 0.75 0.35 0.55 0.7 0.05 0.05 
15 1.25 0.75 0.375 0.175 0.275 0.35 0.025 0.025 

7.5 0.625 0.375 0.1875 0.0875 0.1375 0.175 0.0125 0.0125 
3.75 0.3125 0.1875 0.09375 0.04375 0.06875 0.0875 0.00625 0.00625 

1.875 0.15625 0.09375 0.046875 0.021875 0.034375 0.04375 0.003125 0.003125 
0.9375 0.078125 0.046875 0.023438 0.010938 0.017188 0.021875 0.001563 0.001563 

Table 1. Elution solvent for each fraction 
, 

Fraction 0 1 2 3 4 5 
. 

6 . 

Solvent None MeOH·H,O MeOH-H,O MeOH-H,O MeOH-H,O MeOH-H,O MeOH-H,O 
• 

(0%-100%) (12.5% - 87.5%) (25% - 75%) (50% - 50"10) (75% - 25%) (100%-0%) 

v/v v/v v/v v/v v/v v/v 

-

~ 
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4. Analysis of apoptosis by DAPI (4'-6-Diamidino-2-phenylindole) 
staining and Immunostaining with monoclonal antibody against 
cleaved caspase-3 

Glass cover slips were sterilized by dipping them in 90% ethanol and carefully drying 

them over a fliime for a few seconds. The sterile cover slips were placed in the wells 

of a sterile 6-well tissue culture plate. A 1200-1!1 suspension of cells was seeded in 

the 6-well tissue culture plates, which cmltained 75,000 cells for MCF7, 120,000 cells 

for MDA-MB-231 and 34,000 cells of Hs578T. The cells were grown at 37°C in a 

humidified C02 incubator for 24 hours. Afterward, fresh medium with or without . . 
doxorubicin (20I!g/ml), fraction 0 (0.75mg/ml), fraction 3 (0.25 mg/ml), or fraction 4 

(0.35 mg/ml) were added to the wells. The cells were incubated for a period of .48 

hours. The culture medium from each well was then aspirated and the cells were 

rinsed three times in phosphate buffer solution (PBS) at room temperature. The cells 

were then fixed by incubating them in 4% (v/v) Para f?rmaldehyde for 10 minutes at 

room temperature and then permeabilized with 0.1% Triton X-IOO for 10 minutes. 

After a rinse with PBS, Bovine Serum Albumin (BSA) (Invitrogen, Carlsbad, CA) 

was used to block the cells. The fixed cells were incubated first with t,he primary 

antibody, the rabbit anti caspase-3 IgG (Biocompare), followed by the secondary 

antibody coupled to Rhodamine. For the last step, the cells were mounted with a 

DAPI-containing mounting media (Sigma), analyzed and photographed under an 

Axioskop2 plus Fluorescence mic~oscope. 
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CHAPTER 4 

RESULTS 

1. HPLC profile offractions 

The composition profile of each fraction is shown in figures 9 through 15. From a starting 

material of 100 g of coffee pulp extracted in 200 ml of hot water, 160 ml of crude extract 

was obtained from which was generated, 0.38 grams of fraction 0, 0.12grams of fraction 

I, 0.03 grams of fraction 2, 0.05 grams of fraction 3, 0.06 grams of fraction 4, 0.004 

grams of fraction 5, 0.003 grams of fraction 6. 

Fraction 0 contains one peak, which indicates the exit from the column, of one or more 

components which have a retention time of approximately 2.6 minutes (Figure 9). 

Besides the difference of few minor peaks, this fraction is similar to Fraction I (Figure 

10). The HPLC profile of fraction 2 indicates that this fraction contains at least three 

components with different retention time (Figure II). Fraction 3 and 4 seem to share a 

major peak or component (at 7.63 minutes), which is present at almost the same intensity 

in both fractions. The significant difference between these two fractions is the presence in 

the fraction 4 of a non-negligible amount of an extra component, which exits the column 

at approximately 10.3 min (Figure 12, 13). 

Based upon Figures 14 and 15, it appears that fraction 5 and 6 include only trace amounts 

of components. 
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Figure 9. HPLC profile of the fraction O. 
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Figure 13. HPLC profile of fraction 4. 

Figure 14. HPLC profile of fraction 5. 
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Figure 15. HPLC profile of fraction 6. 

56 



2. Bioassays 

2.1. Cell morphological analysis and Cytotoxicity assay of the crude 
extract and fraction of coffee cherry 

Doxorubicin is an anticancer agent that is reported to have antiproliferative effect on 

cells, which it induced to undergo apoptosis. T?is drug was used in this study as a 

positive control for inhibitory effects on the proliferation and morphology variation of 

cancerous as well as non-tumorigenic cell lines: Significant changes occur in the 

morphology of all these cells when they are treated with different concentrations of 

doxorubicin for 24 hours. Non-tumorigenic cells, MCFIOA, for instance, change from 

their normal epithelial shape (Figure 16A) to rounded-shaped apoptolic like cellular 

bodies (Figure 16 D, C, B). The same effect was observed in cancerous cells. Figures 

17 (D, C, B) and figure 18 (D, C, B) picture the changes that have occurred for 

instance after exposure of non-invasive cells, MCF7 and T47D to doxorubicin. The 

cells have changed from their normal epithelial shape (Figure 17 A; 18A) 10 apoptotic 
• 

like bodies. Similar results were observed with invasive cells (Figure 19). 

As expected also, doxorubicin has stopped the proliferation of all these cells lines 

after 48 hours of incubation, inducing a dose dependent decrease in the number of 

metabolically active cells, Figure 20 for MCF lOA, Figure 21 for MCF7, Figure 22 

forT47D,Figure 28 MCF 7, Figure 23 for HS578t, and Figure 24 for MDA-MB231. 
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Figure 16. Phase contrast (A-D) analysis of MCFtOA cells grown in the presence 
and absence of doxorubicin. 
A: untreated cells. B. C, D are cell treated respectively with IS; 30 and 60 " glml of CC, 
Microscope mabrn ification 20X 

A 

C o 

Figure 17. Phase contrast (A-D) analysis of MCF7 cells grown in the presence and 
absence of doxorubicin. 
A: untreated cells, B, C, D are cell trea ted respectively with IS; 30 and 60 " glmJ of doxorubicin. 

Microscope magnification 20X 
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contrast (A-D) analysis oIT47D cells grown in the presence and 
absence of doxorubicin. 
A: untreated cells, B, C, DIS, 30, and 6O~g/ml, 

Microscope magniticalion 5X 
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Figure 19. Phase contrast (A-D) analysis of Hs578t cells grown in the presence and 
absence of doxorubicin. 
A: untreated cells. B, C, DIS, 30, 60~g/ml 
Microscope magnification 20X 
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Figure 20. Dose response curve of the elTect of doxorubicin on the viability of MCF 
lOA cells. 
MCFIOA cells were seeded in a 96 well plate in triplicate (~3200 cells per well); aftef24 hours Ii fresh media with or 
without Doxorubicin were and incubated for 48 hour at 3rC standard atmospheric condition. CeB viability was 
measured with quick proliferation assay kit. 
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Figure 21. Dose response curve of the elTect of doxorubicin on the viability of MCF 7 
cells. 
MCF7 t;ells were seeded in a 96 well plate in triplicate (-7600 cells per well); after 24 hours, the media was replaced 
by fresh media with or without doxorubicin; followed by 48 hour of incubation at 37°C, Cell viability was measured 
with quick proliferation assay kit. 
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Figure 22. Dose response curve of the effect of doxorubicin on the viability of T47D 
cells. 
T47D cells were seeded in a 96 well plate in triplicate (- 5000 cells per well); after 24 hours a fresh media with or 
without the doxorubicin were and incubated for 48 hour at 3-r>C standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kit. . 
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Figure 23. Dose response curve of the effect of doxorubicin on the viability of 
HS57St cells. 
Hs578t cells were seeded in a 96 ~e11 plate in triplicate (- 1700 cells'per well); after 24 hours a fresh media with or 
_without doxorubicin were and incubated for 48 hour at 37'C standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kit. 
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Figure 24. Dose responses curve ofthe effect of Doxorubicin the viability of MDA
MB-231 cells. 
Mb231 cells were seeded in a 96 well plate in triplicate (- 12000 cells per well); after 24 hours a fresh media with or 
without the Doxorubicin were and incubated for 48 hour at 3JOC standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kit. 

2.1.1. Cell treatment with the crude extract 

2.1.1.1. Non tumorigenic breast tissue, MCF 10 A 

After exposing MCFlOA cells to the hot water extract of coffee pulp, no change in the 

cell morphology was observed even after 48 hours of incubation (Figure 25). Untreated 

MCF lOA cells have a nonnal epithelial shape (Figure 25A). This morphology remains 

the same after 48 hours of treatment, regardless of the concentration of crude extract used 

(Figure 25 B, C, D). These experiments were done in triplicate and repeated. 

The fact that no change in the morphology of the MC;F lOA cells was observed is 

certainly not a sign ?f non toxicity of the crude extract to these cells. There appears to be 

a modest, dose-depend, decrease in the number of metabolically active. cells after 

exposure to the crude extract (Figure 26). E050 = 5.59 ± 0.73 mg/ml 
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Figure 25. Phase contrast analysis of MCFIOA ceUs grown in the presence and 
absence of coffee cherries extract. 
A: untreated cells, B, C, D are cell treated respectively with 1.25, 2.5 and 5 mglml of the crude extract of 

ColTee cherries pulp. Microscope magnification 20X 
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Figure 26. Dose response curve of the effect of Crude extract on the viability of 
MCF lOA cells. 
MCFIOA cells were seeded in a 96 well plate in triplicate (- 3200 cells per well); after 24 hours a fresh media with or 
without the crude extract were and incubated for 48 hour al 3-rC standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kil 
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2.1.1.2. CelIs from non invasive breast tissue, MCF7 and T47 D 

The treatment of MCF7 cells with the crude extract of coffee cherry pulp at the same 

concentrations as the MCF I OA cells, induced a change in the cell morphology at the 

highest concentration evaluated, 5 mg/m!. At this concentration, a large majority of cells 

became rounded detached (Figure 27 D). This variation in cell morphology was not 

observed at lower concentration of the extract (Figure 27 8, Cr At these concentrations, 

the cells have the same phenotype as those from the untreated cell population (Figure 27 

A). Treatment ofT47D with crude extract induced similar results to MCF7. 

The morphological change observed after treatment of T47 0 cells with the crude extract 

was accompanied by a decrease in the number of metabolically active cells, a decrease 

easily appreciable under the phase contrast microscope and which occurred in a dose-

,. 
dependent manner from concentrations 1.25 to 5 mg/ml of the crude extract. It is 

important to note that at concentrations lower to 1.25 mg/ml, the extract has showed a 

stimulatory effect on the propagation of T47D cells. The EDso of this effect was 2.96 ±' 

0.08 mg/ml (Figure 28). 

The same effect was observed after the treatment of the other non-invasive cell line, 

MCF7, with the crude extract of coffee cherries pulp. A dose dependent decrease in the 

number of metabolically active cells with a proliferative effect at the lowest 

concentrations (up to 2.5 mg/ml) was observed (Figure 29). The EDso of the effect for 

this cell lines was 3.50mg/ml. 
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A 

Figure 27. Phase contrast (A-D) analysis of 
absence of coffee cherries crude extract. 
A: untreated cells, B, C, D are cell trealed respectively with I.2S ; 2.S and Smglml of crude extrac~ 
Microscope magnification 20X 
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Figure 28. Dose response curve of the effect of crude extract of coffee cherries pulp 
on the viability of T47D cells. 
T470 cells were seeded in a 96 well plate in rriplicale (- 5000 cells per well) j after 24 hours a fresh media with or 
without the crude extract were and incubated for 48 hour at 3r'C standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kit. 
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Figure 29. Dose response curve of the effect of crude extract of coffee cherries pulp 
on the viability of MCF 7 cells. 
MeF7 cells were seeded in a 96 well plate in triplicate (- 7600 cell s per well); aft"cr 24 hours, the media was replaced 
by fresh media with or without CC; followed by 48 hour of incubation at 3"?C. Cel l viability was measured with quick 
proliferation assay kit. 

2.1.1.3. Cells from invasive breast tissue, MDA-MB-231 and Hs578T 

No significant change in the morphology of MDA-MB-23I cells after their exposure to 

the crude extract was observed, even at concentrations up to S mg/m!. However the 

exposure of HsS78T cells to the same extract induces a variation in the morphology of 

these cells. Untreated HsS78T are fibroblastic sbaped cells (Figure 30 A). After being 

exposed to the crude extract of coffee cherry pulp, HsS78T became rounded and detached 

with condensed material at a single spot within the cell and the rest of the cell's body 

apparently empty. This effect was observed mainly at the highest concentration of crude 

extract, Smglml, at which concentration all cells were affected (Figure 30 D). At lower 

concentration the cells ' morphology was similar to that of cells from the untreated 

population of HsS78T (Figure 30 B, C). 
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A growth inhibition was observed after treatment of Hs578T with the crude extract. A 

dose-dependent reduction in the number of metabolically active cells was obtained 

(Figure 31). The ED,o of this effect was 1.23 ± 0.07 mg/ml. 

A similar effect, a dose dependent decrease in the amount of metabolically active cells 

compare to the population of untreated cells (Figure 32) was observed after the exposure 

of the other invasive cell line, MDA-MB-23I , to tbe crude extract. 

Figure 30. Phase contrast (A-D) analysis of Hs57St cells grown in the presence and 
absence of coffee cberries crude extract. 
A: untreated cells, B, C, D 1.25, 2.5 and 5 mg/ml , 
Microscope magnification 20X 
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Figure 31. Dose response curve of the effect of the crude extract of coffee cherries I 

pulp on the viability of HS578t cells. 
Hs578t cells were seeded in a 96 well plate in triplicate (- 1700 cells per well); after 24 hours a fresh media with or 
without CC were and incubated for 48 hour at 37°C standard atmospheric condition. Cell viability was measured with 
quick proliferation assay kit. 
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Figure 32. Dose response curve of the effect of the crude extract of coffee cherries 
pulp on the viability of MDA-MB-231 cells. 
Mb231 cells were seeded in a 96 well plate in triplicate (- 12000 cells per well); after 24 hours a fresh media with or 
without the Crude extract were and incubated for 48 hour at 3'rC standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kit. 
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2.1.2. Cell treatment with the fractions obtained from the crude 

extract. 

Seven fractions were obtained from the crude extract and labeled from 0 to 6. All the cell 

lines included in these studies were exposed to different concentrations of these fractions 

and the resulting changes in the population of cells was monitored. Three fractions, 0, 3, 

and 4 showed interesting activities. 

2.1.2.1.Fraction 0 

Fraction 0 was the unbound fraction from the SPE column. This fraction contains a single 

HPLC peak which might represent one or more components. All th~ cell lines were 

exposed to different concentration of this fraction and variations in the cell morphology 

and number of viable cells was monitored. 

2.1.2.1.1. Cells from non·tumorigenic breast tissue, MCFI0A 

No variation in the morphology of cells was observed as a result of the exposure of 

MCFIOA to fraction 0 even at the highestc?ncentration and for as long as 48 hours 
, . 

(Figure 33). No statistically significant difference in number of metabolically active cells 

neither between the treated and untreated population of cells (Figure 34). 
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Figure 33. Phase contrast (A-D) analysis of M CFlOA cells grown in the presence 
and absence of roo 
A: untTeated celis, B, C, D are celi treated respectively with; 0.75, 1.5 and 3mglml of fo, 
Microscope magnification 20X 
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Figure 34. Dose response curve of the effect of fraction 0 on the viability of MCF 
lOA cells. 
MCF IOA cells were seeded in a 96 well plate in triplicate (- 3200 ce lls per well); after 24 hours a fresh media with or 
without the fraction 0 were and incubated fo r 48 hour at 3?OC standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kit. 
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2.1.2.1.2. CeUs from non invasive breast tissue, MCF7 and T47 D 

As a result of the exposure of MCF7 cells or T47D cells to Fraction 0, no changes in the 

morphology of the cells were observed. After 24 hours of incubation, treated MCF7 or 

T47D cells retain their normal epithelial shape. No change was observed even after 48 

hours of incubation. 

No statistically significant difference in the number of metabolically active MCF7 cells 

or T47D cells was observed between populations of cells exposed to different 

concentration of fraction O. This state did not change even after prolonging the incubation 

period to 48 hours (Figure 35 & 36). 
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Figure 35. Dose respons'e curve ofthe effect of fraction3 on the viability of T47D 
cells. 
T47D cells vJere seeded in a 96 well plate in triplicate (- 5000 cells per well); after 24 hours a fresh media with or 
without the fraction 0 were and incubated for 48 hour at 37'C standard atmospheric condition_ Cell viability was 
measured with Quick proliferation assay kit. 
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Figure 36. Dose response curve of the effect of Fraction3 on the viability of MCF 7 
cells. • MCF7 cells were seeded in a 96 well plate in triplicate (- 7600 cells per well); after 24 hours a fresh media with or 
without the fraction 0 were and incubated for 48 hour at 3"Fe standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kit. 

2.1.2.1.3. CeUs from invasive breast tissue, MDA·MB·231 and "s57ST 

In contrast to our observation of non·invasive cell lines, Fraction 0 showed an activity 

against invasive cell line affecting their morphology and proliferation. 

Exposure of Hs578T cells to a gradient of concentrations of fraction 0 induced a rapid 

change in the morphology of the cell .. The cells change from their normal fibroblastic 

shape to detached round cells in which all the cellular contents was condensed in one spot 

in the cell (Figure 370). The amplitude of the change is dose dependent, with the 

greatest effect at 3 mg/ml, at which concentration all' the cells are affected. At other 

concentrations, the effect of this fraction on the morphology is less visible and ceases at 
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0.75 mg/ml of fraction 0 (Figure 37B). The cells treated at this concentration have a 

morphology similar to that of the untre!ted population ofHs578t (Figure 37 A). 

E.xposure of MDA-MB-23I cells to fraction 0 did not induce detectable a morphological 

change at concentrations :s 3 mg/mt. It is important to notice that up to 3 mg/ml, even if 

the number of metabolically active cells has decrease, 50 % activity has not been reached 

the determination of the EDso required and extrapolation (such extrapolation was not 

possible with all the fractions we have considered here as being inactive). Treating these 

cells with 4 mg/ml of fraction 0, the approximate value of the EDso induced all MDA-

MB-231 cells to change from their normal fibroblastic morphology into rounded 
• 

apoptotic cells (Figure 38B). 

Exposure of MDA-MB-231 cells to a gradient of concentrations of fraction 0 induced a 

dose-dependent decrease in the number of metabolically active cells with an EDso of 4.76 

± 0.57 mg/ml (Figure 39). Exposure to the same concentrations of fraction 0 the number 

of metabolically active Hs578T cells also decreased in a dose dependent way (Figure 40). 

The EDso for this other invasive cell line was 0.63 ± 0.37 mg/mt. This correspond to 

approximately a two fold increase in the ability of inhibiting cell growth compare to the 

effect of the crude extract on this same cell line. 
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Figure 37. Phase contrast (A-D) analysis of HsS78t cells grown in the presence and 
absence of fraction O. 
A: untreated celis, B, C, D 0.7, 1.5, and 3 mg/ml, 
Microscope magnification 20X 

Figure 38. Phase contrast (A-D) analysis of Mb231 cells grown in the presence and 
absence of fraction 0 
A: untreated cells, B cell treated at 4mglml. 
Microscope magnification 20X 
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Figure 39. Dose response curve of the effect of fraction 0 on the viability of MDA
MB-231 cells. 
Mb23 I cells were seeded in a 96 well plate in triplicate, after 24 hours a fresh media with or without the Fraction 0 
were and incubated for 48 hOUf at 3T'C standard atmospheric condition. Cell viability was measured with quick 
proliferation assay kit. 
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Figure 40. Dose response curve of the effect of fraction on the viability of HSS78t 
cells. 
Hs578t cel ls were seeded in a 96 well plate in triplicate (- 1700 ce lls per well); after 24 hours a fresh media with or 
without the fraction 0 were and incubated for 48 hour at 3'rC standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kit. 
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2.1.2.2. Fraction 3 

2.1.2.2.1. Cells from non-tumorigenic breast tissue, MCFIOA 

Exposure of MCF I OA cells to fraction 3 did not induce a variation in the morphology of 

cells. Even after 48 hours of incubation, all the cells retain their normal epithelial shape. 

Some cells were detached, but this occurred with the same intensity in both treated and 

untreated cells (Figure 41 A, B, C). 

Exposure of MCF lOA cells to fraction 3 as it was the case for fraction 0, did not induce a 

morphological change in these cells. But unlike what was observed with fraction 0, the 

exposure to a gradient of concentration of fraction 3 induced a dose-dependent decrease 

in the number of metabolically active MCF lOA cells (Figure 42). The E050 of this effect 

was 0.83±O.1 0 mg/ml. 

Figure 41. Phase contrast (A-D) analysis of MCFlOA cells grown in the presence 
and absence of fraction 3. 
A: untreated cells, B, C, D arc ce ll treated respectively with 0 .27, 0.55 and 1.1 mglml of fraction 3, 
Microscope magnification 20X 
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Figure 42. Dose response curve of the effect of fraction 3 on the viability of MCF 
lOA cells. 
MCF IOA cells were seeded in a 96 well plate in triplicate (- 3200 cells per well); after 24 hours a fresh media with or 
without the fraction 3 were and incubated for 48 hour at 3'?C standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kit. 

2.1.2.2.2. Cells from non invasive breast tissue, MCF7 and T47D 

Treatment of T47D cells with fraction 3 for 24 hours induced a morphological change, 

which is more prominent with increasing concentration of this fraction. The cells change 

from an epithelial phenotype to detached, rounded cellular bodies of different sizes. All 

cells were affected when the concentration of the extract greater than or equal to 0.55 

mg/ml (Figure 43 C, D). Treatment with 0.25 mg/ml yields less detached cells (Figure 43 

B). Finally, at concentrations < 0.25 mg/ml, the population of treated and untreated cells 

appeared identical. 

When treated with di fferent concentrations of fraction 3 for 24 hours, a change in the 

morphology of MCF7 cells is induced at the highest concentration, 1.1 mg/ml. At this 

concentration, the majority of cells are affected; from their original epithelial shape they 
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change into detached round-sbape cells (Figure 44D). This effect is not visible at lesser 

concentrations of tbis fraction (Figure 44 B, C). 

A dose-dependent decrease in the number of metabolically active cells was observed after 

treatment of MCF7 cells with dilTerent concentrations of fraction 3. At tbe lower 

concentrations, as it was the case with the crude extract on this cell line, a stimulatory 

effect on cell proliferation is observed. Tbe EDso of Fraction 3 on MCF7 cells is 0.84 ± 

0.12 mg/ml with correspond to approximately a 4-fold increase in the ability to inhibit 

cell growth wben we compare to the crude extract (Figure 45). 

The exposure of the second non invasive cell line include in this study, T47D, has also 

induce a decrease in the number of metabolically cells with an EDso of 1.47 ±0.14 mg/ml 

(Figure 46) 

Figure 43. Phase contrast (A-D) analysis ofT47D celIs grown in the presence and 
absence of fraction 3. 
A: untreated ceils, B, C, D are cell treated respectively with and 0.27, 0.55and l.lmglml of fraction 3, 
Microscope magnification 5X 
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Figure 44. Phase contrast (A-D) analysis of MCF7 cells grown in the presence and 
absence of fraction 3 of coffee cherries extract. 
A: untreated eells, B, C, D arc cell treated respectively with and 0.27. 0.55and 1.1 mg/ml of frac tion 3, 

Microscope magnification 20X 
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Figure 45. Dose response curve of the effect of Fraction3 on the viability of MCF 7 
cells. 
MCF7 cells were seeded in a 96 we ll plate in triplicate (-7600 cell s per well); after 24 hours a fresh media with or 
without the fraction3 were and incubated for 48 hour at 37'C standard atmospheric condition. Cell viabi lity was 
measured with quick proliferation assay kit. 
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Figure 46. Dose response curve of the effect of fraction3 on the viability of T47D 
cells. 
T 47D cells were seeded in a 96 well plate in triplicate (- 5000 cells per well); after 24 hours a fresh media with or 
without the fraction 3 were and incubated for 48 hour at 37"C standard atmospheric condition. Cell viability was 
measured with quick proliferation asSay kit. 

2.1.2.2.3. Cells from invasive breast tissue, MDA-MB-231 and 

Hs578T 

After a 24 hour incubation, fraction 3 induced a morphology change in MDA-MB-231 

cells treated with the two highest concentrations. Normal MDA-MB231_ cells are 

invasive and fibroblastic in appearance (Figure 47 A). The intracellular content became 

condensed to one spot leaving the 'rest of the cell body empty. This change occurs in a 

dose-dependent way, and at concentrations 1.1 and 0.5 mglml, all cells are affected 

(Figure 47 C, D). At the lowest concentrations « 0.25 mglm\), the populations of treated 

and untreated cells are identical. As MDA-MB-23I , Hs578T are also affected 

morphologicaJly when exposed to fraction3. At the highest concentration, 1.1 mglml, all 

the cells are affected and lose contact with the surface of the well (Figure 48 D). This 
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effect is less pronounced at 0.5 mg/mJ . At concentrations lower than 0.5 mg/mJ, treated 

and untreated cells are simi lar phenotype (Figure 48 8). 

The exposure ofMDA-MB-23I cells to different concentrations of fraction 3 induced a 

dose-dependent decrease in the number of metabolically active cells. The ED50 of this 

effect is 0.41 ± 6.6 e-3 (Figure 49). This fraction has a similar effect on HsS78T cells. 

The ED50 of fraction 3 on these cells is 0.28 ± 0.04 mg/ml, which, when compared to the 

crude extnct, corresponds to a S-fo ld increase in activity. At lower concentrations, 

fraction 3 shows a stimulatory effect on the proliferation of HsS78T (Figure 50). 

Figure 47. Phase contrast (A-D) analysis of MDA-MB-231 cells grown in the 
presence and absence of fraction 3. 
A: untreated cells, 8 , C, D: 0.25, 0.5 and 1.1 mglml, 
Microscope magnification 20X 
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Figure Phase contrast (A-D) analysis of Hs578! cells grown in the presence and 
absence of F3. 
A: untreated cells, B, C, D 0.25, 0.5 and 1.1 mglml 
Microscope magnification 20X 
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Figure 49. Dose response curve of the effect of fraction 3 on the viability of MDA· 
MB·231 cells. 
Mb231 cel ls were seeded in a 96 well plate in triplicate (- 12000 cells per wel l); after 24 hours a fresh media with or 
without the fraction 3 were and incubated for 48 hour at 37'C standard atmospheric condition. Cell viabi lity was 
measured with quick proliferation assay kit. 
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Figure 50. Dose response curve of the effect of fraction 3 on the viability of HS578t 
cells. 

Hs578t cells were seeded in a % well plate in triplicate (- 1700 cells per well); after 24 hours a fresh media with or 
without the fraction 3 were and incubated for 48 hour at 3'r'C standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kit. 

2.1.2.3.Fraction 4 

2.1.2.3.1. Cells from non.tumorigenic breast tissue, MCF10A 

As it was !be case for fraction 0, 3, and crude extract of the pulp of coffee cherries, 

fraction 4 has no effect on the morphology of the non- tumorigenic cells (Figure 51 B, C). 

Despite the fact that they did not induce any change in !be morphology of the cells, 

fraction 4 similar to fraction 3 induced a reduction in !be number of metabolically active 

cells after 48 hours of incubation (Figure 52). The EDso of !bis effect was 0.86 ± 0.04 

mg/m!. .' 
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Figure 51. Phase contrast (A-D) analysis of MCFIOA cells grown in the presence 
and absence of fraction 4. 
A: untreated cells, B, C arc cell trea ted respectively withO.3, 0.7 and 1.4 mg/ml of fraction 4 
Microscope magnification 20X 
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Figure 52. Dose response curve of the effect of fraction 4 on the viability of MCF 
lOA cells. 

MCFIOA ce ll s were seeded in a 96 well plate in triplicate (- 3200 cells per well); after 24 hours a fresh media with or 
without the fraction 4 were and incubated for 48 hour at 37"C standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kit. 

2.1.2.3.2. Cells from non invasive breast tissue, MCF7 and T47D 

Treated with different concentrations of fraction 4 for 24 hours, a morphology cbange is 

induced at highest concentrations in T47D cells. The cells cbange from their nonnal 

epithelial shape (Figure 53 A) to a detached, round shape. All the cell s are affected when 

the concentration of the extract was 1.4 (Figure 53 D). At the concentration of 0.35 
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mg/ml, small cellular bodies are spread over the surface of the well. When the 

concentration is below 0.17 mg/ml, the population of treated and untreated cells appears 

identical. The exposition of MCF 7 cells to the same gradient of concentration of fraction 

4 also induces a dose dependent change in the appearance of the cells. Some MCF7 cells 

change from their"normal epithelial shape (Figure 54A) and shrink while others become , 
rounded detached. These changes are more significant in the highest concentration, 1.4 

mg/ml (Figuie 540) and are less apparent at lowest concentrations (Figure 548, C), but 

still, at these concentrations, the number of cells is visibly less dense compared to the 
• 

untreated sample. 

The variation in the morphology of fraction 4-treated MCF7 cells is accompanied by a 

dose-dependent decrease in the number of metabolically active cells ~ith an EDso of 0.63 

± 0.14 mg/m1 which corresponds to an approximate 6 fold increase in activity compared 

to the crude extract (Figure 55). A similar result is obtained when the other noninvasive 

cell line, T47D is challenged with the same gradient of concentration with an EDso of 

0.62 ± 0.03 mg/ml. The only difference in this case, is a stimulatory effect is noted at the 

lowest concentrations (Figure 56). 
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Figure 53. Phase contrast (A-D) analysis oIT47D cells grown in the presence and 
absence of fraction 4. 
A: untreated cells, B, C. D are cell treated respectively with and 0.35, O.7and 1.4 mg/ml of fraction 4, 
Microscope magnification 5X 
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Figure 54. Phase contrast analysis of MCF7 cells grown in the presence and 
absence of fraction 4 of coffee cherries extract. 
A: untreated cells, B, C. D 0.35. 0 .7. and 1.4 mg/ml. 
Microscope magnification 20X 
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Figure 55. Dose response curve of tbe effect of Fraction 4 on tbe viability of MCF 7 
cells. 
MCF7 cells were seeded in a 96 well plate in triplicate (- 7600 cells per well); after 24 hours a fresh medin wi th or 
without the fmellon 4 were and incubated for 48 hour at 3rC standard atmospheric condition. Cell viability was 
measured with quick proliferation assay kit. 
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Figure 56. Dose response curve of tbe effect of fraction 4 on tbe viability of T47D 
cells. 
T47D cells were seeded in a 96 well plate in triplicate (- 5000 cells per well); after 24 hours a fresh media wi th or 
without the fraction 4 were and incubated fo r 48 hour at 3?OC standard atmospheric condition. Cell viability was 
measured with qu ick proli fcmlion assay kit. 
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2.1.2.3.3. Cells from invasive breast tissue, MDA-MB-231 and Hs578T 

A cbange occurs in the morphology of MDA-MB-23I cells when they are incubated for 

24 bours with different concentrations of fraction 4. The cells cbange from fibroblastic 

to a detached, round shape cells, witb intracellular material accumulated in a single spot 

of the cellular body. At the two highest concentrations of fraction 4 (IA mg/mJ and 0.7 

mg/m1), all cell members of the population are affected (Figure 57 C, D). At 

concentrations ::: 0.17 mg/mlthe population of treated and untreated cells appear identical 

(Figure 57 B). 

Fraction 4 has a similar effect on the morphology of Hs578T cells. All the cells treated at 

concentrations bigher than 0.17 mg/ml are affected (Figure 58 B, C, D) . 

The strong effect of the fourth fraction on Hs578T is also noticeable in terms of cell 

count. Tbe treatment induces a dose dependent decrease in the number of metabolically 

active cells with a plateau effect at concentration as low as 140Ilg/ml (Figure 59). Tbe 

ED50 of this effect is 0.29 ± 0.05 mg/ml, which corresponds to a 5-fold increase in 

activity compare to the crude extract. In the same way, this fraction induces a dose

dependent decrease in the number of metabolically active MDA-MB23I cells after 48 

hours of treatment with an ED50 of 1.04 ± 0.06 mg/ml (Figure 60). 
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Figure 57. Phase contrast (A-D) analysis of Mb231 cells grown in the presence and 
absence of fraction 4. 
A: untreated cells, B, C, D: 0.35,0.7 and l.4mglml, 

Microscope magnification 20X 

Figure 58. Phase contrast (A-D) analysis or HsS78t cells grown in the presence and absence or F4. 
A: untreated cells, B, C, D 0.35, 0.7 and 1.4mglml, 

Microscope magnification 20X 
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Figure 59. Dose response curve of the effect of fraction 4 on the viability of 8S578t 
cells. 
1-155781 cells were seeded in a 96 well plate in triplicate (- 1700 cells per well); after 24 hours a fresh media with or 
without the fraction4 were and incubated for 48 hour at 37'C standard aunosphcric condition. Cell viability was 
measured with quick proliferolion assay kit. 

MB 231 + fraction 4 

120 
!! 
a; 

100 <> - .. 0> I .. - 80 • CI<> .... t • -'" 0::- 60 .... 
2.!:! 
l:& 40 I .. 

'ii 20 • E 

0 
0.1 10 

log~oncentr.1ion (m gIm 1) 

Figure 60. Dose response curve of the effect of fraction 4 on the viability of MB231 
cells. 
Mb231 cells were seeded in a 96 well plate in triplicate (- 12000 cells per well): after 24 hours a fresh media with or 
without the fraction 4 were and incubated for 48 hour at 3JOC standard atmospheric condition. Cell viability was 
measured wi th quick proliferation assay kit. 
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2.1.2.4.0thcr fractions 1,2,5,6 

The other fractions, I, 2, 5, and 6, with exception to few cases, were inactive in all cell 

lines. Fractions I, 2 and 5 induced a dose dependent decrease in the number of 

metabolically active Hs578T. The cffect of fraction 2 (Figure 61), but not fraction I and 5 

was accompany by a change in the morphology of cells. But together with fraction 6, 

these fractions were inactive in all the other cell lines: MDA-MB-231 , MCF7, and MCF 

lOA, T47D (data not shown). 

Figure 61. Phase contrast (A-D) analysis of HsS78t cells grown in the presence and 
absence of fraction 2. 
A: untreated cells, B, C, D, 0.17, 0.35, 0.7 mglml , 
Microscope magnification 20X 

91 



2.2.Apoptosis Assays 

As a result of cell treatment with the positive control, the fraction or crude extract of 

coffee cherry pulp, significant changes in the morphology of cells derived from 

cancerous tissue had occurred: certain cells became round shaped, others shrunk while 

others broke down in small cellular bodies. Because these are some hallmarks of 

apoptosis, we hypothesized that the fractions and crude extract from coffee cherry pulp 

induce cells to undergo apoptosis. As activation of caspase-3 and nuclear fragmentation 

is crucial events in any apoptotic pathway, to verify our hypothesis, two staining were 

done, OAP! staining for observation of nuclear fragmentation and immunostaining with 

antibody against the active form of caspase 3 (cleaved caspase-3). 

2.2.1. T47D cells 

Untreated T470 cells were stained and used as a negative control for caspase activation 

and nuclear fragmentation. After 24 hours of incubation, these cells showed a normal 

non-fragmented round shape nucleus (Figure 62A). The red signal which witnesses 

represent activation of caspase-3 is absent in these cells (Figure 62B). However treating 

these same cells with 0.35 mg Iml of fraction 4 (Figure 62G) or 0.25 mg/ml of fraction 3 

(Figure 620) triggers them to undergo apoptosis. OAPI staining of this sample clearly 

shows nuclear fragmentation as well as activation of caspase-3 (Figure 62E & 631-1). The 

merged picture shows caspase 3 in these cells mainly in the nucleus for fraction 3-treated 

cells and co-localized to tbe nucleus and cytoplasm for fraction 4-treated cells (Figure 

621) . 
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2.2.2. MCF 7 cells 

After treatment of MCF 7 cells with fraction 4 at 0.35 mg/ml and fraction 3 at 0.25 

mg/ml, a very weak red signal was obtained in few cells and no nucleus fragmentation at 

this point was observed. The same experiment was repeated and the cells were allowed 

a longer period of time in presence of fraction 4 and fraction 3, up to 48 hours. More 

cleaved caspase-3 signal was detected as being co localized in the nucleus and cytoplasm 

in both fraction 3 and fraction 4 treated cells (Figure 63 E&F, H&I). No nuclear 

fragmentation was detected (Figure 64D&G). With the crude extract, neither the nuclear 

fragmentation nor appreciable caspase activation was detected. No such signals were 

detected with the negative control (Figure 63 A, B, C) 
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Untreated T47D cells 

T47D cells, treated with 
fraction 3 (O.25mglml) 

T47D cells, treated with 
fraction 4 (O.35mglml) 

Figure 62. DAPI staining and cleaved easpase-3 immunostaining of T47D celIs. 
SOOOOcclls ofT47D cells were seeded on flame-sterilized cover slip and incubated for 24hours afterwards a 
fresh media contain O.3Smglml of fraction 4, or O.25mglml of fraction3 was added before a 24 hours 
incubation. The cells were then immuno stained with anti caspasc-3 antibody (red) and DAPI (bleu). 
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Untreated MCF7 cells, 

MCF7 cells, treated with 
Fraction 3 (0.25mglml) 

MCF7 cells, treated with 
Fraction 4 (0.35mglml) 

Figure 63. DAPl staining and cleaved caspase-3 immunostaining of untreated MCF 
7 cells. 
75000cclls of MCF 7 cells were seeded on flame·sterilized cover slip and incubated for 24hours afterwards 
a fresh media containing 0.35 mglml of fraction 4 or 0.25 mglml of fraction 3 was added before 24-48 
hours incubation. The cells were then immuno stained with anti caspase-3 antibody (red) and DAPI (bleu). 

2.2.3. Hs578T cells 

This cell line appears to have been the most sensitive to treatment (0.25 mglml for 

fraction 3, 0.35 mglml for fraction 4, and 0.7 mglmJ for fraction 0). While neither cleaved 

caspase-3 signal nor nuclear fragmentation was detected with the untreated cells, it was 

clearly detectable after exposure to fractions 0, 3, 4 and the crude extract. Fraction 3 

induced nuclear fragmentation and caspase-activation with localization both in the 
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nucleus and the cytoplasm of the cells (Figure 64 J, K, L, M), as well as fraction 4 

(Figure 64 G, H, I) and fraction 0 (Figure 64 D, E, F). 

2.2.4. MB 231 cells 

After exposure of MDA-MB-23I cells to 5 mg/ml of the crude extract of coffee cherry 

pulp, a cleaved caspase-3 signal is detected. On these same cells, a more pronounced 

activation of caspase 3 and fragmentation of the nucleus were detected after treating them 

for the same period of time with 0.35 mg/ml of fraction 4 or 0.25 mg/ml of fraction 3 

(Figure 65 J, K, L & 64 G, H, I). No effect was detected from the treatment with fraction 

o at 0.7 mg/ml but at the concentration at which the cells became round shape in previous 

experiment, 4 mg/mt some apoptotic cells were detected. 

., 
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Untreated Hs578T 

Hs578T treated 
With 0.7 mglml of Fraction 
o 

Hs578T I treated 
Wi th 0.35 mglml of 
Fraction 4 

Hs578T I treated 
With 0.25 mglml of 
Fraction 3 

Figun' 64. DAP. staining and cleaved caspase-3 immunostaining of untreated 
Hs578t cells. 
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Untreated MDA-MB23I 
cells 

MDA- MB 23 1 treated 
With 0.7 mglml of Fraction 
o 

MDA-MB231 cells. 
lreated with Fraction 3 
(O.25mg/ml) 

MDA-MB231 cells. 
treated with Fraction 4 
(O.35mg/ml) 

Figure 65. DAP) staining and cleaved caspase-3 immunostaining of untreated 
MB231 cells. 
120000cells of MB231 cells were seeded on flame-sterilized cover sl ip and incubated for 24hours 
afterwards a fresh media contain O.35mg/ml of fraction 4 was added before a 24 hours incubation. The 
cells were then immuno stained with anti caspasc-3 antibody (red) and DAPI (bleu). 
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CHAPTERS 

DISCUSSION AND FUTURE DIRECTIONS 

During the processing of coffee fruit into coffee beverages, only the bean of the fruit is 

kept while the fruit pulp is mostly discarded. In fe~ areas of the world, however, this 

external part of the fruit is used in the making of healthy drinks. Previous in vivo studies 

on a breast cancer mouse model (SHN) have demonstrated that the fruit pulp residue has 

an anticancer potential. The hot water extract of tliis residue has been shown to markedly 

inhibit both the development and the growth of spontaneous mamrnarytumors in mice 

(Nagasawa et aI, 1996), an activity that Kobayashi et al (1996 and 1997) suggested might 

result from the immuno-modulating ability of the extract. In this project, our objective 

was to test this same crude extract and its fractions on a human cell culture model. We 

assessed the ability of the crude extract and its fractions to inhibit cell proliferation as 

well as to induce apoptosis. 

The crude extract has showed a non-specific antiproliferative effect at low concentration 

on all the cells lines, normal and cancerous, and a cytotoxic activity at higher 

concentrations on all the cancerous cell lines only. This active crude extract was then 

separated into multiple fractions with differing activities. With regards to their activity 

on the non-tumorigenic cell line, MCF lOA, these fractions can be classified into two 

separate groups, the first group being that of fractions 0, I, 2, 5, and 6. This group 

neither induced a statistically significant decrease. in cell viability nor induced any 
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changes in the morphology of these cells. These fractions can thus be considered as being 

inactive against this specific cell line, MCF IDA. 

The second category is that of fraction 3 and fraction 4, which did not induce any 

changes in cell morphology, but did induce a dose-dependent decrease in the number of 

metabolically active MCF lOA cells. Because the change in the cell viability or cell count 

is not associated with any alteration of the cell morphology, it can be stated that the 

decrease in the cell count observed after incubation of normal cell with fraction 3, 4 or 

the crude extract, is not due to apoptosis. One possible hypothesis on the mechanism of 

action is that they act by targeting the division process of these cells. By targeting the 

mitotic apparatus,. a constraint is put on the cell which increases their doubling time 

comparatively to untreated cells. This would result, after a'certain period of incubation, to 

a lower count in cells treated with these fractions compared to untreated cells. Another 

hypothesis, which is less likely, is that these fractions might inhibit the mitochondrial 

enzyme that drives the formation of the substrate that the quick proliferation assay 

detects. This hypothesis is less likely since visually under the contrast phase microscope, 

the decrease in cell density between the populations treated at the highest concentration 

of fraction 3 and fraction 4 vs. those treated at the lowest concentration of these fractions 

is evident and clearly appreciable. 

The crude extract and fractions 0, 3, and 4 of coffee cherry pulp was also active against 

cancerous cells. They do not act only by decreasing the number of viable cells after 48 

hours of incubation (as it was the case on normal cells), but by altering the morphology 

j 
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of these cells as well. The change in morphology was similar to that observed in cells 

treated with doxorubicin, a well-known chemotherapeutic agent which acts by inducing 

apoptosis. Therefore, we postulated that the crude extract and fractions also acted through 

,this mechanism. The crude extract was active non-specifically against all these cells with 

a high EDso which is not surprising as it is a crude extract and thus the amount of active 

compo?ent present can be relatively low. On cancerous cells, with regard to their general 

pattern of activity, the fractions of this crude extract which had showed an interesting 

pattern of activity (fraction 0, 3, and 4) can be grouped in two separate categories. 

The first group contains fractions 3 and 4, which according to their EDso are significantly 

potent against the four cancerous cell types tested, attacking both invasive and non-

invasive cells with the same pattern. They induced a decrease in the final count of cells as 

well as serious alterations in the cell's morphology indicating apoptosis. DAP! staining 

and immunostaining with anti-cleaved,caspase 3 antioody, showed' fragmented nuclei and 

activation of caspase 3, indicating that the likely mechanism of action of these two 

fractions is by inducing cell death through apoptosis. This activity can be the result of a 

component present in these two fractions at a non negligible amount. Fraction J and 4 are 

not only similar in their mode of action but also, they seem to be chemically similar. 

According to their HPLC profile, they both contain at a significant amount, a major 

component that exits the column after about 7.63 minutes. This component being the 

active principle of these fractions (3 & 4) would explain their similarity of action. 
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The second group is that of Fraction O. It has some similarity to fractions 3 and 4 as it 

induced both a decrease in the number of metabolically active cells and an alteration in 

the morphology cells as well. Unique to this fraction however, is its specificity of action. 

This fraction is active only against the invasive breast cancer cell lines, MDA-MB-231 

and Hs578T, while it is totally inactive against both of the non-invasive cell lines tested, 

MCF7 and T47D. Nucleus fragmentation and activation of caspase-3 were detected in 

cells exposed to fraction 0, which led us to the conclusion that when active, Fraction 0, 

like Fraction 3 and 4, works by inducing cells to undergo apoptosis. The active principle 

in all these fractions might then be an apoptosis inducer ~hich somehow initiated the 

process. The differential effect of fraction 0 which induced some cell types but not others, 

, 
to undergo apoptosis, might be a consequence of the dissimilar genetic composition of 

particular invasive and non invasive cells. Even if apoptosis is a process common to all 

these cell types, a component of the apoptotic machinery might be different among these 

cell types. Apparently one component of that machinery that is necessary for the activity 

of the active principle present in fraction 0 is present in invasive cells while absent in 

their non invasive counterpart. 

Fraction 0 is our most interesting fraction not only because this fraction is less likely to 

contain already known components but also because of its specificity of action. Fraction , 

0, unlike fraction 3 and fraction 4 was active only against invasive breast cancer cell lines 

(MDA-MB-231 and Hs578T) while inactive on the non-tumorigenic cell line (MCFIOA) 

and the non-invasive cell (MCF7and T47D). This fraction contains a substance which can 

have a great potential in the fight against invasive/metastatic breast cancer which by far 
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are more serious than non invasive breast cancer. In patients diagnosed with distant 

metastases, the 5-year survival rate is only 26%, compared to 80% for regional and 98% 

for localized disease 50. Once distant metastasis is diagnosed, the median survival is 19-36 

months 49. With regard to the ED50 values, this fraction seems less potent, but because the 

nature and proportion of the active component in each fraction is still unknown, it is 

possible that Fraction 0 has much' less of the active component and thus a higher 

concentration is necessary to detect biological activity. With regards to its HPLC profile, 

this fraction contains a single peak which appears with intensity five-fold less to that of 

the highest peak of fraction 3 and 4. This single peak certainly does not correspond to a 

single component and certainly represents all the components that did not bind to the C 18 

SPE column as fraction 0 is the material that flows through the column. 

Focusing more on this fraction is our main priority for the continuation of this project. 

The lack of specificity of action of many anticancer drugs currently available on the 

market constitutes a major problem. The active component in fraction 0 acts specifically 

only on the invasive cell lines we have tested, and does not act on the noninvasive, nor on 

the cell line derived from normal/non-tumorigenic breast tissue. This component might 

have a great potential in treating invasive cancers which are the cause of most of the 

morbidity and mortality attributed to breast cancer. Future studies of this project will 

focus on the identification of components present in fraction 0 as well as the detection of 

the component(s) which act differentially on invasive vs. non invasive and cancerous vs. 

non cancerous cell/tissue. Other objectives in the future will be to broaden our panel of 
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invasive, non-invasive and normal cells lines as well as to identify the intracellular target 
, 

and pathway affected by these components. 

Previous studies have related the ability of the hot water extract of the pulp or" coffee 

cherry fruits to inhibit both the development and the growth of spontaneous mammary 

tumors in mice to the immuno-modulating ability of this extract. In this study, we have 

tested the effect of this extract on a human cultured cell model, and have found that this 

extract is not only effective in inhibiting the proliferation of cancerous cells through the 

r 

activation of apoptosis, but also identified a fraction, Fraction 0, that specifically targets 

invasive breast cancer cells. 

<. 
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CHAPfER6 
CONCLUSION 

The goal of this study was to evaluate the antiproliferative and apoptotic properties of the 

crude extract from coffee cherry pulp and fractions of the crude extract, on human cell 

lines derived from normal breast tissue and from invasive and non-invasive breast cancer 

cells. The crude extract, which was previously 'shown to have an anticancer activity in 

mice, demonstrated a non-specific antiprolife'rative and cytotoxic activity on all five cell 

types tested (cancerous and non cancerous cells). Fractionation of the crude extract using 

a gradient of concentrations of methanol as solvent resulted in seven fractions with 

varying activity. The void volume (Fraction 0), Fraction 1 (MeOHIH20 01100 (vlv)), 

Fraction 2 (MeOHIHzO 12.5 185.5(vlv)), Fraction 5 (MeOHIH20 75125 (vlv)), and 

Fraction 6 (MeOHlH20'10010 vlv), showed no effect on normal non-tumorigenic breast 

epithelial cells. Three fractions were remarkable by their pattern of activity against breast 

cancer cells. Fractions 3 and 4 acted in a non-specific way, affecting invasive and non- • 

• invasive breast cancer cells by inducing them to undergo apoptosis. Fraction 0 also 

induced apoptosis, but only against invasive breast cancer cells. 
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