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1.0 INTRODUCTION

Assessing the potential hazards and risks posed by substances such as pesticides or pharmaceuticals, requires safety assessment tests. At present, safety evaluation studies depend predominantly on animal testing as only a limited number of non-animal methods are validated. Thus, there is a dire need for non-animal, alternative methods in place of animal procedures wherever possible, which would minimize the animal use and suffering (Anon, 2002).

In this direction, alternative methods such as in vitro cell-based assays, genomics and computational analysis have gained more attention (Ulrich and Friend, 2002; Li et al., 2003; Meyer, 2003; Suggitt and Bibby, 2005). Replacement, Reduction and Refinement of animal procedures (the Three Rs) are implemented wherever possible. Over the last decade, there has been substantial progress with applying in vitro and in silico methods to both drug efficacy and safety testing (Combes et al., 2003). One such in vitro method is primary cultured chick embryo fibroblast cells.

In the long journey of life, the cells and tissues that comprise our bodies are inundated with environmental agents that have the potential to damage cells and cause several diseases including cancer (Hahn, 2004). Cancer is one of the most dreaded diseases of the 20th century. Cancer in each person differs according to the person’s exposure to carcinogens and genetic constitutions which make each of them react differently to the same diet (Balachandran and Govindarajan, 2005). 

Apoptosis, or programmed cell death, is a mechanism, by which cells undergo death, to control cell proliferation or in response to DNA damage. The understanding of apoptosis has provided the basis for novel targeted therapies that can induce death in cancer cells or sensitize them to established cytotoxic agents and radiation therapy (Ghobrial et al., 2005).

Apoptosis can occur, when a cell is damaged beyond repair due to stress conditions like ultraviolet light, generation of free radicals, viruses, chemicals, drugs, cytokines and ligands (Mishra and Kumar, 2005). Impairment of apoptosis, the physiological and pathological cell death process, is central to cancer development and renders tumors refractory to cytotoxic therapy (Cory and Adams, 2005). 

The apoptotic mode of cell death involves the active participation of the cell’s self-destruction cascades that eventually result in DNA degradation via endonuclease activation, nuclear disintegration and the formation of apoptotic bodies, which are rapidly phagocytosed by the macrophages (Seo et al., 2001). An effective anticancer drug should kill the cancer cells without causing excessive damage to the normal cells. An ideal strategy in this regard would be the induction of apoptosis in cancer cells (Taraphdar et al., 2001). 

Herbs have recently attracted attention as health beneficial foods (physiologically functional foods) and as source materials for drug development. Herbal medicines derived from plant extracts are being increasingly utilized to treat a wide variety of clinical diseases (De Smet, 2002). 

Plants have formed the basis of sophisticated traditional medicine systems, among which are Ayurveda, Unani and Chinese systems of medicine. These systems have given rise to some important drugs in use today (Gurib-Fakim, 2006). The World Health Organization (WHO) reports that about 80% of the populations living in the developing countries rely on traditional medicine for their primary healthcare needs. In almost all the traditional systems of medicine, the medicinal plants play a major role and constitute their backbone (Mukherjee and Wahile, 2006).

Herbal preparations have been increasingly used for cancer therapy in an attempt to assist in killing tumour cells and reducing the toxicity of combined chemotherapeutic agents (Tang et al., 2003). There are at least 250,000 species of plants out of which more than one thousand plants have been found to possess significant medicinal properties. While many molecules obtained from nature have shown wonders, there are a huge number of molecules that still either remains to be tapped or studied in detail by the medicinal chemists (Mukherjee et al., 2001).  

The candidate plant of the present study, Clitoria ternatea, is one among them. This is a tropical forage legume, with important agronomic traits such as adaptation to a wide range of soil conditions and resistance to drought and a number of pathogens and pests. Seeds of Clitoria ternatea have antimicrobial and insecticidal effects (Kelemu et al., 2004).

Earlier studies conducted in our laboratory revealed Clitorea ternatea, to be rich in antioxidants (Thiruselvi, 2007) and to possess antiapoptotic activity against hydrogen peroxide induced oxidative stress (Vijayachandran, 2007). Clitoria ternatea (Butterfly pea) commonly known as Shankupushpam is widely used in traditional Indian systems of medicine. Besides its medicinal property, butterfly pea is also a good source of phytochemical substances. It contains antifungal proteins and has been shown to be homologous to plant defensins (Naeema et al., 2007).

The present study was formulated with the following objectives:

· To analyse the influence of Clitoria ternatea leaf extracts on chick embryo fibroblast cells.

· To assess the effects of etoposide, a standard anticancer drug, on apoptotic events like DNA fragmentation, morphological and nuclear changes in chick embryo fibroblast cells.  

· To evaluate the combined effects of etoposide and the plant extracts on the apoptotic events in chick embryo fibroblast cells.

· To compare the effects of leaf extracts of blue and white veriety of Clitoria ternatea on etoposide induced apoptosis in chick embryo fibroblast cells.

The literature collection relevant to this study was done and a brief summary of the vast literature is presented in the following chapter.

2.0 REVIEW OF LITERATURE

Human disease can be defined as a condition, state or process occurring in the human body that not only impairs the bodily structures and functions but also threatens the health and well-being. Every disease is unique and can vary in symptoms, signs and outcomes. Disease not only causes biological and functional alterations but also results in abnormalities in the physical and structural characteristics of cells (Gabriel et al., 2006). 

CANCER

Cancer is one of the most dreaded diseases of the 20th century, which has shown an increasing incidence in 21st century (Balachandran and Govindarajan, 2005). Cancer can be characterized by the uncontrolled division of abnormal cells, which spread to various parts of the body and infiltrate and destroy healthy body tissue (Lundstrom and Boulikas, 2002). An integrated approach is needed to manage cancer using the growing body of knowledge gained through scientific developments (Balachandran and Govindarajan, 2005). 

Cancer is a genetic disease that may be brought about by dysregulation of 4 different pathways:

1. Increased activity of the cell cycle (eg, Ras, cyclins) 

2. Decreased activity of differentiation pathways (eg, Hh, Apc) 

3. Decreased DNA repair (eg, Atm, Brca) 

4. Decreased cell death (eg, decreased Bcl-2, increased Apaf-1 activity) 

Causes

Cancer develops gradually as a result of a complex mix of factors related to environment, lifestyle, and heredity. Scientists have identified many risk factors that increase the chance of getting cancer. They estimate that about 80 percent of all cancers are related to the use of tobacco products, to what we eat and drink, or, to a lesser extent, to exposure to radiation or cancer-causing agents (carcinogens) in the environment and the workplace. Some people are more sensitive than others to factors that can cause cancer. Many risk factors can be avoided. Others, such as inherited risk factors, are unavoidable (http://seniorhealth.about.com/library/ conditions /blcancer1.htm).

APOPTOSIS

The term “apoptosis” had been coined to describe the morphological processes leading to controlled cellular self-destruction and was first introduced in a publication by Kerr et al. (1972). Apoptosis is of Greek origin, having the meaning "falling off or dropping off", in analogy to leaves falling off trees or petals dropping off flowers. This analogy emphasizes that the death of living matter is an integral and necessary part of the life cycle of organisms (Leist and Jattela, 2001). Apoptosis is a key regulatory factor in the patterning of tissues and organs during development, as well as a major feature of a number of pathological states such as neurodegenerative diseases, stroke, and trauma (Mattson, 2003).  

Functions of Apoptosis
The development and maintenance of multicellular biological systems depends on a sophisticated interplay between the cells forming the organism, it sometimes even seems to involve an altruistic behaviour of individual cells in favour of the organism as a whole. During development, many cells are produced in excess, which eventually undergo programmed cell death and thereby contribute to sculpturing many organs and tissues (Meier et al., 2000).

Alterations in apoptotic or growth/survival signaling pathways may lead to the development of chemo resistance (Anderson, 2003). Apoptosis (programmed cell death) has a major role in development and in some physiological processes such as deactivation of the immune system and turnover of colonic epithelium, among others (Gabriel et al., 2006).

Mechanism of Apoptosis
Caspases are enzymes known as proteases, which play essential roles in apoptosis. As proteases, they are enzymes that cleave other proteins. They are called cysteine proteases, because they use a cysteine residue to cut those proteins, and called caspases because the cysteine residue cleaves their substrate proteins at the aspartic acid residue. Caspases are essential in cells for apoptosis (http://en.wikipedia.org/wiki/Caspases).

The understanding of apoptosis has provided the basis for novel targeted therapies that can induce death in cancer cells or sensitize them to established cytotoxic agents and radiation therapy (Arden and Betenbaugh, 2004). The apoptotic program is highly complex and the cellular events involve the activation of many signaling cascades (Figure-1) resulting from either external stress signals or internal organelle-specific initiation events. Three main pathways predominate:

(i) Intrinsic apoptosis or mitochondrial-mediated pathway 

(ii) Extrinsic or death receptor or the endoplasmic reticulum (ER) stress induced pathway and 

(iii) Apoptosis-inducing factor (AIF) - mediated or cell surface-mediated signal transduction pathway. 
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Figure-1 : Molecular pathways leading to apoptosis (Arden and Betenbaugh, 2004).
(i) Intrinsic apoptosis or mitochondrial-mediated pathway 

Mitochondrial apoptosis is induced by many intracellular stresses up-regulating Bax and Bak levels. These proteins then translocate to the mitochondrial membrane leading to its permeability and the release of apoptotic proteins. Bax and Bak are both pro-apoptotic proteins containing multiple bcl-2 homology domains. SMAC (second mitochondrial activator of caspases), DIABLO [direct inhibition of apoptosis protein (IAP) binding protein with low pI], Apaf-1 (apoptosis protein activating factor-1) and cyt c (cytochrome c) are among the apoptotic proteins housed in the mitochondria, which are released upon loss of mitochondrial membrane integrity. X-linked inhibitor of apoptosis is a member of the inhibitor of apoptosis protein family, which inhibits activation of downstream caspases (Figure-2) (Arden and Betenbaugh, 2004). Increased levels of p53 promotes the release of cytochrome c and activates caspase-3 before leading to apoptosis (Chen et al., 2007). 

Apoptosis requires activation of caspases 3, 8, and 9 (Zhang et al., 2007). The Bax-dependent cell death involves classical cytochrome c release and processing of caspase-9 and -3. The failure of Bcl-X(L) over expression completely prevents apoptosis (Kumar et al., 2007). Cell apoptosis is induced by down-regulating Bcl-2 expression, up-regulating Bax expression, lowering of the mitochondrial trans membrane potential, and activation of the caspase-3 pathway (Yang et al., 2006).

Figure-2 : Mitochondrial regulation of apoptosis
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http://www.medicine.uiowa.edu/pathology/path_folder/faculty/knudson/knudson.html

(ii) Extrinsic or death receptor or the endoplasmic reticulum (ER) stress induced pathway 

The endoplasmic reticulum (ER) pathway is induced by misfolded and aggregated proteins and other stresses in the ER that leads to the release of Ca2+ and activation of the mitochondrial apoptosis pathway and independent ER-associated caspases. Bid is a member of the pro-apoptotic BH3 subfamily (Arden and Betenbaugh, 2004). Caspase-12 is localized to the cytoplasmic side of the endoplasmic reticulum and is involved in apoptosis mediated by the endoplasmic reticulum (Grondin et al., 2007).

The calcium-dependent cysteine protease calpain plays an important role in the ER pathway of apoptosis, along with caspase-12. Calpain is usually present in an inactive form in the cytosol, whereas active calpain is found predominantly at the plasma membrane. Membrane localization appears to be an important mechanism to regulate calpain activity (Perrin and Huttenlocher, 2002).

The Fas/Fas-L system contributes to the pathogenesis of several organ-specific autoimmune diseases through effector cells that cause direct damage via activation of the Fas apoptotic pathway (DeMaria et al., 1996). An increase in the phosphorylation of p38, JNK and c-Jun, cytochrome c release and expression of Fas, FasL, Bax, and t-Bid mediates apoptosis via the JNK/p38 signaling cascade (Lin et al., 2007).

(iii) Apoptosis-inducing factor (AIF) - mediated or cell surface-mediated signal transduction pathway

The apoptosis-inducing factor (AIF) is a 57KD flavoprotein located in the mitochondrial intermembrane space of mitochondria (Mishra and Kumar, 2005). AIF translocates to the nucleus, where it induces the condensation of chromatin. Unlike cytochrome c, AIF activation of apoptosis is independent of caspases (Joza et al., 2001). Cytochrome c usually accompanies AIF release from mitochondria, resulting in caspase activation and subsequent DNA fragmentation (Dumont et al., 2000).

DNA repair is tightly linked to cell death. In fact, activation of Ataxia telangiectasia mutated by ionizing radiation leads to activation of chlk2 and p53, an internal switch whose recruitment may lead to cell cycle arrest, cell stabilization, or apoptotic death. p53-induced apoptosis requires the effector activity of caspase 9 and Apaf 1, and follows the intrinsic pathway with mitochondrial involvement and apoptosome formation (http://www.Med scape.com/content/2003/00/46/08/460891/460891_ref.html). 

Morphological Changes of Apoptosis

Apoptosis is a genetically controlled process and is morphologically recognized by cell and chromatin shrinkage followed by plasma membrane blebbing. Blebbing involves the shedding of membrane fragments from the cell in the form of apoptotic bodies that often include cytosolic and nuclear contents (Arden and Betenbaugh, 2004). These changes can be visualized by morphological staining with giemsa or Hoechst 33342 (Yang et al., 2007). 

Nuclear Effects of Apoptosis

The hallmark of apoptosis is the cleavage of chromosomal DNA into nucleosomal units. The degradation of DNA in the nuclei of an apoptotic cell is accomplished in a number of ways following the activation of caspases. They are, 

1. Inactivation of enzymes involved in DNA repair

2. Inactivation of enzymes involved in cell replication 

3. Breakdown of structural nuclear proteins

4. Fragmentation of DNA, caused by an enzyme known as CAD, or caspase activated DNase (Fischer et al., 2003).

These changes can be visualized by single staining with propidium iodide (PI), 4',6-diamidino-2-phenylindole (DAPI), ethidium bromide (EtBr), acridine orange or double staining with acridine orange/EtBr, annexin V/PI and annexin V/DAPI (Mukhopadhyay et al., 2001; Chiaradia et al., 2002; Jakopec et al., 2006; Cao et al., 2007; Konduri et al., 2007; Li et al., 2007a; Pal et al., 2007).

Etoposide

An ethanolic extract of Podophyllum peltatum L. or P. emodi Wall (syn. P. hexandnum Royle) is a good source of podophyllotoxin. Etoposide is a podophyllotoxin derivative and is successfully utilized in the treatment of a variety of malignant conditions (Canela, et al., 2000).

In cancer therapy, patient intolerance and drug toxicity are major limiting factors (Rao and Umadevi, 2005). Also, the cytotoxic agents used to treat patients with cancer leads to a dramatically higher life long risk of secondary cancers (Hahn, 2004). The drugs developed so far are expensive and have serious side effects (Eli and Fasciano, 2006). Herbal preparations have been increasingly used for cancer therapy in an attempt to assist in killing tumour cells and reducing the toxicity of combined chemotherapeutic agents. Etoposide-induced apoptosis plays a role not only in anticancer effect but also in adverse reaction, such as myelosuppression (Lee et al., 2007a).

Alternative systems

There has been a worldwide trend in the reassessment of animal experiments and a rise in interest in alternative methods, leading to a reduced number of animals being used in experiments. There are several alternative approaches, such as tissue, cell and organ culture, survey of human studies, replacement with less sentient organisms, use of discarded human placentas for microsurgery, chromatography and mass spectrometry, computer simulation, audio visual aids, centralization of existing data with easy access and so on (Ninomiya and Inomata, 1998). The alternative systems that have been popular include tissue slices, primary culture, cell lines, and lower organisms like Drosophila melanogaster, Saccharomyces cerevisiae and many more (http://en.wikipedia.org/wiki/Model_organism). 

Medicinal plants as inducers of apoptosis 

The use of medicinal plants to combat diseases has increased in the last years despite the little information available with regard to the possible health risks they represent (Poersch et al., 2007). The extracts of medicinal plants are believed to contain different chemopreventive or chemotherapeutic compounds. The use of plant extracts, especially the whole plant extracts, are effective in cytostatic effects against cancer cells (Vickers, 2002). An aqueous extract from the young developing leaves of willow (Salix safsaf, Salicaceae) trees were found to promote apoptosis by causing DNA damage, and affecting cell membranes and/or denaturing proteins (El-Shemy et al., 2007).

Yazdanparast et al. (2006) reported that Dendrostellera lessertii (Thymelaeaceae) has strong anticancer activity and apoptosis. Garcia et al. (2006) reported that Phellodendron amurense extract (Nexrutine treatment) inhibited the proliferation of human prostate cancer cells through induction of apoptosis. Terminalia arjuna induced cytotoxicity in HepG2 (human hepatoma) cells in vitro, by inducing apoptosis (Sivalokanathan et al., 2006). The anticancer properties of garlic have been shown to involve apoptosis (Horie et al., 2006; Milner, 2006). 

Hibiscus sabdariffa L. extract induced cytotoxicity and apoptosis of AGS (human adenocarcinoma) cells in a concentration-dependent manner (Lin et al., 2007). Extracts of Narthecium ossifragum increased apoptosis in renal epithelial (LLC-PK1) cells (Wisloff et al., 2007).

The immunomodulatory properties of Stachys obtusicrena also involves apoptosis of the proliferative lymphocytes (Amirghfran et al., 2007). Jadhav et al. (2007) reported that Iberin (degraded glucosinolates) possessed anticancer efficacy mediated via induction of cell cycle arrest and apoptosis in human neuroblastoma cells. 

A methanolic extract of black cohosh enhanced apoptosis and repressed cell cycle genes and was found to be useful in the prevention and therapy of breast cancer (Einbond et al., 2007). An ethanolic extract of the fruits of Oroxylum indicum inhibited the in vitro proliferation of HL-60 cells (Roy et al., 2007). Withania somnifera methanolic leaf extract induced apoptotic cell death in HL-60 cells (Senthil et al., 2007). Mountain grown ginseng was also reported to be a potent inducer of apoptosis on HL-60 cells (Koo et al., 2007).

The anti-tumor property of ethyl acetate extract of Sarcandra glabra was investigated and found to initiate apoptosis in the leukemic HL-60 cells (Li et al., 2007b). The ethanolic extract of Serenoea repens is capable of producing antiproliferative effect triggered by induction of apoptosis (Hostanska et al., 2007).

The plant used for the present study was Clitoria ternatea. It is a tropical forage legume and has important agronomic traits such as adaptation to a wide range of soil conditions and resistance to drought. Clitoria ternatea is resistant to a number of pathogens and pests. Seeds of Clitoria ternatea have antimicrobial and insecticidal properties (Kelemu et al., 2004). The roots of Clitoria ternatea have anti-inflammatory, analgesic and antipyretic properties (Devi et al., 2003). It also exhibits antifungal and antidepressant activity (Osborn et al., 1995; Jain et al., 2003). The root extract enhances acetylcholine content in rat hippocampus (Rai et al., 2002). Clitoria ternatea (Linn) root extract is also reported to enhance the memory in rats (Rai et al., 2001; 2005).

In the present study, the leaves of two varieties of Clitoria ternatea (bearing blue and white coloured flowers) have been investigated (Plate-1a and 1b). The detailed methodology and the parameters analyzed in the study are elaborated in the next chapter with appropriate references.

Plate-1

Plate-1a
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Photograph of Clitorea ternatea (Blue variety)

Plate-1b
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Photograph of Clitorea ternatea (White variety)


Plate-2a
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Micrograph of primary chick embryo cells 

immediately after culturing
Plate-2b
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Micrograph of chick embryo fibroblasts at confluence

3.0 METHODOLOGY


This chapter presents the methodologies for assaying various parameters under study. The details of the various procedures are given in the appendices.


The plant selected for the present study was Clitorea ternatea. For the comparative study, leaves from two varieties of this plant, namely plants bearing blue and white coloured flowers were taken. An earlier study in our laboratory was conducted on antiapoptotic effect of the same plant using yeast as a model and H2O2 as an oxidant (Vijayachandran, 2007). The present study focused on the antiapoptotic effect on cultured chick embryo fibroblast cells, where the apoptosis was induced by etoposide, which is a widely used anticancer drug. 

PREPARATION OF THE PLANT EXTRACTS

The leaves were washed free of surface contaminants with tap water, rinsed with distilled water and blotted gently with filter paper. One gram of leaves was homogenized with 1 ml of water in a microfuge tube using a micro pestle. 

The tubes were then centrifuged in a microfuge at 5000 rpm for 10 minutes. The supernatant, free of debris was at a concentration of 1mg/(l. Fresh extracts were prepared and filtered just before use using sterile disposable 0.2( syringe-mountable filter (PALL) for all the assays. 

CULTURING OF CHICK EMBRYO FIBROBLAST CELLS

For the culturing of chick embryo fibroblast cells, Dulbecco’s Modified Eagle’s medium (DMEM) (PAA) was used. As described in http://homepages.gac.edu/~cellab/chpts/chpt12/ex12-10.html, the chick embryo fibroblast cells were cultured in 25cm2 tissue culture flasks and incubated at 37(C in a CO2 incubator (Napco, UK) (Appendix I).

Before culturing the cells (Plate-2a), the required amount of DMEM was supplemented with 10 percent Fetal Bovine Serum (FBS) (PAA).  Penicillin and streptomycin (PAA) was also added to the medium to 1x final concentration from a 100x stock. 


After the cells had attained confluent growth (Plate-2b), the cells were trypsinized using trypsin-EDTA (PAA) and the required number of cells was seeded into sterile 6 well and 96 well plates for carrying out the various assays. In each well of the 6 well plates, a clean dry sterile cover slip was placed before the cells were seeded. The plates were incubated in a CO2 incubator (Napco, UK) in a 5% CO2 and 95% humidity atmosphere.

After treatment, the cover slip alone was removed, placed over a glass slide and secured with vaseline. The cells were washed with PBS and then used for the analysis of various parameters. 

Plate-2a
Plate-6:
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Micrograph of DAPI Stained Etoposide-Treated Chick Embryo Fibroblast Cells Showing Apoptotic Death



Plate-5: 
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Micrograph of Ethidium Bromide stained Etoposide-Treated Chick Embryo Fibroblast Cells Showing Apoptotic Death


Plate-3
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Micrograph of Giemsa Stained Etoposide-Treated Chick Embryo Fibroblast Cells Showing Apoptotic Death



Plate-4
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Micrograph of Propidium Iodide Stained Etoposide-Treated Chick Embryo Fibroblast Cells Showing Apoptotic Death


Plate-2b 

TREATMENT GROUPS


The following treatment groups were set up for each parameter.

(i) Untreated (negative) control

(ii) Etoposide treated (positive) control

(iii) Blue flowered leaf extract (BE) treated group

(iv) Etoposide + Blue flowered leaf extract (BE) treated group

(v) White flowered leaf extract (WE) treated group

(vi) Etoposide + White flowered leaf extract (WE) treated group

The etoposide and/or plant extract exposure was given for 24 hours. The concentration of etoposide used for all the assays was 200(M while the concentration of plant extracts used was 20mg/ml.
PARAMETERS ANALYZED

Initially, the extent of DNA damage and its protection by the leaf extracts was followed using diphenylamine method. The apoptotic events were followed using various parameters in the chick embryo fibroblast cells. Then MTT and SRB assays were conducted to study the cytotoxicity or viability.
1. DNA Fragmentation

At the late phase of apoptosis DNA fragmentation occurs (Kim et al. 2004). The cells were collected by trypsinization using trypsin-EDTA (PAA), distributed equally to the tubes and treatments were performed in the distributed fractions. 

The DNA from etoposide treated, as well as etoposide and extract treated chick embryo fibroblast cells were sedimented and colorimetrically quantified upon treatment with diphenylamine (DPA) by Boraschi and Maurizi (1998) method. The details of the procedure have been documented in Appendix II.

2. Morphological changes during Apoptosis

The morphological changes in the chick embryo fibroblast cells in the presence and the absence of leaf extracts and/or etoposide was observed by phase contrast microscopy (Nikon, Japan) as described by Chih et al. (2001). 

For better visualization, the cells were briefly exposed to liquid Giemsa stain. Appendix III briefs out the procedure.

3. Nuclear changes during Apoptosis

The apoptotic nuclei can be identified by the condensed chromatin gathering at the periphery of the nuclear membrane or a total fragmented morphology of nuclear bodies (Gu et al., 2005). These changes were investigated in the chick embryo fibroblast cells in the presence and the absence of leaf extracts and/or etoposide by ethidium bromide staining as described by Mercille and Massie (1994) with some minor modifications and propidium iodide staining as described by Sarker et al. (2000). The details of these procedures have been outlined in Appendices IV and V respectively.

4. Apoptotic Index

The chick embryo fibroblast cells subjected to etoposide assault were treated with the leaf extracts. The apoptotic index of these cells as well as the untreated cells was scored by DAPI staining. The stained cells were analyzed with fluorescent microscopy. The procedure is outlined in Appendix VI.

5. Cytotoxicity Assay 

The extent of cytotoxicity in the chick embryo fibroblast cells, in the presence and the absence of etoposide with and without leaf extracts, was studied by MTT assay as proposed by Igarashi and Miyazawa (2001). The detailed procedure is given in Appendix VII. 
6. Assay for viability 

The extent of apoptosis in the etoposide treated chick embryo fibroblast cells, in the presence and the absence of leaf extracts, was studied by sulphorhodamine B assay as proposed by Skehan et al. (1990). The procedure is described in Appendix VIII. 

 
The statistical analysis was done using SigmaStat (version 3.1) package. The observations made in the present study, the results obtained and the inferences that could be drawn therein are presented with relevance to the reported literature in the next chapter.

4.0 RESULTS AND DISCUSSION


Plants have been a source of medicines in pharmacopoeia. Herbs have been utilized to treat acute and chronic disorders for thousands of years. In the past few decades, significant advances in experimental methodology and molecular biology have enabled researchers to investigate the potential use of phytochemicals to treat or manage a plethora of chronic diseases including cancer, inflammatory diseases and cardiovascular abnormalities (Issa et al., 2006).


Herbs have recently attracted attention as health beneficial foods (physiologically functional foods) and as source materials for drug development. Herbal medicines derived from plant extracts are being increasingly utilized to treat a wide variety of clinical diseases (De Smet, 2002). 


One such herb is Clitoria ternatea. The present study focused on the ability of the aqueous extracts of the leaves of Clitoria ternatea bearing blue and white coloured flowers (Plate-1a and 1b) in influencing the process of apoptosis induced by etoposide in chick embryo fibroblast cells.  The results obtained are presented and discussed below.

4.1 DNA FRAGMENTATION


DNA fragmentation is a late event in apoptosis. Large fragments of 50-300kb are observed in the early stages and only later do they get further fragmented to 200bp fragments or its multiples (Schliephacke et al., 2004).  

In the present investigation, the extent of DNA damage by fragmentation was quantified in the chick embryo fibroblasts exposed to etoposide with or without Clitoria ternatea leaf extracts. The extent of damage observed is presented in Table-I.

TABLE-I

EFFECTS OF Clitoria ternatea LEAVES ON THE DNA

FRAGMENTATION OF CHICK EMBRYO FIBROBLAST

CELLS SUBJECTED TO APOPTOSIS BY ETOPOSIDE

	SAMPLE
	PER CENT DNA FRAGMENTATION

	
	CONTROL
	ETOPOSIDE

	No extract
	10.90
	75.22

	BE
	11.26
	15.30

	WE
	12.13
	17.53


The values are mean of triplicates.

The extent of damage inflicted to DNA in the various treatment groups is also schematically represented in Figure-3.

Etoposide treatment increased DNA fragmentation and the plant extract treatment decreased the extent of damage caused by etoposide. The leaves from the plants bearing blue flowers were more effective than the ones bearing white flowers in this regard.

Several researchers have followed DNA fragmentation as a tell-tale event of apoptosis induced by various agents. Cells exposed to dihydrocucurbitacin B exhibited a time- dependent occurrence of DNA fragmentation (Yang et al., 2007). Exposure to 7b-hydroxycholesterol caused DNA fragmentation in U937 (human leukemic monocyte lymphoma cell line) cells (O’Callaghan et al., 2001). DNA fragmentation was also observed in Vero cells treated with T-2 toxin (Bouaziz et al., 2006).

In tune with these studies, exposure of chick embryo fibroblast cells, to etoposide caused a steep increase in the extent of DNA fragmentation. This event being an indicator of cellular death by apoptosis, suggests that etoposide induces apoptotic death in chick embryo fibroblast cells.

Many reports in literature also show that when cancer-derived cells are treated with agents with anticancer activity, they cause apoptotic death in the cells, as reflected by fragmentation of DNA.

When OVCAR-3 (ovarian carcinoma) cells were treated with 4- hydroxyphenyl retinamide, DNA fragmentation was found to occur in a dose dependent manner (Um et al., 2001). Similarly, a dose- and time- dependent fragmentation of DNA occurred in HL-60 (human promyelocytic leukemia) cells exposed to myricetin (Ko et al., 2004).

A progressive increase in fragmentated DNA was also observed in K562 (erythroleukemia) cells treated with betanin (Sreekanth et al., 2007). An ethanolic extract of soybean induced DNA fragmentation in MCF-7 (breast cancer) cells (Sebastian and Thampan, 2007).

In our study, etoposide caused DNA fragmentation in chick embryo fibroblast cells, which are non-cancerous, untransformed cells. This toxin effect was effectively counteracted by the leaf extracts of Clitoria ternatea.  The extent of protection was higher in the blue-flowered leaf extract than the white flowered ones.

Figure-3.
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4.2 MORPHOLOGICAL CHANGES


The morphological changes in the chick embryo fibroblast cells in the presence and the absence of the leaf extract and/or etoposide were observed by phase contrast microscopy. Morphologically, apoptosis is first characterized by a change in the refractive index of the cell, followed by a series of changes during which the cell shrinks, shows deformation and looses contact with its neighbouring cells. Its chromatin condenses and marginates at the nuclear membrane and the plasma membrane undergoes blebbing and budding (http://celldeath.de/encyclo/aporev/apointro.pdf).


In the present investigation, the morphological changes related to apoptosis (like membrane blebbing, cell shrinkage accompanied by deformation and chromatin condensation) were quantified per 100 cells using phase contrast microscopy. The results obtained are presented in  Table-II.

TABLE-II

EFFECTS OF Clitoria ternatea LEAVES ON MORPHOLOGICAL CHANGES

IN ETOPOSIDE TREATED CHICK EMBRYO FIBROBLAST CELLS

	SAMPLE
	NORMAL CELLS (PER CENT)
	APOPTOTIC CELLS (PER CENT)

	
	CONTROL
	ETOPOSIDE
	CONTROL
	ETOPOSIDE

	No extract
	98
	19
	2
	81

	BE
	94
	89
	6
	11

	WE
	90
	82
	10
	18


The values are mean of triplicates.


There was a steep increase in the number of cells undergoing apoptosis when subjected to oxidative stress with etoposide (Plate-3). When the aqueous extract of Clitoria ternatea was co-administered, a significant decrease was observed in the number of apoptosing cells. These results indicate that Clitoria ternatea leaves can render protection against etoposide-induced cell death. The effect of the leaves from plants bearing blue flowers (BE) was more pronounced then the ones bearing white flowers (WE). WE caused a slight decrease in normal cell number.

The apoptotic ratio was calculated as the ratio of apoptosing cells to the normal cells, as proposed by Cantarella et al. (2003). The data obtained is represented in Figure-4. 

Membrane blebbing has been taken as a characteristic feature of apoptosis in several studies. Cheng et al. (2007) quantified apoptosis in HL-60 treated with Cat’s claw. In the same cells (HL-60) myricetin caused apoptotic body formation, which is preceded by membrane blebbing (Ko et al., 2005). 

Morphological changes were observed in human neuroblastoma cell line treated with thimerosal (Humphrey et al., 2005). Celecoxib treatment induced apoptosis associated morphological changes in K562 (erythroleukemia) cells (Subhashini et al., 2005).

 Giemsa staining has been effective in quantifying the morphological changes associated with oxidative stress-induced apoptosis in earlier studies conducted in our laboratory on Saccharomyces cerevisiae cells. The oxidative stress-induced apoptosis in these cells was alleviated by extracts of Alternanthera sessilis and Bacopa monnieri (Sreeja, 2006), Artemisia valgaris (Sathya, 2006) as well as Clitoria ternatea (Vijayachandran, 2007).


figure-4

Plate-3

In the present study also, etoposide caused membrane blebbing to occur in chick embryo fibroblast cells. This observation suggests that etoposide induces apoptosis in these cells. Custodio et al. (2002) have reported that etoposide causes an oxidative stress in cells that results in apoptosis. Our results are in agreement with this report.

The extent of apoptosis induced by etoposide was significantly decreased by the co-treatment with Clitoria ternatea leaf extracts, with blue-flowered plant causing a better decrease than the white-flowered plant.

Etoposide induces oxidative stress, which leads to apoptosis (Custodio et al., 2002). This is in agreement with our results, where etoposide treatment caused a steep increase in the number of apoptotic cells. In the present study it was observed that the aqueous extract of Clitoria ternatea leaves was very effective in decreasing the etoposide-induced apoptosis in chick embryo fibroblast cells.


4.3 ETHIDIUM BROMIDE STAINING



Ethidium bromide is a molecule that intercalates into nucleic acids and can be used to visualize the nuclear changes in apoptotic cells (Cury-Boaventura et al., 2004). The table below (Table-III) presents the data obtained on the number of chick embryo fibroblast cells exhibiting apoptosis stained with EtBr.

TABLE-III

EFFECTS OF Clitoria ternatea LEAVES ON

CHICK EMBRYO FIBROBLAST CELLS SUBJECTED TO APOPTOSIS

BY ETOPOSIDE AS STAINED WITH ETHIDIUM BROMIDE

	SAMPLE
	NORMAL CELLS (PER CENT)
	APOPTOTIC CELLS (PER CENT)

	
	CONTROL
	ETOPOSIDE
	CONTROL
	ETOPOSIDE

	No extract
	92
	15
	8
	85

	BE
	89
	86
	11
	14

	WE
	84
	79
	16
	21


The values are mean of triplicates.


From the above data, the ratios of apoptotic to normal cells were calculated for each group, which is represented in Figure-5. 

There was a steep increase in the number of cells undergoing apoptosis when subjected to etoposide treatment (Plate-4). When the aqueous extract of Clitoria ternatea was co-administered, a significant decrease was observed in the number of apoptosing cells. These results indicate that Clitoria ternatea leaves can render protection against etoposide-induced cell death, with the blue variety faring better over the white variety. An increase in the number of apoptotic cells was observed with treatment, but it was within the limits considered non-toxic.

Figure-5

Plate-4


Not many reports on EtBr staining being used to study the apoptotic cells are available in the literature. When Jurkat cells stained with ethidium bromide were analyzed in a fluorescence activated cell scan, the percentage of apoptotic cells could be determined (Mukhopadhyay et al., 2001). Treatment with a combination of acridine orange and ethidium bromide (AO/EtBr) has been used as a reliable index of apoptosis, reflecting nuclear condensation and segmentation, and by plasma membrane integrity (Kalvelyte et al., 2003).


Morphological analysis of cell characteristics observed under epifluorescence microscope by staining with AO/EtBr showed that HeLa cells commited apoptosis when treated with diazene N-phenyl-2-(2-pyridinyl) diazenecarboxamide (JK-279)  (Jakopec et al., 2006).
 


Analysis of the AO/EtBr staining and flow cytometry showed that grifolin (an active substance isolated from Albatrellus confluens -mushroom) possessed apoptosis inducing activity in CNE1, HeLa, MCF7 and SW480 cells (Ye et al., 2005).


Our results with EtBr staining showed that upon etoposide exposure, an increased number of apoptotic cells were observed. This number decreased sharply upon co-exposure to the aqueous extract of Clitoria ternatea leaves. However, when the cells were treated with the extract of Clitoria ternatea extract alone (without etoposide), a slight increase in the number of apoptosing cells was observed in the untreated control groups.


Thus, it can be deduced from our results that the leaves of Clitoria ternatea possess some components that can counteract the etoposide-induced apoptosis in chick embryo fibroblast cells.

4.4 PROPIDIUM IODIDE STAINING


Live and replicatively active cells exclude propidium iodide, but cells undergoing apoptosis become increasing permeable to the molecule. Thus, PI staining can be taken as a reliable index of the extent of apoptosis in a population of cells (England et al., 2004). Exclusion of PI by the cells also reflects membrane integrity (Pal et al., 2007).

The number of apoptotic and normal cells in the various treatment groups was counted and Table-IV presents the data obtained. 

TABLE-IV

EFFECTS OF Clitoria ternatea LEAVES ON PROPIDIUM IODIDE STAINING IN CHICK EMBRYO FIBROBLAST CELLS SUBJECTED TO APOPTOSIS BY ETOPOSIDE

	SAMPLE
	NORMAL CELLS (PER CENT)
	APOPTOTIC CELLS (PER CENT)

	
	CONTROL
	ETOPOSIDE
	CONTROL
	ETOPOSIDE

	No extract
	93
	16
	7
	84

	BE
	90
	86
	10
	14

	WE
	83
	78
	17
	22


The values are mean of triplicates.


From the above data, the ratios of apoptotic to normal cells were calculated for each group, which is represented in Figure-6. Plate-5 shows the etoposide-treated apoptotic chick embryo fibroblast cells stained with PI.  

Figure-6

Plate-5 


Our results showed that upon etoposide exposure, a remarkable reduction was observed in the number of normal cells. This number increased sharply upon co-exposure to the aqueous extract of Clitoria ternatea leaves. However, when the cells were treated with the extract of Clitoria ternatea alone (without etoposide), slight decreases in the number of normal cells were observed when compared with the untreated control group. 

The extent of PI staining (along with other techniques) has been used to study the antiproliferative, antioxidative and apoptosis-inducing effects of Garcinia mangostana on SKBR3 (human breast cancer) cell line (Moongkarndi et al., 2004). England et al. (2004) used the same technique to ascertain that N-acetyl-L-cysteine inhibited apoptosis in HL-60 tumor cells by the chemotherapeutic agent etoposide. 

In HeLa cells, intact cells treated with PI displayed no traces of fluorescence emissions, whereas cells whose membranes had been compromised showed a strong fluorescence primarily in the nuclear region (Kalvelyte et al., 2003). Pretreatment of human leukemic (K562) cells with the phenol, rutin, rendered them more susceptible to apoptosis induced by Natural Killer (NK) cells (Dedoussis et al., 2005). Ye et al. (2005) quantified the apoptotic cells by flow cytometry analysis using PI staining and identified apoptotic nuclei in the subdiploid region of the histograms in CNE1, MCF7, HeLa and SW480 cells.


In our study also, PI staining was effectively used to strengthen the data of apoptosis induced by etoposide and its counteraction by Clitoria ternatea leaf extracts.

4.5 DAPI STAINING


DAPI is a fluorescent stain that is used to highlight the nuclear changes during apoptosis (Skulachev et al., 2002). Cell number and density analyses can also be carried out using DAPI staining (Konduri et al., 2007). 


The number of cells that exhibited DAPI-stained apoptotic nuclear changes in the chick embryo fibroblast cells exposed to etoposide and/or Clitoria ternatea extracts is presented in Table-V.

TABLE-V

EFFECTS OF Clitoria ternatea LEAVES ON DAPI STAINING IN ETOPOSIDE INDUCED APOPTOTIC CHICK EMBRYO FIBROBLAST CELLS

	SAMPLE
	NORMAL CELLS (PER CENT)
	APOPTOTIC CELLS (PER CENT)

	
	CONTROL
	ETOPOSIDE
	CONTROL
	ETOPOSIDE

	No extract
	94
	20
	6
	80

	BE
	90
	87
	10
	13

	WE
	85
	80
	15
	20


The values are mean of triplicates.


From the above results, the ratios of apoptosing to non-apoptotic cells were calculated for all the treatment groups and are presented in Figure-7.


The results of DAPI staining followed a similar trend as giemsa, EtBr and PI staining, clearly indicating that etoposide exposure caused a very significant number of chick embryo fibroblast cells to commit to apoptosis (Plate-6). The presence of the aqueous extract of Clitoria ternatea leaves brought the proportion of apoptosing cells down, showing its protective action against the toxicity of etoposide.

Figure-7


Plate-6


 However, the extract, by itself, increased the apoptotic death in the plant control cells (~5% more than test control cells). Parekkadan et al. (2007) and Zhang et al. (2007) also observed a marginal increase in internucleosome DNA degradation in untreated hepatocytes as measured by DAPI staining. Thus, a variation of 5% can be considered as non-toxic.

Li et al. (2007a) performed DAPI staining and found zoledronic acid treatment caused line-1 cells to commit to apoptosis. Ho et al. (2007) also used DAPI staining to detect apoptosis in human THP-1 monocytic leukemia cell line treated with pigment epithelial-derived factor.


A distinguishing feature of apoptosis is the condensation and fragmentation of nuclear chromatin, which can be monitored by fluorescence microscope. K562 (human myelogenous leukaemia) cells were exposed celecoxib and then assessed for apoptosis by staining with DAPI (Subhashini et al., 2005).  


Our data demonstrate the presence of protective effect in Clitoria ternatea leaf extracts against apoptotic cell death induced by etoposide, as determined by DAPI staining.

4.6 CELL VIABILITY


The MTT dye reduction assay is an accurate measure of the extent of cell death (Hazra et al., 2007), which was carried out to assess cytotoxicity. The per cent cell viability was analyzed by MTT assay in the different treatment groups. The values obtained are listed in Table-VI and the same is also schematically represented in Figure-8.

Figure-8

TABLE-VI

EFFECTS OF Clitoria ternatea LEAVES ON THE VIABILITY

OF CHICK EMBRYO FIBROBLAST CELLS TREATED WITH

ETOPOSIDE AS DETERMINED BY THE MTT ASSAY

	SAMPLE
	CELL VIABILITY (PER CENT)

	
	CONTROL
	ETOPOSIDE

	No extract
	100.00
	20.10

	BE
	99.03
	90.83

	WE
	97.03
	83.20


The values are mean of triplicates. The control was fixed

as having 100% cell survival and the per cent survival

in the other groups were calculated relative to this.


Etoposide treatment caused a marked decrease in the viability of the cells and the co-administration of Clitoria ternatea leaf extracts increased the cell survival. The leaf extract alone was not toxic to the chick embryo fibroblast cells. The extent of survival in the leaf extract alone treated group was comparable to that of control cells suggesting that the plant extract was not cytotoxic to the cells.

Many researchers used MTT as a tool to measure the cell viability and proliferation rate (Somasundar et al., 2005; Vona-Davis et al. 2005) and also for analyzing a dose dependant inhibition of cell viability by various agents (So et al., 2005; Sreekanth et al., 2007)


Cell proliferation estimated by the MTT assay showed that the DHCB (23, 24-dihydrocucurbitacin B) inhibited cellular proliferation in a dose- and time-dependent manner in Bcap37 (human breast cancer cells) cells (Yang et al., 2007). Cadmium inhibited HeLa cells growth in a dose- and time-dependent manner with zoledronic acid (Li et al., 2007a).


Using the MTT assay, many researchers found time- and dose- dependent inhibition in different cells with different agents. This effect was reported by Ko et al. (2004) in HL-60 cells with myricetin, Humphrey et al. (2005) in human neuroblastoma cell lines with thimerosal, Lee et al. (2005) in cervical carcinoma cells with paclitaxel and Deng et al. (2006) in HepG2 cells with brucine.


Malikova et al. (2007) investigated the effects of several selected brassinosteroids and related steroids on the viability of BJ fibroblasts and human cancer cell lines of various histopathological origins, including CEM, MCF-7, A-549, K562, RPMI 8226, HeLa, G361 and HOS cell lines. All of the tested non-brassinosteroid plant sterols, including cholesterol, stigmasterol, brassicasterol, 5α-cholestane, β-ecdysone, β-sitosterol and related compounds had extremely weak or no detectable activity. None of the tested compounds showed any cytotoxicity towards the K 562, A 549, HeLa, and HOS cancer cell lines. 


Somasundar et al. (2005) performed the MTT colorimetric assay to detect tumor cell viability and observed significant reductions in cellular proliferation in the human pancreatic carcinoma, epithelial-like cell line by the addition of corn derived IP6. 

Aqueous and ethanolic extracts of soybean were studied for their cytotoxic effect on MCF-7 cells (Sebastian and Thampan, 2007). Diazene N-phenyl-2-(2-pyridinyl) diazenecarboxamide (JK-279) inhibited the growth of cervical carcinoma (HeLa) cells in dose-dependent manner (Jakopec et al., 2006).

 Ho et al. (2007b) analysed viability and proliferation of cancer cells by MTT assay and found that the cancer cell proliferation and viability was reduced in dose- and time-dependent manner on treatment with cerulenin and C75 (fatty acid synthase inhibitors). Li et al. (2007a) performed MTT assay on test cells to evaluate the level of proliferation of line-1 cells after removing zoledronic acid from the culture medium and suggested that the inhibition of line-1 cell growth by ZOL is reversible. Ye et al. (2005) used the MTT assay to demonstrate that grifolin was able to decrease the viability of nasopharyngeal carcinoma cell line CNE1 in a dose- and time-dependent manner.


The results obtained in the MTT assay in the present study reiterated the proactive influence of Clitoria ternatea leaves on the apoptotic cell death induced by etoposide in chick embryo fibroblast cells.

4.7 SULPHORHODAMINE B (SRB) ASSAY


The SRB assay provides a sensitive method for measuring the viability of cells. The increased absorbance of SRB is reported to be indicative of the proliferation efficiency of the cells (Skehan et al., 1990).


In the present investigation, SRB assay was used as an additional parameter to assess the viability and proliferative efficiency of chick embryo fibroblast cells subjected to oxidative stress in the presence and the absence of Clitoria ternatea leaf extract. Table-VII presents the summary of the data obtained and Figure-9 represents the values obtained.

Figure-9 

TABLE-VII

EFFECTS OF Clitoria ternatea LEAVES ON THE VIABILITY

OF CHICK EMBRYO FIBROBLAST CELLS SUBJECTED TO

APOPTOSIS BY ETOPOSIDE AS DETERMINED BY SRB ASSAY

	SAMPLE
	CELL SURVIVAL (PER CENT)

	
	CONTROL
	ETOPOSIDE

	No extract
	100.00
	17.70

	BE
	99.27
	91.00

	WE
	96.23
	87.03


The values are mean of triplicates. The control was fixed

as having 100% cell survival and the per cent survival in

the other groups were calculated relative to this.

Etoposide treatment caused a steep decrease in the viability of the cells and the co-administration of Clitoria ternatea leaf extracts increased the cell viability. The leaf extract alone was non-toxic to the normal chick embryo fibroblast cells. 


Several reports in the literature have validated the SRB assay as a relevant tool in quantifying the extent of survival. The cytotoxic effect of etoposide, vinblastine sulfate, and dacarbazine against B16-F10 and HMEC-1 cells was determined by SRB assay, revealing their cytotoxic effects (Dandamudi and Campbell, 2007). 

The substituted pyridazino (4,5-b) phenazine-5,12-diones and tri/tetra-azabenzo (a) fluorene-5,6-diones were evaluated for their cytotoxic activities by the SRB assay against several human cancer cell lines like A549 (lung), SK-OV-3 (ovarian), SK-MEL-2 (melanoma), XF 498 CNS), and HCT 15 (colon). Almost all the synthesized pyridazino [4,5-b] phenazine-5,12-diones presented higher cytotoxicity than that of doxorubicin against the cancer cell lines (Lee et al., 2006). 

Konduri et al. (2007) measured in vitro proliferation by sulphorhodamine B colorimetric analysis and observed dose dependent growth stimulation in LNCAP (human prostate carcinoma) cells when treated with testosterone. The effect of anthocyanidins and anthocyanins against Dox-induced cytotoxicity was evaluated using the SRB assay in H9c2 (rat heart cell-line) cells. The protective effect was higher in cyanidins and delphinidin then other anthocyanidins (Choi et al., 2007).

These reports validate the method to analyse the cell survival. Our observations made in the SRB assay revealed that Clitoria ternatea extract improved the survival of chick embryo fibroblast cells by protecting them against etoposide-induced apoptosis.

Thus, the probe into various apoptosis-related events like cell survival, morphological changes, nuclear changes and DNA fragmentation in the chick embryo fibroblast cells exposed to etoposide and/or Clitoria ternatea leaf extracts revealed that etoposide imposes a strong cytotoxic effect on the cells, which manifests itself by the apoptotic pathway. Clitoria ternatea leaf extracts effectively counteract this cytotoxicity, implying that these extracts can be used to protect the non-cancerous cells in the body against etoposide-induced ill effects. This would help in minimizing the toxic effects of the useful chemotherapeutic agent.


The outcome of the present study also validates the use of chick embryo fibroblast cells as an alternative model to study the apoptotic events evoked by an agent like etoposide and analyse the effects of medicinal plants. Thus the study gains a lot of relevance and importance as a validation of the model to study the antiapoptotic effect of plant extract.


The results obtained in the present investigation and the conclusions drawn from them are summarized in the next chapter.

5.0 SUMMARY AND CONCLUSION

The decrease in the use of laboratory animals in biomedical research over the last two decades can be attributed to a number of factors. Promotion of the Three Rs approach has demonstrated to scientists that it is possible to work towards a gradual replacement of animal-based studies without compromising on scientific quality. As a result, some researchers have exchanged their previous scepticism for a feeling of excitement about the technical and scientific challenge of alternatives. Advances in in vitro technology have permitted a larger variety of cells and tissues to be cultured. 

Cancer is one of the major causes of death worldwide. Apoptosis is a programmed cell death, which is induced in the cancer cells to kill them. But the present therapies used for the cancer have many side effects. For instance, they induce apoptosis in normal cells also. Prevention or minimization of side effects caused by the therapeutic drugs is important at this moment. 

The importance of medicinal plants is now being widely recognized. Researchers believe natural herbs may help alleviate the harmful side effects of standard anticancer agents. Hence the development of antiapoptotic drugs from plants or plant-derived products requires special attention in this scenario. In these regards, the present study was formulated to analyze the influence of Clitorea ternatea leaf extracts on minimising the etoposide induced apoptotic events in chick embryo fibroblast cells.

 The plants chosen for the present study, Clitorea ternatea, are easily available. Earlier studies conducted in our laboratory revealed Clitorea ternatea, to be rich in antioxidants and to possess antiapoptotic activity against hydrogen peroxide induced oxidative stress in Saccharomyces cerevisiae cells. 

The leaves from two verieties of Clitorea ternatea plants were used in the present study namely, the plants bearing blue flowers and white flowers respectively. An aqueous extract of the leaves was prepared fresh and used for the analysis of each parameter. 

Etoposide, which is a standard anticancer chemotherapeutic agent that is known to exert its action by inducing apoptosis, was used as the standard stress-inducing agent. Since etoposide is known to act via apoptosis, the cellular events related to the process of apoptosis were followed in the presence and the absence of Clitorea ternatea leaf extracts. 

The effects of etoposide induced stress and the effects of Clitorea ternatea leaf extracts were studied on primary cultured chick embryo fibroblasts. Varied apoptotic-related parameters like DNA fragmentation, morphological changes, nuclear changes, apoptotic index and cell viability were studied to characterize the cellular events.
The occurrence of DNA fragmentation is an important event during apoptosis. The extent of DNA fragmentation was studied to characterize the DNA damage in chick embryo fibroblast cells. The results showed that there was significant fragmentation in the DNA from chick embryo fibroblast cells of the etoposide treatment group possibly due to its endonuclease II inhibiting activity. This was effectively counteracted by the presence of Clitorea ternatea leaf extracts. The effects of blue veriety leaves were more pronounced in this regard than the white veriety leaves. This gives evidence that Clitorea ternatea leaf extracts can counteract the harmful effects of etoposide.
Apoptosis is characterized by specific morphological changes like cell shrinkage and membrane blebbing. In the present investigation, membrane blebbing was taken as a quantifiable parameter to measure apoptosis by giemsa staining. The results clearly indicated a steep rise in the number of apoptotic cells in the etoposide treated group. The plant extracts, by themselves, did not cause a significant increase in the extent of apoptosis and showed marked reduction in the number of apoptotic cells when administered along with etoposide​​.

Propidium iodide staining was done to study the extent of apoptosis in chick embryo fibroblast cells of various treatment groups. The etoposide treated cells showed a marked increase in the number of apoptotic cells when stained with PI, indicating etoposide-induced apoptosis. The leaf extract treated groups showed a significant decrease in the number of apoptosing cells, indicating their protective effects against oxidative stress.

DAPI and EtBr staining was used to study the nuclear changes during apoptosis. The results showed good correlation with the cell morphology study and propidium iodide staining, where the apoptotic cell number was high in etoposide treated groups when compared to the leaf extract treated groups. This again confirms the efficiency of Clitorea ternatea leaf extracts in combating etoposide-induced apoptosis. In all the staining studies, the effects of blue veriety leaves were for better in minimising the toxic effects of etoposide than those of white veriety leaves. 

In order to quantify the extent of cell death in the groups exposed to etoposide​​, plant extracts and their combination, the MTT assay and SRB assay were used. The results of MTT assay performed in different treatment groups revealed that the survival rate of etoposide​​ exposed cells decreased significantly and the cytotoxic effect of etoposide​​ was nullified by the extracts. The same was observed in SRB assay also. The results clearly indicated a sharp decrease in the cell viability in the etoposide treated group. The treatment with plant extracts showed an increased number of viable cells. In both the MTT and SRB assays the effects of blue veriety leaves were more in minimising the effect of etoposide than the white veriety leaves. 

Thus, the probe into various apoptosis-related events like cell survival, morphological changes, nuclear changes and DNA fragmentation in the chick embryo fibroblast cells exposed to etoposide and/or Clitoria ternatea leaf extracts revealed that etoposide imposes a strong cytotoxic effect on the cells, which manifests itself by the apoptotic pathway. Clitoria ternatea leaf extracts effectively counteract this cytotoxicity, implying that these extracts can be used to protect the non-cancerous cells in the body against etoposide-induced ill-effects during cancer treatment with etoposide. This would help in minimizing the toxic effects of the useful chemotherapeutic agent. It also justifies and validates the use of chick embryo fibroblast cells as an alternative model to study apoptosis-related events. 

Suggestions for further research

1. The effect of the Clitorea ternatea leaf extracts can be tested on various cancer cell lines in the presence and absence of chemotherapeutic agents.
2. The antiapoptotic effect of the Clitorea ternatea leaf extracts can be studied in other lower organisms like Drosophila melanogaster.
3. The active components responsible for the antiapoptotic activity of Clitorea ternatea leaf extracts can be identified and tested further.
4. Other parts of the plant like flowers, roots, seeds and stem can also be analysed.







APPENDIX l

CULTURING OF CHICK EMBRYO FIBROBLAST CELLS

(http://homepages.gac.edu/~cellab/chpts/chpt12/ex12-10.html)
REAGENTS

· Complete medium: DMEM, 10% FBS and antibiotics 

· PBS (Phosphate buffered saline)

· Trypsin
PROCEDURE

An egg containing a live 8 or 9-day-old chick embryo was taken in a beaker with the blunt end up and swabbed with ethanol. The top of the egg was carefully punctured with the point of a pair of sterile scissors and a circle of shell was cut away carefully to expose the underlying membrane (the chorioallantois). With a second pair of sterile scissors, carefully cut and removed the chorioallantoic membrane, to expose the embryo.

 The embryo was gently lifted by the neck, using a sterile metal hook or a bent glass rod, and placed in a 100mm petri dish containing phosphate buffered saline (PBS). It was then washed several times with PBS by transferring the embryo to fresh petri plates. 

After removal of all yolk and/or blood, the embryo was moved to a clean dish with PBS. Using two sterile forceps, removed the head, limbs, and viscera. Care was taken to remove the entire limb by pulling at the proximal end. The remaining tissues of the embryo were taken to yet another sterile dish and washed with PBS. Then the embryo was finely minced with scissors. The minced tissue was transferred to a flask containing PBS. After allowing the tissue pieces to settle, the PBS was removed with a sterile pipette. Two ml of trypsin was added and the solution was stirred gently for 15-20 minutes, at 37° C.

 The larger, undigested tissue pieces were allowed to settle and the supernatant was decanted into an equal volume of medium with serum (serum contains protease inhibitors which will inactivate the trypsin). Then the cells containing medium was centrifuged at 1000 rpm for 10 minutes in a standard clinical centrifuge and the supernatant was removed.

 The pellet was resuspended in fresh DMEM + 10% FBS. From this 20 (l of the culture was taken to determine cell count and viability by trypan blue exclusion in a heamocytometer. Then the cells were seeded in 25 cm2 plastic culture flasks containing DMEM + 10% FBS to a final concentration of 10[image: image11.png]


 live cells/ml. The viability always ranged between 90-95 %.

APPENDIX II

QUANTIFICATION OF DNA FRAGMENTATION

WITH DIPHENYLAMINE

(Boraschi and Maurizi, 1998)

This method is based on the notation that extensively fragmented double-stranded DNA can be separated from chromosomal DNA upon centrifugal sedimentation and colorimetrically quantified upon reaction with diphenylamine (DPA), which binds to deoxyribose.

REAGENTS

· TTE solution: TE buffer (10mM Tris and 1mM EDTA) pH 7.4 with 0.2% Triton X-100 

· 5% and 25% TCA

· Acetaldehyde solution (16mg of acetaldehyde in 10ml of distilled water)

· DPA solution (10ml glacial acetic acid was added to 150mg of DPA in a 50ml polypropylene tube and mixed thoroughly. To that 50(l of acetaldehyde solution was added and mixed thoroughly then stored in cool, dark place)

· Complete medium: DMEM, 10% serum and antibiotics

· Etoposide

PROCEDURE


The cells were taken equally in tubes labeled B and treatments were performed in that according to the treatment groups. After that the tubes were centrifuged at 200xg at 4(C for 10 minutes. The supernatants were transferred to new tubes labeled S. To the pellets in tube B 1.0ml of TTE solution was added and vortexed to release the fragmented chromatin from nuclei. 

To separate the fragmented DNA from intact chromatin centrifuged tubes B at 20,000xg for 10 minutes at 4(C. From tubes B, supernatants were carefully transferred to new tubes labeled T. To the small pellets in tubes B 1.0ml of TTE solution was added. Then 1.0ml of 25% TCA was added to all tubes and vortexed. Precipitation was allowed to proceed overnight at 4(C.

 The supernatants were then discarded by aspiration. Then the DNA was hydrolyzed by adding 160(l of 5% TCA to each pellet and heating for 15 minutes at 90(C. A blank was also prepared having 160(l of 5% TCA alone. 

Freshly prepared DPA solution (320(l) was added to all the tubes. The tubes were incubated for 4 hours at 37(C or overnight at room temperature for colour development. Aliquots of 200(l coloured solution were transferred from each tube to wells of a 96-well micro titer plate.

The optical density was read at 600 nm with a micro titer plate reader (Anthos 2020, Germany). The per cent fraction of fragmented DNA was calculated using the formula,

        T+S

                             Per cent fragmentation =  

            X 100

T+S+B   

where S, T and B are the absorbances at 600 nm of fragmented DNA in the S, T and B fractions respectively.

 The fragmented DNA released by cells undergoing apoptosis and lysis is recovered in the fraction S. Since many substances present in the fraction could heavily interfere with the OD measurement, the following formula was also applied, 

    T

                             Per cent fragmentation =  

            X 100.

    T +B           

APPENDIX III

OBSERVATION OF APOPTOTIC 

MORPHOLOGICAL CHANGES (Giemsa staining)
(Chih et al., 2001)

During apoptosis, the cells undergo various morphological changes like cell shrinkage, membrane blebbing and formation of apoptotic bodies. These changes were observed by phase-contrast microscopy. 

REAGENTS

· Complete medium: DMEM, 10% serum and antibiotics

· Etoposide

· PBS

· Liquid giemsa stain (1:1 dilution in PBS) 

PROCEDURE
The diluted giemsa stain (10(l) was added to the slide and spread by placing another cover slip over it. Then they were observed under inverted phase contrast microscope (Nikon, Japan) at 400X magnification for morphological changes. Then the apoptotic ratio was calculated using the formula,




        
         
     Number of apoptotic cells

Apoptotic ratio = 




         .



       Number of normal cells

APPENDIX IV

ETHIDIUM BROMIDE STAINING

(Modified Mercille and Massie, 1994)
Ethidium bromide is a molecule that intercalates into nucleic acids and can be used to visualize the nuclear changes in apoptotic cells.

REAGENTS

· Complete medium: DMEM, 10% serum and antibiotics

· Etoposide

· PBS

· Ethidium bromide - 50(g/ml in PBS

PROCEDURE


The treated cells were incubated for 5 minutes with 10(l of ethidium bromide and spread by placing a cover slip over it. The apoptotic ratio was calculated as,



        
         
              Number of apoptotic cells

Apoptotic ratio = 




         .



      Number of normal cells

The apoptotic cells were scored by counting the cells with condensed chromatin and fragmented nuclei under fluorescent microscope (Nikon, Japan) using UV 2A filter at 400 X magnification.

APPENDIX V

PROPIDIUM IODIDE STAINING

(Sarker et al., 2000)

Propidium iodide is a fluorescent molecule that intercalates into nucleic acids and can stain the nuclear changes of apoptotic cells.

REAGENTS

· Complete medium: DMEM, 10% serum and antibiotics

· Etoposide

· PBS

· Acetone : Methanol (1 : 1)

· Propidium iodide (PI)- 5 (g/ml in PBS
PROCEDURE


 After the apoptotic agent treatment, the medium was removed and the cells were washed with PBS to remove the traces of media and serum. The cells were permeabilized with 50(l of acetone: methanol (1:1) mixture at      -20(C for 10 minutes. Then 10(l of propidium iodide was added, spread by placing a cover slip and incubated at 37(C for 30 minutes in the dark. 

The apoptotic cells were detected using the green filter of fluorescence microscope (Nikon, Japan) at 400 X magnifications. The apoptotic ratio was calculated by the formula mentioned earlier.
APPENDIX VI
DAPI STAINING

(Rashmi et al., 2003)

DAPI (4'-6-diamidino-2-phenyl indole) forms fluorescent complexes with double stranded DNA. Because of this property DAPI is a useful tool to distinguish apoptotic cells from normal cells.

REAGENTS

· Complete medium: DMEM, 10% serum and antibiotics

· Etoposide

· PBS

· 3% para formaldehyde in PBS

· 0.2% Triton X-100 in PBS

· DAPI (4'-6-diamidino-2-phenyl indole) - 1(g/ml in PBS

PROCEDURE


After removing the media and serum the treated cells were fixed with 3% para formaldehyde (50(l) for 10 minutes at room temperature, permeabilized with 0.2% Triton X-100 (50(l) for 10 minutes at room temperature. Then they were incubated for 3 minutes with 10(l of DAPI after placing a cover slip over the cells to enable equal spreading of DAPI.

 
The apoptotic cells were scored by counting the cells with condensed chromatin and fragmented nuclei under fluorescent microscope (Nikon, Japan) using UV 2A filter at 400 X magnification. The apoptotic ratio was calculated as given earlier.

APPENDIX VII

VIABILITY TEST

MTT DYE REDUCTION ASSAY

(Igarashi and Miyazawa, 2001)


Living cells convert MTT into its formazan derivative. The number of surviving cells can be determined by the amount of MTT formazan produced, which is measured in a micro titer plate reader after solubilization with a suitable solvent.

REAGENTS

· Complete medium: DMEM, 10% serum and antibiotics

· Etoposide

· PBS


· MTT -3mg/ml in PBS

· Isopropanol in 0.04N HCl (acid-propanol)

PROCEDURE

The treated cells were incubated with 50(l of MTT at 37(C for 3 hours after removing the medium and serum. After incubation 200(l of PBS was added to all the samples. The liquid was then carefully aspirated. Then 200(l of acid-propanol was added and left overnight in the dark. The absorbance was read at 650 nm in a micro titer plate reader (Anthos 2020, Austria). The optical density of the control cells were fixed to be 100% viability and the per cent viability of the cells in the other treatment groups was calculated.

APPENDIX VIII

CYTOTOXICITY TEST

SULPHORHODAMINE B (SRB) ASSAY

(Skehan et al., 1990)

Sulphorhodamine B (SRB) is a bright pink aminoxanthene dye with two sulphonic groups. Under mildly acidic conditions, SRB binds to protein basic amino acids in TCA fixed cells to provide a sensitive index of cellular protein content which is directly proportional to cell viability. The SRB assay provides a sensitive measure of drug-induced cytotoxicity and is useful in quantitating clonogenicity and is well suited to high volume, automated drug screening.

REAGENTS

· Complete medium: DMEM, 10% FBS and antibiotics

· Etoposide

· PBS

· 40% TCA

· Sulphorhodamine B (SRB) 0.4% in 1% TCA

· 1% acetic acid

· 10 mM tris (pH 10.5)

PROCEDURE


After the etoposide treatment, the medium was removed and washed with 200(l PBS to remove the traces of medium and serum. A portion of 350(l of ice cold 40% TCA was layered on top of the treated cells and incubated at 4(C for one hour, after which they were washed 5 times with 200(l of cold water or PBS. The water or buffer was removed, SRB stain (350(l) was added to each well and left in contact with the cells for 30 minutes at room temperature, after which they were washed 4 times with 350(l portions of 1% acetic acid to remove the unbound dye. Then 10mM tris (350(l) was added to each well to solubilize the protein-bound dye. They were shaken gently for 20 minutes. Then the tris layer in each group was transferred to a new 96-well plate and the absorbance was read in a micro titer plate reader (Anthos 2020, Austria) at 492 nm. The cell survival was measured as the per cent absorbance compared to the control (untreated cells).  
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