EFFECTS OF Triticum aestivum LEAF EXTRACT ON THE APOPTOTIC EVENTS IN Saccharomyces cerevisiae CELLS SUBJECTED TO OXIDATIVE STRESS 

By

MALATHY, N.

(06PB09)

A thesis submitted to

 Avinashilingam University for Women, Coimbatore

 in partial fulfilment of the requirement for the degree of

MASTER OF SCIENCE IN BIOCHEMISTRY

APRIL, 2008

EFFECTS OF Triticum aestivum LEAF EXTRACT ON THE APOPTOTIC EVENTS IN Saccharomyces cerevisiae CELLS SUBJECTED TO OXIDATIVE STRESS 

By

MALATHY, N.

(06PB09)

A thesis submitted to

 Avinashilingam University for Women, Coimbatore

 in partial fulfilment of the requirement for the degree of

MASTER OF SCIENCE IN BIOCHEMISTRY

APRIL, 2008

CERTIFIED AS BONAFIDE RESEARCH WORK

SIGNATURE OF THE HEAD
SIGNATURE OF THE 

OF THE DEPARTMENT  
GUIDE                       
ACKNOWLEDGEMENT


I express my sincere and humble gratitude to GOD ALMIGHTY for the grace and abundant blessing and peace of mind to complete my course successfully


I owe my sincere thanks to Mr.T.K.SHANMUGANANDAM, Chancellor,            Dr.SAROJA PRABHAKARAN, Vice Chancellor and Dr.GOWRI RAMAKRISHNAN, Registrar, Avinashilingam University for Women, Coimbatore, for their constant support and providing the necessary facilities to carry out the study 


I place on record a profound sense of gratitude to Dr.R.PARVATHAM, Dean, Faculty of Science, Professor and Head, Department of Biochemistry, Biotechnology and Bioinformatics, Avinashilingam University for Women, Coimbatore, for her immense encouragement and valuable suggestion during the period of study

     
I extend my profound gratitude to my guide, Dr.P.R.PADMA, Reader, Department of Biochemistry, Biotechnology and Bioinformatics, Avinashilingam University for Women, Coimbatore, for her incessant help, steadfast encouragement and also for all the benefits I received during my study period.


I sincerely thank all THE STAFF MEMBERS, Department of Biochemistry, Biotechnology and Bioinformatics, for their kind support rendered through out the study.


I am thankful to Ms.B.KIRUTHIKA, Ms.A.KAMARUL HANIYA, Ms.M.THIRUSELVI , Ms.A.VIDHYA , Ms.P.A.JINCY and Mrs.P.P.BINITHA for the support, advice and guidance and for helping me overcome all the obstacles and to reach the milestone.  


I be indebted a profound gratitude to all my friends especially Ms. SMITHI RAICHEL MATHEW. Ms.DEEPA. and Ms.NIRMALA DEVI, P.G., for their timely help and beneficial proposal rendered at various stages of the study.


Finally on a personal note, I wish to owe my cherished and very special gratitude to my beloved PARENTS for their eternal love, co-operation and encouragement during the study

MALATHY, N.

CONTENTS

	CHAPTER No
	TITLE
	PAGE No

	1.

2.

3.

4.

5.
	List of Tables

List of Figures 

List of Plates 

Introduction

Review of Literature

Methodology

Results and Discussion

Summary and Conclusion

Bibliography

Appendices
	1

6

15

21

44


LIST OF TABLES

	TABLE

No
	TITLE
	PAGE

No.

	1.
	Effect of Triticum aestivum leaf extract on cell viability of Saccharomyces cerevisiae cells subjected to oxidative stress
	22

	2.


	Effect of Triticum aestivum leaf extract on cell survival of Saccharomyces cerevisiae cells subjected to oxidative stress
	25

	3.


	Effect of Triticum aestivum leaf extract on the morphological changes in Saccharomyces cerevisiae cells subjected to oxidative stress
	29

	4.


	Effect of Triticum aestivum leaf extract on nuclear morphology of Saccharomyces cerevisiae cells subjected to oxidative stress as determined by ethidium bromide staining
	31

	5.
	Effect of Triticum aestivum leaf extract on nuclear changes in Saccharomyces cerevisiae cells subjected to oxidative stress as determined by propidium iodide staining
	35

	6
	Effect of Triticum aestivum leaf extract on DNA fragmentation in Saccharomyces cerevisiae cells subjected to oxidative stress
	38


LIST OF FIGURES

	FIGURE No.
	TITLE
	PAGE No.

	1.
	Ratio of apoptosing to normal cells as determined by giemsa staining
	27

	2.
	Ratio of apoptosing to normal cells as determined by ethidium bromide staining
	32

	3.
	Ratio of apoptosing to normal cells as determined by propidum iodide staining
	36


LIST OF PLATES

	PLATE No.
	TITLE OF PLATES
	PAGE No.

	1
	Triticum aestivum plantlet at 4-days of grwoth
	17

	2
	Cells stained with giemsa, showing apoptotic morphology of membrane blebbing and apoptotic body accumulation
	28

	3
	Cells stained with ethidium bromide showing nuclear changes of apoptosis
	33

	4
	Cells stained with propidium iodide showing nuclear changes of apoptosis
	33


1. INTRODUCTION

Organisms surviving on the earth are made up of cells. The cell is the structural and functional unit of the organism. Cells, when facing adverse environmental conditions, fight for survival by developing a stress response that alters metabolic fluxes (Costa et al., 2007).

Several stress agents and diseases promote the formation of Reactive Oxygen Species (ROS) (Costa et al., 2007). Reactive oxygen species and reactive nitrogen species are the key players in cancer as their increased production leads to genetic mutation, predisposing individuals to cancer (Azad et al., 2008). Cells are constantly exposed to ROS and RNS generated from endogenous and some exogenous sources. ROS play an important role in regulating growth and survival of cancer as well as in mediating damage to cell structure (Chowdhery et al., 2007). The primary metabolic characteristic of cancer cells include high rate of glycolysis and elevated reactive oxygen species production (Fruehauf and Meyskens, 2007).

ROS are essential to cell survival, but the fluctuation of ROS level in response to intra and extra cellular changes brings complex effects of ROS to the cells (Wang et al., 2007). ROS and RNS mediated signaling activates pathophysiological events such as cell proliferation, apoptosis, cytokines and transcription of several genes that are often kept at baseline activity, or silent. Balanced production of ROS/RNS is critical for normal aerobic metabolism and functioning of several key signaling events essential to the body (Azad et al., 2008).

To eliminate deleterious ROS, cells possess an antioxidant system that is composed of numerous antioxidants with different molecular weights, solubility and localization in the cellular organelles (Niki et al., 2005).

When ROS levels exceed the antioxidant capacity of the cells, an oxidative stress results. Oxidative stress is characterized by an increase in reactive oxygen species as a result of insufficient antioxidant defense (Murugan and Harish, 2006). Recent studies have shown that oxidative stress induces cell death by apoptosis (Ludovico et al., 2005).

Apoptosis is a highly regulated form of cell death. It is more advantageous to the organism, since it eliminates dying cells by phagocytosis, thus preventing the release of intracellular contents and damage of the surrounding tissues (Saito et al., 2006). Overproduction of ROS disregulates the apoptosis, leading to cancer. ROS are potent stimuli for apoptosis (Azad et al., 2008).

The intracellular redox condition plays a crucial role in the regulation of normal physiologic signaling pathways not only in cell survival but also in major cellular activities such as growth, proliferation, differentiation, apoptosis, cell adhesion and gene expression in many cells (Pantano et al., 2006). Changes in the intracellular redox state following environmental stress are mediated by ROS production and ROS scavenging (Voeikov, 2006).

The generation of ROS or the fluctuation of the cellular redox state leads to the stimulation of various signaling systems (Hughes et al., 2005). Hence ROS formation and antioxidant activity are essential for the normal functions of the body (Azad et al., 2008).

The imbalance between oxidants and antioxidants leads to several diseases in humans such as muscle degeneration, coronary heart disease and cancer (Storz, 2005). Serious membrane injury can lead to cell death by different pathways such as apoptosis or necrosis (Nemeth et al. 2007).

The body’s adaptation to oxidant levels can be achieved by using food supplements (Kenjale et al., 2007). There is a profound link between the dietary habits and the incidence of cancer in humans (Yeh and Yen, 2005). Dietary plant foods appear to be protective against certain types of cancer (Serafini et al., 2006). In the recent years, the interest is centered on antioxidant derived from herbal medicine (Kamat, 2007).

Natural products have been the starting point for the discovery of many important modern drugs. This leads to a worldwide search for pharmacologically important substances derived from natural products (Rajaprabhu et al., 2007). Herbs are helpful against cancer, especially useful in improving the survival and quality of life in patients suffering from advanced cancer. Herbal therapies have already led to the development of a number of anticancer drugs (Wen-jing et al., 2006).

To conduct the cancer research, many vertebrate organisms have been used but the ethical issues and concern for the life of animals has evoked a need for alternative model systems to investigate the research oriented studies. This has led to the usage of microorganisms like bacteria, fungi and algae as model organisms. 

Yeast has been chosen as a model system in the present study, since Sacchoromyces cerevislae has long served as a model eukaryotic (Coughlan and Brodsky, 2005) for studying oxidative stress response (Costa et al., 2007). Yeast can be easily manipulated by adjusting environmental condition, has a well defined genome and is a genetically tractable organism (Costa et al., 2007). 

In our own laboratory, the yeast cells have been used to study the oxidative stress induced apoptotic events and their modulation by herbal extracts (Sreeja, 2006; Sathya, 2006; Vijayachandran, 2007).

Phytochemicals and nutraceuticals may exhibit a considerably stronger antitoxic property and a major part of total antioxidant activity may be derived from the combination of phytochemicals (Ray et al., 2004; Graf et al., 2005; Ray et al. 2006).

The plant chosen for the present study was Triticum aestivum, which is commonly known as wheat grass or bread wheat grass. Among cereals, wheat has a higher antioxidant activity (Saxena et al., 2007) and it was proved by the studies conducted in our laboratory (Vidya, 2007).

OBJECTIVES OF THE STUDY

1. To analyze the effect of Triticum aestivum leaf extract on the apoptotic events in Saccharomyces cerevisiae cells

2. To analyze the effect of oxidative stress imposed by H2O2 on the apoptotic events in Saccharomyces cerevisiae cells

3. To study the influence of Triticum aestivum leaf extract on the apoptotic events in the oxidatively stressed Saccharomyces cerevisiae cells


The vast amount of published literature relevant to the present study was scrutinized and a brief review of the same in presented in the next chapter.

2. REVIEW OF LITERATURE


Apoptosis is a genetically and biochemically regulated programmed cell death process (Koren, 2006). Successful execution of apoptosis is required for normal embryonic development, regulation of immune response, control of cell number and finally the homeostasis of the body system. The dysregulation of apoptosis can lead to disease pathology (Madeo et al., 2002; Guimaraes and Linden, 2004).

Alternative cell death programs may imply novel therapeutic targets, with important consequences for attempts to treat diseases associated with disregulated programmed cell death (Guimaraes and Linden, 2004).

APOPTOTIC PATHWAYS 

Apoptosis is conserved in all forms of cells, from bacteria to worms to man. Apoptosis is triggered in response to development changes or environmental stress that provides a compensatory elimination response.

In addition, the mitochondria have emerged as the principal organelles that assume the functional role of master “sensor” organelles that respond to cell stress. Mitochondria are reported to play a crucial role in regulating mammalian apoptosis (Gottlieb, 2000). Mitochondrial membrane appears to mediate the release of apoptogenic factors during the mitochondrial dependent apoptosis (Du et al., 2007). Mitochondria are also reported to be involved in yeast apoptosis (Ludovico et al., 2002; Wissing et al., 2004; Skulachev, 2006; Eisenberg et al., 2007).

Two mitochondrial proteins, namely, apoptosis inducing factor (AIF) and cytochrome c play key roles in apoptosis. AIF translocates from the mitochondria to nucleus upon apoptosis (Eisenberg et al., 2007) and it accounts for cytochrome c and caspase independent apoptotic pathways in yeast (Wissing et al., 2004). Some of the pro-apoptotic proteins have been identified in the compartment of mitochondria (Du et al., 2007).

Malfunctioning of mitochondria usually results in a strong decrease in the cellular ATP level, initiating apoptosis. An increase in membrane potential and ATP represents one of the initial steps of apoptosis in some cases (Skulachev, 2006). It has been found that apoptosis requires ATP (Nictera et al., 2000; Atlante et al., 2005). ATP is used as the phosphoryl donor for phosphorylation of some proteins involved in apoptosis (Bainer and Molkentin, 2005; Sanchez-Capelo, 2005). Histone phosphorylation is considered to be a universal prerequisite for apoptosis execution (Cheung   et al., 2005) and necessary for cell death induction upon oxidative stress in yeast (Ahn et al., 2005).

APOPTOTIC PATHWAYS


Apoptotic cell death proceeds through the highly regulated and coordinated signaling of two main pathways.

EXTRINSIC APOPTOTIC PATHWAY


The extrinsic pathway is triggered by the binding of either soluble cytokines (Tumour necrosis factor (TNF)-(, TNF related apoptosis inducing ligand (TRAIL) also called APO2L or cell bound death ligands (fas-L)) to their cognate surface receptor on target cell. TRAIL is a relatively new member of the tumour necrosis factor family that induces apoptosis (Wang and El-deiry, 2003).
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INTRINSIC APOPTOTIC PATHWAYS

The intrinsic pathway is activated, following damage to an intracellular organelle (eg., ER, DNA). DNA represents one of the most sensitive components in cells exposed to conditions of oxidative stress (Doulias et al., 2005), following toxicant treatment (Reiter et al., 2005), or from the loss of growth factor-mediated survival signals. Mechanistically the mitochondria are able to “sense” cellular stress induced by damage to DNA. This damage/stress results in the generation of an activated (-cell lymphoma (Bcl)-2. Bcl-2 is the first discovered mammalian cell death regulator (Nicholson and Thornberry, 1997). The Bcl-2 family proteins are involved in positive and negative regulation of apoptotic cell death (Gross et al., 1999; Antonson and Martinous, 2000). Mitochondrial outer membrane permeabilization (MOMP) is a crucial step in the intrinsic or mitochondria apoptosis pathway (Pereira et al., 2007). In mammalian apoptosis, mitochondrial membrane permeabilization leads to the release of apoptogenic factors, including cytoctrome c (Zamzami et al., 2005; Garrido et al., 2006).

Pro-apoptotic membrane Bip, Bim and Bad translocate to the mitochondria to facilitate a Bax confirmational change with oligomerization to form the “death pore” in the outer mitochondrial membrane. This leads to the leakage of the intracellular membrane contents including cytoctrome c (Eisenberg et al., 2007) and other apoptogenic factors that mediate the activation of caspases. In this manner, the intrinsic pathway functions as the cell’s compensatory response to overwhelming non-repairable damage or the prolonged depletion or loss of survival signals.

CASPASE- PROTEASE MEDIATED APOPTOSIS


The intrinsic and extrinsic proteolytic doom that is created by apoptosis is mediated by a unique class of sub-specific cysteine proteases known as caspases. Caspases are synthesized as inactive pro-enzymes that reside in the cytosol and can be activated by auto-proteolysis. All apoptotic pathways converge on a family of cysteine aspartases, the caspases – whose activity drives the biochemical events leading to cellular disassembly and death (Massi et al., 2006).

Yeast contains no caspase genes or caspase activity (Flurry et al., 2002). One homologue of caspases, metacaspase M cal P, Y cal P has been identified (Madeo et al., 2002). After the identification of the yeast Meta caspase M cal P (Uren et al., 2000) and the detection of caspase like activity, the idea of apoptosis naturally occurring in yeast has become more widely accepted. The presence of other caspase-like activities in yeast appeared and the homologue of other metazoan PCD proteins were identified (AI, FIP, the Htr-A like protein Nma III P) (Fahrenkrog et al., 2004; Wissing et al., 2004). There are some indications of the presence of other caspase-like activity in yeast (Vachova and Palkova, 2007).

The activation of caspase has been described as one of the key process connected with apoptotic death in mammalian cells. Apoptotic stimuli lead to caspase activation. It cleaves various cellular proteins to induce morphological features that are characteristic of apoptosis (Degterev et al., 2003).

Several caspases have been identified and classified into two main groups. The first group includes initiator caspases (eg., caspase 8, 9, 10 and 12) that are usually controlled by a signal that triggers apoptosis. The signal can be extracellular (eg., TNF) or intracellular (eg., cellular stress). The initiator caspases usually activate the 2nd caspase group, effector caspases that consequently cleave death substrates. In H2O2 induced apoptosis, the apoptosome results procaspase-9 and subsequently procaspase-9 undergoes autocatalysis to yield active caspase-9 that in turn activates caspase-3 (Zou et al., 1999).

In the yeast Saccharomyces cerevisiae, programmed death has been referred as “phenoptosis”. Several substances have been used to induce apoptosis in wild type yeast cells (Madeo et al., 2004). In yeast, H2O2 (Wada et al., 2005), acetic acid at low pH (Ludovico et al., 2002), high level of yeast pheromone (Severin and Hyman, 2002), the drug amiodarone (Kovskey et al., 2005), plant antibiotic osmotin and an anti-arrhythmic drug, which is known to directly affect Na+ and Ca+2 ion channels (Varbiro et al., 2003), induce apoptosis.

OXIDATIVE STRESS


Approximately 2% of inhaled oxygen is converted to oxidative oxygen by various biological reactions with the potential to induce protein and DNA damage (Campa et al., 2004). In aerobic cells, during the course of normal metabolism there is a continuous generation of reactive oxygen species (Castro and Freeman, 2001). Aerobic metabolism is the major source of ROS/RNS which are produced in almost all tissues. ROS/RNS act as intracellular signaling molecules to many biological processes (Chatterjee and Fisher, 2004).


RNS such as NO( can induce guanine nitrification producing G:C to T:A transversion and thus is involved in inflammation induced carcinogenesis (Oshima et al., 2006; Teraski et al., 2006). ROS/RNS produced during different cellular reactions may be either beneficial or harmful to the cells thus acting as “double-edged sword” in cellular reaction (Azad et al., 2008).


To eliminate deleterious ROS, cells possess an antioxidant system that is composed of numerous antioxidants with different molecular weight, solubility and localization in the cellular organelles (Niki et al., 2005). Antioxidants also act in the maintenance of mitochondrial homeostasis (Medina et al., 2002). Antioxidants are important in protection against hypertension, diabetes, cardiovascular disease and cancer (Saxena et al., 2007).

The detrimental effects of oxidative stress are neutralized by the antioxidant status of the organism consisting of enzymic and non-enzymic components. While the enzymic antioxidants are intrinsic, the non-enzymic components are of both endogenous and exogenous nature.

MEDICINAL PLANTS


Many plants are known to have beneficial therapeutic effects as noted in the traditional Indian system of medicine, Ayurveda. However, they have received very little attention for their antioxidant actives. Natural plant extracts or pure compounds are safe ingredients, which do not have any toxic effects. Herbal medicines are generally perceived as safe products (Kinsel and Straus, 2003). There have been many reports of botanical components involving the induction of apoptosis through death receptor (Horinaka et al., 2005; Jung et al., 2006; Matsui et al., 2006). Several food constituents have been reported to exert antitumour activity by inducing apoptosis (Katsuno et al., 2001; Koyama et al., 2002; Watanabe et al., 2002; Watanabe et al., 2003).

Some herbs may cause serious toxicity when taken excessively or under inappropriate circumstances (Chan et al., 2005). When combined with chemotherapy, herbal medicine would raise the efficiency level and lower toxic reaction. These facts have raised the feasibility of the combination of herbal medicines and chemotherapy (Wen Jing et al., 2006). Many herbal remedies play anticancer roles through multiple mechanisms (Chen et al., 2003; Ikezoe et al., 2003). Herbs would improve survival (Mabed et al., 2004; Shen et al., 2004), increase tumour response to drugs (Mabed et al., 2004; Oh et al., 2004; Shen et al., 2004), improve quality of life or reduce chemotherapy toxicity (Semiglasov et al., 2004; Poia et al., 2004).

Triticum aestivum


Triticum aestivum is commonly known as wheat grass / bread wheat grass. Epidemiological research shows that dietary botanicals containing antioxidant components might have cancer-preventive effects (Imai et al., 2004; Park and Surh 2004; Shukla and Gupta, 2005). Among cereals, wheat has higher Antioxidant activity (Adom and Liu, 2002; Saxena et al., 2007). Wheat grass juice has been reported to be helpful in curing diseases such as thalassemia (Marwaha et al., 2004) and distal ulcerative colitis (Ben-Arye   et al., 2002). This plant was chosen as the candidate plant in the present study.
MODEL SYSTEM


Many vertebrate organisms have been used as model systems for humans, but sacrificing the animals raised ethical issues and concern to the life of animals. Thus, there is a need of alternative model systems. Researchers have used microorganisms as a model system for eukaryotes in which yeast is considered to be a powerful system for studying complex biological phenomena (Ludovico et al., 2005).


Saccharomyces cerevisiae has been used as a model for apoptosis research (Madeo et al., 2004; Knnore et al., 2005; Ludovico et al., 2005; Koren, 2006). The mechanism involved in the regulated death of the yeast is important in using yeast as a model for investigating the death mechanism of cells (Vachova and Palkova, 2007). The finding of an endogenous PCD process in yeast with apoptotic phenotype turned yeast as a powerful model for apoptotic research (Ludovico et al., 2005). Yeasts are an easily manipulated model system (Costa et al., 2007), that are widely used for heterologous expression of mammalian genes and the structural and functional studies (Flurry et al., 2002).

Most of the morphological changes related to mammalian PCD have also been found in yeast (Frohlich and Madeo, 2007). PCD is important for the correct development of the multicultural organism as well as for the safe removal of damage of tissues (Saito et al., 2006). The importance of PCD for unicellular microorganisms is not so obvious, despite the fact that various hypothesis have been postulated. This include the possible role of PCD in the removal of replicatively (Laun et al., 2001) or chronologically (Herker et al., 2004) aged yeast cells and the elimination of yeast cells that are not able to mate (Severin and Hyman, 2002). The applications of several attractive yeast based functional assays occupy an important place in the characterization of numerous mammalian apoptosis regulators and in tumorigenesis (Koren, 2006).

Based on the above information, the present study was formulated to analyze the effects of Triticum aestivum leaf extracts on Saccharomyces cerevisiae cells subjected to oxidative stress using hydrogen peroxide. The methodology and the parameters analyzed in the present study are presented in the next chapter with appropriate references to the appendices, where the detailed steps of analysis of each parameter are presented.
3. METHODOLOGY


The plant used in the present study was Triticum aestivum. Previous studies on the plant conducted in our laboratory revealed that the leaves of Triticum aestivum contained strong antioxidant property, which was maximal on the 4th day after sowing (Vidya, 2007).


The present study was formulated to investigate the effects of Triticum aestivum leaves on the apoptotic events in yeast cells exposed to hydrogen peroxide. Yeast, as eukaryotic microorganisms with simple, well-known and tractable genetics, has long been used as a powerful model system for studying complex biological phenomena (Ludovico et al., 2005). Yeast has therefore been chosen for the present study.

PREPARATION OF THE PLANT EXTRACT


Triticum aestivum leaves were collected from the 4th day plant     (Plate 1) after germination of wheat seeds. Wheat seeds were purchased from the local market, washed thoroughly and sowed in a pot. The pots were watered regularly and maintained in a pollution free environment.


The leaves collected were washed thoroughly with tap water in order to remove the surface contaminants. They were rinsed with distilled water and blotted gently using tissue paper. Methanolic extract of the leaves were prepared by weighing 100 mg of leaves and homogenizing with 100(l of methanol in a microfuge tube using a micropestle. The homogenate was centrifuged at 5000 rpm  for 10 minutes. The supernatant was evaporated at 60(C. The residue was weighed and dissolved in DMSO (20 mg of plant residue dissolved 5 (l of DMSO) and used for the assay.

PLATE 1
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Triticum aestivum plantlet at 4 days of growth

CULTURING OF YEAST CELLS


YPD medium (10g of yeast extract, 20g of peptone and 20g of dextrose, for 1000ml, pH 6.5) was prepared and sterilized by autoclaving after aliquoting. The aliquots were cooled and stored at room temperature till use. They were regularly checked for contamination.


Yeast cells were inoculated into the medium on the penultimate day of each assay and the flask was incubated in a temperature-controlled orbital shaker at 30(C overnight. The medium was separated by spinning at low speed and the cells collected in the pellet were resuspended in a specific volume of the assay medium for each assay.

TREATMENT GROUPS


The following treatment groups were setup for each parameter.

(i) Untreated (negative control)

(ii) Hydrogen peroxide treated (positive control)
(iii) Triticum aestivum treated group
(iv) Hydrogen peroxide and Triticum aestivum treated group

The concentration of H2O2 used for all the assays was 200(M, while the concentration of plant extract used was 20mg.

PARAMETERS ANALYZED

 
Apoptotic events which occurred after the treatment were analyzed using various parameters as given below.

1.
Cytotoxicity and cell viability test


The yeast cells, which were subjected to the various treatments were checked for the extent of viability by MTT assay (Igarashi and Miyazawa, 2001), the details of which are given in Appendix VI.

2.
Extent of apoptosis


The extent of apoptosis in all the treated cells were analyzed by the SRB assay (Skehan et al., 1990). The procedure is outlined in Appendix II.

3.
Apoptotic morphological changes


The apoptotic morphological changes that occurred in yeast cells after exposure to H2O2 and Triticum aestivum extract was quantified after staining the cells with giemsa stain by viewing under phase contrast light microscope (Nikon, Japan). The procedure for giemsa staining is briefed in Appendix III (Chih et al., 2001).

4.
Nuclear changes during apoptosis


Among the final apoptotic cellular changes observable in yeast apoptosis is the cleavage of nuclear scaffold and chromatin condensation (Madeo et al., 2002). These changes were investigated in the yeast cells subjected to the various treatments and also in the untreated cells by ethidium bromide staining (modified Mercille and Maurie, 1994 – Appendix IV) and by propidium iodide (PI) staining (Sarker et al., 2001; Appendix V).

5.
DNA fragmentation


DNA fragmentation occurs at the final stage of apoptosis. DNA isolated from the treated cells were screened for the DNA fragmentation by estimating the concentration of fragmented DNA using diphenylamine method (Boraschi and Maurizi, 1998). This method was adopted over the conventional method of agarose gel electrophoresis, as yeast cells failed to respond in that assay (Sreeja, 2006; Sathya, 2006). The details of the procedure are given in Appendix VI.


The observations made and the results obtained for the various parameters are presented and discussed in the light of available literature in the next chapter.

4.0 RESULTS AND DISCUSSION

Plants serve as a boon to mankind, which preserve the health of man, maintain the life by making him free from diseases. Plants have played an important role in many cultures (Ojok et al., 2007) and dietary plant food appears to be protective against certain types of cancer (Serafini et al., 2006). Epidemiological studies have consistently shown that regular consumption of fruits and vegetables is strongly associated with reduced risk of developing chronic diseases such as cancer and cardiovascular diseases (Ray et al., 2006).

With the advancement in agriculture and knowledge of cultivation and availability of markets, cultivation of medicinal plants started and increased many folds in recent years to meet the requirement of pharmaceutical industries (Park et al., 2005). When herbal medicine is combined with chemotherapy, it raises the efficacy level and lowers toxic reaction. These facts raised the feasibility of the combination of herbal medicines and chemotherapy (Wen-Jing et al., 2006).

Apoptosis is a highly organized and genetically controlled mode of programmed cell death (PCD) that is crucial for the development and homeostasis of both prokaryotic and eukaryotic organisms. This highly regulated and programmed cell breakdown process is characterized by numerous changes. It is implicated in many pathological as well as physiological processes. It is vital to have a reliable method for detecting PCD (Baskic et al., 2006).

The present study centres on determining the antiapoptotic effects of Triticum aestivum leaf extract on apoptosis induced in Saccharomyces cerevisiae cells by hydrogen peroxide (H2O2). The results obtained for the various parameters analyzed are presented and discussed below.

4.1
CELL VIABILITY ASSAYS

4.1.1
MTT ASSAY

The cytotoxicity in the cells after treatment with H2O2 and / or leaf extract was analyzed by determining the viability. The results obtained for the MTT assay are tabulated in Table 1.

TABLE 1

EFFECT OF Triticum aestivum LEAF EXTRACT ON CELL VIABILITY OF Saccharomyces cerevisiae CELLS SUBJECTED TO OXIDATIVE STRESS

	Sample
	Cell survival (%)

	
	Control
	H2O2 treated

	No extract


	100
	54

	Triticum aestivum leaf extract
	92
	75


Values are mean of triplicates.

The values of the negative (untreated) control group were fixed as 100% viability and the per cent viability in the other groups were calculated relative to this.

The values presented in Table 1 reveal that H2O2 exposure drastically bring down the viability of Saccharomyces cerevisiae cells. Triticum aestivum leaf extract increased the viability of cells subjected to oxidative stress. This indicates that Triticum aestivum leaf extract renders significant protection to Saccharomyces cerevisiae cells.

Several studies show that MTT assay has been used to assay the viability of cells subjected to oxidative stress and for establishing the protection rendered by medicinal plants and their components.

Igenamine G, an alkaloid form the Brazilian marine sponge, Pachychalina alcaloidifera proved to be effective against human proliferating lymphocytes, as determined by the MTT assay (Cavalcanti      et al., 2008). MTT assay also showed that the antiproliferative effects of panaxydol, from Panax notoginseng, inhibited the growth of rat malignant glioma cells in a dose-dependent manner (Hai et al., 2007).

Souli et al. (2008) established using MTT that indole-3-carbinol present in cruciferous vegetables significantly inhibited the tumour growth in mouse PC cell line TRAMP-C2 and bovine capillary endothelial cells (BCE). Human umbilical vein endothelial cells (HUVEL) subjected to oxidative stress were protected by the antagonist effect of telmisartan, an angiotensin II as revealed by the MTT assay (Cianchetti et al., 2008). 

Human embryonic lung fibroblast cell line (MCC-5) and mouse macrophage cells (CRAW 2647) were protected by a peptide from a protein of the oyster, Crassostrea gigas, as shown by the MTT assay (Qian et al., 2008). HPS-1, an isolated polysaccharide component from the roots of Hedyserum polybotrys significantly inhibited the proliferation of human hepatocellular carcinoma Hep G2 cells and human gastric cancer MGC-803 cells, as evidenced by the MTT assay (Li et al., 2008). Gambogic acid chemosensitizes BGC-823 / DOC gastric cancer cells to docetaxol, an anticancer drug, which was assessed by the MTT assay (Wang et al., 2008).

From the observations made in our study, it is clear that Triticum aestivum leaf extract significantly increases the cell viability in hydrogen peroxide treated cells. This proves that the leaf extract possesses strong antioxidant and antiapoptotic effects.

4.1.2
SULPHORHODAMINE B ASSAY
Sulphorhodamine B assay is a colorimetric assay used to evaluate cytotoxicity in cells subjected to oxidative stress and various chemical treatments. In the present study, the cell survival was drastically reduced in H2O2 treated Saccharomyces cerevisiae cells. Treatment with Triticum aestivum leaf extract, assayed using sulphorhodamine B (SRB) assay, showed a significant improvement in the cell survival (Table 2).

Several studies have used the SRB assay to assess the extent of cytotoxicity of herbal extracts and products. The effect of liposomal incorporated sclareol and free sclareol in inducing apoptosis in the growth of human colon tumour (HCT 16) in SCID mice was confirmed with the SRB assay (Hatziantoniou et al., 2006). SRB assay also revealed that tamoxifen potentiates epirubin toxicity in sensitive and resistant breast cancer cell lines, MCF-7 and NCI-adr (Azab et al., 2005).
TABLE 2

EFFECT OF Triticum aestivum LEAF EXTRACT ON CELL SURVIVAL OF Saccharomyces cerevisiae CELLS SUBJECTED TO OXIDATIVE STRESS

	Sample
	Cell survival (%)

	
	Control
	H2O2 treated

	No extract


	100
	54

	Triticum aestivum leaf extract
	92
	83


Values are mean of triplicates.

The values of the negative (untreated) control group were fixed as 100% viability and the per cent viability in the other groups were calculated relative to this.

Dichloromethane and n-butanol extracts of Hippeastrum vittatum showed antiproliferative activity against five human cell lines (HT 29 colon adenocarcinoma, H460 non small cell lung carcinoma, RXF393 renal cell carcinoma, MCF-7 breast cancer and OVCAR-3 epithelial ovarian cancer cells) in in vitro studies (Silva et al., 2008).

Harrington et al. (2000) analyzed the in vivo and in vitro activity of uncapsulated doxorubicin and cisplatin and their pegylated liposome encapsulated counterparts against human squamous cell cancer of head and neck using SRB assay. SRB assay has also shown the induction of apoptosis in HCT 16 colorectal cancer cells exposed to ruthenium II organometallic complex RM175 (Hayward et al., 2005). Wyakrutta et al. (2004) found that 60 medicinal plants were effective against human oral epidermal carcinoma cells and breast cancer cells, using SRB assay.

In the present dissertation, SRB assay was used as a reliable parameter to assess the extent of viability of Saccharomyces cerevisiae cells exposed to H2O2 with or without the presence of Triticum aestivum leaf extract. The results showed that the leaf extract of Triticum aestivum significantly improved the viability of Saccharomyces cerevisiae cells subjected to oxidative stress imposed by H2O2.
4.2
MORPHOLOGICAL CHANGES
The characteristic morphological changes in apoptotic cells were analyzed by giemsa staining in the presence and the absence of H2O2 and plant extract. The number of apoptotic and non-apoptotic cells were counted under phase contrast microscope and the results are listed in Table 3.

The ratio of apoptosing cells to normal cells were calculated in the giemsa stained treatment groups. The values obtained are presented in Figure 1.

Hydrogen peroxide treated cells showed well-defined apoptotic morphology (Plate 2), which was strongly inhibited by the treatment with Triticum aestivum leaf extract. The plant extract, by itself, did not cause any substantial increase in the extent of apoptosis.
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Plate 2
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Cells stained with giemsa, showing apoptotic morphology

 of membrane blebbing and apoptotic body accumulation

TABLE 3

EFFECT OF Triticum aestivum LEAF EXTRACT ON THE MORPHOLOGICAL CHANGES IN Saccharomyces cerevisiae CELLS SUBJECTED TO OXIDATIVE STRESS
	Sample
	No. of normal cells               / 100 cells
	No. of apoptotic cells           / 100 cells

	
	Control
	H2O2 treated
	Control
	H2O2 treated

	No extract


	87
	18
	13
	82

	Triticum aestivum leaf extract
	86
	81
	14
	19


Values are mean of triplicates.

Morphological features that are clear indications of apoptotic death in cells have been well characterized and reported by several researchers. Some of these studies have used giemsa staining to visualize the morphological changes, which is in tune with our study.

The characteristic of apoptotic morphology like membrane blebbing and cell volume shrinkage were studied in various cancer cells (Xu et al., 2006). Similar effects were seen in human colon tumour HCT-15 cells (Park et al. 2002) as well as in retinal ganglion cancer N18 cells (Lin et al., 2006). Compounds isolated from garlic were shown to induce apoptosis in SH-SY5Y cells, as reflected by the morphology visualized by Wright staining (Karmaker et al., 2007).  In another study (Hilemen et al., 2004), 2-methoxy estradiol was shown to preferentially kill human leukemia cells (HL-60). Similarly, 6-formylpterin was shown to bring about heat induced apoptosis in U937 cells, as shown by giemsa staining (Wada et al., 2005).

Ajith et al. (2006) confirmed that lovastatin induced apoptosis in ascites tumour cell lines from mice in a dose-dependent manner. In vitro studies of parthenolide was shown to inhibit the proliferation of human hepatocellular carcinoma cell line BEL-7402 as assessed by giemsa staining (Song and Zhang, 2006).

Ceramide derivatives A2, B3​ and H9 enhanced the 1,25-dihydroxy vitamin D3-induced differentiation in human HL-60 leukemia cells (Kim    et al., 2007). Similar effects were brought about by gemicitabine in nine osteosarcoma cell lines (Ando et al., 2005).

From the observations made in our study, it can be concluded that Triticum aestivum leaf extract brings about significant protection against oxidative stress induced morphological changes. These results indicate that the leaf extract exhibits strong antioxidant properties.

4.3
ETHIDIUM BROMIDE STAINING
The nuclear morphologies that characterize apoptosis are chromatin condensation, nuclear fragmentation and cornering of the nuclear contents. These changes were observed and quantified in the present study in the yeast cells subjected to oxidative stress in the presence and the absence of the leaf extracts. The number of cells showing nuclear apoptotic morphology was counted in ethidium bromide staining in each experimental group of the yeast cells, and the results are presented in Table 4.

TABLE 4

EFFECT OF Triticum aestivum LEAF EXTRACT ON NUCLEAR MORPHOLOGY OF Saccharomyces cerevisiae CELLS SUBJECTED TO OXIDATIVE STRESS AS DETERMINED BY ETHIDIUM BROMIDE STAINING

	Sample
	No. of normal cells               / 100 cells
	No. of apoptotic cells           / 100 cells

	
	Control
	H2O2 treated
	Control
	H2O2 treated

	No extract


	88
	24
	12
	76

	Triticum aestivum leaf extract
	87
	84
	13
	16


Values are mean of triplicates.

The ratios of apoptosing to normal cells were calculated in each treatment group, and the values obtained are presented in Figure 2.

Hydrogen peroxide induced a steep rise in the number of apoptotic cells (Plate 3). Triticum aestivum leaf extract significantly reduced the extent of apoptosis revealed by the nuclear morphology. The leaf extract, by itself, did not cause any significant increase in apoptotic cell number. 

Many studies have revealed nuclear fragmentation as one of the characteristic change in apoptotic cells (Madeo et al., 2002). Some of these studies have used ethidium bromide (EtBr) staining in combination with acridine orange (AO). There is only scarce literature on staining with EtBr alone.
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Cells stained with ethidium bromide 

showing nuclear changes of apoptosis

Plate 4
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Cells stained with propidum iodide showing

 nuclear changes of apoptosis

An ethanolic extract of Lentinula edodes reduced cell proliferation and induced apoptosis in murine skin carcinoma cells (CH72) in a time and dose-dependent manner (Gu and Belury, 2005). EtBr staining of Chinese hamster ovarian cells (CHO-K) showed that the extract of Cochlospermum reguim significantly reduced the cell proliferation and induced apoptosis (Ceschini and Campos, 2006).

Icariin, a flavonoid isolated from Epimedium counteracts the apoptotic effect caused by hydrogen peroxide in human umbilical vein endothelial cell line ECV-304 in a concentration-dependent manner (Wang and Huang, 2005). The nuclear morphological analysis revealed that withaphysalin isolated from Acnistus arborescens induced apoptosis in K562 cells (Rocha et al., 2006).

Pristimerin, isolated from Maytenis flicitolia, induced necrosis or apoptosis in a concentration-dependent manner in human tumour cell line (HL-60) (Costa et al.., 2008). The isolated component of mushroom Albatrellus confluens, grifolin, induced apoptosis and strongly inhibited the growth in several tumour cell lines (Ye et al., 2005).

Fluorescent staining of cultured peripheral blood mononuclear cells with EtBr showed the apoptotic morphology induced by cycloheximide (Baskic et al., 2006). Hydrogen peroxide induced apoptosis or necrosis by ATP-dependent apoptosome formation in T-lymphoma Jurkat cells (Saito   et al., 2006).

The results obtained in the present study validate the use of Triticum aestivum leaves as a potent antiapoptotic agent in yeast cells against oxidative stress.

4.4
PROPIDIUM IODIDE STAINING
The apoptotic cells stained with propidium iodide (PI) fluoresce and can be counted under a fluorescent microscope. The apoptosis induction in Saccharomyces cerevisiae cells by H2O2, and its modulation in the presence of Triticum aestivum leaf extract was quantified using propidium iodide permeability into the cells. The number of normal and dying cells in each treatment group was counted after PI staining and the values obtained are tabulated in Table 5.

TABLE 5

EFFECT OF Triticum aestivum LEAF EXTRACT ON NUCLEAR CHANGES IN Saccharomyces cerevisiae CELLS SUBJECTED TO OXIDATIVE STRESS AS DETERMINED BY PROPIDIUM IODIDE STAINING

	Sample
	No. of normal cells               / 100 cells
	No. of apoptotic cells           / 100 cells

	
	Control
	H2O2 treated
	Control
	H2O2 treated

	No extract


	84
	19
	16
	81

	Triticum aestivum leaf extract
	81
	78
	19
	22


Values are mean of triplicates.

The ratios of apoptosing to normal cells were calculated and the ratios are presented in Figure 3.
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Oxidative stress induction in Saccharomyces cerevisiae cells by H2O2 brought about a steep increase in the number of apoptotic cells (Plate 4). This effect was strongly counteracted by Triticum aestivum leaf extract.

Exposure of cells to oxidative stress and the effects of plant extracts and other chemotherapy treatments on this process have been studied by their PI permeability in several studies reported in the literature.

The isolated component, sitibinin, from the crude seed extract of silymarin increased the apoptotic rate in Geo and HCT 116 cell lines (Hoghan et al., 2007). An ether extract of Cremanthodium humile brought about the same effect in HeLa, A549, Hep G2 and SW 40 cell lines (Li et al., 2007). Isoflavones, including genistein, from the flower of Lupine (Lupinus leteus) at high concentration, induce apoptosis in Chinese hamster ovary cells as assessed by PI staining of cells (Rucinska et al., 2007).
Increased apoptosis was seen in Hep G2 cells treated with genistein (Choden et al., 2007). A similar effect was seen in human umbilical vein endothelial (HUVE-12) cells treated with genistein derivative, cytosine arabinoside Ara C, as determined by PI staining (Fu et al., 2008).

PI staining of human promyelocytic leukemia cells (HL-60) showed increased apoptosis brought about by chelerythrine and its derivative dihydrochelrythrine in a dose-dependent manner (Vrba et al., 2008). Ascorbic acid significantly inhibited adult retinal pigment epithelial (ARPE) cell proliferation by inducing apoptosis in a dose-dependent manner (Heckelen et al., 2004). Aspirin also brought about the same effect in HeLa cells (Kutuk and Basaga, 2003).

In tune with these studies, in the present study, PI staining was used to quantify the number of apoptosing cells. Our results prove that the extent of apoptotic cell death was significantly reduced in Saccharomyces cerevisiae cells exposed to oxidative stress by the treatment with Triticum aestivum leaf extract.

4.5
DNA FRAGMENTATION
The structural changes during apoptosis occur within the nucleus, where the chromatin condenses and aggregates and the DNA is degraded. DNA is cleaved in a systematic manner to provide nucleosomal fragments. Since the present study focused on following the apoptotic events induced by oxidative stress, DNA fragmentation in apoptotic yeast cells were assayed using diphenylamine in a colorimetric assay, and the per cent extent of fragmentation obtained are tabulated in Table 6.

TABLE 6

EFFECT OF Triticum aestivum LEAF EXTRACT ON DNA FRAGMENTATION IN Saccharomyces cerevisiae CELLS SUBJECTED TO OXIDATIVE STRESS

	Sample
	Extent of DNA damage (%)

	
	Control
	H2O2 treated

	No extract
	49
	54

	Triticum aestivum leaf extract
	47
	49


Values are mean of triplicates.

The results obtained implicate that H2O2 did not cause significant DNA fragmentation in Saccharomyces cerevisiae cells. There was no significant differences in the extent of DNA damage in all the four treatment groups, eventhough the level in H2O2 group tended to be higher.

It has been reported by several researchers that, at low concentration of hydrogen peroxide or menadione, yeast cells provoke an adaptive response (Jamieson, 1992; Collinson and Dawes, 1992; Steels et al., 1994; Woodford et al., 1995). Yeast apoptosis showed no DNA laddering eventhough DNA damage was detected in the TUNEL test (O’Brien et al., 1997). This observation in yeast cells is explained by the fact that there is no linker DNA between the nucleosomes (Lowary and Widom, 1989; Madeo  et al., 1999).

Jeon et al. (2002) have shown that the process of apoptosis in yeast cells can be triggered by oxidative stress much earlier than DNA fragmentation, which took over four hours to manifest. In a recent study (Lundin et al., 2005), methyl methane sulfonate did not cause DNA fragmentation upto 90 minutes of exposure. In our study, an exposure interval of one hour was used, which is the probable reason for the lack of observation of significant DNA fragmentation.

Apoptosis induction in yeast cells did not show the laddering of DNA fragmentation in agarose gel electrophoresis performed in our laboratory (Sreeja, 2006; Sathya, 2006). From the above results, it can be deduced that there was no significant DNA fragmentation during oxidative stress in Saccharomyces cerevisiae cells.

However, the other techniques (PI, EtBr and giemsa staining) in our study showed that nuclear changes did occur during the cell death triggered by H2O2. This suggests that in Saccharomyces cerevisiae cells, oxidative stress-induced apoptosis does not involve DNA fragmentation.

The outcome of the present study shows that the leaves of Triticum aestivum render strong protection to Saccharomyces cerevisiae cells against oxidative stress-induced apoptotic cell death. From the observations, it is clear that the leaves hold strong antiapoptotic properties that can be used to minimize the oxidative stress as well as to protect the cells from the toxic effects of oxidizing agents in order to bring down the harmful effects associated with their exposure.

The study also validates the use of Saccharomyces cerevisiae cells as an alternative experimental model system for analyzing the effects of medicinal plants under conditions of oxidative stress. 

The results obtained in the present study and the conclusions drawn therein are summarized in the next chapter.

5. SUMMARY AND CONCLUSION

Plants play an indispensable part in the environment, especially their role as medication to protect man from intrinsic and extrinsic ill effects imparted by stress agents. A complex mixture of phytochemicals present in plants and their products are responsible for the potent antioxidant and anticancer activities, since it has been used to treat several types of cancer. 

Apoptosis is a highly regulated Programmed Cell Death (PCD). PCD is needed for the proper regulation of cells; disregulation of apoptosis leads to pathological conditions like cancer eventually death of the organism. Many plants and plant derived products have been shown to be potent inducers of apoptosis in cancer cells. Hence it gives protection against oxidative stress in cells and improve their standard of living.


The plant chosen for the present study was Triticum aestivum, commonly known as bread wheat. The present study was set up to evaluate the effects of Triticum aestivum leaves on the apoptotic events in Saccharomyces cerevisiae subjected to oxidative stress. Various assays have been done to quantify the apoptotic cell death.


The cytotoxicity in the cells after treatment with H2O2 and / or leaf extract was analyzed by determining the viability. The results revealed that hydrogen peroxide drastically brought down the viability of the cells. Triticum aestivum leaf extract increased the viability of cells subjected to oxidative stress. This indicates that Triticum aestivum leaf extract renders significant protection to Saccharomyces cerevisiae cells. From the observation in our study, it is clear that Triticum aestivum leaf extract significantly increases the cell viability in hydrogen peroxide treated yeast cells.

Sulphorhodamine B assay is a colorimetric assay, which is used to evaluate cytotoxicity in cells subjected to oxidative stress and various chemical treatments. The cell survival was drastically reduced in H2O2 treated Saccharomyces cerevisiae cells. Treatment with Triticum aestivum leaf extract, assayed using sulphorhodamine B assay, showed a significant improvement in the cell survival. The treatment of Triticum aestivum leaf extract improves the viability of cells subjected to oxidative stress which is proved by our studies.

The characteristic morphological changes in apoptotic cells were also analyzed by giemsa staining. . The morphological changes were observed in the presence and absence of leaf extracts and/or H2O2. Hydrogen peroxide treated cells showed well defined apoptotic morphology which was strongly inhibited by the treatment with Triticum aestivum leaf extract but the plant alone did not cause any significant effect and from the observation of our study it can be concluded that Triticum aestivum leaf extract brings about significant morphological changes in apoptosis induced cells and gives maximal protection to yeast cells from oxidative stress.

The nuclear morphologies that characterize apoptosis are chromatin condensation, nuclear fragmentation and cornering of the nuclear contents. These changes were observed and quantified in the yeast cells subjected to oxidative stress in the presence and the absence of the leaf extracts.  Hydrogen peroxide induced a steep rise in the number of apoptotic cells. The plant extracts, by themselves, did not cause a significant increase in apoptotic cells, but it decreased the number of apoptotic cells when administered along with H2O​2. The results obtained in the present study validate the use of Triticum aestivum leaf extract as a potent anti-apoptotic agent in yeast cells against oxidative stress

The apoptotic cells stained with propidium iodide fluoresces and can be counted under a fluorescent phase contrast microscope. The apoptosis induction in yeast cells and its counteraction in the presence and absence of Triticum aestivum leaf extract was quantified. Oxidative stress induction in S. cerevisiae cells by H2O2 brought a rapid increase in the number of apoptotic cells. This effect was strongly counteracted by the treatment with plant extract. Our results prove that, the extent of apoptotic cell death was significantly reduced in yeast cells exposed to oxidative stress by treatment with Triticum aestivum leaf extracts.

The structural changes during apoptosis occur within the nucleus, where the chromatin condenses and aggregates and the DNA is degraded. DNA is cleaved in a systematic manner to provide nucleosomal fragments. Since the present study focused on following the apoptotic events induced by oxidative stress, DNA fragmentation in apoptotic yeast cells was assayed using diphenylamine in a colorimetric assay. The results obtained implicate that hydrogen peroxide did not cause significant DNA fragmentation in Saccharomyces cerevisiae cells. There was no significant difference in the extent of DNA damage in all the four treatment groups, eventhough the level in H2O2 group tended to be higher. 

However, the other techniques (PI, EtBr and Giemsa staining) in our study showed that nuclear changes did occur during the cell death triggered by H​2O2. This suggests that in Saccharomyces cerevisiae cells, oxidative stress-induced apoptosis does not involve DNA fragmentation.

The outcome of the present study shows that the leaves of Triticum aestivum render strong protection to yeast cells against oxidative stress induced apoptotic cell death. From the observations, it is clear that the leaves hold strong antiapoptotic properties that can be used to minimize the oxidative stress as well as to protect cells from the toxic effects of oxidizing agents in order to bring down the harmful effects associated with their exposure.

The study also validates the use of Saccharomyces cerevisiae cells as an alternative experimental model system for analyzing the effects of medicinal plants under conditions of oxidative stress.

SUGGESTIONS FOR FUTURE RESEARCH
1. The active component in the leaf extract can be identified and analyzed for its antiapoptotic potential in Saccharomyces cerevisiae cells.

2. The extract can be tested for anticancer activity by its ability to induce apoptosis in various cancer cell lines.

3. The other molecular markers of apoptosis, like the affector (initiator) and effector caspases, can be studied after exposure to the leaf extract.
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APPENDIX  I

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.  

Reagents
1. MTT – 3mg/ml of saline

2. Isopropanol in 0.04 N HCl (acid-propanol)

3. Saline 

Procedure

The treated cells were incubated with 50(l of MTT at 37(C for 3 hours after removing the incubation medium by centrifugation. After incubation, 200(l of saline 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 650nm in a ELISA plate reader (Anthos, 2020, Austria). The optical density of the control were fixed to be 100 per cent viability and the percent viabilities of the cells in the other treatment groups were calculated relative to this.

APPENDIX II

SULPHORHODAMINE (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 cytotoxicity.

Reagents
1. SRB (0.4% in 1% TCA)

2. 40% TCA

3. Saline

4. 1% acetic acid

5. 10mM Tris (pH 10.5)

Procedure

An aliquot 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. The water was removed, SRB stain (350(l) was added for each tube 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 any unbound dye. Then 10mM Tris (350 (l) was added to solubilize the protein bound dye. They were shaken gently for 20 minutes. The Tris layer in each group was transferred to a 96-well plate and read at 490nm in an ELISA plate reader (Anthos 2020, Austria). The cell survival was measured as the percentage absorbance compared to the control (untreated cells).

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 microsopy.

Reagents
1. Liquid giemsa stain (1:3 dilution in saline)

2. Normal saline

Procedure

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


Apoptotic ratio = 
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APPENDIX IV

ETHIDIUM BROMIDE STAINING

(Modified Mercille and Maurie, 1994)

Ethidium bormide is a molecule that intercalates into nuclei acids and can be used to visualize the nuclear changes in apoptotic cells.

Reagents

1. Ethidium bromide – 50 (g/ml in PBS

2. PBS
Procedure


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


Apoptotic ratio = 
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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
1. Propidium iodide (PI) 5(g/ml in saline

2. Normal saline
Procedure

After 
the treatment, the cells stained with 10(l of propidium iodide, 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 fluorescent microscope (Nikon, Japan) at 400X magnification. The apoptotic ratio was calculated by the formula

Apoptotic ratio = 
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APPENDIX VI

QUANTIFICATION OF DNA FRAGMENTATION WITH DIPHENYLAMINE METHOD

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

2. 5% and 25% TCA

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

4. DPA solution : 10 ml 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. Stored in a cool, dark place.
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 200 xg at 4(C for 10 minutes. The supernatants were transferred to new tubes labeled S. To the pellets in tubes B, 1.0ml of TTE solution was added and vortexed to release the fragmented chromatin from the nuclei.


To separate the fragmented DNA from intact chromatin the tubes B were centrifuged at 20,000 x g for 10 minutes at 4(C. From the tubes B, the supernatants were carefully transferred to new tubes labeled T. To the small pellets in tubes B, 1.0 ml of TTE solution was added and vortexed to release the fragmented chromatin from nuclei. Then 1.0 ml of 25% TCA was added to all the 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 treating 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 four hours at 37(C or overnight at room temperature for colour development.


The optical density was read at 600nm with a spectrometer. The per cent fraction of fragmented DNA was calculated using the formula,


Percent fragmentation = 
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where S, T and B are the absorbances at 600nm 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,


Per cent fragmentation  = 
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