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1. INTRODUCTION


In recent years, considerable interest has been evidenced by the medical professional regarding the use of indigenous drugs in the treatment of diseases (Siddique et al., 2010). The toxic effects produced by the administration of drugs are much more a serious problem than that of the disease itself. These factors compel us to search for safe formulation from alternative medicinal system, which is devoid of side effects in the body (Ananth and Reddy, 2010). Herbal drugs could be scientifically modified for better pharmacological activity to establish safe and effective drugs (Rahman et al., 2009).

The frequency of life threatening infection caused by pathogenic microorganism has increased worldwide and is becoming an important cause of morbidity and mortality in immuno compressed patients in developing countries (Al-bari et al., 2006). Infection rates have increased and antibiotic resistance has become an increasing therapeutic problem (Mitscher, 2008; Jarvis, 2008). Antimicrobial chemotherapy has not achieved the much-required success in the eradication of microbial infection because of the antimicrobial resistance developed by most pathogenic microorganisms (Unlu et al., 2008).

Bacterial and Fungal infections are some of the most serious global health issues of present century (Ananth and Reddy, 2010). They are evolving numerous mechanisms to evade antimicrobial agents (Parekh and Chanda, 2007). The development of multi-drug resistant (MDR) bacterial strain (Alanis, 2005) and resistant fungal strain (Ficker et al., 2005) along with its side effects, including allergy, immuno-suppression and hypersensitivity (Ahmed, 1998) made a pressing need to identify new and novel antimicrobial agents that would help in alleviating the problems of emerging resistant bacterial and fungal pathogens (Talib and Mahasneh, 2010).


The plant kingdom has been the best source of remedies for curing a variety of disease and pain (Salazar-aranda et al., 2009). Phytotheraphy in Asia is particularly widespread (Mohanty and Cock, 2010).The antimicrobial compounds produced by plants are active against plant and human pathogenic microorganisms (Lee et al., 1998). Plants can serve both as potential antimicrobial crude drugs as well as source of anti-infective agent (Rios and Reico, 2005).


The substances that can either inhibit the growth of pathogens or kill them or have no or least cytotoxicity to host cells are considered candidate for developing new antimicrobial drugs (Rajendran and Ramakrisnan, 2009). Plant derived natural products represents an alternative source of antimicrobial agents since they are natural and affordable (Zheng and Wu, 2007). However, the isolation and chemical characterization of plant derived compounds and its possible use for human well being requires solid and lengthy research, one of the determinants in this complex evaluation concerns the toxic potential of the studied agent (Perez et al., 2005).   

Hence the candidate plant was subjected to cytotoxic testing to analyze its toxic potential and evaluate concentration at which it gives maximum protection to the survival of cells.


The ethical issues and concern for the life of animals has evoked a need for alternative model system to investigate the research oriented studies instead of sacrificing vertebrate organism. The Saccharomyces cerevisiae has long been served as a model eukaryotic organism (Coughlan and Brodsky, 2005). Yeast is considered to be a powerful system for studying complex biological phenomena (Ludovico et al., 2005). The complete sequence of its genome has proved to be extremely useful as a reference towards the sequences of human and other higher eukaryotic genes. Furthermore, the ease of genetic manipulation of yeast allows its use for conveniently analyzing and functionally dissecting gene products from other eukaryotes (Barnett, 2003).                 

The mechanism involving in vivo and in vitro condition may vary significantly, which is one of the most prevalent drawbacks in research work. Research using in vitro cell culture methods has a number of limitations to a complete understanding of biological systems in vivo. The primary somatic cells, however, are valuable tools to enable the study of a variety of cellular and biochemical functions under tightly controlled experimental conditions which provides the internal environment of the system (Oh et al., 2007). Hence fibroblast cells from chick embryo were selected to analyze effects of drug and test plant.

India, along with its wealth, is rich in wide variety of medicinal plants, a large number of popular remedies, many of which are common use even today mentioned in Indian ancient Ayurvedic, Unani and Tibbi system of medicine (Calder, 1996). Many research groups are currently screening the different biological activities of plants (Mothana et al., 2008; Mulabagal et al., 2007). Hence the plant chosen for the present study is Euphorbia antiquorum, which are found in warmer parts of Asia.

Euphorbia antiquorum is a large shrub or small tree belonging to the largest and the most diverse family in the plant kingdom, Euphorbiaceae. Phytochemical investigation reported that it possesses hepatoprotective and antioxidant activity in the aerial parts of plants (Sunitha et al., 2001). There were claims from a local native practitioner that the test plant is highly useful in treating jaundice (Jyothi et al., 2007) and the latex of plant found to possess insecticidal activity (De silva et al., 2008). The herbal extract of this plant prepared from fresh and dried leaves, seed, bark, fruit,peel and flowers are useful in effective treatment of cancer (Lin and Cheng, 2003). In the present study we attempted to study the antimicrobial activity of methanolic extract of latex of E. antiquorum and also check its cytotoxicity and apoptosis inducing effects.

Hence the objective of the study focused to

1. Analysis of the antimicrobial activity of crude methanolic extract of                             latex of Euphorbia antiquorum .

2. Screening for cytotoxicity using Saccharomyces cerevisiae cells and brine shrimps.

3. To visualize the apoptotic changes induced by combined effect of etoposide and methanolic extract of latex of Euphorbia antiquorum in primary cultured chick embryo fibroblast cells

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

2. REVIEW OF LITERATURE

India is one of the richest floristic regions of the world, well known for  its famous heritage regarding medicinal plants and plant drugs since the time of Rig-veda medicinal plants are used pharmaceutically in various Indian medical system e.g. in Ayurveda, Allopathy, Unani and Homeopathy (Basoba et al., 2005). The significance of herbals and herbal products is gaining worldwide recognition. The concept of complementary or alternative medicine is becoming much more widely accepted and there is an increasing belief in the efficacy of herbal remedies (Kapoor et al., 2009).
Plant derived medicines are based upon the premise that they contain natural substances that can promote health and allocate illness and proved to be safe, better patient tolerance, relatively less expensive and globally competitive. So in respect of the healing power of plants and a return to natural remedies is an absolute requirement of our time (Sen et al., 2009). Therefore it is demand of modern era to use such phytoconstituents or phytomedicines (Sen et al., 2010).
FREE RADICALS 

Oxygen is an element obligatory for life, the living systems have evolved to service in the presence of molecular oxygen and for most biological system. Oxidative properties of oxygen play a vital role in diverse biological phenomena. Oxygen has double-edged properties, being essential for life, and it can aggravate the damage within the cell by oxidative events (Shinde et al., 2006).

“A free radical may be defined as a molecule or molecular fragments containing one or more unpaired electrons in its outermost atomic or molecular orbital capable of independent existence”. (Halliwell and Gutteridge, 1999).

There are different types of reactive species

1.  Reactive oxygen species (ROS)
2.  Reactive nitrogen species (RNS)
3.  Reactive chlorine species (RCS)
      Reactive oxygen species is a collective term that broadly describes oxygen derived free radicals (Halliwell and Gutteridge, 1999). Reactive oxygen species are products of normal metabolism. Xenobiotic exposure and depending on their concentration ROS can be beneficial or harmful to cells and tissues (Circu and Aw, 2010). High level of the free radicals or active O2 species creates oxidative stress (Ordoneg et al., 2006). Cells are constantly exposed to ROS and RNS generated from endogenous and some exogenous sources (Chowdhury et al., 2007). 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). At physiological low levels ROS function as “Redox messengers” in intra cellular signaling and regulation (Circu and Aw, 2010; Valko et al., 2007). The fluctuation of ROS level in response to intra and extra cellular changes brings complex effects to the cells (Wang et al., 2007). Excess ROS induce oxidative modification of cellular macromolecules, inhibit protein function and promote cell death (Rathore et al., 2007).
ROS and RNS are the key player in cancer as their increased production leads to genetic mutation, predisposing individual to cancer (Azad et al., 2008).  Human body is enriched with natural antioxidants and can prevent the onset as well as treat diseases caused and/or fastened due to free radical oxidative stress (Sen et al., 2010). The antioxidants of plant origin with free radical scavenging properties could have great importance as therapeutic agents in several diseases caused due to oxidative stress (Ramchoun et al., 2009). The ROS comprises various forms of activated oxygen including Superoxide radicals (O2), Hydroxyl radical (OH.), Hydrogen peroxide (H2O2), Nitric oxide generated as byproducts of biologic reactions (Lin et al., 2010 and Sultana et al., 2007).
TYPES OF FREE RADICALS

Superoxide anion (O2.)
Superoxide anion are normally formed during the first step of cellular oxidation reaction and then they magnify their effect by producing other kinds of cell damaging free radical and oxidizing agents (Liu and Ng, 2000). Superoxide anion is the first generated reactive oxygen species (ROS) after oxygen enters living cells. It was once considered to be highly deleterious to cell functions and aging. superoxide signaling has been shown in many physiological responses such as transcriptional regulation, protein activation, bioenergy output, cell proliferation and apoptosis (Wu et al., 2010).
Hydroxyl radical (OH. )
Hydroxyl radicals are produced from hydrogen peroxide in metal-catalyzed redox reaction such as the Fenton reaction (Naik et al., 2006).
Singlet oxygen (O2.)

Singlet oxygen is a common free radical used for the two meta-stable stae of molecular oxygen. Generation of singlet oxygen play a major role in phototoxicity reactions (Tonnesen et al., 2010).
Peroxyl (ROO.)
Peroxyl  radicals are oxygen centered organic lipid participate in lipid per oxidation reaction. These radicals are produced in the presence of oxygen by radical addition to double bonds or hydrogen abstraction. Highly reactive radicals, ROO•, were generated from 2,2‘-azobis[2-(2-imidazolin-2-yl)propane] and linoleic acid. (Rigo et al., 2000).
Peroxy nitrite (ONOO.)
Peroxynitrite, the product of the diffusion-controlled reaction of nitric oxide with superoxide radical is a short-lived oxidant species that is a potent inducer of cell death. Wide ranges of physiological reactions are known to release electrons during metabolism that instantly react with molecular oxygen and forms O2.  It is not very reactive, it can generate a potent oxidizing and nitrating species peroxynitrate (Kamat, 2006).
Nitric oxide (NOO.)
Nitric oxide is an intermediary molecule in various biological pathways. In vertebrates, NO is synthesized through the reaction of L-arginine with oxygen by the catalysis of nitric oxide synthase (NOS) enzyme. The production of NO is necessary for the non-specific host defense that helps to kill intracellular pathogens and tumors (Batcioglu et al., 2006).
Hydrogen peroxide (H2O2)
Mitochondrial derived O2 is dismutated to H2O2 by manganese superoxide dismutase. H2O2 itself is not very reactive but it can sometimes be toxic to the cells, it may give rise to hydrogen radicals in the cells. SOD converts superoxide anion radical produced in the body to H2O2 and catalase decomposition of H2O2 to water and oxygen (Noyan et al., 2005).
ROS AND HUMAN DISEASES

Free radicals resulting from oxidative stress are causative of various detrimental effects and chronic disease such as Alzheimer’ s disease, cognitive dysfunction, ischemia-reperfusion injury, sepsis, diabetes, atherosclerosis and cardiovascular disease (Kimura, 2006; Victor and Rocha, 2007). Increased oxidative stress seems to be the major culprit of diabetes and its associated complication such as kidney disease (Forbes et al., 2008 and Potenza et al., 2009).
Physiological conditions or diseases associated with increased cell oxidative stress and with a high impact on public health are ageing, obesity, hypertension, atherosclerosis, vascular alterations, metabolic syndrome, chronic obstructive pulmonary disease, asthma, several neurological disorders such as parkinson’s disease and schizophrenia, AIDS, obstructive sleep apnea, polycystic ovarian syndrome, liver disease, chronic kidney diseases (CKD), rheumatoid arthritis (Rathore et al., 2007) cataracts, tumors (breast cancer) ischemia (Roberts and Sindhu, 2009; Gareia-latunete et al., 2009 and Martinez, 2006). 

Living creatures have evolved a highly complicated defense system and body act against free radical including oxidative stress by different defense mechanisms like preventive mechanism, repair mechanisms, physical defense and antioxidant defenses. The use of phytoconstituents as drug therapy to scavenge free radical and to treat disorder leads due to oxidative stress has proved to be clinically effective and relatively less toxic then the existing drugs therefore it is demand of time to use drugs from plant source, phytoconstituents to prevent the oxidative stress (Sen et al., 2010).
INFECTIOUS DISEASES 

Infectious diseases have been a life threatening problem for humans before antibiotic era (Seyyednejad and Motamedi, 2010). Infectious diseases are the important causes of morbidity and mortality among humans in these countries. Infectious diseases account for about half of the death in tropical countries (Khosravi and Behzadi, 2006). 
The infecting agents may transmit through liquid food, body fluids, and contaminated objects. An infection is not synonymous with infectious diseases; infections may not cause important clinical symptoms or imposes host function (Ryan and Ray, 2004). One of the ways to prevent or slow down the transmission of infectious diseases is to recognize the different characteristics of various diseases (Walts, 2003). 

When a microbe jumps from a long time animal host to a human being it may cease to be a harmless parasite and bounce pathogenic. Several human activities have led to emergence and spread of new disease (Krauss, 2003). Microorganisms vary greatly in their pathogenicity, the pathogenicity islands are fairly large segments of the genome of pathogenic stress that are absent in non-pathogenic strains (Pommerville, 2004). There is evidence that chronic infections might be a contributing risk factor to vascular diseases, such as heart attack and stroke (Ray et al., 2010).
COMMON PATHOGENS 

Salmonella typhi 


Salmonella typhi is a server of salmonella enteric The organism can be transmitted by the fecal-oral route, it is excreted by contaminated water, food or by person to person contact. A human restricted bacterial intracellular pathogen that cause typhoid or enteric fever (Zhang et al., 2008; Holt et al., 2008).

Staphylococcus aureus

Staphylococcus aureus is a facultative anaerobic gram positive coccus, it is frequently found in part of the skin flora found in nose and on the skin. It can cause illness from skin infection like pimples, impetigo boils to life threatening disease such as pneumonia meningitis. About 20% of human populations are long-term carriers of S. aureus. Some clone of  S.aureus are well equipped to cause diseases across the globe (Gordon and Lowy, 2008).
Pseudomons aureogensa 

Pseudomonas auerogensa is a rod-shaped aerobic gram-negative bacterium with unipoles, motility (Ryan and Ray, 2004). It is a life threatening opportunistic human and plant pathogen. It is found in soil, water and in skin flora. It can cause wide range of clinical symptoms include inflammation and sepses and infection that are lethal to patients with impaired respiratory and immune system (Shao et al., 2010). The versatility enables the organism to infect damaged tissues or people with reduced immunity, symptoms (Oberhardt et al., 2008; Kunnert et al., 2007).
Shigella flexneri 


Shigella flexneri is a common human intestinal pathogen.  It a gram-negative, non-motile, non spore forming rod-shaped bacteria (Ying et al., 2005). It accounts for 20% of the 4.6 million diarrhea associated death among children (Ahmed et al., 2001).
Candida albicans

Candida species are the most common cause of fungal infection. In immuno compressed person, fungus is the causal agent and opportunistic pathogen in genital infection of humans (Denfert and Huba, 2007).
Aspergillus species 
Aspergillus can cause disease in three ways, production of mycotoxins through induction of allergic response and through localized or systemic both of which of leads to toxic disease Aspergillosis. It is caused by Aspergillus species in patient with weakened immune systems (Blas and Caldorne, 2008 and Machida and Gomi, 2010).
Rhizopus stolonifer
Rhizopus is a cosmopolitan filamentous fungus frequently isolated from soil decaying fruits and vegetables, animal fungus and old bread. Rhizopus species are also responsible for occasional cause of serious infections in humans. Mucormycosis (zygomycosis) is an aggressive and usually fatal human infection. The most common etiologic agents are Rhizopus spp (Alastruey-Izquierdo et al., 2009)

Mucor indicus
Mucor is a filamentous fungi found in soil, plants, decaying fruits and vegetables. Mucor spp may cause infections in man, frogs, amphibians, cattle and swine. Mucor indicus is an uncommon fungal pathogen, typically found in starters used for food fermentation. Primary gastrointestinal manifestations seem to be typical and indicate an oral route of infection. (Deja et al., 2006). 

Streptococcus pneumoniae

Streptococcus pneumoniae is a pathogen of global importance that frequently transfers genetic material between strains and on occasion across species boundaries (Hanage et al., 2009).
Klebsiella pneumoniae 

Klebsiella pneumoniae is a gram negative, non-motile, encapsulated lactose fermenting facultative anaerobic, rod-shaped bacterium found in the normal flora of the mouth skin and intestines (Ryan and Ray, 2004). It is a predominant pathogen of primary lives abscess (Tu et al., 2009). It is also potential community acquired pathogen (Wenchienko et al., 2002).

Bacillus subtilis 
Bacillus subtilis has been implicated in various food spoilage including rapines in bread production of CO2 in canned meats, coagulation in milk. B. subtilis is not a human pathogen. It may contaminate food but rarely causes food poisoning (Ryan and Ray, 2004).

Escherichia coli 
Escherichia coli is a remarkable and diverse organism. This normally harmless commensal needs only to acquire a combination of mobile genetic elements to become a highly adapted pathogen capable of causing a range of diseases, from gastroenteritis to extraintestinal infections of the urinary tract, bloodstream and central nervous system (Croxen and Finley, 2010).
ANTIBIOTIC RESISTANCE

“Antibiotic resistance is a specific type of drug resistance when a microorganism has the ability of withstanding the effects of antibiotics”
The wide spread use of antibiotic both inside and outside of medicine  is playing a significant role in the emergence of resistant bacteria (Goossens et al., 2005). Because of mutagenic nature of bacterial DNA, the rapid multiplication of bacterial cells and the constant transmission of bacterial cells due to plasmid exchange, pathogenic bacteria continue to develop anti-microbial resistance thus rendering certain antibiotic useless (Kaushik and Goyal, 2008).
The volume of antibiotic prescribed is the major factor in increasing rates of bacterial resistance rather than compliance with antibiotics (Pechere, 2001). The rise in the failure of chemotherapeutic agent and antibiotics resistance exhibited by pathogenic microbial infectious agents has led to screening of several medicinal plants as for their potential antimicrobial activity (Natarajan et al., 2003). It is desirable to use antibiotics only when appropriate, and try to limit selective pressure that increases the frequency of resistance. The only viable long term solution to the problem of new antibiotics to respond to new drug-resistant threats (Spellberg et al., 2008).
PLANTS – SOURCE OF ANTIBIOTIC MEDICINE

The different antimicrobial and phytochemical constituents of medicinal plants and using for the treatment of microbial infectious as possible alternative to chemically synthetic drugs to which many infection  micro organism have become resistant (Akinpelu and Onakoya, 2006).

Allopathic drugs were concerned to target directly against the disease causing organisms where as,  medicine of alternative system appear to strengthen body’s defense mechanism first which in turn will tackle the disease (Cowman, 1999). With the advancement of modern medical technology, it is now easier to identify specific botanical constituents and assess their potential anti-microbial activity (Pavithra et al., 2010). Many of the herbs and spices used by human being to season food yield medicinal compounds including antimicrobial property (Wallace, 2004). A better understanding of the ecological role for antibiotics and antibiotic resistance in non clinical environments may eventually help to predict and counteract the emergence and future evolution of resistance (Martinez, 2008). 

CYTOTOXIC PROPERTIES OF PLANTS

At present, there are no single chemical entity plant-derived antibacterial used clinically, and this chemically diverse group deserves consideration as a source for two major reasons. First, plants have exceptional ability to produce cytotoxic agents and second there is an ecological rational that antimicrobial natural products should be present or synthesized de novo in plants following microbial attack to protect the producer from pathogenic microbes in its environment (Gibbons et al., 2005).

Cytotoxic property of plant material is due to the presence of anti tumor compounds (Ara et al., 1999) which have been used as active principle in treating leukemic cells. The accurate scientific assessment of herbal medicine is a prerequisite for global harmonization of herbal health claims. Apart from determining efficacy, the safety of herbal products should also be assessed, as not all herbal medicines are harmless (Bigoniya and Rana, 2009). Despite from toxic properties of plants, it provides medicinal properties which can be used in treatment with an appropriate dose which make the use of plants and its parts for therapeutic uses. One such plant is Euphorbia antiquorum (Lin and Cheng, 2003).

Depending on the drug or combination of drug used, systematic chemotherapy may result in one or more toxicities including hematologic, vascular, neural, GI, renal pulmonary, otologic and lethal. Herbal medicine products when combined with chemotherapy would raise the efficiency level and lower toxic reaction. These facts have raised the feasibility of the combination of herbal medicines and chemotherapy (Wenjing  et al., 2006). Herbs would improve survival (Mabed et al., 2004). Quality of life or reduce chemotherapy toxicity (Semiglazov et al., 2004). 

IN VITRO MODEL SYSTEMS

Saccharomyces  cerevisiae 

Saccharomyces cerevisiae are commonly known as baker’s yeast. Yeast is an easily manipulated model system (Costa et al., 2007) that is widely used for heterologus expression of mammalian genes and the structural and functional studies (Fleury et al., 2007). In our own laboratory, the yeast cells have been used as model system to study oxidative stress (Sreeja, 2006 and Vijayachandran, 2007).
PRIMARY CELLS (CHICK EMBRYO FIBROBLAST)
The in vivo and in vitro condition may vary and set a major drawback which can be overcome by using primary cells which reflects the true morphology of the cells and provides the internal environment of the biological system. Transformed chicken fibroblast in vitro represents a model of cancer studies (Masker et al., 2007). Different chick embryo model systems allow for comprehensive analysis of specific stages and aspects of cancer cell dissemination (Deryugina and Quigley, 2008). Hence the sacrificing vertebrate animals will be overcome by Sacchaomyces cerevisiae and primary cells as model system.
BRINE SHRIMP
The brine shrimp cytotoxicity assay was considered as a convenient probe for preliminary assessment of cytotoxicity (Manilal et al., 2009). The brineshrimp lethality bioassay is rapid, simple, easily mastered, in expensive and requires small amounts of test material (2-20 mg) (Ghisalberti, 1993) and capable of detecting board spectrum of bioactivity present in crude extracts (Pisutthanan   et al., 2004).
Euphorbia antiquorum
Euophorbia antiquorum belongs to the family Euphorbiaceae. Euphorbia, a well-known genus having therapeutic efficacy (Natarajan et al., 2007). E. antiquorum is a large shrub or small tree growing throughout the hotter parts of India. Milky exudates of E. antiquorum latex which is pungent and tingering. The latex is irritating to the skin and the saps irritating to the human eye. It even blinds one if contacting the eye directly.

MEDICINAL PROPERTIES OF Euphorbia antiquorum
All parts of this plant have been frequently used in indigenous system of medicine for a long time. It can relieve cold, detoxify and reduce inflammation. The major function is treatment for skin and edema (Lin and Cheng, 2003). The aerial parts of the plant found to possess hepatoprotective and antioxidant activity (Jyothi et al., 2007).

The juice of the plant is acrid, anti-inflammatory, purgative and is useful in rheumatism, dropsy, gout, neuropathy, deafness, cough and juice from branches is a application to warts and others cutaneuous affiliation (Vaidyarathanam, 1995). Phytochemical investigation showed the presence of triterpenes and flavonoids both are reported to possesses hepato protective and antioxidant activity (Sunitha et al., 2001) and claims from a local native practioner that the decoction of the plant is highly useful in treating jaundice (Jyothi       et al., 2007).
The herbal extract from fresh or dried leaves, seeds, bark, fruit, peel and flowers of the plant are suitable for treatment of cancer. It can effectively inhibit the tumor growth when administered to an individual. The herbal extract of E.antiquorum specifically inhibits the growth of five different human cell lines, including human hepatoma cell line, human colorectal adino carcinoma cell line, human monocyte like lymphoma and human leukemia cell (Lin and Cheng, 2003)

The latex of E.antiquorum along with its toxic properties         (Evanics et al., 2001) possess insecticidal activity against a wide range of vegetable and rice insects, pest as well as some of their predatory insects (De silva et al., 2008).
Information gathered from the previous studies pave way to investigate the antimicrobial and cytotoxic properties of latex of Euphorbia antiquorum. The methodology adopted for the present study is presented in the next chapter.
3. METHODOLOGY
The plant kingdom represents an enormous reservoir of biologically active compounds with various chemical structures and protective, disease preventive properties (Peteros and Uy 2010). Our present study is focused on latex of Euphorbia antiquorum. Latex is the milky exudates of many plants that coagulate on open-air exposure. The chemical composition of latex is very complex, it is composed of proteins, alkaloids, starches, sugars, oils, tannins, resins, gums and other compounds. Several latex are developed into substances of economic importance, among the latexes of biological importance the medical usefulness is amply recognized (Richardo      et al., 2004)


The latex of the plant has been described as having emetic, purgative and diuretic as well as toxic properties (Music et al., 2001 and Liu et al, 2002) and also possess insecticidal activity (De silva et al, 2008). Aerial parts of plant possesses hepatoprotective properties and antioxidant activity (Jyothi et al., 2007)

The present study was formulated to analyze the antimicrobial and cytotoxic effects of latex of  Euphorbia antiquorum.

COLLECTION OF LATEX

                     The plant specimen was identified and authenticated (Specimen No 365) by Dr G.V.S Murthy, Scientist E, Director, Botanical survey of India, Tamilnadu. The latex was collected from plant by breaking up the stem of E. antiquorum. The latex was collected in the morning hours between 8 - 9 a.m in a glass container and maintained in an ice-cold condition till the use of latex for extraction. 

PREPARATION OF SAMPLE

Sample for the above experiments were prepared accordingly. The latex collected was extracted with methanol. The methanolic extract was prepared by dissolving 1.0 ml of latex in 5.0 ml of methanol and allowed to evaporate at 60°C in a water bath. The remaining residue was dissolved in minimum amount of DMSO, stored and used for the assays.

ANTIMICROBIAL ASSAY

The methanolic extract of latex of E. antiquorum was analyzed for antimicrobial activity using following methods.

ANTIBACTERIAL ASSAY

STRAINS OF BACTERIA USED: Klelbsiella pneumoniae, Shigella flexneri, Staphylococcus aures, Bacillus subtilis and E.coli
                     The antibacterial activity was evaluated by measuring the diameter of zone of inhibition around the well by agar well diffusion method (NCCLS, 1993) and disc diffusion method (NCCLS, 1997) as explained in appendix I

ANTIFUNGAL ASSAY

STRAINS OF FUNGI USED: Candida albicans, Aspergillus flavus Aspergillus fumigatus, Rhizopus and Mucor

The antifungal activity was evaluated by observing crescent shaped zone of inhibition in agar plug method (Schlumbaum et al., 1986) and inhibition of spore germination by spore germination assay (Alves et al.,1998) as explained in appendix II 

CYTOTOXIC ASSAYS

The latex of E. antiquorum was reported to possess toxic properties. Despite the plant’s high toxicity, appropriate doses of its extract have been found to have medicinal effects recognized in traditional medicine around the world (Kaushik and Goyal, 2008). Hence cytotoxic studies are adopted to asses the appropriate concentration at which the latex extract gives maximum protection and less toxic to the cells. 

Saccharomyces cerevisiae cells were used as a model for cytotoxic   studies, since most of the morphological changes related to mammalian programmed cell death (PCD) have also been found in Saccharomycus cerevisiae (Frohlich and Madeo, 2007). It is commonly known as baker’s yeast, the yeast saccharomyces cerevisiae BY4741 purchased from MTCC, Chandigarh was used for cytotoxic studies and maintained in MYPD medium and the protocol developed to culture yeast cells is explained in appendix III.

Cytotoxic effect of latex of Euphorbia antiquorum was analyzed by the following methods. Viable cells and dead cells present after treatment with different concentrations of latex of E.antiquorum in the following treatment groups were analyzed.

TREATMENT GROUPS 
Control: Untreated cells 

Test groups: Cells treated with 5 different concentration of latex 

Group1: 10μg of latex + cells

Group2: 20μg of latex + cells

Group3: 30μg of latex + cells

Group4: 40μg of latex + cells

Group5: 50μg of latex + cells

1. MTT ASSAY:  

The extent of viability of yeast cells with different concentration of latex was analyzed by MTT assay (Igarashi and Miyazawa, 2001). The details of which are given in appendix IV

2. NEUTRAL RED ASSAY: 

The extent of viable cells present in the treatment group based on the uptake of neutral red dye by viable cells which was then measured photometrically by neutral red assay (Borenfreund et al., 1990) is detailed in appendix V

3. SRB ASSAY: 


The extent of cell death was analyzed after treatment with different concentrations of latex by the SRB assay (Skehen et al., 1990) according to the procedure outlined in appendix VI.

4. BRINE SHRIMP LETHALITY TEST: 

The toxicity towards brine shrimp with different concentration of latex will be measure of cytotoxic properties of the test materials. The brine shrimp eggs were procured from Xavier’s college of arts and science, Thirunelvelli, which was maintained at room temperature. The protocol was described in (Meyer et al, 1982 and Solis et al., 1993) appendix VII.

APOPTOTIC ASSAYS


Chemotherapeutic drugs are efficient in treating diseases, though side effects set a predominant drawback in its use. Even though plant based medicines are efficient with less side effects, its prolonged period in curing of disease make less susceptible for treatment. When combined with chemotherapy herbal medicine would rise the efficacy and lower toxic reaction these facts have raise the feasibility of the combination of herbal medicine and chemotherapy           (Wenjing et al., 2006).


Etoposide, an efficient chemotherapeutic drug is used in the treatment of cancer. Meantime of its action as cytotoxic to cancer cells there is a greater probability of affecting normal cells surrounding the tumor cells. Hence our study was formulated to predict the combined effect of etoposide and latex of E.antiquorum on normal cells (chick embryofibroblast cells). Chick embryofibriblast cells serve as a model for normal cells. The culturing of primary cells from the chick embryo are explained as per the method in appendix VIII

The effects of E.antiquroum on primary cells (chick embryo fibroblast cells) were analyzed with the following treatment groups 

 Treatment groups 

1. Untreated cells

2. Etoposide treated

3. Methanolic extract of  latex of E.antiquroum treated 

4. Etoposide + methanolic extract of latex of E.antiquroum treated 

The etoposide and/or plant extract exposure was given for 24 hours. Concentration of etoposide used for the entire assay was 200µm. The nuclear changes that are characteristic of apoptotic events resulted after the treatment due to the effect of etoposide and E.antiquroum was validated by following assays.

ETHIDUIM BROMIDE STANINIG:

Ethidium bromide staining technique is used to differentiate the final nuclear apoptotic morphology are explained in appendix IX by modified Mercille and Massie, 1994. 

PROPIDIUM IODIDE STAINING (PI):


The cleavage of nuclear scaffold and chromatin condensation    (Madeo et al, 2004) after treatment was investigated by PI staining (Sarker et al, 2000) described in appendix X

DAPI STAINING:


Nuclear condensation and fragmentation in dead cells can be visualized by staining the nucleus and its fragments with fluorescent dye, DAPI (Rashimi et al., 2003) according to the details in appendix XI

     The results obtained are analyzed and discussed in the next chapter.

4. RESULTS AND DISCUSSION
Nature has been a source of medicinal agents for thousands of years and an impressive number of modern drugs have been isolated from natural sources; many of these isolations were based on the uses of the agents in traditional medicine. This plant-based, traditional medicine system continues to play an essential role in health care, with about 80% of the world’s inhabitants relaying mainly on traditional medicines for primary health care (Owalabi and Omogbai, 2007). Traditional uses of plants for medicinal purposes provide a basis for the use of specific plants for specific medicinal condition (Nariman et al., 2009)

Medicinal herbs are steadily increasing in complementary use for chronic and alternative therapies. The health risks associated with herbal supplements have therefore been identified as a top research priority (Zhu et al., 2008). Alternative medicine is another therapeutic approach for treatment of disease, which include herbal folklore medicines. Many plants and plant products are under scientific exploration to develop a novel therapeutic agent (Rathore et al., 2007)

Long before mankind discovered the existence of microbes, the idea that certain plants had healing potential and antimicrobial principles was well accepted. Since antiquity, man has used plants to treat common infectious diseases (Doughari and Obidah, 2008). The success story of chemotherapy lies in the challenge possessed by resistant strains of microorganisms. The investigation of certain indigenous plants for their antimicrobial properties may yield useful results. Many studies indicate that in some plants substances such as peptides, unsaturated long chain aldehyde, alkaloid, chloroform, methanol and butanol soluble compounds emerged as compounds with potentially significant therapeutic application against bacteria, fungi or virus (El-astal et al., 2005).
The demonstration of antimicrobial activity against both gram-negative and gram positive bacteria and fungi is an indication that the plants can be a source of bioactive substances that could be of broad spectrum of activity. The fact that the plants were active against both clinical and laboratory isolates, it can be a source of very potent antibiotic substances that can be used against drug resistant microorganisms prevalent in hospital environment (Doughari and obidah, 2008).
The present study was carried out to evaluate the antimicrobial activity and to assesess the cytotoxicity of the latex of Euphorbia antiquorum in Saccharomyces cerevisiae cells and in normal chick embryo fibroblast cells exposed to oxidative stress.

                                      PLATE 1
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                                     Euphorbia antiquorum
ANTIBACTERIAL ACTIVITY OF LATEX OF Euphorbia antiquorum BY AGAR PLUG METHOD.

The antibacterial activity of methanolic extract of latex of E.antiquorum was tested against some gram positive bacteria,   Bacillus subtilis, Staphylococcus aureus, Shigella flexneri and gram negative bacteria Escherichia coli and Klebsiella pneumonia by agar plug method. 
The results obtained in the present study revealed that the methanolic extract of latex of E.antiquorum possesses moderate inhibitory effects against Escherichia coli and Shigella flexneri where as Klebsiella pneumonia, Staphylococcus aureus and Bacillus subtilis were not inhibited by the latex extract. The diameter of zone of inhibition obtained for the test organisms is presented in the Table 1 and Plate 2

The methanolic extract of several plants were most effective in inhibiting the bacterial growth suggesting that polar solvent methanol was most successful in extracting secondary metabolites responsible for the antibacterial activity than chloroform and hexane solvents (Pavithra et al., 2010). The methanolic extract of several plant parts namely leaf, stem and fruit showed considerable antibacterial effects. Delonix elata showed strong inhibition to B.subtilis and E. coli, while Mollugo cerviana and Solanum incanum showed inhibition to same organism in addition, it also inhibited K. pneumonia. The Merrenia tridentata extract showed high inhibitory activity against S. aureus (Pavithra et al., 2010). The leaves of Ficus septic burm and Sterculia foetida’s ethanolic extract showed maximum inhibition of E.coli and Staphylococcus aureus where as B. cereus and  P. aerugenosa were not inhibited by the same plant extract  (Vital et al., 2010).
TABLE 1
ANTIBACTERIAL ACTIVITY OF METHANOLIC EXTRACT OF LATEX OF  E.antiquorum  BY AGAR PLUG  METHOD
	S.NO
	MICROORGANISMS
	ZONE OF INHIBITION(mm)

	1.

2.

3.

4.

5.
	Escherichia coli 
Shigella flexneri 
Klebsiella pneumonia

Staphylococcus aureus
Bacillus subtilis
	4-5
3-4
NI

NI

NI


                                       NI – No Inhibition

           The chloroform extract of amlaki containing alkaloid showed strongest inhibitory activity against B.subtilis and moderate inhibitory activity against S. aureus and E. coli (Rahman et al., 2009) Samy’s (2005) results on methanolic extracts of ginger did not show any antimicrobial activity against S. aureus and E. coli. Ethanolic extract of garlic tested against E.coli and S.flexneri also did not show any inhibitoty action (Ahmed and Aqil, 2007). These results support our findings.
ANTIBACTERIAL ACTIVITY OF LATEX OF Euphorbia antiquorum USING DISC DIFFUSION METHOD

        The antibacterial assay was also assessed using disc diffusion method. It is a qualitative to semi-quantitative test. The results obtained for disc diffusion was similar to the agar well diffusion method. The extent of inhibition of organism by the latex extract is depicted in the Table 2 and in plate 3.

                                    TABLE 2
	S.NO
	MICROORGANISMS
	ZONE OF INHIBITION(mm)

	1.

2.

3.

4.

5.
	Escherichia coli 
Shigella flexneri 
Klebsiella pneumonia

Staphylococcus aureus
 Bacillus subtilis
	5

3-4
NI

NI

NI


ANTIBACTERIAL ACTIVITY OF METHANOLIC EXTRACT OF LATEX OF  E.antiquorum  BY DISC DIFFUSION METHOD.

                                            NI – No inhibition

Extracts of different plants do possess antibacterial effect supporting our findings.                                


In disc diffusion technique, minimum concentration of methanolic extract of Thymus pubescene showed significant inhibitory effect against gram-positive bacteria including S. aureus, Methicillin-resistance S. aureus (MRSA), S. pyogenes, E. faecalis and Vanomycin-resistant E.coli (Mehrgan et al., 2008) Antimicrobial susceptibility of Gmelina arborea Roxb  revealed that the methanol and chloroform bark extracts have effective antimicrobial activity against S. typi,  S. aureus, Mycobacterium Spp and has showed no inhibitory effect on E. coli and P.vulgaries (Audipudi and Bhaskar,  2010).
Amblyone, isolated from Amorhophallus campanulatus showed highest antibacterial effect against Bacillus megaterium (Khan et al., 2008). Maximum antibacterial effect was also exhibited by ethanolic extract of Z.officinale, P.granatum and acetone extract of T.chebula against various microorganisms, with E.coli showing the maximum zone of inhibition (Sharma et al., 2009).
The methanolic extract of shoots and leaves from explants of caladine (Chelidonium majus L) grown under in vitro showed higher antibacterial activity against B.subtilis, S.enteritidis and S.aureus than the plant grown under in vivo condition (Ciric et al., 2009). Maximum antibacterial activity against E.coli, P.aureginosa, S.pneumoniae and B.cereus was exhibited by the diethyl ether extract of Azadiracta indica, Pongamia pinnata and Aloe barbadensis according to the results of Muthuvelan and Raja, 2008. All these studies substantiate our findings where latex possessed antibacterial activity which was confirmed by both the agar plug and disc diffusion method.

    PLATE 2
ANTIBACTERIAL ACTIVITY OF METHANOLIC EXTRACT OF LATEX OF Euphorbia antiquorum BY AGAR PLUG METHOD
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             Escherichia coli                      Shigella flexneri
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PLATE 3

ANTIBACTERIAL ACTIVITY OF METHANOLIC EXTRACT OF LATEX OF Euphorbia antiquorum  BY DISC DIFFUSION METHOD 
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               Escherichia coli                                  Shigella flexneri
ANTIFUNGAL ACTIVITY OF METHANOLIC EXTRACT OF LATEX OF Euphorbia antiquorum BY AGAR PLUG METHOD.
The methanolic extracts of latex of E.antiquorum was screened for antifungal activity by agar well plug method using human pathogenic fungal isolates namely Aspergillus flavus, Aspergillus fumigatus, Candida albicans, Rhizopus stolonifer and Mucor indicus. The potential sensitivity of the extract was obtained against the three microorganisms tested. The antifungal activity was evaluvated by measuring zone of inhibition of fungal growth surrounding the well in mm. The zone obtained for each fungal organism was recorded and presented in the table 3 and depicted in plate 4.
                                                TABLE 3

ANTIFUNGAL ACTIVITY OF METHANOLIC EXTRACT OF LATEX OF  E.antiquorum  BY AGAR PLUG METHOD

	S.NO
	MICROORGANISMS
	ZONE OF INHIBITION(mm)

	1.

2.

3.

4.

5.
	Aspergillus flavus
Aspergillus fumigatus
Candida albicans
Rhizopus stolonifer
Mucor indicus
	5-6

12

10

NI

NI


                                               NI- No inhibition                            
 PLATE 4

ANTIFUNGAL ACTIVITY OF METHANOLIC EXTRACT OF LATEX OF Euphorbia antiquorum BY AGAR PLUG METHOD

            Aspergillus fumigatus                        Candida albicans
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                                      Aspergillus flavus
The data revealed that significant reduction in growth of fungal strain was brought about by methanolic extract of latex of Euphorbia antiquorum. Among the organisms tested the maximum inhibitory effect of the extract was seen against Aspergillus fumigatus followed by Candida albicans and Aspergilllus flavus showed considerable inhibitory activity where as Rhizopus stolonifer and Mucor indicus did not show significant zone of inhibition. Therefore this study suggests that methanolic extracts of latex of the plant would be helpful in treating diseases caused by Aspergillus fumigatus, Aspergillus flavus and a dreadful pathogen Candida albicans.
Methanolic extract of Grewia arborea, Melia azedarash, Pettophorum pterophorus and Terminalia chebula showed exceptionally prominent antifungal activity by inhibiting the mycelial growth of Aspergillus niger in an concentration dependant manner (Bobbarala et al., 2009).

Potentially pathogenic organism Aspergillus fumigatus was strongly inhibited by the methanolic extract of Mimosa pudica leaves at varying concentrations (Gandhiraja et al., 2009). The methanolic leaf extract of Allivum sativum and Allivum cepa L showed effective inhibition of growth of fungal pathogen Aspergillus flavus (Satya et al., 2005). The antifungal studies on the methanolic extract of Oxystelma esculentum showed an effective zone of inhibition against Candida albicans (Ananth and Reddy, 2010). Similar results from our study also revealed the latex of E. antiquorum possesses significant antifungal potential as evident by the assays. Hence it can be recommended for use as antifungal drug against the dreadful infectious diseases caused by pathogenic fungi.
SPORE GERMINATION ASSAY
       The antifungal activity of methanolic extract of latex of E.antiquorum was confirmed by the spore germination assay. In this assay too, it was explored that latex extract strongly inhibited the spore germination of Candida albicans, Aspergillus flavus, Aspergillus fumigatus and minimum inhibition was observed in Rhizopus and Mucor. The results obtained for the spore germination assay is presented in table 4 and the plate 5 depicts the same.

TABLE 4

ANTIFUNGAL ACTIVITY OF METHANOLIC EXTRACT OF LATEX OF E.antiquorum BY SPORE GERMINATION ASSAY

	S.NO
	MICROORGANISMS
	ZONE  OF INHIBITION(mm)

	1.

2.

3.

4.

5.
	Aspergillus flavus
Aspergillus fumigatus
Candida albicans
Rhizopus stolonifer
Mucor indicus
	+

+

+

-

-


                                   (+ ) PRESENCE   (-) ABSENCE

                                                   PLATE 5

ANTIFUNGAL ACTIVITY OF METHANOLIC EXTRACT OF LATEX OF E.antiquorum BY SPORE GERMINATION ASSAY
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        CONTROL – SPORES OF FUNGI                   LATEX TREATED

The data of spore germination inhibition showed that, at low concentrations, essential oil from basil (Ocimum basilicum lin) could control the growth of F. monoliform and A. brassiacola, B. oryzae.
 R. solani and A. flavus were inhibited. Sweet fennel (Ocimum gratissimum Linn) could completely inhibit all the above fungal species at 100% (Piyo et al., 2009). Spores of Crytococcus neoforms and Pencillium notatum were completely inhibited by the methanolic and acetone extracts of stem bark of Leptadenia lancifolia (Doughari and Obidah, 2008). Isoquinoline alkaloid,  hunnemanine isolated from methanolic extract of whole plant Eschseholzi californica showed   100% inhibition of spore  germination of A. brassicae, H. pennisetti and F. line where as nor sanguinarine isolate showed inhibition against A. brassicicola and C. maculans (Singh et al., 2009).

The observation of the present study revealed that the methanolic extract of latex of E.antiquorum was effective on main pathogenic bacteria and fungi tested. Antibacterial potential of the latex was less effective when compared to antifungal effects. However the latex can be exploited for its antimicrobial affects in medicinal preparations.
Our next objective was to study the cytotoxicity of the latex of E. antiquorum. We analyzed the viability of normal cells exposed to varying concentrations of the latex. The combination of several cytotoxicity endpoints in a single assay increases the chance that potential bioactive cytotoxic compounds are discovered during the screening of mixture of natural compounds (Ivanva and Uhilig, 2008). These analysis were carried out in normal cells namely Sacccharomyces cerevisiae cells and chick embryo fibroblast cells. The cytotoxicity of the extract was tested by analyzing the effects of latex on cell viability in Sacccharomyces cerevisiae. The cell viability was assessed by MTT assay, SRB assay and Neutral red assay using various concentrations of the latex.
MTT ASSAY: 

The extent of cytotoxicity can be measured by MTT  dye reduction assay which assesses the maximum viability of cells. The percent viability was analyzed by MTT assay after treatment with different concentration of latex of  E. antiquorum. The results obtained for the cell survival as determined by MTT assay showed that the viability of cells sharply decreased with increase in concentration which indicates that the latex of E.antiquorum exhibited minimum cytotoxic effects to Saccharomyces cerevisiae cells.in a concentration dependant manner. The results obtained for the MTT assay are tabulated in Table 5.


Several studies are in tune with our findings where plant extracts altered the viability of the cells.The cytotoxicity assay of total methanol root extract of Scutellaria litwinowii and its different fractions were examined on malignant cell lines HeLa, MCF-7 and Pcl2 showed this extract decreased cell viability of cells in a concentration-dependent manner as assessed by MTT assay (Najaran et al., 2009).

Strong cytotoxicity was reported by the Sporithrix Spp (kk 29 FLI) isolated from Costus specious against Colorectal carcinoma (HCT-116) and human breast adenocarcinoma (MCF -7) cell lines as confirmed by MTT assay (Hazalin et al., 2009). The volatile fractions from Astragalus corniculatus bicb were analyzed for its cytotoxic effects in SKN-3 cells (Krasteva et al., 2008). Lipophilic and Hydrophilic fraction of Mentha spicta (Limaceae) showed a considerable cytotoxic effects on human prostrate caner cell line by MTT assay. Cytotoxic effects were found to be highest for the choloroform fraction and lower for aqueous fraction (Arumugam       et al., 2010).

TABLE 5
EFFECT OF VARYING CONCENTRATIONS OF METHANOLIC EXTRACT OF LATEX OF E. antiquorum ON VIABILITY OF Saccharomyces cerevisiae CELLS AS DETERMINED BY MTT ASSAY
	S.NO
	   SAMPLE


	CELL SURVIVAL %

	   1

   2


	Control

Sample(µg)

10

20

30

40

             50


	           100

 60

 63

 77

 80

             86


Values are mean of duplicates. Control groups were fixed as 100% viability; the other groups were calculated relative to this.
SRB ASSAY:

SRB assay provides a sensitive method for measuring the cytotoxocity of drugs. The increased absorbance by SRB is indicative of the proliferative efficiency of the cells. Several studies have been conducted to assess the cytotoxicity effects of medicinal plants on normal cells and cancer cells by SRB assay. The results obtained in SRB assay indicated that, the cytotoxicity increased with increase in concentration. This implies that at lower concentration, the latex extract improves the viability of the cells, compared to higher concentrations. 

Xanthones isolated from Gentianopsis paluclosa Ma exhibited significant cytotoxicity that inhibited the proliferation in Hep G2 cells and HL-60 cells and induced apoptosis in both cells was confirmed by SRB assay (Zhang et al., 2010). Riagano et al., 2009 assessed the cytotoxic activity of different extracts from rhizomes and flowers of Iris pseudopemila and showed that the chloroform extract of rhizome possess good cytotoxic activity against a melonotic melanomma cancer cell line (C32) using SRB assay.


SRB assay showed the good cytotoxicity activity of methanolic extract of Seneico gibboscus subsp gibbosis against human breast cancer cell line (MCF-7) and human prostrate cancer cell line (LNcap), where as dichloroethane fraction showed the greatest cytotoxicity particularly on LN Cap cell line (Conforti et al., 2006).
The results of our study revealed that latex of E.antiquorum decreased the viability of cells in a concentration dependant manner as depicted by SRB assay in table 6. The viability of the cells decreased as the concentration of latex increased.
TABLE 6
EFFECT OF VARYING CONCENTRATION OF METHANOLIC EXTRACT OF LATEX OF E. antiquorum ON CELL VIABILITY OF Saccharomyces cerevisiae CELLS AS DETERMINED BY SRB ASSAY

	S.NO
	   SAMPLE


	CELL SURVIVAL         %

	   1

   2


	Control

Sample(µg)

10

20

30

40

             50


	           100

91

81

80

80

73

 


Values are mean of duplicates. Control groups were fixed as 100% viability; the other groups were calculated relative to this.

The results of our study showed that the extract at lower concentrations was safe to normal cells.
NEUTRAL RED ASSAY
The viability of cells can be assessed by neutral red assay, depending upon the uptake of neutral red dye by viable cells. The viability of cells after exposure to the latex of E. antiquorum at varying concentrations was analyzed after treatment by neutral red assay. The results are tabulated in Table 7
TABLE 7
EFFECT OF VARYING CONCENTRATION OF METHANOLIC EXTRACT OF LATEX OF E. antiquorum ON   VIABILITY OF Saccharomyces cerevisiae CELLS AS DETERMINED BY NEUTRAL RED ASSAY
	S.NO
	   SAMPLE


	CELL SURVIVAL %

	   1

   2


	Control

Sample(µg)

10

20

30

40

             50


	           100

84

80

76

71

69




Values are mean of duplicates. Control groups were fixed as 100% viability; the other groups were calculated relative to this.
The results obtained for the neutral red assay implies that the percentage of cell viability decreased with increase in latex concentration which supports the results obtained for the MTT assay and SRB assay indicating that the toxicity of latex increases with the increase in concentration.

Green tea polyphenol extract induced the cytotoxicity in carcinoma HSC-2 cells where as it improved the viability of gingival GT1 fibroblast cells as determined by the neutral red assay (Babich et al., 2007). Akroum et al., 2009 showed that the methanolic extracts of Camellia sinesis, Cichorium intybusl, Lippie citriodora and Pucina granatum exhibited noticeable cytotoxicity activities against FL cells which support our findings.

The results obtained from the MTT, SRB and Neutral red assay revealed that latex was not cytotoxic to normal yeast cells. The viability of the cells decreased in a concentration dependant manner. The results also suggest the use of the latex to check for its cytotoxicity in cancer cells.

  BRINE SHRIMP LETHALITY TEST 


The Brine shrimps (plate 6) cytotocicity was considered as convenient probe for preliminary assessment of toxicity test samples. The small aquatic organisms nowadays using for cytotoxic studies to analysis the toxic effects of plant extract. The lethality of the methanolic extract of latex of E.antiquorum was determined using brine shrimp. The results of the brine shrimp lethality after 24 hrs of exposure to the sample was determined. The lethal concentration LC50 of the test sample after 24 hrs was obtained by a plot of percent of the shrimps killed against the logarithm of the sample concentration and the best-fit line was obtained from the data. The LC50 value of methanolic extract of latex was found to be 6.76 μg ml-1. LC50 was obtained from best fit-line slope of the graph (Figure 1). The test was done in triplicate (n=3).

The present study revealed that the latex has cytotoxic effects with higher concentration. At lower concentration, the mortality rate of the shrimps found to be less which indicates that at low concentration the survival rate of shrimps are increased and protected from the effects of test sample. 
The brine shrimp lethality bioassay shows a moderate cytotoxicity at high concentration in the methanolic extract of seeds of Swietenia ma.  The LC50 for the extract was 0.68 mg/ml at 24 hours of exposure (Sahgal et al., 2010). The methanolic extract of Glycyrrhiza glabra possessed potent cytotoxic activity having LC50 value of 0.771μg/ml (Sultana et al., 2010). 
                                               PLATE 6
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                                        BRINE SHRIMPS

                                                      FIGURE 1
BRINE SHRIMP LETHALITY TEST
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Biological activity using BSLA was recorded as the median lethal concentration (LC50) that kills 50% of the larvae within 24[image: image2.png]


h of contact with the aqueous plant extracts of Struthanthus cassythoides (Struthanthus cassythoides Millsp.(Loranthaceae)). (LC50 1574 µg/mL) and Alibertia edulis (Rich.) A. Rich. (Rubiaceae) (LC50 1741 µg/mL) were the most toxic (Rahman et al., 2010). The dichloromethane extracts of Picralima nitida (LC50 18.3 μg/ml) and Rubus rigidus (LC50 19.8 μg /ml), were only moderately toxic (Moshi et al., 2010). Chloromethane fractions of a methanolic extract of the stem bark of Delonix regia demonstrated the highest toxicity with LC50 of 14.94 and 3.29 mgmL–1, respectively (Jahan et al., 2010).

All these assays proved that the latex was safe to normal cells at low concentration and LC50 found to be 6.76 μg/ml.

We next attempted to see the effect of the latex extract on the apoptotic events induced by chemotherapeutic drug etoposide using untransformed cells normal cells namely primary chick embryo fibroblasts.This was done inorder to ascertain whether the cytotoxicity of latex can be exploited for anticancer therapy/ combination therapy along with standard chemotherapeutic drug. We first attempted to the  see  the effects in normal cells. Plate 7 shows the chick embryo fibroblast at a confluence stage.

APOPTOTIC ASSAYS

The apoptotic induction in chick embryo fibroblast by etoposide and its modulation by latex of E. antiquorum was quantified by Ethidium bromide staining, DAPI and PI staining.
                                           PLATE 7

                          CHICK EMBRYO FIBROBLAST CELLS
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ETHIDIUM BROMIDE STAINING (EtBr )

The nuclear morphology that characterize apoptosis are chromatin condensation, nuclear fragmentation and cornering of the nuclear contents were analyzed using Ethidium bromide staining (EtBr). The nuclear changes were observed and quantified in the chick embryo fibroblast cells exposed to etoposide in the presence and the absence of methanolic extract of latex of Euphorbia antiquorum. The number of cells showing nuclear apoptotic morphology was counted in each experiment group, and the results are presented in Table 8 and the nuclear morphology can be visualized in plate 8.

                                             TABLE 8
	SAMPLE
	NORMAL CELLS %
	APOPTOTIC CELLS %

	
	Control
	Etoposide
	Control
	Etoposide

	No extract
	89
	21
	11
	79

	Latex  extract
	82
	76
	18
	24


EFFECT OF METHANOLIC EXTRACT OF E. antiquorum ON NUCLEAR CHANGES IN CHICK EMBRYO FIBROBLAST CELLS EXPOSED TO ETOPOSIDE AS DETERMINED BY EtBr  STAINING

                                     The values are mean of duplicates
PLATE 8

ETHIDIUM BROMIDE STAINING SHOWING NORMAL AND APOPTOTIC CELLS IN CHICK EMBRYO FIBROBLAST CELLS
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The results of above experiment proved that the latex imparts complete protection to the primary cells which was exposed to etoposide and from the results it was also observed that latex does not induce apoptosis in normal cells but it modulates the apoptotic effects produced by etoposide.  

The ratio of apoptosing to normal cells was calculated and presented in Figure 2
`
Affrin et al., 2009 reported that the ethanolic leaf extract of Piper sarmentosum induced anti carcinogenic activity in Hep G 2 cells in vitro as confirmed by ethidium bromide staining which showed typical apopototic morphological changes. 

EtBr staining showed that Xanthones from Gentianopsis paludosa had significant cytotoxicity and inhibited the proliferation in HepG2 cells and HL-60 cells and could induce apoptosis in these 2 cell lines (Ding et al., 2010).  Heptelidic acid, an active compound from ethyl extract of fungal strain inhibited the etoposide induced apoptosis in a dose-dependent manner in human leukemia U 937 cells as evident by EtBr staining (Hee and Lu, 2009).

PROPIDIUM IODIDE STAINING 
                   The apoptosis induction in primary chick embryo cells by etoposide and its modulation in the presence of methanolic extract of latex of E.antiquorum was quantified using propidium iodide permeability into the cells. The number of normal and dying cells in each treatment group was counted by PI staining and the values obtained are tabulated in Table 9 and the nuclear events are shown in            plate 9.

TABLE 9
EFFECTS OF METHANOLIC EXTRACT OF E. antiquorum ON NUCLEAR CHANGES IN CHICK EMBRYO FIBROBLAST CELLS EXPOSED TO ETOPOSIDE AS DETERMINED BY PI STAINING

	SAMPLE
	NORMAL CELLS %
	APOPTOTIC CELLS %

	
	Control
	Etoposide
	Control
	Etoposide

	No extract
	88
	27
	12
	73

	Latex  extract
	84
	77
	16
	13


                             The values are mean of duplicates
The ratios of apoptosing to normal cells were calculated and the ratios are presented in figure 3.
PLATE 9

NUCLEAR MORPHOLOGY OF NORMAL AND APOPTOTIC CELLS BY PROPIDIUM IODIDE STAINING IN CHICK EMBRYO FIBROBLAST CELLS
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From the table it is clear that the latex itself do not possess cytotoxicity to the normal cells but it significantly modified the apoptotic cell death caused by etoposide. Hence the extent of apoptotic cell death was reduced in chick embryo fibroblast cells at appraisable rate. 
The following studies support our findings. 

PI staining of human promeolytic leukemic cells (HL-60) showed increased apoptosis brought about chelerythrine and its derivative dihydro chelerythrine in a dose dependant manner (Vrba et al., 2008). Isoflavones including genistain from flower of lupin at high concentration induces apoptosis in Chinese hamster ovary cells was assessed in PI attaining of cells by Rucinska et al., 2007.
A similar effect was seen in human umbilical vein endothelial (HUVE -12) cells treated with genstein derivative, cystisine arabinoside Arac, when determined by PI staining (Fu et al., 2008).
DAPI STAINING 

The nuclear changes that occurred in primary chick embryo fibroblast cells after the treatment with etoposide and the latex of E.antiquorum were viewed by DAPI staining. The number of cells that exhibited apoptotic changes were counted and presented in table 10 and in plate 10. 


The results obtained showed that the latex of Euphorbia antiquorum render maximum protection to the primary cells which have been previously subjected to etoposide exposure, by decreasing the number of apoptotic cells. This assay also supports the fact that the latex does not induce apoptosis in normal cells. The micrograph in plate substantiates our findings.

Crude ethanolic extract of Euchresta formosana radix induces apoptosis and decreases the viability of human hepato cellular carcinoma (HCC) Hep 3b cells in a concentration dependant manner was confirmed by DAPI staining (Hsu et al., 2007). Similar effects were seen in the crude extract of Solanum lyratum (SLE), which decreased the percentage of human colon cancer  Colo 205 cells by inducing apoptosis in a dose and time dependant manner have been confirmed in DAPI staining (Hsu et al., 2008).
TABLE 10
EFFECT OF METHANOLIC EXTRACT OF LATEX OF           E. antiquorum ON NUCLEAR CHANGES IN CHICK EMBRYO FIBROBLAST CELLS EXPOSED TO ETOPOSIDE AS ANALYSED BY DAPI STAINING

	SAMPLE
	NORMAL CELLS %
	APOPTOTIC CELLS %

	
	Control
	Etoposide
	Control
	Etoposide

	No extract
	88
	22
	12
	78

	Latex  extract
	89
	79
	11
	21


                               The values are mean of duplicates

The ratios of apoptosing to normal cells were calculated and the ratio is presented in figure 4.
Pinus massoniana bark extract (PMBE induced apoptosis in human cervical cancer cell line HeLa and inhibited cell growth in a dose dependant manner (Ma et al., 2008). Diethyl ether extract of wood from sukan (Artocarpus altilis) decreases cell viability in a dose dependant manner and cells exhibited apoptotic morphology after treatment (Arung et al., 2009).
                                              PLATE 10

DAPI STAINING DEPICTING NORMAL AND APOPTOTIC CELLS IN CHICK EMBRYO 
FIBROBLAST CELLS
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Extracts of Tralliaedoxa gracilis showed a dose-dependent reduction in proliferation and induction of apoptosis in the human carcinoid KR J-1 cells (Svejda et al., 2010). Water extracts of Cheilanthes farinose had antiproliferative effect and found to induce apoptotic activity in human hepatocellular carcinoma cell line, Hep 3B as revealed by DAPI staining (Radhika et al., 2010).


From the apoptotic assays it was concluded that the latex extract of Euphorbia antiqourum was not or least cytotoxic to the normal cells and it gives maximum protection and reduced the apoptotic cell death imparted by etoposide.

From the out come of our study it was clear that the latex of Euphorbia antiquorum possessess significant antimicrobial activity especially antifungal activity against a set of pathogenic microorganisms and effective cytoprotective effects in Saccharomyces cerevisiae cells and in brine shrimps. At last it was also confirmed that the latex gives maximum protection to the chick embryo fibroblast cells subjected to oxidative stress by etoposide. All these findings confirm the antimicrobial and cytoprotective effects of latex of Euphorbia antiquorum.

                    The results obtained in our course of research work and the conclusion drawn from that are summarized in the forth coming chapter

                          5. SUMMARY AND CONCLUSION

Herbal medicine has become an integral part of standard health care, based on a combination of time honored traditional usage and ongoing scientific research. Interest in medicinal herbs has increased scientific scrutiny of their therapeutic potential and safety. Some of the medicinal plants are believed to enhance the natural resistance of the body during infections. Extracts of plants have provoked interest as source of natural products and they have screened for their potential uses as alternative medicines for the treatment of many infectious diseases.


Seeking remedies for human ailment from the environment has formed the basis for therapeutics. The primary benefits of using plant-derived medicines are that they are relatively safer than synthetic alternatives, offering profound therapeutic benefit and more affordable treatment. In modern days, the antioxidant and antimicrobial activities of plant extract have formed the basis of many applications in pharmaceuticals, alternative medicines and natural therapy.


Some of the active principles of bioactive compounds in plants are preferred for their therapeutic purposes either singly or in combination to inhibit the life processes of microbes. Besides, the rapid evolution of numerous defense mechanisms against antimicrobial agents and resistance to old and new produced drugs underlies the urgency with which alternative chemotherapeutic agents with possible novel mechanisms of action to the microbes needs to be developed which informed the need for our study.


In such regard, the present study was formulated to analyze the antibacterial and antifungal activity of latex of E. antiquorum against a set of pathogenic microorganisms, and to evaluate the cytotoxic effects of latex of candidate plants in Saccharomyces cerevivsiae cells and in primary chick embryo fibroblast cells. The latex of E. antiquorum was collected and methanolic extract of the same was used for the following studies.


The antimicrobial activity of the latex was found by agar plug method and disc diffusion method against against a pathogenic bacteria Klebsiella pneumoniae, Shigella flexneri, Staphylococcus aureus, Bacillus subtilis and E. coli. The results revealed that the latex possesses inhibitory affect only against E. coli and S. flexneri and not to the other bacteria which implies that the latex possesses minimum antibacterial activity.


The antifungal activity of the latex was assessed by agar plug method and spore germination method. Both the methods proved that latex possesses a strong antifungal activity against deadly pathogens namely Candida albicans, Aspergillus flavus, Aspergillus fumigatus, Mucor indicus and Rhizopus stolonifer. From the antimicrobial test it was confirmed that the latex possess potential antimicrobial property which can be used as a active principle in antibiotic preparations.

The cytotoxic assays have been carried in order to assess the optimal concentration at which, the latex gives maximum protection to the cells. Cytotoxic assays MTT, SRB and Neutral red were used to analyze the cytotoxic effects of latex in Saccharomyces cerevisiae cells. Saccharomyces cerevisiae cells were used as model organism for normal cells. The latex extract was added in 5 different concentrations namely 10, 20, 30, 40, 50 μg. The results revealed that the latex at lower concentration showed better cell survival compared to higher concentration.  


Another model organism used to test cytotoxicity was brine shrimp. The cytotoxicity studies using brine shrimp showed that the latex was safe at lower concentration compared to higher dose.


The results of studies using S. cerevisiae and brineshrimp help us to optimize the dose at which the latex is safe. Then we attempted to see whether the latex was able to render protection to normal chick embryo fibroblast cells treated with anticancer drug etoposide. We analyzed the characteristic morphological changes associated with apoptosis using EtBr, PI and DAPI staining. 

The nuclear changes were found to be the main characteristic of apoptosis. The apoptotic nuclear morphology was shown seen in all the staining. The data from the staining method revealed that the latex extract gives maximum protection to the cells undergoing apoptosis. 

The latex itself did not induce any apoptosis in normal cells but it modulates the apoptotic effect induced by etoposide. The results revealed a steep increase in the number of apoptotic primary cells in etoposide treated group. Latex effectively counteracted etoposide mediated cytotoxicity implying that these extracts can be used to protect non-cancerous cells in the body against etoposide induced ill-effects during cancer treatment. The results also substantiate the use of latex along with anticancer drug because it reduces the side effects of chemotherapy in normal cells.


From the research work, it can be concluded that the latex of Euphorbia antiquorum possess significant antimicrobial activity and found to be safe to normal cells namely S. cerevisiae and chick embryo fibroblast cells. Hence the latex of candidate plant exploited for its antimicrobial activity and since it is safe to normal cells it can be recommended for medicinal uses.

Future suggestion
· The latex of Euphorbia antiquorum can be analyzed for its anticancer property using cancer cell lines.

· The active components of latex can be isolated and checked for its anticancer potential.

· To elucidate the structure of components present in latex using NMR, IR and other crystallography methods.
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                                               APPENDIX - I

                                    ANTIMICROBIAL ASSAY

ANTIBACTERIAL ASSAY

AGAR WELL DIFFUSION METHOD
                Petri plates containing 20 ml of Muller Hinton agar medium were inoculated with overnight cultures of the bacterial strain. Small wells (6 mm) were cut in the agar plates using a cork borer and 20 ul of the extracts were added. The plates were incubated at 37ºC for 24 hours. The antibacterial activity was evaluated by measuring the inhibition zone diameter around the well (NCCLS, 1993). The chloramphenicol discs were used as positive control.

DISC DIFFUSION METHOD

            Test organisms were spread on the Muller Hinton agar plates. Filter paper discs (6mm diameter) were placed on the inoculated agar surfaces and impregnated with 20 µl of the extracts and incubated at 37ºC for 24hrs. The diameter of the zone of inhibition was measured in millimeters (NCCLS, 1997). The Chloramphenicol discs were used as positive control.

                                            APPENDIX II

ANTIFUNGAL ASSAY

                Fungal plugs were placed with in the centre of petri plates containing the potato dextrose agar media. Sterile discs immersed in the extracts were placed in the plates. Nystatin was used as control. The growth was seen as crescent shaped zone of inhibition. (Schlumbaum et al., 1986).

SPORE GERMINATION ASSAY

             The extracts were tested for spore germination of fungi. Aliquots of the spores were prepared by mixing a loop full of spores in sterile distilled water. 25 µl  of spores were added to 10 µl of the extracts and placed on separate glass slides, which was incubated in moist chamber at 25º C degree for 24 hours. Each slide was fixed in lacto phenol cotton blue stain and observed under microscope for spore germination (Alves et al., 1998).

                                                    APPENDIX III

                                     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.

APPENDIX  IV

                                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 VI

                         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
               After the various treatments, the medium was removed and the cells were washed with 200µl PBS. A portion (350µl) 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 200µl of PBS. The buffer was removed, SRB stain (350µl) was added to each well and left in contact with the cells for 30 minutes at room temperature. The unbound dye was then removed by four washes with 1% acetic acid. Then 350µl of 10mM Tris (pH 10.5) was added to each well to solubilize the protein-bound dye. The pellets were then shaken gently for 20 minutes on a gyratory shaker. The debris was spun down and the Tris layer in each group was transferred to a new 96-well plate. The absorbance was read in a microtiter plate reader (Anthos 2020, Austria) at 492nm. The cell survival was measured as the percent absorbance compared to the control (untreated cells). 

APPENDIX V
NEUTRAL RED ASSAY
(Borenfreund et al., 1990)
Neutral red assay, which is based on the uptake and accumulation of the supravital dye neutral red by viable cells. Dye uptake by viable cells is directly measured by absorbance at 540 nm with a micro titer plate spectrophotometer meter.

 Reagents 
1. Neutral red
2. Formalin-0.5%


3. Calcium chloride -1%

4. Acetic acid - 1%

5. Ethanol- 50%

Procedure

A foil wrapped 4 mg/ml aqueous stock suspension of neutral red was prepared and stored at room temperature. Concentration of 0.04 mg/ml neutral red in exposure medium and incubated overnight at 37(C prior to use, this solution was centrifuged to remove fine dye crystals. After a 24 h exposure of the cells to the test agents, the medium was removed. 0.2 ml of NR containing medium was added per well and incubation was continued for 1 hour at 37(C. Cells were then rapidly washed and fixed with a 0.2 ml solution of 0.5% formalin -1% Calcium chloride and the NR dye incorporated into the viable cells was released into supernatant with 0.2ml of solution of acetic acid-50 percent ethanol. Absorbance was recorded at 540 nm with a micro titer plate spectrophotometer.

APPENDIX VII

BRINE SHRIMP LETHALITY ASSAY

(Meyer et al, 1982 and Solis et al, 1993)
Brine shrimp lethality bioassay was carried out to investigate the cytotoxicity of extracts of medicinal plants. 

Reagents 

    1. Brine shrimps eggs.

     2. NaCl. 

Procedure

Brine shrimps (Artemia salina) were hatched using brineshrimp eggs in a conical shaped vessel (1L), filled with sterile artificial seawater (prepared using sea salt 38 g/L and adjusted to pH 8.5 using 1N NaOH) under constant light and aeration for 48 h. After hatching, active nauplii free from egg shells were collected and used for the assay. Ten nauplii were drawn through a glass capillary and placed in each vial containing 4.5 ml of brine solution. In each experiment, 0.5 ml. of the plant extract was added to 4.5 ml of brine solution after the sample have been serial diluted with different concentration and maintained at room temperature for 24 h under the light and surviving larvae were counted. Experiments were conducted along with control. Then the vials were inspected using a magnifying glass and number of naupli in each vial was counted. The mortality endpoint of this bioassay was determined by observing the motion in 30 seconds. From this data, the percent of lethality of the brine shrimp naupli for each concentration and control was calculated, an approximate linear correlation was observed when log of concentration versus percent of mortality was plotted on the graph paper and the LC50 was calculated.

APPENDIX VIII
                ESTABLISHMENT OF PRIMARY CULTURE

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

REAGENTS
· 70% (v/v) ethanol for swabbing

· Phosphate Buffered Saline (PBS)

· Trypsin, cold sterilized in a 125ml sterile Erlenmeyer flask containing a magnetic stirring bar

· Minimum essential medium

· Fetal calf serum

· Pen-strep (100x)

PROCEDURE

1. Candled an 8 day old egg to ensure that it was alive. This is easily accomplished by holding the egg in front of a bright light source; the embryo can be seen as a shadow circled the embryo with a pencil.

2. Placed the egg in a beaker with the blunt end up, and washed the top with a mild detergent, followed by swabbing with ethanol.

3. Carefully punctured the top of the egg with the point of sterile scissors and cut away a circle of shell, thus exposing the underlying membrane (the chorioallantois).

4. With a second pair of sterile scissors, carefully cut away and removed the chorioallantoic membrane, exposing the embryo.

5. Identified and carefully removed the embryo by the neck, using a sterile metal hook or a bent glass rod, and placed the embryo in a 100mm petridish containing phosphate buffered saline (PBS). Washed several times with PBS by transferring the embryo to fresh petriplates. After removal of all yolk and/or blood moved the embryo to a clean dish with PBS.

6. Using two sterile forceps, removed the head, limbs and viscera. Removed the entire limb by pulling at the proximal end. Move the remaining tissues of the embryo to yet another dish and washed with PBS.

7. Minced the embryo finely with scissors and transferred the minced tissue to a flask containing PBS. Allowed the tissue pieces to settle.

8. Removed the PBS with a sterile pipette and added 25ml of trypsin, a proteolytic enzyme. Stirred the solution gently at 37(C for 15-20 minutes. 

9. Allowed the larger, undigested tissue pieces to settle and decanted the supernatant into an equal volume of Minimal Essential Medium (MEM) + 10% Fetal Calf Serum (FCS). FCS contains protease inhibitors which will inactivate the trypsin.

10. Centrifuged the cells in MEM at 1000rpm for 10 minutes in a standard clinical centrifuge.

11. Removed the supernatant and resuspended the pellet in 25ml of fresh MEM + 10% FCS.

12. Removed 2(l of the culture and determined viability.

13. Seeded two 25cm2 plastic culture flasks containing 25ml of MEM + 10% FCS to a final concentration of 105 cells/ml.

14. Labelled and placed the cultures in the tissue culture incubator at 37(C and examined daily for cell density and morphology.

15. Noted any changes in the colour of the media. Tissue culture media has a pH indicator (phenol red) added in order to check in the growth of cells. The media initially is a cherry red (with slight blue haze) and turns orange and then yellow as the cells grow, thereby reducing the media. If this colour change occurs within 24 hours, the culture is most likely contaminated and should be disposed off.

16. Examined the cultures using an inverted phase contrast microscope.

                                               APPENDIX  IX

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

1. Complete medium : DMEM, 10% FBS and antibiotics

2. Phosphate Buffered Saline (PBS)

3. Ethidium bromide - 50µg/ml in PBS

PROCEDURE


The treated cells were incubated for 5 minutes with 10µl of ethidium bromide and spread by placing a coverslip over it. The apoptotic cells were scored by counting the cells with condensed chromatin and fragmented nuclei under fluorescent microscope (Motic, Hong Kong) using UV2A filter at 400x magnification. 
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APPENDIX X
                               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 XI

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

1. Complete medium : DMEM, 10% FBS and antibiotics

2. Phosphate Buffered Saline (PBS)

3. 3% paraformaldehyde in PBS

4. 0.2% Triton X-100 in PBS 

5. DAPI (4' -6- diamidino-2- phenyl indole) -1µg/ml in PBS

PROCEDURE


After removing the medium and serum, the treated cells were fixed with 3% paraformaldehyde (50µl) for 10 minutes at room temperature, permeabilized with 0.2% Triton X-100 (50µl) for 10 minutes at room temperature. Then they were incubated for 3 minutes with 10µl of DAPI after placing a coverslip over the cells to enable uniform spreading of DAPI. 


The apoptotic cells were scored by counting the cells with condensed chromatin and fragmented nuclei under fluorescent microscope (Motic, Hong Kong) using UV2A filter at 400X magnification. The apoptotic ratio was calculated as given earlier. 
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