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introduction

1.0 INTRODUCTION

                      The modern medicine has brought with it an array of drugs, none of which is non-toxic and safe for human consumption. There are hundreds of medicinal plants that have a long history of curative properties against various diseases and ailments. However, screening of plants for their activity is very essential and needs urgent attention in order to know the value of the plant. There are two types of plant chemicals, primary metabolites such as sugars, proteins, amino acids and chlorophylls and secondary metabolites, which includes alkaloids, terpenoids, saponins and phenolic compounds. These chemicals exert a significant physiological effect on the mammalian system (Shaheen et al., 2009).

                       Free radicals and oxidants play a dual role as both toxic and beneficial compounds, since they can be either harmful or helpful to the body. They are produced either from normal cell metabolisms in situ or from external sources like pollution, cigarette smoke, radiation and medication. When an overload of free radicals cannot gradually be destroyed, their accumulation in the body generates a phenomenon called oxidative stress. This process plays a major part in the development of chronic and degenerative illness such as cancer, autoimmune disorders, aging, cataract, rheumatoid arthritis, cardiovascular and neurodegenerative diseases. The human body has several mechanisms to counteract oxidative stress by producing antioxidants, which are either naturally produced in situ, or externally supplied through foods and/or supplements (Pham-Huy et al., 2008).


Antioxidants may be defined as compounds that inhibit or delay the oxidation of other molecules by inhibiting the initiation or propagation of oxidizing chain reactions. Antioxidants can also protect the human body from free radicals and ROS effects. Reactive oxygen species (ROS) include free radicals, such as superoxide anion and hydroxyl radical, and other non-radical species, such as hydrogen peroxide (H2O2) and singlet oxygen, can cause cellular injuries and initiate peroxidation of polyunsaturated fatty acids in biological membranes. The tissue injury caused by ROSs may include DNA damage, protein damage, and oxidation of important enzymes in the human body. These events could consequently lead to the occurrence of various free-radical related diseases. Recently, natural foods and food-derived antioxidants, such as vitamins and phenolic phytochemicals, have received growing attention, because they are known to function as  chemopreventive agents against oxidative damage and are considered beneficial for human health (Kumar et al., 2010).

                 Food antioxidants such as α-tocopherol, ascorbic acid, carotenoids, amino acids, peptides, proteins, flavonoids and other phenolic compounds might also play a significant role as physiological and dietary antioxidants, thereby augmenting the body’s natural resistance to oxidative damage. Development of safer natural antioxidants from the extracts of oilseeds, spices and other plant materials that can replace synthetic antioxidants is of interest today. Natural antioxidants are known to exhibit a wide range of biological effects including antibacterial, antiviral, antiinflammatory, antiallergic, antithrombotic and vasodilatory activities (Gulcin et al., 2010).


As plants are known to produce antimicrobial agents as their defense mechanism, they can be potential sources of new antimicrobial agents. Natural compounds are the source of numerous therapeutic agents. Recent progress to discover drugs from natural sources has resulted in compounds that are being developed to treat cancer, resistant bacteria and viruses and immunosuppressive disorders. A number of target areas are under investigation, including fungal mRNA splicing and bacterial DNA synthesis. A major part of the endeavor is in the historically productive area of natural product screening (Amghalia et al., 2009).



In recent years, these secondary metabolites are being used, either directly as precursors or as lead compounds, in the pharmaceutical industry and it is expected that plant extracts showing target sites other than those used by antibiotics will be active against drug-resistant microbial pathogens. However, very little information is available on such activity of medicinal plants. Out of the 400,000 plant species on Earth, only a small percentage has been systematically investigated for their antimicrobial activities. India is fortunate in possessing the world’s richest flora, with approximately 120 families of plants comprising 130,000 species. Additionally, there is a rich local ethnobotanical bibliography describing the species most frequently used by the population to cure various diseases. Although the screening of Indian medicinal plants has revealed varying degrees of antimicrobial activity against pathogenic and opportunistic microorganisms, there is still a lack of experimental scientific studies confirming the possible antimicrobial and antioxidant properties of a great number of these remedies. Thus, it is considered worthwhile to screen the medicinal plants that have been used in traditional medicine (Shokeen et al., 2009).

Cancer is one of the most life-threatening diseases and serious public health problems in both developing and developed countries. Due to the toxic and adverse side effects of synthetic drugs as well as failure of conventional treatments to fulfill their objectives (tumour control), herbal medicine has made a comeback to improve the fulfillment of present and future health needs (Islam et al., 2009).

                  Ficus glomerata Roxb. syn. F. racemosa L. (Family: Moraceae), commonly known as Gular in Hindi and Cluster fig in English. It is medium sized to large evergreen or occasionally deciduous tree and found all over India and Southeast Asia. Its fruits are mixed with rice for making bread and used in several dishes. It has been reported to have many medicinal properties. Traditionally the bark, fruits and latex are used to treat anemia and gastrointestinal disorders like constipation, dysentery. The alcoholic extract of the fruit also possessed anti-filarial activity against Setaria cervi. Fruits of F. glomerata contain glauanol, glauanol acetate, b-sitosterol, lupeol acetate. The aerial part of plant contains b-sitosterol, lupeol and quercetin as major active constituents (Verma et al., 2010).

No systematic scientific studies were however available for the antioxidative, antitumourigenic and antimicrobial activity of Ficus racemosa fruit. Hence the project “Antimicrobial,Antioxidative, Antitumorigenic and activity of the Ethanolic extract of Ficus racemosa fruit and Screening of its phytochemical constituents by GC-MS” was organized in three phases with the following objectives:

Phase I

· To evaluate the in vitro free radical scavenging efficacy of the ethanolic extract   

      Ficus racemosa fruit.

· To evaluate the in vitro cytotoxic activity of the ethanolic extract of Ficus racemosa fruit against Dlaton Lymphoma Asites tumour cells.

· To evaluate antimicrobial activity of Ficus racemosa fruit against different  

microorganisms.

Phase II

· To evaluate antioxidative and antitumourigenic of the ethanolic extract of Ficus racemosa fruit against Dlaton Lymphoma Asites tumour induced Swiss albino mice.
Phase III

· To identify the phytochemical constituents of the ethanolic extract of Ficus racemosa fruit by preliminary phytochemical screening and Gas Chromatography- Mass Spectroscopy (GC-MS) analysis.
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review of literature

2.0 REVIEW OF LITERATURE
                        Medicinal plants containing active chemical constituents with high antioxidant property play an important role in the prevention of various degenerative diseases and have potential benefits to the society. Natural antioxidants from plant sources are potent and safe due to their harmless nature; wild herbs have been investigated for their antioxidant properties. Recently, interest has increased considerably in finding naturally occurring antioxidant for use in foods or medicinal materials to replace synthetic antioxidants, which are being restricted due to their side effects such as carcinogenicity. Natural antioxidants can protect the human body from free radicals and retard the progress of many chronic diseases as well as retard lipid oxidative rancidity in foods (Gupta et al., 2011).

                         The review of literature pertaining to the present study “Antimicrobial, Antioxidative and Antitumorigenic activity of the ethanolic extract of Ficus racemosa fruit and Screening of its phytochemical constituents by GC-MS” is discussed under following headings:

2.1. Antioxidants

2.2. Free radicals

2.3. Oxidative stress

2.4. Reactive oxygen species

2.5. Antimicrobial activity 

2.6. Medicinal plants as antioxidants

2.6.1. Enzymic antioxidants 

2.6.2. Non enzymic antioxidants

2.7. Phytochemical analysis of plant extract by GC-MS

2.8. Medicinal plant selected for the study

2.1 ANTIOXIDANTS

                     The antioxidants may be defined as a substance that, when present at low concentrations compared to those of the oxidizable substrate, significantly delays, or inhibits, oxidation of that substrate. Some antioxidants are proteins and enzymes, while others are small molecules. From the viewpoint of mechanistic functions, the antioxidants may be classified into preventing antioxidants, scavenging antioxidants, and repair and de novo antioxidants. The preventing antioxidants function as the first line defense by suppressing the formation of reactive oxygen and nitrogen species (ROS/RNS) by, for example, reducing hydrogen peroxide and lipid hydroperoxides to water and lipid hydroxides, respectively, or by sequestering metal ions such as iron and copper. The scavenging antioxidants remove active species rapidly before the active species attack biologically essential molecules (Niki et al., 2010).
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2.2 FREE RADICALS

Oxidation and production of free radicals are an integral part of normal cell metabolism. A free radical is defined as any atom or molecule possessing unpaired electrons. Free radicals such as O2- (super oxide anion), OH- (hydroxyl radical) and O2 (singlet oxygen) are formed as a part of the normal metabolic process, free radicals result in the consumption of antioxidant defenses which may lead to disruption of cellular functions and oxidative damage to membranes and enhance susceptibility to lipid peroxidation (Rajarajeswari et al.,2011), Nowadays the increasing development of substances having the suitability to stop the initiation and/or the propagation of reactions leading up to production of these free radicals (Panchawat et al., 2010).
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                                                                                (bestofbothworldsaz.com)

The free-radical theory of ageing originally implied that the targets of ROS were random, indiscriminate and cumulative. However, although oxidants may certainly function stochastically, accumulating evidence implicates ROS as specific signalling molecules under both physiological and pathophysiological conditions. As indicated, the generation of ROS, within certain boundaries, is essential to maintain homeostasis. For example, ROS generation by phagocytic cells constitutes an essential host defence mechanism necessary to combat infection. Likewise, cytosolic ROS produced in response to stimulation by growth factors are involved in regulating the proliferative response. Under certain situations of metabolic stress, even mitochondrial-derived oxidants seem to function as signalling molecules (Finke and  Holbrook, 2000).
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2.3 OXIDATIVE STRESS

                 Cells of all living organisms from plants to human beings are continuously exposed to oxidative stress which leads to the formation of Reactive Oxygen Species (ROS) and other free radicals, which strongly implicated in the pathophysiology of diseases such as cancer, cardiovascular disease, arteriosclerosis and cataract . Reactive, oxygen species (ROS) and free transition metal ions cause extensive oxidative damage to cellular biomolecules such as DNA, proteins and lipids. Subsequently, oxidative stress contributes to the pathogenesis of oxidative stress‐related diseases. Although synthetic antioxidants appear to be promising, their toxicity and surplus side effects rules out their extensive use. Obviously, there is great interest in the use of naturally occurring antioxidants for treatment or prophylaxis of various oxidative stress‐related diseases. The administration of an antioxidant source comprising of multi administration of an antioxidant source comprising of multiple constituents could offer protection against cancer and combat oxidative stress induced physiological malfunctions (Gowda  et al., 2010).
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(Kunitomo, 2007).

             Oxidative stress has been considered a major contributory factor to the infertility. Oxidative stress is the result of imbalance between the reactive oxygen species (ROS) and antioxidants in the body which can lead to sperm damage, deformity, and eventually male infertility. Although high concentrations of the ROS cause spermpathology (ATP depletion) leading to insufficient axonemal phosphorylation, lipid peroxidation, and loss of motility and viability but, many evidences demonstrate that low and controlled concentrations of these ROS play an important role in sperm physiological processes such as capacitation, acrosome reaction, and signaling processes to ensure fertilization (Bansal and Bilaspuri,2010).

2.4. REACTIVE OXYGEN SPECIES

             Reactive oxygen species (ROS) formed in vivo, such as superoxide anion, hydroxyl radical and hydrogen peroxide, are highly reactive and potentially damaging transient chemical species. These are continuously produced in the human body, as they are essential for energy supply, detoxification, chemical signaling and immune function. ROS are regulated by endogenous superoxide dismutase, glutathione peroxidase and catalase but due to over-production of reactive species, induced by exposure to external oxidant substances or a failure in the defense mechanisms, damages the cell structures, DNA, lipids and proteins (Valko et al., 2006). 

2.5. Antimicrobial activity 

                   Infectious diseases are the leading cause of death worldwide that are caused by bacteria, fungi and viruses. It is well known that infectious diseases are responsible for a high proportion of health problems, especially in developing countries. The World Health Organization (WHO) recently warned that “infectious diseases are emerging faster and spreading more rapidly than ever before”. This caution has been accentuated by the recent H1N1 influenza pandemic in the summer of 2009. The battle against emerging infectious diseases has a long history and deep roots (Ng, 2009).


A number of antibiotics and chemotherapeutic agents of natural or semisynthetic origins are available today to fight against infections caused by various pathogenic microorganisms. However, with the alarming increase of incidences of microbial resistance against many of these antimicrobial drugs, the need for newer, safer, and more effective antimicrobial drugs has become paramount. Microorganisms develop resistance against antimicrobial agents mainly by modification of cell targets rendering insensitivity to antibiotics and/or by inactivation of antimicrobial agents by the action of microbial enzymes (Rahman,2008).


The increase of microbial resistance to antibiotics threatens public health on a global scale as it reduces the effectiveness of treatments and increases morbidity, mortality and health care costs. Evolution of highly resistant bacterial strains has compromised the use of newer generations of antibiotics (Visalakchi and Muthumary, 2010). This view was reinforced by the Chief Medical Officer’s report in 2008 that presented a stark message: ‘Every antibiotic expected by a patient, every unnecessary prescription written by a doctor, every uncompleted course of antibiotics, and every inappropriate or unnecessary use in animals or agriculture is potentially signing a death warrant for a future patient’.  Much antibiotic use is probably inappropriate. It has been estimated that up to 50% of human antibiotic use and up to 80% of veterinary antibiotic use could be eliminated without serious consequence (Dryden et al., 2009).

2.6. Medicinal plants as antioxidants

 Antioxidants are chemical substances that donate an electron to the free radical and convert it to harmless molecule. Antioxidants are molecules, which can safely interact with free radicals and terminate the chain reaction before vital molecules are damaged. Plants have evolved different phytochemicals and enzymes as antioxidant defense to maintain growth and metabolism. Antioxidants are produced in leaves and protect the plants from damage by quenching free radicals (Pandhair and Sekhon, 2006). As a defensive strategy, cells are capable of inducing antioxidant enzymes such as superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase (CAT), to remove harmful ROS. Although there are several nonenzymic systems in the body that scavenge free radicals, the principle micronutrient antioxidants are vitamin E, vitamin C and beta-carotene (Huang et al., 2005). 

                Antioxidants of plants experimentally proved to have effective protective agents against oxidative stress (Rekha et al., 2001). The extracts of Withania somnifera increase the action of antioxidants CAT, SOD and GPx (Kaur et al., 2004). Aglaia roxburghiana increase the level of antioxidants by scavenging oxide free radicals (Chakrabarty et al., 2004). Calotropis species has reported to have very high antioxidant activity (Mueen et al., 2003). Andrographis paniculata activate antioxidant enzymes thereby protecting the tissues from free radicals. Leaf extracts of Aloe vera, Allium sativum, Azadirachta indica, Emblica officinals and Tinospora cordifolia are some other plants which have been reported to have antioxidant activity (Govindarajan et al., 2006).

2.6.1. Enzymatic Antioxidant

             Antioxidant enzymes are able to catalytically remove free radicals and other reactive species (Isai et al., 2009). Free radical-scavenging enzymes such as superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) are the first line of cellular defense against oxidative injury (Burlakova et al., 2010).
Catalase (CAT)

                 Catalase present in the peroxisomes of nearly all aerobic cells, serves to protect the cell from the toxic effects of hydrogen peroxide by catalyzing its decomposition into molecular oxygen and water without the production of free radicals (Esmaeli et al., 2009).  Catalase is a key component of the antioxidant defense system. By decomposing hydrogen peroxide, it protects the tissues from highly reactive hydroxyl radicals. Therefore reduction in the activity of CAT may result in a number of deleterious effects due to the assimilation of superoxide radical and hydrogen peroxide (Palanivel et al., 2008).
2H2O2                  Catalase              O2 + 2H2O (Lenzen, 2008).

Enzymic antioxidant defense system
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Superoxide dismutase (SOD)


Superoxide dismutase is one of the most effective intracellular enzymatic antioxidants and it catalyzes the conversion of superoxide anions to dioxygen and hydrogen peroxide. Superoxide dismutase exists in several isoforms, which differ in the nature of active metal centre, amino acid composition, co-factors and other features. There are three forms of SOD present in humans: cytosolic Cu, Zn-SOD, mitochondrial Mn-SOD, and extra cellular-SOD (Landis and Tower, 2005).

           O2(- +O2(-+ 2H+           SOD                H2O2 +O2   (Lenzen, 2008).

Glutathione peroxidase (GPx)


GPx offers protection to the cellular and sub cellular membranes from the peroxidative damage by eliminating hydrogen peroxide and lipid peroxides (Meena et al., 2008). Glutathione peroxidase reduces hydrogen peroxide and organic hydroperoxides into water or alcohol, and reverts two glutathione (GSH) molecules to glutathione disulfide (GSSG) (Van-Stijn et al., 2008). The trace element selenium is important for the function of GPx and thus GPx is Se dependent (Berger and Chiolero, 2008). The GPx reaction is:
                                   2GSH + H2O2 → GS-SG + 2H2O 

Where GSH represents reduced monomeric glutathione and GS-SG represents glutathione disulfide (Gallo and Martino, 2009).

2.6.2 Non enzymic antioxidants

Non enzymic antioxidant systems such as GSH and Vitamins C and E are considered as the second line of defense against free radicals (Arulmozhi et al., 2010)

Vitamin A


Vitamin A is a generic term for a group of composites with similar biologic activity, such as retinol, retinal, and retinoic cid. It is fundamental, for the visual systems normal functioning; growth, differentiation and maintenance of cell epithelial integrity, immune function and reproduction (Lira and Dimenstein, 2010). Vitamin A also acts a neutralizing agent for the free radicals (Selvi et al., 2007). It acts as a powerful, free radical scavenger (Singlet oxygen) and chain breaking antioxidant (Raghavan and Kumari, 2006).

Vitamin C

Vitamin C is the major water-soluble antioxidant and acts as first defense against free radicals in whole blood and plasma (Fusco et al., 2007). Vitamin C is an electron donor and therefore a reducing agent. It is called an antioxidant because, by donating its electrons, it prevents other compounds from being oxidized (Padayatty et al., 2003).  

It scavenges a variety of free radicals and oxidants, in vitro, including superoxide radical, peroxyl radicals, hydrogen peroxide, hypochlorous acid, singlet oxygen, oxidant air   pollutants   and   oxidants   that   leak    from activated neutrophils and macrophages (Romieu et al., 2008). It also reduces α –tocopheroxyl radicals rapidly in membranes and LDL to regenerate α -tocopherol and possibly inhibits α -tocopheroxyl radical mediated propagation. Thus, it is a powerful inhibitor of lipid peroxidation (Fusco et al., 2007). 

Non enzymic antioxidant defense system

[image: image11.png]lipid peroxyl radical
LOOs rxn5 LOOH

><

Vit Erea g T Eox [ hydroxyl radical (OHs)

superoxide radical (O,)

vIT ¢, i 2ol
= rxn 7V“ Cred reduced rxn 4
>< products

H,0,

+ROOH i
Glutathione, .y  —————p Glu('é?;:;e"x

(GSH) Sn—z< 2!120

NADP- Fxn 1

NADPH + H*
>—< Pentose phosphate pathway (rxn 8)

Glucose-6-P Ribulose-5-P




(http:// www.biochem.arizona.edu/classes/bioc460/summer/.../pentose.ppt)
Vitamin E

Vitamin E, a major lipid-soluble antioxidant is the most effective chain-breaking antioxidant within the cell membrane, where it protects membrane fatty acids from lipid peroxidation (Olanlokun, 2008). α–tocopherols (Vitamin E) scavenge and quench various ROS and lipid oxidation products, stabilize membranes, and modulate signal transduction. It scavenges lipid peroxy radicals and yield a tocopheroxyl radical that can be recycled back to the corresponding α – tocopherol by reacting with ascorbate or other antioxidants (Shao et al., 2008).

2.7. Phytochemical analysis of plant extract by GC-MS


Gas chromatography mass spectrometry (GC/MS) is an instrumental technique, comprising a gas chromatograph (GC) coupled to a mass spectrometer (MS), by which complex mixtures of chemicals may be separated, identified and quantified. This makes it ideal for the analysis of the hundreds of relatively low molecular weight compounds found in environmental materials (http:// www. bris.ac.uk/ nerclsmsf/ techniques/ gcms.html). 

          In the last few years gas-chromatography mass-spectrometry has become firmly established as a key technological platform for metabolite profiling in both plant and non plant species (Lytovchenko et al., 2009). Exploring plant biochemical diversity by mass spectrometric techniques such GC-MS has proved to be a fast and reliable approach, allowing identification of a large number of compounds (Fiehn et al., 2000; Kopka et al., 2004).

             In some cases, the GC-MS screening of plant samples has revealed compounds with unknown MS spectra, which has resulted in the isolation and spectroscopic identification of new natural bioactive molecules (Berkov et al., 2008). Recently, the use of time of- flight (TOF) mass analyzers, in GC- MS, has provided the accurate mass of the molecule ion fragments, which converts it into a powerful tool for the structural elucidation of unknown compounds (Torras-Claveria et al., 2010). Despite the advantages of GC-MS, namely a high resolution allowing separation of a number of compounds and fast identification of metabolites, this technique is limited to volatile compounds (Ingkaninan et al., 2000).

2.8. MEDICINAL PLANT SELECTED FOR STUDY

                      Ficus racemosa Linn (Moraceae) is an evergreen, moderate to large sized spreading, lactiferous, deciduous tree, without much prominent aerial roots found throughout greater part of India in moist localities and is often cultivated in villages for its edible fruit. Different parts of Ficus racemosa are traditionally used as fodder, edible and ceremonial. All parts of this plant (leaves, fruits, bark, latex, and sap of the root) are medicinally important in the traditional system of medicine in India. Fruits are a good remedy for visceral obstruction and also useful in regulating diarrhea and constipation. Apart from the usage in traditional medicine, scientific studies indicate Ficus racemosa to posses various biological effects such as hepatoprotective, chemopreventive antidiabetic, anti inflammatory, antipyretic, antitussive and antidiuretic (Ahmed et al., 2010).

 No systematic scientific studies were however available for the antioxidative, antitumourigenic and antimicrobial activity of Ficus racemosa fruit. Hence the project “Antimicrobial, Antioxidative and Antitumorigenic activity of the Ethanolic Extract of Ficus racemosa fruit and Screening of its phytochemical constituents by GC-MS”
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 EXPERIMENTAL PROCEDURE 

3.0 EXPERIMENTAL PROCEDURE

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. Higher plants, containing medicinal compounds have continued to play a dominant role in the maintenance of human health since ancient times. Natural plant products such as herbs, fruits and vegetables became more popular in recent years due to public awareness and increasing interest among consumers and scientific community. Epidemiological evidence has revealed that constituents in natural products show many biological and pharmacological activities, including antioxidative, antinflammatory and antimicrobial  activity (Gill et al., 2010). 

The experimental procedures pertaining to this studying,

PHASE I

1.1. ASSESSMENT OF ANTIMICROBIAL ACTIVITY OF EE of Ficus racemosa fruit AGAINST DIFFERENT MICROORGANISMS

1.2. ASSESSMENT OF IN VITRO FREE RADICAL SCAVENGING EFFICACY 

OF EE of Ficus racemosa fruit
1.2.1. DPPH scavenging assay
1.2.2. Nitric oxide  scavenging assay
1.2.3. Hydrogen peroxide scavenging assay
1.2.4. ABTS scavenging assay
1.2.5. Hydroxyl radical scavenging assay
1.3. ASSESSMENT OF IN VITRO CYTOTOXIC ACTIVITY OF EE of Ficus racemosa fruit AGAINST DALTON LYMPHOMA ASITES (DLA) TUMOUR CELLS 

PHASE II

2.1. ASSESSMENT OF IN VIVO ANTIOXIDATIVE AND     ANTITUMORIGENIC POTENTIAL OF EE of Ficus racemosa fruit IN DALTON LYMPHOMA ASITES (DLA) TUMOUR INDUCED SWISS ALBINO MICE

2.1.1. EVALUATION OF THE ACTIVITIES OF ENZYMIC ANTIOXIDANTS
                  2.1.1.1 ESTIMATION OF CATALASE 

                  2.1.1.2. ESTIMATION OF SUPEROXIDE DISMUTASE 

                  2.1.1.3. ESTIMATION OF GLUTATHIONE PEROXIDASE 
2.2 EVALUATION OF THE LEVELS OF NON-ENZYMIC ANTIOXIDANTS 

                   2.2.1. ESTIMATION OF VITAMIN A

                   2.2.2. ESTIMATION OF VITAMIN C

                   2.2.3. ESTIMATION OF VITAMIN E 

PHASE III

3.1. ASSESSMENT OF PHYTOCHEMICALCONSTITUENTS OF EE of Ficus racemosa fruit
.                  3.1.1 PRELIMINARY PHYTOCHEMICAL SCREENING

                   3.1.2 GC-MS ANALYSIS
3.1. COLLECTION OF PLANT MATERIAL AND PREPARATION of Ficus racemosa fruit         

                          Ficus racemosa fruits were collected from Coimbatore district, Tamil Nadu. The shade dried fruits of Ficus racemosa (20g) were powdered and extracted with 200ml of ethanol using Soxhlet apparatus. The extract was concentrated using flash evaporator and dissolved in known volume of ethanol and used for the following studies. 

1.1. ASSESSMEMT OF ANTIMICROBIAL ACTIVITY OF EE of Ficus racemosa Fruit

            The antimicrobial activity was determined using agar diffusion method Chauhan et al., (2010) as in given Appendix I.
SOURCE OF MICRO ORGANISMS 
            The microorganisms namely E.coli, Staphylococcus aureus, Salmonella typhi, Shigella, Kleibseilla pneumonia, Rhizopus, Aspergillus, Candida and Pseudomonas aeroginosa were obtained, from PSG Hospital , Coimbatore and the assay was carried out by  Agar well diffusion method. 

1.2. ASSESSMENT OF IN VITRO FREE RADICAL SCAVENGING EFFICACY OF EE of Ficus racemosa fruit
1.2.1. DPPH RADICAL SCAVENGING ASSAY
DPPH radical scavenging activity was measured according to the method of Mensor et al., 2001 as given in Appendix II.

1.2.2. Nitric oxide radical scavenging aSSAY

Nitric oxide radical scavenging activity was determined by the method described by Green et al., 1982 as given in Appendix III.

1.2.3. HYDROGEN PEROXIDE SCAVENGING ASSAY

Hydrogen peroxide scavenging activity was determined according to the method described by Ruch et al., 1989 as given in Appendix IV.

1.2.4. ABTS radical scavenging aSSAY

ABTS radical scavenging activity was determined by the method described by Shiwakar et al., 2006 as given in Appendix V.
1.2.5. HYDROXYL RADICAL SCAVENGING ASSAY

The hydroxyl radical scavenging activity was analyzed according to the method of Elizabeth and Rao, 1990 as given in Appendix VI.

1.3. ASSESSMENT OF IN VITRO CYTOTOXIC ACTIVITY OF EE of Ficus racemosa fruit AGAINST DALTON LYMPHOMA ASITES (DLA) TUMOUR CELLS
PROPAGATION OF TUMOUR CELLS 

           Dalton Lymphoma Asites cells (DLA) were procured from Amala Cancer Research center, Thrissur, Kerala and were propagated in Swiss albino mice by intraperitoneal transplantation of 1X106   cells in 100µl of PBS. After 10 to 15 days, the cells were drawn from the intraperitoneal cavity and were used for the in vitro cytotoxic study. 

 IN VITRO CYTOTOXIC STUDY
    
In vitro cytotoxic activity of EE of Ficus racemosa fruit against Dalton Lymphoma Asites cells was studied by Trypan blue exclusion method of Salomi and Panikker, 1989 (Appendix VII). The concentration of extract which killed 50 percent of DLA tumour cells was designated as the 50 percent Effective dose (ED50) of the ethanol extract and was used in Phase II in vivo studies.
Phase II

            This phase involved in vivo assessment of antioxidative and antitumourigenic potential of EE of Ficus racemosa fruit in Dalton Lymphoma Asites (DLA) tumour induced Swiss albino mice.
2.1 ASSESSMENT OF IN VIVO ANTIOXIDATIVE AND ANTITUMOURIGENIC POTENTIAL OF EE of Ficus racemosa fruit IN DLA TUMOUR INDUCED SWISS ALBINO MICE
2.1.1. MAINTENANCE OF ANIMALS

Swiss albino mice of 5-7 weeks old (20-25g) were bought from a small animal breeding station, Kerala Agricultural University, Thrissur. The mice were maintained under standard laboratory conditions (temperature 25± 2ºC) with dark/light cycle (14/10h). The animals were kept in neat cages, bottomed with husk and fed with standard pellet diet and water ad libitum. The mice were acclimatized to laboratory conditions for 15 days before the commencement of the experiments. All procedures described were reviewed and approved by the University Animals Ethical Committee (Reg no: 623/02/b/CPCSEA).
2.1.2. Grouping of animals


The Swiss albino mice were divided into 6 groups of six animals each as follows:

Group I:  PBS

Group II: DMSO

Group III: Paraffin oil

Group IV: Silymarin

Group V:  DLA

Group VI: Ethanoilc extract of Ficus racemosa fruit 

Group VII: DLA + Ethanoilc extract of Ficus racemosa fruit 

Group I mice were intraperitoneally injected with 100µl of PBS (vehicle control for PBS). Group II mice were intraperitoneally injected with 100µl of DMSO (vehicle control for EEFrF). Group III mice were intraperitoneally injected with 100µl of Paraffin oil (vehicle control for group IV Silymarin).  Group IV mice were intraperitoneally injected with 100 µl of paraffin oil in Silymarin (25mg/kg body weight). Group V mice were intraperitoneally injected with 1X106 Dalton Lymphoma Asites (DLA) cells in 100 µl of PBS. Group VI mice were intraperitoneally injected with 100µl of DMSO containing ED50 concentration (44 µg) of EE of Ficus racemosa fruit. Group VII mice were intraperitoneally injected with 100µl of DMSO containing ED50 concentration (44 µg) of EE of Ficus racemosa fruit and 1X106 cells in 100µl of DLA.

PLATE I

MEDICINAL PLANT SELECTED FOR THE STUDY

Ficus racemosa fruit 
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PLATE II 
SWISS ALBINO MICE
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          NORMAL MICE                                          DLA INDUCED MICE
 
After 21 days of the experimental tenure the mice were kept for overnight fasting and then sacrificed. The liver was quickly excised and plunged into sterile, ice cold saline for the removal of blood. The washed organ was blotted dry on sterile filter paper and immediately stored in deep freezer at – 200C. The following parameters were analyzed without elapse of time to avoid variation.
2.1.3. ASSESSMENT OF THE ACTIVITIES OF ENZYMIC ANTIOXIDANTS 

The activities of enzymic antioxidants like Catalase, Superoxide dismutase and Glutathione peroxidase were analyzed in the liver homogenate. 
2.1.3.1. Estimation of Catalase activity (CAT) 

Catalase activity was assessed by the method of Luck, (1974) as given in Appendix VIII.

2.1.3.2. Estimation of Superoxide dismutase activity (SOD) 

The activity of SOD was estimated by the method of Misra and Fridovich, 1972 as given in Appendix IX. 

2.1.3.3. Estimation of Glutathione Peroxidase activity (GPx) 

The activity of GPx in the liver was assessed by the method of Rotruck et al., 1973 as expressed in Appendix X. 

2.1.4. ASSESSMENT OF LEVELS OF NON-ENZYMIC ANTIOXIDANTS 

The levels of the non-enzymic antioxidants such as vitamin A, C and E were assessed in the liver homogenate of experimental mice. 
2.1.4.1. Estimation of Vitamin A 

Vitamin A was estimated by the method of Bayfield and Cole, 1980 as given in Appendix XI.

2.1.4.2. Estimation of Vitamin C 

Vitamin C was estimated by the method of Roe and Keuther, 1953 as given in Appendix XII.
2.1.4.3. Estimation of Vitamin E 

Vitamin E content was determined by the method of Rosenberg 1992 as expressed in Appendix XIII.
 2.4. Statistical analysis


The statistical evaluation of the data of the antioxidative parameters was done by ONE Way ANOVA followed by Fischer LSD method using Sigma stat 3.1 software. Differences were considered statistically significant at P<0.001 levels.
PHASE III
3.1. ASSESSMENT OF PHYTOCHEMICAL CONSTITUENTS OF EE of Ficus racemosa fruit
3.1.1. PRELIMINARY phytochemical SCREENING 

              To identify the phytochemical constituents of the ethanolic extract of Ficus racemosa fruit by preliminary phytochemical screening and GAS Chromatography – Mass Spectroscopy (GC-MS) analysis
Phytochemical screening was performed using standard procedures. The procedures for detection of alkaloids, flavonoids, saponins, phenols and glycosides (Raaman, 2006), carbohydrates and tannins (Iyengar, 1995), steroids and terpenoids (Siddiqui and Ali, 1997) are given in Appendix XIV. 

3.1.2. GC-MS ANALYSIS OF EE of Ficus racemosa fruit
      The GC-MS analysis of EE of Ficus racemosa fruit was performed with Finnigan DSQ GC-MS instrument equipped with DB-5 fused silica capillary column of 30m length, 0.32mm i.e. and 0.25µm thicknesses. Helium was the carrier gas used at a flow rate of 1ml / min. Initial column temperature was set at 50°C for 3 min then the temp was increased by 7 °C/min to reach 250°C and the sample Injector temperature was maintained at 250°C throughout the experimental period. The injection volume was 1µl. The mass spectroscopic analysis was done with 70eV electron energy level, between 50 m/z and 500 m/z for the duration of 38 min. GC-MS chromatograms were analyzed using Xcalibur, version 1.4 software integrating each peak individually. The separated components were identified by matching them with the National Institute of Standards and Tech (NIST) spectral library data.

                                                                       [image: image16.jpg]



results and discussion

                                            4.0. RESULTS AND DISCUSSION
 The use of herbal medicines has become a part of general health care by the tribes since time immemorial. The use of modern medicines of synthetic origin imparting dramatic result in a short span in the therapeutic field. Traditional medicaments, chiefly obtained from plants have played a vital role in sustaining diseases free human existence on this planet. Today, there is a renewed interest in traditional medicine and an increasing demand for more drugs from plant sources (Arunachalam, et al., 2011).

Cancer continues to be the leading causes of death and growing evidence relates its occurrence to the oxidative damage to DNA, proteins and lipids in the body. Extensive preclinical and clinical research has led to substantial progress in understanding the multistep nature of prolonged tumorigenesis process. This understanding has lead to the realization that most human malignancies should be fought on multiple fonts (Lai et al., 2010).

            Scientific investigation on antioxidant and antitumour role of medicinal plants could lead to development of potent, harmless and cost effective natural drugs for the treatment of cancer. Hence, the present study is focused Antimicrobial, Antioxidative and Antitumorigenic activity of Ethanolic extract of Ficus racemosa fruit and Screening of its phytochemical constituents by GC-MS.

The results of the study are furnished and discussed under the following headings.

PHASE I

  IN VITRO STUDIES

  4.1 ANTIOXIDATIVE EFFICACY OF ORGANIC EXTRACTS OF Ficus racemosa fruit
               4.1.1 DPPH SCAVENGING ACTIVITY 

               4.1.2 NITRIC OXIDE SCAVENGING ACTIVITY

               4.1.3 HYDROGEN PEROXIDE SCAVENGING ACTIVITY

               4.1.4 ABTs SCAVENGING ACTIVITY 

               4.1.5 HYDROXYL RADICAL SCAVENGING ACTIVITY

4.2. CYTOTOXIC EFFECT OF EE OF Ficus racemosa fruit AGAINST DALTON LYMPHOMA ASITES (DLA) TUMOUR CELLS

4.3. ANTIMICROBIAL ACTIVITY OF EE of Ficus racemosa fruit AGAINST DIFFERENT MICROORGANISMS

PHASE II

IN VIVO STUDIES


4.4. ANTIOXIDATIVE AND ANTITUMORIGENIC EFFECT OF EE of Ficus racemosa fruit in DAlton lymphoma Ascites tumour induced mice

4.4.1. EFFECT ON THE ACTIVITIES OF ENZYMIC ANTIOXIDANTS
                  4.4.1. CATALASE  ACTIVITY
                  4.4.2. SUPEROXIDE DISMUTASE ACTIVITY
                  4.4.3. GLUTATHIONE PEROXIDASE ACTIVITY
4.4.2. EFFECT ON THE LEVELS OF NON ENZYMIC   ANTIOXIDANTS
      4.4.2.1. LEVELS OF VITAMIN A
                  4.4.2.2. LEVELS OF VITAMIN C

                  4.4.2.3. LEVELS OF VITAMIN E 
PHASE III

4.5. PHYTOCHEMICAL CONSTITUENTS OF EE of Ficus racemosa fruit 
             4.5.1. PRELIMINARY PHYTOCHEMICAL SCREENING 
             4.5.2. GC-MS ANALYSIS
PHASE I

4.1. IN VITRO STUDIES


In Phase I, in vitro antioxidative and antitumorigenic potential of the extract of Ficus racemosa fruit were evaluated by assessing its free radical scavenging efficacy in tumour induced mice.

4.1.1. ANTIOXIDATIVE EFFICACY OF ORGANIC EXTRACT OF Ficus racemosa fruit

The in vitro antioxidant efficacy of ethanol, ethyl acetate and petroleum ether extracts of Ficus racemosa fruit was assessed by studying its ability to scavenge DPPH, nitric oxide, hydrogen peroxide, ABTs and hydroxyl radicals.

4.1.1. DPPH RADICAL SCAVENGING ACTIVITY 

The percentage DPPH radical scavenging activity of ethanol, ethyl acetate and petroleum ether extracts of Ficus racemosa fruit were illustrated in figure I.DPPH is a relatively stable free radical which when encounters proton donors such as antioxidants, the radical gets quenched and absorbance gets reduced (Wu et al., 2003). The efficacies of antioxidants are often associated with their ability to scavenge stable free radicals. The DPPH radical scavenging activity of Ficus racemosa fruit demonstrated its oxygen radical absorbance capacity and indicated its potent antioxidant nature. The percentage of DPPH radical Scavenging activity of ethanolic extract of Ficus racemosa fruit was found to be higher with minimum IC50 (37 µg) than that of ethyl acetate and petroleum ether (44 µg and 48 µg) .

FIGURE 1

DPPH RADICAL SCAVENGING ACTIVITY OF ORGANIC EXTRACTS OF Ficus racemosa fruit
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                    Our results are in tune with earlier investigations that the methanolic extracts of Cordia wallichii and Celastrus paniculata exhibited significant DPPH radical scavenging activity (Makari et al., 2008). Adedapo et al. (2008) also have proved the antioxidant potential of the methanol extracts of the stems of Acokanthera oppositifolia and Adenia gummifera by DPPH radical scavenging activity.

4.1.2. NITRIC OXIDE RADICAL SCAVENGING ACTIVITY 

           Figure 2 shows the concentration dependent nitric oxide radical scavenging activity of Ficus racemosa fruit. The concentration of extract which inhibited 50 percent NO·  production (IC50)was found to be 35µg, 40 µg and 52 µg. NO. Contributes to oxidative damage by reacting with superoxide to form the peroxynitrite anion, which is a potential oxidant that can decompose to produce OH. and  NO. (Pacher et al., 2007). 
Rao et al. (2010) have evaluated the antioxidant activity of the methanolic extract from Njavara rice bran by its scavenging effect on DPPH and nitric oxide radicals. The ethanol extract of Hibiscus esculentus Linn roots also showed dose dependent inhibition  of formation of oxygen derived free radicals (nitric oxide, superoxide and hydroxyl radicals) in a study by Sunilson et al. (2008).

FIGURE  2

NITRIC OXIDE RADICAL SCAVENGING ACTIVITY OF ORGANIC EXTRACTS OF Ficus racemosa fruit
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4.1.3. HYDROGEN PEROXIDE SCAVENGING ACTIVITY OF Ficus racemosa fruit 

             Figure 3 shows the H2O2 (IC50) scavenging activity of organic extracts of Ficus racemosa fruit. The H2O2 scavenging activity of Ficus racemosa fruit was found to be increased in a concentration dependent manner. From the graph, scavenging of fifty percentage of H2O2 (IC5​0) was found to be 38µg, 45µg and 54µg of ethanol, ethyl acetate, petroleum ether Ficus racemosa fruit extracts respectively.

This result is in accordance with the earlier reports of Singhatong et al. (2010) who showed the dose dependent scavenging DPPH, ABTS and H2O2 by Artocarpus lakoocha heartwood extract.
FIGURE 3

HYDROGEN PERIOXIDE RADICAL SCAVENGING ACTIVITY OF ORGANIC EXTRACTS OF Ficus racemosa fruit
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H2O2 itself is not very reactive, but it can sometimes be toxic to the cell because it may give rise to hydroxyl radical in the cells (Patel et al., 2010).Thus,  all the extracts of Ficus racemosa fruit could prevent the occurrence of oxidative damage by scavenging H2O2.

4.1.4. ABTs RADICAL SCAVENGING ACTIVITY 

             The ABTs radical scavenging activity of selected organic extracts of Ficus racemosa fruit was found to be dose dependent as shown in Figure 4. The ability of Ficus racemosa fruit to scavenge 50 percent of hydroxyl radical was found to be 28µg(ethanol), 45µg (ethyl actetate)  and 52µg (petroleum ether).

FIGURE 4

ABTs RADICAL SCAVENGING ACTIVITY OF ORGANIC EXTRACTS OF Ficus racemosa fruit
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                      The ABTS assay is based on the inhibition of the absorbance of ABTS radical cation (Sanchez and Morena, 2002).  A concentration dependent activity was observed in the assay. Higher concentrations of the extract were more effective in quenching free radicals in the system (Yu  et al., 2002). 

4.1.5. HYDROXYL RADICAL SCAVENGING ACTIVITY

            The hydroxyl radical scavenging activity of all selected organic extracts of Ficus racemosa fruit was found to be dose dependent as shown in Figure 5. The ability of Ficus racemosa fruit to scavenge 50 percent of hydroxyl radical (IC50) was found to be 42µg(ethanol), 48µg(ethyl acetate) and 50µg (petroleum ether).

This result agreed with that of Baliga et al. (2004) who showed that the ethanol extract of Abana, a polyherbal drug scavenged hydroxyl radical in a concentration dependent manner in vitro and also with that of Hazra et al. (2010) who compared the hydroxyl radical scavenging activities of the methanolic extracts of fruits of Terminalia chebula, Terminalia belerica and Emblica officinalis.

FIGURE 5

HYDROXYL RADICAL SCAVENGING ACTIVITY OF ORGANIC EXTRACT OF Ficus racemosa fruit
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Hydroxyl radicals are the major Reactive Oxygen Species causing lipid peroxidation and enormous biological damage (Hazra et al., 2008). Thus, Ficus racemosa fruit could prevent the biological damage due to hydroxyl radicals by effectively scavenging them.                                 
TABLE 1
RADICAL SCAVENGING EFFECT (IC50) OF ORGANIC EXTRACTS OF 
Ficus racemosa fruit 
	Organic

extracts
	IC50  of radical

Scavenging effect in µg

	
	DPPH
	NO
	H2O2
	ABTs
	OH

	EtOH
	37
	35
	38
	28
	42

	EA
	44
	40
	45
	45
	48

	PE
	48
	52
	54
	52
	50


                         EtOH- Ethanol; EA- Ethyl aceate; PE- Petroleum ether
From the above results, free radical scavenging efficacy (IC50) of ethanolic extract of Ficus racemosa fruit was found to be in the order of ABTS (28µg)<NO (35 µg)<DPPH(37µg)<H2O2(38µg)<OH(42µg); IC50 of ethyl acetate extract of Ficus racemosa  fruit was found to be in the order of NO (40µg)<DPPH(44 µg)<H2O2(45 µg) = ABTS (45µg)< OH(48 µg) and petroleum ether extract of  Ficus racemosa fruit was found to be in the order of DPPH(48 µg) < OH(50 µg).<NO (52µg) = ABTS (52µg) <H2O2(54 µg). 

These results clearly indicated that IC50 of ethanolic extract of Ficus racemosa fruit was found to be minimum for all the free radicals when compared to ethyl acetate and petroleum ether extracts and indicated its more potential antioxidant effect. So ethanolic extract of Ficus racemosa fruit was selected for the following in vitro and in vivo studies.  

4.2. CYTOTOXIC EEFECT OF EE Ficus racemosa fruit AGAINST DALTON LYMPHOMA ASITES (DLA) TUMOUR CELLS

                    Trypan blue exclusion method was carried out to evaluate the anti tumour potential of EE Ficus racemosa Fruit against DLA. The effect EE of Ficus racemosa Fruit on the viability of DLA tumour cells is recorded in Figure 6. Incubation of DLA tumor cells with EE of Ficus racemosa Fruit produced a concentration dependent cytotoxic effect which was indicated by the increase in number of dead cells with increasing concentrations of EE of Ficus racemosa Fruit. The extract killed 50 percent of DLA tumour cells at a concentration of 44µg. This concentration was designated as Fifty percent effective dose (ED50) and was used in the following in vivo studies.

FIGURE 6

IN VITRO CYTOTOXIC EFFECT OF EE of Ficus racemosa fruit TO DLA TUMOUR CELLS
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Similiar to our results, the methanolic leaf extract of Plumeria alba also showed a concentration dependent cytotoxic activity to DLA and EAC cells (Radha et al., 2008).
4.3. ANTIMICROBIAL ACTIVITY OF EE of Ficus racemosa fruit AGAINST DIFFERENT MICROORGANISMS

                          Table 2 and plate III represents the antimicrobial activity of the extracts of Ficus racemosa in terms of zone inhibition in mm against the tested microorganisms. The extract showed antimicrobial activity against E.coli, Staphylococcus aureus, Salmonella typhi, Shigella, Kleibseilla pneumonia, Rhizopus, Aspergillus, Candida and Pseudomonas aeroginosa. The highest zone of inhibition was found against E.coli. 

Streptomycin is the first line antibiotic used against gram negative bacteria in veterinary medicine. Streptomycin is derived from the bacterium, Streptomyces griseus. Streptomycin binds to 30S subunit of the bacterial ribosome, specifically to the S12 protein which is involved in the initiation of protein synthesis.  Hence it inhibits the bacterial growth. It is a good example of aminoglycosides. 

(http://www.textbookofbacteriology.net/themicrobialworld/antimicrobial.html)

TABLE 2

ANTIMICROBIAL ACTIVITY OF THE ETHANOLIC EXTRACT OF

Ficus racemosa fruit BY AGAR WELL DIFFUSION METHOD

	S.No
	TEST  ORGANISMS
	ZONE OF INHIBITION IN mm

	1.
	E. coli
	12-15

	2.
	S.typhi
	10

	3.
	S. aureus
	10

	4.
	K.pneumonia
	NZ

	5.
	Shigella
	10

	6.
	P.aeroginos

	10

	1.
	Candida
	10

	2.
	Rhizopus
	NZ

	3.
	Aspergillus
	NZ


                  The values are mean of triplicates 
NZ –  No Zone of inhibition 

Streptococcus mutans, which adheres to the tooth enamel and produces glucans Together with bacteria and debris, it makes up the dental plaque.Shigellosis is also known as bacillary dysentery, caused by shigella species; the bacterium produces the powerful toxin (the shigalike toxin) which causes lesions and inflammation of intestinal lining. Typhoid fever is caused by the Gram-negative, aerobic rod Salmonella typhi. The disease is transmitted by contaminated food and water and begins with a high fever lasting several days or weeks. A skin rash called rose spots are associates this disease. Staphylococcal food poisoning is the most frequently reported type of food poisoning.It is caused by toxin-producing strains of Staphylococcus aureus. The toxin is enterotoxin which causes vomiting and diarrhea (http://library.thinkquest.org/25462/list.html). 
To overcome all the infections natural phytoremedy without any side effect is possible with Ficus racemoa fruit.
Jayarama et al., (2008) studied antimicrobial activity of Stevia rebaudiana (Asteraceae) leaf extract in which acetone extract showed high zone of inhibition followed by ethyl acetate and chloroform. Similarly Singh and Karnwal, (2006) carried out the antifungal activity of Cassia fistula leaf extract against Candida albicans by disc diffusion assay on Sabouraud agar. Erturk, (2006) studied the antibacterial and antifungal activity of ethanolic extract using disc diffusion assay. The extracts of M.officinalis, P.nigrum, C.annum and C.cyminum showed antifungal activity against E.coli with inhibition zone diameter range of 10 – 15 mm.
PLATE III
ANTIBACTERIAL ACTIVITY OF EE OF Ficus racemosa fruit
(AGAR WELL DIFFUSION METHOD)

              a. Escherichia coli                                      b. Staphylococcus aureus
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      c. Salmonella typhi                                                      d. Shigella
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        e. Kleibseilla pneumonia                               f. Pseudomonas aeroginosa              
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         1. Streptomycin                                             2.EE of Ficus racemosa fruit
PLATE IV
ANTIFUNGAL ACTIVITY OF EE OF Ficus racemosa fruit

                         a. Rhizopus                                                  b. Aspergillus
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c. Candida
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1. Ketakonozol                    2.EE of Ficus racemosa fruit

PHASE II

IN VIVO STUDIES
4.4. ANTIOXIDATIVE AND ANTITUMORIGENIC EFFECT OF EE of Ficus racemosa fruit IN   DAlton lymphoma Ascites tumour induced mice

In Phase II, in vivo antioxidative and antitumourigenic potential of EE of Ficus racemosa Fruit in Dalton Lymphoma Ascites tumour induced Swiss albino mice was evaluated by assessing the activities of enzymic antioxidants and levels of non enzymic antioxidants against standard antioxidant Silymarin.

4.4.1. EFFECT OF EE of Ficus racemosa fruit ON THE ACTIVITIES OF ENZYMIC ANTIOXIDANTS

                      The activities of enzymic antioxidants, CAT, SOD, and GPx in the liver of all the experiment groups are shown in Table 4.

4.4.1.1. EFFECT ON CATALASE ACTIVITY

Catalase activity was found to be significantly increased by the administration of EE of Ficus racemosa Fruit individually and to DLA tumor induced mice. The present study, there was a significant increase in CAT activity in the liver of EE of Ficus racemosa fruit  administered mice when compared to that of vehicle control groups and silymarin administered group. There was a significant decrease in the activity of CAT in the liver of DLA group when compared to that of other control groups. EE of Ficus racemosa fruit administration significantly enhanced CAT activity in the liver when compared to the DLA control group and silymarin treated group is depicted in Figure 7 and Table 3.

FIGURE 6
EFFECT OF EE of Ficus racemosa fruit ON CATALASE ACTIVITY IN THE LIVER OF DLA TUMOUR INDUCED MICE
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  Our finding was supported by Jain et al. (2008) and Palani et al. (2009) who showed that CAT content have been significantly increased in leaf extract of Momordica dioica treated mice and in aerial part extract of Acorus calamus treated rats respectively.   Gupta et al. (2006) also showed a decrease in the activity of CAT in DLA tumor induced control group of mice liver.

4.4.1.2. EFFECT ON SUPEROXIDE DISMUTASE ACTIVITY

                    The present study, there was a significant increase in SOD activity in the liver of EE of Ficus racemosa fruit administered mice when compared to that of vehicle control groups and silymarin administered group. There was a significant decrease in the activity of SOD in the liver of DLA control group when compared to that of other control groups. But EE of Ficus racemosa fruit treated mice significantly increased SOD activity in the liver when compared to the DLA control group. SOD activity was found to be more significant in EE of Ficus racemosa fruit administered mice than that found in silymarin treated mice (Figure 7 and Table 3).
TABLE 3
ACTIVITIES OF ENZYMIC ANTIOXIDANTS IN THE LIVER OF CONTROL AND EXPERIMENTAL GROUPS OF MICE

	TREATMENT
	CAT

a(U/mg protein)
	SOD

b(U/mg protein)
	GPx

d(U/mg protein)

	PBS
	21.78
	2.16
	6.9

	DMSO
	16.28
	2.21
	6.70

	PARAFFIN OIL 
	20.11
	2.19
	6.82

	SILYMARIN
	26.30
	2.23
	7.93

	DLA
	9.80
	1.22
	3.03

	EEFrF
	32.88
	2.41
	7.44

	EEFrF +DLA
	12.17
	1.67
	4.70

	CD

(α = 0.05)
	2.023
	0.104
	0.573


                                  The values of the mean of ± SD of 6 animals
a- 1 Unit is defined as the amount of enzyme required to decrease the absorbance by 0.05 units at 240nm.

b- 1 Unit is defined as the amount of enzyme that gives 50% inhibition of the extent of   NBT reduction in  1 min.

c- 1 Unit is defined as  micro moles of CDNB conjugated / min.

d- 1 Unit is defined as µg of GSH oxidized / min.

e- 1 Unit is defined as milli moles of NADPH oxidized / min.
FIGURE 7

EFFECT OF EE of Ficus racemosa Fruit ON SUPEROXIDE DISMUTASE ACTIVITY IN THE LIVER OF DLA TUMOUR INDUCED MICE
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                 Similar significant increase in the activity of SOD was observed in the mice liver by the administration of aqueous extract of Ocimum sanctum (Panda and Kar, 1998) and the alcoholic extract of Tragia plukenetii to ELA tumor model (Muthuraman et al., 2008).

4.4.1.3. EFFECT ON GLUTATHIONE PEROXIDASE ACTIVITY

                In the present study, there was a significant increase in GPx activity in the liver of EE of Ficus racemosa fruit administered mice when compared to vehicle control groups and silymarin administered group. Also, there were significant reductions in the activity of GPx in the liver of DLA group when compared to   other control groups. In EE of Ficus racemosa Fruit administered mice, there was significant increase in GPx activity in the liver when compared to the DLA induced group (Figure 8 and Table 3). 
FIGURE 8

EFFECT OF EE of Ficus racemosa fruit ON GLUTATHIONE PEROXIDASE ACTIVITY IN THE LIVER OF DLA ASCITES TUMOUR INDUCED MICE
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 The GPx is an important antioxidant enzyme that plays a role in the elimination of H2O2 and lipid hydroperoxides. It reduces peroxides by using reduced glutathione as a hydrogen donor (Njomen et al., 2008). So, increased GPx activity by EE of Ficus racemosa fruit could suppress the oxidative stress induced by the DLA tumour. In line with the observed results, the administration of Enicostemma littorale and silymarin restores the decreased level of antioxidant profile in oxidative stress in CCl4 induced rats (Gupta et al. 2007).

4.4.2. EFFECT OF EE of Ficus racemosa fruit ON THE LEVELS OF NON ENZYMIC ANTIOXIDANTS IN THE LIVER OF MICE

The levels of non enzymic antioxidants Vitamin A, Vitamin C, and Vitamin E in the liver of control and experimental groups of mice are shown in Table 5.
4.4.2.1.   EFFECT ON THE LEVELS OF VITAMIN A

                      The effect of EE of Ficus racemosa fruit on the levels of vitamin A in the liver of experimental mice is shown in Figure 9. The administration of EE of Ficus racemosa fruit to normal mice afforded a significant increase in the vitamin A content in comparison with vehicle control groups and silymarin administered groups. The vitamin A content was significantly reduced in DLA control groups when compared to other control groups.
              Vitamin A is known to be an important natural antioxidant capable of counteracting oxygen free radicals and exerts a protective antioxidant effect (Wang et al., 2009). The decreased levels of vitamin A in the liver of tumor control mice might be due to the increased levels of ROS and RNS in tissues. The significant increase in Vitamin A levels in the tumour bearing mice by EE of Ficus racemosa fruit might have been possible due to the regeneration of Vitamin A by its antioxidantive role.
TABLE 4
LEVELS OF NON ENZYMIC ANTIOXIDANTS IN THE LIVER OF CONTROL AND EXPERIMENTAL GROUPS OF MICE

	TREATMENT
	Vitamin A

a(µg / g tissue)


	Vitamin C

b(mg / g tissue)


	Vitamin E

c(µg / g tissue)

	PBS
	2.02
	2.59
	4.13

	DMSO
	1.85
	2.6
	4.17

	PARAFFIN OIL
	2.10
	2.9
	4.22

	SILYMARIN
	4.51
	4.63
	4.92

	DLA
	2.51
	1.82
	2.16

	EEFrF
	5.42
	4.58
	5.58

	EEFrF +DLA
	3.40
	2.27
	3.32

	CD

(α = 0.05)
	0.509
	0.466
	0.595


      The values are the mean ± SD of six animals

a. Amount of enzyme required to decrease the absorbance by 0.05 Units at 240 nm.

b. Amount of enzyme that gives 50 per cent inhibition of the extent of NBT reduction.

c. Microgram of GSH utilized per min.
Raghavan and Kumari, (2006) have also reported similar kind of increase in levels of non enzymic antioidants (Vit A, Vit C, Vit E and GSH) in the liver of alloxan induced diabetic rats treated with the ethanolic extract of Terminalia arjuna stem bark. Administration of Cynodon dactylon leaf protein also enhanced the levels of non enzymic antioxidants (Vit A, Vit E and GSH) in ELA induced mice (Santhi et al., 2010).

FIGURE 9

EFFECT OF EE of Ficus racemosa fruit ON THE LEVELS OF VITAMIN A

IN THE LIVER OF DLA TUMOUR INDUCED MICE
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4.4.2.2. EFFECT ON THE LEVELS OF VITAMIN C

                  The levels of vitamin C in the EE of Ficus racemosa fruit treated group was significantly increased in comparison with the control groups (PBS and DMSO) as shown in Table 5 and Figure 10. Inoculation of DLA tumor cells significantly reduced the vitamin C content. But the treatment of DLA induced mice with EE of Ficus racemosa fruit significantly increased the levels of vitamin C. when compared to DLA control group.

FIGURE 10

EFFECT OF EE of Ficus racemosa fruit ON THE LEVELS OF VITAMIN C

IN THE LIVER OF DLA TUMOUR INDUCED MICE
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                  Our findings of effect of EE of Ficus racemosa fruit on hepatic Vitamin C content are in line with the reports of Chakraborty and Verma (2010), who showed that the administration of Emblica officinalis aqueous extract caused a significant amelioration in the ochratoxin induced lipid peroxidation in mouse liver by enhancing the concentration of non enzymic antioxidants vitamin C and GSH
4.4.2.3. EFFECT ON THE LEVELS OF VITAMIN E

                      Table 5 and Figure 12 show the effect of EE of Ficus racemosa fruit on the levels of vitamin E in levels of experimental mice. The levels of vitamin E in the liver of mice administered with EE of Ficus racemosa fruit showed significant increase when compared to that of the standard antioxidant silymarin as well as the vehicle control groups. The inoculation of DLA tumor cells caused a significant decrease in the levels of vitamin E in the liver of tumor control animals compared to that of other controls and experimental groups.
FIGURE 11

EFFECT OF EE Ficus racemosa fruit ON THE LEVELS OF VITAMIN E IN THE LIVER OF DLA TUMOUR INDUCED MICE
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Our findings corroborates with the previous study of Santhi and Annapoorani (2009) who have also shown a similar kind of increase in levels of Vitamin E in liver of ELA tumour mice due to the administration of Terminalia catappa protein fraction.

4.5. PHYTOCHEMICAL CONSTITUENTS OF EE of Ficus racemosa fruit 
        4.5.1. PRELIMINARY SCREENING 
                          In the present investigation, preliminary phytochemical screening has been done in the Different organic extracts of Ficus racemosa fruit. The extracts showed the presence of phytochemical constituent’s namely, carbohydrate, glycoside, fixed oil, fats, Proteins, amino acids, saponins, phenolics, tannins, phytosterol, alkaloids and flavonoids (Table 5).

TABLE 5
PHYTOCHEMICAL CONSTITUENTS OF DIFFERENT ORGANIC EXTRACTS OF Ficus racemosa fruit
	Phytochemicals         

	Organic extracts

	
	B
	  C
	   E
	EA
	M
	PE

	Aminoacids 
	-
	-
	+
	-
	+
	-

	Anthraquinones
	-
	-
	-
	-
	-
	-

	Alkaloids
	+
	+
	+
	+
	+
	+

	Carbohydrates 
	+
	+
	+
	-
	+
	-

	Flavonoids  
	+
	+
	+
	+
	+
	+

	Glycosides  
	+
	+
	+
	+
	+
	+

	Saponins     
	+
	-
	+
	-
	+
	+

	Steroids     
	+
	-
	+
	+
	-
	+

	Tannins     
	-
	-
	+
	-
	 +
	-

	Triterpenoids
	-
	-
	+
	+
	 +
	+

	Phenols  
	+
	+
	+
	+
	 +
	+

	Fixed oils and fats
	+
	+
	+
	   +
	 +
	   +


+ = Presence; - = Absence; B = Benzene; C = Chloroform; E = Ethanol; EA = Ethyl acetate; M = Methanol; PE = petroleum ether.

      
       Herbal extracts contain different phytochemicals with biological activity that can be of valuable therapeutic index. Much of the protective effect of fruits and vegetables has been attributed by phytochemicals, which are the non-nutrient plant compounds (Gunasekaran and Anita, 2011).Different phytochemicals have been found to possess a wide range of activities, which may help in protection against chronic diseases. For example, glycosides, saponins, flavonoids, tannins and alkaloids have hypoglycemic activities and anti- inflammatory activities. Saponins possess hypocholesterolemic and antidiabetic properties. The terpenoids have also been shown to decrease blood sugar level in animal studies. Steroids, triterpenoids and saponins showed the analgesic properties and control the central nervous system activities (Khan, et al., 2011).
4.5. 2. GC-MS ANALYSIS
The GC-MS chromatogram of EE of Ficus racemosa fruit and the mass spectra of its constituents are shown in Figure 12 A and B. The chemical constituents in EE of Ficus racemosa fruit identified by GC-MS are listed in Table7. A total of 15 compounds were identified. Among the 15 compounds, the major constituents were Hexane 3- methyl (28.22%), 1- (dodecycloxy) 4 – methyl butano-zone (10.25%),Undecane 4- methyl (9.92%), decanoic acid 8- methyl ester (5.88%), Pentadecanoic acid methyl ester (5.88%), Hepatadecanoic acid 10- methyl ester (6.44%), decanoic acid 2,8- di methyl, methyl ester (CAS)(6.23%), 2-ethylhexylester of butanoic acid (5.60%) and Tetradecanoic acid 12- methyl- methyl ester (4.42%).
The observed  bioactivities of EE of Ficus racemosa fruit such as antioxidant and antitumour role might be due to the synergistic activity of these constituents. Further phytochemical studies by HPLC, NMR and FTIR could reveal the presence of other secondary metabolites responsible for the observed bioactivities of EE of Ficus racemosa fruit. 
FIGURE 12
GC-MS CHROMATOGRAM AND MASS SPECTRA OF 
EE of Ficus racemosa fruit
A) GC- CHROMATOGRAM OF EE of Ficus racemosa fruit
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B) MASS SPECTRA OF MAJOR CONSTITUENTS OF  

EE of Ficus racemosa fruit
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TABLE 7

 PHYTOCHEMICAL CONSTITUENTS OF EE Ficus racemosa fruit IN GC-MS CHROMATOGRAM
A) GC- CHROMATOGRAM OF EE Ficus racemosa fruit 
	SI
	RSI
	Compound Name
	Molecular Formula
	Molecular Weight 
	Area%

	278

334

44
198

196

320

246

191

202

149

256

206

270

214

298

270
264
	972

936

918
915

913

911

906

895

891

886

879

802

870

872

815

867
890
	1-(do decycloxy)4-methoxy butan-2-one

Hexane,3-methy-(CAS)

3 (N- Boc amino) -6- 6, 8,8 tetramethyl 1-1 oxylbicycto (3,3.00 octene -3- carboxylic acid

Undecane, 4-methyl (CAS)

(R) -3- (2H1) 2,2- dimethyl cyclobutaneone

2- ethylester of isobutanoic acid

Cis -3-4-epoxy -1- cyclohexanol 

2-ethylhexyl ester of butanoic acid

2,6,10- trimethyl –tridecane 

Dodecane , 4- methyl (CAS)

1,3,propanediol, 2,2- bis (hydroxy) methyl (CAS)
2-ethylhexylester of butanoic acid

Decanoic acid 8 – methyl ester 

Pentadecanoic acid 10 – methyl – methyl ester

Tetradecanoic acid 12, methyl – methyl ester 
Hepatadecanoic acid 10- methyl ester

decanoic acid 2,8- di methyl, methyl ester (CAS)
	C17 H3403

C7H16

C17H27N20

C12H26

C6H9DO

C12H2402

C6H10O2

C12H24O2

C16H34

C13H28

C5H12O2

C12H24O2

C12H14O3

C16H3202

C17H3402
C16H32O2
C13H26O2
	286

100

339

170

98

200

114

200

226

184

136

200

124

256

270
256
214
	10.25

28.22

2.76

9.92

3.57

2.34

4.11

2.27

4.32

10.25

3.44

5.60

5.88
5.88

4.42

6.44

6.23


A total of 15 compounds were identified. Among the 15 compounds, the major constituents were Hexane 3- methyl (28.22%), 1- (dodecycloxy) 4 – methyl butano-zone (10.25%),Undecane 4- methyl (9.92%), decanoic acid 8- methyl ester (6.23%), Pentadecanoic acid methyl ester (5.88%), Hepatadecanoic acid 10- methyl ester(6.44%) and Tetradecanoic acid 12- methyl- methyl ester (4.42%).
                  Bayoub et al. (2010) identified the major components responsible for the antibacterial effect of ethanol extracts of thirteen plants by gas chromatography coupled with mass spectrometry (GC/MS) analysis. The GC-MS analysis of the aqueous extracts of the fresh and the dry Cleistanthus collinus leaves indicated the presence of 17 compounds (Parasuraman et al., 2009).

 The GC-MS analysis of EE of Ficus racemosa fruit lead to the identification of its bioactive constituents which are responsible for its antimicrobial, antioxidative and antitumourigenic efficacy. 
                                                                                      [image: image46.jpg]



summary and conclusion

                                         5.0 SUMMARY AND CONCLUSION

                          Medicinal plants are of great importance to the health of individuals and communities. The medicinal value of these plants lies in some chemical substances that produce a definite physiological action on the human body. Recent experience has shown that plant drugs are relatively non-toxic, safe and even free from serious side effects. So much attention has been directed towards extracts and biologically active compounds isolated from popular plant species and there is a growing interest in the pharmacological evaluation of various plants used in Indian traditional system of medicine.

                          Hence, the present study “Antimicrobial, Antioxidative and Antitumorigenic activity of Ethanolic extract of Ficus racemosa fruit and Screening of its phytochemical constituents by GC-MS” was carried out in three phases and the results were summarized below:

              In Phase I, the antimicrobial, antioxidative and antitumourigenic potential of EE of Ficus racemosa fruit was evaluated by assessing its in vitro free radical scavenging efficacy and cytotoxicity to DLA ascites tumour cells. In Phase II, the in vivo antioxidative and antitumourigenic potential of EE of Ficus racemosa fruit in DLA ascites tumour induced Swiss albino mice was evaluated. In Phase III, preliminary phytochemical screening and GC-MS analysis of EE of Ficus racemosa fruit were carried out to identify its phytochemical constituents.
In Phase I antioxidant studies, the EE of Ficus racemosa fruit was found to effectively scavenge hydrogen peroxide, DPPH radical, hydroxyl radical, nitric oxide radical and super oxide radical in a concentration dependent manner. The with  IC50 values of ethanolic extract of Ficus racemosa fruit was found to be in the order of ABTS (28µg) <NO (35µg)<DPPH(37µg)<H2O2(38µg)<OH(42µg);of ethyl acetate extract of Ficus racemosa fruit was found to be in the order of NO (40µg)<DPPH(44 µg)<H2O2(45 µg) = ABTS (45µg)< OH(48 µg); and petroleum ether extract of  Ficus racemosa fruit was found to be in the order of DPPH(48 µg) < OH(50 µg).<NO (52µg) = ABTS (52µg) <H2O2(54 µg). 

The in vitro cytotoxicity study by Trypan blue assay revealed the concentration dependent cytotoxic activity of EE of Ficus racemosa fruit to DLA ascites tumour cells. The EE of Ficus racemosa fruit was found to kill the 50 percent of DLA cells at a concentration of 44µg (ED50) which indicated its antitumourigenic potential. Antimicrobial activity against E.coli, Staphylococcus aureus, Salmonella typhi, Shigella, Kleibseilla pneumonia, Pseudomonas aeroginosa and  antifungal activity  against  Rhizopus, Aspergillus, Candida clearly indicated that the infections caused by gram negative bacteria and fungus could be  overcome by the  natural phytochemical constituents of EE of Ficus racemosa fruit without any side effects .

In Phase II, to assess the in vivo antioxidative potential of EE of Ficus racemosa fruit, Swiss albino mice were divided into 7 groups of six animals each. Of which PBS, DMSO and Paraffin oil (Group I, II and III) served as vehicle control groups for DLA, EE extract of Ficus racemosa fruit and Silymarin groups respectively. Group IV received the standard antioxidant Silymarin. Group V received 50µg / 100µl (ED50) of EE of Ficus racemosa fruit. DLA group (Group VI) served as tumour control. (Group VII) DLA tumour cells were transplanted and the administrations of EE of Ficus racemosa fruit were carried out.

After an experimental tenure of 21 days, the animals of all groups except DLA   (after 18 days) because of the decreased in lifespan control group were sacrificed after an overnight fasting and livers were excised. Ten percent liver homogenates were prepared and they were used for the assessment of the activities of enzymic antioxidants (Catalase, Superoxide dismutase and Glutathione peroxidase) and the levels of non enzymic antioxidants (Vitamin A, Vitamin C, and Vitamin E).

These results confirmed the antioxidative and antitumorigenic potential of EE of Ficus racemosa fruit. Administration of ethanolic extract of Ficus racemosa fruit   individually and to the DLA induced mice significantly increased the activities of enzymic antioxidants and the levels of non enzymic antioxidants in liver of mice when compared to that of the vehicle control groups and the standard antioxidant Silymarin group. In DLA tumour induced mice showed significant decrease in antioxidant defense when compared to all the other control experimental groups.
In Phase III, the preliminary phytochemical analysis of EE of Ficus racemosa fruit revealed the presence of alkaloids, tannins, flavonoids, saponins, steroids and terpenoids. GC-MS analysis indicated the presence of 
Conclusion

 The present study indicated the Antimicrobial, antioxidative and antitumourigenic potential of the ethanolic extract of Ficus racemosa fruit in scavenging free radicals, increasing the enzymic and non enzymic antioxidants in Swiss albino mice. EE of Ficus racemosa fruit was found to be a more potent antioxidant than the standard antioxidant Silymarin. The antioxidative and antitumourigenic effect of EE of Ficus racemosa fruit could be attributed to its phytochemical constituents. Thus, the EE of Ficus racemosa fruit can be recommended as a potent antioxidant to combat the oxidative stress in cancer and can be used as an antitumourigenic agent.
Recommendations for future study
1) The anti-genotoxic and immunomodulatory effect of ethanolic extract of Ficus racemosa fruit can be studied.

2) The in vitro and in vivo studies on cytotoxic effect of ethanolic extract of Ficus racemosa fruit against different cancer cell lines (Eg: DLA, Hep 2) can be carried out.
3) The characterization of protein fraction of ethanolic extract of Ficus racemosa fruit extracts by other techniques like Two- dimensional gel electrophoresis, prediction of its primary, secondary and tertiary structures using Bioinformatics tools can be done.

4) Characterization of the phytochemical derivatives by other spectral techniques can be done.
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APPENDICES

APPENDIX – I

DETERMINATION OF ANTIBACTERIAL AND ANTIFUNGAL ACTIVITY

(Chauhan et al., 2010)

Principle

  Bacteria were grown in Nutrient Agar slants for sub-culturing. The fungal culture was further sub-cultured in Potato Dextrose Agar (PDA) media and streptomycin is used as the positive control. Antimicrobial activity was evaluated by measuring the zone of inhibition against the test organisms.
Culture Media

The media used for antibacterial test was Mueller hinton agar(30.0% beef infusion, 1.75% casein hydrolysate,0.15% starch, 1.7% agar, pH adjusted to neutral at 25 °C) and Potato dextrose agar (Potato infusion 200 g, Dextrose 20 g, Agar20 g , Distilled water 1 liter)
Inoculum

The bacteria were inoculated into Mueller Hinton Agar medium and incubated at 370 C for 12 h and the suspension were checked to provide approximately 105 CFU/ml. Similar procedure is done for fungal strains by inoculating in Potato dextrose agar  for 6 h.

Microorganisms used

The test organisms Bacillus subtilis, Proteus vulgaris, Salmonella typhimurium, Pseudomonas aeruginosa, Escherichia coli, Staphylococcus aureus, were the bacterial strains and the fungal organisms used for study are Candida albicans, Aspergillus Niger, and Rhizopus obtained from PSG hospital, Coimbatore, Tamil nadu India.

Procedure 

           In vitro evaluation of antibacterial and fungal activity of different crude extracts of Ficus racemosa fruits was done using the agar well diffusion assay. Petri dishes (90mm diameter) were poured with Mueller Hinton Agar media and Potato dextrose agar allowed to solidity to make a base layer. A seed layer was prepared by inoculating 100 µl of each test organism’s suspension in 25ml Mueller Hinton Agar. After complete solidification of media, wells (of 6 min in diameter) were made in the agar medium with the help of a sterile steel borer. 100 µl of each extract was added aseptically in respective wells. All the plates were incubated at 370C for 24 hrs at the end of the period; the inhibition zone formed in the medium was measured in millimeter.
APPENDIX II

DPPH RADICAL SCAVENGING ASSAY

(Mensor et al., 2001)

Principle


Antioxidant activity of the phenolic compounds depends on their ability to scavenge the stable free radical, DPPH.

Reagents


1. Methanol-50 ml


2. DPPH (Diphenyl-2-picryl hydrazyl radical)-1mM

Procedure


3 ml of 1mM DPPH in methanol was added. To 100µl of plant extract with concentrations ranging from 10μg to 100μg. DPPH solution with methanol was used as a positive control and methanol alone acted as a blank. When DPPH reacts with antioxidant in the sample, it was reduced and the color changed from deep violet to light yellow. This was measured at 518 nm. The percentage scavenging activity was calculated by the following formula: 


Scavenging activity (%) = A518 (control)-A518 (sample) x100

                                                                     A518 (control)

APPENDIX-III

NITRIC OXIDE RADICAL SCAVENGING ASSAY

(Green et al, 1982)

Principle             

 
Aqueous solution of sodium nitroprusside spontaneously generates nitric oxide (NO●) at physiological pH, which interacts with O2 to produce nitrite ions, which is measured colorimetrically at 546nm.
Reagents

1. Phosphate buffered saline (PBS) - pH 7.2



NaCl-8.8g



KCl-0.2g



KH2PO4-0.2g



Na2HPO4-1.15g          Made up the volume to 1000 ml.

2. Sodium nitroprussside (100mM)

3. Griess reagent:

             1% Sulphanilamide, 2% orthophosphoric acid (H3PO4) and 1% naphthalene diamine dihydrochloride

Procedure

         
Reaction mixture 3ml containing sodium nitroprusside in PBS and the plant extract was incubated at 25°C for 150 minutes. Controls without test compound were kept in an identical manner. After incubation, 0.5ml of Griess reagent was added. The absorbance of the chromopore formed was read at 546nm.The percentage inhibition of nitric oxide generation was measured by comparing the absorbance values of control and those of test compounds (plant extract).  
APPENDIX IV

HYDROGEN PEROXIDE SCAVENGING ASSAY

(Ruch et al., 1989)

Principle

 
Antioxidant activity of compounds  was determined by their ability to scavenge the oxidant hydrogen peroxide.

Reagents

1. Phosphate buffer (pH-7.4)

2. Hydrogen peroxide in phosphate buffer (40mM)

Procedure

A solution of hydrogen peroxide (40mM) was prepared in phosphate buffer. Plant extracts at the concentration of 10µg/10µl was added to a hydrogen peroxide  solution (0.6ml,40mM).The total volume was made upto 3ml.The absorbance of the reaction mixture was recorded at 230nm.The blank solution contained phosphate buffer without hydrogen peroxide. The percentage of hydrogen peroxide scavenged by the plant extract was calculated as follows:

Percentage of scavenged H2O2         =           A0-A1   x 100






                   A0
   A0- Absorbance of control

   A1- Absorbance in the presence of plant extract
APPENDIX-V

ABTS SCAVENGING EFFECT

(Shirwaiker et al., 2006)

PRINCIPLE

              ABTS radical scavenging cations were produced by reacting ABTS solution (7mM) with 2.45mM ammonium persulphate. Absorbance was read at 745nm spectrophotometrically and percentage inhibition was noted.

REAGENTS

1. ABTS solution: 

                ABTS (2, 2’-azino-bis (3-ethyl benzo- thiazoline-6-sulfonic acid) (7mM) with 2.45mM ammonium persulphate.

PROCEDURE

              ABTS radical cations (ABTS+) were produced by reacting ABTS solution (7mM) with 2.45mM ammonium persulphate. The mixture was allowed to stand in the dark at room temperature for 12-16 hrs before use. TLC separated fractions (0.5ml) were added to 0.3ml of ABTS solution and the final volume was made upto 1ml with ethanol. Absorbance was read at 745nm and percentage inhibition was calculated by the following formula:

Percentage scavenging activity    =            A0-A1      x 100

ABTS (%)                                                     A0
  A0- Absorbance of control

  A1- Absorbance in the presence of plant extract
APPENDIX-VI

HYDROXYL RADICAL SCAVENGING ASSAY

(Elizabeth and Rao, 1990)

Principle

The hydroxyl radical scavenging activity was measured by studying the competition between deoxy ribose and the extracts for hydroxyl radicals generated with  Fe3+/Ascorbate, EDTA/H2O2 system. TBARS is formed when the hydroxyl radicals attack deoxyribose, which can be quantified spectrophotometrically

      Reagents

1. Deoxy ribose (2.8mM)

2. FeCl3 (0.1mM)

3. EDTA(0.1mM)

4. H2O2 (1mM)

5. Ascorbate (0.1mM)

6. KH2PO4-KOH buffer (20mM,pH 7.4)

7. TBA (1%)

8. HCl (25%)

Procedure

 
The reaction mixture contained deoxyribose (2.8mM), FeCl3 (0.1mM), EDTA (0.1mM), H2O2 (1mM), Ascorbate (0.1mM) and KH2PO4-KOH buffer (20mM,pH 7.4). 20µl of the plant extract was added such that the final volume was 1ml The reaction mixture was incubated for 1 hour at 37○C. Deoxy ribose degradation was measured as TBARS by adding 0.5ml of  TBA and 0.5ml of HCl, boiled in a waterbath for 20 minutes, cooled and measured the absorbance at 532nm.
APPENDIX VII
TRYPAN BLUE EXCLUSION METHOD

(Salomi and Panikkar, 1989)

Principle

             The viable cells exclude the dye and remained unstained, while non – viable cells take up the dye and are stained blue.

Reagents 


1. Trypan blue 

- 0.1% in PBS (pH 7.2)

            2. PBS (pH 7.2)  

KCl                            
- 40mg



KH2PO4                  
- 20mg



Na2HPO42H2O
- 575mg 



NaCl              

- 900mg


 
Distilled water         
- 100ml

Procedure
              The Ehrlich Ascites (EA) tumour cells propagated in the peritoneal cavity of the mice were taken and washed with saline Phosphate Buffered Saline thrice by centrifuging at low speed. 0.1ml containing 1x10 6 cells was used for the in vitro assay. Various concentrations of the sample were incubated with EA cell lines at 370C for three hours.At the end of the incubation period 0.1 ml trypan blue was added and layered the cells on the haemocytometer for counting.  The dead cells were blue in colour and counted to calculate the percentage of dead cells.

Percent cytotoxicity =     Dead cell count / ( Dead cell count + Viable cell count)  × 100

APPENDIX-VIII

ESTIMATION OF CATALASE ACTIVITY

(Luck, 1974)

Principle


The UV light absorption of hydrogen peroxide solution can be measured between 230 and 250 nm. On decomposition of hydrogen peroxide by catalase, the absorption decreases with time. The enzyme activity could be arrived at from this decrease. But this method is applicable only to enzyme solution, which do not absorb strongly at 230 - 250 nm.  
Reagents

1. Phosphate buffer 0.067 M (pH 7.0): Dissolved 3.522 g of KH2PO4 and 7.268 g of K2HPO4.2H2O in distilled water and made up the volume to 1 litre.

2. Hydrogen peroxide - phosphate buffer: Dissolved 0.16 ml of H2O2 (10% w/v) to 100 ml phosphate buffer, prepared fresh. The absorbance of the solution should be about 0.5 at 240 nm with 1 cm light path.

Procedure


Pipetted out 3.0 ml of H2O2 Phosphate buffer into the experimental cuvette. Mixed in 0.01 - 0.04ml of sample with a glass rod flattened at one end. Noted the time Δt required for a decrease in absorbance from 0.45 to 0.4 at 240 nm. This value was used for the calculation. If Δt was greater than 60 seconds, then repeated the measurements with more concentrated solution of the sample. Calculated the activity and expressed in units per mg protein. One enzyme unit was the amount of enzyme required to decrease the absorbance at 240 nm by 0.05 units.

APPENDIX-IX
ESTIMATION OF SUPEROXIDE DISMUTASE ACTIVITY

(Misra and Fridovich, 1972)

Principle


Superoxide dismutase (SOD) uses the photochemical reduction of riboflavin as oxygen generating system and catalyzes the inhibition of Nitro blue tetrazolium (NBT) reduction, the extent of which can be assayed spectrophotometrically.

Reagents
1. 50mM Potassium phosphate buffer, pH 7.8

2. 45µM Methionine

3. 5.3µM Riboflavin

4. 84µM NBT

5. 20mM Potassium cyanide

Procedure

The incubation medium contained a final volume of 3 ml, 50mM potassium phosphate buffer, 45µM Methionine, 5.3µM Riboflavin, 84µM NBT and 20mM potassium cyanide. The tubes were placed in an aluminium foil-lined box maintained at 25ºC and equipped with 15W fluorescent lamps. Reduced NBT was measured spectrophotometrically at 600nm after exposure to light for 10 minutes. The maximum reduction was evaluated in the absence of enzyme.Calculated the activityand expressed in Units per mg protein. One unit of enzyme activity was defined as  the amount of SOD giving 50% inhibition of the reduction of NBT. 

APPENDIX-X

ESTIMATION OF GLUTATHIONE PEROXIDASE ACTIVITY

 (Rotruck et al., 1973)

Principle


A known amount of enzyme preparation was allowed to react with hydrogen peroxide in the presence of GSH for a specified time period. Then the remaining GSH was measured by the method of Ellman.



2GSH + H2O2                                                     GSSG +2 H2O2

Reagents
1. 0.4M Tris buffer, pH 7.0

2. 10mM sodium azide

3. 10% TCA

4. 0.4mM EDTA

5. 10mM H2O2

6. 2mM Glutathione

Procedure


To 2 ml of Tris buffer, 0.2 ml of EDTA, 0.1 ml of Sodium azide and 0.5 ml of enzyme extract were added. 0.2 ml of glutathione followed by 0.1 ml of H2O2 were added to the mixture, mixed well and incubated at 37ºC for 10 minutes along with a tube containing all the reagents except sample. After 10 minutes the reaction was arrested by the addition of 0.5 ml of 10% TCA, centrifuged and the supernatant was assayed for glutathione by the method of Ellman.


The activities are expressed as µg GSH oxidised/min/mg protein

APPENDIX XI

ESTIMATION OF VITAMIN A

(Bayfield and Cole, 1994)

Principle


The colour produced by vitamin A, its acetate or palmitate with TCA is proportional to its concentration, which is measured at 620nm in a spectrophotometer.

Reagents

All the reagents were prepared fresh. Exposure of sample and reagents to light was avoided at all times.

1. Saturated TCA in chloroform


15 g clear TCA crystals were dissolved in 25 ml of alcohol-free chloroform and stored in dark.

2. Standard vitamin A


1.5 mg vitamin A palmitate/10 ml of chloroform.

Procedure

Aliquots of the standard were pipetted out into a series of clear, dry test tubes in the concentration range of 0-7.5µg. The volumes in all the tubes were made upto 0.1 ml with chloroform. From a fast delivery pipette, added 2 ml of TCA reagent rapidly, mixing with the contents of the tube. Recorded the absorbance immediately at 620nm in a spectrophotometer. The procedure was repeated for the sample tubes. Constructed a standard graph and read off the concentration in the sample. Vitamin A levels were expressed as µg/g tissue.

APPENDIX-XII

ESTIMATION OF VITAMIN C

(Roe and Keuther, 1953)

PRINCIPLE

 
          Ascorbate is converted to dehydroascorbate by treatment with activated charcoal or bromine. Dehydroascorbic acid reacts with 2, 4 - dintrophenyl hydrazine (DNPH) to form osazones, which dissolves in sulphuric acid to give an orange coloured solution whose absorbance can be measured spectrophtometrically at 540 nm.  

REAGENTS    


1. 4% TCA

     
2. 9N H2SO4 
3. 2% 2, 4 - dintrophenyl hydrazine (DNPH) – Dissolved 2 g of DNPH in 100 ml of   9 N H2SO4 
4. 10% thiourea

      
5. 85% H2SO4  

6. Stock standard solution: Dissolved 100 mg of ascorbic acid in 100 ml of 4% TCA


7. Working standard: Diluted 10 ml of the stock solution to 100 ml with 4% TCA.

PROCEDURE


      About 1g of the sample was homogenized in 4%TCA up to 10ml.Centrifuged at 2000rpm for 10minutes.To the supernatant obtained; a pinch of activated charcoal was added, shaken well and kept for 10 minutes. Centrifuged once again and removed the charcoal residue. The volume of the clear supernatant was noted.0.5ml and1.0ml aliquots of this supernatant were taken for the assay. The assay volumes were made up to 2ml with 4%TCA. 0.2 to 1.0 ml of the working standard solution containing 20 -100 µg of ascorbate respectively were pipetted out in clean, dry test tubes, the volumes of which were also made up to 2.0 ml with 4% TCA. DNPH reagent of volume 0.5 ml was added to all the tubes, followed by 2 drops of 10% thiourea. The tubes were incubated at 37˚C for 3 hours. The osazones formed were dissolved in   2.5 ml of 85% H2SO4, in cold, drop by drop, with no appreciable rise in temperature. To the blank alone, DNPH reagent and thiourea were added after addition of sulphuric acid. After incubation for 30 minutes at room temperature, the absorbance was read spectrophotometrically at 540 nm. The content of ascorbic acid was calculated in the liver sample using the standard graph. 

APPENDIX-XIII

ESTIMATION OF VITAMIN E

(Rosenberg, 1992)

PRINCIPLE


         Tocopherol can be estimated using Emmeric - Engel reaction which is based on the reduction of ferric ions by tocopherol, which then forms a red colour with 2, 2’ - dipyridyl. Tocopherol and carotenes are first extracted with xylene and the extraction read at 460 nm to measure carotenes. A correlation is made for these after adding ferric chloride and reading at     520 nm.

REAGENTS

1. Absolute alcohol

2. Xylene

3. 2, 2’ – dipyridyl: Dissolved 1.2 g of 2, 2’ – dipyridyl in 1 l n – propanol

4. FeCl3 solution: Dissolved 1.2 g of FeCl3.6H2O in 1 l ethanol. Kept in brown bottle

5. Standard solution: Dissolved 1g/ l of α - tocopherol in absolute alcohol. 91 mg of   α – tocopherol is equivalent to 100 mg of tocopherol acetate.

PROCEDURE    


      The sample was homogenized with water in a blender. Weighed accurately, 2.5g of the homogenized sample into a conical flask. Added 50ml of 0.1N H2SO4 slowly without shaking. Stoppered and allowed to stand overnight. The next day contents of the flask were shaken vigorously and filter through whatmann no.1 filter paper, discarded the initial 10-15ml of fitrate. Aliquots of the filtrate were used for the estimation. Into 3 stoppered centrifuge tubes (test, standard and blank), pipetted out 1.5 ml of extract, 1.5 ml of standard and 1.5 ml of water respectively. To the test and blank, added 1.5 ml of ethanol and to the standard, added 1.5 ml of water. To all the tubes, added 1.5 ml of xylene, stoppered, mixed well and centrifuged. One ml of the xylene layer was transferred into another stoppered tube, taking care not to include any other ethanol or protein. To each tube, 1.0 ml of 2, 2’ - dipyridyl reagent was added, stoppered and mixed. Into the cuvettes, 1.5 ml of the mixture was pipette out and read the extinction of the test and the standard against blank at 460 nm. Then, beginning with the blank, added 0.33 ml of ferric chloride solution. The amount of vitamin E can be calculated using the formula






        Reading at 520 nm – Reading at 460 nm

Amount of tocopherol      =        






      Reading of standard at 520 nm x 0.29 x 15
APPENDIX-XIV

PHYTOCHEMICAL ANALYSIS

(Annapoorani et al. 2010)
PRINCIPLE

            Systemic investigations on aqueous extracts, organic extracts and protein fractions have been carried out to explore their efficacy on antioxidative role, antibacterial effect, antiviral effect, anti-allergic effect, anti-platelet, anti-inflammatory, antitumor activities and drug development processes.

REAGENTS 

Molisch’s reagent ( 13.6g mercuric chloride in 600 ml of water and 50g  of potassium iodide100 ml of water both solutions were mixed under stirring and the volume was completed to 1000 ml with water.), Fehling’s reagent (copper sulphate in alkaline conditions) , iodine solution,  concentrated sulphuric acid, Millon’s(solution of mercury nitrate and nitrous acid), ferric chloride solution, phosphomolybdic acid reagent, ammonia vapours, Erlich’s reagent, concentrated HCl, NaOH solution, Raymond’s reagent (1% solution of m-dinitrobenzene in ethanol or methanol), ethanol, sodium nitroprusside solution, m-dinitrobenzene

IDENTIFICATION OF CARBOHYDRATES

Molisch’s test:

To 2 ml of extract few drops of 20% α-naphthol in ethyl alcohol was added. Then about 1 ml of concentrated sulphuric acid was added along the side of the tube. Reddish violet ring appeared at the junction of two layers indicated the presence of carbohydrates.

Fehling’s test:

1 ml of fehling’s reagent (copper sulphate in alkaline conditions) was added to the filtrate of the extract in the distilled water and heated in a steam bath and brick red precipitate indicated the presence of carbohydrates.

Test for starch:

To 1 ml of extract few drops of iodine solution was added. Blue colour product was obtained and indicated the presence of starch.

Test for cellulose
To 1 ml of extract 2-3 drops of iodine solution was added followed by 2 drops of sulphuric acid and dark/deep brown/cherry red color indicates the presence of cellulose.

IDENTIFICATION OF ALKALOIDS 

To 1 g of the sample added 10 ml of 5 % HCl and heated in a boiling water bath for 10 minutes and filtered. To the filtrate added 5 ml of dilute ammonia and 5 ml of chloroform. To the aqueous layer was used for the following tests.

Mayer’s Test

Added a few drops of Mayer’s reagent to the aqueous layer. Formation of creamy layer indicated the presence of alkaloid.

Mayer’s Reagent

A solution of mercuric chloride (13.6g) in water (600 ml) and another of potassium iodide (50 g) in100 ml of water were prepared. Both solutions were mixed under stirring and the volume was completed to 1000 ml with water.

Dragendorff’s Test

To 1.0ml of the extract added 1.0 ml of Dragendroff’s reagent and orange precipitate indicated the presence of alkaloid.

Dragendorff’s Reagent:

Solution A

Glacial acetic acid (10 ml) was added to a suspension of bismuth subnitrate (0.8g) in water (40 ml). 

SolutionB

Solution of potassium iodide (20g) in water (50 ml) was prepared. Both solutions were mixed together. To the mixture 100ml of glacial acetic acid was added and the volume was made up to 1000 ml with water.

Shinoda Test

To 5g of the sample added 10 ml of the ethanol and heated in a boiling water bath. To the ethanol extract concentrated Hydrochloric acid (8-9 drops) and some magnesium filings were added. After 10-15 minutes at room temperature red colouration indicated the presence of flavanoids.

Lead acetate test

To the ethanol extract added equal volume of 0.5%acetic acid and filtered. To the filtrate added1.0 ml of 1% lead acetate and Flocculant white precipitate indicated the presence of flavanoid

IDENTIFICATION OF FLAVONOIDS

Decolorization test

Water extract of the sample was reduced to dryness on the boiling water bath. The residue was treated with dil. NaOH, followed by addition of dilute HCl. A yellow solution with NaOH, which turns colourless with dil HCl confirmed the presence of flavonoids.

Shinoda Test

To 5g of the sample added 10 ml of the ethanol and heated in a boiling water bath. To the ethanol extract concentrated Hydrochloric acid (8-9 drops) and some magnesium filings were added. After 10-15 minutes at room temperature red colouration indicated the presence of flavanoids.

Ammonia Test

Filter paper strips were dipped in the alcoholic and aqueous solution of the extract and ammoniated. The filter paper changed its colour to yellow which indicates the presence of flavanoid. Added 10 ml of the concentrated Sulphuric acid to the above yellow colored filter paper and disappearance of the yellow color indicated the presence of flavanoid. 
Pew Test

To 1 ml of the extract, a piece of metallic magnesium/zinc was added followed by addition of 2 drops of Conc HCl and a brown color confirmed the presence of flavonoid.
Lead acetate test

To the ethanol extract added equal volume of 0.5%acetic acid and filtered. To the filtrate added1.0 ml of 1% lead acetate and Flocculant white precipitate indicated the presence of flavanoid.

Aluminium chloride test

To the aqueous extract added 2 drops of 1% aluminium chloride and yellow coloration indicated the presence of flavanoid.

IDENTIFICATION OF TANNIN

Preparation of extract

The plant material was suspended in methanol and suspension was kept in rest during the night. Then it was heated under reflux for 4 hours. After that time, it was filtered warm and the residue was washed with methanol. The filtrate was allowed to cool down; observing any modification and an aliquot was taken in order to assay tannin.

Braemer’s test

To 0.5g of methanolic/ethanolic extract added 10 ml of water and boiled and filtered. To the filtrate few drops of 10% ferric chloride was added. A dark green, blue or brown color indicated the presence of tannin.

IDENTIFICATION OF GLYCOSIDES

Kadde’s Test

Ethanolic extract is treated with a small amount of Kadde’s Reagent and development of blue or violet colour that fades out in 1 to 2 hours showed the presence of cardiac glycosides

Kellar-Killani Test

The ethanolic extract is dissolved in glacial acetic acid containing a trace of Ferric Chloride and the same amount of FeCl3 dissolved in Concentrated sulphuric acid along the side of the test tube to settle at the bottom and a reddish brown color changing to bluish green color appears at the junction of two reagents within 2-5 minutes spreading slowly into the acetic acid layer conforms the presence of cardiac glycosides.

Froth Test

1g of the sample was weighed into a conical flask in which 10ml of sterile distilled water was added and boiled for 5 min. The mixture was filtered and 2.5ml of the filtrate was added to 10ml of sterile distilled water in a test tube.  The test tube was stoppered and shaken vigorously for about 30 sec. It was then allowed to stand for half an hour and honeycomb froth indicated the presence of saponins. The froth was mixed with 3 drops olive oil and shaken vigorously. Formation of emulsion indicated the presence of saponins. 

IDENTIFICATION OF PHENOLS

Ferric chloride Test

2 ml of extract was added to 2mls of ferric chloride solution (FeCl3) and formation of a deep bluish green solution indicated the presence of phenols.

Phosphompolybdic test:

To the ethanolic extract added phosphomolybdic acid reagent and ammonia vapours blue colour indicated the presence of phenols.

IDENTIFICATION OF STEROIDS

Libermann- Buchard Test

To the ethanolic extract added 2ml of chloroform followed by 10 drops of acetic anhydride and 2 drops of concentrated suphuric acid and a rose red color developed which quickly changed through blue  to green indicated the presence of cholesterol.
Salkowski Test

The ethanolic extract was dissolved in chloroform and shaken with an equal volume of concentrated sulphuric acid and chloroform layer was red in color and the acid layer showed green fluorescence indicated the presence of cholesterol. 
IDENTIFICATION OF SAPONINS / SAPONIN GLYCOSIDES

Froth Test

1g of the sample was weighed into a conical flask in which 10ml of sterile distilled water was added and boiled for 5 min. The mixture was filtered and 2.5ml of the filtrate was added to 10ml of sterile distilled water in a test tube.  The test tube was stoppered and shaken vigorously for about 30 sec. It was then allowed to stand for half an hour and honeycomb froth indicated the presence of saponins. The froth was mixed with 3 drops olive oil and shaken vigorously. Formation of emulsion indicated the presence of saponins. 

Sodium bicarbonate test:

To the few ml of ethanolic extract few drops of sodium biocarbonate were added and shaken well and formation of honey comb indicated the presence of saponins.

Test for Terpenoids

To 0.5 g of the sample added 2 ml of chloroform. To this chloroform extract added 5 ml of concentrated sulphuric acid along the sides of the test tubes. A reddish brown coloration in the interphase indicated the presence of terpenoid.
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