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  INTRODUCTION
1. INTRODUCTION

 Plant derived drugs remain an important resource, especially in developing countries, to combat serious diseases. Approximately 60 to 80% of the world’s population still relies on traditional medicines for the treatment of common illnesses (Zhang et al., 2004). Medicinal plants are widely used in medicine as antioxidants. Thus studies of medicinal plants as potential antioxidant and modeling of the possible mechanism of their inhibitory actions at defined stages of the reduction of oxygen in the body are of significant interest (Gromovaya et al., 2006).   

Plant and plant-based medicaments are the basis of many of the modern pharmaceuticals we use today for our various ailments (Chhetri et al., 2008). Recently, the focus of pharmacologists has been on the development of new drugs based on herbal formulations and medicinal plant extracts, popularly used in our ancient traditional Ayurvedic system of medicine. The advantage of such formulation is their cost effectiveness as compared to synthetic drugs (Neik et al., 2004). 
Free radicals play an important role in both health and disease and have been implicated in manifold human disease processes. They are extremely reactive and unstable molecules that can damage cells and DNA leading to cell mutation and destruction (Bergamini et al., 2004). Free radicals due to environmental pollutions, radiation, chemicals, toxins, deep fried and spicy foods as well as physical stress, cause depletion of immune system antioxidants, change in gene expression and induce abnormal proteins. (Pourmorad et al., 2006).

Reactive oxygen species namely hydrogen peroxide, superoxide radical and hydroxyl radical can cause damages to proteins, lipids and nucleic acid and thereby compromise cell viability (Halliwell et al., 2003). At present increasingly more investigations are about the antioxidant activity of medicinal plant extracts, which are commonly used in clinical and folk medicine (Smirnova et al., 2009).

Epidemiological studies have confirmed that intake of exogenous antioxidants is effective in preventing or suppressing many diseases, therefore there is a growing interest in natural phenolic antioxidants present in medicinal and dietary plants that might help preventing or decreasing oxidative damages without exerting harmful side effects (Silva et al., 2005).

The production of Active Oxygen Species (AOS) and free radicals in plants is a developmentally regulated process important under non-stress condition, elemental or environmental. These free radicals and active oxygen species are involved in many physiological responses such as stomatal closure, programmed cell death, peroxisomes biogenesis, cell wall cross-linking, lignin synthesis and signal transduction (Neil et al., 2002).

Oxidative stress is associated with the pathogenesis of various diseases. Uncontrolled free radicals can damage myocardial cells, oxidize low-density lipoproteins and eventually result in cardiovascular diseases (Veerapur et al., 2004).

       Plants contain several phytochemicals which possess strong antioxidant activities. The antioxidants may prevent and cure cancer and other diseases by protecting the cells from damage caused by ‘free-radicals’ the highly reactive oxygen compounds. By consuming a diet rich in antioxidant plant foods will provide a milieu of phytochemicals, nonnutritive substances in plant that possess health protective effects (American cancer society, A biotechnology company dedicated to cancer treatment, 2006).

The major group of phytochemicals that may contribute to the total antioxidant capacity of plant include polyphenols, vitamin C and vitamin E. Phenolic compounds can be non-nutrients. Phenolic compounds of plants are hydroxylated derivatives of benzolic acid and cinnamic acids and have been reported to possess antioxidative and anticarcinogenic effects (Ndhala et al., 2007).

        The phytochemical research based on ethno-pharmacological information is generally considered as an effective approach in the discovery of new anti-infective agents from higher plants (Duraipandiyan et al., 2006).  As antioxidants, polyphenols influence human health and may play a role in the prevention of a number of chronic disease such as cardiovascular diseases cancer or type II diabetes (Neveu et al., 2010).

                
A qualitative phytochemical analysis can be performed for the detection of alkaloids, glycosides, terpenoids, steroids, flavonoids, tannins and reducing sugar (Chhetri et al., 2008). 

           

Phenolic acids, flavonoids and tannins are the most commonly found polyphenolic compounds in plant extracts (Wolfe et al., 2003). Flavonoids ability of scavenging hydroxyl radicals, superoxide anion radicals and lipid peroxyradicals highlights many of their health-promoting functions membranes, proteins and DNA (Fergusions, 2001). Flavonoids in the human diet may reduce the risk of various cancers, as well as prevent menopausal symptoms (Hodek et al., 2002). Flavonoids and glycosides are also used for identification and purity tests in the pharmacopoeias using thin-layer chromatography (Papp et al., 2004).


Cymbopogon flexuosus is commonly called as Lemon grass. Cymbopogon flexuosus wats belongs to the family Poaceae. It is also called as East Indian Lemongrass, Malabar or Cochin grass because of the typical strong lemon like odour. It is commercially cultivated in India. The oil of this plant has strong antifungal activity against dominant post harvest spoilage fungal pathogens of malus pumilo fruits (Bhattacharya et al., 2008).

           

During antifungal screening of the essential oils of some angiospermic plants oil of Cymbopogon flexuosus showed potent bioactivity against dominate post harvest fungal pathogens. An account of their virtues includes a strong efficacy against fungi with fungicidal action, potentiality against heavy fungal inoculum, long shelf life, thermostability, wide range of antifungal activity and absence of any phytotoxic effects, and a good result during in vitro trials. The oil in the form of fungicidal spray can be exploited commercially after undergoing successful completion of wide range of field trials of find out their economic viability (Shahi    et al., 2000).

In spite of its known medicinal uses, no study is available on the phytochemical analysis of the leaves of Cymbopogon flexuosus. The present study was an attempt to analyse the phytochemial constituents present in leaves of Cymbopogon flexuosus. The objectives of the study were

· To screen the leaves of Cymbopogon flexuosus qualitatively for the presence of alkaloids, phenolics, flavonoids and saponins.

· To subject the secondary metabolite fractions to TLC, to determine the number of phytochemical component in each class.

· To determine the antioxidant potential of the TLC separated components.

· To characterize the UV absorption spectrum and the HPLC spectrum of the leaf extract.

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

                   REVIEW OF LITERATURE

2. REVIEW OF LITERATURE
 MEDICINAL PLANTS
               People have been using medicinal plants for atleast 5,000 years and they are the oldest and most widespread form of medication. Considering that medicinal uses have been documented for approximately 10,000 species, and less than 200 of these are incorporated in western medicine, there is ample evidence to show that natural products are an important source of new chemical entities (Liu and wang, 2008). Plants have been used in traditional medicines for several thousand years (Rabia, 2005). Plants have been a major source of therapeutic agents since time immemorial (Kurian et al., 2007). Natural products make a significant contribution to human health not only in preventing disease but also in curing certain diseases (Batubara et al., 2009).      

              Medicinal herbs are an indispensable part of the traditional medicine practised all over the world due to low costs, easy access and ancestral experience (Chopde et al., 2008). Medicinal plants maintain the health and vitality of individuals and also cure various diseases, including cancer without causing toxicity (Madhuri and Pandey 2009). According to World Health Organization (WHO), more than 80% of the world’s population relies on traditional medicine for their primary health care needs. The medicinal value of plants lies in some chemical substances that produce a definite physiologic action on the human body (Chhetri et al., 2008).

            Although plants contain a variety of components including proteins, amino acids, vitamins and fiber which may lead to their overall health benefits, recent research has focused on the role of secondary plant metabolites, particularly polyphenolic compounds and flavonoids in disease prevention (Arts and Hollman, 2005).  Various herbs and species have been reported to exhibit antioxidant activity, including Ocimum sanctum, Piper cubeba linn, Terminalia bellerica, and several Indian and Chinese plants (Auh      et al., 2006).

  Plants are an important source of essential nutrients and health-beneficial components that are crucial for human life (Grusak, 2002). A whole range of plant-derived dietary supplements, phytochemicals, and pro-vitamins that assist in maintaining good health and combating disease are now being described as functional ingredients and nutraceuticals (Demiray et al., 2009). The role of medicinal plants in disease prevention or control has been attributed to antioxidant properties of their constituents, usually associated to a wide range of amphipathic molecules, broadly termed polyphenolic compounds (Ivanova et al., 2005).

OXIDATIVE STRESS

               Oxidative stress is an imbalance between pro-oxidants and / or free radicals on one hand and anti-oxidizing systems on the other hand (Veurink et al., 2003). Oxidative stress results from generation of oxygen free radicals, hydrogen peroxide, hydroxyl radicals, hydroperoxide, dioxygen and nitric oxide, collectively termed as reactive oxygen species (Ozcankaya et al., 2002).
              Oxidative stress is caused by an insufficient capacity of biological systems to neutralize excessive free radical production, which can contribute to human disease and aging, including cardiovascular disease, neurodegenerative disease and age related cognitive decline, obesity and insulin resistance, as well as immune system dysfunction (Larbi et al., 2007). Oxidative stress also contributes to the accumulation of damaged macromolecules and organelles, including mitochondria (Terman et al., 2007). 

REACTIVE OXYGEN SPECIES

Reactive oxygen species (ROS) are a class of highly reactive molecules derived from the oxygen and generated by metabolic processes in human being and some external factors such as pollution, radiation or some dietary habit    (Casanova et al., 2008).  ROS can cause DNA mutation, protein oxidation and lipid peroxidation contributing to the development of atherosclerosis (Frank and Gupta, 2005). ROS generated as a result of aerobic metabolism may play a role in normal aging of tissue that rely heavily on oxidative phosphorylation (Park et al., 2008).

              In the body excess production of free radicals induces lipids in the cell membrane to produce lipid peroxides and reactive oxygen species (Karawita et al., 2005). Reactive oxygen and nitrogen species play a key role in normal physiological processes, including cellular life / death processes protection from pathogens, various cellular signaling pathways and regulation of vascular tone (Valko et al., 2007). The antioxidant activities of phenolics play an important role in the adsorption or neutralization of free radicals (Basile et al., 2005).

ANTIOXIDANT DEFENSE MECHANISM

              An antioxidant is a molecule capable of slowing or preventing the oxidation of other molecules. In a biological system they may protect cells from damage caused by unstable molecules known as free radicals (Chakraborty et al., 2009). Antioxidants are substances that compete effectively with other oxidizable substances even when present in low concentration, thereby protecting other substrates from the damaging effects of ROS (Afonso et al., 2007). The majority of the active antioxidant compounds are flavonoids, isoflavones, flavones, anthocyanins, coumarins, lignans, catechins and isocatechins. In addition to the above compounds found in natural foods, vitamin C vitamin E, beta-carotene and tocopherol are known to possess antioxidant potential (Ara and Nur, 2009).  
       Natural antioxidants have a wide range of biological activities including inhibition of ROS generation direct or indirect scavenging of free radicals, and alteration of intracellular redox potential (Channabasavaraj et al., 2008). Antioxidants neutralize direct ROS attacks, terminate free radical mediated oxidative reaction and protect the human body from ROS damage. Strong evidence indicates that reactive oxygen species play an important role in the initiation as the promotion phases of carcinogenesis. Many cancer chemopreventive agents possess antioxidant potentials (Gupta et al., 2004).

PHYTOCHEMICAL CONSTITUENTS

             Phytochemicals in fruits, vegetables, spices and traditional herbal medicinal plants have been found to play protective roles against many human chronic disease including cancer and cardiovascular disease (CVD). These diseases are associated with oxidative stresses caused by excess free radicals and other reactive oxygen species. (Tsao and Deng 2004)

             Several cellular experiments have demonstrated phytochemicals to be the active component responsible for the protective effect and biochemical in vitro tests as well as animal experiments (Hauner and Watzl et al., 2001). In these experiments, individual phytochemical component and other substances like vitamins, such as ascorbic acid, tocopherol and folic acid were tested (Badgujar and Jain 2009).

              The content of phytochemicals in vegetables depends both quantitatively and qualitatively on their genetic information (Schreiner, 2004). Phytochemical such as vitamins A, C, E, K, carotenoids, terphenoids, flavonoids, polyphenols, alkaloids, tannins, saponins, pigments, enzymes and minerals have been found to elicit antioxidant activity (Edeoga et al., 2005).

ALKALOIDS 


Alkaloids are the largest single class of plant secondary metabolite. All the known alkaloids are isolated from plants. Most important plant families containing alkaloids are Apocynaceae, Compositae, Leguminosae, Papaveraceae and Liliaceae. Alkaloids are usually found in seeds, roots, leaves and bark of plants. Almost all alkaloids are colourless, insoluble in water but soluble in non-polar solvents (Grusak, 2002).

SAPONINS

Saponins constitute a key ingredient in traditional Chinese medicine and are responsible for many of the attributed biological effects (Liu et al., 2002). Saponins form insoluble complexes with cholesterol other sterols and bile acids. It is generally believed that the principal action of saponins on blood cholesterol is by sequestration of cholesterol and bile acids in the intestine, preventing their absorption (Piacente et al., 2005).
 Many saponins have detergency properties and give stable foam in water. The recent researches have shown that oral administration of some saponins can prevent hypercholesterolemia the phenomenon that is the result of complex formation with cholesterol (Moghimipour and Khalili, 2007).                                                                                                                                                                                                       
PHENOLS
          The term phenolic compounds embrace a wide range of plant substances, which possess in common an aromatic ring bearing one or more hydroxyl substituents. Phenolic substances include simple monocyclic phenols, phenyl propanoids, phenolic quinones and flavonoids. Among natural phenolic compounds of which over a thousand structures are known, flavonoids are the largest group. Phenolic compounds are very susceptible to enzyme present in all plants. Free phenols are relatively rare in plants (Kurian et al., 2007).
          Phenol and phenolic compounds are known to be biologically active through different mechanisms (Craig, 2006). Consumption of fruits and vegetables with high content of antioxidative phytochemicals such as phenolic compounds may reduce the risk of cancer, cardiovascular disease and many other diseases (Shahidi and Naczic, 2004).

FLAVONOIDS
         Flavonoids are structurally derived from parent substance flavone. Flavonoids are mainly water soluble compounds and can be extracted with 70% ethanol and remain in aqueous layer during partition with petroleum ether. They usually occur bound to sugar as glycosides. Flavonoids are present in all vascular plants but some classes are more widely distributed than others (Ndhala et al., 2007).

TANNINS 

Tannins and tannin-like substances are widespread in nature and are probably present in all plant materials. These are polyphenolic compounds divided into two main groups hydrolysable and condensed. Hydrolysable tannins contain a polyhydric alcohol. Condensed tannins are mostly flavonoids and are probably polymers of flavan-3-ol (catechin) and these cannot be hydrolysed to simple components (Kurian et al., 2007).

Cymbopogon flexuosus

              Cymbopogon flexuosus (Plate-I) which is commonly called as Lemon grass is one of the medicinally important essential oil bearing crops. The oil is rich in citral, which is mainly used as a basic raw material for manufacture of many aromatic chemical in the pharmaceutical, perfumery, crop and cosmetic trial (Trivedi, 2006).
GEOGRAPHICAL DISTRIBUTION

       
Lemongrass is one of the most popular plant medicines in Brazil, where it is used to treat nervous disorders and stomach problems. In the Amazon, lemongrass is highly regarded as a sedative tea.

CHEMICAL COMPOSTION OF Cymbopogon flexuosus
             The main chemical components of lemongrass oil are myrcene, citronellal, geranyl acetate, nerol, geraniol, neral and traces of limonene and citral.
THERAPEUTIC PROPERTIES

              The therapeutic properties of lemongrass oil are analgesic, anti-depressant, antimicrobial, antipyretic, antiseptic, astringent, bactericidal, carminative, deodorant, diuretic, febrifuge, fungicidal, galactagogue, insecticidal, nervous system sedative and tonic.

 Cymbopogon flexuosus USES
              Lemongrass is useful in strengthening the function of stomach and treatment of indigestion. Lemongrass oil also treats spasmodic infection of the bowels, gastric irritability and cholera.              

               In spite of such reports on the known medicinal value of                  Cymbopogon flexuosus, no study is reported in the literature that correlates the components in the leaves to their antioxidant activity. The present study aimed to analyze the phytochemical constituents present in the leaves of Cymbopogon flexuosus and to evaluate the free radical scavenging activity of HPLC eluted fraction.

The experimental design and procedures adopted are presented in the next chapter with bibliographical and appendix support.

METHODOLOGY

3. METHODOLOGY

           As a medicinal plant, Lemongrass has been considered a carminative and insect repellent. Lemongrass is used in herbal teas and other non-alcoholic beverages in baked goods, and in confections. Lemongrass oil revitalizes the body and relieves the symptoms of jetlag, clears headache and helps to combat nervous exhaustion and stress-related conditions. The present study was undertaken to investigate the phytochemical analysis of Cymbopogon flexuosus leaves and to evaluate the free radical scavenging activity of HPLC eluted fraction.

COLLECTION OF THE SAMPLE


Fresh leaves of the plant   Cymbopogon flexuosus was collected from the garden maintained  in our University campus. The leaves of the plant were collected fresh from the plant. The leaves were washed free of surface contaminants in running water and blotted dry between folds of soft tissue paper.

QUALITATIVE ANALYSIS OF THE PHYTOCHEMICALS IN THE METHANOLIC EXTRACT OF Cymbopogon flexuosus PLANT LEAVES 

In order to identify the phytochemical in the leaves of Cymbopogon flexuosus, the extracts were prepared by the methods explained in Appendix I. Then these extract were subjected to qualitative phytochemical analysis to confirm the presence of alkaloids, phenolics, flavonoids and saponins by the method explained in Appendix I (Horbone, 1973; Khandelwal, 2002).

PLATE I
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Cymbopogon flexuosus
TLC OF ALKALOID, PHENOLICS, FLAVONOIDS AND SAPONINS

             In order to identify the phytochemicals, the plant extract were also subjected to TLC separation using appropriate solvent mixtures. The developed chromatograms were then sprayed with specific reagents of alkaloids, phenolics, flavonoids and saponins. The plates were also exposed to iodine vapour and DPPH spray and spots were recorded. The detailed procedure are explained in Appendix II.

 PREPARATION OF METHANOLIC EXTRACT 


1g of the leaf was homogenized in approximately 1ml of the solvent (HPLC grade methanol). The supernatant was collected and used for determining the absorption spectrum after appropriate dilution, and for the HPLC analysis. 

HPLC SPECTRUM

 The methanolic extract of the leaves of Cymbopogon flexuosus prepared as above was filtered though a 0.22µ Millipore membrane filter and subjected to HPLC analysis on a RP-C18 column, as defined in Appendix III.
 FREE RADICAL SCAVENGING ASSAYS

The free radical scavenging effect of the eluted fraction from HPLC was evaluated using DPPH and ABTS assay.  
DPPH SCAVENGING EFFECTS OF THE LEAVES OF Cymbopogon flexuosus
             The free radical scavenging activity of the leaf extract were determined by the 1,1 diphenyl, 2 hydrazil (DPPH) which is a stable free radical which when acted upon by an antioxidant undergoes a change in colour that can be quantified spectrophotometrically (Mensor et al., 2001). The procedure adopted is explained in Appendix IV.  

ABTS SCAVENGING EFFECTS OF THE LEAVES OF Cymbopogon flexuosus

The antioxidant effect of the leaf extracts was studied using the ability to scavenge the free radical ABTS (2’2azino-bis 3 ethyl benz thiazoline 6-sulponic acid) (shirwaikar et al., 2006). The procedure is explained in appendix V. 

The results obtained in the present study are discussed, and the inferences and conclusions drawn therein are presented in the next chapter.

RESULTS AND DISCUSSION
4. RESULTS AND DISCUSSION

             Medicinal plants are of great importance to the health of individuals and communities (Edeoga et al., 2005). Medicinal plants have been used for centuries before the advent of orthodox medicine. Leaves, Flowers, Stems, Roots, Seeds, Fruits and Bark can all be constituents of herbal medicines (Akinmoladun et al., 2007).

         The use of herbal medicine for the treatment of disease and infection is as old as mankind (Falodum et al., 2008). Plants offer a large as natural compounds belonging to different molecular families which have various properties to humans (Zabri et al., 2008). Recently there has been an upsurge in interest in the therapeutic potential of medicinal plants as antioxidants in reducing such free radical – induced tissue injury   (Pourmorad et al., 2006).

The essential oil from a Lemon grass variety of Cymbopogon flexuosus was studied for its in vitro cytotoxicity against human cancer cell lines (Sharma et al., 2008). Lemon grass has been used to treat internal parasites, stomach disorders, hypertension and fever.

The present study was an attempt to analyze the major photochemical fractions, namely alkaloids, phenolics, flavonoids and saponins, in the leaves of             Cymbopogon flexuosus and to evaluate the free radical scavenging activity of HPLC eluted fraction.
QUALITATIVE PHYTOCHEMICAL ANALYSIS

 
Secondary metabolites from medicinal plants function as small molecular weight antioxidants, but their particular mechanisms of action are variable, and depend both on a structure and environment (Matkowski et al., 2008).

Phytochemical are plant chemicals or more appropriately defined as bioactive non- nutrient plant compounds in citrus fruits, vegetables, grains and other plant foods that have been liked to reduce the risk of major chronic disease and cancers (Jing et al., 2009).

Each medicinal plant species has its own nutrient composition besides having pharmacologically important phytochemicals (Adnan et al., 2010). Various fractions such as alkaloids, phenolics, flavonoids and saponins were extracted from the leaves of Cymbopogon flexuosus and a qualitative phytochemical anlysis was carried out. The results obtained are presented in Table I

 




TABLE I

QUALITATIVE ANALYSIS OF THE PHYTOCHEMICALS IN THE LEAVES OF Cymbopogon flexuosus.

	Component tested
	Name of the test
	Reaction observed

	Alkaloids


	Mayer’s test

Dragendroff’s test

Wagner’s test


	+

              ++

+



	Phenolics


	Ferric chloride test

Lead acetate test


	+

++



	Flavonoids


	NaOH test

H2SO4 test

Schinodo’s test


	+

Weak reaction

+



	Saponins
	Water foaming test


	+


            The results of the qualitative assays showed the presence of alkaloids, phenolics, flavonoids and lower amount of saponins. It was also observed that the extract of reaction differed within the confirmatory tests of each component group.

            This observation implies that it is very essential to carry out the qualitative analysis with the entire spectrum of tests, as the sensitivity of each test varies. Among the tests carried out, the highest sensitivity was observed with Dragendroff’s test for alkaloids, lead acetate test for phenolics, H2SO4 test for flavanoids and water foaming test for saponins. 

The literature is rich with the reports of the analysis of phytochemicals, especially in various medicinal plants.The presence of flavonoids and tannins has been shown in medicinal plants such as Thevatia neriifolia, Voacanga africana, Strophantus hispidus  (Ayoola et al., 2008). The presence of flavonoids in all crude extract may confirm their folkloric using treating rheumatism and in curing herpes simplex. (Peteros, 2010).


 Saponins are capable of neutralizing some enzyme in the intestine that can become harmful, building in the immune system and promoting wound healing (Akinmoladun et al., 2007). Mechanisms of action of alkaloids are through inhibition of peroxidation (Kessler et al., 2003). Alkaloids and flavonoids are the major phytochemicals found in Typhonium flagelliforme (Nobakht et al., 2009).


Plant phenolics present in fruits and vegetables have received considerable attention because of their potential antioxidant activities (Lopez-velaz et al., 2003) and are believed to prevent many degenerative disease including cancer and atherosclerosis (Roginsky, 2003). The total phenolic content of the Bauchinia rufescens extract in terms of gallic acid equivalent is indicative of high antioxidant potential of the extract (Aliyu    et al., 2009).


Several flavonoids isolated from the medicinal plants have been discovered to possess significant anti-inflammatory activity (Kim et al., 2000).

          Thus the results of the present study, revealing the presence of medicinally valuable phytochemicals in the leaves of Cymbopogen flexuous, adds scientific validation to the medicinal property of the plant.


In tune with these reports, in the present study, the qualitative analysis revealed the presence of alkaloids, phenolics, flavanoids and saponins. Several compounds of these categories of phytochemicals are reported to have significant medicinal properties.

TLC SEPERATION OF ALKALOIDS, PHENOLICS, FLAVONOIDS AND SAPONINS FROM Cymbopogon flexuosus LEAVES

            Thin layer chromatography is used almost exclusively for the separation of small molecules, aminoacids, terpenoids, alkaloids, phenolics, flavanoids, lipids and carbohydrates. It is used to identify drugs, contaminants and adulterants. It is widely used to resolve plant extracts and many other biochemical preparations (Asokan, 2003).


The various extracts of Cymbopogon flexuosus were subjected to TLC and developed with different developing reagents characteristic for each component. The Rf values of the spots observed were calculated.


Thin layer chromatography is the simplest and cheapest method of detecting plant constituents because the method is easy to run, reproducible and requires little equipment (Marston et al., 1997).


Apart from the spraying reagent specific for the phytocomponents, similarly run chromatograms were also subjected to iodine vapours and DPPH as a spraying reagent separately. DPPH is a free radical, which when dissolved in methanol, has a blue-violet colour.

When DPPH accepts an electron donated by an antioxidant compound, the DPPH is decolorized, which can be quantitatively measured from the changes in absorbance (Hasan et al., 2009). Plate-2 shows the TLC separated fractions of alkaloids, phenolics and saponins exposed to iodine vapours.

PLATE-II
TLC SEPARATED FRACTIONS OF ALKALOIDS, PHENOLICS 

AND SAPONINS EXPOSED TO IODINE VAPOURS
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TLC OF ALKALOIDS

              Alkaloids are basic nitrogenous components with definite physiological and pharmacological activity (Chhetri et al., 2008).

Table II shows the Rf values of the spots in the alkaloid fraction observed with the different spraying reagents.

TABLE II

Rf VALUES OF THE SPOTS IN THE TLC SEPERATED ALKALOID FRACTION

	Spot No
	Iodine vapour
	Dragendroff’s reagent
	DPPH

	1.
	0.723
	0.769
	         0.769


TLC analysis of the alkaloid fraction showed one spot when exposed to iodine vapour. This implied that the alkaloid fraction contained one organic compound. The spraying with Dragendroff’s reagent also resulted in one spot, whose Rf value were closer to those observed with iodine vapour. Thus, it is deducible that the alkaloid extract was free of organic compounds other than alkaloids.


  The spot obtained in the alkaloid fraction decolorized DPPH effectively, as reflected by the one spot observed upon spraying with DPPH. Thus, it is evident from the results of our study that Cymbopogon flexuosus leaves contain predominantly one alkaloid compound which exhibit antioxidant activity.

Similar results have been reported in many medicinal plants.TLC study of crude extract of Gracilaria changii. showed seven major bands. A major part of the components in the extract was found to be inactive based on DPPH scavenging area. Only one DPPH radical scavenging band was separated and detected with Rf value 0.63. This showed that the concentration of the compounds that act as an antioxidant was low in crude extract of Gracilaria changii. (Sreenivasan et al., 2007)

In our study, however, the alkaloid spot obtained exhibited strong DPPH scavenging activity, indicating that they may play an important role in combating the disorders arising during oxidative stress.
TLC OF PHENOLICS


    Phenolics possess a wide spectrum of biochemical activities such as antioxidant, antimutagenic, anticarcinogenic as well as ability to modify the gene expression (Marinova et al., 2005).


   The Rf values of the spots of samples with green tea were dominantly in accordance to the Rf value of catechin and epicatechin and there were also some substances with lower Rf values (Radomir et al., 2004). The plant contained phenolic compounds which can serve as natural sources of antioxidant (Aliya et al., 2009).

             Table III shows the Rf values of phenolics obtained with the different spraying reagent.

TABIE III

 Rf VALUES OF THE SPOTS IN THE TLC SEPARATED PHENOLIC FRACTION

	SPOT No
	IODINE VAPOUR
	FOLIN CIOCALTUAEU REAGENT
	DPPH

	1.

2.

3.


	0.784

0.815

0.846
	0.769

-

-
	0.692

-

-


TLC analysis of the phenolic fraction showed three spots when exposed to iodine vapour. This showed that the phenolic fraction contained three organic compounds and in the case of Folin ciocalteau reagent spraying one spot was observed, of which the Rf values of the spot was closer to those obtained with iodine vapour.

           Folin ciocalteau spray reagent, which is more specific, identified this spot as a phenolic compound. These observations indicate that there is one phenolic compound in the extract prepared from Cymbopogon flexuous leaves.

In DPPH spraying one spot was observed. This spot had Rf value closer to those of the Folin cocalteau reagent-sprayed plate. Thus, it is deducible that phenolic components exhibited good antioxidant potential.

          Thus, it is evident from the results of our study that Cymbopogon flexuous leaves contain one phenolic compound, which exhibit antioxidant activity.The antioxidant activity of the plant products is associated to their bioactive compounds, mainly antioxidant phenolics, because of their ability to scavenge free radicals (Casanova et al., 2008).


The Folin-ciocalteau method, which is based on the principle of reduction of phosphomolybdic acid by phenol in the presence of aqueous alkali, was employed to determine the total phenolic content. (Wolfe et al., 2003). A similar studies has been reported in Pogostemoni herba, a spot was detected at Rf value of ~ 0.6 to 0.7 (Amakara  et al., 2008).


Phenolic and polyphenols are among the most desirable food bioactives because of their antioxidant activity, brought about of a number of pathway or due to other mecanisms (Naczk and Shahidi, 2006). In our study, phenolic fraction showed strong antioxidant activity, indicating that it may play an important role in reducing the burden of free redicals generated in the biological system. 

TLC OF FLAVONOIDS

          Flavonoids are important for human health because of their pharmacological activities as radical scavenger (Jing et al., 2009). Numerous epidemiological studies confirm significant relationship between the high dietary intake of flavonoids and the reduction of cardiovascular and carcinogenic risk (Yanping et al., 2004).

 Table IV shows the Rf values of the flavonoid fraction with different spraying reagents

TABLE IV

Rf VALUES OF THE SPORT IN THE TLC SEPARATED FLAVONOID FRACTION

	SPOT NO
	IODINE VAPOUR
	VANILLIN REAGENT
	DPPH

	1.

2.
	0.235

0.323
	0.367

-
	0.588

-


TLC analysis of flavonoid fraction showed two spot for iodine vapour exposure. This implied that the flavonoid contained two organic compounds. This was confirmed from Vanillin reagent spraying. Thus, it can be inferred that the extract possessed only two flavonoids, and not any other organic compound.  

  
In DPPH spray, only one spot was observed. This revealed that the compound present in the flavonoid fraction show antioxidant activity.

            The petroleum ether extract of flavonoid was chromotographed by TLC technique. Several compounds were found to separated out, one compound PHI-E were isolated the Rf value was 0.52 (Badgujar and Jain, 2009). Flavanoid as a group of polyphenolic compound demonstrated a good scavenger capacity for superoxide anion. Additionally it was the more efficient fraction for hydroxyl radical scavenging (Figueirinha et al., 2008).


Tests for tannins, steroids, flavonoids were positive in both methanolic and aqueous extracts. The great interest in flavanoids today is because of their antioxidant property. The flavanoids also possess other important pharmacological properties and they been recognized to have anti-inflammatory, anti-coagulant and aphrodisiac properties (Tournaire 1992).


An antioxidants, flavanoids have been reported to be able to interfere with the activities of enzymes involved in reactive oxygen species generation quenching free radicals chelating transition metals and rendering them redox inactive in the fenton reaction (Heim et al., 2002).

            Our study shows there is a two major flavonoid in Cymbopogon flexuosus leaves, which possess good antioxidant activity.

TLC OF SAPONINS

          Saponins are glycosides occurring widely in plants (Seotan et al., 2006). The classical definition of saponins is based on their surface activity. Many saponins have detergent properties, give stable foams in water, show haemolytic activity, have a bitter taste and are toxic to fish (Sezgin and Artik, 2010).

          Table V shows the Rf values of the saponin fraction of                           Cymbopogon  flexuosus leaves.

TABLE V

Rf VALUES OF THE SPOTS IN THE TLC SEPARATED SAPONIN FRACTION

	SPOT No
	IODINE VAPOUR
	10%H2SO4
	DPPH

	1.

2.

3.
	-

0.461

-
	0.338

0.384

-
	-

-

0.769


 TLC analysis of saponin fraction showed any one spot in iodine vapour and 10% H2SO4 spraying. The Rf values of both were closer even though not exactly same. DPPH spray revealed one spot. These results show that the saponin fraction contained antioxidant components that are not detected by iodine vapours and H2SO4 sprays. However, the results also revealed that the solitary saponin spot detected by these agents possessed considerable DPPH scavenging properties. 


Yucca Schidigera (Agavaceae) is one of the major commercial source of steroidal saponins (Piacenta et al., 2005). Saponins are glycosides of both triterpenes and sterols generally possessing five sugar units and gluconic unit as their components. The occurence of saponins has been reported in over seventy families of higher plants (Gnoatto et al., 2005). Saponins show tumour inhibiting activity in animals (Akindahuns and Salawu 2005). 

Our study showed only one spot in the leaves of Cymbopogon flexuosus which possesses strong antioxidant activity.
HPLC SPECTRUM 

High performance liquid chromatography (HPLC) analysis allowed the authors to identify molecules responsible for important activity namely flavonoid and α-tocopherol (Hougton et al., (2005). The HPLC has higher separation power and shorter analysis time which results in the increased use of this method (Angelika and Gratzfeld, 2000). HPLC is analogous to Gas liquid chromatography in its sensitivity and ability to provide both quantitative data in single operation (Alice et al., 2007).

            This HPLC study addressed the issue of methodology for sample preparation, optimization of HPLC condition, selection of best detection techniques and the identification of some impurities in the analysis of artemisinin in extract. This work is intended to contribute to standardization of procedures and ultimately to the development of a network of qualified laboratories capable of a providing accurate and consistent quantification of this important natural product (Lapkin et al., 2009).

            In our study, the methanolic extract of the leaves of Cymbopogon flexuosus was subjected to HPLC separation.

 
Figure 1 shows the HPLC separation of methanolic  extract of   Cymbopogon  flexuosus leaves.

FIGURE I

HPLC SPECTRUM OF THE METHANOLIC EXTRACT OF Cymbopogon  flexuosus LEAVES.

The retention time and peak area of the three peaks are listed below.

TABLE VI
RETENTION TIME AND PEAK AREA OF THE PEAKS IN THE HPLC SPECTRUM

	PEAK
	RETENTION TIME (minutes)
	PEAK AREA

	1.

2.

3.
	2.955

3.723

3.999
	118143654

39088362

3124577


   From these values, it can be deduced that the, first peak is the major peak, while the second and third peaks are minor peaks. The first peak was the largest peak, followed by the second peak and then third peak. There is a fourth, fifth and sixth peak, however it was considered to be a negligible peak because it was very close to the base line.

 Thus, the present study clearly shows that the alkaloids, phenolics, saponins and lower extent flavonoids are present in the leaves of Cymbopogon flexuosus , which could contribute to their medicinal properties. 

The fraction corresponding to the major peak was collected and free radical scavenging ability of that fraction was evaluated using DPPH and ABTS assay. The eluted HPLC fraction was checked for its ability to scavenge a battery of free radicals namely, DPPH and ABTS. This was compared with the methanolic extract of leaves of Cymbopogon flexuosus. This was done to ascertain the radical scavenging ability of the eluted fraction in order to identify if the component separated can be further exploited for medicinal preparation instead of methanolic extract.

FREE RADICAL SCAVENGING ACTIVITY

DPPH SCAVENGING ACTIVITY

      Antioxidants react with DPPH, which is a stable free radical and convert it to α-α-diphenyl-β-picrylhydrazine. When DPPH accepts an electron donated by an antioxidant compound, the DPPH is decolorized, which can be quantitatively measured from the changes in absorbance (Saha et al., 2008). The results of our present study indicate that both the conserves have a noticeable effect on scavenging free radicals with the methanolic extract showing slightly higher activity compared to HPLC eluted fraction as shown in figure II. 

FIGURE II
DPPH RADICAL SCAVENGING ACTIVITY OF HPLC ELUTED FRACTION AND METHANOLIC EXTRACT OF Cymbopogon flexuosus LEAVES
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Baskar et al. (2007) have reported the evaluation of free radical scavenging activity of the methanolic extract of various parts of Couroupita guianensis Aubl using DPPH radical. According to Buyukbalci and El (2008), green tea had the highest hydrogen-donating capacity against DPPH radical among the ten herbal teas examined. Many medicinal plants have been analyzed and reported for their DPPH scavenging activity.                     
 The methanolic extracts of seven plants, namely, Acacia pennivenia, Acridocarpus socotranus, Boswellia dioscorides, Boswellia socotrana, Commiphora ornifolia, Euphorbia socotrana, and Lannea transulta showed an effective free radical scavenging in the DPPH assay. These extracts exhibited a noticeable antioxidant effect at low concentrations (Mothana et al., 2009).

        In the present study, both methanolic extract of the leaves and the HPLC eluted fraction showed good DPPH scavenging effect. Among the two, methanolic extract gave better results. Thus, our results show that the leaves of Cymbopogon flexuosus possess strong radical scavenging property, which is attributable to its medicinal properties.

ABTS SCAVENGING ACTIVITY
  ABTS radical cation scavenging is a rapid and reliable method that is used in total radical scavenging measurement of pure substances, aqueous mixture and beverages (Gao et al., 2007). ABTS radical is approximately twice as sensitive as the DPPH radical (Summa et al., 2006). Radical cation scavenging capacity of Deerberry extract was examined against ABTS·+ and was reported to possess strong antioxidant activity (Wang and Ballington, 2006).

   In the light of above-listed studies, the present observation revealed that both the methanolic extract and eluted fraction obtained were able to exhibit strong ABTS radical scavenging effect, as depicted in figure III. 

FIGURE III

ABTS RADICAL SCAVENGING ACTIVITIES OF HPLC ELUTED FRACTION AND METHANOLIC EXTRACT OF Cymbopogon flexuosus LEAVES
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HPLC eluted fraction showed considerable ABTS radical scavenging activity, which was comparable to that of the methanolic extract. The results presented in this chapter are summarized and the conclusions that can be drawn therein are presented in the next chapter.

SUMMARY AND CONCLUSION

5. SUMMARY AND CONCLUSION

             Plants have been found to be a source of energy for the animal kingdom. Ayurveda, an age old, well documented, mostly plant-based system of medicine, treats the patients on an individual basis. Phytochemicals are divided into two groups, which are primary and secondary constituents, according to their functions in plant metabolism. 

                The present study was an attempt to analyze the major phytochemical fractions, namely alkaloids, phenolics, flavonoids and saponins, in the leaves of Cymbopogon flexuosus and to evaluate the free radical scavenging activity of HPLC eluted fraction.

                The results of the qualitative assays showed the presence of alkaloids, phenols and saponins, and lower or trace amounts of flavonoids. It was also observed that the extent of reaction differed within the confirmatory tests of each component group. This observation implied that it is very essential to carry out the qualitative analysis with the entire spectrum of tests, as the sensitivity of each tests varies. Among the tests carried out, the highest sensitivity was observed with Dragendroff’s test for alkaloids, ferric chloride test for phenolics, H2SO4 test for flavonoids and water foaming test for saponins. 

     Several compounds of these categories of phytochemicals are reported to have significant medicinal properties, thus improving the candidature of Cymbopogon flexuosus as a source of medicine.

     Following this, various extracts of Cymbopogon flexuosus were subjected to TLC and developed with different developing reagents characteristic for each component. The Rf values of the spots observed were calculated. Apart from the spraying reagent specific for the phytocomponent, similarly run chromatograms were also subjected to iodine vapours and DPPH as a spraying reagent separately.

   TLC analysis of the alkaloid fraction showed one spot when exposed to iodine vapours. This implied that the alkaloid fraction contained one organic compound. The spraying with Dragendroff’s reagent also resulted in one spot, whose Rf values were closer to those observed with iodine vapours. Thus, it is deducible that the alkaloid extract was free of organic compounds other than alkaloids.

               The spot obtained in the alkaloid fraction decolourized DPPH effectively, as reflected by the spot observed upon spraying with DPPH. Thus, it is evident from the results of our study that Cymbopogon flexuosus leaves contain predominantly one alkaloid component, which exhibit strong antioxidant activities.

   TLC analysis of the phenolic fraction showed one spot when exposed to iodine vapour. This showed that the phenolic fraction contained one organic compound. But, in the case of folin ciocalteau reagent spraying, one spot was observed, of which the Rf values were closer to those obtained with iodine vapour. These observations indicate that there is one phenolic compound in the extract prepared from Cymbopogon flexuosus leaves. This compound, however, seems to be present in lower concentration, which escapes detection with iodine vapours. Folin ciocalteau Spray reagent, which is more specific, identified this spot as a phenolic compound.


   In DPPH spraying, one spot was observed. This spot had Rf values closer to those of the folin ciocalteau sprayed plate. Thus, it is deducible that the one phenolic compound exhibited good antioxidant potential. Thus, it is evident from the results of our study that Cymbopogon flexuosus   leaves contain one phenolic compound, which exhibit strong antioxidant activity.

  TLC analysis of flavonoids fraction showed only one spot for iodine vapour exposure. This implied that the flavonoid fraction contained only one organic compound. This was confirmed from vanillin reagent spraying, whose Rf value was an exact match with that of iodine vapour Rf value. Thus, it can be inferred that the flavonoid extract possessed only one flavonoid, and not any other organic compound.

  But in the case of DPPH spray, one spot was observed. This revealed that the compound present in the flavonoid fraction shows antioxidant activity. These results were also reflected in the qualitative analysis of our study, where flavonoids gave a weak signal.

  Our study shows that there is a single major flavonoid in Cymbopogon flexuosus   leaves, which does not possess considerable antioxidant activity.

  TLC analysis of saponin fraction showed two spots in iodine vapour and 10% H2SO4 spraying. The Rf values of both were closer, even though not exactly the same.

   DPPH spray revealed one spot, of which the Rf value was closer to that observed in 10% H2SO4. These results show that the saponin fraction contained antioxidant components that are not detected by iodine vapours and H2SO4 sprays. However, the results also revealed that the solitary saponin spot detected by these agents possessed considerable DPPH-scavenging properties.

Thus, it can be concluded that the alkaloids, phenolics, saponins and, to a lower extent, flavonoids are present in the leaves of Cymbopogon flexuosus, which could contribute to their medicinal properties.

Since the methanolic extract of the leaves of Cymbopogon flexuosus has been found to possess more active components through TLC, we decided to determine the active principle in the methanolic extract of the leaves of Cymbopogon flexuosus using HPLC technique. We got one sharp peak and two minor peaks at retention times 2.955, 3.723 and 3.999 respectively. Since the second and third peaks were in close proximity to the baseline, the fractions corresponding to those peaks were not taken for further evaluation. 

The fraction corresponding to the first peak was eluted and tested for its free radical scavenging ability against a battery of free radicals namely (DPPH, ABTS). The free radical scavenging activity of methanolic extract of Cymbopogon flexuosus leaves was also investigated by a DPPH radical scavenging assay. The methanolic extract could scavenge the DPPH radical more effectively than the HPLC eluted fraction.. It can be suggested from these results that the leaves of Cymbopogon flexuosus posses strong radical scavenging property.

Generation of the ABTS radical cation forms the basis of one the spectrophotometric method that has been applied to the measurement of the total antioxidant activity, for both lipophilic and hydrophilic substances and extracts. The ABTS scavenging ability of the methanolic extract of Cymbopogon flexuosus leaves was also analyzed. The results of this assay followed the same trend as observed in the case of DPPH.  This observation strengthened the antioxidant potential of the leaves.

SUGGESTIONS FOR FUTURE RESEARCH

1. The individual members of the alkaloid, phenolic, saponin and flavonoid fractions can be identified and studied for their antioxidant properties.

2. The nature of the components present in the three peaks eluted by HPLC needs to be determined.

3. The structures of the identified components can be deduced by X-ray crystallography or mass spectrometry.
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APPENDICES
APPENDIX I

EXTRACTION OF ALKALOID, FLAVONOID PHENOLIC FRACTION AND SAPONIN FRACTION

(Harborne, 1973; Vitale et al., 1995; Obadoni and Ochuko, 2001)

ALKALOID FRACTION

                      5g of fresh leaves were extracted with ethanol: 28% NH4OH (19:1, 20ml) at room temperature. The extract was filtered and concentrated under reduced pressure to a fumy residue, which was extracted twice with 1N HCl (10ml each) and filtered. Alkaloids were liberated at pH 9.8 by the addition of 0.7M Na2CO3. The solution was extracted with methylene chloride (3x5ml). The organic extract was dried over anhydrous sodium sulphate to yield the total alkaloid fraction 

 PHENOLIC FRACTION


5g of the fresh leaves were taken and crushed using a mortar and pestle. To the crushed sample, 100ml of 80% ethanol was added. The conical flask was plugged and placed in boiling water bath for 5 minutes with occasional shaking. The contents were then centrifuged and the supernatant collected was the phenolic fraction.

FLAVONOID FRACTION


Approximately half volume of the supernatant from the phenolic fraction was transferred to a 50ml-separating funnel. The sample was then extracted with petroleum ether. The aqueous layer thus obtained was the flavanoid fraction.

SAPONIN FRACTION

            The leaf sample was ground and 20g were put into a conical flack and 200 ml of 2% of aqueous ethanol was added. The sample was heated over a hot water bath for 4 hours with continuous striring at about 55’C. The combined mixture was filtered and the residue was re-extracted with another 200ml of 20% ethanol. The combined extracts were reduced to 40 ml over a water bath at about 90’C. The concentrate was transferred into a 250ml separating funnel and 20 ml of diethyl ether was added and shaken vigorously. The aqueous layer was recovered while the ether layer while the ether layer was discarded. To this aqueous layer, n-butanol extracts were washed twice with 10ml of 5% aqueous NaCl. The remaining solution was heated in a water bath. After evaporation, the samples were dried in the oven to a constant weight, the saponin was calculated as gram percentage.  

QUALITATIVE PHYTOCHEMICAL ANALYSIS

(Khandelwal, 2002)

The extracts prepared were tested for the presence of alkaloids, phenolics, flavonoids, and saponins as follows.
DETECTION OF ALKALOIDS

a) Mayer’s test

          A fraction of the extract was treated with Mayer’s reagent (1.36g of mercuric chloride and 5g of potassium iodide in 100ml of distilled water) and observed for the formation of creamy colored precipitate
b) Dragendroff’s reagent

  About 0.2 g of the extract was warmed with 1% of aqueous Hydrochloric acid for two minutes. The mixtures were filtered and few drop of Dragendroff’s reagent were added. A reddish –brown colour and turbidity with the reagent indicates the presence of alkaloid.

c) Wagner’s test



A fraction of the extract was treated with Wagner’s reagent (1.27g of iodine and 2g of potassium iodide in 100ml of distilled water) and observed for the formation of reddish brown colored precipitate.

DETECTION OF PHENOLICS

To detect the presence of Phenolics the following test can be done.

a. Ferric chloride test

A fraction of the extract was treated with 5% of the FeCl3 solution was treated to a fraction of the extract and observed for the formation of deep blue black colour.

b. Lead acetate test

    A fraction of the extract was treated with 10% lead acetate solution and observed for the formation of white precipitate.

DETECTION OF FLAVONOIDS

 a) Aqueous NaOH test:

                             A fraction of the extract was treated with 1N aqueous NaoH reagent and      observed for the formation of yellow orange coloration.

            b) H2SO4 Test:
                              A fraction of the extract was treated with concentration H2SO4 and observed for the formation of orange color.

             c) Schinodo’s Test:

          A fraction of the extract was treated with a piece of magnesium turings followed by a few drops of concentrated HCL, heated slightly and observed for the formation of dark pink color.

DETECTION OF SAPONINS

a. H2O test

A fraction of the aqueous alcoholic plant extract was taken in a test tube and shaken well. Persistant foam formed above the liquid surface indicated the presence of saponins.

APPENDIX - II

TLC OF ALKALOIDS, PHENOLICS  FLAVONOIDS AND SAPONINS

(Harborne, 1998 and Wagner, 1996)


The plant extracts were subjected to chromatography in order to separate the active compounds present. The plates were prepared by preparing slurry of silica gel G in distilled water. 20g of silica gel G was added to 40ml of distilled water and thick slurry was made. All solid particles were mixed well and uniform silica gel slurry was poured onto the TLC plate. The plate was allowed to dry at room temperature. Then the plate was placed in the oven at 100oC for 30 minutes to activate the silica gel. The plate was taken from the oven and kept at room temperature for 15 minutes. Using a microcapillary, a small drop of extract was placed on the TLC plate 3 cm above the bottom. This spot was allowed to dry. The TLC plate was placed into the TLC chamber, which was saturated with the solvent mixture, carefully to have uniform solvent level. When the solvent mixture reached 2 cm below the top, the plates were taken out of the chamber and then detected with the respective spraying reagent. 

The methanolic extract was developed with CHCl3: CH3OH (9: 1) and sprayed with 10% conc. H2SO4. The alkaloid fraction was developed with chloroform and methanol (15:1) and sprayed with Dragendroff’s reagent. Phenolics were separated with chloroform and methanol (27:0.3) and detected with folin ciocalteau reagent. Flavonoids with chloroform and methanol (19:1) and detected with vanillin-H2SO4 (10% vanillin in ethanol: conc. H2SO4 in 2:1 ratio) spray reagent. The saponine was developed with chloroform: methanol: water (13:7:2) and deducted with 10% H2So4.

The Rf values of the spots were calculated by the formula, Distance traveled by the sample

Distance traveled by the sample

Rf       =  

Distance traveled by the solvent

                                                    APPENDIX – III

                                                   HPLC ANALYSIS

                                     (Dalavayi et al., 2006)

Reverse phase HPLC was performed with Shimadzu HPLC system equipped with a 250 x 4.6mm reverse phase column, fraction collector (FRC-10A) and SPD-M20A detector. 20μl of the methanolic extract of the leaves was injected using Rheodyne injector and the column temperature was maintained at 40oC. HPLC grade methanol: water in the ratio 60:40 was used as mobile phase at a flow rate of 1ml/ min for 15 minutes. The peaks were measured and the chromatogram was studied. The fraction was collected with the help of fraction collector by manual method.
APPENDIX - IV

DPPH RADICAL SCAVENGING ASSAY

(Mensor et al., 2001)

Mensor et al. (2001) have proposed an assay for the determination of antioxidant activity of compounds by their ability to scavenge the stable free radical, DPPH.

Reagents:


1mM DPPH in methanol


Methanol

Procedure:


500μl of 1mM DPPH-methanol solution was added to 25μl of the plant sample and the total volume was made up to 1ml with methanol. A mixture of 500μl of DPPH-methanol and 500μl of methanol was taken as positive control while 1ml of methanol serves as blank. When DPPH reacts with the antioxidant, it is reduced and the colour changes from deep violet to light yellow, which is measured at 515 nm.  

The percent inhibition was calculated by the following formula,






   
  A0 – A1
Scavenging capacity (%)      =                            x 100  






        
      A0

Where,


A0 - Absorbance of positive control


A1 - Absorbance of the sample
APPENDIX - V

ABTS RADICAL SCAVENGING ASSAY

(Shirwaikar et al., 2006)

Shirwaikar et al. (2006) have proposed an assay for the determination of antioxidant activity of compounds by their ability to scavenge the ABTS cation.

Reagents:


ABTS solution - 7mM ABTS in 2.45mM Ammonium Persulphate (APS)


100% Ethanol

Procedure:


ABTS radical cations (ABTS·+) were produced by reacting 7mM ABTS solution with 2.45mM APS. The mixture was allowed to stand in the dark at room temperature for 12 to 16 hours before use. 100μl of 7mM ABTS-APS solution was added to 100μl of the plant sample and the total volume was made up to 700μl with ethanol. A mixture of 100μl of ABTS-APS solution and 600μl of ethanol was taken as positive control while 1ml of ethanol serves as blank. The absorbance was read at 745 nm. 

The percent inhibition was calculated using the formula,

                                                            A0 - A1
Inhibition (%)      =                            x 100  






         A0

Where,



A0 - Absorbance of positive control



A1 - Absorbance of the sample
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