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INTRODUCTION

1.0  INTRODUCTON
Medicinal plants play a key role in the human health care. About eighty percent of the world populations rely on the use of traditional medicine, which is predominantly based on plant materials ( Surendra et al., 2008).A large number of medicinal plants and their purified constituents have been shown to have beneficial therapeutic potential (Agbar et al., 2008).

Many human diseases are caused or negatively affected by free radicals (Buricova and Reblova, 2008) .The most effective way to eliminate free radicals which cause the oxidative stress is with the help of antioxidants. Antioxidants, either exogenous or endogenous, whether synthetic or natural, can be effective in preventing free radical formation by scavenging them or promoting their decomposition and suppressing such disorders (Souri et al., 2008).

Many plants have been reported to exhibit properties that combat oxidative stress through their active constituents (Nirmal et al., 2008).The majority of the active antioxidant compounds in plants are flavonoids, isoflavones, flavones, anthocyanins, coumarins , lignans, catechins and isocatechins (Aqil et al.,2006). The interest in natural antioxidants, especially of plant origin, has greatly increased in recent years. Thus, recent studies have investigated the potential of plant products to serve as antioxidants to protect against various diseases induced by free radicals (Akter et al., 2008).

Proteins also have excellent potential as antioxidant additives in foods because they can inhibit lipid oxidation through multiple pathways including inactivation of reactive oxygen species, scavenging free radicals, chelation of pro oxidative transition metals, reduction of hydroperoxides, and alteration of the physical properties of food systems (Elias et al ., 2008).
The immune system is known to be involved in the etiology as well as the pathophysiologic mechanism of many diseases. The function and efficacy of the immune system may be influenced by many exogenous factors like food and pharmaceuticals, physical stress, psychological stress and hormones resulting in their immunostimulation or immunosuppression.The healthy state is believed to be based on a sophisticated fine tuning of immunoregulatory mechanism ( Wadekar et al., 2008).

A large number of plant species and their components have been shown to be potential immunomodulators acting as anti-inflammatory , anti-stress and anti-cancer agents (Biella et al., 2008).Immunomodulatory agents of plant origin enhance the immune responsiveness of an organism against a pathogen by nonspecifically activating the immune system (Razdan  and Roy, 2008).

Macrophages have a major role in modulating the immune system. Phagocytosis of pathogens by macrophages initiates the immune responses, which in turn orchestrates the adaptive response. The primary target of most of the immunomodulatory compound is believed to be macrophages, which play a key role in the generation of immune response (Razdan, and Roy, 2008).
Cynodon dactylon (Family: Gramineae) is an important medicinal plant which is used for treatment of various ailments in Ayurvedic system of medicine like hallucination, epileptic fits, leprosy, scabies, skin diseases and fever . The aerial parts of Cynodon dactylon were reported to contain cynodin, hydrocyanic acid, triticin and beta-carotene.The plant Cynodon dactylon has been reported for antiatherosclerotic, antioxidant, Helicobacter pylori activities and traditionally, for management of  neurodegenerative diseases (Surendra. et al., 2008).

No scientific information is available regarding the antioxidative and immunomodulatory effect of protein fractions of Cynodon dactylon. Hence, the project entitled “In vivo study on antioxidative potential and phagocytic index of protein fraction of Cynodon dactylon leaves using Swiss albino mice and its characterization” is carried out with the following objectives.
1. To separate the protein fractions of Cynodon dactylon by Ammonium sulphate  

     Precipitation.

2. To identify the ammonium sulphate protein fraction having maximum protein content

     and to find out the ED50  to be used for the in vivo studies.

3. To evaluate the antioxidative and immunomodulatory potential of the selected protein

     fraction of Cynodon dactylon  using Swiss albino mice.

4. To characterize the protein fraction of Cynodon dactylon by Native PAGE and SDS 

    PAGE.

REVIEW OF LITERATURE
2.0 REVIEW OF LITERATURE

A medicinal plant is any plant which, in one or more of its organs, contains substances that can be used for therapeutic purposes or which are precursors for the synthesis of useful drugs(Oladunmeye, 2007). Recent awareness of therapeutic potential of several traditionally used plants has opened a new dimension for the study and research of medicinal plants (Bhandari et al., 2007).

India is well known for a plethora of medicinal plants. The traditional Indian medicinal plants act as antiradicals and DNA cleavage protectors. These plants have also been considered to protect health, longevity, intelligence, immunosurveillance and body resistance against different infections and diseases (Manna et al., 2006).
The review of literature pertaining to the present study entitled “In vivo study on antioxidative potential and phagocytic index of protein fraction of Cynodon dactylon leaves using Swiss albino mice and its characterization” is discussed under the following headings:

2.1  Free radicals

2.2  Reactive Oxygen Species and Oxidative stress
2.3  Lipid peroxidation
2.4  Antioxidants
2.4.1 Enzymic antioxidants

2.4.2 Non enzymic antioxidants

2.5  Antioxidative role of plants

2.6  Immune system

2.6.1 Phagocytic activity

2.7  Immunomodulators

2.8  Immunomodulatory plants
2.9  Antioxidative and immunomodulatory potential of proteins
3.0  Native PAGE and SDS PAGE
3.1  Medicinal plant selected for the study
2.1  Free radicals
The term "free radicals" designates a family of compounds characterized by great reactivity due to the impaired electron in the outer orbital (Brambilla et al., 2008). Radical formation in the body occurs by several mechanisms, involving both endogenous and environmental factors (Young and Woodside, 2001).
 Free radical species are unstable and highly reactive. They become stable by acquiring electrons from nucleic acids, lipids, proteins, carbohydrates or any nearby molecule causing a cascade of chain reactions resulting in cellular damage and disease. There are two major types of free radical species (Agarwal et al., 2005): reactive oxygen species (ROS) and reactive nitrogen species (RNS).
2.2  Reactive Oxygen Species and Oxidative stress

Reactive oxygen species (ROS) are greatly reactive molecules, and include the hydroxyl radical (OH•) . the superoxide anion radical (O2•-), hydrogen peroxide (H2O2) and the peroxyl (ROO-) radical, which consequently generate metabolic products that attack lipids in cell membranes or DNA (Akter et al., 2008).

Reactive Oxygen Species (ROS) can be generated either exogenously (ultraviolet light, ionizing radiation, and chemotherapeutics) or intracellularly (mitochondria, peroxisomes, lipoxygenases, NADPH oxidase, and cytochrome P450) from several different sources. Reactive oxygen species (ROS) play key roles in many physiologic and pathogenic processes (Nakajima  et al., 2009).The three major types of ROS are(Agarwal et al.,2005) : superoxide (O2•-), hydrogen peroxide (H2O2)and hydroxyl (OH.).

The Superoxide anion (O2•-)  is the result of univalent reduction of triplet state
molecular oxygen; Hydrogen peroxide (H2O2) represents a two-electron reduction state of molecular oxygen and originates mainly from enzymatic dismutation catalysed by superoxide dismutase (SOD) isoforms.Hydroxyl radical (OH.) is a three-electron reduction state of O2 formed during Haber-Weiss or Fenton reactions or by decomposition of peroxynitrite  (Novo and Parola, 2008).

The complete reduction of oxygen can be seen from the steps outlined below:
O2 + e-            →         O2-               Superoxide radical


O2- + H2O      →          OH- + HO2  Hydroperoxyl radical


HO2 + e- + H  →          H2O2            Hydrogen Peroxide


H2O2 + e-        →         OH + OH-    Hydroxyl Radical


(Kerksick and Willoughby, 2005).

The body is normally under a dynamic equilibrium between free radical generation and quenching (Brambilla  et al.,2008). Impairment in the oxidant/antioxidant equilibrium creates a condition known as oxidative stress (Ramakrishna. and Jailkhani, 2007). Thus, Oxidative  stress  is a complex and dynamic situation  characterized  by  an  imbalance  between  the  productions  of  ROS  and  the availability  and  action  of  antioxidants(Xiandu et al., 2009). Oxidative stress is known to be a component of molecular and cellular tissue damage mechanisms in a wide spectrum of human diseases (Ramakrishna  and Jailkhani,  2007).
2.3 Lipid peroxidation


Lipid peroxidation is one of the cellular pathways involved in oxidative damage.It  is characteristically a free-radical chain reaction initiated by the abstraction of a hydrogen atom from polyunsaturated fatty acid side chain. Membranes and lipid are particularly susceptible to the oxidant process and to the peroxidative reaction induced by free radicals (Rahaman, 2003). The lipid peroxidation cause cellular injury by inactivating membrane enzymes and receptors, depolymerising polysaccharide, and cross-linking and fragmenting protein. As a result, the structure and fluidity of the membrane are damaged and normal cell function is lost (Ng et al, 2005).
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(Novo and Parola , 2008).
2.4. Antioxidants

Antioxidants are compounds that are involved in effective scavenging of free radicals and in suppressing the actions of reactive oxygen substances. Antioxidant defences are widely distributed and include both enzymatic and non-enzymatic

systems (Deger  et al.,2008).
Antioxidants neutralise free radicals by donating one of their electrons, ending the electron stealing reaction. Important antioxidants include:

 (1) the chain breaking or scavenging ones like vitamin E (alpha tocopherol), vitamin C (ascorbic acid), vitamin A (beta carotene), urate and bilirubin; 

(2) those substances containing thiol groups - the 'preventative antioxidants', that function largely by sequestering transition metal ions and preventing Fenton reactions and are therefore largely proteins by nature (eg albumin, transferrin, lactoferrin, caeruloplasmin, haptoglobin, and ascorbic acid); and 

(3) enzyme antioxidants (eg catalase and glutathione peroxidase)  that are enzyme systems that function by catalysing the oxidation of other molecules (Carnelio et al., 2008).
2.4.1  Enzymic antioxidants

The antioxidative system mainly consists of antioxidative enzymes (e.g. APX, GPX, SOD, CAT, GR) catalysing electron transfer to ROS using low molecular weight antioxidants (e.g. ascorbate, tocopherol, GSH) as electron and proton donors (Saleh and Plieth, 2009).

Antioxidant enzymes

[image: image3.png]



                               (Florianzyk , 2008)
Catalase (CAT)

Catalase reduces hydrogen peroxide produced by dismutation reaction and prevents generation of hydroxyl radicals thereby protecting the cellular constituents from oxidative damage in peroxisomes (Mazunder et al., 2005).
Catalase was the first antioxidant enzyme to be characterised and catalyses the two stage conversion of hydrogen peroxide to water and oxygen:

catalase–Fe(III) + H2O2 → compound I

compound I + H2O2      → catalase–Fe(III) +2H2O + O2 (Young and Woodside, 2001)..
Superoxide dismutase (SOD)

Superoxide dismutase scavenges the superoxides(O2-) and thus provides a first line defense against free radical damage. SOD catalyses the dismutations of superoxide anions (O2-) to hydrogen peroxide and molecular oxygen (Garg  et al., 2008).
O2- + O2- + 2H+ → H2O2 + O2 (Kerksick and Willoughby, 2005).
 SODs are categorized into three main groups on the basis of the metal cofactor: (i) Cu/Zn SOD, (ii) Mn SOD, (iii) Fe SOD (Jithesh et al., 2006).
Glutathione S- transferase (GST)
Glutathione S- transferase (GST) belong to the family of Phase II detoxification enzymes. GSTs catalyze the conjugation of glutathione to different endogenous and exogenous electrophilic compounds (Wang  et al., 2009).It plays a critical role in
protection against reactive free radicals and products of oxidative stress (Ghosh  et al., 2006).
Glutathione peroxidase (GPX)

Glutathione peroxidases are major enzymes that remove hydrogen peroxide generated by SOD in the cytosol and mitochondria by oxidizing reduced glutathione (GSH) to its oxidized form(GSSH) (Panjamurthy  et al.,2005).GPX has the function to reduce lipid hydroperoxides to their corresponding alcohols and to reduce free hydrogen peroxide to water..
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).
Glutathione reductase (GR)

Glutathione reductase (GR) reduces the oxidized glutathione and restores reduced glutathione.

GS-SG + NADPH + H+→ 2 GSH + NADP+ ( Gallo and Martino,2009).
Glutathione reductase is a flavine nucleotide dependent enzyme and the ratio of reduced to oxidised glutathione is usually kept very high as a result of the activity of the enzyme glutathione reductase ( Young  and Woodside , 2001).

2.4.2  Non enzymic antioxidants

Reduced glutathione, vitamin C, vitamin E, β-carotene, ceruloplasmin and bilirubin are some of the non enzymatic factors that may function as antioxidants (Deger  et al., 2008).
Vitamin A


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). Vitamin A (retinol), is a member of the lipidsoluble retinoid compounds, plays a central role in the maintenance of many essential biological processes, and shows a function as lipoperoxyl-radical scavenger (Zobali et al.,2002). Vitamin A has a role in vision, proper growth, reproduction, and immunity, cell differentiation, in maintaining healthy bones as well as skin and mucosal membranes (Haug et al., 2007).

Vitamin C

Vitamin C, a water-soluble vitamin, is an abundant antioxidant substance and is widely distributed throughout the body. Ascorbate(AsA) is an excellent reducing agent and scavenges free radical and oxidants. It contributes to antioxidant activity through scavenging a variety of free radicals and oxidants, in vitro, including superoxide radical (O2–), peroxyl radicals, hydrogen peroxide, hypochlorous acid, singlet oxygen, oxidant air pollutants and oxidants that leak from activated neutrophils and macrophages .. Ascorbate also acts indirectly to prevent lipid peroxidation and contributes to the regeneration of membrane-bound oxidised vitamin E ( Romieu  et al., 2008).
AsA is much more effective at regulating the cellular H2O2 level when coupled with its redox system, termed the AsA/glutathione (GSH) cycle or Asada-Halliwell pathway. AsA peroxidase (APX) utilizes AsA as its electron donor to reduce H2O2 to water with the concomitant generation of monodehydroascorbate (MDA), a univalent oxidant of AsA. MDA is either disproportionated to AsA and dehydroascorbate (DHA) or reduced to AsA by MDA reductase. DHA is also reduced back to AsA by the actions of GSH-dependent DHA reductase, and the resulting oxidized GSH is then regenerated by GSH reductase (Ishikawa and Shigeoka, 2008).
Vitamin E
Vitamin E is the major chain breaking antioxidant in vivo, as it serves to terminate the chain reaction of lipid peroxidation by reacting with the peroxyl radical . Upon reaction with the peroxyl radical, vitamin E then becomes a radical itself, which
is subsequently reduced by way of vitamin C (the major antioxidant in aqueous environments), forming yet another radical (vitamin C radical), which is further

reduced by GSH . Vitamin E is believed to be the most important and effective nutritional antioxidant throughout the lipid phases of the cell, as it contributes to membrane stability and fluidity by preventing lipid peroxidation (Wellman  and Bloomer, 2009). 

Reduced glutathione

Among  intracellular  antioxidant molecules,  reduced  glutathione  (GSH)  is  the most  abundant  intracellular  non-protein thiol in cells. By keeping the cellular environment in a reduced state, GSH functions in the removal of potentially toxic electrophiles and metals, thereby protecting cells from toxic oxygen products (Xiandu et al., 2009).
In a reaction catalyzed by GSH peroxidase (GPx), GSH converts hydrogen peroxide to water, and lipid peroxides to nontoxic hydroxy fatty acids (Cheluvappa  et al., 2008). The main functions of GSH in the protection against oxidative stress are its involvement in the ascorbate-glutathione cycle and in the regulation of protein thiol-disulphide redox status (Jaleel et al ., 2007).
2.5 Antioxidative role of  plants


Many Indian medicinal plants are considered potential sources of antioxidant compounds. Many plant extracts exhibit efficient antioxidative properties due to their phytoconstituents (Aquil  et al.,2006).Antioxidant activity and its strength in each plant depends on the existence of various compounds in the plant. Antioxidative and radical scavenging activities of flavonoids are well studied. Some of phenolic compounds (anthocyanidin, catechins, flavones, flavonols and isoflavones), tannins (ellagic acid, gallic acid), phenyl isopropanoids (caffeic acid, coumaric acid, ferulic acid), lignans, catechols and many others are antioxidants (Emami et al., 2007).

2.6 Immune system

The immune system fights against 'foreign invaders' such as bacteria, viruses, fungi, yeasts and parasites. A well-constituted and balanced immune system is thus crucial for safeguarding health (Mingko and Leung, 2007).


The mammalian immune system consists of innate and adaptive mechanisms that protect the host from environmental pathogens. Innate mechanisms function independently of previous exposure of the host to the infectious agent, and include mechanical barriers (e.g., skin, mucosal epithelium) and cellular components (e.g., mostly macrophages and neutrophils). In contrast to the innate immune system, the cellular (e.g., mostly B- and T-lymphocytes) and molecular basis of adaptive mechanisms relies on specific recognition of the invading agent and, leads to the generation of immunological memory (Wolowczuk et al., 2008).

 The humoral and cell-mediated immune responses show great competence in dealing with intruders (Mingko and Leung , 2007). The humoral defence via antibody response is  mediated by B cells and the  Cell-mediated immunedefense is mediated specifically by T cells including cytotoxic T cells and by the activation of natural killer cells(Lu et al ., 2007).
2.6.1 Phagocytic activity


Phagocytic activity is a representative parameter of innate immunity (Kaminogawa and Nanno, 2004). The process of phagocytosis by macrophages includes opsonisation of foreign particulate matter with antibodies and complement C3b, leading to a more rapid clearance of foreign particulate matter from the blood (Dash et al., 2006). Phagocytosis is the first step in the macrophage response to invading microorganisms and its activation means elevation of the innate immune response. During the phagocytic process, the activated macrophages produce ROS such as NO and H2O2.These ROS play an important role as cytotoxic agents against invading microbes (Kim et al., 2007).
2.7 Immunomodulators


Immunomodulators are compounds capable of interacting with the immune system to up regulate or down regulate specific aspects of the host response. These immunomodulators can influence innate and cell mediated immunity through interactions with T cells, monocytes, macrophages and polymorphonuclear lymphocytes (Oladunmoye, 2007). The extreme manifestations of immunomodulating action of biologically active substances are immunosuppression (depression of the immune response) and immunostimulation (immunopotentiation or strengthening of the immune reactions) (Sagrawat and Khan, 2007). Components such as polysaccharides, lectins, proteins and peptides present in plants have been shown to stimulate the immune system (Vigila and Baskaran, 2008).
2.8  Immunomodulatory plants

The modulation of immune responses to alleviate disease has been of interest for

many years and the concept of rasayana in Ayurveda is based on related principles (Mastan et al., 2008). Many plants used in traditional medicine are reported to have immunomodulating activities. Some glaring examples with promising activity include Curcuma longa, Panax ginseng, Tinospora cordifolia, Withania somnifera and many more. There lies a great scope for exploring the plants for Immunomodulatory utility through systematic investigation ( Goldee et al, 2008).

2.9  Antioxidative and immunomodulatory potential of proteins

Proteins can inhibit lipid oxidation by biologically designed mechanisms (e.g. antioxidant enzymes and iron-binding proteins) or by nonspecific mechanisms (Elias et al., 2008). The antioxidant activities of water-soluble protein extracts from chickpeas and white beans were investigated and the potential of chickpea proteins as thermostable natural food antioxidants.has been proved (Arcan and Yeminicioglua, 2006).
The protein fraction of Phyllanthus niruri protected liver tissues against oxidative stress in mice, probably acting by increasing antioxidative defense (Bhattacharjee and Sil ,2007). The immunomodulatory properties of coconut protein were investigated in Swiss albino mice by immune suppressed with cyclophosphamide and has been shown that  Coconut protein has immunostimulatory activity with regard to IgE mediated and cell-mediated hyper-reactivity (Vigila and Baskaran, 2008).

3.0 Native PAGE and SDS PAGE 


Gel electrophoresis is a technique in which charged molecules, such as protein or DNA, are separated according to physical properties as they are forced through a gel by an electrical current. Proteins are commonly separated using polyacrylamide gel electrophoresis (PAGE) to characterize individual proteins in a complex sample or to examine multiple proteins within a single sample. PAGE can be used as a preparative tool to obtain a pure protein sample, or as an analytical tool to provide information on the mass, charge, purity or presence of a protein. Several forms of PAGE exist and can provide different types of information about the protein(s). Nondenaturing PAGE, also called native PAGE, separates proteins according to their mass:charge ratio. SDS-PAGE, the most widely used electrophoresis technique, separates proteins primarily by mass.
(http://www.piercenet.com/Proteomics/browse.cfm?fldID=21518847-2D72-475F-A5B9-B236EC5B641E)

3.1 Medicinal plant selected for the study
Cynodon dactylon is commonly known as ‘Doob’ in India. It is a weed and has been regarded to possess varied medicinal properties. It has been used to treat urinary tract infection, calculi and prostatitis. The plant possesses antimicrobial and antiviral activity .The aqueous fluid extract of the rhizome is used as antiinflammatory, diuretic, anti-emetic, purifying agent and also in dysentery (Singh  et al., 2007).

According to Ayurveda, India’s traditional pharmacopoeia, Cynodon dactylon plant is pungent, bitter, fragrant, heating, appetizer, vulnary, antihelminthic, antipyretic.It destroys foulness of breath ,useful in leucoderma, bronchitis, piles, asthma, tumours and enlargement of the spleen (Mahesh and Brahatheeswarn, 2007).
 EXPERIMENTAL PROCEDURE

 3.0 EXPERIMENTAL PROCEDURE

This chapter presents in brief the experimental procedures and methodologies for assaying various parameters involved in the study.
India has a rich heritage of medicinal plants, many of which have been explored for the various bioactivities since ages ( Sisodia et al., 2008).Herbal plants have been recently popularized in modern medicine, since many therapeutically important compounds are derived from them. Extracts prepared from these plants are used in the treatment of many diseases (Ghosh et al., 2006).
Epidemiological and in vitro studies on medicinal plants strongly supported the idea that plant constituents with antioxidant activity are capable of exerting protective effects against oxidative stress in biological systems (Souri et al, 2008). Plant products including phenolics, flavonoids, tannins, proanthocyanidins,proteins  and various plant or herbal extracts have been reported to be radical scavengers and inhibitors of lipid peroxidation (Akter et al., 2008).There is increasing interest in the natural antioxidants contained in medicinal plants, which are candidates for the prevention of oxidative damage (Morales et al.,2008).
The present study was organized in 3 phases


Phase I involves the separation of proteins by 10 – 100 percent ammonium sulphate fractionation, dialysis of the protein fractions, assessment of protein content of the dialysate and assessment of Fifty percent effective dose(ED50 ) to be administered to the Swiss albino mice in phase II.


Phase II involves in vivo assessment  of antioxidative and immunomodulatory potential of the selected protein fraction.


Phase III involves the characterization of the selected protein fraction by  Native PAGE and SDS PAGE.
PHASE I

3.1  IN VITRO STUDIES

3.1.1 TEN TO HUNDRED PERCENT AMMONIUM SULPHATE   

         FRACTIONATION OF PBS EXTRACT

3.1.2 DIALYSIS  OF PROTEIN FRACTIONS 
3.1.3 ASSESSMENT OF PROTEIN CONTENT OF DIALYSATE 

3.1.4 ASSESSMENT OF FIFTY  PERCENT  EFFECTIVE DOSE(ED50 ) BY 

         DPPH RADICAL SCAVENGING ASSAY.

PHASE II

3.2 IN VIVO STUDIES USING SWISS ALBINO MICE
3.2.1 ASSESSMENT OF ANTIOXIDATIVE POTENTIAL OF PROTEIN 
         FRACTION OF Cynodon dactylon.
3.2.1.1 Activity of enzymic antioxidants

3.2.1.2 Levels of non enzymic antioxidants
3.2.1.3 Levels of lipid peroxides.
3.2.2 ASSESSMENT OF MODULATORY effect OF PROTEIN FRACTION 

         OF  Cynodon dactylon ON PHAGOCYTIC INDEX
3.2.2.1 Phagocytic index by Carbon clearance test

PHASE III

3.3 CHARACTERIZATION OF PROTEIN FRACTION OF Cynodon dactylon BY 

      NATIVE PAGE AND SDS PAGE.
PHASE I

 3.1 IN VITRO STUDIES

PREPARATION OF LEAF HOMOGENATE

Fresh leaves of Cynodon dactylon were taken for the experimental studies. They were collected from the Avinashilingam University for Women, Coimbatore campus. The leaves were washed with distilled water, dried and used for the experiment. The leaves were homogenized using mortar and pestle with 1M Phosphate buffered saline (PBS) at 4ºC to obtain 20% homogenate. The homogenate was strained through eight layers of cotton gauze and centrifuged at 5000rpm for 10 minutes at 4ºC. The supernatant obtained was used for the ammonium sulphate fractionation.

3.1.1 TEN TO HUNDRED PERCENT AMMONIUM SULPHATE   

         FRACTIONATION OF PBS EXTRACT

Ten to hundred percentage ammonium sulphate fractionation of PBS extract was carried out using the method of Jayaraman, 1981 as given in Appendix I. The precipitate obtained by this method was dissolved in 0.01M PBS. 
3.1.2 DIALYSIS  OF PROTEIN FRACTIONS

The precipitate obtained by 10 to 100% ammonium sulphate fractionation of extract was subjected to dialysis for desalting of protein using 0.001M PBS by the method of Jayaraman, 1981 as given in Appendix II.

3.1.3 ASSESSMENT OF PROTEIN CONTENT OF DIALYSATE

The protein content of all the dialysed protein fractions were estimated using the Lowry’s modified method of Shakir et al., 1994 as described in Appendix III.
3.1.4 ASSESSMENT OF ED50 BY DPPH RADICAL SCAVENGING ASSAY.
The protein fraction with maximum protein content was chosen and different concentrations of protein fraction ranging from 10-100µg were taken and the DPPH radical scavenging activity was analyzed by the method of Mensor et al., 2001 as given in Appendix IV. The concentration of protein fraction which exhibits 50% radical scavenging activity was designated as effective dose 50 (ED50) and was used in Phase II studies.
PLATE 1

MEDICINAL PLANT SELECTED FOR THE STUDY
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Cynodon dactylon

PLATE 2

SWISS ALBINO MICE
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PHASE II

 3.2 IN VIVO STUDIES USING SWISS ALBINO MICE
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 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).

3.2.1 ASSESSMENT OF ANTIOXIDATIVE POTENTIAL OF PROTEIN 
         FRACTION OF Cynodon dactylon.
Antioxidative role was assessed in the liver of mice administered with and without protein fraction. Silymarin was used as the standard antioxidant. Paraffin oil and PBS serves as the vehicle control for Silymarin and protein fraction respectively.

The mice were divided into four groups of six each.

Group I : PBS

Group II: Paraffin oil

Group III: Silymarin

Group IV: Protein fraction
Group I mice were intraperitonially injected with 100µl of PBS and group II mice were intraperitonially injected with 100µl paraffin oil. Group III mice were intraperitonially injected with 100µl paraffin oil containing Silymarin (25mg / kg b w). Group IV mice were intraperitonially injected with 100µl PBS containing 40µg (ED50) of protein. The administrations were carried out for 21 days.

At the end of the experimental tenure the mice were kept for overnight fasting and then sacrificed. The liver was quickly excised in toto and plunged into sterile, ice-cold saline for removal of blood. The washed organ was blotted dry on sterile filter paper and immediately stored in deep freezer at minus 80°C. The following parameters were analyzed without elapse of time to avoid variations. 
The antioxidative potential of protein fraction of Cynodon dactylon leaves was evaluated by assessing the activity of enzymic antioxidants, the levels of non enzymic antioxidants and the levels of lipid peroxides in the liver of mice.

3.2.1.1 ACTIVITY OF ENZYMIC ANTIOXIDANTS 

The activities of enzymic antioxidants like catalase, superoxide dismutase , glutathione peroxidase, glutathione reductase and glutathione s-tranferase were analyzed using the liver homogenate. 

Estimation of Catalase (CAT, EC.1.11.1.6) activity 

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

Estimation of Superoxide dismutase (SOD, EC.1.15.1.1) activity 

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

Estimation of Glutathione Peroxidase (GPx, EC.1.11.1.9) activity 

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

Estimation of Glutathione Reductase (GR, EC.1.6.4.2) activity 


The activity of Glutathione Reductase in the liver was assessed by the method of David and Richard, 1983 as expressed in Appendix VIII. 

Estimation of Glutathione S-Transferase (GST, EC.2.5.1.13) activity 


The activity of GST was estimated by the method of Habig et al., (1974) as given in Appendix IX. 

3.2.1.2 LEVELS OF NON ENZYMIC ANTIOXIDANTS 

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

Vitamin C was estimated by the method of Roe and Keuther, 1943 as given in Appendix X

 Estimation of Vitamin A 

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

Estimation of Vitamin E 

Vitamin E content was determined by the method of Rosenberg 1992 as expressed in Appendix XII. 

Estimation of Reduced glutathione (GSH) 

The activity of reduced glutathione was determined by the method of Moron et al., 1979  as in Appendix XIII. 
3.2.1.3 LEVELS OF LIPID PEROXIDES


The levels of liid peroxides in the liver were determined by the method of Nichans &Samuelson,1968 as given in Appendix XIV.
3.2.2 ASSESSMENT OF MODULATORY effect OF PROTEIN FRACTION 

         OF Cynodon dactylon ON PHAGOCYTIC INDEX
3.2.2.1 PHAGOCYTIC INDEX  BY CARBON CLEARANCE TEST

The mice were divided into two groups of 6 each.

GroupI: PBS
GroupII: Protein fraction

Group I served as control and was given 100µl of PBS for 5 days intra peritonially. Group II served as test which was administered with the protein fraction (ED50 concentration) of Cynodon dactylon  for 5 days. After 48 hours of administration of the last dose of the protein fraction mice were injected 0.1 ml of Indian ink via the tail vein. Blood samples were withdrawn at 0 and 15 min after injection. 25 µl blood samples were mixed with 2 ml of 0.1% sodium carbonate solution and the absorbance of this solution was determined at 660 nm. The phagocytic index K was calculated using the following equation: 
                                             K=        (Loge OD1-Loge OD2)

                                                                      15

Where OD1 and OD2 are the optical densities at 0 and 15 min respectively.

Statistical analysis

The statistical evaluation of the data of the antioxidative parameters were done by ANOVA followed by Fischer LSD method using Sigmastat package and that of the carbon clearance test was done by t-test using Sigmastat package. 

PHASE III

3.3 CHARACTERIZATION OF PROTEIN  FRACTION OF Cynodon dactylon 

      BY  NATIVE PAGE AND SDS PAGE.

The protein fraction with maximum protein content obtained after dialysis was characterized by Native PAGE and SDS-PAGE as given by Davis, 1964 (Appendix XV) and Laemmli, 1970 (Appendix XVI) respectively. 

RESULTS AND DISCUSSION

4.0 RESULTS AND DISCUSSION

Medicinal plants are the source of great economic value in the Indian subcontinent. Nature has bestowed on us a very rich botanical wealth and a large number of diverse types of plants in different parts of the country. One quarter of all medical preparations are formulations based on substances derived from plants or plant-derived synthetic analogs (Kannan et al., 2007).

In recent times, focus on plant research has been intensified all over the world and a large amount of evidence has been collected to show immense potential of medicinal plants used in various traditional systems. In Indian system of medicine, a large number of herbal drugs have been advocated for various types of diseases/stress related disorders Although the applications of these medicaments have sound tradition and a rational background according to the Indian system of medicine, perhaps it is essential to investigate the rationality of their use in modern scientific terms (Mastan et al., 2008).

Hence the project is focused on “In vivo study on antioxidative potential and phagocytic index of protein fraction of Cynodon dactylon leaves using Swiss albino mice and its characterization”.


The results of the project are discussed and furnished below:

PHASE I

4.1 IN VITRO STUDIES
4.1.1 PROTEIN CONTENT OF DIALYSATE OF TEN TO HUNDRED PERCENT

 AMMONIUM SULPHATE PROTEIN FRACTIONS OF Cynodon dactylon.
4.1.2 FIFTY PERCENT EFFECTIVE DOSE (ED50) OF SEVENTY PERCENT AMMONIUM SULPHATE PROTEIN FRACTION OF Cynodon dactylon. 
PHASE II
4.2 IN VIVO STUDIES
4.2.1 EFFECT OF PROTEIN FRACTION OF Cynodon dactylon  ON   

         ANTIOXIDANT PARAMETERS IN THE LIVER OF MICE.   
4.2.1.1 Activities of enzymic antioxidants

4.2.1.2 Levels of non enzymic antioxidants

4.2.1.3 Levels of lipid peroxides

4.2.2 EFFECT OF PROTEIN FRACTION OF Cynodon dactylon ON THE  

         PHAGOCYTIC INDEX  IN  MICE

PHASE III

4.3 CHARACTERIZATION OF PROTEIN FRACTION OF Cynodon dactylon
BY NATIVE  PAGE AND SDS PAGE.
PHASE I

4.1 IN VITRO STUDIES
4.1.1. PROTEIN CONTENT OF DIALYSATE OF TEN TO HUNDRED PERCENT

          AMMONIUM SULPHATE PROTEIN FRACTIONS OF Cynodon dactylon
      

The protein content of dialysates of 10 – 100 percent ammonium sulphate protein fractions of Cynodon dactylon were estimated and the results are given in 

Table 1
TABLE 1

LEVELS OF PROTEIN IN DIALYSATE OF TEN TO HUNDRED PERCENT AMMONIUM SULPHATE PROTEIN FRACTIONS OF Cynodon dactylon
	Protein fraction

( %)
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100

	Amount of protein(mg / g leaves)
	3.33
	4.3
	9.11
	5.64
	6.87
	8.07
	12.94
	8.96
	4.96
	1.34


Values are mean of triplicates.

The 70 % ammonium sulphate protein fraction was found to have the maximum protein content (12.94 mg / g leaf) and hence it was selected for further studies.
4.1.2 FIFTY PERCENT EFFECTIVE DOSE (ED50) OF SEVENTY PERCENT

         AMMONIUM  SULPHATE  PROTEIN FRACTION OF Cynodon dactylon      
 

The DPPH radical scavenging activity was carried out for different concentrations of 70 % ammonium sulphate protein fractions and the radical scavenging activity is represented in Figure 1.
FIGURE 1

PERCENTAGE FREE RADICAL SCAVENGING ACTIVITY OF THE  SELECTED PROTEIN FRACTION OF  Cynodon dactylon
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The protein fractions showed a dose dependent free radical scavenging activity. The concentration of protein which showed 50 percent  free radical scavenging activity was found to be 40 µg and this ED50 (40 µg protein /100 µl PBS) was  administered to mice in in vivo studies .

PHASE II
4.2 IN VIVO STUDIES
4.2.1 EFFECT OF PROTEIN FRACTION OF Cynodon dactylon ON 
         ANTIOXIDANT PARAMETERS  IN THE  LIVER OF  MICE 

To assess the antioxidative potential of the protein fraction of Cynodon dactylon ,various parameters like activities of enzymic antioxidants, levels of non enzymic antioxidants and levels of lipid peroxides were studied in the liver of mice and the results are discussed below.
4.2.1.1  ACTIVITIES OF ENZYMIC ANTIOXIDANTS


The activities of enzymic antioxidants, CAT, SOD, GPx, GR and GST in the liver of experimental groups of mice are indicated in Table 2.

TABLE 2

ACTIVITIES OF ENZYMIC ANTIOXIDANTS IN THE LIVER OF EXPERIMENTAL GROUPS OF MICE

	TREATMENT
	CAT

a(U/mg protein)
	SOD

b(U/mg protein)
	GPx

c(U/mg protein)
	GR

d(U/mg protein)
	GST

e(U/mg protein)

	PBS


	34.33
	3.06
	2.02
	4.70
	347.20

	PARAFFIN OIL
	35.71
	3.12
	2.09
	4.35
	390.60

	SILYMARIN


	47.21 @
	3.68 @
	3.02 @
	6.57 @
	1171.85 @

	PROTEIN

FRACTION
	60.21 @,$
	4.49 @,$
	3.30 @,$
	10.80 @,$
	2083.32 @,$

	CD ( α=0.05)


	1.178
	0.162
	0.0987
	0.204
	283.423


Values are mean of six mice in each group, @ P<0.001 compared to control groups, $ P<0.001 compared to silymarin group.

a- 1 Unit is defined as the amount of enzyme required to decrease the absorbance by 0.5   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 the nano moles of GSH oxidized / min.

d- 1 Unit is defined as the milli moles of NADPH oxidized / min.protein 

e- 1 Unit is defined as the nano moles of CDNB conjugated / min.
EFFECT ON CATALASE ACTIVITY

The catalase activity was found to be significantly increased in the liver of mice administered with protein fraction of Cynodon dactylon when compared to control groups and silymarin group as shown in Table 2  and  Figure 2 .

FIGURE 2

EFFECT OF PROTEIN FRACTION OF Cynodon dactylon ON THE ACTIVITY OF CATALASE IN THE LIVER OF MICE AGAINST SILYMARIN
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Catalase is a key component of the antioxidant defense system. CAT decomposes 

hydrogen peroxide and 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 (Alanivel et al.,2008). 

Raja et al., (2007) have shown that the administration of hydrochloric extract of Cystisus scoparius enhanced the activities of catalase and SOD in the liver of rats . The methanolic extract of Phyllanthus niruri was found to increase the activities of catalase, SOD and levels of GSH in streptazotocin induced diabetic rats ( Mazunder et al., 2005). In consistence with these reports, the administration of protein fraction  of Cynodon dactylon also has significantly  increased the activities of CAT and thus it protects tissues from free radical induced damage.
EFFECT ON SUPEROXIDE DISMUTASE ACTIVITY


The SOD activity was significantly elevated in the liver of mice administered with protein fraction of Cynodon dactylon  when compared with the control and Silymarin treated groups as shown in Table 2  and  Figure 3.

FIGURE 3
EFFECT OF PROTEIN FRACTION OF Cynodon dactylon  ON THE ACTIVITY OF SUPEROXIDE DISMUTASE IN THE LIVER OF MICE AGAINST SILYMARIN
[image: image8.png]



 The SOD dismutases superoxide radicals O2- into H2O2 plus O2, thus participating with other antioxidant enzymes, in the enzymatic defense against oxygen toxicity(Gupta et al., 2004).

 Koneri et al, (2008) have shown that the ethanolic extract of roots of Momordica cymbalaria as well as silymarin increased  the levels of antioxidant markers like GSH, SOD and catalase in CCl 4 induced hepatic damage in rats.

The aqueous extract of Eucalyptus globulus were found to elevate the activities of SOD in rat liver ( Arise et al., 2009). In line with these reports, a  significant increase in SOD activity was caused by the administration of  protein fraction of Cynodon dactylon and  thus the protein fraction reduces superoxide radical  induced oxidative damage to liver.

EFFECT ON GLUTATHIONE PEROXIDASE ACTIVITY

The administration of protein fraction of Cynodon dactylon was found to significantly  increase the hepatic Glutathione peroxidase activity when compared to that of control groups and silymarin administered groups as shown in Table 2  and Figure 4 .


FIGURE 4

EFFECT OF PROTEIN FRACTION OF Cynodon dactylon  ON THE ACTIVITY OF GLUTATHIONE PEROXIDASE IN THE LIVER OF MICE AGAINST SILYMARIN
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Glutathione peroxidase offers protection to the cellular and subcellular membranes from the peroxidative damage by eliminating hydrogen peroxide and lipid peroxide (Meena et al., 2008).

Administration of extracts of P aculeata and silymarin were found to enhance the hepatic activities of GPx., GST,SOD and catalase in CCl4 intoxicated rats (Alanivel et al.,2008).Meena et al (2008), have shown increase of antioxidants GPx, SOD and GSH by extracts  of Sargassum polycystan in liver of rats with D galactosamine indued hepatitis.

In the present study, a similar kind of increase in hepatic GPx activity was noticed in mice treated with the selected  protein fraction of Cynodon dactylon .
 EFFECT ON GLUTATHIONE REDUCTASE ACTIVITY


The administration of protein fraction of Cynodon dactylon afforded a significant increase in GR activity in the liver of mice in comparison with control groups and silymarin administered groups .This is represented in Table 2 and Figure 5.

FIGURE 5
EFFECT OF PROTEIN FRACTION OF Cynodon dactylon  ON THE ACTIVITY OF GLUTATHIONE REDUCTASE IN THE LIVER OF MICE AGAINST SILYMARIN
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Glutathione reductase is concerned with the maintenance of cellular level of GSH (aspecially in the reduced form by effecting fast reduction of oxidized glutathione to reduced state (Balamurugan and Muthusamy, 2008). The methanolic extract of Urtica pilulifera was found to greatly enhance the activities of enzymes like GR, GPx and GST in liver of mice (Mahmoud, 2006).In accordance to this report, the protein fraction of Cynodon dactylon enhances the activity of GR in liver of mice.
 EFFECT ON GLUTATHIONE S-TRANSFERASE ACTIVITY



The GST activity in the liver of mice administered with protein fraction of Cynodon dactylon  was found to be significantly higher than those of control groups and silymarin groups of mice. This is shown in  Table 2  and Figure 6 .

FIGURE 6

EFFECT OF PROTEIN FRACTION OF Cynodon dactylon  ON THE ACTIVITY OF GLUTATHIONE  S – TRANSFERASE IN THE LIVER OF MICE AGAINST SILYMARIN
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The GST enzyme family serves as catalyst for the reaction of electrophilic compounds with GSH, generally resulting in detoxification and facilitated elimination. 
Studies by Venkateswara and Pari (2002) had shown that administration of Phaseoulus vulgaris pod extract increased the activities of SOD,CAT, GST and GPx in liver of streptazotocin induced diabetic rats. Hur et al., (2007) showed that the methanol extract of  Aliama Orientale rhizome enhanced the activity of GST in liver of rats treated with Bromobenzene.A similar kind of enhancememt of the activity  of  GST in the liver of protein fraction treated mice was  observed and thus the protein fraction facilitates the elimination of free radicals.
4.2.1.2 LEVELS OF NON ENZYMIC ANTIOXIDANTS



The levels of non enzymic antioxidants  Vitamin A, Vitamin C, Vitamin E and reduced glutathione in  liver of experimental groups of mice are indicated in Table 3..

TABLE 3
LEVELS OF NON  ENZYMIC ANTIOXIDANTS IN  THE LIVER OF EXPERIMENTAL GROUPS OF MICE
	TREATMENT
	VITAMIN C

(mg / g tissue)
	VITAMIN A

(µg / g tissue)
	VITAMIN E

(mg / g tissue)
	REDUCED GLUTATHIONE

(nM / g tissue)

	PBS
	1.55
	6.83
	4.46
	3.52

	PARAFFIN OIL
	1.65
	7.13
	3.57
	4.32

	SILYMARIN
	2.13 @
	11.42
	16.24 @
	8.97 @

	PROTEIN FRACTION
	3.08 @,$
	19.75 @,$
	24.25 @,$
	10.07 @,$

	C D (α = 0.05)
	0.342
	0.331
	0.806
	0.107


Values are mean  of six mice in each group, @ P<0.001 compared to control groups, $ P<0.001 compared to silymarin group.
EFFECT ON  THE LEVELS OF VITAMIN C

The levels of vitamin  C in  the liver of mice administered with protein fraction of Cynodon dactylon  showed significant increase when compared to that of the standard antioxidant silymarin as well as the control groups. The levels of vitamin A in the liver of experimental groups of mice are shown in Table 3 and Figure 7.

FIGURE 7
EFFECT OF PROTEIN FRACTION OF Cynodon dactylon  ON THE LEVELS OF VITAMIN C IN THE LIVER OF MICE AGAINST SILYMARIN
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Vitamin C can protect cell membranes and lipoprotein pariticles from oxidative damage by regenerating the antioxidant form of vitamin E (Sambathkumar et al.,2005).A flavonoid rich fraction from Spermacoce hispida significantly increased the hepatic levels of non enzymic abntioxidants ( Vit C, Vit E and GSH ) in  hyperlipidemic Rats  (Kaviarasan et al., 2008).Similar kind of enhancement of   hepatic Vitamin C levels was shown by the protein fraction of Cynodon dactylon.
EFFECT ON  THE LEVELS OF VITAMIN A


The levels of vitamin A in the protein fraction treated group significantly increased in comparison with the control groups and silymarin treated group as  shown in Fgure 8 and Table 3 .

FIGURE 8
EFFECT OF PROTEIN FRACTION OF Cynodon dactylon  ON THE LEVELS OF VITAMIN A IN THE LIVER OF MICE AGAINST SILYMARIN
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Bhaya and Saini (2008) reported that the supplementation of Aloe to irradiated mice, lowered lipid peroxidation in liver, which was due to the enhancement of concentrations of antioxidants (Vit A, Vit C  and Vit E) by the supplement.In the present study the administered protein fraction was found to increase the Vitamin A content significantly, which might be responsible for the other antioxidative properties of the protein fraction.

EFFECT ON THE  LEVELS OF VITAMIN E
The  administration of protein fraction of Cynodon dactylon afforded a significant increase in the  levels of vitamin C in  the liver of  mice when compared to that of the control groups and silymarin administered groups. This is  indicated in Table 3. and Figure 9.

FIGURE 9
EFFECT OF PROTEIN FRACTION OF Cynodon dactylon  ON THE LEVELS OF VITAMIN E IN THE LIVER OF MICE AGAINST SILYMARIN
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Among lipid soluble antioxidants, α-tocopherol (Vitamin E) plays a central role in antioxidant defense system as it controls radical-induced lipoprotein lipid peroxidation (Ramesh et al.,2006).

A similar kind of increase in hepatic antioxidative vitamins was  shown by  methanolic extract of Careya arborea Roxb and silymarin in rats with CCl4 induced liver damage in a study by Sambathkumar et al, (2005).

EFFECT ON  THE LEVELS OF REDUCED GLUTATHIONE

The hepatic levels of reduced glutathione in mice administered with protein fraction of Cynodon dactylon  showed a significant increase in comparison with the control groups and the silymarin group. The levels of reduced glutathione in liver of experimental groups of mice are shown in Table 3 and Figure 10.


 Glutathione is the most important non-protein compound containing thiol group, which acts as a substrate for glutathione transferase and glutathione peroxidase involved in preventing the deleterious effect of oxygen radicals (Ramesh. et al.,2006).Vedic guard, a polyherbal formulation was shown to increase the levels of reduced glutathione and activities of SOD,CAT decreased by antitubercular drugs in rats (Razdan et al., 2008).In consistence with this report, the protein fraction of Cynodon dactylon  enhances the levels of Reduced glutathione in liver of mice.
FIGURE 10

EFFECT OF PROTEIN FRACTION OF Cynodon dactylon  ON THE LEVELS OF REDUCED GLUTATHIONE IN THE LIVER OF MICE AGAINST SILYMARIN
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4.2.1.3. LEVELS OF LIPID PEROXIDES

The levels of lipid peroxides in the liver of experimental groups of mice are shown in Table 4 and Figure 11.
The extent of lipid peroxidation is measured through malondialdehyde activity(MDA), a pro-oxidant factor that determines the oxidative damage(Govindarajan et al.,2006).In the present study,MDA content of the liver of protein fraction treated mice were significantly(p<0.001) decreased when compared to the control groups and silymarin treated groups. This decrease in MDA level in liver indicates inhibition of lipid peroxidation and enhancement of antioxidative defense mechanisms to prevent formation of excessive free radicals.

TABLE 4
LEVELS OF LIPID PEROXIDES IN THE LIVER OF EXPERIMENTAL GROUPS OF MICE

	TREATMENT
	PBS
	PARAFFIN OIL
	SILYMARIN
	PROTEIN FRACTION
	CD (α = 0.05)

	LIPID PEROXIDES

nM MDA / mg protein
	1.750
	1.790
	0.750
	0.350
	0.0921


Values are mean of six mice in each group.
FIGURE 11
EFFECT OF PROTEIN FRACTION OF Cynodon dactylon  ON THE LEVELS OF LIPID PEROXIDES IN THE LIVER OF MICE AGAINST SILYMARIN
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The methanol extract of Bauhinia racemosa and silymarin were found to decrease lipid peroxidation in rats in which liver damage was induced by paracetamol and CCl4 (Gupta et al.,2004).


The aqeous extract of Conopus didymus were found to have significant protective effect against lipid peroxidation induced by CCl4 in mice (Mantana et al.,2005).The effect of ptotein fraction of Cynodon dactylon on the levels of lipid peroxides is in accordance with the above reports.
Thus, the above results obtained clearly showed  that the protein fraction of Cynodon dactylon had significant antioxidative potential by enhancing the activities of enzymic antioxidants , increasing the levels of non enzymic antioxidants and antilipid peroxidative role by decreasing the lipid peroxide levels. These effects were found to be more significant than that of silymarin , the standard antioxidant.

4.2.2 EFFECT OF PROTEIN FRACTION OF Cynodon dactylon ON THE      PHAGOCYTIC INDEX IN MICE 


The process of  Phagocytosis by macrophages is a non specific immune response. Carbon clearance test was done to determine the effect of the protein fraction of Cynodon dactylon on the phagocytic activity and the phagocytic index of the protein fraction treated group and control group are shown in Table 5.
TABLE 5
PHAGOCYTIC INDEX IN MICE ADMINISTERED WITH AND WITHOUT PROTEIN FRACTION OF Cynodon dactylon

	TREATMENT
	PHAGOCYTIC INDEX (K)
	t VALUE

	PBS 

PROTEIN FRACTION
	0.084 ± 0.0091

0.323 ± 0.0250
	22.035*


Values are Mean ± SD of six mice in each group, * significant at p<0.001


Increased carbon clearance is an indicator of enhanced in vivo phagocytic activity and competency of granulopoetic system in removal of foreign particle, thereby an indicator of enhanced immunological response against foreign particles or antigens (Thakur et al.,2007).

In the present study, a significant  increase (p<0.001) in  phagocytic index was observed in protein fraction treated group when  compared to control, indicating  that the rate of elimination of carbon particles is more in protein fraction treated group than that observed in the control group.. Thus the protein fraction of Cynodon dactylon potentiate the phagocytosis of foreign particles by the  reticuloendothelial system and  acts as a potent stimulator of non specific immune response in mice.
Aqueous and methanol extracts of Pistacia integerima have macrophage stimulatory activity as evidenced by increased phagocytic index in carbon clearance test (Uttara and Mishra., 2008).The alcoholic root extract of Heracieum nepalense D Don was found to stimulate the phagocytic activity of the macrophages in Swiss albino mice (Dash et al., 2006).These results are in consistence with our findings of effect of protein fraction of Cynodon dactylon on phagocytic activity of macrophages.
PHASE III

4.2 CHARACTERIZATION OF PROTEIN FRACTION OF Cynodon dactylon BY 

NATIVE  PAGE AND SDS PAGE



The selected protein fraction of Cynodon dactylon was characterized by PAGE and SDS PAGE  and the results are shown in Plate 3..The PAGE recorded one major band indicating the presence of one major  protein.When compared to the standard molecular marker, the molecular weight of the protein was found to be 29 KD.


SDS PAGE performed also showed a single major band with the same molecular weight.This showed that this major protein is a monomer without subunits.The antioxidative and immunomodulatory role of the selected protein fraction might be due to this major protein present in the protein fraction.Further research is going on to characterize the major protein band and to assess its antioxidative and immunomodulatory role.
PLATE 3

NATIVE PAGE AND SDS PAGE OF THE SELECTED PROTEIN FRACTION OF Cynodon dactylon
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A- Molecular weight marker

B- Protein band separated in Native PAGE

C- Protein band separated in  SDS PAGE

SUMMARY AND CONCLUSION
5.0 SUMMARY AND CONCLUSION

Plants have been considered as sources of medicinal agents for the treatment of various diseases.A large number of medicinal plants have been tested and found to contain active principles with curative properties against a variety of diseases. 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.
The present study was carried out to evaluate the antioxidative and immunomodulatory potential of protein fraction of Cynodon dactylon .The results obtained from the project entitled “In vivo study on antioxidative potential and phagocytic index of protein fraction of Cynodon dactylon leaves using Swiss albino mice and its characterization” are summarized below:

The study was carried out in three phases. In Phase I, in vitro studies ,the proteins were fractionated from the PBS homogenate of fresh leaves of Cynodon dactylon  by 10 -100% Ammonium sulphate precipitation. Then, the protein fractions were purified by dialysis followed by estimation of protein content of dialysate.The 70 percent ammonium sulphate protein fraction showed the maximum protein content (12.94 mg / g leaf) and hence it was chosen for further studies.The fifty percent effective concentration (ED 50 ) of the selected  protein fraction was found to be 40 µg  by DPPH radical scavenging assay and this dose was administered to Swiss albino mice in in vivo studies.

In Phase II, which included in vivo studies ,mice were divided into four groups of six animals each to study the antioxidative potential  of protein fraction of Cynodon dactylon against standard antioxidant, Silymarin.The first  two groups namely PBS and Paraffin oil served as vehicle  control for the protein fraction and silymarin respectively.The third group was administered with silymarin(25mg /kg b w) and the fourth group was administered with  ED 50 of 70 percent ammonium sulphate protein fraction of Cynodon dactylon.The administrations  were carried out for 21 days.After 21 days,the animals were sacrificed after an overnight fasting and liver was excised.10 percent  liver homogenates were prepared in PBS and those homogenates were used for the assessment of activities of enzymic antioxidants(CAT, SOD, GPx, GR and GST) and levels of non enzymic antioxidants (Vit A,Vit C, Vit E and Reduced Glutathione). The results showed that the administration of the protein fraction of Cynodon dactylon significantly increased  the activities of enzymic antioxidants and levels of non enzymic antioxidants in liver compared to the control groups and silymarin administered groups.

The levels of lipid peroxides were measured in liver homogenate prepared in Tris buffer and the results indicated the antilipid peroxidative role of  the protein fraction of Cynodon dactylon by significantly reducing  the levels of lipid peroxides in comparison with silymarin group and control groups.

To evaluate the immunomodulatory potential of protein fraction of Cynodon dactylon in terms of non-specific immune response, the Swiss albino mice were divided into two groups of six each. One group served as PBS control and the other was administered with protein fraction of Cynodon dactylon .Carbon clearance test was carried out to determine the phagocytic index and the results showed that the protein fraction stimulated the phagocytic activity to a significant extent when compared to control.

In Phase III, the selected protein fraction was subjected to native PAGE and  SDS PAGE.In both a single major band was obtained, indicating the presence of a single monomeric  major protein of  molecular weight 29 KD .

CONCLUSION

To conclude, the present study clearly showed that  the selected protein fraction of Cynodon dactylon has a significant antioxidative potential than the standard antioxidant silymarin and also it acts as a good immunostimulator of non specific immune response  as evidenced by the enhancement of  phagocytic index in mice. The antioxidative role of the protein fraction and its effect on phagocytic index might be due to the 29 KD major protein in the selected protein fraction .So, the protein fraction of Cynodon dactylon can be recommended as a potent antioxidant and immunostimulator to combat aging and degenerative diseases such as diabetes, cancer and atherosclerosis.

The following recommendations for further research will supplement our findings.
RECOMMENDATIONS FOR FURTHER STUDY
1. The modulating effect of the protein fraction of Cynodon dactylon on specific immune responses can be studied in mice.

2. The characterization of  the protein fraction by other techniques like 2 Dimensional gel electrophoresis , prediction of its primary, secondary and tertiary structures using Bioinformatic tools can be done.

3. The antioxidative role of the protein fraction under stress conditions in mice can be studied.
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APPENDICES

APPENDIX-I

AMMONIUM SULPHATE FRACTIONATION OF PROTEINS

(Jayaraman, 1981)

	Percentage saturation
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100

	Grams in 100 ml
	5.3
	10.6
	16.4
	22.4
	29.1
	36.1
	43.6
	51.6
	60.3
	69.7



To the homogenate added ammonium sulphate with stirring to give 10-100% saturation. After 20 minutes, centrifuged at 10,000rpm for 30 minutes. The precipitate obtained is subjected to dialysis and used for the experiments.

APPENDIX-II

DIALYSIS OF PROTEIN FRACTIONS

(Jayaraman, 1981)

PRINCIPLE


Special semi permeable membrane called dialysis tubes, which have the property to allow compounds with small molecular weight to pass through them but not those with high molecular weight like proteins are held back. Dialysis is commonly used for removing salt from the protein since the presence of salt in protein interferes in many ways.

PROCEDURE


The protein solution to be desalted was taken inside a dialysis bag and the two ends were secured tightly to prevent leakage. The bag was suspended in a large volume of 0.001M Phosphate buffered saline of pH 7.2 and the contents are kept stirred. Salt molecules pass freely and get diluted by the large volume of fluid kept in the external medium. The dialysis fluid changed repeatedly to reduce the salt concentration inside the bag to negligible level.

APPENDIX-III

ESTIMATION OF PROTEIN

(Shakir et al., 1994)

PRINCIPLE


This method is based on the principle that different proteins contains different amounts of amino acid residues, which reacts with Folin-Ciocalteau reagent giving a blue color, which is read in a spectrophotometer at 750 nm.

REAGENTS

1. Alkaline copper sulphate

2% Na2CO3 in 0.1 N NaOH

2% Sodium potassium tartarate-1 ml

2% Copper sulphate-1 ml

2. Folin-Ciocalteau reagent stock 



2N Folin-Ciocalteau reagent was diluted with water (1:1 v/v)

3. Standard protein solution

Standard BSA containing 20 mg/100 ml of 0.9% NaCl

PROCEDURE


Into a series of clean dry test tubes pipetted out 0.2 to 10 ml of standard BSA solution corresponding to 40 to 200 µg of protein. Made up the volume to 1.9 ml with 0.1N NaOH. Added 1.0 ml of alkaline copper sulphate solution mixed well and incubated for 3 minutes at 37ºC. Then added 0.5 ml of alkaline copper sulphate solution mixed well and incubated for 3 minutes at 37ºC. The optical density was read at 750 nm in a spectrophotometer.

APPENDIX-IV

DPPH ASSAY

(Mensor et al., 2001)

PRINCIPLE


Antioxidant activity of the phenolic compounds depends on their ability to decrease the stable free radical.

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 PBS containing 10-100µg of the protein fraction. DPPH solution with methanol was used as a positive control and methanol acted as a control. When DPPH reacts with antioxidant, the sample of DPPH was reduced and the color changed from deep violet to light yellow. This was measured at 518 nm. The percentage antioxidant activity was calculated by the following formula. 


Scavenging activity (%) = A518 (control)-A518 (sample) ×100

                                                                     A518 (control)

APPENDIX-V

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 with 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 calculated as the amount of enzyme required to decrease the absorbance at 240 nm by 0.05 units.
APPENDIX-VI
ESTIMATION OF SUPEROXIDE DISMUTASE ACTIVITY

(Misra and Fridovich, 1972)

PRINCIPLE


Superoxide dismutase (SOD) uses the phytochemical 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

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 the amount of SOD giving 50% inhibition of the reduction of NBT. 

APPENDIX-VII

ESTIMATION OF GLUTATHIONE PEROXIDASE ACTIVITY

 (Rotruck et al., 1973)

PRINCIPLE


A known amount of enzyme preparation was used 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

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 consumed/min/mg protein.

APPENDIX-VIII

ESTIMATION OF GLUTATHIONE REDUCTASE ACTIVITY

 (David and Richard, 1983)

PRINCIPLE


Glutathione reductase catalyzes the conversion of oxidized glutathione to reduced glutathione employing NADPH as a substrate. The amount of NADPH utilized in a direct measure of enzyme activity.

REAGENTS
1. 0.12M Phosphate buffer, pH 7.2

2. 15mM EDTA

3. 10mM Sodium azide

4. 6.3mM oxidized glutathione

5. 9.6mM NADPH

PROCEDURE

20% aqueous extract was prepared in 0.12M Phosphate buffer (pH 7.2) was used as the source of enzyme. The assay system contained 1 ml of 0.12M Potassium phosphate buffer, .0.1 ml of 15mM EDTA, 0.1 ml of 10mM Sodium azide, 0.1 ml of 6.3mM oxidized glutathione and 0.1 ml of enzyme source and water in the final volume of 2 ml. Kept for 3 minutes. Then 0.1ml of NADPH was added. The absorbance at 340nm was recoded at an interval of 15 seconds for 2 to 3 minutes. For each series of measurement controls were done that contained water instead of oxidized glutathione. The enzyme activity was expressed as milli moles of NADPH oxidized/minute/g sample.

APPENDIX-IX

ESTIMATION OF GLUTATHIONE S-TRANSFERASE ACTIVITY

 (Habig et al., 1974)

PRINCIPLE


The enzyme was assayed by its activity to conjugate GSH and CDNB, the extent of conjugation causing a proportional change in the absorption at 340nm.

REAGENTS
1. 1mM 1-Chloro-2,4-dinitrobenzene (CDNB) in ethanol

2. 1mM Reduced glutathione (GSH)

3. 0.1M Phosphate buffer (pH 6.5)

PROCEDURE


The assay was done at 25ºC under conditions giving activities linear with respect to incubation times and protein concentration for at least 3 minutes.


The enzyme activity was determined by monitoring the change in absorbance at 340nm in a spectrophotometer. 0.1 ml of both substrate (GSH and CDNB) were taken in 0.1M Phosphate buffer (pH 6.5) at room temperature to make a volume to 2.9 ml.


The reaction was initiated by adding 0.1 ml of liver slice homogenate to the reaction mixture. The readings were recorded against distilled water blank for a minimum of 3 minutes. The complete assay mixture without the enzyme (liver homogenate) served as the control to monitor non-specific binding of the substrate. Care was taken to ensure that the final concentration of ethanol in the mixture was always less than 4%.

CALCULATION


Glutathione-S-Transferase (GST) activity was calculated using the extinction coefficient of the product formed (9.6mM cm) and the values have been expressed as mean ±SD of nanomoles CDNB conjugated/min/g liver tissue.

APPENDIX-X

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


The working standard of 0.2 to 1.0 ml containing 20 -100 µg of Ascorbate respectively were pipette 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-XI

ESTIMATION OF VITAMIN A

(Bayfield and Cole, 1994)

PRINCIPLE


The color 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


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

2. Standard vitamin A


15mg 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 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      


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

Amount of tocopherol =   Reading at 520 nm – Reading at 460 nm

                                        





   Reading of standard at 520 nm x 0.29 x 15

APPENDIX-XIII

ESTIMATION OF REDUCED GLUTATHIONE

(Moron et al., 1979)

PRINCIPLE


Reduced glutathione is measured by its reaction with DTNB (5, 5’-dithio-2-nitrobenzoic acid) (Ellman’s reaction) to give a compound that absorbs at 412nm.

REAGENTS
1. 5% TCA

2. 0.2M Sodium phosphate buffer (pH 8.0)

PROCEDURE


1g of the sample was homogenized in 5%TCA to give 20% homogenate. The precipitated protein was centrifuged down at 1000rpm for 10 minutes. The homogenate was cooled on ice and 0.1 ml of the supernatant was taken for the estimation. The volume of the aliquot was made up to 1.0 ml with 0.2M Sodium phosphate buffer (pH 8.0), 2 ml of freshly prepared DTNB solution (0.6mM in 0.2M phosphate buffer-pH 8.0) was added to tubes and the intensity of the yellow color formed was read at 412nm in a spectrophotometer after 10 minutes. A standard curve of reduced glutathione was prepared using concentrations ranging from 2 to 10 nanomoles of reduced glutathione in 5% TCA.

APPENDIX-XIV

ESTIMATION OF THIOBARBITURIC ACID REACTIVE SUBSTANCES (TBARS)
( Nichans & Samuelson, 1968)

PRINCIPLE


In this method, malondialdehyde and other thiobarbituric acid reactive substances (TBARS) were measured by their reactivity with TBA in acidic condition to generate a pink coloured chromophore which was read at 535 nm.

REAGENTS


TCA (15 %)


HCl ( 0.25 N )


TBA ( 0.38 % in w / v in distilled water )


TBA – TCA – HCl –solution were mixed freshly in ratio 1:1:1

PROCEDURE


The tissue homogenate was prepared in Tris Hcl buffer (PH 7.4). 1 ml of tissue homogenate was treated with 2 ml of TBA - TCA – HCl solution and mixed thoroughly.The mixture was kept in boiling water bath for 15 miutes.After cooling the tubes were centrifuged for 10 minutes and supernatant was taken for measurement. The absorbance of chromophore was read at 535 nm against the reagent blank.The amount of TBARS was calculated using the extinction coefficient 1.56 ×10 5 m-1 cm -1.The results were expressed as nM of MDA / mg protein.
APPENDIX-XV
NATIVE PAGE

(Davis, 1964)

PRINCIPLE


The separation of native (non-denatured) proteins in this method is based on both the charge and size of the proteins. Since the native proteins are large and exist in quaternary structure, a gel of low percentage of acrylamide is used.

REAGENTS

1. Acrylamide stock solution (separating gel)

Acrylamide-28g


Bisacryamide-0.74g


Water-100 ml

2. Acrylamide stock solution (stacking gel)


Acrylamide-10g


Bisacryamide-2.5g


Water-100 ml

(Store 1 and 2 at 0-4ºC in amber-coloured bottles)

3. Tris-HCl (pH 8.9) stock solution


Tris-36.6g


1M HCl-4.8 ml


TEMED-0.25 ml


Water-100 ml

4. Tris-HCl (pH 6.7) stock solution


Tris-5.98g


1M HCl-49 ml


TEMED-0.46 ml


Water-100 ml

5. Ammonium per sulphate (APS)


Dissolve 0.15g APS in 100 ml distilled water. Prepare fresh each time.

6. Riboflavin solution


0.4 mg riboflavin in 10ml distilled water. Filter and use.

7. Electrode buffer (pH 8.3)


Tris-0.6g


Glycine-2.9g


Water-1000 ml

8. Staining solution


0.1% Amido black 10B in 7% acetic acid.

9. Destaining solution


7% acetic acid

PROCEDURE

1. Separating gel

Mix solutions 1:3:5: water in the ratio 1:1:4:1. Degas the solution immediately and pour separating gel over layer with water and leave to set (30-60 minutes).

2. Stacking gel


Mix solutions 2:4:6: water in the ratio 2:1:1:4. Degas immediately and pour the stacking gel. Leave to polymerize in bright light.

3. Electrophoresis apparatus was set and the slab was prepared.
4. Mixed the components of the separating gel gently and carefully.
5. Poured the solution into the prepared slab. Layered distilled water on the top of the gel and allowed the gel to set for 30-60 minutes.
6. Then removed the water from the top of the gel and washed with a little stacking gel solution. Poured the stacking gel mixture and carefully placed the comb into the gel and allowed it to polymerize for 30 – 60 minutes
7. Loaded the sample with the sample buffer on top of the gel. 

8. Then the gel was eletrophoresed at 60 volts to concentrate the protein to the stacking gel.

9. After the dye crossed the stacking gel it was run at 40 volts until the dye reached the bottom of the gel.

10. The gel was removed after electrophoresis and immersed in the staining solution for one hour.

11. Unbound excess dye was then removed by transferring the gel to destaining solution.

12. The destaining solution was frequently changed till a clear background with distinct bands was obtained. The gel was then photographed

APPENDIX-XVI

SDS PAGE

(Laemmli, 1970)

PRINCIPLE

 It is the most widely used technique for the separation and determination of molecular weight of protein. The protein is first denatured by the addition of an anionic detergent SDS and β-mercaptoethanol and brief heating step. SDS introduces hydrophobic chain in the protein interior and β-mercaptoethanol breaks the cysteine bonds. Then SDS molecules bind the protein molecules hydrophobically imparting two negative charges to the denatured protein complex. Total number of SDS molecules bound is proportional to the polypeptide chain of length of which is equivalent to the molecular weight of the protein. So they migrate in an imposed electric field at rate inversely proportional to molecular weight. This migration of anionic protein depends on three factors.
1.  Increased voltage gradient created.

2.  High porosity of tracking gel.

3.  Low ionic strength of buffer.

            By concurrently running standards of known molecular weight the migration behaviour of unknown can be compared. 

REAGENTS
1. Acrylamide stock solution 


Acrylamide-30g


Bisacryamide-0.8g


Water-100 ml

2. Resolving gel buffer 

  
1.875M Tris base- 22.7g

    
pH-8.8

Water-100 ml

3. Stacking gel buffer 

    
0.6M Tris base- 7.26g

pH-6.8


Water-100 ml

4. Ammonium per Sulphate (APS)   

 0.1g in 1.0ml distilled water

5. Electrophoretic buffer (5X)


0.05M Tris-HCl-12g


0.192M Glycine-28.8g


1% SDS-2g


Water-2000 ml


pH-8.3

6. Resolving gel mix

Resolving gel buffer – 1.875 ml

 
Stock Acrylamide solution- 3 ml

    
Water- 2.5 ml                  

     
TEMED- 5 µl                                   

    
10% APS-40 µl


10% SDS- 75 µl

7. Stacking gel mix                        

Stacking gel buffer – 1.25 ml

 
Stock Acrylamide solution- 0.65 ml

    
Water- 3.25 ml                                        

     
TEMED- 5 µl                                   

    
10% APS-25 µl


10% SDS- 50 µl                                   

8. Sample buffer (5X)


Water-10 ml

Tris-HCl (pH 6.8)-5 ml

SDS- 0.5g  

Sucrose- 5g

Bromophenol blue (0.5%)-1 ml

9. Staining solution  


0.1% Coomasie brilliant blue R250 in methanol: acetic acid: water in 40:10:50 ratio.   

 10. Destaining solution


Methanol: acetic acid: water in 40:10:50 ratio.   

PROCEDURE
1. Electrophoresis apparatus was set and the slab was prepared.

2. Mixed the components of the separating gel gently and carefully.

3. Poured the solution into the prepared slab. Layered distilled water on the top of the gel and allowed the gel to set for 30-60 minutes.

4. Then removed the water from the top of the gel and washed with a little stacking gel solution. Poured the stacking gel mixture and carefully placed the comb into the gel and allowed it to polymerize for 30 – 60 minutes.

5. Loaded the serum with the sample buffer on top of the gel. 

6. Then the gel was eletrophoresed at 60 volts to concentrate the protein to the stacking gel.

7. After the dye crossed the stacking gel it was run at 40 volts until the dye reached the bottom of the gel.

8. The gel was removed after electrophoresis and immersed in the staining solution for one hour.

9. Unbound excess dye was then removed by transferring the gel to destaining solution.

10. The destaining solution was frequently changed till a clear background with distinct bands was obtained. The gel was then photographed.

Se-GPx








