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1.0 INTRODUCTION
      The world is rich with natural and unique medicinal plants. Medicinal plants are now getting more attention than ever because they have potential of myriad of compounds, benefits to society or indeed to all mankind especially in the line of medicine and pharmacology (Krishnaiah et al., 2009). Plants have been an important source of medicine for thousands of years. They constitute one of main source of new pharmaceutical and healthcare products (Demiray et al., 2009). Leaves, flowers, stems, root, fruit and bark can all be the constituents of herbal medicines (Akinmoladun et al., 2007).

      Herbal medicine plays a crucial role in healthcare of serves, the health needs of a vast majority of people in developing countries (Tambekar et al., 2009). Natural products especially medicinal plants long been prescribed in traditional medicine for centuries for treating various diseases such as malignancies and infections (Tarkulsomban et al., 2006). Plants have supplied over 25 per cent of prescription drugs used in human medicine and such pharmacological active plants have also provided leads to natural pesticides (Guleria et al., 2006).

      Oxygen is absolutely essential for the life of aerobic organism but it may become toxic if supplied at higher concentrations (Mandal et al., 2009). Oxidation is a basic part of the aerobic life and our metabolism (Balakrishnan et al., 2009). Although oxygen is essential for aerobic process, cells under aerobic condition are threatened with the insult of reactive oxygen metabolites. The improper balance between reactive oxygen metabolite production results in “oxidative stress “which deregulates the cellular function leading to various pathological conditions    (Deepa et al., 2009).

      It has been established that oxidative stress among the major causative factors in the induction of many chronic and degenerative diseases including atherosclerosis, ischemic heart disease, ageing, diabetes mellitus, cancer, immunosuppression and neurodegenerative disease (Souri et al., 2007).

      Free radicals are the compounds generated from normal body processes and also from environment pollutants. They tend to attack the cells of our body causing them to deteriorate (Sofidiya et al., 2006). Oxygen free radicals are responsible for adverse effects of oxygen on living system                      (Mahmood et al., 2007). They can initiate per oxidation of lipids, which in turn stimulates glycation of protein, inactivation of enzymes and alteration in the structure and function of collagen basement and other membranes and play a role in the long term complication of diabetes (Saha et al., 2008). Free radicals can initiate or propagate many diseases such as inflammation, cancer, liver injury and cardiovascular diseases (Arokiyaraj et al., 2008).

      An antioxidant is any substance that retards or prevents deterioration, damage or distribution by oxidation (Mon et al., 2008). Dietary antioxidant can increase cellular defense and help to prevent oxidative damage to cellular compounds (Ghanta et al., 2007). They prevent pathological conditions of human body namely ischemia, anemia, asthma, arthritis, inflammation, neuro degeneration and ageing process (Sood et al., 2009). The antioxidants must be constantly replenished since they are used up in the process of neutralizing free radicals.

      Higher plants produce hundreds to thousands of diverse chemical compounds with different biological activities; the antimicrobial compounds produced by plants are active against plant and human pathogenic microorganisms. The substance that can either inhibit the growth of pathogens or kill them and have  no or least toxicity to host cells are considered candidates for developing new antimicrobial drugs (Rajendran et al., 2009).

      Antimicrobial agents of plant origin have enormous therapeutic potential. They are effective in the treatment of infectious diseases (Joshi et al., 2009). Numerous studies have been shown that aromatic and medicinal plants are sources of diverse nutrient and non nutrient molecules many of which display antioxidant and antimicrobial properties which can protect the human body against both cellular oxidation reactions and pathogens (Sengul et al., 2009).

      Natural products from microorganisms have been the primary source of antibiotics, but with the increasing acceptance of herbal medicine as an alternative form of healthcare, the screening of medicinal plants for active compounds has become very important because these may serve as promising sources of novel antibiotic prototype (Adedapo et al., 2008).

      The plant selected for the present study is Acalypha indica, Linn of Euphorbiaceae family. Among the Acalypha species, Acalypha indica is predominantly one of the herbs in the waste land throughout the plains of India. The leaves, root, stem and flowers are used in traditional medicine          (Mohamed et al., 2009).

      The present work is done to study the antioxidant and antibacterial activity of Acalypha indica.
      The objective of the present study is

· To evaluate the enzymic and non enzymic antioxidant status of Acalypha indica.
· To analyze the in vitro free radical scavenging effects of Acalypha indica.
· To determine the antibacterial activity of Acalypha indica.
          2.0 REVIEW OF LITERATURE


Medicinal plants have been of age long remedies for human diseases because they contain components of therapeutic value (Adegoke et al., 2009). Globally a positive trend has blossomed in favors of traditional and integrative health sciences both in research and practices. Although synthetic pharmaceuticals now dominate the drug scene, medicinal plants continue to hold a place in International health care. Herbal Medicine is still the mainstay of about 75-80    per cent of the world population (Jaleel, 2009). 


Natural products perform various functions, and many of them have interesting and useful biological activities. There are more than 35,000 plant species being used in various human cultures around the world for medicinal purpose. Researches are increasingly turning their attention to natural products looking for new leads to develop better drugs against diseases (Philip et al., 2009).
 


A brief review of literature pertaining to the present study on “Antioxidant and Antibacterial activity of Acalypha indica” is discussed under the following headings. 

2.1   Free Radicals 

2.2   Oxidative Stress 

2.3   Antioxidants 

2.4   Medicinal plant and its uses 

2.5   Antibacterial agents

 2.1 FREE RADICALS 

A free radical is a compound with one or more unpaired electrons in its outer orbital such unpaired electrons make these species very unstable and therefore quite reactive with other molecules due to the presence of unpaired electrons and they try to pair their electrons and generate a more stable compound. They are formed continuously as normal by products of oxygen metabolism. The most dangerous free radicals are the atomic and molecular varieties of oxygen which is known as reactive oxygen species (Bhuiyan et al., 2009). 
 Reactive Oxygen Species and Reactive Nitrogen Species are the terms    collectively describing free radicals. Formation of ROS and RNS can occur in the cells by enzymic and non enzymic reactions. They are generated from either endogenous or exogenous sources. Exogenous ROS/RNS result from air and water pollution, cigarette smoke, alcohol, heavy or transition metals, certain drugs, industrial solvents, cooking and radiation (Huy et al., 2008).

Endogenous free radicals are generated from immune cell activation, inflammation, mental stress, excessive exercise, ischemia, infection, cancer and ageing. ROS have been implicated in over a hundred of diseases states which range from arthritis and connective tissue disorders to carcinogenesis, ageing, physical injury, infection and AIDS syndrome (Sangameswaran et al., 2009). They are produced mostly by biochemical redox reaction involving oxygen, which occur as part of normal cell metabolism by series of univalent reduction     (Chavan et al., 2005).

FIGURE I

FORMATION OF FREE RADICALS
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2.2 OXIDATIVE STRESS 

The improper balance between reactive oxygen metabolite production and antioxidant defense results in oxidative stress which deregulates the cellular function leading to various pathological conditions (Rajasundarajan et al., 2009). 
It has been established that oxidative stress is among the major causative factors in induction of many chronic and degenerative diseases including atherosclerosis, diabetes mellitus, cancer, Parkinson’s disease and immune dysfunction. Epidemiological and in vitro studies on medicinal plants and vegetables strongly have supported the idea that plant constituents with antioxidant activity are capable of exerting protective effects against oxidative stress in biological systems (Ness et al., 1997). 

FIGURE II

EFFECTS OF OXIDATIVE STRESS
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2.3 
ANTIOXIDANTS

Antioxidants are compounds that help to inhibit many oxidation reactions caused by free radicals such as singlet oxygen, superoxide, peroxy nitrate thereby preventing or delaying damage to the cells and tissues. There are some synthetic antioxidant compounds such as butylated hydroxyl toluene (BHT) and butylated hydroxyl anisole (BHA), commonly used in processed foods               (Karthikumar et al., 2007). It is a classification of several organic substances, including vitamin C, E, A, selenium and carotenoids (Kaczmarski et al., 2009).

Antioxidant as radical scavengers which protect the human body against free radicals that may cause pathological conditions such as ischemia, anemia, asthma, arthritis, inflammation, neuro degeneration and ageing process             (Ara et al., 2009).

Plants are sources of natural antioxidants and some of the compounds have significant antioxidative properties and health benefits (Exarchou et al., 2002). The potential of the antioxidant constituents of plant materials for the maintenance of health and protection from coronary heart disease and cancer is also raising interest among scientists and food manufacturers as consumers move toward functional foods with specific health effects (Lo Liger, 1991).

Several studies have indicated that the antioxidant activities of some fruits and vegetables were highly correlated with their total phenolic contents. The antioxidant activity of phenolic compounds is mainly due to their redox properties, which can play an important role in absorbing and neutralizing free radicals. Flavonoids, phenolic acids, phenolics, diterpenes and lignans are the examples of phenolic components with antioxidants properties (Chahardehi et al., 2009). 

2.3.1 ENZYMIC ANTIOXIDANTS: 
Natural antioxidant system is sorted in two major groups, enzymic and non enzymic. Enzymic antioxidants are comprised of limited number of proteins such as catalase, Glutathione peroxidase as well as Superoxide dismutase (SOD) along with some supporting enzymes. 

ROS detoxification agents in cells include antioxidative enzymes such as ascorbate oxidase, peroxidase, catalase and ascorbate peroxidase. ROS detoxification agents also include non enzymic antioxidants such as flavones, anthocyanins, carotenoids and ascorbic acid (Hakiman et al., 2009). 

 The harmful effects of free radicals are neutralized by the enzymatic antioxidant defenses including the superoxide dismutase (SOD), glutathione peroxidase (Gpx) and catalase (CAT) (Aliyu et al., 2009).

2.3.1.1   Catalase 

   Catalase, largely a peroxisomal enzyme, catalyzes directly to decompose H2O2 to 2H2O and O2 and helps to protect the tissues from highly reactive hydroxyl radicals (Ran et al., 2007). It is an enzymic antioxidant widely distributed in all animal tissues including RBC and liver (Krishnaraju et al., 2009). 

2.3.1.2.   Superoxide dismutase 
    Superoxide dismutase catalyses the dismutation of the highly reactive superoxide anion to oxygen and hydrogen peroxide. Superoxide anion is the first reduction product of oxygen. This is measured in terms of inhibition of generation of O2 (Sangameswaran et al., 2009).

2.3.1.3.   Glutathione peroxidase  
    Glulathione peroxidase also metabolizes the hydroperoxides generated by peroxidation of Polyunsaturatedfattyacid. Alteration in the activity of these enzymes may lead to oxidative stress (Afonsa et al., 2007). It is a selenium dependent enzyme, decomposes peroxides using the peptide glutathione (GSH) as their co substrate (Ran et al., 2007).

2.3.2   NON ENZYMIC ANTIOXIDANTS 

Non enzymatic antioxidants are ascorbic acid (vitamin C), ( tocopherol (Vitamin E), glutathione (GSH), carotenoids and flavonoids. All these act by one or more of the mechanisms like reducing activity, free radical scavenging and potential complexing of prooxidant metals and quenching of singlet oxygen     (Ali et al., 2007). 

2.3.2.1  Vitamin C

 Vitamin C also known as ascorbic acid is a water soluble vitamin. It is essential for collagen, carnitine and neurotransmitter biosynthesis. Health benefits of vitamin C are antioxidant, antiatherogenic, anticarcinogenic and immunomodulator. The positive effect of vitamin C resides in reducing the incidence of stomach cancer and in preventing lung and colorectal cancer        (Huy et al., 2008).
2.3.2.2  Vitamin E 

 Vitamin E is a dominant and most powerful lipid soluble antioxidant in the body and serves as primary defense against lipid peroxidation                  (Alasalvar et al., 2009). It  represent a spectrum of atleast eight independent lipophilic molecules with  antioxidant activity that are enriched in plant derived foods such as plant oils, nuts, grains and peanuts. Tocopherols and tocotrienols are free radical scavengers that can suppress lipid peroxidation and DNA damage (Berris et al., 2006).
2.3.2.3  Flavonoids 

It has been recognized that flavonoid show antioxidant activity and their effects on human nutrition and health are considerable. The action mechanism of flavonoid is through scavenging or chelating process. The compounds such as flavonoids, which contain hydroxyl functional groups, are responsible for antioxidant effect in the plants. The high antioxidant activities can be attributed to phenolic and ( carotene contents (Mohamed et al., 2009). Many researchers studied the accumulation of flavonones glycoside in the citrus fruits occurring at specific stages of fruit growth. Some of these flavonones glycoside are of commercial interest because they are used in pharmaceutical and food industries (Mokbel et al., 2006). 

2.4 MEDICINAL PLANTS AND ITS USES 

Medicinal plants have been of age long remedies for human disease because they contain components of therapeutic value (Adegoke et al., 2009). Aromatic and medicinal plants are known to produce certain bioactive molecules which react with other organisms in the environment, inhibiting bacterial or fungal growth. The substances that can inhibit pathogens and have little toxicity to host cells are considered candidates for developing new antimicrobial drugs. 

Numerous studies have shown that aromatic and medicinal plants are sources of diverse nutrient and non nutrient molecules, many of which display antioxidant and antimicrobial properties which can protect the human body against both cellular oxidation reactions and pathogens (Sengul et al., 2009). The beneficial medicinal effects of plant materials typically result from the combinations of secondary products present in the plant                                      (Ara and Nur et al., 2009).

The role of medicinal plants in disease prevention or control has been distributed to antioxidant properties of their constituents. Antioxidants exhibit a wide spectrum of medicinal properties
such as antiallergic, anti inflammatory, antimicrobial, antithrombotic, cardioprotective and vasodilatory effects                  (Demiray et al., 2009).

Recently there has been an upsurge of interest in the therapeutic potentials of medicinal plants as antioxidants in reducing such free radical induced tissue injury (Pourmorad et al., 2006).

Krishnaraju et al. (2009) studied the Comparative antioxidant activity of Aphanamixis polystachya extracts with vitamin C and he reported that the methanol and aqueous extracts exhibited up to 3 fold better efficacies in various in vitro antioxidant assays.

Herbs like Amaranthus paniculatus, Aerva lanata, Coccinia indica and Coriandrum sativum are used as vegetables indicating that these plants could be source of dietary antioxidant supplies (Ali et al., 2008). The two extracts from the bark of Psidium guajava and Mangifera indica compared favourably with the standard antibiotic streptomycin. Psidium guajava extract showed more activity than Mangifera indica extract. The phytochemical analysis of the Psidium guajava extract revealed the presence of tannins and Mangifera indica showed the presence of alkaloids, saponins and tannins. These compounds are known to be biologically active (Akinpelu and Onakoya et al., 2006). 

The comparative hypoglycemic effects of the chloroform and methanolic extracts of Adhatoda zeylanica leave in the alloxan diabetic model was studied by Ilango et al. (2009) and he reported that the antioxidant activity of the extracts which would have been responsible for the antidiabetic activity by means of scavenging the oxygen.

Thiruganasampandan et al. (2008) reported that the Aristolochia indica and Aristolochia tagala plants contains aristolochic acid and terpenoids. The antioxidative effect is mainly due to phenolic components, such as phenolic acids and phenolic diterpenes. The antioxidant activity of phenolic compounds is mainly due to their redox properties, which can play an important role in absorbing and neutralizing free radicals, quenching singlet and triplet oxygen, or decomposing peroxides.

The extracts of Commiphora caudata possess more antioxidant activity than Commiphora var pubescens, which might be helpful in preventing or slowing the progress of various oxidative stress related diseases (Deepa et al., 2009).

2.5
ANTIMICROBIAL AGENTS

Plants are major sources of developing antimicrobial agent and they have been used for the treatment of humans and animals for many years                   (Mon et al., 2008). The use of medicinal plants as a source for relief from illness can be tracked back over fine millennia to written documents of the early civilization in China, India and the Near East (Mahesh et al., 2008).


India is a varietal emporium of medicinal plants and is one of the richest countries in the world in regard to genetic resources of medicinal plants. It exhibits a wide range in topography and climate which has a bearing on its vegetation and floristic composition. Moreover, the agro climate conditions are conducive for introducing and domesticating new exotic plant varieties (Martins et al., 2001).


 A wide range of medicinal plant parts is used for extract as raw drugs and they possess varied medicinal properties. The different parts used include root, stem, flower, fruit, twigs exudates and modified plant organs. While some of these raw drugs are collected in smaller quantities by local communities and treated in the market as the raw material for many herbal industries (Uniyal et al., 2006).


One way to prevent antibiotic resistance on pathogenic species is by using new compounds that are not based on existing synthetic antimicrobial agents (Shah, 2005). Use of plant products, for the control of human diseases has certain advantages such as biodegradability, availability, low toxicity and cost effectiveness (Vimalraj et al., 2009). Resurgence in the use of herbal medicines world wide has provided an excellent opportunity to Indian companies to look for therapeutic leads from Indian ancient system of ayurveda that could be utilized for drug development (Mathew, 2005).

Medicinal plants represent a rich source of antimicrobial agents. Plants are used medicinally in different countries and are a source of many potent and powerful drugs (Mahesh et al., 2008). From over 3, 00,000 species of higher plants to occur in nature, only about 2 percent have been screened. Extracts of plants from 157 families have been reported to be active against microorganisms (Chitravadivu et al., 2009). 

Discovery of plants with potentiable antimicrobial property has opened up a new horizon to search for newer antimicrobial field. Plants that have antibacterial activity inhibit bacteria through mechanisms that are different from the antibiotics that are currently in use. 

Acalypha indica under the family Euphorbiaceae is a plant can be used for the treatment of snake bites, pain relief and wound healing. So the present study is on the antioxidant and antibacterial activity of Acalypha indica.

3.0 EXPERIMENTAL PROCEDURE
      Medicinal plants have been of age long remedies for human diseases because they contain components of therapeutic value (Adegoke et al., 2009). Plants are major sources of developing antimicrobial agent and they have been used for the treatment of humans and animals for many years. Many of the plant materials used in traditional medicine are readily available in rural areas at relatively cheaper than modern medicine (Bobbarala et al., 2009).

      
Acalypha indica (Euphorbiaceae) is commonly known as Indian copperleaf and Indian nettle. All the parts of the plants are used in various traditional systems among them roots seems to be much useful (Balakrishnan et al., 2009).

The present study was undertaken to analyze the enzymic and non enzymic antioxidants and antibacterial activity of Acalypha indica. The methodology adopted for the study is discussed below.

3.1 Collection of the sample                                                                                           3.2  Assessment of nutrient content                                                                           3.3  Assessment of the activities of enzymic antioxidants                                          3.4  Estimation of the levels of non enzymic antioxidants                                        3.5  Determination of in vitro free radical scavenging activity                                 3.6  Determination of antibacterial activity                                                                 3.7  Statistical analysis

  3.1 COLLECTION OF THE SAMPLE

      The leaves and roots of Acalypha indica were collected from the nearby village, Coimbatore district and dried in shade. They were then powdered and stored in airtight container at room temperature until use.
PLATE I
Acalypha indica
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3.2    ASSESSMENT OF NUTRIENT CONTENT                                        

         The leaves and roots of Acalypha indica were analyzed for the biochemical parameters such as carbohydrate, protein, calcium, iron and phosphorus.

3.2.1. Estimation of Carbohydrate

          The carbohydrate content of the Acalypha indica was estimated by Anthrone method (Hedge and Hofreiter, 1962). The procedure is explained in appendix I.

3.2.2. Estimation of Protein
          The amount of protein in the sample was estimated by the method of    Lowry et al. (1951) as given in the appendix II.

3.2.3. Estimation of Calcium

          The amount of calcium in the sample was estimated by the method of Clark and Colip (1925).The procedure is explained in appendix III.

3.2.4 Estimation of Iron

       The amount of iron in the sample was estimated by the method of               Oser (1971). The procedure is explained in appendix IV.

3.2.5. Estimation of Phosphorus
      The amount of phosphorus in the sample was estimated by the method of Fiske and Subbarow (1971). The procedure is explained in appendix V.
3.3 ASSESSMENT OF THE ACTIVITY OF ENZYMIC ANTIOXIDANTS
       Antioxidants are substances which inhibit or delay oxidation of a substrate while present in a minute amounts. They are mainly free radical scavengers by neutralizing the radicals, reduce the peroxide concentrations and repair oxidized membranes, they quench iron to decrease reactive oxygen species product     (Fusco et al., 2007).
3.3.1 Estimation of Catalase
      Catalase is mainly found in peroxisomes where H2O2 created during photorespiration and β-oxidation of fatty acids is metabolized         (Chatzissavvidis et al., 2008). Its activity was estimated by the method of Luck (1974) and the detailed procedure is given in appendix VI.

3.3.2. Estimation of Superoxide dismutase
      Superoxide dismutase is an enzymic antioxidant, catalyses the dismutation of highly reactive superoxide anions to oxygen and hydrogen peroxide. Superoxide anion is the free reduction product of oxygen. This is measured in terms of inhibition of O2 (Sangameswaran et al., 2009).

      Its activity was estimated by the method of Misra and Fridorich (1972) and it is explained in appendix VII.

3.3.3. Estimation of Glutathione Reductase
Glutathione Reductase is a flavoprotein catalyzing the NADPH dependent reduction of glutathione disulfide (GSSG) to glutathione (GSH), which is essential for the maintenance of glutathione levels (Casudo et al., 2008). Glutathione reductase was estimated by the method of David and Richard (1983). The procedure is explained in appendix VIII.
3.3.4. Estimation of Glutathione- S -Transferase
      Glutathione -S- Transferase catalyses the reaction of glutathione conjugation with many xenobiotics and their reactive metabolites formed via the cytochrome p450 monoxygenase system (Bugdayei et al., 2006).  Its activity was determined by the method of Habig et al., (1974). The detailed procedure is explained in appendix IX. 
3.3.5. Estimation of Glutathione Peroxidase

There are two forms of this enzyme, one which is selenium dependent and the other which is selenium independent. Glutathione metabolism is one of the most important antioxidative defense mechanisms present in the cells. It is the major source of protection against low levels of oxidative stress               (Chaudière and Iliou 1999). Glutathione peroxidase was determined by the method of Rotruck et al., (1973). The procedure is explained in appendix X.
3.4. ESTIMATION OF THE LEVELS OF NON ENZYMIC     ANTIOXIDANTS      

3.4.1. Estimation of Vitamin C
This is an important and powerful water soluble antioxidant. Its primary antioxidant partners are vitamin E and the carotenoids as well as working along with the antioxidant enzymes. Vitamin C cooperates with vitamin E to regenerate α tocopherol radical in membranes and lipoproteins (Carr and Frei 1999: Kojo 2004). It was estimated by the method of Roe and Kuether (1953) and the procedure is explained in appendix XI.

3.4.2 Estimation of Vitamin E

        Vitamin E is a natural, highly tolerable and cost effective molecule.Vitamin E molecules can interrupt free radical chain reactions by capturing the free radical. This imparts to their antioxidant properties (Engin, 2009). It was estimated by the modified method of Rosenberg (1992). The procedure is described in         appendix XII.
3.4.3 Estimation of total carotenoids
     Carotenoids contain conjugated double bonds and their antioxidant activity rises due to the ability of these to delocalize unpaired electrons. Carotenoids in particular β carotene exhibit antioxidant properties (Rahman, 2007). The total carotenoids were estimated by the method of Zakaria et al. (1979). It is explained in appendix XIII. 

 3.4.4 Estimation of Flavonoids
        Flavonoids are one of non nutritive chemicals. It may help in protection of diseases by contributing, along with antioxidants, vitamins and enzymes, to the total antioxidant defense system of the human body (Meenakshi et al., 2009). It was estimated by the method of Cameron et al. (1943). The procedure is explained in appendix XIV.
3.4.5 Estimation of Polyphenols

Polyphenols constitute a large group of naturally occurring substances in the plant kingdom. The antioxidant property of phenolics is mainly due to their redox properties. They act as reducing agents, hydrogen donors, singlet oxygen quenchers and metal chelators (Kaviarasan et al., 2007). The amount of polyphenols in the sample was estimated by the method of                            Malick and Singh. (1980). The procedure is explained in appendix XV.     

3.4.6. Estimation of Reduced Glutathione 
      Reduced Glutathione is the smallest intracellular thiol molecule. It is a well established, metabolic regulator that may qualify as a putative index of health        (Chavan et al., 2005). It was estimated by the method of Moron et al., (1979). The procedure is explained in appendix XVI.

        3.5 DETERMINATION OF in vitro FREE RADICAL SCAVENGING             ACTIVITY
 Free radicals play an important role in both health and diseases 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 (Nencini et al., 2007).  Reactive oxygen species formed in vivo, such as super oxide anion, hydroxyl radical and hydrogen peroxide are highly reactive and potentially damage transient chemical species (Ali et al., 2008). 

3.5.1 Preparation of the Extract for in vitro Free Radical Scavenging Activity
      The leaves and root of Acalypha indica (5gm) were sequentially extracted with solvents like petroleum ether, benzene, chloroform, acetone and methanol. The aqueous extract of leaves was prepared by boiling the leaves and roots of Acalypha indica in hot water, it becomes half the volume. It was filtered through What Mann No.1.filter paper and their extracts were evaporated to dryness to give gummy solid residue. The residue was dissolved in Dimethyl sulfoxide (DMSO). The extracts were stored in refrigerator. 0.01g of extract per 20μl of leaves and root extract of Acalypha indica were taken for in vitro free radical scavenging activity and antibacterial activity.                
3.5.2    1, 1 Di phenyl 2-Picrylhydrazyl (DPPH) radical scavenging activity
DPPH is a relatively stable organic radical; it has been widely used in the determination of the antioxidant activity of single compounds as well as that of different plant extracts (Siramon et al., 2007). DPPH scavenging activity was performed in Mensor et al., (2001).  The detailed procedure is explained in appendix XVII.

3.5.3 Determination of Inhibition of Superoxide Generation
Superoxide anion, which is a reduced form of molecular oxygen, has been implicated in the initiating oxidation reactions associated with aging. Superoxide has also been observed to directly initiate lipid peroxidation (Ozen et al., 2008). Inhibition of superoxide scavenging activity was determined by the method of   McCord and Fridovich (1968). The procedure is described in appendix XVIII. 
3.5.4 Determination of inhibition of the nitric oxide generation
      Nitric oxide is a multifunctional gaseous signal in plant (Hu et al., 2007). Sodium nitroprusside in aqueous solution at physiological pH spontaneously interacts within oxygen to produce nitrite ions. Nitric oxide is a free radical product in mammalian cells involved in the regulation of various physiological processes. However excess production of nitric oxide is associated with several diseases (Sangameswaran et al., 2009). The assessment of nitric oxide generation for the scavenging ability of different extracts was assessed by the method of Green and Hill (1984) and it is explained in appendix XIX. 
3.5.5 Determination of inhibition of in vitro lipid peroxidation assay
        Lipid peroxidation is a complex process occurring in aerobic cells and reflects the interaction between molecular oxygen and polyunsaturated fatty acids. Radicals are known to take part in lipid peroxidation, which cause food deterioration, ageing of organisms and cancer promotion (Hay et al., 2008). The lipid peroxides activity of different extracts of the samples determined by the method of Okhawa et al. (1979). The procedure was described in appendix XX.

3.5.6. Determination of hydrogen peroxide scavenging activity
      H2O2 can be formed by in vivo by many oxidizing enzymes such as superoxide dismutase, cross membrane and slowly oxidize a number of compounds         (Ozen et al., 2008). The ability of the plant extract to scavenge H2O2 was determined by the Ruch et al. (1989). The procedure is explained in appendix XXI.

3.6 DETERMINATION OF ANTIBACTERIAL ACTIVITY

3.6.1 Preparation of extracts
      The leaves and roots of Acalypha indica was shade dried, powdered and extracted with solvents such as petroleum ether, benzene, chloroform, acetone, methanol and distilled water. The extract was prepared in soxhlet apparatus and it was concentrated to dryness under pressure to obtain the dry extracts. Each extracts were dissolved in dimethyl sulfoxide and stored in refrigerator for future use. 
 3.6.2 Micro organisms     

 The bacterial strains used for the experiment include Klebsiella pneumoniae, Bacillus subtilis, Escherichia coli, Pseudomonas   fluorescens, Shigella flexneri and Staphylococcus auerus. They were collected from the Department of Biotechnology, PSG Institute of Medical Science, Coimbatore and stored at -70°C.
3.6.3 Disc diffusion method
Plates were prepared by pouring sterile nutrient agar (Himedia) into sterile petridishes previously autoclaved. The sterile cotton swab was dipped in bacterial sub culture in nutrient broth and then swabbed on agar plate. Discs were placed carefully in the medium with the help of forceps; the plant extracts and control chloramphenicol were added. Then the plates were incubated at 37ºC and   observed the zones of growth inhibition after 24 hrs. The diameter of inhibition zone around each disc was measured and recorded (NCCLS, 1997).

3.6.4. Minimum Inhibitory Concentartion (MIC)

The MIC was defined as the lowest concentration of the sample that did not show any growth of the tested microorganism. In the present study 100µl of nutrient broth was taken in the wells of a 96 well plate. To this 100µl of this diluent in the well making a two fold dilution.100µl of this dilution was transferred and mixed with 100µl of the diluents in second row making a 4:1 dilution. This proceeds consecutively   down the plate making two fold dilutions in each well. After the dilution of the sample is completed and aliquot of test organisms was added to all wells and the microtitre plates were incubated overnight. if the sample concentrations was sufficient to kill the organism, no growth appeared and the wells will be clear. At this point there was an insufficient sample to kill the organism and well will be cloudy, indicating growth that is  the minimum inhibitory concentration of the sample against that specific organism      ( Eloff,2000).

3.7 Statistical analysis

           Values are given as the mean ± SD, and the difference between values were determined by the student’s t-test. Values of p < 0.05 were considered as significant.
 
 
 
 
 
 
 
 
 
4.0 RESULTS AND DISCUSSION

Medicinal plants are of great importance to the health of the individuals and communities. Numerous investigations have proved that they contain diverse classes of bioactive compounds such as polyphenols, tocopherols and alkaloids. Among them flavonoids and phenolics are particularly attractive, as they are known to exhibit various pharmacological properties such as vasoprotection, anticarcinogenic, antimicrobial, anti-inflammatory as well as antiallergic and antiproliferative toxicity activity on tumour cells (Dzingirai et al., 2007).

Scientific interest in medicinal plants has burgeoned in recent times due to increased efficiency of new plant derived drugs and rising concerns about the side effects of conventional medicine. The medicinal value of the plant lies in some chemical substances that produce a definite physiological action on the human body (Edeoga et al., 2008).
       Therefore the study of “Antioxidant and Antibacterial activity of        Acalypha indica“was investigated in the present study and the results are discussed under the following headings.

4.1.       Quantification of nutrients in Acalypha indica
4.2        Antioxidant status of Acalypha indica
4.2.1      Enzymic antioxidants
4.2.2      Non enzymic antioxidants
4.3   
in vitro free radical scavenging activity of Acalypha indica
4.4        Antibacterial activity Of Acalypha indica
4.1 QUANTIFICATION OF NUTRIENTS IN Acalypha indica
The leaves and roots of Acalypha indica was analysed quantitatively to determine the nutritional content. The results are depicted in Table I

TABLE I

NUTRITIONAL COMPONENTS IN Acalypha indica

	Nutrients (mg/g )
	Acalypha indica

	
	Leaf
	Root

	Carbohydrate
	45.0 ± 0.02
	48.0 ± 0.03

	Protein
	42.5 ± 0.25
	37.5 ± 0.25

	Calcium
	2.03 ± 0.10
	0.11 ± 0.03

	Iron
	2.83 ± 0.04
	3.23 ± 0.40

	Phosphorus
	6.6 ± 0.1
	5.54 ± 0.64


      
Values are mean ± SD of triplicates   
It is evident from Table I that the roots of Acalypha indica was found to contain higher amounts of carbohydrates than leaves, while the protein content is less in roots compared to the leaves. The leaves and roots of Acalypha indica were also found to contain appreciable quantities of the minerals such as calcium, iron and phosphorus. 
Carbohydrates are the compounds that constitute an important class of food molecules of many living organisms. Plants are the major source of these compounds which produce them as a result of photosynthetic activity. Proteins are the most complex of biological molecules, which play a role in immunological reactions and in transporting oxygen to blood and muscle                                       (Rastogi, 2003).

The carbohydrate and protein content of Momordica balsamina, Momordica foecide and Senna obstufolia were observed in the leaves by               (Hassan and Umar, 2006). Momordica balsamina leaves were found to possess higher amount of carbohydrates than that of Senna obstufolia and higher amount protein content of Momodica foecide.

Sekeroglu et al. (2006) reported that the cultivated vegetables such as spinach, lettuce, cabbage and broccoli were found to contain protein at the levels of 2.20, 0.80, 1.00 and 3.10 mg / g respectively.

 The iron and carbohydrate content of Valeriana officinalis was observed by Adnan et al. (2010). Valeriana officinalis was found to possess moderate quantities of iron (2787 mg / kg) and carbohydrate (45.66 ± 0.13).

Unni et al. (2009) studied the biochemical constituents of Oxalis corniculata, Potentilla mooriana and Hydrocotyl rotendifoli. The leaves of Oxalis corniculata and Hydrocotyl rotendifoli exhibited higher percentage of protein    (12 per cent) compared to that of Potenilla mooriana (4 per cent).
4.2 ANTIOXIDANT STATUS OF Acalypha indica
Antioxidants which scavenge active oxygen species are found in a variety of food stuffs. Many antioxidants are plant based and play an important role in protecting plants that are exposed to strong sunlight and live under severe oxygen stress. They also play an important role in human health because the biological defense mechanisms cannot operate under severe oxygen stress. Plants are rich source of antioxidants, which is evinced through many reports on medicinal plants with antioxidant potential (Kshirsagar  et al., 2009).

Plant and plant products are being used as a source of medicine since long. The medicinal properties of plants have been investigated in the recent scientific development throughout the world, due to their potent antioxidant activities, no side effects and economic viability. Novel natural antioxidants from some plants have been extensively studied in the past few years for their antioxidant and radical scavenging properties (Gaur et al., 2009).

4.2.1 ENZYMIC ANTIOXIDANTS

Plants have developed an array of defense strategies to cope up with oxidative stress. The antioxidative system includes both enzymic and non enzymic systems. The enzymic system includes superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GR) and glutathione peroxidase. The function of this antioxidant system is to scavenge the toxic radicals produced during oxidative stress and thus help the plants to survive through such conditions                   (Nema et al., 2009).

Activities of the enzymic antioxidants such as catalase, superoxide dismutase, glutathione reductase, glutathione-S-transferase and glutathione peroxidase was examined and depicted in Table II.

TABLE II

      ENZYMIC ANTIOXIDANTS IN Acalypha indica

	Enzymic antioxidants

( U/g)
	Acalypha indica

	
	Leaf
	Root
	t value

	Catalase1
	187.0 ± 17
	234.9 ± 20
	3.15*

	Superoxide dismutase2
	12.6 ± 0.49
	18.9 ± 0.33
	18.47*

	Glutathione reductase3
	65.0 ± 1.05
	37.0 ± 1.0
	11.34*

	Glutathione-S- transferase4
	0.04 ± 0.00
	0.01 ± 0.00
	22.34*

	Glutathione peroxidase5
	7.74 ± 2.58
	1.98 ± 0.66
	862.59*


Values are mean ± SD of triplicates           * Significant at 0.001 level

1- Amount of enzyme that brings about decrease in absorbance of 0.05 at 240nm.

2- Amount of SOD that cause 50 per cent reduction in the extent of NBT oxidation

3 - Millimoles of NADPH oxidized / min/ g sample

4 - Millimoles of CDNB - GSH conjugates / min /g  

5 - Change in absorbance / min / g sample

From the above table, it is clear that among the leaves and roots of Acalypha indica, the roots showed higher amounts of superoxide dismutase activity compared to its leaves.

A significant increase (p>0.001) in the activities of glutathione reductase was noted in the leaves of Acalypha indica than that of roots. The leaves of Acalypha indica were found to possess good antioxidant activity especially in the antioxidant enzymes such as glutathione reductase and glutathione peroxidase.

It is evident from the above table that the roots of Acalypha indica were found to possess higher activity of superoxide dismutase than that of its leaves. The maximum catalase activity (234.9 ± 20) was exhibited by the roots of        Acalypha indica. The leaves of Acalypha indica were exhibited lower activity of glutathione-S- transferase than that of roots.

Jaleel, (2009) stated that the roots of Withania somnifera have maximum activities of antioxidant enzymes like superoxide dismutase, ascorbate peroxidase compared to fresh leaves.
4.2.2 NON ENZYMIC ANTIOXIDANTS
The  non enzymic antioxidants such as ascorbic acid, α tocopherol, reduced glutathione, carotenoids and flavonoids present in Acalypha indica was assessed   and the results are depicted in  Table III.

       TABLE III

      
        NON ENZYMIC ANTIOXIDANTS IN Acalypha indica
	Non  Enzymic antioxidants (mg/g)
	Acalypha indica

	
	Leaf
	Root
	t value

	Ascorbic acid
	7.25 ± 0.39
	2.06 ± 0.19
	9.694*

	α  tocopherol
	15.53 ± 11.75
	1.84  ± 0.28
	2.015ns

	Carotenoids
	84 ± 2.24
	7.52  ± 1.16
	57.67*

	Flavonoids
	1.57  ±  0.10
	0.52 ± 0.04
	16.81*

	Polyphenols
	0.91 ± 0.04
	0.75 ± 0.04
	84.12*

	Reduced glutathione
	0.26 ± 0.00
	0.24 ± 0.00
	22.53*


Values are mean ± SD of triplicates         
ns- not significant


* Significant at 0.01 level.

Table III reveals that the leaves and roots of Acalypha indica show moderate levels of flavonoids, polyphenols and reduced glutathione. Appreciable amounts of carotenoids were found to be present in the roots of Acalypha indica. In case of vitamin C, the leaves of Acalypha indica possess higher activity when      compared to that of roots. The leaves of Acalypha indica showed higher amounts of α tocopherol than that of roots.

 The activity of flavonoids in leaves of Acalypha indica was found to be high compared to the roots. The amount of carotenoids also found to be high in leaves than in roots.

Many studies show that flavonoids present in the citrus peel  possess strong antioxidant activity and appears to be associated with a reduced risk for certain chronic diseases, such as cardiovascular disorder, cancer, inflammation and ulcer (Sood et al., 2009). Epidemiological    studies   suggest    that   the consumption of   flavonoids is effective in lowering the risk of coronary heart disease. In addition, the flavonoids exhibit a wide range of biological activities, including anti-carcinogenic, anti-inflammatory, anti-radical and antioxidant actions. Especially they may exert antioxidative effects as free radical scavengers, hydrogen donating compounds, singlet oxygen quenchers and metal ion chelators (Sharma et al., 2010).

The total flavonoid content and antioxidant activity of methanolic extract of Sargassum wightii was found to be 2.02 ± 0.07 mg/g and 1.16 ± 0.11mg/g. The capacity of flavonoids to act as antioxidants depends upon their molecular structure (Meenakshi et al., 2009).

The principle reserve of natural vitamin E is vegetable oil where its function is to protect tissue from oxidative damage. It has been reported in a study conducted in human eyes that the retinal levels of vitamin E are higher than those of the chroid or vitreous. Vitamin E is occasionally prescribed in ophthalmology clinics (Engin et al., 2009).

Reduced glutathione underlies its potent antioxidant action and enzyme cofactor properties and supports a complex thiol exchange system which hierarchially regulates cell activity. It is involved in the synthesis and repair of DNA, blocks free radical damages and enhances the antioxidant activity of vitamin C (Chavan et al., 2005).

 

Hence from the results, it is clear that Acalypha indica was found to contain significant levels of non enzymic antioxidants and therefore it can be used for treating diseases caused by free radicals such as cancer, cardiovascular diseases and carcinogenesis. It can also be used for treating diabetic retinopathy, chronic inflammation, cancer and neurodegenerative diseases.

4.3    in vitro Free Radical Scavenging Activity of Acalypha indica

The efficacy of a plant extract as an antioxidant is best evaluated based on results obtained by the following assays such as DPPH scavenging assay, inhibition of  in vitro lipid peroxidation, the inhibition of superoxide radical generation, inhibition of nitric oxide generation and hydrogen peroxide scavenging activity. The results are represented in figures.
4.3.1. DPPH Radical Scavenging Activity of Acalypha indica 


 The DPPH scavenging activity of Acalypha indica was analysed and the results were depicted in Figure III.
FIGURE III
DPPH RADICAL SCAVENGING ACTIVITY OF Acalypha indica
[image: image7.emf]44

68

21

7

50

11

34

18

17

50

44

7

0

10

20

30

40

50

60

70

80

A B C D E F

EXTRACT

PER CENT INHIBITION 

LEAF ROOT


                                                A- Petroleum ether         D- Acetone

                          B - Benzene                    E- Methanol

                                                                     C - Chloroform               F- Aqueous

 Figure III depicts that the extracts of Acalypha indica exhibits good antioxidant activity against DPPH radical. In the leaves and roots of           Acalypha indica, petroleum ether, chloroform and aqueous extracts were found to be below 50 per cent inhibition. The acetone extract of the leaves and benzene extract of the roots were also shows below 50 per cent of inhibition. 

DPPH, a stable free radical, to decolorize the presence of antioxidants, is   a direct and reliable method   for   determining    radical   scavenging action     (Hasan et al., 2009). Plant extracts from Ludwigia octovalvis, Vitis thunbergil,           Rubus parvifolius, Lindernia angalli and Zanthoxylum nitidum ranked as the top five most active plants extracts that exhibited strong activity on scavenging DPPH radicals (Shyur et al., 2005).

4.3.2. Superoxide Generation Scavenging Activity of Acalypha indica

Different extracts of Acalypha indica such as petroleum ether, benzene, chloroform, acetone, methanol and aqueous were used to determine inhibition of superoxide radical generation. The results are displayed in 

FIGURE IV
INHIBITION OF SUPEROXIDE GENERATION OF                                                              Acalypha indica
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 Figure IV indicates the inhibition of superoxide radical generation by the leaves and roots of Acalypha indica. The methanol and petroleum ether extracts of roots of Acalypha indica was found to have highest superoxide generation scavenging activity than that of the leaves. The petroleum ether and methanol extract of the leaves were also found to possess a strong inhibitory action against superoxide generation. 

Bergia suffruticosa is a medicinal plant which is traditionally used to repair bones and applied on sores. The methanolic extract of whole plant of             Bergia suffrutisco showed a very good DPPH radical scavenging activity       (13.1 µg) and superoxide scavenging activity (139.4 µg) in a dose dependent manner (Anandjiwale et al., 2007).                  
4.3.3. Nitric oxide generation scavenging activity of Acalypha indica
Nitric oxide radical generation exerted by the different extracts of   Acalypha indica and the results are presented in Figure V.
FIGURE- V

     INHIBITION OF NITRIC OXIDE GENERATION OF
Acalypha indica
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Nitric oxide radical generation exerted by the different extracts of   Acalypha indica and the results are presented in Figure III
Figure V represents the inhibition of nitric oxide generation exerted by Acalypha indica. The methanol extract of roots of Acalypha indica highlights the maximum nitric oxide scavenging activity and all the other extracts have moderate activity. The petroleum ether extract of the leaves of Acalypha indica was found to show the highest scavenging activity against nitric oxide radical generation.
 The crude, boiled and ethanolic extracts of Armillaria mellae showed significant increase in nitric oxide production and the results were found to be   711.46 ± 61.1, 188.31 ± 8.6, 104.6 ± 23.1 respectively (Rai et al., 2009).

The methanol extracts of Hyssopus officinalis, Viola odorata,              Buxus hyrcana and Colchicum speciosum showed weak nitric oxide scavenging activity between 0.1 and 800 μg / ml. The percentage of inhibition was increased with increasing concentration of the extract. Nitric oxide is also implicated in inflammation, cancer and other pathological condition                       (Ebrahimzadeh et al., 2010).

 4.3.4. Inhibition of in vitro lipid peroxidation of Acalypha indica
Figure VI shows the in vitro lipid peroxidation activity of Acalypha indica. Various extracts such as petroleum ether, benzene, chloroform, acetone, methanol and aqueous were analyzed using lipid peroxidation assay.

FIGURE VI

INHIBITION OF in vitro LIPID PEROXIDATION OF       

  Acalypha indica
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Figure IV reveals the in vitro lipid peroxidation of Acalypha indica. The chloroform extract of the roots showed maximum inhibition whereas other extracts shows lesser inhibition against in vitro lipid peroxidation.
Rao et al. (2009) reported that the per cent of inhibition of hydroxyl radical in Clitoria ternatea and Eclipta prostrata was 59.0 per cent and 18.1 per cent respectively and the per cent inhibition of lipid peroxidation in Clitoria ternatea and Eclipta prostrata was 57.8 per cent and 18.4 per cent respectively.
4.3.5 Hydrogen peroxide scavenging activity of Acalypha indica
 The hydrogen peroxide scavenging activity of the leaves and roots of Acalypha indica is given in Figure VII.
FIGURE VII

HYDROGEN PEROXIDE SCAVENGING ACTIVITY OF

 Acalypha indica
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Figure VII represent the hydrogen peroxide scavenging activity of     Acalypha indica. The chloroform and acetone extracts of leaves of             Acalypha indica were found to have maximum hydrogen peroxide scavenging activity whereas the aqueous extracts of leaves and acetone extracts of roots  were found to shows least activity.


 Hydroxyl radicals are one of the quick initiators of the lipid peroxidation process by abstracting hydrogen atom from unsaturated fatty acids or simply autooxidation of Polyunsaturated fattyacids, found primarily in membranes          (Kappus ,1991)


Since, the result from the present study reveals that both the leaves and roots of Acalypha indica were found to have appreciable amount of enzymic and non enzymic antioxidants. The results for in vitro free radical scavenging activity of Acalypha indica were also appreciable. Therefore the extracts of            Acalypha indica could be used to treat various diseases caused by free radicals, ROS and RNS.
4.4   Antibacterial activity of Acalypha indica
Medicinal plants are rich source of metabolite that is potential sources of drugs and essential oils. Nearly all centuries from ancient times until today have used plants as source of medicine (Unni et al., 2009).

Medicinal plants represent a rich source of antimicrobial agents. Plants are used medicinally in different countries and are a source of many potent and powerful drugs.   A wide range of medicinal plant parts is used for extract as raw drugs and they possess varied medicinal properties (Mahesh and Sathish, 2008).

Plant based antimicrobials have enormous therapeutic potential as they can serve the purpose with lesser side effects that are often associated with synthetic antimicrobials. Antibacterial activity of local medicinal plants should be studied to provide alternative and locally available antibacterial regiments          (Ongaskuletal et al., 2009).

The various solvent extracts of Acalypha indica such as petroleum ether, benzene, chloroform, acetone, methanol and aqueous were tested against     Bacillus subtilis, Pseudomonas fluorescens, Escherichia coli, Shigella flexneri, Klebsiella pneumoniae and Staphylococcus aureus. The results are given in    Table IV and Plates II to VII.
  




     PLATE II
ANTIBACTERIAL ACTIVITY OF LEAF EXTRACT OF Acalypha indica AGAINST Bacillus subtilis
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ANTIBACTERIAL ACTIVITY OF ROOT EXTRACT OF Acalypha indica AGAINST    Bacillus subtilis
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1 - Control                            4 – Chloroform         7- Aqueous
                                 2 – Petroleum ether              5 - Acetone
                                 3 - Benzene                            6 - Methanol

PLATE III
ANTIBACTERIAL ACTIVITY OF LEAF EXTRACT OF Acalypha indica AGAINST Pseudomonas fluorescens
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ANTIBACTERIAL ACTIVITY OF ROOT EXTRACT OF Acalypha indica AGAINST Pseudomonas fluorescens
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1 - Control                            4 – Chloroform         7- Aqueous
                                 2 – Petroleum ether             5 - Acetone
                                 3 - Benzene                           6 - Methanol
PLATE IV

ANTIBACTERIAL ACTIVITY OF LEAF EXTRACT OF Acalypha indica AGAINST Escherichia coli
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ANTIBACTERIAL ACTIVITY OF ROOT EXTRACT OF Acalypha indica AGAINST Escherichia coli
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1 - Control                            4 – Chloroform         7- Aqueous
                                 2 – Petroleum ether             5 - Acetone
                                 3 - Benzene                           6 - Methanol
                                                                   PLATE V

ANTIBACTERIAL ACTIVITY OF LEAF EXTRACT OF Acalypha indica AGAINST Shigella flexneri
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ANTIBACTERIAL ACTIVITY OF ROOT EXTRACT OF Acalypha indica AGAINST Shigella flexneri
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1 - Control                            4 – Chloroform         7- Aqueous
                                 2 – Petroleum ether             5 - Acetone
                                 3 - Benzene                           6 - Methanol
PLATE VI
ANTIBACTERIAL ACTIVITY OF LEAF EXTRACT OF Acalypha indica AGAINST Klebsiella pneumoniae
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ANTIBACTERIAL ACTIVITY OF ROOT EXTRACT OF Acalypha indica AGAINST Klebsiella pneumoniae
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1 - Control                            4 – Chloroform         7- Aqueous
                                 2 – Petroleum ether             5 - Acetone
                                 3 - Benzene                           6 - Methanol
PLATE VII
ANTIBACTERIAL ACTIVITY OF LEAF EXTRACT OF Acalypha indica AGAINST Staphylococcus aureus
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ANTIBACTERIAL ACTIVITY OF ROOT EXTRACT OF Acalypha indica AGAINST Staphylococcus aureus
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1 - Control                            4 – Chloroform         7- Aqueous
                                 2 – Petroleum ether             5 - Acetone
                                 3 - Benzene                           6 - Methanol
From the above table and plates, it was clear that the leaves and root extracts of Acalypha indica exhibited varying degree of antibacterial activity against Bacillus subtilis, Pseudomonas fluorescens, Escherichia coli,           Shigella flexneri, Klebsiella pneumoniae and Staphylococcus aureus.

The zone of inhibition of the petroleum ether, benzene, chloroform, acetone, methanol and aqueous extracts were compared to the inhibition zone produced by chlorampenicol was used as a control. The results showed the inhibition diameter ranging from 07 to 15 mm. The petroleum ether and chloroform extract of leaves of Acalypha indica showed maximum potent activity against Bacillus subtilis with diameter of inhibition of 13 mm. The petroleum ether extracts of leaves had high bacterial activity against                   Pseudomonas fluorescens, Shigella flexneri and Staphylococcus aureus.

The methanol and aqueous extracts of leaves and roots of Acalypha indica showed less potent activity of Bacillus subtilis, Pseudomonas fluorescens,   Shigella flexneri and Klebsiella pneumoniae.

The aqueous extracts of leaves and roots of Acalypha indica did not have antibacterial activity against Escherichia coli and Staphylococcus aureus. The acetone extracts of roots of Acalypha indica showed strong antibacterial activity against Pseudomonas fluorescens and Staphylococcus aureus with diameter range of 11 mm and 15 mm.

Adegoke et al. (2009) stated that both crude and aqueous forms of the extracts of Lasienthera africanum exhibited varying degree of antibacterial activities against Escherichia coli, Salmonella typhimurium,            Staphylococcus aureus and Klebsiella pneumoniae and reported that the crude methanolic extract had higher antibacterial activity with mean zones of inhibition 3.8 ± 0.1 mm and 4.0 ± 0.5 mm than crude aqueous extract with mean zones of inhibiton.
Vimalraj et al. (2009) reported that both the aqueous and alcoholic extracts of Cassia fistula exhibited antibacterial activity against Staphylococcus aureus. The zones of inhibition for Staphylococcus aureus to alcoholic and aqueous extracts were in the range of 7.0 - 12.0 mm and 7.0 - 11.6 mm.

Jain et al. (2007) reported that the aqueous and methanolic extracts of Eranthemum roseum roots showed more potent activity against Staphylococcus aureus, Candida albicans and Aspergillus niger than that of the standard drug solution.
Ahmad and Aqil (2008) stated that the ethanolic extract of garlic did not have inhibitory effect on E.coli and Shigella. Ushimaru et al. (2007) reported that the ethanolic extracts of garlic did not have anti- E.coli or anti - Shigella action. Garlic extracts inhibited the growth of E.coli and Salmonella aureus, however lemongrass and ginger extracts did not show any antimicrobial activity.                
Warda et al. (2009) reported that the methanol extracts of              Lavandula stoechas, Thymus pallidus and Marrubium vulgaris have strong antimicrobial activities with diameter of inhibition varying from 18 to 25mm against Streptococcus pneumoniae.

The results indicated that the Acalypha indica leaves and roots extracts showed more resistance against Shigella flexneri, Klebsiella pneumoniae,    Bacillus subtilis and Pseudomonas fluorescens  whereas it showed very minimal activity  against E.coli and Staphylococcus aureus. 

Since Acalypha indica is having good antibacterial activity against the tested micro organisms, it can be used for curing the diseases and infections caused by microbial agents.

4.3.1. DETERMINATION OF MINIMUM INHIBITORY CONCENTARTION         (MIC) METHOD 

 Due to the size of the inhibitory zone and the inhibitory spectrum of Acalypha indica, the minimum inhibitory concentration was performed.

 Minimum inhibitory concentration results were depicted in Table V, Table VI and Table VII. 

 

  The acetone and petroleum ether extracts of Acalypha indica 100µl and the concentration ranges from 8 -0.25 mg were inoculated against Bacillus subtilis, Pseudomonas fluorescens, Escherichia coli, Shigella flexneri,                  Klebsiella pneumoniae and Staphylococcus aureus.

Bacillus strains such as Bacillus subtilis were found to be sensitive in acetone and petroleum ether extract of Acalypha indica at the concentration of     8-2 mg/100 µl. Pseudomonas fluorescens was found to senstitive at the concentration of 4- 2 mg /100ml.

The ethanol extract of Eclipta prostrate (L) showed broad spectrum of activity against Escherichia coli, Klebsiella pneumoniae, Shigella dysentriae, Pseudomonas aeruginosa, Bacillus subtilis, Staphylococcus aureus and Salmonella typhimurium was highly sensitive to ethanol extract even at               25 µl/100 ml concentration followed by ethyl acetate extract 35 µl/ml. Tetracycline and chlorampenicol are used as reference drugs at 20 µl/ml. Ethyl acetate extract showed medium activity against almost all organisms tested (Kumar et al., 2005).

5.0 SUMMARY AND CONCLUSION

Medicinal plants have been a useful source for the research of new biologically active compounds (Pittella et al., 2009). Traditional healers and their plant medicines provide the only health to the majority of people in a curative rather than a preventive approach in the developing countries for common ailments. Plants may contain a wide variety of free radical scavenging molecules such as phenolic compounds (phenolic acids, flavonoids, quinines, coumarins, lignans, stilbenes, and tannins), nitrogen compounds (alkaloids, cumins, and betalins), vitamins, terpenoids (including carotenoids) and some other endogenous metabolites which are rich in antioxidant activity (Uttara et al., 2009).


Many herbal plants contain antioxidant compounds and these compounds protect cells against the damaging effects of reactive oxygen species, such as singlet oxygen, superoxide, peroxyl radicals, hydroxyl radicals and peroxylnitrite. Plant products are widely used in testing because of their low toxicity and great medicinal value. Much research has concentrated on different plant extract abilities  to induce antioxidant effects (Park et al., 2006).


The plant Acalypha indica is commonly known as Indian Acalypha and it belongs to the family Euphorbiaceae. The common names of Acalypha indica are Indian acalypha (English), Brennkraut (German), Alcalifa (Brazil) and Ricinela (Spanish). It is a common annual herb, found mostly in the backyards of houses and waste places throughout the plains of India. The plant is traditionally used as an expectorantagainst asthma and pneumonia, and also as anemetic, emmenagogue and anthelminthic (Nandhakumar et al. 2009)
Acalypha indica has been reported to be useful in treating pneumoniae, asthma, rheumatism and several other ailments (Raja et al., 2009). Hence many studies are focused in research of Acalypha indica plant that could serve as sources of antioxidant and antimicrobial agent, which could be taken up by mankind to boost their special well being.


The present study entitled, “Antioxidant    and     Antibacterial      activity      of Acalypha indica” was aimed to characterize the nutrients, enzymic and          non enzymic antioxidants, free radical scavenging activity and antibacterial activity of different extracts of Acalypha indica.


The leaves and root sample of Acalypha indica were collected. shade dried, powdered and extracted with solvents such as petroleum ether, benzene, chloroform, acetone, methanol and  the aqueous extract tested for free radical scavenging activity and antibacterial activity. The aqueous extract of leaf and root powder was used for antioxidant study.

The levels of nutrients and minerals in leaves and roots of Acalypha indica were quantitatively determined. Acalypha indica was found to possess significant levels of carbohydrate and protein. The carbohydrate content was found to be higher in roots than in leaves. The leaves and roots of Acalypha indica were also found to contain appreciable quantities of the minerals such as calcium, iron and phosphorus. 


The enzymic and non enzymic antioxidants were also assessed. The activities of catalase, superoxide dismutase were found to higher in roots than in leaves, whereas the glutathione reductase, glutathione-S-transferase and glutathione peroxidase were found to be vice versa. The non enzymic antioxidants namely ascorbic acid, α tocopherol, carotenoids, flavonoids, polyphenols and reduced glutathione were higher in leaves than roots.


The in vitro free radical scavenging activity was determined in different extracts such as petroleum ether, benzene, chloroform, acetone, methanol and aqueous. DPPH scavenging activity of Acalypha indica leaves and roots were analyzed. The benzene and methanol extract of the leaves and acetone extracts of the roots were found to exhibit good DPPH scavenging activity.


Inhibition of in vitro lipid peroxidation of Acalypha indica leaves and roots exhibits moderate scavenging activity. Inhibition of superoxide generation of Acalypha indica leaves and roots were analyzed. The petroleum ether, acetone and methanol extracts of leaves highlights the maximium superoxide scavenging activity. Inhibition of nitric oxide generation of Acalypha indica reveals that the methanol extract of roots and petroleum ether extract of leaves exhibit good scavenging activity and all the other extracts also showed moderate scavenging activity against nitric oxide generation.

Among the six extracts, the chloroform, acetone and methanol extracts of roots exhibits excellent scavenging activity against hydrogen peroxide scavenging activity. Among the six extracts, the acetone and aqueous extract of           Acalypha indica root showed maximum zone of inhibition against                Bacillus subtilis. The petroleum ether extract of Acalypha indica leaves and root showed maximum zone of inhibition against Pseudomonas fluorescens and              Shigella flexneri.

The methanolic extract of Acalypha indica leaves showed maximum zone of inhibition against Staphylococcus aureus and E.coli. The aqueous extract of Acalypha indica root showed considerable inhibitiory activity against          Klebsiella  pneumoniae and Bacillus subtilis.

To conclude, the petroleum ether and methanol extracts of Acalypha indica leaves and roots can serve as a very good source of free radical scavenging activity and antibacterial activity.
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APPENDIX - I

ESTIMATION OF TOTAL CARBOHYDRATE

(Hedge and Hofreiter, 1962)

Principle 


Carbohydrates are first hydrolyzed into simple sugar using dilute hydrochloric acid. In hot acidic medium glucose is dehydrated to hydroxyl furfural. This compound forms a green coloured product with anthrone, which has an absorption maximum at 630 nm. 

Reagents 

1. 2.5 N HCl

2. Anthrone reagent: Dissolved 200 mg anthrone in 100 ml of ice cold 95 % H2SO4 (prepared fresh before use)

3. Stock standard:  Dissolved 100 mg of glucose in 100ml distilled water.

4. Working standard:  10 ml of stock solution is made up to

     100 ml of distilled water.

Procedure

Weighed 100 mg of the sample in a boiling tube. Hydrolyzed by keeping it in water bath for 3 hours with 5ml of 2.5 N HCl and cooled to room temperature. Neutralized it with solid sodium carbonate until the effervescence ceases. Made up the aliquots for analysis. Prepared the standards by making 0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standards. ‘0’ served as the  blank.  Made up the volume to  1 ml in all test tubes including the sample tubes by adding distilled water. Then added 4 ml of anthrone reagent. Heated for eight minutes in boiling water bath. Cooled rapidly and read the green to dark green colour at 630 nm.

APPENDIX - II

ESTIMATION OF PROTEIN

(Lowry et al., 1951)

Principle


The aminoacid tyrosine and tryptophan present in the protein will react with the Folin Ciocaltaeu reagent. By the reduction of phosphomolybdic acid phosphotungstic components it will produce blue colour. Also the colur developed by the biuret reaction of the protein with the alkaline cupric tartarate is measured in micro Lowry’s method.

Reagents:

1. solution A: 1 % copper sulphate 

2. Solution B: 2% sodium potassium tartarate.

3. Solution C: 2% sodium carbonate in 0.1 N NaOH. 

4. Solution D: mixed just before use, 1 ml of solution A, 1 ml of solution B and 100 ml of solution C.

5. solution E: I N Folin Ciocalteau reagent ( stored protected from light)

Procedure

Pipetted out 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard and known volume of the sample in duplicates to different tubes. Made up the volume to 1 ml with 0.1 N NaOH. Added 3 .0 ml of solution D, followed by 0.3 ml of solution E to each tube., mixed well and incubated for 3 minutes at 37ºc. Read the colour developed at 750 nm against a reagent blank.

APPENDIX - III

ESTIMATION OF CALCIUM

(Clark and Collip, 1925)

Principle    

Calcium is precipitated from the ash solution as calcium oxalate. The precipitate is dissolved in acid and the amount of oxalate is determined titrimetrically with potassium permanganate.

Reagents

1. 4 % ammonium oxalate solution.

2. 2 % ammonia solution.

3. 0.01 N KMnO4 (diluted from stock 0.1 N KMnO4).

4. 2N Sulphuric acid.

Procedure


About 2 ml of ash solution was taken in centrifuge tube, added 2 ml of 4% ammonium oxalate solution. Mixed well and allowed it to stand overnight. The next day it was centrifuged. The precipitate was washed thoroughly with 3 ml of 2 % ammonia solution. Centrifuged and discarded the supernatant. This process was repeated till the supernatant gave no precipitate with calcium chloride. Added 2 ml of 2N Sulphuric acid mixed and warmed in a beaker containing almost boiling water to complete the solution of oxalate. Removed and titrated, with 0.01 N potassium permanganate keeping the solution at 70-75°C to a faint pink colour which persisted for about a minute. As a blank titrated 2 ml of 2 N sulphuric acid to the same end point. The difference between the two titration gave the volume of 0.01 N permanganate required to titrate the calcium oxalate.

APPENDIX - IV

ESTIMATION OF TOTAL IRON

(Oser, 1971)

Principle 


Iron reacts with potassium thiocyanate in the presence of saturated potassium persulphate and concentrated sulphuric acid to give red colour solution. The intensity of the colour developed is proportional to the concentration of iron, which is measured colorimetrically at 540 nm.

Reagents

1. 3 N Potassium thiocyanate (prepared fresh).

2. Saturated potassium persulphate (prepared fresh): 5g/100ml of water

3. Concentrated sulphuric acid

4. Stock standard iron solution: 70.2 mg of ferrous ammonium sulphate was dissolved in distilled water and added 1 ml of concentrated sulphuric acid. Made up the volume to 100 ml with distilled water.

5. Working standard: 10 ml of the stock was diluted to 100ml with water so that 1.0ml contains 10 µg of iron.

Procedure


Into a series of test tubes added 0.5 –2.5 ml of working standard from solution corresponding to 35 –75 µg of iron. Pipetted out 0.5 ml and 1ml of ash solution in duplicates. The volume in each tube was made up to 3.85 ml with distilled water. Then colour developed was read in a colorimeter against reagent blank at 540 nm within 10 minutes. Constructed a standard graph by plotting the concentration of iron on X- axis and the optical density on Y- axis. From the graph, calculated the amount of total iron present in 100 ml of the sample solution
APPENDIX - V

. ESTIMATION OF PHOSPHORUS

Fiske and Subbarow method (Oser, 1971)

Principle


Phosphate solution is treated with an acid molybdate reagent, which reacts with inorganic phosphates to form phosphomolybdic acid. The hexavalent molybdenum of the phosphomolybdic acid is reduced by the addition of 1,2,4- aminonapthol sulphonic acid to produce a blue colour, which is probably a mixture of lower oxides of molybdenum. The blue color produced is proportional to the amount of phosphorus present, and it is estimated calorimetrically at 660 nm.

Reagents

1. Molybdate I solution.

2. Molybdate II solution.

3. 15% sodium bisulfite.

4. 20% sodium bisulfite

5. ANSA reagent.

6. Standard phosphate solution:  Weighed accurately 35. 1 mg of potassium dihydrogen phosphate. Dissolved in water, added 1 ml of 10 N H 2SO4 and made up the volume to 100 ml with distilled water in a standard flask. 1 ml of this contains 8 µg of phosphorus.

Procedure

Into a series of test tubes, pipetted out 0.5, 1.0, 1.5, 2.0 and 2.5 ml of working standard solution corresponding to 8- 24 µg of phosphorus. Made up the volume to 4.3 ml with water and added 0.5 ml of molybdate I solution and 0.2 ml of ANSA, 0.1 ml of ash solution was taken and treated similarly with molybdate II. The colour developed was read after 20 minutes in a colorimeter using red filter against a reagent blank of 660nm by plotting the concentration of phosphorus on X- axis and the colorimeter reading on Y- axis, the concentration of phosphorus present in the sample solution was calculated.

APPENDIX - VI

ESTIMATION OF CATALASE ACTIVITY

(Luck, 1974)

The enzyme catalase has a double function as it catalyzes the following reactions:

a) Decomposition of hydrogen peroxide (H2O2) to give water and oxygen.


Catalase

           2H2O2 
 2H2O +O2
b) Oxidizes of H+ donors, for example methanol, formic acid, Phenol with the consumption of one mole of peroxide.

                                            Catalase

             ROOH + AH2   
H2O + ROH + A

Principle 

          The UV light absorption of hydrogen peroxide solution can be easily measured between 230 and 250nm. On decomposition of hydrogen peroxide by catalase, the absorption decreases with time. The enzyme activity could be arrived at from this decrease.

 Reagents
1. Phosphate buffer (0.067M PH 7.0)

            Dissolve 3.522g of KH2PO4and 7.268g of KHPO4.2H2O in distilled water and made up the volume to one 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 240nm with 1 cm light path.

Procedure
Enzyme extract: 

               The sample is homogenized in a prechilled mortar and pestle with M/150 phosphate buffer (assay buffer diluted 10 times) at 1 - 4°C and centrifuged. Stirred the sediment with cold phosphate buffer, allowed to stand in the cold with occasional shaking and then repeated the extraction once or twice. The extraction should not take more than 24 hr. The combined supernatants were used for the assay. Used fresh extract for assay.

Assay

        Read against a control cuvette 3ml of H2O2  containing the enzyme solution as in the phosphate buffer (M/15). Pipetted into the experimental cuvette 3ml of H2O2  phosphate buffer. Mixed in 0.01-0.04ml sample with the glass or plastic rod flattened at one end. Noted the time it required for a decrease in absorbance from 0.45-0.4. This value was used for calculations. If ‘t’ was more than 60 seconds, repeated the measurement with more concentrated solution of the sample.

Calculation

        Calculated the concentration of  H2O2  using the extinction coefficient 0.036µ mole/ml. 

APPENDIX  VII

ESTIMATION OF SUPEROXIDE DISMUTASE ACTIVITY

(Misra and Fridovich, 1972)

Principle

         Superoxide dismutase uses the photochemical reduction of riboflavin as oxygen generating systems and catalyses the inhibition of Nitro Blue Tetrozolium (NBT) reduction, the extent of which can be assayed spectrophotometrically at 600nm.

Reagents

1. 50mM potassium phosphate buffer, (pH 7.4)

2. 45µM Methionine

3. 5.3µM Riboflavin

4. 84µM Nitro Blue Tetrozolium (NBT)

5. 20mM potassium cyanide

Procedure


        The incubation medium contained a 300µl of each reagent (50mM potassium phosphater buffer (pH 7.8), 45mM Methionine, 5.3mM Riboflavin, 84mM Nitro Blue Tetrozolium (NBT), and 20mM potassium cyanide.To the test 300µl of sample was added. The final volume was made upto 3ml with water.The  tubes were placed in an aluminum Foil lined box  maintained at 25°C and equipped with 15W fluorescent lamps. Reduced NBT was measured spectrophtomerically at 600nm after exposure to light for 10 minutes. The maximum reduction was evaluated in the absence of enzyme giving 50% inhibition of the reduction of NBT.

APPENDIX VIII

ASSAY OF GLUTATHIONE REDUCTASE

(David and Richard, 1983)

Principle


        Glutathione reductase catalyses the conversion of oxidized glutathione to reduced glutathione employing NADPH as a substrate. The amount of NADPH utilized is 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

             1g of sample was homogenized with 0.12M phosphate buffer centrifuged at 500rpm for 10 minutes at supernatant was used as the source of enzyme. The assay system contained 1ml of 0.12M potassium phosphate buffer, 0.1ml of EDTA, 0.1ml of 10mM sodium azide, 0.1ml of 6.3mM oxidized glutathione and    0.1ml of enzyme source and water in the final volume of 2ml. Kept for 3 minutes. The 0.1ml of NADPH was added. The absorbance at 340nm was recorded at an        interval of 15 seconds for 2 to3 minutes. For each series of measurements controls were done that contained water instead of oxidized glutathione. The enzyme activity was expressed as mille moles of NADPH oxidized/minutes/g sample.

         APPENDIX – IX
ASSAY OF GLUTATHIONE S- TRANSFERASE

(Habig et al., 1974)

Principle


 The enzyme  activity is measured by it is ability to  conjugate glutathione (GSH)  and 1-chloro – 2,4- dinitrobenzene (CDNB), the extent of conjugation causing a proportionate change in the absorbance at 340nm.
Reagents

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

2. 1mM - Glutathione

3. 0.1M Phosphate buffer

4. 50mM Tris –HCL buffer (pH 7.2)

Procedure

Enzyme extract


        The sample was homogenized with Tris–HCL buffer (pH7.2).The homogenated was centrifuged at 4°C for 30 minutes at 8500rpm.The supernatant was used as the enzyme source.

Assay 
         The assay was done at 25°C under condition giving activities linear with respects to incubation time and protein concentration for at least 3 minutes.

         The enzyme activity was determined by monitoring the change in absorbance at 340nm in a spectrophotometer. 0.1ml of both substrates GSH and CDNB was taken in 0.1M phosphate buffer (pH 6.5) at room temperature to make a volume of 2.9ml. The reaction was started by the addition of 0.1ml of sample to this mixture; the readings were recorded against distilled water blank for a minimum of three minutes.The complete assay mixture without the sample served as the control to monitor non-specific binding of the substrate.It was taken to ensure that final concentration of ethanol in the mixture was always less than 4%.

Calculation
              GST activity was calculated using the extinction coefficient of the product formed and the values have been expressed as nmoles and CDNB conjugated/minutes/g sample. 

APPENDIX –X

ASSAY OF GLUTATHIONE PEROXIDASE

(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 pereiod when the screening was measured by the method of Ellman.

Se – GPx 

                     2GSH + H2 O2                               
GSSH + 2H2 O                                       

Reagents
1.0.4M Tris Buffer

2.10 µM Sodium azide

3.10 % TCA

4. 0.4 µM EDTA

5.19 µM Hydrogen peroxide

6. 2µM Glutathione 

Procedure

To 2ml of Tris buffer , 0.2 ml of EDTA ,0.1ml of sodium azide and 0.5 ml of plant extract were added followed by 0.1 ml hydrogen peroxide were added to the mixture , mixed well and incubated at 37˚ C for 10 minutes along with the tube containing all the reagent expect sample. After 10 min the reaction was arrested by the addition of 0.5ml of 10% TCA centrifuged and supernatant was assayed for glutathione by the method of Ellman. 


The activities are expressed as µg GSH consumed / min / mg protein. 

APPENDIX – XI

ESTIMATION OF ASCORBIC ACID

(Roe and Kuether, 1953)

Principle

        Ascorbate is converted to dehydroascorbate by treatment with activated charcoal and bromine. Dehydroascorbic acid then reacts with 2, 4- dinitrophenyl hydrazine to form osazones, which dissolves in sulpuric acid to give an orange coloured solution whose absorbance can be measured spectrophotomerically at 540nm.

Reagents

1. 4%TCA

2. 9N H2SO4
          3.   2% 2, 4-dinitrophenyl hydrazine:  Dissolved 2g of DNPH in 100ml of 9N H2SO4
          4.  10% thiourea

5.  80% sulpuric acid

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

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

Procedure

         About 1g of the sample was homogenized in 4% TCA up to 10ml. Centrifuged at 2000rpm for 10 minutes. To the supernatant obtained, a pinch of activated charcoal was added, shaken well and kept for 10 minutes. Centrifuged once again and removed the charcoal residue. The volume of the clear supernatants was noted. 0.5 and 1.0 ml aliquots of this supernatant were taken for the assay. 

         The assay volumes were made up 2.0ml with 4%TCA. 0.2 to 1.0ml of the working standard solution containing 20-100 µg of ascorbate respectively were pipetted out into clean dry test tube, the volume of which were also made up to 2.0ml with 4%TCA. Added 0.5ml of DNPH reagent to all the test tubes, followed by 2 drops of 10% thiourea solution. Incubated at 37°C for 3 hours.

         The osazones formed were dissolved in 2.5ml of 85% sulpuric acid, in cold, drop by drop, with no appreciable rise in temperature. To the blank alone, DNPH reagent and thiourea were added after the addition of H2SO4. The tubes were incubated for 30 minutes at room temperature, and the absorbance was read spectrophotometrically at 540nm. Calculated the content of ascorbic acid in the sample using the standard graph.

APPENDIX – XII

ESTIMATION OF α TOCOPHEROL

(Emmerie-Engel method, 1938 as described by Rosenberg, 1992)

Principle

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

Reagents

1. Absolute alcohol 

2. Xylene

3. 2, 2’- dipyridyl

4. Standard solution: 

              Dissolved 10mg/ 10ml of α-tocopherol in absolute alcohol 91mg of œ- tocopherol is equivalent to 100mg of tocopherol acetate.

Extraction of plant tissue

          The sample was homogenized with water in a blender. Weighed accurately 2.5g of the homogenized sample into a conical flask. Added 50ml of 0.1N H2SO4 slowly without shaking. Stoppered and allowed to stand overnight. The next day contents of the flask were shaken vigorously and filtered through whatman No.1 filter paper, discarding the initial 10-15ml of filtrate. Aliquots of the filtrate were used for the estimation.

Procedure

          Into 3 stoppered centrifuge tubes ( test, standard and blank), pipetteed out 1.5ml of extract, 1.5ml of standard, 1.5ml of water respectively. To the test and blank added 1.5ml of ethanol and to the standard,added 1.5ml of water. Added 1.5ml xylene to all the test tubes, stoppered, mixed well and centrifuged. Transferred 1.0ml of xylene layer into another stoppered tube, taking care not to include any other ethanol or protein. Added 1.0ml of 2, 2’- dipyridyl reagent to each tube, stoppered and mixed. Pipetted out 1.5ml of the mixture into colorimeter cuvettes and read the extinction of the test and standard against the blank at 460nm. Then in turn beginning with the blank, added 0.33ml of ferric chloride solution. The amount of vitamin E can be calculated using the formula, 

                                                                   Reading at 520nm – Reading at 460nm

Amount of tocopherols in µg =         
                                                                      Reading of standard at 520nm × 0.24 × 15

APPENDIX- XIII

ESTIMATION OF TOTAL CAROTENOIDS 

(Zakaria et al., 1979)

Principle

         The total carotenoids in the sample were extracted in petroleum ether. The total carotenoids were estimated in a UV/Visible spectrophotometer at 450nm.

Reagents

1. Petroleum ether

2. Anhydrous sodium sulphate

3. Calcium carbonate

4. 12% alcoholic potassium hydroxide

Procedure

           Weighed 5-10g of the sample. Saponified for about 30 minutes in a shaking water bath at 37°C after extracting the sample in 12% alcoholic KOH. Transferred the saponified extract into a separating funnel packed with glass wool and CaCO3 containing 10 to 15ml of petroleum ether layer. Transferred the lower aqueous phase to another separating funnel, and the petroleum ether extract containing the carotenoid pigments to amber coloured bottle. Repeated the extraction of the aqueous phase. To the petroleum ether extract added a small quantity of anhydrous Na2SO4 to remove the turbidity. Noted the final volume of the petroleum ether extract and diluted if needed by a known dilution factor.

                The absorbance of the extract at 450nm and 503nm was noted in a spectrophotometer.

 Amount of total carotenoids present =         P × 4 × V × 100  

                                                                                 W

P= Optical Density of the sample

V= Volume of the sample

W= Weight of the sample

APPENDIX – XIV

       ESTIMATION OF FLAVONOIDS

(Cameron et al., 1943)

Reagents

1. Vanillin reagent: 1 %vanillin in 70 % con H2So4.
2. Catechin standard (110µ /ml ):0.0111g of catechin in 100ml of water

Extraction


A portion of the ground plant material was weighed out and extraction was carried out in two steps. Firstly, with methanol: water (9:1) and secondly with methanol: water (1:1). At each step sufficient solvent was added to make liquid slurry and the mixture was left for 6 – 12 hours. Filtrate to separate the extract from the plant material was carried out rapidly by using the glass wool or cotton plug in the ring of the filter funnel. The two extracts were then combined and evaporated to about 1/3rd of original volume or until most of the methanol had been removed. The resultant aqueous extract was cleared of low polarity contaminants such as fats, terpenes, chlorophylls and xanthophylls by extraction (in a separating funnel) with hexane and chloroform. This was repeated several times end the extract combined. The solvent extract aqueous containing the bulk of the flavonoids was then concentrated. 

Procedure


        An aliquot of the extract was pipetted out into a test tube and evaporated to dryness. Then added 4ml of vanillin reagent and heated for 15min in boiling water bath .A standard was also treated in the same manner. Then optical density was read at 340 or 360nm. 

APPENDIX –XV

ESTIMATION OF POLYPHENOLS

(Malick and Singh, 1980)
Principle

         Phenols react with phosphomolybdic acid in Folin - ciocalteau reagent in alkaline medium and produce blue coloured complex (molybdenum blue), which is read in a spectrometer at 650nm.

Reagents

1. 80% ethanol

2. Diluted Folin - Ciocalteau reagent

3. 20% sodium carbonate

4. Stock solution: 

              Dissolved 100mg of catechol is made up with 100ml distilled water 

5. Working standard:

              10ml of stock standard was diluted to 100ml. 1.0ml of this contains 100µg of catechol.

Procedure

        1g of sample was homogenized using 20ml of 80% ethanol. The homogenate was centrifuged at 10,000rpm for 20 minutes. The supernatant was saved. The residue was reextracted with 10ml of 80% ethanol, centrifuged and collected the supernatant and evaporated to dryness. The residue was dissolved in a known volume of distilled water (50ml) and 2.0ml was taken for the experiment. A working standard of 0.5 – 2.5ml catechol solution corresponding to 50 - 250µg of catechol were pipetted out into a series of test tubes. The volume was made upto 2.5ml with water. To all the tubes added 0.5ml of diluted Folin – ciocalteau reagent. After 3 minutes, added 2.0ml of 20% Na2CO3 solution to each tube and mixed thoroughly. 

         The tubes were placed in a boiling water bath for exactly one minute. Cooled and measured at 650nm against a reagent blank. Constructed a standard graph by plotting the concentration of catechol on X-axis and absorbance on Y-axis. From the graph, the amount of polyphenols present in the sample was estimated and expressed as mg of polyphenols per g of the sample.

APPENDIX – XVI

ESTIMATION OF REDUCED GLUTATHIONE

(Moron et al., 1979)

Principle

          Reduced glutathione (GSH) 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. DTNB

2. 5%TCA

3. 0.2M Sodium phosphate buffer

Procedure

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

                  A standard curve of GSH was prepared using concentration ranging from 2 to 10 nmoles of GSH in 5%TCA.

APPENDIX – XVII

DPPH RADICAL SCAVENGING ACTIVITY
( Mensor et al., 2001)
Principle

DPPH radical reacts with an antioxidant compound, which can donate hydrogen and gets reduced. The change in colour from deep violet to yellow can be measured at 515nm.

Reagents

1. DPPH 1, 1’-diphenyl-2-picryl hydrazyl hydrate (0.3 mM)

2. Methanol

Procedure


A methanolic solution of 0.3 mM DPPH (0.5ml) was added to equal volume of sample homogenate (20% homogenate was prepared in Tris EDTA buffer, pH 7.2) and allowed to react at room temperature. DPPH in methanol without plant extract served as positive control. After 30 minutes, the mixture was centrifuged and the absorbance of the supernatant was measured at 515 nm and converted into percentage radical scavenging activity as follows.


A518 (sample) - A518 (Blank)

Scavenging activity (%) =   100         




         X100







A518 (Blank)

APPENDIX – XVIII

DETREMINATION OF INHIBITION OF SUPEROXIDE GENERATION
(Mc Cord and Fridovich, 1975)

                   The extent of superoxide generation was studied on the basis of  inhibition in the production of superoxide ion by the plant sample,which was measured   colorimetrically at 560nm.

Reagents

1. ETDA (0.1M containing 1.5mgNaCN/100ml)

2. NBT (1.5mM)

3. 0.12mM riboflavin

4. 0.067M phosphate buffer,(pH7.8)

Procedure


        The assay tubes contained test sample (20mg concentration) with 0.2ml of EDTA, 0.1ml NBT, 0.05ml riboflavin and 2.55ml of phosphate buffer. The control tubes were also set up without leaf extracts. The initial optical densities of the solution were recorded at 560nm. After that, these tubes were placed in an area where they received uniform illumination for 30 minutes.

         Again the optical density was measured at 560nm. The difference in optical density before and after illumination is the quantum of superoxide production and the percentage of inhibition by the test sample was calculated by comparing with the optical density of control.

APPENDIX – XIX

DETERMINATION OF NITRIC OXIDE GENERATON

(Green and Hill, 1984)

                     Aqueous solution of sodium nitroprusside spontaneously generates nitric oxide (NO) at physiological pH, which interacts with oxygen to produce nitrite ion which is measured colorimetrically.

Reagents

1. Phosphate buffer saline

2.  Sodium nitroprusside (100mM)

3. Griess reagent –

         1% sulfanilamide, 2% H3 PO4, 0.01% Naphthalene diamine dihydrochloride

Procedure

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

ASSAY OF in vitro LIPID PEROXIDATION

(Okhawa et al., 1979)

Principle

         Malondialdehyde formed (MDA) from the breakdown of polyunsaturated fatty acids serves as a convenient index for the extent of peroxidation reaction. MDA a product of lipid peroxidation that reacts with TBA give a pink colur product having absorbance maximum at 535 nm.

Reagents
1. 10% TCA

2. 0.1 M thiobarbituric acid

Procedure
         0.1ml of homogenate was treated with 1ml of 10% TCA and 1ml of 0.1M TBA and mixed thoroughly. The mixture was heated in a boiling water bath for 20minutes. Centrifuged at 1000rpm for 10 minutes and the absorbance were read at 535 nm against blank that contains all reagents minus homogenate. The MDA equivalent of the sample calculated using the extinction coefficient 1.56 x 105 µM/cm.

Calculation                                                             A

                        Concentration of MDA =   







E x L

Where,

A= O.D at 535 nm

E= Extinction coefficient of MDA

L= Length of cuvette (1cm). 

                                               . 
APPENDIX - XXI

HYDROGEN PEROXIDE SCAVENGING ASSAY

(Ruch et al., 1989)


The ability of the plant extract to scavenge H2O2 was determined according to the method of Ruch et al.(1989). A solution of H2O2 (4mM) was prepared in phosphate buffer (pH 7.4 ) concentration was determined spectrophotometrically from its absorption at 230 nm was determined after 10 minutes against a blank solution containing phosphate buffer without H2O2.


The scavenging activity of H2O2 by plant extract and the standard compounds was calculated using the formula.                                                                       



          





         

                                                                           A0 –A1  
 

               
% scavenging activity =                        X 100







A0
TABLE – IV

             ANTIBACTERIAL ACTIVITY OF Acalypha indica
	Plant Extracts
	Control
	B.subtilis
	P.fluorescens
	E.coli
	S.flexneri
	K.pneumoniae
	S.aureus

	
	Leaf
	Root
	Leaf
	Root
	Leaf
	Root
	Leaf
	Root
	Leaf
	Root
	Leaf
	Root
	Leaf
	Root

	Petroleum ether
	15
	13
	13
	09
	15
	13
	07
	-
	10
	08
	09
	08
	10
	10

	Benzene
	14
	14
	09
	07
	10
	11
	07
	-
	07
	07
	10
	07
	-
	10

	Chloroform
	15
	13
	12
	07
	14
	12
	-
	08
	09
	07
	08
	08
	-
	07

	Acetone
	14
	13
	10
	10
	10
	11
	08
	07
	09
	08
	07
	07
	08
	15

	Methanol
	15
	14
	07
	07
	09
	-
	09
	-
	07
	07
	07
	07
	13
	10

	Aqueous
	14
	15
	07
	10
	08
	-
	-
	-
	07
	07
	08
	09
	-
	-


      Zone of inhibition in mm

TABLE V

ANTIBACTERIAL ACTIVITY OF Acalypha indica AGAINST Bacillus subtilis and 
Psudomonas fluorescens BY MINIMUM INHIBITORY CONCENTARTION (MIC) METHOD

	EXTRACTS
	Bacillus subtilis (mg/100µl)
	Pseudomonas fluorescens (mg/100µl)

	
	0
	8
	4
	2
	1
	0.5
	0.25
	0
	8
	4
	2
	1
	0.5
	0.25

	ACETONE
	Leaf
	-
	-
	-
	+
	+
	-
	-
	-
	-
	+
	+
	-
	+
	+

	
	Root
	-
	-
	-
	-
	-
	+
	-
	+
	-
	+
	+
	-
	+
	+

	PETROLEUM ETHER
	Leaf
	-
	-
	-
	+
	+
	-
	-
	-
	-
	-
	-
	-
	+
	-

	
	Root
	-
	-
	-
	-
	+
	+
	+
	-
	-
	-
	-
	+
	-
	-


 

                 + indicates positive


    - indicates negative
TABLE VI

ANTIBACTERIAL ACTIVITY OF Acalypha indica AGAINST Escherichia coli and 
Shigella flexneri BY MINIMUM INHIBITORY CONCENTARTION (MIC) METHOD

	EXTRACTS
	      Escherichia coli (mg/100µl)
	Shigella flexneri( mg/100µl)

	
	0
	8
	4
	2
	1
	0.5
	0.25
	0
	8
	4
	2
	1
	0.5
	0.25

	ACETONE
	Leaf
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	Root
	+
	-
	-
	+
	-
	+
	-
	+
	-
	-
	-
	-
	-
	-

	PETROLEUM ETHER
	Leaf
	-
	-
	-
	-
	-
	+
	-
	-
	-
	-
	+
	-
	-
	-

	
	Root
	-
	-
	-
	+
	+
	+
	-
	-
	-
	-
	-
	-
	+
	-


+ indicates positive


- indicates negative
TABLE VI

ANTIBACTERIAL ACTIVITY OF Acalypha indica AGAINST Klebsiella pneumoniae and 
Staphylococcus aureus BY MINIMUM INHIBITORY CONCENTARTION (MIC) METHOD

	                     EXTRACTS
	Klebsiella pneumoniae ( mg/100µl)
	Staphylococcus aureus( mg/100µl)

	
	0
	8
	4
	2
	1
	0.5
	0.25
	0
	8
	4
	2
	1
	0.5
	0.25

	ACETONE
	Leaf
	-
	-
	-
	-
	-
	-
	+
	-
	-
	-
	-
	-
	-
	+

	
	Root
	+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	+
	-
	-
	-

	PETROLEUM ETHER
	Leaf
	-
	+
	-
	-
	-
	-
	-
	-
	-
	-
	-
	+
	-
	-

	
	Root
	-
	_
	-
	-
	-
	+
	-
	-
	-
	+
	-
	-
	-
	-


+ indicates positive


- indicates negative
