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INTRODUCTION


I. INTRODUCTION
Since ancient times people have been exploring the nature particularly plants in search of new drugs. This has resulted in the use of large number of medicinal plants with curative properties to treat various diseases (Verpoorte, 1998). Nearly 80% of the world’s population relies on traditional medicines for primary health care, most of which involve the use of plant extracts (Sandhya et al., 2006).
The first written records on the medicinal uses of plants appeared about 2600 BC from the Sumerians and Akkaidians (Samuelsson, 1999). The ancient texts like Rigveda (4500-1600 BC) and Atharvaveda mention the use of several plants as medicine such as Charakasamhita and Susruthasamhita refer to the use of more than 70 herbs (Jain,1968). 
According to the World Health Organisation “a medicinal plant is any plant which in one or more of its organ contains substances that can be used for therapeutic processes or which are precursors for the synthesis of useful drugs”. The definition distinguishes those plants whose therapeutic properties and constituents have been established scientifically and plants that are regarded as medicinal but which have not yet been subjected to thorough investigation.
Furthermore, WHO defines medicinal plant as herbal preparations produced by subjecting plants materials to extraction, fractionation, purification, concentration or other physical or biological processes which may be produced for immediate consumption or as a basis for a herbal products.
Plants are used medically in different countries and are a source of many potent and powerful drugs (Mahesh and Sathish, 2008). Terrestrial plants have been used as medicines in Egypt, China, India and Greece from ancient times and an impressive no. of modern drugs have been developed from them. The first written records on the medical uses of plants appeared about 2600 BC from the      Sumerians and Akkaidians (Samuelson, 1999).
In India, almost 95% of the prescriptions were plant based in the traditional systems of Unani, Ayurveda, Homeopathy and Siddha (Sathyavadi et al.1987). The materia medica of these systems contains a rich heritage of indigenous herbal practices that have helped to sustain the health of most rural people of India.
Although India has rich culture of medicinal herbs and spices, and has a vast geographical area with high potential abilities for Ayurvedic, Unani, Sidha traditional medicines, only very few have been studied chemically and pharmacologically for their potential medicinal value (Gupta et al., 2005).Traditional use of medicine is recognized as a way to learn about potential future medicines. Researchers have identified number of compounds used in mainstream medicine which were derived from “ethnomedical” plant sources (Fabricant and Farnsworth, 2001). 
	Piper longum L. is a shrub belongs to family Piperaceae. It is commonly known as long pepper, and roughly 1,920 currently accepted species exist   in the  genera (Kirtikar and Basu, 1933).The vast majority of peppers can be found within the two main genera : Piper (2000 species) and Peperomia (1600 species). It is found growing wild in the tropical rain forests of India, Nepal, Indonesia, Malaysia, Sri Lanka and Philippines. Indian long pepper is mostly derived from the wild plants but also occurs in hotter parts of India, from central Himalayas to Assam, Khasi and Mikir hills, lower hills of West Bengal and evergreen forests of Western Ghats from Konkan to Kerala and Nicobar Islands (Satyavati et al., 1987).
Plants are monoecious in nature where male and female flowers are borne on different plants. The branch lets are erect, glabrous with swollen nodes, roots clasping at nodes which help it to attach to the host trees. Leaves arrangement is alternate, shape ovate, apex acute to acuminate with entire margin. Spikes which are long cylindrical, oblong, berries red or black when ripe, globose with aromatic odour and pungent taste (Viswanathan, 1995).
          Piper longum L. which was mostly used for household cooking purposes as a spice and as seasoning now is a component of medicine as attested by several studies. It is reported as good remedy for treating gonorrhoea, menstrual pain, tuberculosis, sleeping problems, respiratory tract infections, chronic gut – related pain and arthritic conditions (Mehta et al., 1998). 
Long pepper contains aromatic oil, piperine, alkaloids, sesamin and pipalestrol. The roots of this plant contain pipperin, pippalartin, pipperleguminin, sterols and glycosides, piperlongumine or piplartine and dihydrostigmasterol (Neelam and Krishnaswamy, 2001). The fruits contain 1% volatile oil, resin, alkaloids piperine and piperlonguminine, a waxy alkaloid Nisobutyldeca- trans-2-trans-4-dienamide and a terpenoid substance.
The main active compound found in Piper longum L. is piperine (1-piperoyl piperidine) which is responsible for bio enhancing effect. Various drugs and nutrients are bio enhanced by piperine. Piperine augments transcription inhibitory activity of rifampicin by several folds against Mycobacterium smegmatis (Balakrishnan et al., 2001). Pharmacological and clinical studies have revealed that piperine act as CNS depressant, antipyretic, analgesic, anti-inflammatory, antioxidant and possess hepatoprotective activities (Gurumurthy et al., 2012).
Incredible resources focusing on plants go in to cancer research. There are many herbs which have for centuries, even thousands of years, been used to treat cancer specifically (to reduce /eliminate tumours) and to help remedy the side effects of current cancer treatment. So that they are more tolerable (i. e; helping to build red and white blood cells, reducing fatigue, eliminating nausea, increasing energy and stimulating the body’s immune system to heal itself).
Cancer is a group of diseases caused by loss of cell cycle control. It is associated with abnormal uncontrolled cell growth (Krishnamurthi, 2007) caused by both external factors (tobacco, chemicals, radiation and infectious organisms) and internal factors (inherited mutations, hormones, immune conditions, and mutations that occur from metabolism). Cancer is a significant worldwide health problem generally due to the lack of widespread and comprehensive early detection methods, the associated poor prognosis of patients diagnosed in later stages of the disease and its increasing incidence on a global scale. Indeed, the struggle to combat cancer is one of the greatest challenges of mankind (Divisi et al., 2006).
Chemoprevention is recognized as an important approach to control malignancy and recent studies have focused on the search for desirable chemo preventive agents. Natural products, particularly dietary substances, have played an important role in creating new chemo preventive agents (Surh, 2003). Interesting patterns of differential cytotoxicity have been associated with known classes of compounds, such as cardenolides, lignans or quassinoids (Cardellina, 1993).
 In any cancer drug discovery program, a paradigm based one ethnobotanical and ethno pharmacological data would be more economical and beneficial in identifying potential anticancer molecules than mass screening of plant species (Nair et al., 2009). The National Cancer Institute collected about 35,000 plant samples from 20 countries and has screened around 114,000 extracts for anticancer activity (Mohammad, 2006). Over 3000 species of plants with antitumor properties have been reported (Hartwell, 1982).
The impact of natural products upon anticancer drug discovery and design can be gauged by the fact that ~ 60 % of all drugs, now in clinical trials for the treatment of cancer, are either natural products, or contain pharmacophores derived from natural products (Omogbadegun, 2013).
Phytochemicals are non-nutritive plant chemicals that contain certain protective, disease–preventing compounds. More than 900 different phytochemicals have been identified as components of food, and many more phytochemicals continue to be discovered today. Researchers have long known that there are phytochemicals present for protection in plants, but it has only been recently that they are being recommended for protection against human diseases.
The advantage of using phytochemical compounds for cancer treatment is their relatively non-toxic nature and availability in an ingestive form. Many of the phytochemicals present in human diet have been identified as potential chemo preventive agents. Although a good number of anticancer agents have been developed from plants or their derived agents, development of a safe, economic and site-specific drug is still a challenge. The searches of anticancer agents’ ethno botanically have been based on practice based approach by folklore practitioners that guide the protocols for testing the efficacy of selected plants for modern science. Since the phyto-constituents and volatiles of medicinal herbs have created renewed demand in their use by the public, explorations of health benefits and antioxidant potential of these metabolites in the prevention of problems raised due to oxidative stress is needed. 
Oxidative stress constitutes an alteration that is encountered when there is an imbalance between the production of ROS and the ability of the biological system to readily detoxify these reactive intermediates or easily repair the resulting damage. Halliwell (2011) reported that the accumulation of net damage due to oxidative stress over a period of time is considered responsible for many diseases including cancers. Antioxidants can protect the cell from oxidative stress and it is the improper balance between ROS and antioxidants that deregulates the cellular functions leading to cancer (Bandyopadhyay et al., 1999 and Adesegun et al., 2009). 
Antioxidants can be classified into a number of different groups as enzymatic and non-enzymatic strategies. The enzymatic antioxidant involve superoxide dismutase, catalase, glutathione peroxidase and glutathione reductase, while non-enzymatic antioxidants include the vitamins A, C, and E, glutathione, and lipoic acid, mixed carotenoids, several bioflavonoids, antioxidant minerals (copper, zinc, manganese, and selenium), etc. Antioxidants may work either alone, or in association with each other against different types of free radicals. Vitamin E inhibits the propagation of lipid peroxidation; the combination of vitamin C and vitamin E suppress the formation of hydroperoxide; metal complexing antioxidant such as penicillamine inhibit free radical formation in lipid peroxidation   (Feher et al., 1987).
Antioxidants can act by diverse mechanisms in the oxidative sequence. The human body complex antioxidant defence system consists of the dietary intake of antioxidants, as well as the endogenous production of anti-oxidative compounds, such as glutathione, etc. (Clarkson and Thompson, 2000). Antioxidant responses of our body can accommodate increased oxidative damage in diseased states to a level, but beyond those additional antioxidants are required to combat the increased stress. 
Several studies have shown that plant derived antioxidant scavenge free radicals and modulate oxidative stress. The anticancer agents, vinblastine and vincristine from the Madagascar periwinkle, Catharanthus roseus G. Don. (Apo-cynaceae), introduced a new era of the use of plant material as a medication for treatment. They were the first agents to advance into clinical use for the treatment of cancer. Vinblastine and vincristine are used in combination with other cancer drugs, for the treatment of various kinds of cancers, including leukemias, lymphomas, advanced testicular cancer, breast and lung cancers (Ahmed et al., 2013).
The reducing capacity of the plant extracts may serve as an indicator of potential antioxidant activities through the action of breaking the free radical chain by donating hydrogen atom (Jamuna et al., 2011). Compounds with reducing power indicate that they are electron donors and can reduce the oxidized intermediates of lipid peroxidation processes, so that they can act as primary and secondary antioxidants (Chanda and Dave, 2009).
Essential oils are complex mixtures of volatile organic compounds produced as an end product of secondary metabolism. These oils with standardized content of components have certain chemicals which determine the therapeutic quality. Each component of the essential oils contributes to the beneficial or adverse effects of these oils as the component of each essential oil has different properties and bio availabilities.
Scientific investigations of medicinal plants have been initiated in many countries because of their contributions to health care. The primary benefits of using plant-derived medicines are relatively safer than synthetic alternatives, offering profound therapeutic benefits and more affordable treatment. The resistance of pathogenic microorganisms to currently known antibiotics is constantly increasing due to a broad use of antimicrobials in medicine, animal husbandry and agriculture. 
Among many proposed strategies, a good understanding of systematic screening of traditional system of medicine offers the potential of developing potent broad spectrum antibiotics. These documents opens up an expanding spectrum of applications and better understanding of diagnostic and therapeutic purposes to get effective antimicrobial agents.. 
It is expected that plant extracts showing target sites other than those used by antibiotics will be active against drug resistant microbial pathogens. However, very little information is available on such activity of medicinal plants and out of the 4,00,000 plant species on earth, only a small number has been systematically investigated for their antimicrobial activities (Anjana et al., 2009). 
Most of the synthetic drugs cause side effects and also most of the microbes developed resistant against the synthetic drugs (Chanda and Rakholiya, 2011). To alleviate this problem, antimicrobial compounds from potential plants should be explored. These drugs from plants are less toxic; side effects are scanty and also cost effective. They are effective in the treatment of infectious diseases while simultaneously mitigating many of the side effects that are often associated with synthetic antimicrobials (Harishchandra et al., 2012). Hence, in this present study, same efforts are continued in the progression of searching novel therapeutics.
A clastogen in biology is a mutagenic agent giving rise to or inducing disruption or breakages of chromosomes, leading to sections of the chromosome being deleted, added, or rearranged. This process is a form of mutagenesis, and can lead to carcinogenesis, as cells that are not killed by the clastogenic effect may become cancerous.
The presence of micronuclei in mammalian cells is related to several mutagenic stresses and the presence of micronuclei (MN) in cells is considered as a biomarker for the DNA damage. The exposure of cells to genotoxic substances damages chromosomes or components of the mitotic spindle leading to the formation of micronuclei. The frequency of the presence of micronuclei serves as a measure of in vitro or in vivo exposure to mutagens and carcinogens (Fenech, 1993).
Recently, a large international cohort study showed a significant association between MN frequency in healthy subjects and cancer risk. The study assembled data on 6718 individuals from 10 countries. Cancer incidence was significantly higher in groups with medium and high MN frequency. This study provided preliminary evidence that MN frequency in peripheral blood lymphocytes is predictive of cancer risk, suggesting that increased MN formation is associated with early events in carcinogenesis (Bonassi et al., 2007).
An in vitro lymphocyte assay to investigate micronucleus formation has been widely recommended for studies of the cytotoxicity and genotoxicity of drugs (Preston et al., 1987). The proliferative status of the viable cells and the cell death ratio can be evaluated by the in vitro CBMN assay. Therefore, in the present study, an analysis of micronuclei formation, proliferative status of viable cells was conducted in human lymphocytes.
In view of the above, the present investigation was undertaken with the following objectives
· To analyse the phytochemical constituents of methanolic extract of Piper longum L.
· To assess the in vitro antioxidant potential of methanolic extract of Piper longum L.
· To identify the secondary active constituents from the dried fruits of Piper longum L.
· To evaluate the antimicrobial activity of methanol extract of Piper longum L.
· To evaluate the anticlastogenic effect of methanolic extract of Piper longum L.
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II. REVIEW OF LITERATURE
The review of literature pertaining to the topic “Antioxidant, anticlastogenic and antimicrobial activity of Piper longum L. (Piperaceae)” is presented in the following headings:
2.1. Natural plant product research
 In the 21st century, finding and developing new drugs from natural plants have attracted more and more attention (Wang et al., 2012). Various plant medicines and health products have been accepted by people from all over the world, looking forward to improving the quality of life, disease prevention and treatment of chronic diseases and geriatric diseases as well as western medicine with helpless mysterious illness.
 Historically, natural products in the field of anti- cancer research has made significant achievements, over 60% of the clinical use of anti- cancer drugs originate from natural products ( Seelinger et al., 2012), including plants, marine organisms, microbes, and more than 3000 species of plants can be used to treat cancer. Plants have been the main resources in traditional medicine and natural products are considered as important sources of anti- tumour drugs.
Natural products derived from fruits, vegetables, herbs and marine products have served us well in combating cancer. The compounds are well characterized as possessing a wide variety of anti- tumour properties. Active ingredients such as alkaloids, flavonoids, terpenoids, polysaccharide and saponin obtained from natural products have potent biological properties such as anti- tumour, analgesia, anti- inflammatory, immunomodulation, anti- viral, etc, activities.
Natural antioxidants mainly come from plants in the form of phenolic compounds such as flavonoid, phenolic acids, tocopherols etc. (Ali et al., 2008). Several studies have described the antioxidant properties of medicinal plants which are rich in phenolic compounds (Krings and Berger, 2001).Flavonoids and tannins as phenolic compounds and other plant phenolics are major group of compounds that act as primary antioxidants or free radical scavengers (Saxena et al., 2012).
Over the past 25 years the U.S. National Cancer Institute has made an attempt at testing and studying the anti-tumour activity of some 114,000 plants representing 40,000 spices. To date about 4-5% of these extracts have shown reproducible activity by isolating specific substances such as alkaloids, terpenoids and phenols.
Alkaloids are organic compounds containing nitrogen, which have obvious biological activity and are mostly present in plants. Alkaloids have a wide distribution in the plant kingdom and mainly exist in higher plants, such as those belonging to Leguminosae, Papaveraceae, Loganiaceae and Menispermaceae.
Flavanoids include isoflavones, flavonols, flavones, amthocyanidins, catechins, flavanones, etc. Studies have shown that flavonoids have anti-cancer effects. Isoflavones mainly exists in leguminous plants, with a similar structure to estrogen, including soy isoflavones, gegenisoflavones, etc. Phenoxodio;, a novel isoflavone derivative, has been shown to induce apoptosis both in vitro and in vivo, even in chemo- resistant cancer cells (Alvero et al., 2008).
Variety of saponins with complex structure widely exists in plants. The most widely studied is the ginsenoside. Ginsenoside is a kind of triterpenoidsaponins, and it is the main active ingredients in ginseng. A large number of studies have shown that ginsenoside has higher anti- tumour activity, non- toxic side effects on normal cells and has a synergistic effect with other chemotherapy drugs such as cisplatin. Ginsenoside regulates the proliferation of tumour cells, inducing differentiation and apoptosis of cells to exert anti- tumour effects
2.2 . Piper longum L. – An overview
Piper longum L. is a deciduous slender aromatic climber with perennial woody roots, or a perennial creeping shrub that belong to the family Piperaceae (Neelam and Krishnaswamy K, 2001).
Branchlets erect, glabrous with swollen nodes; roots clasping at nodes, which help to get attached to the host trees; leaves alternate, ovate, cordate, apex acute to acuminate, margin entire, glabrous. The male and female plants are morphologically very similar till the formation of spikes. Mature female spikes are known as long pepper is shorter and thicker than the male spikes. They are cylindrical, oblong; berries red or black when ripe, globose with aromatic odour and pungent taste (Sumy et al., 2000; Banerjee et al., 1999; Viswanathan.1995). They are very well known medicine for diseases of the respiratory tract, viz. cough, bronchitis, asthma etc. as counter-irritant, analgesic when applied locally for muscular pains and inflammation and as general tonic and hematinic. They are carminative and known to enhance the bioavailability of food and drugs.
Piper longum L. is a native of North –east India. It occurs in the hotter parts of India, from Himalayas to Assam, Khasi and the Mikir hills, the lower hills of West Bengal and the evergreen forests of the Western Ghats from Konkan to Travancore. It has also been recorded in the Nicobar Islands and is also cultivated. Globally the species is distributed in the Indo-Malaysian region and Srilanka (Sumy et al., 2000 and Sivarajan and Balachandran, 1994).
2.3. Phytochemistry of Piper longum L.
Phytochemicals are associated with the prevention and treatment of at least four of the leading causes of death in the USA –cancer, diabetes, cardiovascular disease and hypertension. They are involved in many processes including once that help prevent cell damage, prevent cancer cell replication, and decrease cholesterol levels. With health- care costs being a major issue today, it would be cost effective to continue the research needed to help promote the awareness and consumption of phytochemicals as a prevention strategy for the public.
Today the global movement towards a more natural lifestyle has brought about resurgence of interest in herbs. Everyone can benefit from using herbs in their freshest from full of sap and juice. If dry, they should not be more than a year old, except for pippali (Indian long pepper) and, which are more effective after a year. 
Alkaloids are a diverse group of low molecular weight, nitrogen- containing compounds mostly derived from amino acids. Alkaloids are thought to play a defensive role in the plant against herbivores and pathogens. Plant-derived alkaloids currently in clinical use include analgesics, anti- neoplastic agent, gout suppressant, muscle relaxants, antiviral, cytotoxic, anticholinergic, anti-inflammatory and DNA-binding activities and some of them have also been used in the treatment of Alzheimer’s disease, myasthenia gravis and myopathy (Crozier et al., 2006). 
Flavonoids are a group of poly phenolic compounds, which are widely distributed throughout the plant kingdom. Many have low toxicity in mammals. Flavonoids exhibit several biological effects such as anti- inflammatory, anti-hepatotoxic and anti-ulcer actions. They also inhibit enzymes such as aldose reductase and xanthine oxidase. They are potent antioxidants and have free radical scavenging abilities. They may prevent production of oxidants, inhibit oxidants from attacking cellular targets, block propagation of oxidative reactions and reinforce cellular antioxidant capacity. Flavonoids also possess anti- inflammatory and anti-platelet aggregation effects through inhibiting relevant enzymes and signalling pathways, resulting ultimately in lower oxidant production (Hazra et al., 2008).
Flavonoids of medicinal plants are proposed as an antitumor agent in various researches. They have been shown to inhibit the growth of various cancer cell lines in vitro, and reduce tumour development in experimental animals. A large clinical study, in which 9959 men and women were followed for  24 years, showed an inverse relation between the intake of flavonoids (for example quercetin) and lung cancer. One possible explanation for these conflicting data is that flavonoids are toxic to cancer cells or to immortalized cells, but are not toxic or are less toxic to normal cells (Nijveldt et al., 2001).
The phenolic compounds are one of the largest and most ubiquitous groups of plant metabolites (Singh et al., 2007). They possess biological properties such as anti-apoptosis, anti-aging, ant carcinogen, anti-inflammation, anti-atherosclerosis, cardiovascular protection and improvement of endothelial function, as well as inhibition of angiogenesis and cell proliferation activities (Han et al., 2007). 
Steroids have been reported to have antibacterial properties (Raquel, 2007) and they are very important compounds especially due to their relationship with compounds such as sex hormones (Okwu, 2001).                            
2.4. Major nutrient and chemical constituents
The medicinal value of plants lies in some chemical substances that produce a definite physiological action on the human body and these chemical substances are called phytochemicals. These phytochemicals were used to cure the disease in herbal and homeopathic medicines.  These are non-nutritive substances, have protective or disease preventive property.  There arises a need and therefore to screen medicinal plants for bioactive compounds as a basis for further pharmacological studies. With advances in phytochemical techniques, several active principles of many medicinal plants have been isolated and introduced as a valuable drug in modern systems of medicine (Hemalatha et al., 2013).
The fruits contain 1% volatile oil, resin, alkaloids piperine and piperlonguminine, a waxy alkaloid N-isobutyldeca-trans-2-4-dienamide and a terpenoid substance.The pungency of the fruits is mainly due to the piperidine alkaloid piperine.The fruits also contain calcium 1230; phosphorous,190; and iron,62.1mg/100g (Manoj et al.,2004).	
2.5. Therapeutic uses of Piper longum  L.
	Ali et al., 2007 evaluated the antibacterial and antifungal activity of various solvent extract of Piper .L against a variety of pathogenic bacteria and fungi respectively. According to (Singh and Rai, 2013) Piper longum L. can be promising source of antimicrobial agents where it could be used against certain antibiotic resistant specific bacteria, besides their use as traditional spice.
Sindhu et al., 2013 conducted the priliminary phytochemical analysis and antimicrobial activity of Piper longum L. in petroleum ether, acetone and ethanol extracts of all the parts (Leaf, fruits, stem and root).They tested the antimicrobial activity against certain bacterial strains of E. coli, Streptococcus faecalis, Steptococcus pyogens and Salmonella Paratyphi  A. by in vitro disc diffusion method and the results are  recorded as the zone of inhibition.
Nabi et al., 2013 reported the anti-hyrerglycemic and anti-hyerlipidemic effects of Piper longum L. root aqueous extract in streptozotocin (STZ) induced diabetic rats. Their studies envisages that the plant extract is capable of managing hyperglycemia and complications of diabetic in STZ induced diabetic rats making this plant as one of the potential sources for the isolation of new oral anti hypoglycemic agents.
Chauhan et al., 2010 observed the cardio protective effect of methanolic extract of Piper longum L. in a rat model. The extract used was in crude from and likely to contain compounds such as alkaloids and amides, lignans, esters and volatile oil. They propounded that methanolic extract of Piper longum L. significantly prevents the damage include by isoproterenol on histopathological and biochemical changes in rat model of myocardial infraction. 
Shenoy et al., 2013 observed the anti-snake venom activities of ethanolic extract of fruits of Piper longum L. and piperine against Russell’s viper venom in embryonated fertile chicken eggs, mice and rats. They found that adminstration of Piper longum L. extract and piperine significantly (p < 0.01) inhibited venom induced lethality, hemorrhage necrosis, defribrinogenation and inflammatory paw edema in mice in a dose dependent manner. Piper longum L. extract possesses good anti-snake venom properties and piperine is one of the compounds responsible for the effective venom neutralizing ability of the plant.
      Srikanth and Venkatesh, 2012 evaluated the anti-stress activity of aqueous extract of Piper longum L.in stress rat models with this evidence stress-induced memory loss was found to be reversed by aqueous extract of Piper longum L. Treatment with Piper Longum L. decreased the latent period indicating extract produced nootropic activity. 
        Studies conducted by Lakhmi et al., 2006 elucidated that the hexane fraction of Piper longum L. has potent anti-implantation activity. Piper longum L. roots when used along with Embelia ribes seeds showed 100% anti-fertility activity in female albino rats as also mentioned by Garg in 1981.
        Kumar et al., 2009 studied the anti-inflammatory activity of Piper longum L. dried fruit’s oil was studied in rats using the carrageenan-induced right hind paw edema method. The activity was compared with that of standard drug ibuprofen. The dried fruit’s oil inhibited carrageen on induced rat paw edema. The results indicated that the dried fruit’s oil produced significant (p< 0.001) anti-inflammatory activity when compared with the standard and untreated control.     
 2.6. Antioxidant activity of Piper longum L.
	An antioxidant is a molecule that inhibits the oxidation of other molecules. Oxidation is a chemical reaction that transfers electrons or hydrogen from a substance to an oxidizing agent. Oxidation reaction can produce free radicals.  In turn, these radicals can start chain reactions. When the chain reaction occurs in a cell, it can cause damage or death to the cell. Antioxidants terminate these chain reactions by removing free radical intermediates, and inhibit other oxidation reactions. They do this by being oxidized themselves.Olorunnisola et al., 2012 evaluated the antioxidant activity of acetone and ethanolic leaves extracts of Hippobromus pauciflorus (L.F.) Radlk indicate that the extracts possess antioxidant properties and could serve as free radical inhibitors or scavengers, acting possibly as primary antioxidants and could  be used in the treatment and management of free-radical mediated diseases.
The evaluation of anti-radical properties of nine wild edible plants was performed by DPPH radical scavenging assay. The 50% inhibition of DPPH radical (IC 50) by the different plant materials was determined, a lower value would reflect greater antioxidant activity of the sample. The highest radical scavenging activity was shown by the aqueous methanol extract of Gentiana pedicellata (IC50=0.23± 0.0007 mg dry material), due to the hydroxyl groups existing in the phenolic compounds chemical structure that can provide the necessary component as a radical scavenger (Seal, 2012).
	Antioxidants are widely used in dietary supplements and have been investigated for the prevention of disease such as cancer, coronary heart disease and even altitude sickness Considerable laboratory evidence from chemical, cell culture and animal studies indicates that antioxidants may slow or possibly prevent the development of cancer (Antioxidant and Cancer prevention: Fact sheet).
	The first large randomized trial on antioxidant and cancer risk was the Chinese cancer prevention study, published in 1993. This trial investigated the effect of a combination of beta-carotene, vitamin E and selenium on cancer in healthy Chinese men and women at high risk for gastro cancer. The study showed a combination of beta-carotene, vitamin E and selenium significantly reduced incidence of both gastric cancer and cancer overall (Blot et al., 1993).
2.7. Antitumor activity of Piper longum L.
According to Cragg and Newman (2000) over 50 % of the drugs in clinical trials for anticancer properties were isolated from natural sources are related to them. Several natural products of plant origin have potential value as chemotherapeutic agents. Some of the currently used anticancer agents derived from plants are podophyllotoxin, taxol, vincristine and camptothecin (Pezzuto, 1997). The areas of cancer and infectious diseases have a leading position in utilization of medicinal plants as a source of drug discovery. Among FDA approved anticancer and anti-infectious drugs, drugs from natural origin have a share of 60 % and 75 % respectively (Newman et al., 2003).
A great number of in vitro and in vivo methods have been developed to measure the efficiency of natural anticancer compounds either as pure compounds or as plant extracts. In vitro methods like, Tryphan blue dye exclusion assay, LDH(Lactic dehydrogenase) assay, MTT assay, XTT assay and Sulforhodamine B assay are most commonly used for estimating anticancer properties of natural products from medicinal plants. Among all in vitro methods MTT and Sulforhodamine B assay most popular for estimating anticancer activity.
Bezerra et al., 2006 experimented the effect of piperine and piplartine on sarcoma 180 tumors transplanted in mice where they observed significant reduction of tumor weight in piplartine and piperine treated animals.
According to Sunila and Kuttan, 2004 the antitumor activity of piperine is related to its immuno modulatory properties, which involve the activation of cellular and humoral immune responses. The anti-tumor properties of piperine mark it as a potential candidate for further cancer therapy.
Piperine was found to be cytotoxic towards DLA and EAC cells at a concentration of 250 μg/ml. Alcoholic extract and Piperine was also found to produce cytotoxicity towards L929 cells in culture at a concentration of 100 and 50 μg/ml, respectively. Administration of Alcoholic extract of Piper longum L. (10 mg/dose/animal) as well as piperine (1.14mg/dose/animal) could inhibit the solid tumour development in mice induced with DLA cells and increase the life span of mice bearing Ehrlich Ascites Carcinoma tumour to 37.3 and 58.8 % respectively (Sunila and kuttan, 2004).
Investigation of indigenous wisdom on cancer treatment of Thai traditional doctors revealed that a Pikutbenjakul, which is composed of five Thai medicinal plants (Piper chaba Linn, Piper sarmentosum Roxb, Piper interruptum Opiz., Plumbago indica Linn. and Zingiber officinale Roscoe) has been used as an adaptogen drug for cancer patients. The results were found that the ethanolic extract of Piper chaba, Zingiber officinale and Pikutbenjakul showed high cytotoxic activity against breast cancer cell (IC50= 35.17, 31.15 and 33.20 μg/ml, respectively). These results can support using Pikutbenjakul to treat breast cancer patients of Thai folk doctors (Sakpakdeejaroen and Itharat, 2009).
2.8. Antimicrobial activity of Piper longum L.
The resistance of pathogenic microorganisms to currently known antibiotics is constantly increasing due to a broad use of antimicrobials in medicine, animal husbandry and agriculture. If no preventive measures are taken, such events will certainly increase with time, this will inevitably lead to the development of novel antibiotics with alternative therapeutic strategies is essential. Among many proposed strategies, a good understanding of systematic screening of traditional system of medicine offers the potential of developing potent broad spectrum antibiotics. These documents opens up an expanding spectrum of applications and better understanding of diagnostic and therapeutic purposes to get effective antimicrobial agents. Hence, in this present research, same efforts are continued in the progression of searching novel therapeutics and probed their mechanism of action against antibiotic activity (Reddy and Seetharam, 2009).
Trivedy et al., 2011 observed the   antimicrobial details about the two piper species namely Piper nigrum and Piper longum. Aqueous and methanolic extract were analyzed for antimicrobial activity by agar cup plate method. The organisms used were gram positive organism Staphylococcus aureus, Bacillus subtilis and gram negative organisms E. coli, Pseudomonas aeruginosa. The fungi used were Aspergillus niger and Candida albicans.  All the extracts of Piper species exhibited a variable spectrum of antimicrobial activity. Piper species extracts were active against gram positive, gram negative bacteria and fungi. The maximum antibacterial activity of both plants extracts was active against S. aureus (gram+ve) and E.coli (gram - ve) respectively .The results of this study will provide referential information for the correct identification of the crude drugs.
Studies conducted by Reddy and Seetharam, 2009 reported that ingradients of Amalakyadi churna exhibited promising antimicrobial activities. It is one of the Ayurvedic formulations, used in traditional Indian system of medicine, practiced against certain general health disorders such as carminative, appetizer, purgative etc. It is a powdered mixture of equiproportions of fruits of four medicinal plants including Piper longum L. Based on the preliminary phytochemical studies, it has been noticed that presence of alkaloids and flavonoids in Piper longum were responsible for the antimicrobial activities.
Dahiya and  Purkayastha, 2011 elucidated the antimicrobial activities of various solvent extracts of Piper longum against clinically proved multi-drug resistant bacteria (Methicillin-resistant Staphylococcus aureus, Enterococcus sp., Klebsiella sp., Escherichia coli, Pseudomonas aeruginosa and Acinetobacter sp. and reference strains of bacteria (Staphylococcus aureus ATCC 25923 and Escherichia coli ATCC 25922) by using agar well diffusion assay.  The highest antimicrobial potentials were observed for the hexane and acetone extracts of A. salviifolium and P. longum, displaying maximum inhibitory zone of 18 mm against Enterococcus sp. Acinetobacter sp. was susceptible only to hexane extract of A. salviifolium. However, aqueous extracts did not present any antibacterial activity.
Ali et al., 2007 determined the antibacterial and antifungal activities of various solvent extracts of Piper longum L. against a wide variety of pathogenic bacteria and fungi respectively. Crude extracts of Piper longum L. showed mild to moderate activities against most of the tested bacteria. On the other hand, the antifungal activities exhibited by all the crude extracts were not prominent. Petroleum ether extracts of Piper longum L. were found to be inactive against most of the tested organisms. Ethyl acetate extracts showed relatively better anti-microbial effect against most of the tested organisms. It has been expected that the antimicrobial screening of this plant materials will lead to the scientists who continue work may have clinical success concerning the killer diseases.
Udgire and Pathade, 2014 have investigated the antimicrobial activity of ethanol and methanol extract from Piper longum L. rhizome against major skin pathogens Staphylococccus aureus, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus vulgaris, and Proteus mirabilis. The most promising activity of methanol extract was observed against Klebsiella pneumonia, Proteus vulgaris, and Staphylococccus aureus with zone of inhibition of 17mm diameter. Further bioactivity-guided fractionation of methanol extract by silica gel column chromatography resulted in eleven major fractions. Among these, fraction-1, 4, 5 and 6 showed higher antimicrobial activity against selected skin pathogens. The bioactive fraction of the methanol extract fraction-5 was subjected for further bio analytical studies.

2.9. Chromosomal aberration studies
	Cancer is a genomic disease associated with accumulation of genetic damage. The majority of solid tumors show a large number of complex chromosomal aberrations (CAs) that are not always shared by cells of the same tumour and may be not necessarily linked to a particular tumor type (Keen-Kim et al., 2008).
Over the last decades, biomarker based approaches have been applied in the exposure assessment of genotoxic agents and the increase of these biomarkers are considered early events, associated with disease – related changes. Assuming that the mechanisms for the induction of chromosomal damage are similar in different tissues, the extent of chromosomal damage evaluated in lymphocytes is likely to reflect the level of damage in cancer prone tissues and in turn cancer risk (Norppa et al., 2006).
A large body of evidence exists regarding the role of chromosomal break (in metaphase) in peripheral blood lymphocytes. The induced MN frequency, as expression of mutagen sensitivity, was viewed as a possible means to predict the breast cancer risk at the individual level in the light of the link between deficient repair of DNA and genetic predisposition to breast cancer.
2.10. Micronuclei frequency
A large number of papers are available in the scientific literature on the Micronuclei frequency in lymphocytes and exfoliated epithelial cells of cancer patients.  An extensive review of the studies related to the application of MN in peripheral blood lymphocytes of patients with different kind of tumor and a meta-analysis showed a significant increase of the MN frequency in untreated cancer patients relative to healthy controls with large difference among different tumors and studies (Iarmarcovai et al., 2008).



The micronucleus test, as a marker of chromosomal damage, is a well-established assay in genetic toxicology and in human bio monitoring (Fenech, 2007). The MN test is one of the most widely applied assays to test new compounds, in vitro, and in vivo, for regulatory purposes (OECD TG 474, 1997 and OECD TG 487, 2009).
The success of this assay stems from the fact that it allows a large number of potentially gene toxic chemical agents to be analysed both in vitro and in exposed populations. Micronuclei originate from chromosome fragments or whole chromosomes that fail to engage with the mitotic spindle and therefore lag behind when the cell divides.
Compared to other cytogenetic assays, quantification of MN confer several advantages, including speed and ease of analysis, no requirement for metaphase cells and reliable identification of cells that have completed only one nuclear division, which prevents confounding effects caused by difference in cell division kinetics (Hsu et al., 1989).
The MN test has been widely applied to evaluate the chromosomal instability in selected groups of patients affected by cancer or degenerative diseases, compared with control, healthy populations (El-Zein et al., 2011).
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III. MATERIALS AND METHODS
		The materials used and methods adopted in the present study entitled “Antioxidant, anticlastogenic and antimicrobial activity of Piper longum L. (Piperaceae)” is presented in the following headings
3.1 .Collection of the sample
		Piper longum L. fruits were collected in July 2014 from the local areas of Coimbatore.
3.2 . Preparation of the fruit powder
		The fruits were cleaned thoroughly and dried at room temperature for 5-7 days in the shade. The dried samples were powdered using an electrical grinder. The powdered samples were stored in screw cap bottles until further analysis.
3.3. Preparation of extract
              One hundred grams of powder from the whole dried fruits  of Piper longum L. was taken, to which 500 ml of methanol was added, mixed, and kept for four days. The contents were periodically shaken using an electric shaker. After four days, the contents were filtered through a Buchner funnel in a conical flask and it was further concentrated by evaporation by keeping the filtrate in a round-bottomed flask, till the solvent completely evaporated and the extract settled down to the bottom. 
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Fig.1. A view of Piper longum L. plant with fruits
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Fig.2. A view of the Piper longum L. (Thippili) fruits
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Fig.3. Piper longum fruit powder
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Fig.4. Methanol extract of Piper longum L.


Preliminary phytochemical screening
Preliminary screening of the extracts and identification was done by colour tests adapting standard methods by Raman (2006).
Test for Alkaloids
· Mayer’s test
             A fraction of extract was treated with Mayer’s test reagent (1.36 g of mercuric chloride and 5 g of potassium iodide in 100 ml of water) and observed for the formation of cream colour precipitate.
· Wagner’s test  
     	A fraction of extract was treated with Wagner’s reagent (1.27 g of iodine and 2 g of potassium iodide in 100 ml water) and observed for the formation of reddish brown colour precipitate.
· Dragendroff’s test 
   	1ml of the extract was added to 1ml of Dragendroff’s reagent. Appearance of orange colour precipitation indicates the presence of alkaloids. 
Test for Flavonoids
· Alkaline reagent test
1 ml of the extract was treated with aqueous NaOH and HCl. The formation of yellow orange colour indicates the presence of flavonoids. 
· Lead acetate test
Extracts were treated with few drops of lead acetate solution. Formation of yellow colour precipitate indicates the presence of flavonoids.


Test for Sterols
· Liebermann-Burchard test
            Extract (1ml) was treated with chloroform, acetic anhydride and drops of H2SO4 was added and observed for the formation of dark pink or red colour.
· Salkowski
	When concentrated sulphuric acid was added to a chloroform solution to the extracts (10 mg of extract in 1 ml of chloroform), a reddish blue colour was produced in the chloroform layer and green fluorescence in acid layer, suggesting the presence of steroids.
Test for Phenols
· Ferric chloride test
            The fraction of extract was treated with 5% ferric chloride and observed for the formation of deep blue or black colour
Test for Saponins
· Foam test
To the extract, 20 ml of distilled water was added and agitated on a graduated cylinder for 15 minutes. The formation of about 1 cm layer of foam indicates the presence of saponins.
Test for Tannins
· Gelatin test 
To the extract, 1% gelatin solution containing sodium chloride was added. Formation of white precipitate indicates the presence of tannins.


· Test for Quinones
    A small amount of extract was treated with concentrated HCl and observed for the formation of yellow colour precipitate.
Test for Proteins
· Ninhydrin test

A small quantity of extract solution was boiled with 0.2% solution of Ninhydrin. Blue colour indicates the presence of amino acids.      
  
· Biuret test

	The extract was treated with equal volume of 40% Sodium hydroxide and two drops of 1% copper sulphate solution. Pink or purple colour indicates the presence of proteins.          
Test for Carbohydrates
· Molisch’s test 
To small quantities of solvent free methanolic extract, few drops of 1% α-naphthol in ethanol were added. Conc.H2SO4 was then added to sides of the test tubes. A brown purple ring formed at the junction of the two liquids indicates the presence of sugars.
· Fehling’s test 
Small quantities of solvent free methanolic extract were separately dissolved in minimum amount of distilled water and filtered. To the filtrates equal volume of Fehling’s solution were mixed in a test tube separately and heated for few minutes. Formation of brick red precipitate confirmed the presence of sugars.


3.5. Antioxidant studies
3.5.1. DPPH free radical scavenging activity (Mensor et al., 2001)
1, 1-Diphenyl-2-picrylhydrazyl (DPPH) was obtained from Sigma Aldrich Co., St. Louis, USA. The diluted working solutions of the test extracts were prepared in methanol. Ascorbic acid was used as standard in 10-40 μg/ml solution. 0.002% of DPPH was prepared in methanol and 1 ml of this solution was mixed with 1 ml of sample solution and standard solution separately. These solution mixtures were kept in dark for 30 min and optical density was measured at 517 nm using UV spectrophotometer. Methanol (1 ml) with DPPH solution (0.002%, 1 ml) was used as blank. The optical density was recorded and % inhibition was calculated using the formula given below:
Percent (%) inhibition of DPPH activity = 100- (A-B/A) x100
Where A = optical density of the blank and B = optical density of the sample.
3.5.2. Reducing power assay (Oyaizu, 1986)
Reaction mixtures were prepared by adding 2.5 ml of phosphate buffer (0.2 M, pH 6.6), 2.5 ml potassium ferricyanide (1%) and varying concentrations of extracts (10-40 μg/ml). After, the reaction mixtures were incubated at 50°C in water bath for 30 min, allowed to cool at room temperature (28°C), and 2.5 ml of 10% TCA (Trichloroaceticacid) were added to each reaction mixture, and then centrifuged at 2000 rpm for 10 min. The supernatant (2.5 ml) was separated in the test tube and added with 2.5 ml of distilled water and 0.5 ml FeCl3 (1.0%), and allowed to react for10 min at room temperature and the absorbance was measured at 700 nm. Ascorbic acid solution was used as standard.
3.6. Analysis of bioactive compounds
Chromatographic analysis was carried out using thermo GC-Trace Ultra Ver: 5.0 GC-MS (Model Thermo MS DSQ II gas chromatograph). A fused-DB35-MS Capillary standard Non-polar Column Dimension (30mts, ID: 0.25 mm, FILM: 0.25μm) was used. The GC temperature program was as follows: initial temperature was 75 °C, held for 2 min, increased to 150 °C at a rate of 2 °C/min, then to 220 °C at a rate of 3 °C/min, and finally to 260 °C at a rate of 6 °C/min and held for 10 min. The split ratio was 1:12, injection temperature was 250 °C, transfer line temperature was 270 °C, and the mass spectrometer was operated at 70 eV in run time 29 min.
3.7. Antimicrobial activity
  Test organisms 
           Two Gram-positive bacteria (Bacillus subtilis, Staphylococcus aureus,) and five Gram-negative bacteria (Escherichia coli, Salmonella typhi, , Klebsiella spp.,Pseudomonas, Proteus) were used for antibacterial activity study, three fungi (Aspergillus niger, Aspergillus fumigatus, Aspergillus flavus) were used for antifungal activity study .
Methodology
Antibacterial and antifungal activity studies were carried out by disc diffusion method (Barry, 1976). Standard antibiotic disc of Chloramphenicol (K-30 μg/disc) was used as the standard reference drug for antibacterial assay, Nystatin (50 μg/disc) was used for antifungal activity study (Sarkar et al., 1998).
The pure cultures of different pathogens were grown overnight in sterile nutrient broth and incubated at 37°C for 24 hours. The 0.1ml of the culture was seeded on 25 ml of solidified nutrient agar and rose bengal plates for bacterial and fungal cultures, respectively. The wells were bored with 8mm borer in seeded agar, and then the particular concentrations (200µg/20µl to 1600 µg /160 µl) of the extracts were added in each well. Soon after the plates were then kept at 10°C for 30min. After it normalized to room temperature plates were incubated at 37°C for 24hrs. After incubation period is completed, the zone of inhibition was measured and recorded.
3.8. Anti clastogenic activity
Cytotoxicity study of MEAC in cultured human lymphocyte 
		In order to determine the concentration of MEPL which would allow the evaluation of the DNA damage without affecting the cell cycle or inducing cell death, cellular viability tests were performed using a concentration response curve before carrying out the micronucleus assay. The cytotoxicity of MEPL on human lymphocytes was assayed using the Trypan blue exclusion method after incubation of cells with samples of Piper longum L. at the concentrations of 10, 20, 40, 60 ,80 and 100 μg/ml for 24 h. Viable cells were determined based on the ability of cells to exclude the dye.
Protocol: Collected fresh blood by venepuncture and transferred to heparinised vacutainers. Isolated lymphocytes on lymphoprep (pharmacia) gradients as follows: Added 2 ml of lymphoprep to a 10 ml centrifuge tube and carefully overlay 4 ml of diluted blood sample and centrifuged at 1000 rpm for 10 min. Drawn off the lymphocyte layer using a sterile Pasteur pipette and transferred to a 10 ml tube. Suspended the cell pellet in RPMI 1640 medium and centrifuged for 10 min. The supernatant was removed and repeated the step. Culture the lymphocytes in sterile bottles using RPMI 1640 medium containing 15 % foetal calf serum.
		Lymphocytes stimulate to divide with PHA and incubated for 72 hrs at 37℃; 44 hour after PHA stimulation, added cytochalasin B to the cultures to give a final concentration of 4.5 μg / ml. 28 h after addition of cytochalasin –B, transferred the whole content in to a sterile centrifuge tube and centrifuged for 10 min.; removed the supernatant and shaken the pellet in a cyclomixer. Added 10 ml of 0.075 M KCl solution to the cell button and kept at 37℃ for 10 min. After this, added 2 drops of freshly prepared fixative (Methanol: acetic acid) in the ratio 3:1. Again centrifuged at 1000 rpm for 10 min. Removed the supernatant and mixed the cell button in a cyclomixer and added 10 ml of freshly prepared fixative and centrifuged at 1000 rpm for 10 min. Repeated this process until the supernatant becomes clear and the cell button becomes white. From the cell button, prepare cell suspension.
Preparation of slides 
		The cell suspension (7-8 drops) was dropped on pre cleaned, labelled and chilled slides from a particular height. The slides were flamed gently on spirit lamp, blown gently on the material and air dried. Stained the slides with  10-20%. Giemsa stain solution and allowed to remain for 10 min. After 10 min. the excess stain was washed off with running water; slides were air dried. The slides were examined at 100 X magnification. The number of MN in number less than 1000 bi nucleated cells was scored and the distribution of MN among bi nucleated cells was recorded.
 Criteria for identifying bi nucleated cytokinesis block cells 
		The cytokinesis-blocked cells scored for micronuclei frequency have to satisfy following criteria: Cells should have 2 nuclei of approximately equal size, The 2 nuclei may be attached by a fine nucleoplasmic bridge, The 2 nuclei may overlap slightly or touch each other at the edges, and cells should not contain more than 6 micronuclei.
Criteria for identifying micronuclei 
		Micronuclei are morphologically identical to, but smaller than normal nuclei. They have the following characteristic: Size of the micronuclei should be less than the 1/6th of the main nuclei, they are non refractile, they are not linked to the main nuclei via a nucleoplasmic bridge, and Micronuclei may sometimes overlap the boundaries of the main nuclei (Fenech, 2003).
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IV. RESULTS
The results pertaining to the study “Antioxidant, anticlastogenic and antimicrobial activity of Piper longum L. (Piperaceae)” are presented in the following headings
4.1. Preliminary phytochemical screening
The phytochemical constituents serve as therapeutic agents as well as important raw materials for the manufacture of traditional and modern medicine. Investigations on secondary plant constituents have made phenomenal advance during the past few decades. Based on the above concept few analysis were done with the extracts used in the present study which are described below (Table I).
Table I: Preliminary phytochemical analysis of fruit extracts of Piper longum L.
	S. No.
	Constituents
	Test for  constituents
	Solvent
(Methanol)

	
	
	
	
	

	1
	Alkaloids
	Mayer’s
	+
	

	
	
	Wagner’s
	-
	

	
	
	Dragendroff’s
	+
	

	2
	Flavonoids
	Alkaline reagent 
	-
	

	
	
	Lead acetate test
	+
	

	3
	Sterols
	Libermann Burchard 
	+
	

	
	
	Salkowski
	+
	

	4
	Phenols
	Ferric chloride
	-
	

	
	
	Lead acetate
	+
	

	5
	Saponins
	Foam test
	-
	

	6
	Tannins
	Gelatin test
	-
	

	7
	Quinones
	Alcoholic KOH
	+
	

	8
	Proteins
	Ninhydrin
	+
	

	
	
	Biuret test
	-
	

	9
	Carbohydrates
	Molisch’s test
	-
	

	
	
	Fehling’s test
	-
	


+  Present	-  Absent

4.2. Antioxidant activity
Table II: DPPH radical scavenging activity of Piper longum L.
	S. No.
	Conc. of MEPL
( µg/ml)
	Scavenging activity (%)

	
	
	Ascorbic acid (Std.)
	Methanol extract

	1
	10
	35.3
	55.9

	2
	20
	44.2
	67.65

	3
	40
	61.8
	94.2


	
		The results of the assay are expressed in scavenging activity of DPPH free radical expressed in percentage. The DPPH assay of reference compound ascorbic acid given in Fig.5.The analysis of Table II showed that the radical scavenging activity of the extracts of MEPL increases with increasing in concentration (Table II).
Table III: Reducing power assay of Piper longum L.
	S. No.
	Conc. of MEPL
( µg/ml)
	Absorbance

	
	
	Ascorbic acid (Std.)
	Methanol extract

	1
	10
	0.41 ± 0.01
	0.44 ± 0.01

	2
	20
	0.43 ± 0.04
	0.48 ± 0.02

	3
	40
	0.50  ± 0.01
	0.51 ± 0.01



		The reducing power of different concentration of Piper longum L. was found to be remarkable and the absorbance of each concentration was found to rise as the concentration gradually increases. The reducing power follows the order 40 µg/ml > 20 µg/ml > 10 µg/ml as shown in the Table III.

4.3. Analysis of bioactive components 
	The results pertaining to the GC-MS analysis leads to the identification of twenty pharmacologically important compounds from the fractions of the methanolic extract of Piper longum L. These components are presented in Table IV.
Table IV: Major bioactive compounds present in methanol extract of Piper longum. L
	S. No
	Compound name
	Molecular formula
	Retention time

	1
	Rhodoviolascin
	C42H60O2
	20.10

	2
	Hexadecanoic acid
	C17H34O2
	21.23

	3
	Octadecanoic acid
	C18H36O2
	21.66

	4
	Dodecanoic acid
	C12H24O2
	24.01

	5
	Heptadecanoic acid
	C17H34O2
	24.01

	6
	Methyl stearate
	C19H38O2
	25.05

	7
	Butyl 11-eicosenoate
	C24H46O2
	28.17

	8
	Methyl 13-eicosenoate
	C21H40O2
	28.17

	9
	n-Propyl 11-eicosenoate
	C23H44O2
	28.17

	10
	cis-13-Eicosenoic acid
	C20H38O2
	28.17

	11
	Methyl 5-eicosenoate
	C21H40O2
	28.17

	12
	9-Octadecenamide
	C18H35NO
	29.08

	13
	Methyl 18-methylicosanoate
	C22H44O2
	29.86

	14
	10-Nonadecanol
	C19H40O
	30.73

	15
	Oleic acid, eicosyl ester
	C38H74O2
	30.73

	16
	Methyl 20-methyl-heneicosanoate
	C23H46O2
	32.32

	17
	Corydine
	C20H23NO4
	36.09

	18
	N-Methyl-Stenantherine
	C20H23NO4
	36.09

	19
	Tridec-4-en-2-yna
	C13H20O
	37.01

	20
	d-Glycero-d-galacto-heptose
	C15H20O10
	40.02



	The mass spectrum showing the characteristic peaks at (M-14), (M-15), (M-19), (M -18), (M-44) confirmed the presence of hydrocarbon, methyl, hydroxyl, carbonyl, carboxylic acid groups in the plant extracts. In the present study the mass spectrum of methanolic extract of Piper longum L. showed all these functional groups at retention times RT 21.23, 21.66, 21.23, 28.09, 21.66 and 20.10 respectively (Fig.5)
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Fig.5. Mass spectrum of the compounds present in MEPL at different retention times. 
4.4. Antimicrobial activity of Piper longum L.
4.4.1. Antibacterial activity
The different concentrations of MEPL showed promising antibacterial activity against all the bacteria tested. The zone of inhibition increased with an increase in the concentration of the extracts in the well. This showed the concentration dependent activity (Table V)
The different concentrations showed maximum activity against Bacillus subtilis, moderate activity against Klebsilla, but mild activity against salmonella typhi.(Fig.6).
Table V: Antibacterial activity of the methanol extracts of Piper longum L.
	
Test organisms
	Zone of inhibition in mm
	

	
	200
(µg)
	400
(µg)
	800
(µg)
	1600
(µg)
	Control
(Chloramphenicol,C30)

	Bacillus subtilis
	19  ± 0.24
	20 ±0.87
	21 ± 0.31
	24 ± 0.87
	25.01±0.02

	Staphylococcus aureus
	12.5±0.40
	15.5± 0.31 
	18.5±0.3
	22.3±0.87
	30.00±0.01 

	Escherchia coli
	15.00±0.32
	16.4±0.34 
	17.5±0.8
	18.2±0.48
	22.2±0.01

	Klebsilla sp.
	18.0 ± 0.44
	20 ± 0.31
	17 ± 0.87
	30.5 ±0.34
	33.1±0.03

	Salmonella typhi
	12.4±0.44
	13.4±0.39
	13.4±0.4
	13.9±1.01
	19.2±0.02

	Proteus sp.
	14.3±0.24
	15.5±0.77
	17.6±0.4
	19.3±0.39
	24.02±0.01



Values are expressed in Mean ± SD
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4.4.2. Antifungal activity
Similarly, the results demonstrated that all these test samples have potent antifungal activity against different Aspergillus species tested here. The MEPL was significantly inhibited the growth of all the Aspergillus species (Table VI).

   Table VI: Antifungal activity of the methanolic extracts of Piper longum L.
	Test organisms
	Zone of inhibition in mm
	Control (Nystatin)

	
	200 (µg)
	400 (µg)
	800 (µg)
	1600 (µg)
	

	Aspergillius fumigatus
	10 ± 0.01
	10.5± 0.25
	9 ± 0.41
	12 ± 0.24
	11 ± 0.24

	Aspergillius niger
	11.5 ± 0.27
	12 ± 0.02
	10 ± 0.25
	9 ± 0.24
	13 ± 0.34

	Aspergillius flavus
	8 ± 0.35
	8.5 ± 0.02
	9.5±0.27
	10.5 ± 0.15
	11 ± 0.45




4.5. Anticlastogenic activity using CBMN assay
4.5.1. Cytotoxicity of MEPL in breast cancer lymphocytes
		A concentration dependent decline was seen in the survival of cells exposed to MEPL for 24 h. The concentration up to 40 µg/ml did not affect the viability of lymphocyte cells during the 24 hrs exposure, but at the concentration of 60 µg/ml, the cell viability decreased below 50 percentages (Table VII & Fig.7).
	S. No
	Conc. of MEPL(µg/ml)
	Viable cells(%)

	1
	10
	71

	2
	20
	72

	3
	40
	75

	4
	60
	45

	5
	80
	42

	6
	100
	41


Table VII: Viability of lymphocytes after treatment with MEPL
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Fig.7. Cytotoxicity of MEPL on breast cancer lymphocyte cells.

4.5.2. Determination of MN formation in breast cancer lymphocytes

		When MN formation was analyzed after treatment with different concentration of methanol extracts of Piper longum L. , significant changes in the frequency of MN were detected for 10 µg/ml, 20  µg/ml and 40 µg/ml (p<0.01) when compared to control samples (Table VIII & Fig.8 & 9).
Table VIII: Frequency of MN in peripheral blood lymphocyte cultures exposed to MEPL
	S. No
	Conc. Of MEPL (µg/ml)
	Freq. of MN(MN±SEM)

	1
	Control
	12.8 ± 0.03

	2
	10.00
	12.12 ± 0.005*

	3
	20.00
	11.57 ± 0.12*

	4
	40.00
	11.06 ± 0.18*



*significantly different from control (p< 0.01): ANOVA
MN: Micronuclei; SEM: Standard Error Mean; MEPL: Methanol Extract of Piper longum L.
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Fig.8. Cytokinesis block with normal bi nucleated lymphocytes
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Fig.9.Breast cancer lymphocyte with micronuclei
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V.DISCUSSION
World population is likely to touch 7.5 billion by the year 2020.Global estimates indicate that over 3/4th of the five billion world population cannot afford the products of the western pharmaceutical industry and have to rely up on the use of traditional medicines, which are mainly derived from plants. This fact is well compiled by W.H.O in an inventory of medicinal plants list in over 20,000 species. As a part of strategy to reduce financial burden on developing countries which spend   40-50% of their total health budget on drugs, W.H.O. currently encourages, recommends and promotes the inclusion of herbal drugs in national health care programmes because such drugs are early available at a price either in the reach of a common man and as such are time tested and thus, considered to be much safer than the modern synthetic drugs (Alikhan and Khanum, 2007).
Recent research has begun to reveal impressive facts about the scale of the developed world’s dependence upon medicinal plants, and the monetary and social values that this usage represents .The statistics that 1/4of all prescription dispensed in the USA are likely to contain one or more ingredients derived from higher plants is now commonly quoted (Farnsworth and Soejarto, 1985).
India, the land of spices, is the major producer and exporter of the same. Spices are good sources of essential nutrients. Being medicinally significant they are utilized in indigenous medicines and our daily food since time immemorial. Ayurveda contains detailed information about the use of spices in different diseases and their doses (Alikhan and Khanum, 2007).
Since the phyto-constituents and volatiles of medicinal herbs have created renewed demand in their use by the public, explorations of health benefits and antioxidant potential of these metabolites in the prevention of problems raised due to oxidative stress is needed. Flavonoids and tannins as phenolic compounds and other plant phenolics are major group of compounds that act as primary antioxidants or free radical scavengers (Saxena et al., 2012). In the present investigation, preliminary phytochemical analysis indicated the presence of flavonoids, alkaloids saponins, tannins, phenols and triterpenoids in MEPL.
DPPH is a stable free radical, which has been widely used in phytomedicine for the assessment of scavenging activities of bioactive fractions. The antioxidant effect is proportional to the disappearance of the purple color of DPPH in test samples. Thus antioxidant molecules can quench DPPH free radicals by providing hydrogen atom or by electron donation and a colourless stable molecule 2, 2- diphenyl -1 – hydrazine is formed and as a result of which the absorbance (at 517 nm) of the solution is decreased (Seal, 2012).
In the present study the purple colour of DPPH reduces to light yellow with the intervention of methanol extract of Piper longum L. Out of the three different concentrations of MEPL radical scavenging activities follows in the order of 40 µg/ml > 20 µg/ml  > 10 µg/ml. These results are in accordance with Sujitha et al. (2013) whose evaluated the phytochemical and antioxidant activity of Nelumbo nucifera, Acorus calamus, and Piper longum L. by solvent extraction method. The scavenging activities of various plant extracts were determined using free radicals of 1,  1-diphenyl, 1-2-picryl-hydrazyl. Results showed that hexane fraction of N.nucifera exhibited the highest radical scavenging activity followed by methanolic fraction of Piper longum L. and A.calamus. The methanolic fraction of Piper longum L. showed a dose dependent increase in radical scavenging activity.
Similarly Ramesh Kumar et al.,2011 compared the antioxidant activity of Piper longum L. and Piper chaba Hunter using DPPH free radical scavenging assay. The results showed that the antioxidant activity was higher for Piper longum L. fruits as compared to P.chaba fruits.  The more decrease in absorbance in Piper longum L. reveals that it is a potent antioxidant. 
Also Veeru et al., 2009 screened the methanolic crude extracts of six medicinal plants including Piper longum L. for their free radical scavenging properties using ascorbic acid as standard antioxidant. The IC 50 values of the extracts ranged between 0.05 ± 0 and 0.19± 0 µg/l. This study revealed that the selected plants would exert several beneficial effects by virtue of their antioxidant activity and could be harnessed as drug formulation.
Shahin and Ahmad (2014) carried out in vitro studies on 10 herbs used in healthcare suggested that plants are major constituents in antioxidant based drugs used for the prevention of complex diseases. The DPPH radical scavenging activities of herbs varied from 21.19 to 89.19%. Among the selected herbs Piper longum L. showed 43.47% of DPPH inhibition.
The reducing capacity of a compound may serve as a significant indicator of its potential antioxidant activity. The reducing ability is generally associated with the presence of reductones which breaks the free radical chain by donating a hydrogen atom (Subhasini et al., 2011).
In this assay, the yellow color of the test solution changes to various shades of green and blue depending on the reducing power of each compound. Presence of reducers causes the conversion of the Fe 3+/ ferricyanide complex used in this method to the ferrous form. 
Bhuiyan et al., 2008 tested the chemical components in inflorescence oils of  Piper longum L. grown in Bangladesh region. It was reported that the inflorescences oil rich in eugenol (33.11%), caryophyllene (9.29%), cinnamyl acetate (5.91%), β - pinene (4.74%), nerolidol acetate (3.82%), 2-heptanol, acetate (2.63%), humulen – (v1)(2.62%), phytol (1.98%),  γ- elemene (1.77%), limonene (1.61%) and pinene (1.12%). 
According to Ramesh Kumar et al., 2011, Piper longum L. consisted of 28 compounds comprising 91.2% of the fruit oil. The major compounds identified were n- penta decane (15.8%), 1-penta decene (7.1%) and E- β - farnesene (6.8%). The total piperamide content of Piper longum L. fruits was found to be 0.03%. Pentadecane (17.8%) has been reported as the most abundant volatile compound in the fruit oil of Piper longum L. from India. It was noticed that the chemical composition of volatile oil reported previously from different locations showed variation in the components which may be attributed to differences in the response to geographic, climatic or edaphic patterns and variation in the maturity of raw material. In the present study, the GC-MS data revealed that composition of oils differs from that of the earlier reports and may, therefore be treated as different chemo types.
The antibacterial activity of the present test organisms and P. longum extracts on the agar plates varied for the different concentrations. The zone of inhibition increased with an increase in the concentration of the extracts in the well. The different concentrations showed maximum activity against Bacillus subtilis, moderate activity against Klebsila , but mild activity against salmonella typhi.
This observation is in accordance with a previous study reported by Trivedy et al., 2011. They tested the antimicrobial activity of two Piper species namely Piper nigrum and Piper longum . Aqueous and methanolic extract were analyzed for antimicrobial activity by agar cup plate method.  All the extracts of Piper species exhibited a variable spectrum of antimicrobial activity. Piper species extracts were active against gram positive, gram negative bacteria and fungi. The antibacterial activity of both plants extracts was maximum against S. aureus (gram+ve) and E.coli (gram - ve) respectively.
Studies conducted by Reddy and Seetharam (2009) reported that ingredients of Amalakyadi churna exhibited promising antimicrobial activities. It is one of the Ayurvedic formulations, used in traditional Indian system of medicine, practiced against certain general health disorders such as carminative, appetizer, purgative etc. It is a powdered mixture of equiproportions of fruits of four medicinal plants including Piper longum. Based on the preliminary phytochemical studies, it has been noticed that presence of alkaloids and flavonoids in Piper longum were responsible for the antimicrobial activities.
Dahiya and  Purkayastha (2011) elucidated the antimicrobial activities of various solvent extracts of Piper longum against clinically proved multi-drug resistant bacteria (Methicillin-resistant Staphylococcus aureus, Enterococcus sp., Klebsiella sp., Escherichia coli, Pseudomonas aeruginosa and Acinetobacter sp. and reference strains of bacteria (Staphylococcus aureus ATCC 25923 and Escherichia coli ATCC 25922) by using agar well diffusion assay.  The highest antimicrobial potentials were observed for the hexane and acetone extracts of A. salviifolium and P. longum, displaying maximum inhibitory zone of 18 mm against Enterococcus sp. 
Ali et al., (2007) determined the antibacterial and antifungal activities of various solvent extracts of Piper longum L. against a wide variety of pathogenic bacteria and fungi respectively. Crude extracts of Piper longum L. showed mild to moderate activities against most of the tested bacteria. On the other hand, the antifungal activities exhibited by all the crude extracts were not prominent. Petroleum ether extracts of Piper longum L. were found to be inactive against most of the tested organisms. Ethyl acetate extracts showed relatively better anti-microbial effect against most of the tested organisms. It has been expected that the antimicrobial screening of this plant materials will lead the scientist to continue work against pathogens causing killer diseases.
Udgire and Pathade (2014) have investigated the antimicrobial activity of ethanol and methanol extract from Piper longum L. rhizome against major skin pathogens Staphylococccus aureus, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus vulgaris, and Proteus mirabilis. The most promising activity of methanol extract was observed against Klebsiella pneumonia, Proteus vulgaris, and Staphylococccus aureus with zone of inhibition of 17mm diameter. Further bioactivity-guided fractionation of methanol extract by silica gel column chromatography resulted in eleven major fractions. Among these, fraction-1, 4, 5 and 6 showed higher antimicrobial activity against selected skin pathogens. The bioactive fraction of the methanol extract fraction-5 was subjected for further bio analytical studies.
Natural products have been used in folk medicine for thousands of years in the world. There are a lot of reports about cytogenetic effects of plant extracts (Eroglu et al., 2010)
	Many studies are available in the literature on the application of Micronucleus test, evaluated as baseline level (Bonassi et al, 2011) and after in vitro challenge, involving more than 1000 cases of breast cancer patients and subjects with known or putative cancer predisposition. An association between micronuclei induction and breast cancer development was reported in the large majority of studies showing increased baseline micronuclei frequency in untreated cancer patients.
	Recently, a large international cohort study showed a significant association between MN frequency in healthy subjects and cancer risk. The study assembled data on 6718 individuals from 10 countries. Cancer incidence was significantly higher in groups with medium and high MN frequency. This study provided preliminary evidence that MN frequency in peripheral blood lymphocytes is predictive of cancer risk, suggesting that increased MN formation is associated with early events in carcinogenesis (Bonassi et al., 2007).
	Among the various techniques used to detect genetic and geno protective effects, the MN test is simple, cheap, less cumbersome and allows convenient and easy application. The protection afforded by Piper longum L. against the cytotoxicity of breast cancer cells was confirmed by MN assay at the genomic level. In the present study, different concentrations of methanol extract of Piper longum decreased the frequency of MN in a concentration dependent manner.
The protective effect against the DNA damage may be due to one or more of the following: antioxidant action, trapping of free radicals, formation of complex with mutagen, modulation of mutagen metabolism or by adsorbing the xenobiotics. This is feasible because many naturally occurring compounds are known to exhibit discrete mechanisms of protection (Morse and Stoner, 1993). 




























  SUMMARY AND CONCLUSION
VI. SUMMARY AND CONCLUSION
In recent years the popularity of complementary medicine has increased. Over 50% of all modern drugs are natural product origin and they play an important role in drug development programmes of the pharmaceutical industry.
The present investigation elucidates the antioxidant, antimicrobial and anti clastogenic activities of Piper longum L. Phytochemical analysis showed the presence of alkaloids, flavonoids, phenols, sterols, phenols and quinones.
The free radical scavenging activity of Piper longum L. have showed that the efficiency of plant species differ depending on the particular assay methodology, reflecting the complexity of the mechanisms involved in total antioxidant capacity. The results of the assay are expressed in scavenging activity of DPPH free radical expressed in percentage. The analysis showed that the radical scavenging activity of the extracts of MEPL increases with increasing in concentration.
The reducing capacity of a compound may serve as a significant indicator of its potential antioxidant activity. The reducing ability is generally associated with the presence of reductones which breaks the free radical chain by donating a hydrogen atom. The reducing power of different concentration of Piper longum L. was found to be remarkable in this study and the absorbance of each concentration was found to rise as the concentration gradually increases. The reducing power follows the order 40 µg/ml > 20 µg/ml > 10 µg/ml.
A knowledge of the chemical constituents of plant is desirable for the synthesis of complex chemical substances and for discovering the actual significance of folklore medicine. In the present study GC-MS analysis showed 20 volatile organic compounds from the fruits of Piper longum L. The major compounds identified were Hexadecanoic acid, Octadecanoic acid, Dodecanoic acid, Heptadecanoic acid, Methyl stearate, Butyl 11-eicosenoate, Methyl 13-eicosenoate, n-Propyl 11-eicosenoate, cis-13-Eicosenoic acid etc.
Among many proposed strategies, a good understanding of systematic screening of traditional system of medicine offers the potential of developing potent broad spectrum antibiotics. Hence, in this present study, same efforts are continued in the progression of searching novel therapeutics against antibiotic activity. The bioactive compounds present in Piper longum L. showed a promising activity profile against Bacillus subtilis, Staphylococcus aureus, Escherchia coli, Klebsilla sp., Salmonella typhi, Proteus sp., etc.
	  	Among the various techniques used to detect genetic and geno protective effects, the MN test is simple, cheap, less cumbersome and allows convenient and easy application. The protection afforded by Piper longum L. against the cytotoxicity of breast cancer cells was confirmed by MN assay at the genomic level. In the present study, different concentrations of methanol extract of Piper longum decreased the frequency of MN in a concentration dependent manner and significant changes in the frequency of micronuclei were detected for 20 µg/ml and 40 µg/ml (p<0.01).
		The results revealed the presence of medically important constituents in the plant studied. It is suggested that further work should be carried out to isolate, purify and characterize the active constituents responsible for the activity of these plants. Also additional work is needed to elucidate the possible mechanism of action of these extracts. 
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