Protective Effect of TLC Separated Fractions of Rhinacanthus nasutus Root Extracts On The Oxidant Induced Biomolecular Damage in vitro
BY

D.SRIVIDHYA

[Reg.no. 08PB20]

A thesis submitted to
 Avinashilingam Deemed University for Women

Coimbatore 641 043
In partial fulfilment of the requirement for the degree of                         Master of Science in Biochemistry

APRIL 2010
[image: image26.jpg]



[image: image2.jpg]



                     Acknowledgement                       
[image: image1.png]Protective Effect of TLC Separated Fractions of
Rhinacanthus nasutus Root Extracts On The Oxidant

Induced Biomolecular Damage in vitro

A thesis submitted to
Avinashilingam Deemed University for Women

Coimbatore 641 043

In partial fulfilment of the requirement for the degree of

Master of Science in Biochemistry

APRIL 2010
Certified as bonafide research work

/PCL'WV\KU;QM 194 3o @/\/J\/g)j) dolp

SIGNATURE OF THE SIGNATURE OF

HEAD OF THE DEPARTMENT THE GUIDE




[image: image20.jpg]



ACKNOWLEDGEMENT

          “Everything is incomplete without gratitude

                                         Nothing is complete without help”

 First and foremost the author is profusely thankful to GOD ALMIGHTY for the abundant blessings and mercies showered upon her throughout the period of her study. Her heart swells with gratitude for her PARENTS and BROTHERS for being the motivation forces behind this dissertation, providing moral support and encouragement in carrying out the project.

The researcher expresses her reverential gratitude and sincere thanks to Mr. T.K. SHANMUGANANDAM, B.A., B.L., Chancellor, Avinashilingam Deemed University for Women, Coimbatore for all the good wishes and help rendered towards the successful completion of the study.

The researcher expresses her sincere and earnest thanks to                   Hon. Colonel. Dr. (Tmt). SAROJA PRABHAKARAN, M.A., Dip. Ed. (Madras), Ph.D. (Mother Teresa), Vice Chancellor, Avinashilingam Deemed University for Women, Coimbatore, for her invaluable help and motivation given during the time of the study.

The researcher records her sincere thanks to                                             Dr. (Tmt). GOWRI RAMAKRISHNAN, M.Sc. (Madras), M.Phil., Ph.D. (Avinashilingam), Registrar, Avinashilingam Deemed University for Women, Coimbatore for extending all possible support for the successful completion of the study.

The researcher expresses her profound thanks to                                     Dr. (Mrs.) R. PARVATHAM, M.Sc., Dip. Ed., M.Phil. (Madras), Ph.D. (Avinashilingam), Dean, Professor and Head of Biochemistry, Biotechnology and Bioinformatics, Avinashilingam Deemed University for Women, Coimbatore for providing the opportunities, constant support and encouragement.

The researcher specially acknowledges, with a deep sense of gratitude, her sincere dedication to her guide Dr. R. NIRMALADEVI, M.Sc , M.Phil., Ph.D. (Avinashilingam), Associate Professor, Department of Biochemistry, Biotechnology and Bioinformatics, Avinashilingam Deemed University for Women, Coimbatore, for her meticulous care, guidance, patience, encouragement, and ready help rendered at every step of the study.

The researcher expresses her gratefulness to the staff members of the Department of Biochemistry, Biotechnology and Bioinformatics for their encouragement throughout the study.

On a more personal note she owes special tribute and thankfulness to beloved friends for their continuous encouragement and support.

                     Contents                         
[image: image21.jpg]



[image: image22.jpg]



	CHAPTER
	TITLE
	PAGE NO.

	1

2

3

4

5


	List of Figures
List of Plates
Introduction

Review Of Literature

Methodology

Results and Discussion
Summary and Conclusion

Bibliography

Appendices
	1

6

21

29

44




CONTENTS
LIST OF PLATES
	PLATENO.
	TITLE
	PAGE NO.

	1
	UP ROOTED Rhinacanthus nasutus

	23

	2a
	DRIED ROOTS

	24

	2b
	DRIED ROOT POWDER
	24

	3
	THIN LAYER CHROMATOGRAPHY
	26

	4
	MIGRATORY PATTERN OF λ DNA


	37

	5
	MIGRATORY PATTERN OF pUC 18 DNA


	38


LIST OF FIGURES
	FIGURENO.
	TITLE
	PAGE NO.

	1
	ROLE OF ROS IN CAUSING DAMAGE TO CELLULAR METABOLISM 
	9

	2
	EXTENT OF INHIBITION OF LIPID PEROXIDATION IN THREE DIFFERENT MEMBRANE MODELS


	33

	3
	EFFECT OF TLC SEPARATED FRACTIONS OF Rhinacanthus nasutus ROOT EXTRACTS IN THE PREVENTION OF OXIDATIVE DAMAGE TO HERRING SPERM DNA 


	40

	4
	EFFECT OF TLC SEPARATED FRACTIONS OF             Rhinacanthus nasutus ROOT EXTRACTS IN THE  PREVENTION OF OXIDATIVE DAMAGE TO CALF THYMUS DNA 


	41


[image: image3.jpg]



                     Introduction                         
[image: image23.jpg]



[image: image24.jpg]



1.INTRODUCTION
"Let food be thy medicine and medicine be thy food.”

 -- Hippocrates

Oxygen plays a very important role in human metabolism and once inhaled, it undergoes a gradual reduction process and ultimately gets metabolized into water. In this process of absorption, transport, and metabolism, some reactive oxygen species are formed which can promote lipid peroxidation of unsaturated fatty acids and damage membrane proteins, leading to decreased membrane permeability, decreased activities of enzymes and receptors, and activation of cells. Furthermore, when free radicals react with DNA, cancer causing mutations may occur. Therefore, antioxidant defense systems in foods and drugs are important in the prevention of many diseases such as cancer, atherosclerosis, diabetes, and liver cirrhosis (Chang et al., 2008). Oxygen derived free radicals and their products are known to play an important role in the pathogenesis of chronic inflammatory disorders (Devi et al., 2007).
The World Health Organization (WHO) has indicated that depressive disorders will soon be the second leading cause of disability worldwide, with a prevalence  between 9% and 18%. Major depression has been linked to oxidative stress. Oxidative stress arises when there is a marked imbalance between the production of reactive species and their removal by antioxidants. 

Oxidative stress has been implicated in the pathogenesis of various diseases. Depressive disorders are amongst the leading causes of disability and mortality worldwide and are associated with different neuropsychiatric illnesses such as Alzheimer’s disease, Huntington’s disease, Parkinson’s disease, diabetes and vascular disease (Sadab et al.,2008). 

In developing countries such as India, deaths due to cardiovascular diseases are raising enormously and this is predicted to be the leading cause of morbidity and mortality by the year 2020. Various factors such a hypercholesterolemia, obesity, hypertension, diabetes mellitus, heredity, environmental factors and lifestyle changes including smoking and stress have been suggested to predispose the disease (Gururajan et al., 2009).

Free radicals are fundamental to many biochemical processes and represents an essential part of aerobic life and metabolism (Rao et al.,2009). Free radicals such as reactive oxygen species (ROS) and reactive nitrogen species (RNS) produced during the normal metabolism can damage the cells resulting in lipid peroxidation, alteration of protein and nucleic acid structures. The declined activities of antioxidant enzymes with concomitant increased levels of oxidative DNA damage have been reported in many cancerous and non-cancerous conditions.  Most of the end products of lipid peroxidation can react with cysteine, histidine and lysine residues of protein that result in the disruption of proteins and inactivation of enzymes (Ajith, 2010). Over-accumulation of  ROS occurs either because of their over-production or due to dysfunctioning of antioxidative defense system that are becoming unable to scavenge them fully (Mandal et al., 2009).
Antioxidants may guard against ROS toxicities by the prevention of ROS construction, by disruption of ROS attack, by scavenging reactive metabolites and converting them to less reactive molecules or by enhancing the resistance of sensitive biological target to ROS attack (Siddique et al., 2010).

Antioxidants are naturally occurring or synthetic chemicals in foods that help to counteract the detrimental effects of ROS and free radicals which causes degenerative human diseases such as cancer, heart diseases and cerebrovascular diseases.  Recently, natural foods and derived antioxidants such as vitamins and phenol phytochemicals have received growing attention. This is because they are known to function as chemo preventive agents against oxidative damage (Oviasogie  et al., 2009). 
The antioxidant effect, is achieved in different ways: i) by scavenging of oxygen reactive species  ii) by stimulating the activity and expression of antioxidant enzymes and  iii)  by inhibiting the activity of enzymes which produce reactive species like nitric oxide synthase (Tassett et al., 2010).

Natural antioxidants are known to exhibit a wide range of biological effects including antibacterial, antiviral, anti-inflammatory, antiallergic, antithrombic and vasodilatory activites. Antioxidant activity gives rise to anticarcinogenicity, antiimmunogenicity and antiaging activity (Gulcin et al., 2010).

 Polyunsaturated fatty acids, which are abundant in cell membranes are oxidatively damaged by free radical chain reactions when exposed to O2 in the presence of trace metal ions. This process is known as lipid peroxidation        (Jones, 2008).
Numerous plant constituents have proven to show free radical scavenging or antioxidant activity. Among these, flavonoids and other phenolic compounds of plant origin have been reported as scavengers and inhibitors of lipid peroxidation. World ethnobotanical information reported that a number of herbal medicines from plants and vegetables are used for controlling hyperlipidemia and related complications in patients (Kumar et al., 2008).
 Most of the protective effects of plants on living cells have been attributed to their non-nutrient constituents such as carotenoids, flavonoids, isoflavonoids and phenolic acids. These findings have led to an increased emphasis on cancer prevention strategies in which these dietary factors are utilized. Different phytochemicals have been shown to possess a range of activities, which may help in protecting against chronic diseases like cancer, regulate inflammatory and immune response and protect against lipid oxidation (Jelili et al., 2010).

Traditional medicine is an important source of potentially useful new compounds for the development of chemotherapeutic agents. The first step towards this goal is the screening of plants used for popular medicine. Herbs are widely exploited in the traditional medicine and their curative potentials are well documented. The demand for plant based medicines, health products, pharmaceuticals, food supplement and cosmetics, etc are increasing in both developing and developed countries, due to the growing recognition that the natural products are non toxic, have less side effects and easily available at affordable prices (Ripa et al., 2010).
Rhinacanthus nasutus  kurz. (family Acanthaceae), has been used in Thai traditional medicine for the treatment of various diseases such as eczema, pulmonary tuberculosis, herpes, hepatitis, diabetes, hypertension and various skin diseases, and its active components were widely investigated. R. nasutus kurz has also been used for cancer treatment (Siripong et al.,2006). Earlier studies done in our laboratory reveal that the leaves of Rhinacanthus nasutus served as a better source of antioxidants (Nirmaladevi and Vasuki, 2010). 
Therefore, the present study was an attempt to study the “Protective effect of TLC separated fractions of Rhinacanthus nasutus root extracts on the oxidant induced biomolecular damage in vitro”.

The objectives set for the study were as follows:

· To study the extent of inhibition of lipid peroxidation induced in vitro in the presence and absence of TLC separated fractions of Rhinacanthus nasutus root extracts.
· To compare the protective effect of the fractions obtained from TLC of different solvent extracts of Rhinacanthus nasutus root on Lipid peroxidation in different membrane models.
· To analyse the extent of damage induced by the standard oxidant H2O2 to DNA in vitro in the presence and absence of TLC separated fractions of Rhinacanthus nasutus root extracts.
· To assess the DNA protective effect of the fractions obtained from TLC of different solvent extracts of  Rhinacanthus nasutus root using different hierarchy of DNA molecules.
The literature relevant to the present study was studied and brief review of the same are presented in the next chapter. 
[image: image4.jpg]



      Review of   Literature
[image: image25.jpg]



2. REVIEW OF LITERATURE

                    “The desire to take medicine is one feature which

                  distinguishes man, the animal, from his fellow creatures”

                                                                            - Sir William Osler
2.1 OXIDATIVE STRESS

Oxygen is an element indispensible for life. When cells use oxygen to generate energy, free radicals are created as a consequence of ATP production by the mitochondria. These byproducts are generally ROS as well as RNS that result from the cellular redox process. These species play a dual role as both toxic and beneficial compounds. The delicate balance between their two antagonistic effect is clearly an important aspect of life. At lower or moderate levels, ROS and RNS exert beneficial effect on cellular responses and immune functions. At high concentrations they generate oxidative stress (Huy et al., 2008).


Oxidative stress arises due to an imbalance between oxidative and reductive process and in particular due to imbalance in antioxidant status. The components that are able to decrease the rate of oxidizing reactions are called antioxidants (Karyakina et al., 2009). The consequences of oxidative stress include (1) Adaptation of the cell or organism by up regulation of defense systems which may completely protect against damage, or to some extent or overprotect (2) Cell injury, involves damage to any or all molecular targets like lipids, DNA, proteins and carbohydrates  (3) Cell death as the cell may first, recover from the oxidative damage by repairing it or replacing the damaged molecules or second, it may survive with persistent oxidative damage or third, oxidative damage, especially to DNA, that may trigger cell death, by apoptosis or necrosis (Matute et al.,2009).

Increased cell oxidative stress result in aging, obesity, hypertension, atherosclerosis, vascular alterations, metabolic syndrome, inflammation, chronic obstruction pulmonary disease, asthma, Alzheimer’s, Parkinson’s, schizophrenia, AIDS, obstructive sleep apnea, polycystic ovarian syndrome, liver diseases, chronic kidney diseases, rheumatoid arthritis, cataracts, tumours, ischemia and diabetes. Antioxidants help to prevent or delay these pathological conditions (Schirrmacher, 2010).

The processes of biological oxidation and LPO are up-regulated under stress conditions, which creates prerequisites for accumulation of toxic lipoperoxidation intermediates and decrease in functional activity of antioxidants. Specifically, elevated concentration of  LPO products above the steady-state level is considered as a universal mechanism of cell damage in pathological states, e.g. under conditions of cardiovascular pathology (Kirichuk and Tsymbal, 2009).

2.2 REACTIVE SPECIES
There are different types of reactive species. Most of them are categorized into two important groups,

1. Reactive Oxygen Species (ROS)

2. Reactive Nitrogen Species (RNS) 

All these reactants contain free radicals as well as non radicals. Low concentrations of these reactive species are necessary for normal cell redox status, cell functions and intracellular signaling. These reactive species are capable of damaging a wide range of essential biomolecules (Chen et al., 2009). 

2.2.1 REACTIVE OXYGEN SPECIES (ROS)

ROS are continuously formed as a consequence of cellular oxygen metabolism. Approximately 1-5% of the total oxygen consumed by mitochondria is converted to ROS by partial reduction of oxygen to the superoxide anion radical (Brawek et al., 2010). Oxygen tends to accumulate in the hydrophobic membrane environment due to the favourable partitioning between water or lipid phase increasing the probability of membrane lipid peroxidation (Blokhina et al., 2010) and also damage macromolecules such as nucleic acids, lipids and proteins    (Dubey et al., 2010).

The mitochondria is a major intracellular source of ROS (Barja, 2007). Of total mitochondrial O2 consumed, 1-2% is derived to the formation of ROS. High ROS exposure causes oxidative damage to mitochondrial DNA (Circu and Yee, 2010). ROS are free radicals produced as byproducts of oxidation-reduction reactions. At low level they are known to act as important signaling molecules. At high levels these highly reactive molecules will exert oxidative stress on the cell and invoke profound changes on gene expression. Unchecked oxidative stress will result in cumulative oxidative damage to DNA, RNA and proteins within the cell (Singh et al., 2009a) leading to cancer. ROS are highly reactive in tissues (Valko et al., 2007). 
2.2.2 REACTIVE NITROGEN SPECIES (RNS)

RNS are free radicals similar to ROS in that these are not only necessary in various biological processes, but also exert harmful effects owing to their reactivity. RNS are produced by a group of enzymes called nitric oxide (NO) synthases (Dowling and Simmons, 2009). These are enzymes whose functions are to produce ROS/RNS, such as nicotinamide adenine dinucleotide phosphate (NAD(P)H) oxidases, nitric oxide synthases (NOS), and myeloperoxidases (Muriel, 2009).

FIGURE 1
       ROLE OF ROS IN CAUSING DAMAGE TO CELLULARMETABOLISM
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2.3 FREE RADICALS

Free radicals can be traced back to 3-5 billion years ago when the basic components of life were being produced by the free radicals with the help of solar reactions. Now the same free radicals responsible for the intiation of life have become a threat to our very existence of life (Sinha et al., 2009). Free radical is a molecule with one or more unpaired in its outer shell. These are formed from molecules through the breakage of a chemical bond such that each fragment keeps one electron, by cleavage of a radical to give another radical and also through redox reactions. ROS and RNS are collectively called free radicals and other non-radical reactive derivatives also called oxidants. Radicals are less stable than non-radical species, but their reactivity is stronger (Valko et al., 2007).

Free radicals are hyperactive fragmented atoms or molecules which are capable of tormenting and fragmenting other molecules. Hydroxyl is the most reactive neutral free radical with half life of about 10-9 sec. It is capable of insulating, fragmenting and mutating any cellular molecule with forceful intensity (Singh et al., 2009b). 

These free radicals are produced in cellular membrane, mitochondria, nucleus, lysosomes, peroxisomes, endoplasmic reticulum and cytoplasm. The important non-radical species in human system are hydrogen peroxide, peroxynitrite, singlet oxygen, peroxynitrous acid and peroxyl nitrite. Free radicals causing oxidative stress exert repetitive damage to individual cells of the body promoting increased disease prevalence and aging (Ristow et al., 2009). 

Free radicals are generated by oxidation reactions that can cause peroxidation of membrane lipids (Okoko, 2009). Normally free radicals of different forms are generated at a low level in cells to help in the modulation of several physiological functions and are quenched by an integrated antioxidant systems in the body (Anandjiwala et al., 2010).

In living systems free radicals are generated as part of the body’s normal metabolic process, and the free radical chain reactions are usually produced in the mitochondrial respiratotry chain, liver mixed function oxidases, through xanthine oxidase activity, atmospheric pollutants and from transitional metal catalysts, drugs and xenobiotics (Ara and Nur, 2009).

2.4 ANTIOXIDANTS

Antioxidants are substances that delay or prevent the oxidation of cellular oxidizable substances. They exert their effects by scavenging free radicals, acting as battery of detoxifying proteins or preventing the generation of free radicals  (Chen et al., 2009). At present most commonly used synthetic antioxidants are Butylated Hydroxy Anisole (BHA), Butylated Hydroxy Toluene (BHT), propyl gallate and tetrebutylhydroquinone. These antioxidants also have toxic side effects. BHA and BHT have suspected of being responsible for liver damage and carcinogenesis. Therefore, there is growing interest on natural and safer antioxidants.
The use of plants for medicinal purposes has been associated with less frequent side effects (Okoko et al., 2009). Every food plants contains numerous types of natural antioxidants with different properties. The  antioxidants have been attributed to their ability to scavenge free radicals, thereby reducing oxidative damage of cellular biomolecules (Alasvar and Shahidi, 2009). Antioxidants can be classified into two types, namely enzymatic and non enzymatic antioxidants.

2.4.1 ENZYMATIC ANTIOXIDANTS


Cells have developed an enzymatic antioxidant pathway against free radicals and reactive species which are generated during oxidative metabolism  (Casado et al., 2008).

2.4.1.1 SUPEROXIDE DISMUTASE (SOD)

SOD is a metalloprotein and is the first enzyme involved in the antioxidant defence by lowering the steady state level of  O2-. SOD which converts superoxide radicals to H2O2 is widely distributed to protect such cells against the toxic effects of superoxide anion. It catalyses the dismutation of  O2  - to O2  and the less reactive H2O2 is formed.

O2- + O2-+ 2H+                      H2O2
O2 - remains near the site of its production, but H2O2  can diffuse across membranes and through the cytosol. H2O2  is a powerful oxidizing agent, hence cell express abundant CAT, GPX and thioredoxin that transform H2O2  to water and molecular oxygen (Roberts and Sindhu, 2009).

2.4.1.2 CATALASE (CAT)

CAT is a hemo protein, localized in the peroxisomes or the microperoxisomes. This enzyme catalyses the decomposition of H2O2 to H2O and O2 and thus protecting the cell from oxidative damage by H2O2 and (OH. The main function of catalase is to detoxify H2O2. Although catalase is significantly increased in rheumatoid arthritis, its concentration is very low to expect considerable protection against H2O2 (Ojha, 2010).

H2O2 



   H2O+ O2

2.4.1.3 GLUTATHIONE PEROXIDASE (GPX)

GPx is a selenoenzyme, two third of which (in liver) is present in cytosol and one third in the mitochondria. It catalyses the reaction of hydroxides with reduced glutathione to form glutathione disulphide (GSSG) and the reduction product of H2O2  (Baque, 2009). It is a selenium containing tetrameric enzyme that reduce H2O2, lipidperoxides and the organic hydroperoxides to their corresponding hydroxylated compounds using glutathione as a hydrogen donor                     (Rosenblat and Aviram, 2009).

ROOH + 2GSH 



 ROH + GSSH + H2O
2.4.1.4 GLUTATHIONE REDUCTASE (GR)

GR is located in the chloroplast, cytosol and mitochondria. Its activity supports the regeneration of both glutathione and ascorbate                      (Melchiorre et al., 2009). It is a flavoprotein catalyzing the NADPH-dependent reduction of glutathione disulfide to glutathione, which is essential for the maintenance of glutathione levels (Casado et al., 2008).

NADPH + GSSG  



      NADP + 2 GSH

2.4.2 NON ENZYMATIC ANTIOXIDANTS


The natural antioxidants function as reducing agents, chelator of pro-oxidant metals or as quenchers of singlet oxygen. They work synergistically to combat free radical process. There are two types of natural antioxidants nutritive and non nutritive antioxidants (Zulet et al., 2009).

2.4.2.1 VITAMIN C

Vitamin C is a water soluble antioxidant which prevents the formation of carcinogenic N- nitroso compounds in gastric juice and scavenges the reactive oxygen species in gastric mucosa (Lee et al., 2008). Vitamin C is one of the most popular and least toxic antioxidant components of foods and has been most widely used as a dietary supplement to prevent oxidative stress mediated diseases  (Oviasogie      et al., 2009).

2.4.2.2 VITAMIN E

Vitamin E regulates mitochondrial peroxide formation by serving as an antioxidant in mitochondria and selenium prevents malignant transformation of the cells as an antimutagenic agent. Vitamin E and Se were individually effective to prevent oxidative damage in the mtDNA and they were significantly more effective together to prevent damage. Recent experimental and clinical studies have suggested that oxidative stress is enhanced in heart failure. The production of oxygen radicals is increased in failing heart, whereas antioxidant enzyme activities are preserved as normal (Mutlu et al., 2009). Vitamin E is seen as the most abundant antioxidant in the LDL lipid phase and plays an important role by scavenging highly reactive lipid peroxyl and alkoxyl radicals (Oguntibeju et al., 2009).

2.4.2.3  VITAMIN A

The retinoid family comprises vitamin A (retinol) and its natural derivatives such as retinaldehyde, retinoic acid, and retinyl esters, as well as a large number of synthetic derivatives (Mukherjee et al., 2006).

The antioxidant activity can be estimated in 2 ways 

· Analysis of oxidized products like lipid peroxidation, in the presence of the samples or individual substances 

· TRAP, DPPH, (Karyakina et al., 2009), ABTS, FRAP (Sreeramalu   et al., 2009), Nitric oxide scavenging activity, Total reducing potential, Superoxide scavenging activity  (Deepa et al., 2009)  and so on.

The battle between free radicals and antioxidants inside the human body is an ongoing process and any imbalance causing increase in the free radicals levels may trigger carcinogenesis and threaten the very survival of that person  (Sinha et al., 2010).

2.5 LIPID PEROXIDATION

Lipid peroxidation is a general mechanism whereby free radicals induce tissue damage, has been implicated under diverse pathological conditions, including brain disorders.  Lipid peroxidation is one of the major outcome of the free radical-mediated injury that directly damages membranes and generates a number of secondary products including aldehydes such as malondialdehyde (MDA) and 4-hydroxy-2-nonenal and ketones. Free radicals exert their cytotoxic effect by peroxidation of membrane phospholipids, changing the permeability of cellular membrane, increasing their fluidity, their rigidity and increasing their risk of membrane rupture (Casado et al., 2008). 

Lipid peroxidation occur in both non-enzymatic and enzymatic ways and lipid hydroperoxides are formed as by products. Lipoxygenases are engaged in enzymatic lipid peroxidation. They transform polyunsaturated fatty acids to LOOH that are converted to different secondary compounds. The peroxyl radicals (LOO˚) are transformed within the enzyme complex to corresponding anions (LOO-) and therefore lose their reactivity. In Non enzymatic process, ROS are formed in different cell compartments and transition metal ions are engaged in the initiation of lipid peroxidation. Non enzymatic lipid peroxidation starts after hydrogen abstraction from an unsaturated fatty acid and a lipid radical is formed and adding molecular oxygen and after that radical chain reaction can occur. The peroxyl radical generated are not deactivated. They causes structural changes and are lead to cell death. There are defense mechanism in the cells protecting them against the lipid peroxidation. Low molecular mass antioxidant like ascorbate (AA), glutathione (GSH), tocopherols and carotenoids are especially important, because they directly scavenge free radicals (Piolit et al.,2010).

The activation of free radical chain reactions and excessive accumulation of secondary products of lipid peroxidation - as  ketones and MDA that bring about heavy consequences known as peroxide stress (Tolsty et al., 2009).
LIPID PEROXIDATION
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2.6 DNA DAMAGE

Oxidative DNA damage has been implicated in carcinogenesis, aging and several age related degenerative diseases (Habab, 2009). High levels of exogenous and endogenous ROS can induce DNA damage in vitro. ROS appear to play an important role in the generation of sperm DNA damage (Zini et al., 2009). Calf thymus DNA has been modified with O2 and O2 - generated by photo-illumination (Khan, 2009).

2.7 ERYTHROCYTES GHOST

Erythrocyte membrane fluidity may be influenced by lipid composition in several ways: (i) It depends on cholesterol content and the presence of other neutral lipids and (ii) Phospholipid composition and phospholipid fatty acid pattern. ROS also affect membrane-linked enzyme activity through modification of membrane fluidity because the activity of most membrane bound enzymes is regulated by the physico-chemical state of their membrane lipid environment. Na/K-ATPase is an enzyme transforming the energy of ATP hydrolysis to perform transmembrane transfer of monovalent cations against their electrochemical potential, is an integral protein of the plasma membranes of all body tissues. This enzyme has been reported to be sensitive to changes in membrane fluidity (Maturu, 2009).

Changes in membrane lipids can affect the RBC shape by disrupting the balance in area between the two lipid leaflets. Autoxidation of hemoglobin (Hb) produces superoxide as well as methemoglobin. It is known that Hb reacts with hydrogen peroxide to produce ferryl hemoglobin, which is a strong oxidant. Hb binds to membrane proteins of the RBC, particularly under hypoxic conditions. The ROS generated by bound Hb may not be accessible to cellular antioxidants, facilitating the production of heme degradation products in close proximity to the membrane. Erythrocyte membrane proteins are susceptible to covalent damage, including cross-linking and aggregation by free radical-induced peroxidation products. Extensive peroxidation of lipids causes changes in fluidity, e.g., a fall in the membrane potential, and an increase in the permeability to different ions that finally lead to hemolysis. Therefore erythrocytes are very sensitive to oxidative injury (Vani, 2010). 

2.8 OXIDANT

Oxidants play a key role in cell physiology under normal and disease conditions. At the cellular level, an excess of oxidants will trigger a response that may affect intracellular trafficking of macromolecules, including protein transport in and out of the nucleus (Crampton et al., 2009).

Hydrogen peroxides are involved in biochemical reaction pathways. The life time of the natural free radicals is extremely low, so their concentration in biological liquids is almost negligible. H2O2  is much more powerful oxidant than oxygen. H2O2  is less reactive compared to free radicals but the components which decomposes. H2O2 can also decompose free radicals (Karyakina et al., 2009).
2.9 DISEASES

More than 50 diseases are known to be caused by oxygen free radicals. The biological consequences can vary from a moderate alteration of redox status, to the occurrence of lipid peroxidation (LPO) and genetic damage, destabilization of the main cellular functions with the appearance of several pathologies, and eventually death  (Oliveira     et al., 2009).  
Free radicals have been implicated in the causation of several diseases such as liver cirrhosis, atherosclerosis, cancer, diabetes, fibrosis of the arteries, degenerative diseases, inflammation reactions, immune disorders and diabetes. Free radicals or ROS have a well established role in the initiation of cancer through effects on DNA damage that results in mutations, leading to the activation of oncogenes and loss of tumor suppressor gene function (Sharifi, 2009).

 The excessive and/or sustained ROS production in hyperglycemia can directly or indirectly disturb the integrity and physiological function of cellular macromolecules and also by forming advanced glycation end products (AGE) through non-enzymatic advanced glycation and intracellular glucose auto-oxidation (Sarkar  et al., 2010). 

Researchers have estimated that every serving increase in fruit and vegetable consumption reduces the risk of cancer by 15%, cardio vascular disease by 30% and mortality by any cause by 20%. This has been confirmed by epidemiological studies (Gupta and Prakash, 2008). 
2.10 PLANT ANTIOXIDANTS

“Nature is an infinite sphere of which the center is everywhere and the circumference nowhere.”

· Blaise Pascal
The use of plant extracts and phytochemicals, both of which known reliable antimicrobial and antioxidant efficacies, can be of great significance in therapeutic approaches of many diseases. Over the years and up to date, there have been several studies documenting the antibacterial, antifungal, antiviral, anticancer and anti-inflammatory properties of plant ingredients. Therefore, herbal- derived substances remain the basis for large proportion of the commercial medications used today in developing countries for treatment of age-related brain diseases (Naili, 2010).

Rhinacanthus nasutus (L) kurz (Acathaceae family) is widely distributed in some parts of the sub continent India, China and in the region of South Asia including Thailand. Rhinacanthus nasutus have been used for various treatments. The traditional medicine preparations from roots and leaves where widely advocated for prickly heat and scurf and whole plant for ringworm, various skin problems such as eczema, pulmonary tuberculosis. The active ingredients of the plant extracts have been reported for antifungal, antibacterial, antivirus, cytotoxic, antiplatelet, antitumor and antiproliferative activites (Karn et al., 2009).

The promising alkaloids, Rhinacanthin has potent medicinal application. It exhibits antiproliferative activites, antimicrobial activity against dermatophytes and inhibits platelet aggregation. The phytochemicals identified are saponins, tannins, steroids, terpenes, sugars, flavanoids, coumarins, quinines, lignins, alkaloids, phenolics, glycosides and antraquinones. The secondary metabolites of Rhinacanthus nasutus can be used as antibacterial agent in new drugs for therapy against pathogens (Prabakaran and Pugalvendan, 2009).
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                                                              Methodology


3. METHODOLOGY

The World Health Organization (WHO) estimates that 4.5 billion people around the world use herbal medicines for their primary healthcare (Das et al., 2009). The natural products are non-toxic, have less side effects and available at affordable prices. The step towards the goal is the screening of plants used in popular medicine (Ripa et al., 2010).

Plant based natural constituents can be derived from any parts of plant like bark, leaves, flowers, roots, fruits and seeds (Makkari et al., 2008). The beneficial effects of medicinal plant typically result from the combination of secondary metabolites present in that plant (Ara and Nur, 2009).    Rhinacanthus nasutus is a plant which has a rich source of flavonoids, steroids, triterpenoids, antraquinones and lignans (Prabakaran et al., 2009).

The human body is constantly subjected to significant oxidative stress as a result of an imbalance between antioxidant protective system and the formation of strong oxidizing substances like free radicals (Kancheva et al., 2009).  Free radicals are hyperactive fragmented atoms or molecules which are capable of tormenting and fragmenting other molecules (Singh et al., 2009).

Phytochemicals are non- nutritive, naturally occuring, biologically active and chemically derived components that possess strong antioxidant activites (Alasalvar et al., 2009). The candidate plant chosen for the present study is Rhinacanthus nasutus. The literatures available reveal that the plants possess substantial chemopreventive properties.  Ability of the root extracts of the plant to prevent lipid peroxidation and oxidative DNA damage is dealt in the present study.

Methodology is an important aspect of project. It helps the researcher to organize and streamline the project.

COLLECTION OF THE SAMPLE


The plant was collected from TamilNadu Agricultural University, Coimbatore. The plant was uprooted and then the roots of the plant were collected from the plant. The roots were washed thoroughly free of sand particles, blotted dry between folds of tissue paper and shade dried for about one day. Dried roots were then powdered and used for the extraction.

PREPARATION OF PLANT EXTRACTS


Dried Rhinacanthus nasutus  root powder of about 5gm was taken in a soxhlet apparatus. Then the extraction of phytochemicals from root was done by using solvents based on their decrease in polarity nature which included Methanol, Ethyl acetate, Chloroform, Benzene and Petroleum Ether. The extracts were evaporated to dryness in a waterbath at 60˚C. The crude extract was dissolved in DMSO.

THIN LAYER CHROMATOGRAPHY (TLC)



Thin layer chromatography (TLC) is a type of partition chromatography. TLC analysis has distinct advantages, which include simple realization and low cost (Hamburger and Cordell, 1987).



The plant extracts were subjected to chromatography in order to separate the active compounds present. The plates were prepared by preparing a slurry of silica gel G in distilled water. 20g of silica gel G was added to 40ml of distilled water and uniform thick slurry was made and mixed well. The silica gel slurry was poured onto the TLC plate. The plate was allowed to dry at room temperature. The dried plate was placed in an oven at 100(C for 30 minutes to activate the silica gel. The plate was taken from the oven and kept at room temperature for 15 minutes. Using a microcapillary, a small drop of the root extracts were placed on the TLC plate. This spot was allowed to dry. The TLC plate was placed into the TLC chamber, which was saturated with the solvent mixture (Methanol:chloroform, 7:3), carefully to have uniform solvent level. When the solvent mixture reached the solvent front, the plates were taken out of the chamber and then detected using iodine vapour.

ELUTION  OF BANDS


Separated bands were eluted using specific solvents of the extract and by centrifugation at 2500rpm for 10minutes. The supernatant was removed and pellet was once again dissolved in same solvent for elution. The solvents were evapourated by keeping in water bath at 60˚C. 


These separated components were used to measure their role in the prevention of lipid peroxidation using three types of membrane models  namely goat liver slices, goat liver homogenate and RBC ghost, in order to examine whether the membrane lipids were influenced by the effect of root extracts.

PLATE 1

UP ROOTED Rhinacanthus nasutus
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PLATE 2a

DRIED ROOTS

[image: image9.png]



PLATE 2b

DRIED ROOT POWDER 
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TREATMENT GROUPS


The treatment groups set for the present study included

I. Untreated control 

II. H2O2 – Standard oxidant

III. Eluted fraction of Methanolic root extract 

IV. H2O2   + Eluted fraction of Methanolic root extract 

V. Eluted fraction of Ethyl acetate root extract 

VI. H2O2   + Eluted fraction of Ethyl acetate root extract 

VII. Eluted fraction of Chloroform root extract 

VIII. H2O2   + Eluted fraction of Chloroform root extract 

IX. Eluted fraction of Benzene root extract 

X. H2O2   + Eluted fraction of Benzene root extract 

XI. Eluted fraction of Petroleum Ether root extract 

XII. H2O2   + Eluted fraction of Petroleum Ether root extract 

PARAMETERS ANALYSED

Liver is the primary organ involved in the first-pass mechanism and is affected by both harmful and protective components of the diet. It is also a highly metabolic organ that may possess high levels of endogenous oxidative DNA damage resulting from normal metabolism. Therefore, the ability of any dietary component to reduce the levels of endogenous oxidative DNA damage at baseline would make it an ideal preventive agent in the presence of additional oxidative stress (Aiyer, 2008).


Lipid peroxidation is one of the major outcomes of free radicals mediated injury that directly damages membranes, exert their cytotoxic effect by peroxidation of membranes phospholipids, changing the permeability of cellular membrane, increasing their fluidity, their rigidity and in some cases making them lose their integrity and increasing the risk of membrane rupture (Dubey et al., 2010).

LIPID PEROXIDATION IN RBC GHOST

In vitro lipid peroxidation in RBC Ghost was estimated by the method of Dodge et al., (1963), as described in appendix- I. 

LIPID PEROXIDATION IN LIVER SLICES AND LIVER HOMOGENATE

The amount of lipid peroxidation in Goat liver slices and Goat liver homogenate was estimated by the method of Okhawa et al., (1979), as explained in appendix- II.

DNA STRAND BREAKS IN λ DNA AND PUC 18 DNA


The amount of DNA damage was estimated using linear λ phage DNA and plasmid, circular, bacterial, pUC 18 DNA using the method of Chang et al., (2002). The procedure followed is documented in   appendix-III.

DNA STRAND BREAKS IN HERRING SPERM DNA AND CALF THYMUS DNA 


The amount of DNA damage was estimated using Herring sperm DNA and Calf thymus DNA by the method of Aeschlach et al., (1994) as described in appendix-IV.
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                                                                                                                                                                                                                                           Results and Discussion


4. RESULTS AND DISCUSSION

The world is rich with natural and unique medicinal plants                   (Krishnaiah et al., 2009). Oxidative stress is generally defined as an imbalance between production of reactive oxygen species and capacity for removing ROS. While free radicals contributing to oxidative stress are generally unstable and decay spontaneously, however, accumulated effects of reactive species are particularly relevant to cell injury (Marlatt et al., 2008).

ROS are normal byproducts of cellular metabolism. Overproduction of ROS and their derivatives occurs in a number of diseases. ROS are highly reactive compounds with a short half life. ROS can serve as a measure of oxidative damage in vivo (Afonso et al., 2007). ROS causes oxidation of lipids, nucleic acids and proteins. ROS damage is an underlying cause of diseases including cancer, inflammatory and neurodegenerative diseases (Battin and Brumaghim, 2009).

Free radicals are reactive species which are generated from normal metabolic processes after stimulation from exogenous factors such as UV light, ionizing radiations and chemical reactions. They initiate the peroxidation of membrane lipids, leading to the accumulation of lipid peroxides (Chen et al., 2009). Antioxidants may be defined as radical scavengers which protect the human body against free radicals. Plants are potent biochemical factories and have been components of phytomedicine since times immemorial (Ara and Nur, 2009).

The crude extract and pure natural components have been reported which have potent antioxidant status. However there is still a need to find out more effective antioxidant having fewer side effects from natural sources   (Siddique et al., 2010). Thus the present study is an attempt to determine the therapeutic value of the phytochemicals that are extracted from the roots of Rhinacanthus nasutus against oxidative damage incurred under in vitro conditions. 

As the first step of the study, preliminary phytochemical screening was done using TLC, in which Rhinacanthus nasutus roots were extracted using various solvents based on their polarity range were analysed. The TLC was conducted using a mobile phase of methanol and chloroform in the ratio 7:3, with 45minutes of chamber saturation with the mobile phase and 20minutes of development. The bands obtained in the plate as shown in Plate 3 were taken for the further analysis of the study.

The next step of the study was to elute the bands obtained from the TLC by scrapping out it separately, then dissolved in solvents in which they were extracted and centrifuged at 3000rpm for 5minutes. The supernatant was taken by discarding the pellet and it was evaporated and the residue obtained was dissolved in DMSO. These separated fractions after elution were analysed for its protective effects against oxidant induced damage by performing lipid peroxidation and DNA damage analysis. 

The aqueous root extract did not produce any spot in the developed chromatogram of TLC when subjected to the above said conditions, indicating the absence of active components. Hence the aqueous extract was eliminated and the study was conducted using other solvent extracts. 





Liver is the main detoxifying organ in the body and as such it possesses a high metabolic rate and it is subjected to many insults potentially causing oxidative stress. Therefore, a corrective measure to stabilize the hepatic antioxidant defense system is a paramount importance for the maintenance of health. Increased levels of MDA content is an important indicator of lipid peroxidation               (Krishnaraju et al., 2009).

ROS are known to damage the genome by oxidizing nucleic acids and bases, where it disrupts the sugar phosphate back bone and injuring chromosomes. High concentrations of ROS can activate the programmed cell death, which is characterized by a stepwise fragmentation of chromatin and the release of low molecular weight DNA fragments 2′ deoxyribose can act as a specific substrate for oxidation by hydroxyl radicals and the extent of TBARS produced in the reaction is taken as a measure of hydroxyl radical production. The inhibition of TBARS production is thus, considered as a measure of hydroxyl radical scavenging efficiency (Duborskaya et al., 2006). 

The effectiveness of the Rhinacanthus nasutus roots extracts in protecting the membrane lipids and DNA from oxidative damage was tested in the present study. The study of lipid peroxidation was done using three different membrane models namely goat liver slices, goat liver homogenate and RBC ghost cells. Oxidation of lipids results in the formation of Malondialdehyde (MDA). The most commonly used method to estimate the amount of MDA formed is TBARS measurement (Sinha et al., 2010), which is used in the present study to assess the extent of the inhibition of lipid peroxidation in various membrane models.

To study the extent of damage occured in oxidatively stressed DNA molecules, different hierarchy of DNA molecules such as linear  λ DNA, circular pUC 18 DNA, haploid, eukaryotic Herring sperm DNA and diploid, eukaryotic Calf thymus DNA were chosen. The pure DNA preparations available commercially were diluted and used for the study.

EFFECT OF TLC SEPARATED FRACTIONS OF Rhinacanthus nasutus ROOT EXTRACTS IN PREVENTING OXIDATIVE DAMAGE CAUSED IN THREE DIFFERENT MEMBRANE MODELS

The main focus of this study intensifies in analysing the effects of Rhinacanthus nasutus root extracts in preventing oxidative damage and their percent inhibition in three different in vitro membrane models that included liver slices which constitutes only intact cells, liver homogenate contains both plasma membrane and other intracellular membrane lipids and RBC ghost comprises of only plasma membrane lipids.

The TLC separated fractions of the root extracts were obtained and the treatment groups were set up. Then the membrane models were subjected to oxidative stress using standard oxidant H2O2. The amount of lipid oxidised to MDA were measured by the procedure of Okhawa et al., (1979). 

The lipids in membrane are continuously subjected to oxidant challenges. Oxidant induced abstraction of a hydrogen atom from an unsaturated fatty acyl chain of membrane lipids initiates the process of lipid peroxidation, which propagates as a chain reaction. In the process, cyclic peroxides, lipid peroxides and cyclic end peroxides are generated, which ultimately fragmented into aldehydes like MDA that are used to measure the extent of lipid peroxidation ( Hasra et al., 2010).

FIGURE 3
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The results of the present study revealed that the maximum inhibition was seen in liver homogenate as both plasma membrane and inner membrane lipids were susceptible to oxidative stress. Higher concentration of lipids were oxidized to MDA. Rhinacanthus nasutus root extracts provide a better protective effect to these lipid molecules against oxidant induced stress. 

Among the various solvent extracts of the Rhinacanthus nasutus roots, the methanolic extract proved to exhibit more inhibition when compared to other solvents in all the membrane models. This shows that the active compounds responsible for the inhibitory action against H2O2 induced lipid peroxidation were obtained in methanolic extract of the Rhinacanthus nasutus root. All other extracts of this root analysed also exhibited considerable inhibitory effect. 

Aphanes arvensis extracts significantly reduced TBARS formation, indicating significant anti-lipid peroxidation in a concentration dependent manner and their inhibitory effects are comparable with a reference compound Trolox. The activity of its methanolic extract was found to be higher than that of its aqueous extract (Hamad et al., 2010).

The  methanolic extract of  Lysichiton camtschatcense have strong inhibitory effects on Fe2+/Ascorbic Acid induced lipid peroxidation and radical scavenging activities similar to the known reference compounds such as α Tocopherol  (Takatsu et al., 2009).

The formation of MDA in liver homogenate is inhibited effectively by the methanolic extract of Moringa oleifera leaf (Sreelatha and Padma, 2009). The Astragalus mongholicus root extract exerted a more potent lipid radical scavenging effect than specific scavenger α Tocopherol (Aldarmaa et al., 2010). 

Garg et al., (2009) demonstrated that the methanolic extract of             Bacopa  monnieri  prevents lipid peroxidation induced by Fe2+ / Ascorbate as well as 2,2’- azobis (amidinopropane) dihydrochloride (AAPH), in a concentration dependent manner, it also prevents the plasmid  DNA from oxidative damage.

Both Achillea collina Beckerex Heimerls l. and Achillea pannonica scele essential oils possess maximum inhibitory effects on lipid peroxidation (Bonzin et al., 2008). The antioxidant activities of the extracts of 53 medicinal plants used in Bamun Folk Medicine for the management of jaundice and hepatitis exhibited better ability to scavenge free radicals that are involved in microsomal lipid peroxidation and in protein oxidation. These biochemical processes are involved in the aetiology of toxic hepatitis (Njayou et al., 2008). 

An ethyl acetate extract of Desmodium gangeticum root protects the myocardium against ischemia-reperfusion induced damage in rats by the inhibition of lipid peroxidation (Kurian et al., 2010). The antioxidant activity of the  methanolic extract of  leaves and flowers of Lippia alba has reported to be maximum (Ara and Nur, 2009). 


It can be concluded from the results observed in various membrane models that the liver homogenate constitutes plasma membrane lipids as well as intracellular membrane lipids that evoked a better response when compared to other models. Goat liver slices that mimics the intact cells and RBC ghost membrane also showed a better protection against the oxidant induced stress. Among the various solvent extracts analysed, methanolic extract mediated the maximum response against oxidative stress. Therefore, the presence of phytochemical components that are responsible for their antioxidant efficacy in the extracts of Rhinacanthus nasutus root is upheld by the observed results.

EFFECT OF TLC SEPARATED FRACTIONS OF Rhinacanthus nasutus ROOT EXTRACTS IN PREVENTING OXIDATIVE DNA DAMAGE INDUCED BY H2O2 TO λ DNA AND  pUC18 DNA

It has been suggested that the nature of oxidative DNA damage and its protection vary depending on the sequence and nature of DNA. Thus, it becomes imperative to study several sources of DNA, before concrete conclusions can be drawn regarding the oxidative DNA damage and its protection by plant extracts (Kim et al., 2007).

The TLC separated fractions of the Rhinacanthus nasutus root extracts were tested for their effectiveness in preventing the oxidative DNA damage induced by H2O2. The DNA damage assay was performed using the commercially available    λ DNA and pUC 18 DNA. The extent of damage to λ DNA and pUC 18 DNA by H2O2 is determined by the migratory pattern of DNA on agarose gel. The resultant pattern is presented in plate 3 and 4. 
PLATE – 3

MIGRATORY PATTERN OF λ DNA
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1. Untreated control


          7.  λ DNA +  Chloroform extract    

2. H2O2   control


        
8.  λ DNA + H2O2 + Chloroform extract


3. λ DNA +Methanolic extract
        
9.  λ DNA + Benzene extract


4. λ DNA + H2O2+ Methanolic extract  10.  λ DNA + H2O2+ Benzene extract 

5. λ DNA + Ethyl acetate extract
         11.  λ DNA + Petroleum ether extract  

6. λ DNA+ H2O2 + Ethyl acetate           12.  λ DNA+ H2O2+ Petroleum ether extract

    extract

PLATE – 4

MIGRATORY PATTERN OF pUC 18 DNA
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1. Untreated control



   7.  pUC 18 +  Chloroform extract    

2. H2O2   control



   8.  pUC 18 + H2O2 + Chloroform extract

3. pUC 18 +Methanolic extract

   9.  pUC 18 + Benzene extract


4. pUC 18 + H2O2+ Methanolic extract   10.  pUC 18 + H2O2+ Benzene extract 

5. pUC 18 + Ethyl acetate extract
            11. pUC 18+ Petroleum ether extract   
 

6. pUC 18 + H2O2 + Ethyl acetate           12.  pUC 18 + H2O2+ Petroleum ether extract

    Extract

As can be seen from the plates 3 and 4, H2O2 caused a severe damage to the DNA as evidenced from the absence of band in lane 2. The presence of sharp and intact bands in lanes 3,5,7,9 and 11 indicated that the plant extracts themselves does not cause any damage to the DNA. The  DNA band obtained in H2O2 and  plant extracts treated groups indicated that the oxidative DNA damage was reversed by the administration of TLC separated fractions of  Rhinacanthus nasutus root extracts.  

EFFECT OF TLC SEPARATED FRACTIONS OF Rhinacanthus nasutus ROOT EXTRACTS IN PREVENTING OXIDATIVE DNA DAMAGE INDUCED BY H2O2 TO HERRING SPERM DNA AND CALF THYMUS DNA


In the present study, the extent of the protective effect of Rhinacanthus nasutus root extracts on oxidative damage as inflicted upon DNA of different hierarchical levels (haploid herring sperm DNA and diploid calf thymus DNA) were analysed and the results are presented and discussed. 

The amount of TBARS formed in the group treated with H2O2 alone was fixed as 100% damage and the extent of the damage caused in other groups were calculated relative to this value. As evident from the Figure 3 and 4, H2O2 caused the maximum damage to both Herring sperm DNA and Calf thymus DNA. The extent of damage was markedly decreased in the presence of the different root extracts of Rhinacanthus nasutus.

The maximum protection was offered by the methanolic extract, followed by chloroform, petroleum ether, benzene and ethyl acetate extracts, in both herring sperm DNA and calf thymus DNA.


FIGURE - 4
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FIGURE- 5
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Exposure of pUC 18 to CuSO4 in presence of vitamin C resulted in a significant increase in the single strand breaks assessed as increase in the open circular form and decreased in the supercoiled form. Aphanes arvensis aqueous and methanolic extracts reduced DNA oxidation (Hamad et al., 2010).

Root and leaf extracts of Desmodium gangeticum showed protection of DNA damage on Fe3+ induced free hydroxyl radicals. The 5µg/ml root and aerial part extracts showed significant protection of DNA damage from oxidative stress (Nirajan and Tewari, 2008). Moringa oleifera leaf extracts completely reverted the extent of DNA damage induced by H2O2 studied in λ DNA (Sreelatha and Padma, 2009). 

Methanolic extracts of Nelumbo nucifera inhibited H2O2 induced damage to pUC 18 DNA (Wang et al., 2003). Fabiani et al, (2008) proposed that phenolic extracts from olive oil effectively prevented oxidative DNA damage.  Ellagic Acid, red raspberry, blueberry, and strawberry was found to exert the most efficacious protection against DNA damage (Aiyer et al., 2008). 

 Mucosal and DNA damage associated with colitis is a result of an oxidative burst from overactive leukocytes. American ginseng extract can inhibit DNA damage in vitro and in vivo (Jin et al., 2008). Pothomorphe peltata (L.) Miq. (Piperaceae) methanolic extract showed the highest activity in reducing oxidative damage to DNA (Desmarchelier et al., 1997). 

The effect of aqueous and various organic extracts from the different parts of Areca catechu L. (Arecaceae) on oxidative DNA damage in human hepatocarcinoma HepG2 cells was investigated. Significant protection of H2O2-induced DNA was seen in methanol extract of Areca nut husk  (Phaechamud et al., 2009). The plant extracts of Rosmarinus officinalis L, Origanum vulgare L, Salvia officinalis shows protective effect against H2O2-induced DNA damage (Aherne et al., 2007). 


The outcome of the present study showed that the root extracts of Rhinacanthus nasutus possess strong inhibitory action against H2O2-induced lipid peroxidation and DNA protective moieties as reflected by the DNA migratory pattern observed in agarose gel electrophoresis. Methanolic extract exhibited the maximum inhibitory effect as well protected the different types of DNA molecules from the oxidative damage. The results are indicative of the fact that the maximally beneficial combinations of these moieties get extracted into methanol. 


All other extracts analysed exhibited moderate inhibitory action against lipid peroxidation and they could even revert the damage occurred in the DNA molecules proving that the active components present in these extracts may be different in their nature. Further studies need to be conducted to identify the chemical nature of these components present in each of the extracts. 


The results presented in this chapter are summarized and the conclusions that can be drawn from them are presented in the next chapter.
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                                                                            Summary and Conclusion                               


5.  SUMMARY AND CONCLUSION

Human beings are continuously affected due to oxidative stress resulted from free radicals and reactive oxygen species. Free radicals are the result of naturally occurring processes such as oxygen metabolism and inflammatory processes. Free radicals react with key organic substrates such as DNA, lipids and proteins. Oxidation of these biomolecules can damage them, disturbing normal functions and may contribute to a variety of disease states. Reaction between cellular components and free radicals lead to lipid peroxidation and DNA damage, which in turn causes the dysfunction of many cellular organelles. 

Antioxidants are the defense mechanism of the body to fight against these radicals. Imbalance between the antioxidant system of the body and the free radicals results in oxidative stress. Antioxidants functions by binding with these reacting molecules and masking their effects or by destroying these radicals. The Antioxidant defense system includes enzymes and non enzymatic biomolecules. Antioxidants are intimately involved in the prevention of cellular damage, the common pathway for cancer, aging, and a variety of diseases

Plant medicines are the most widely used therapeutics in the world today. Eighty-five percent (85%) of the world's population employs herbs as their primary medicines. Today there are at least 120 distinct chemical substances derived from plants that are considered as important drugs currently in use in one or more countries in the world. Plant medicine appears to be safer because of its proximity to nature and lesser side effects.

Nowadays, people are very much interested in analyzing the active component of the plants and exploring their properties and functions. On such attempt was the present study, in analysing the effectiveness of TLC separated fractions of Rhinacanthus nasutus root extracts on the oxidative damage to biomolecules. 

The five different solvents extracts of the Rhinacanthus nasutus root was separated in TLC and the spot obtained was eluted. These eluted fractions were then tested for their protective effects against three membrane models namely goat liver slices, goat liver homogenate and RBC ghost cells. Among the extracts tested, methanolic extract of Rhinacanthus nasutus root shows better protective effect when compared to other solvents. Liver homogenate shows a prominent response against lipid peroxidation as it contains combination of both plasma membrane and intracellular membrane lipids. Other solvents extracts also showed considerable protective effects against lipid peroxidation in all three models. 

The standard oxidant H2O2 damaged all the four types of DNA molecules used in the study. The DNA samples included linear λ DNA, circular pUC 18 DNA, haploid, eukaryotic Herring sperm DNA and diploid, eukaryotic Calf thymus DNA. The TLC separated fractions of Rhinacanthus nasutus root renders a maximum effect in protecting these DNA molecules. It has been observed that the methanolic extract of Rhinacanthus nasutus root shows maximum antioxidant efficiency.

The results observed revealed that TLC separated fractions contain molecules which protect oxidative damage in biomolecules. Among the various solvents analysed, these active compounds were found to present in considerable amount in the methanolic extract, when compared to other solvent extracts.

All the above investigations clearly evident the fact that the TLC separated fractions of the Rhinacanthus nasutus root contain potent source of antioxidants that are very effective in rendering protection against biological end points of oxidative damage to DNA and lipids. Thus the candidate plant chosen for the study contains bioactive components that might be responsible for the evoked response. Therefore, this plant can be used to formulate drugs for various diseases due to free radicals. 

In future studies the bioactive component of this root can be exactly identified for its chemical nature and structure and their activity can be analysed.
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APPENDIX-I

ESTIMATION OF LIPID PEROXIDATION IN RBC GHOST (Dodge et al., 1963)

REAGENTS

1) Isotonic KCl- 1.15%

2) Hypotonic KCl- 0.5%

3) PBS- Phosphate buffered saline (0.2M- 100ml)

Disodium hydrogen phosphate –2.83g, Sodium dihydrogen phosphate- 3.12g, Sodium chloride -1.17g, Potassium chloride -1.49g. adjusted pH to 7. 
PREPARATION OF RBC GHOST
About 50ml of fresh venous whole blood was collected into a clean sterile bottle. The blood was defibrinated immediately using acid washed stones. The defibrinated blood was then transferred to sterile centrifuge tube and diluted 1:1 with sterile isotonic KCl. It was centrifuged at 3000rpm for 10minutes at 4°C to pellet the cells and the supernatant was discarded. Washed the pellet of RBC with isotonic KCl  thrice. The pellet was then washed and treated with hypotonic KCl   (0.5%) and incubated at 37°C for one hour for lysis to occur. The lysate was centrifuged at 5000rpm for       20min at 4°C. The pellet obtained was washed repeatedly with hypotonic KCl until the homogenate was washed off. The pale pink pellet containing the erythrocytes ghost was then suspended in 1:5 ml PBS and used as a source of membrane lipids.

The determination of lipid peroxidation in erythrocytes ghost  was carried out as follows.
PROCEDURE
The reaction mixture (0-5ml) containing 0.1ml each of erythrocytes ghost,  plant extract (50µl) and TBS to make a final volume to 500µl. A blank containing no lipid source but only FeSO4,  no plant extract and TBS to final volume of 0.5ml was prepared.

An assay medium corresponding to 100% oxidation was prepared by adding all the other constituents except the plant extract. The experimental medium corresponds to autooxidation contained only of liver homogenate. Tubes were incubated at 37°C for 1hour. After incubation, 0.5ml of 70% ethanol was added to all tubes to arrest the reaction. 1ml of 1% TBA was added to all the tubes. The tubes were then incubated in a boiling waterbath for 20min. After cooling to room temperature, added 0.5ml of acetone to all the tubes. The intensity of pink colour produced was measured at 535nm in a spectrophotometer.

APPENDIX-II

ESTIMATION OF LIPID PEROXIDATION IN GOAT LIVER SLICES AND GOAT LIVER HOMOGENATE

 (Okhawa et al., 1979)

REAGENTS

1) PBS- Phosphate buffered saline (0.2M- 100ml)

Disodium hydrogen phosphate –2.83g, Sodium dihydrogen phosphate- 3.12g, Sodium chloride -1.17g, Potassium chloride -1.49g. adjusted pH to 7. 
2) HBBS- Hank’s Balanced Salt Solution

3) H2O2 – 30%
4) Ferrous Sulphate (10mM)

5) Thiobarbituric acid (1%TBA)

6) TBS- 10mM Tris, 0.15M NaCl, pH7.4

7) Ethanol – 70%

8) Acetone
PREPARATION OF GOAT LIVER SLICES
The goat liver was collected fresh from a slaughter house, plunged into cold sterile PBS and maintained at 4°C till use. Thin slices of 1mm thickness were cut using a sterile scalpel.
PREPARATION OF GOAT LIVER HOMOGENATE

Goat liver was procured fresh from a slaughter house and washed free of blood using Tris- HCl buffer (40mM, pH 7). A 20% homogenate of the liver was prepared in the same buffer using a mortar and pestle. The homogenate was clarified to remove debris and used as the membrane source for the induction of lipid peroxidation, mediated by FeSO4, as a peroxidant, application of the relevant plant tissue extract in the medium was tried with an object of assessing the extent of inhibition of lipid peroxidation.
PROCEDURE
250mg portion of the slices were used for the assay. The slices were taken in 1ml HBSS and treated with 30% H2O2 (5µl), with or without plant extract (20µl). the slices were incubated at 37°C in a water bath for one hour. At the end of the incubation period, the slices were taken into a homogenizer tube along with the incubated HBSS and homogenized using a Teflon homogenizer. The homogenate was clarified using low speed centrifugation and an aliquot taken for the assay of TBARS production. The LPO reaction in all the tubes was arrested by the addition of 500µl of 70% ethanol. One ml of  1% TBA was added to all the tubes and heated in a boiling water bath for 20minutes. After cooling to room temperature, added 50µl of acetone and measured the TBARS at 535nm in a spectrophotometer.

APPENDIX-III

ESTIMATION OF DNA DAMAGE USING λ DNA AND pUC 18

(Chang et al., 2002)
The DNA damage to deoxyribose sugar unit that make up the backbone of DNA, induced by H2O2 in the presence and absence of plant extract was quantified in   λ DNA and pUC18 DNA.

REAGENTS
1) λ DNA

2) pUC 18 DNA

3) Tris buffer (30mM, pH 7.4)

4) H2O2 – 30%

5) FeCl3 (500 µM)

6) Agarose (1%) in 1X TAE buffer

7) EtBr (10mg/ml)

8) Gel loading dye (0.25% bromophenol blue, 25% xylene cyanol, 50% glycerol)

9) 50X TAE buffer (Tris base 24.2g, EDTA 18.612g, glacial acetic acid 5.7ml, in a total volume of 100mM, pH 8)
PROCEDURE
The reaction mixture contained  a total volume of 30µl containing 5M of 50mM  Tris buffer (pH 7.4), 5µl of  pUC 18 plasmid DNA or λ DNA (2 µg concentration), 5µl of Tris buffer or plant extract. Then 10µl of 30% H2 O2  and 5µl of 500 µM FeCl3 were added and incubated at 37°C for 15min for pUC 18 plasmid DNA and 30 min for λ DNA. The reaction mixture was then placed in 1% agarose gel  and run at 100V for 15min in a submarine gel electrophoresis apparatus. The DNA was visualized and photographed using an alpha digidoc digital gel documentation system.
APPENDIX-IV

ESTIMATION OF DNA STRAND BREAKS IN HERRING SPERM DNA AND CALF THYMUS DNA

(Aeschlach et al., 1994)

The DNA damage caused by  H2O2   in Herring sperm DNA and Calf thymus DNA was studied in the presence and absence of plant extracts.

REAGENTS:-

1) Herring sperm DNA and Calf thymus DNA (0.5 mg/ml im 10mM Tris buffer pH 7.4)

2) H2O2 – 30%

3) MgCl2
4) FeCl3 (50 µM)

5) EDTA(0.1M)

6) TBA(1%)

7) HCl (25%v/v)

PROCEDURE:-

The reaction mixture (0.5ml) contained Herring sperm DNA or Calf thymus DNA (0.5 mg/ml im 10mM Tris buffer), H2O2  (0.05mg/ml), MgCl2 (5mM), FeCl3  (50 µM) and plant extract (10µl) was incubated at 37°C for 1 hr. the reaction was terminated by the addition of 0.05ml of 0.1ml EDTA. The colour was developed by adding 0.5ml of TBA(1%) and 0.5ml HCl followed by heating at 37°C for 15min. After centrifugation, the extent of DNA damage was measured by the increase in absorbance at 532nm. 
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THIN LAYER CHROMATOGRAM OF THE ROOT EXTRACTS OF Rhinacanthus nasutus
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EXTENT OF INHIBITION OF LIPID PEROXIDATION IN THREE DIFFERENT MEMBRANE MODELS
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EFFECT OF TLC SEPARATED FRACTIONS OF Rhinacanthus nasutus ROOT EXTRACTS IN THE PREVENTION OF OXIDATIVE DAMAGE TO HERRING SPERM DNA 
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