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1.0 Introduction


When life forms on earth changed from using anaerobic sources of energy to using oxygen, we paid a big price in terms of toxic byproducts called the “Free radicals”.


The paradox of aerobic life (or the ‘oxygen paradox’) is that animals and plants cannot exist without oxygen, yet oxygen is inherently dangerous to them. The reductive environment of cells provide ample opportunities for oxygen to undergo unscheduled reaction events yielding free radicals (Muller, 2004).


Free radicals are highly unstable and steal components from other cellular molecules such as fat, protein or DNA, causing both cellular and DNA damage, which continues in a chain reaction and the entire cell becomes damaged and dies. This process is called peroxidation. Such peroxidation helps the body to destroy the cells that have outlived their usefulness and kills germs and parasites. However, peroxidation, when left unchecked, also destroys the healthy cells (Hayes et al., 2000).


Free radicals initiate lipid peroxidation and are also able to induce DNA strand breaks and oxidative modifications in DNA bases resulting in carcinogenesis (Baaout et al., 2004).


Such free radical initiated reactions are ascertained to play multiple roles in degenerative or pathological events such as aging, cancer, heart dysfunction (Sun et al., 2004), and neurodegeneration in Parkinson’s, Alzheimer’s and other neurodegenerative disorders (Mandel and Youdin, 2004). DNA single strand breaks induced by ROS indicating nuclear disintegration is an important feature of neuronal cell death (Singh et al., 2004).


Free radicals are not only produced naturally in the cell following a stress or respiration, but also hastened by radiation, bacterial and viral toxins, smoking, alcohol and psychological / emotional stress (Baaout et al., 2004; http://www.biphysica.com/radicals.html).


Since free radicals are necessary for life, the body has a number of mechanisms to minimize free radical induced damage and repair those damages. To detoxify these free radicals, mammalian cells have developed antioxidant defense mechanisms (Yang et al., 2003).


The body produces many antioxidant enzymes such as superoxide dismutase, catalase, glutathione peroxidase, etc. that neutralize many types of free radicals (Gomiotea Turro et al., 2004).


Metal containing catalytic antioxidants have evolved as a novel class of potential therapeutic agents that scavenge a wide variety of ROS (Day, 2004). Hence, consuming a wide variety of antioxidant enzymes provide the body with the most complete protection against free radical damage (Hovarth et al., 2002).


The war on cancer that began decades ago is still far from over. Oxygen free radical (OFR) related lesions that do not cause cell death can stimulate the development of cancer. Mutagenesis through oxidative DNA damage is widely hypothesized to be a frequent event in the normal cell. A large body of evidence suggests important roles of OFR in the expansion of tumor clones and the acquisition of malignant properties (Llurba et al., 2004).


OFR have also been involved in the pathophysiology of cerebral ischemia (Salom et al., 2004) and also in systemic inflammatory response syndrome (Closa and Folch – Puy, 2004). OFR also causes damage to lipid membranes (LPO) which may lead to many problems such as progression of degenerative diseases (cardiovascular disease and cancer) and lessening the effect of immune system (Viitala et al., 2004).


Cells are constantly exposed to oxidants from metabolic and other biochemical reactions as well as external factors suggesting that DNA repair systems and nutritional antioxidants are the important determinants for low level of DNA damage and cancer risk (Moller and Loft, 2004) and hence oxidation presents a constant challenge for formulation scientists to develop stable dosage forms. Antioxidants are commonly used in formulations to alleviate the oxidation problems (Hong et al., 2004).


Over the past 15 years, some potential anticancer and anti-inflammatory effects of antioxidants have been defined (Baaout et al., 2004). Recent research on the effect of antioxidants on DNA repair suggests the effects in terms of increased removal of oxidized purines (Moller and Loft, 2004) and the correlation between the incidence of cancer in people who consume a diet rich in naturally occurring antioxidants and of the observed increased reactive oxygen species (ROS) in cancerous conditions suggests that antioxidants can be used in cancer prevention (Schubert et al., 2004).


Moreover, high intake of individual antioxidants is inversely associated with lung cancer risk and a combination of dietary antioxidants reduces the lung cancer risk (Wright et al., 2004; Barlett et al, 2004).


Hence, cancer prevention strategy should be started when young, using lifestyle choices which minimize the body’s exposure to free radicals and maximize to circulating antioxidants. This has frustrated both the physicians and the patients to actively seek out non-western healing practices such as herbal medicine (Menezes et al., 2004).


Cardiovascular diseases, neurodegenerative and inflammatory lung disorders are also potentially important targets for catalytic antioxidant therapy (Day, 2004).


Botanicals have been used for the treatment of various human diseases through history (Park and Pezzuto, 2002). Most of the synthetic chemotherapeutic agents available today are immunosuppressants, cytotoxic and exert a variety of side effects. Hence botanical-based immunomodulators are often employed as supportive and adjuvant therapy to overcome the effects of cytotoxic chemotherapeutic agents and restore normal health (Diwanay et al., 2004).


Chemoprevention offers great hope in reducing morbidity and mortality associated with cancer and about 200 active compounds have been isolated from plants for chemoprevention (Mehta and Pezzuto, 2002). Many bioactive compounds present in edible as well as in herbal plants have cancer chemoprotective potential (Selvendran et al., 2004). 


Antimutagens and anticarcinogens are common among many traditional herbal remedies and dietary therapies. With increased understanding of the mechanistic basis of cancer development and cancer prevention, we are not better aware of ways in which these remedies can act at the cellular and subcellular levels (Surh and Ferguson, 2003).


Phytochemicals have great potential in the fight against cancer and a variety of delivery methods are available (Park and Pezzuto, 2002). Several naturally occurring phytochemicals such as phenols were shown to inhibit the mutagenicity and / or tumorigenicity of chemical carcinogens, including polycyclic aromatic hydrocarbons (PAHs) (Szaefer et al., 2004). 


Recent studies have demonstrated that many herbal plants contain several hundred different antioxidants (Blomhoff, 2004). Caesalpinia pulcherrima is one such candidate plant and is a fast growing shrub / small tree with reddish orange, pink or yellow flowers with long, showy red stamens (Ragasa et al., 2002 and Roach et al., 2003).


It is known as the peacock flower or “Barbados pride” in English and as “Mayil kondrai” in Tamil. The fruits are rich in tannins, which has been reported to have remarkable cancer prevention activity (Li et al., 2003).


The infusion of flowers is used as a pectoral and febrifuge, the bark as an abortifacient and the leaves as purgative and toxic emmenagogue. The infusion of flowers have also been prescribed in bronchial asthma and malarial fever (Chopra et al., 1992).


A phytochemical investigation of Caesalpinia pulcherrima lead to the isolation of seven secondary metabolites which were found to possess 
in vitro cytotoxic activity. Pure flavonoids and aqueous extracts of Caesalpinia pulcherrima were found to possess antiviral activity against HSV-1 and ADV-3 (Chiang et al, 2003).


Earlier studies in our laboratory on the flowers of Caesalpinia pulcherrima have shown that these flowers are rich in both enzymic and non-enzymic antioxidants (Aparna, 2000) and also exhibit both antimutagenic and antioxidant properties (Nirmala Priyadharshini, 2001).


The observations have furthered the present study on the molecular mechanisms of the antioxidant activity of the flowers, and also the phytochemical analysis to identify the specific bioactive compound which acts as antioxidant.


The major objectives of the present study were,

1. To study the effect of flower extracts on cell viability and DNA damage induced in vitro by the oxidant hydrogen peroxide (H2O2).

2. To determine the free radical scavenging activity of the flower extracts.

3. To study the effect of the flower extracts on lipid peroxidation induced in vitro.

4. To conduct a preliminary phytochemical screening of the flowers to derive information on the chemical nature of the bioactive antioxidant.

To build a good foundation to the present study before initiating the experimental phase, the vast literature regarding oxidative stress, antioxidants, and anticarcinogens and the use of medicinal plants in antioxidant therapy was screened. The following chapter outlines the review of literature relevant to the present research work. 

2.0
review of literature

2.1 
introduction


With the development of chemistry, physics, biology, fuel industry, rocket technology and space technology, the processes where free radicals take part gained more importance. The reactions of burning and explosion, thermal cracking and polymerization are related to such processes. Problems concerning prevention of the oxidizing degradation of food stuffs and medicine are also connected to free radical transformations (Rozantsev and Loshadkin, 2001). 


Free radicals cause severe cellular and DNA damage especially the hydroxyl radical. The result is premature aging, damage to collagen in the skin, inflammation, ischaemia, hypoxia, cataract, heart diseases, cancer etc., and the production of reactive oxygen species (ROS) such as O2(– and H2O2 is an unavoidable consequence of aerobic metabolism (Moller, 2001).


This review explains about the literature regarding oxidative stress and its consequences, antioxidant defense systems against oxidative stress and the relation between oxidative stress and free radical damage with various diseases especially cancer. It also deals with the use of antioxidants in cancer therapy especially those isolated from medicinal plants.

2.2 
Oxidative stress


Oxidative stress is defined as a disturbance in the prooxidant / antioxidant balance, in favour of the former, potentially leading to damage and has been suggested to be a relevant factor in different pathological conditions (Caro and Cederbaum, 2004).


In aerobic life, oxidative stress arises from both endogenous and exogenous sources. Normal aerobic respiration in mitochondria, stimulated polymorphonuclear leucocytes, macrophages and peroxysomes are the main endogenous sources of ROS in the organisms. Exogenous sources of ROS include tobacco smoke, certain pollutants, organic solvents and also pesticides (Buyukokuroglu et al., 2001).


Cells often tolerate mild oxidative stress by upregulating the synthesis of antioxidant defense system in an attempt to restore the balance. However, severe oxidative stress produces DNA damage, rise in intracellular free Ca2+ and iron, damage to proteins (including membrane ion transporters) and lipid peroxidation (Imlay, 2003).  

2.2.1
Free radicals


Free radicals are defined as molecules that have an unpaired electron in their valence orbital and can be formed when oxygen interacts with molecules. Once formed, these highly reactive radicals can start a chain of reactions like dominoes (Reiter et al., 2003).

2.3 
Generation of ROS and RNS


Molecular oxygen plays a dual role in the living cell. On the one hand, oxygen is required for respiration as the terminal electron acceptor; on the other, oxygen initiates chemical oxidative processes which can destroy biologically important molecules resulting in the formation of reactive oxygen species (Papa and Skulachev, 1997).


The evolution of aerobic metabolic processes such as respiration and photosynthesis unavoidably lead to the production of reactive oxygen species and a common feature among the different ROS types is their capacity to cause oxidative damage to proteins, DNA and lipids (Apel and Hart, 2004).


Ground state oxygen may be converted into a much more reactive ROS form, either by energy transfer or by electron transfer reactions. The former leads to the formation of singlet oxygen whereas the latter results in the sequential reduction to superoxide, hydrogen peroxide and hydroxyl radical production.


Figure 1 

Generation of different ROS by energy transfer or sequential univalent reduction of ground state triplet oxygen (Klotz et al., 2002)

ROS have been implicated in the pathogenesis of a number of diseases (Lee et al., 2001) and oxygen and nitrogen based free radicals and associated reactants are generated in cells by various processes as shown in figure 2 (Reiter et al., 2003).
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Figure 2

Oxygen and nitrogen-based free radicals and associated reactants that are generated in cells by various processes
2.4
Types of free radicals

2.4.1
Superoxide radical  

The first oxygen radical occurring in aerobic organisms is superoxide radical (O2(–) which can be considered as the parent radical from which other oxygen radicals are derived (Nohl et al., 2004). In animals, the NADPH-oxidase found in phagocytes and B-lymphocytes catalyzes the production of superoxide radical by the one-electron reduction of oxygen using NADPH as the electron donor. It is also produced during respiration in mitochondria when electrons leak from the ETC and during the respiratory burst of the phagocytic cells (Reiter et al., 2003). The superoxide radical thus produced leads to the production of a large variety of reactive oxidants including oxidized halogens and singlet oxygen (Babio, 1999).

2.4.2
Hydrogen peroxide


Hydrogen peroxide, a non-radical ROS is generated in vivo by several enzyme systems and additionally, it is produced intracellularly by the dismutation of superoxide anion radical (O2(–) In vivo, H2O2 is a weak oxidizing and reducing agent. Also, no electric change allows H2O2 to traverse cell membrane and is therefore accessible to sites significantly removed from its point of generation. Although H2O2 is weakly reactive, its major toxicity derives from its conversion to the highly reactive OH( radical via the Fenton or Haber-Weiss reaction (Tan et al., 2000).


H2O2 can easily penetrate through cell membranes and can be decomposed to H2O and oxygen by catalase or is utilized by peroxidases as their substrates (Papa and Skulachedv, 1997).

2.4.3 
Hydroxyl radical


Much of the toxicity of O2(– and H2O2 involves the formation of hydroxyl radical. Three mechanisms have been proposed for OH( generation from O2(– and H2O2. One is via ONOO– which decomposes to generate species that resemble OH(, the second one is the superoxide driven Fenton reaction:

O2(– + Fe (III)      

Fe (II) + O2
Fe (II) + H2O2 

OH( + OH( + Fe (III)

and a third mechanism is the reaction of O2(– with hypochlorous acid, an antibacterial ROS generated by activated neutrophills (Reiter et al., 2001).

O2(– + HOCl 
     OH( + OH( + O2
Copper ions also catalyze the formation of OH( from superoxide radical and H​2O2 (Tan et al., 2002).

2.4.4 
Nitric oxide radical


NO a molecule, widely produced in mammals where it has a variety of beneficial functions, is rather a weak free radical. NO is involved in a number of inflammatory processes leading to extensive tissue injury and much of the toxicity may be a consequence of its coupling with superoxide radical resulting in the formation of highly reactive ONOO– (Reiter et al., 2003). Nitric oxide is produced by the basic aminoacid. L-arginine in a reaction catalyzed by a family of nitric oxide synthases, and is a ubiquitous significant molecule able to diffuse readily across cell membranes modulating a plethora of physiological responses including gene regulation, apoptosis, cytostasis, immune stimulation, neurotransmission etc. (Napoli and Ignarro, 2003).


Three isoforms of nitric oxide namely endothelial (NOS1), neuronal (NOS3 and NOS2) isoforms have been found and also increased level of NO is associated with the progression of arthritis (Bezerra et al., 2004).


Figure 3

Mechanism of NO mediated genotoxicity 

(Felley-Bosco, 1998).

The genotoxicity of NO is due to its reaction either with oxygen or superoxide. These reaction lead to direct genotoxicity, mediated by N2O2 and peroxynitrite; or to indirect genotoxicity due to activation of nitrosamines, apoptosis, inhibition of DNA repair enzymes, or lipid peroxidation-induced DNA damage.

2.5 
Antioxidants 


The term antioxidant can be considered to describe any compound capable of quenching reactive oxygen species without itself undergoing conversion to a destructive radical. Antioxidant enzymes are considered as those that either catalyze such reactions or are involved in the direct processing of ROS. Hence antioxidants and antioxidant enzymes function to interrupt the cascade of uncontrolled oxidation (Noctor and Foyer et al., 1998).


In mammalian cells, there are two tiers of antioxidant defense mechanisms against ROS mediated lipid peroxidation. Low molecular weight compounds which acts primarily against peroxyradicals involved in radical propagation provide first line of defense and are known as “chain breaking antioxidants” (CBAs) which includes (-tocopherol, uric acid, glutathione, carotenoids, ubiquinone and polyphenols (Acworth et al., 1997). The antioxidant enzymes constitute the second line of defense which provide a variety of primary and secondary defenses against oxidative stress. Primary antioxidant enzymes are mainly preventive and these enzymes such as superoxide dismutase, catalase and glutathione peroxidases (GPxs) can decompose ROS and prevent the damage to cellular constituents and initiation of lipid peroxidation. Secondary defenses typically involve excision or repair of lesions caused by ROS (Yang et al., 2003).

2.5.1 
Enzymic antioxidants

a. 
Superoxide dismutase

It removes O2(– radical by accelerating the rate of its dismutation by about four orders of magnitude at pH 7.4. Mammalian cells have an SOD enzyme containing active site manganese (Mn-SOD) in the mitochondria, and one with active site copper and zinc (Cu-Zn SOD) is largely present in the cytosol.

O2(– 

    H2O2
(Apel and Hirt, 2004)

The familial dominant form of amyotrophic lateral sclerosis, a fatal degenerative disorder of motor neurons in the brain and spinal cord is related to mutations in Cu-Zn-SOD (Mendez et al., 2002).
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Figure 4

Enzymatic removal of free radicals and other reactants from cells by antioxidative enzymes
b. 
Catalase


Catalases convert H2O2 into water and oxygen. They are located in the peroxysomes of most mammalian cells, serving to destroy H2O2 generated by oxidases located within these organelles. These enzymes have extremely high maximum catalytic rates but low substrate affinities, since the reaction requires the simultaneous access of two H2O2 molecules to the active site (Noctor and Foyer, 1998).

H2O2 

      H​2O + ½ O2 

(Apel and Hirt, 2004)

c. 
Glutathione peroxidase 


Glutathione peroxidases comprise another family of enzymes using glutathione to reduce hydrogen peroxide, lipid hydroperoxides and other hydroperoxides. Glutathione peroxidase has been found in mammalian mitochondria, where it is the main enzyme for removing H2O2. One member of the glutathione peroxidase superfamily is the phospholipid hydroperoxide. Glutathione peroxidase, which can act directly on lipid hydroperoxide without the need for release of the hydroperoxy fatty acid. Thus, glutathione peroxidases also contribute to repair, the third line of defense against ROS damage (Moller, 2001).

H2O2 + GSH 
    H2O + GSSG 

(Apel, 2004)

d. 
Glutathione reductase


The regeneration of reduced glutathione from oxidized glutathione by glutathione peroxidase is catalyzed by the NADPH-specific glutathione reductase (Hayes and Mclellan, 1999).

GSSG + NAD(P)H
     GSH + NAD(P)+





(Apel, 2004)


e. 
Glutathione S-transferase 


Glutathione S-transferases (GSTs) are a group of dimeric enzymes that catalyze the conjugation of glutathione to a wide range of electrophilic compounds thereby allowing them to be excreted in the bile and urine. The GST supergene family is comprised of at least 16 genes subdivided into 8 separate classes based on their amino acid sequences. Many of these enzymes are polymorphic, and the existence of isoenzymes within each gene family may underline differential responses to ROS (Tikly et al., 2004).

2.5.2 
Non-enzymic antioxidants

Dietary antioxidants such as vitamins C, E, carotenoids and flavonoids are commonly attributed with protecting biomolecules from free radical damage (Collins and Harrington, 2002).

a. 
Vitamin E

(-tocopherol, the major constituent of the fat soluble vitamin called vitamin E, is the most important chain breaking antioxidant with membranes and lipoproteins. It is transported primarily in LDL cholesterol where it functions to prevent the oxidation of fatty acids and proteins that comprise LDL particle and also protects our vascular walls (Gey,K.F., 1998). 

         

 ( TH + (LOO( 
         (T( + (LOOH

  

(-tocopherol                  (-tocopheroxyl radical

b. 
Vitamin C


It is a very powerful water soluble antioxidant that circulates freely within the plasma and plays a critical role in recycling of vitamin E and other antioxidants (Maramaj, 1997). Vitamin C in the cytosol protects cell membrane from lipid peroxidation either by directly scavenging free radical species that would destroy (-tocopherol or by reducing (-tocopheroxyl radical (Huang and May, 2003).

c. 
Carotenoids


These are a group of more than 500 pigments found in plants which include (-carotene, leutin, lycopene and zeaxanthin. Certain forms of carotenoids are able to destroy a particularly damaging form of oxygen called singlet oxygen (Shang, 1999).

d. 
Glutathione

 
It is a very abundant intracellular free radical scavenger and antioxidant. Glutathione serves as the substrate for two major antioxidant enzyme systems namely glutathione peroxidases (GPxs) and glutathione     S-transferases (GSTs) (Yang et al., 2003).


Glutathione restores the damaged molecule by hydrogen donation, reduces hydrogen peroxide and lipid peroxides and play an important role in drug detoxification. It also plays an important role in the regulation of gene expression and apoptosis (Hammond et al., 2001; Zatorska et al., 2003).

2.6 
Oxidative DNA damage


In living tissues under inflammatory conditions, superoxide radicals are generated and are known to cause oxidative DNA damage, such as nicking, base pair mutations, deletions etc. The endogenous reactions that are likely to contribute to DNA damage are oxidation, methylation, depurination and deamination. Guanine is the most easily oxidizable primary target of oxidative modification in DNA resulting in the formation of 8-hydroxy guanosine (Misiaszek et al., 2004).

2.7 
Oxidative protein damage


The reactive oxygen species have been implicated for modification of proteins in different disorders. The proteosome is a multicatalytic proteinase in charge of intracellular protein turnover and of oxidized protein degradation, and is very important in controlling the level of altered proteins in eukaryotic cells. Such proteosome activity was found to be declined due to oxidative stress (Nizard et al., 2004). NO mediated post translational modifications of proteins may represent mechanisms of cellular signaling which include binding to metal centers, nitrosylation of thiol and amine groups, oxidation of thiols and tyrosine (Gow et al., 2004). The level of modified proteins can be quantified by measurement of protein carbonyl content which has been shown to increase with ageing and other disorders (Nizard et al., 2004).

2.8 
Lipid peroxidation


Lipid peroxidation and antioxidant system is now believed to play an important role in the course of normal and pathological process. Various disturbances in this system underlie the development of polymembrane abnormalities (Abdarshitova and Ramanov, 2001). The lipid peroxidation mediated by ROS is an important cause of damage to cell membrane. The oxidative damage to the polyunsaturated fatty acids of cellular membrane leads to the loss of membrane integrity. Membrane peroxidation can induce changes in membrane fluidity and permeability, protein degradation, finally resulting in cell lysis. The peroxidation products can also result in injury to DNA mediated through the generation of altered bases like 8-hydroxy deoxyguanosine (Pushpendran et al., 1997). Most of the products of LPO such as hydroxy alcohols are toxic and serve themselves as second messengers for radical damage, thus are attractive parameters to monitor free radical damage (Rezwart et al., 1998).

2.8.1 Mechanism of LPO


Abstraction of a hydrogen atom from the PUFA moiety of the membrane phospholipids initiates the process of LPO. The resulting alkyl radical may rearrange to a more stable conjugated diene which then enters the autocatalytic lipid peroxidation cascade.
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Figure 5

Mechanism of lipid peroxidation 


There are two mechanisms of LDL lipid peroxidation namely enzymatic and non-enzymatic oxidation, the latter may proceed either by free radical mechanism or by non-radical mechanism. In free radical mediated one, the chain propagation is mediated by peroxy radicals independent of the type of initiating species and these peroxyradicals are derived from phospholipids, cholesteryl esters and triglycerides. Peroxyl radicals are much less reactive and more selective than hydroxyl and alkoxyl radicals. Physiologically it is impossible for any radical scavenging antioxidant to scavenge hydroxyl and alkoxyl radicals before they attack LDL lipids and proteins but peroxyl radicals can be an appropriate target for many antioxidants and hence LDL oxidation can be suppressed efficiently by scavenging peroxy radicals to break chain propagation (Niki and Naguchi, 2002).

2.9 
Free radicals and antioxidants in health and disease

 
Damaged tissues undergo more free radical reaction / damage than healthy ones. In most human diseases, oxidative stress is a secondary phenomenon. Lipid peroxidation and antioxidant activity (LPO-AOA) system plays an important role in both normal and pathological process (Abdarshitova et al., 2001).

a. 
Cardiovascular disease


Free radical processes of LPO play a key role in the initiation and development of atherosclerosis and coronary heart disease (Savchenkova et al., 2003). Cardiovascular disease is a disease of inflammation and consequently is amenable to intervention via molecules that have anti-inflammatory effects. In addition, research demonstrating the adverse effects of oxidants on atherogenesis raises the possibility that antioxidant confer cardioprotective effects (Etherton et al., 2002).


Oxidative modification of LDL is thought to be an important initiating event in atherosclerosis which accumulates in the extracellular subendothelial space of the arteries undergoing oxidative modification, which is further stimulated by accumulating monocytes and macrophages. This in turn modifies apolipoprotein-( of LDL and thereby increases recognition by scavenging acceptors on macrophages and LDL uptake resulting in foam cell formation (Ross, 1999; Tribble, 1999). Oxidative modification thus enhances their atherogenic potency and promotes the accumulation of monocytes and macrophages on the vascular wall leading to vascular lipidosis at the earlier stages of atherogenesis (Konovalova et al., 2002). Antioxidants can protect LDL from oxidation (Glass and Wisztum, 2001) especially vitamin E molecules present on LDL protect LDL oxidative damage (Upston et al., 2001).

b. 
Cataract


Cataract is the most leading cause for vision impairment and loss. The disease is associated with oxidative damage to the lens. Lipid peroxidation within the ocular lens may contribute to the development of cataract where the normal lens lose transparency as a result of extensive oxidative modifications in the lens proteins and the superoxide dismutase was shown to be significantly decreased in cataractous lenses (Kolosova et al., 2004).

c. 
Diabetes mellitus

 
Oxidative stress plays an important role in chronic complications of diabetes and is postulated to be associated with increased LPO (Elangovan, 2000). Diabetes mellitus represents a typical chronic degenerative disease associated with an early onset of atherosclerotic alterations. The high incidence of arteriosclerosis in diabetes has been associated with increased oxidative stress. This is related to the impaired antioxidant capacity of both serum and cells of diabetic patients and this imbalance is thought to be involved in the genesis of diabetic complications (Vendemiale et al., 1999). Free radicals have been linked to the (-cell damage and further increased levels of prostaglandins have been reported in diabetes. Prostaglandin synthesis is a major source of free radicals and closely linked to free radical metabolism (Latha and Pari, 2003).

d. 
Aging and age related degenerative diseases


Sustained oxidative damage of nucleic acids, proteins and lipids caused by ROS is considered to be a major factor in the general functional decline of tissues associated with aging, age associated degenerative diseases and cancer. It has been calculated that ROS are responsible for around 10,000 DNA base oxidative modifications per cell per day and it is quite conceivable that a finite fraction of these damages escape repair by the array of cellular defense mechanisms. Increased levels of oxidized proteins have been detected from the brain glial cells of aged animals, and increased oxidation of protein component of LDL has also been observed in the elderly. The oxidation of cell and mitochondrial proteins in aged animals has been directly related to mitochondial DNA oxidation and inversely related to the cell antioxidant capacity (Vendemiale, 1999). Hypothalamic LPO is activated during aging which is related to hypoxia induced by partial reduction of capillaries and decrease in succinate dehydrogenase activity in nerve cells. This results in accumulation of ballast substances thereby causing nerve cell death (Shemyakov, 2001).


Age related maculopathy, (early-IRM) or early degeneration (Late ARMD) is the leading cause of blindness in elderly population and oxidative stress has been implicated in this disease. Because macula is highly contented with PUFA and also because of its high O2 consumption and exposure to sunlight, it is highly prone to oxidative stress. Moreover plasma levels of NO are increased in patients with ARMD and positively correlated with LPO and negatively correlated with SOD and GSHR activities (Evereklioglu et al., 2003).

e. 
Cancer 

ROS can initiate carcinogenesis by virtue of the capacity to react with DNA and cause mutations.  Low levels of ROS regulate cellular signaling and play an important role in normal cell proliferation. Oxidative stress can also induce DNA damage that leads to genomic instability which may contribute to cancer progression (Jackson and Loeb, 2001). ROS play multiple roles in tumour initiation, progression and maintenance and are produced in cells stimulated with growth factors such as EGF and PDGF (Bae et al., 1997). Moreover scavenging of extracellular H2O2 by catalase inhibits the proliferation of Her-2/neu transformed Rat-1 fibroblasts (Preston et al., 2001) and a maximum LPO intensity was found in thymoma, an intensely growing tumour characterized by extremely high activity of 
(-glutamyl transferase, the enzyme that provides material for intense growth for tumour cells (Korotkina et al., 2003).

Byproducts of LPO have also been shown to react with DNA to form adducts and misrepair of this DNA damage leads to mutations in protooncogenes / tumour suppressor genes, a critical step in the process of changing a normal cell to a malignant phenotype (Goga-Dominguez et al., 2002). Antioxidants such as vitamin A and (-carotene can prevent or reverse preneoplastic lesions thus inhibiting the growth of some chemically induced tumours (Benhar et al., 2002).

f. 
Parkinson’s disease


It is characterized by the progressive degeneration of dopaminergic neurons in the pars compacta of the substantia nigra. The specific mechanism of dopaminergic degeneration has not yet established, but there is increasing support for the hypothesis that this degenerative process is mediated by reactive oxygen species. The oxidative metabolism of the dopamine is itself involved in the degeneration of dopaminergic neurons. Monoamine oxidase deaminates dopamine through enzymatic action with H2O2 as one of the products of the reaction (Finotti et al., 2000).

g. 
Alzheimer’s disease


The relation of protein deposition with glial cells and oxidative stress was studied in Alzheimer’s disease (van Everbroeck et al., 2004). Extensive loss of neurons and synapses in vulnerable regions of the brain is one of the most important pathological feature in Alzheimer’s disease and increased oxidative stress has been shown to contribute to the neurodegenerative process in this disease (Xie and Guo, 2004). Coincident with the reduced energy metabolism during the development of the disease, some of the mitochondrial enzymes show deficient activity leading to ROS production (Marlatt et al., 2004).

h. 
Other diseases

 
ROS are also found to be involved in the pathogenesis of many other diseases such as rheumatoid arthritis, HIV, pneumonia, hepatitis, glaucoma etc. (Amer et al., 2004).

2.10  
Phytochemicals as antioxidants


Identifying bioactive compounds and establishing their health effects are active areas of scientific inquiry in recent years (Etherton et al., 2002).

2.10.1  Alkaloids


Alkaloids are a diverse group of low molecular weight nitrogen containing compounds found in about 20 percent plant species (Wink, 1999). Plant derived alkaloids currently in clinical use include the analgesics morphine, the anticancer agent vinblastin, taxol, the muscle relaxant tubocuraine, the antibiotic sanguinarine and other sedatives like scopolamine (Facchini, 2001).

2.10.2   Flavonoids

  
Flavonoids comprise the most common group of plant polyphenols and provide much of the flavor and colour to fruits and vegetables. Interest in the possible health benefits of flavonoids has increased owing to their potent antioxidant and free radical scavenging activities observed in vitro (Rose and Kasum, 2002).

Flavonoids act as antioxidants by chelating redox active metals and by scavenging free radicals. Chelation of both iron and Ca2+ by the carbonyl and hydroxyl groups of flavonoids prevents peroxyl radical and LPO. Flavonoids also function as terminators of free radicals by donation of electron from stable products and are very effective scavengers of hydroxyl and peroxy radicals as well as quenching superoxide radical and singlet oxygen (Jovanovic and Simic, 2000).

Flavonoids in conjunction with other antioxidants including vitamins C and E inhibit LPO in the phospholipid bilayer caused by ROS and also are capable of scavenging peroxy radicals, superoxide in both aqueous and organic environment (Duthie and Crozier, 2000). Flavonoids also have antioxidant capacity on non-transition metal dependent oxidation and also reduces the risk of cardiovascular diseases (Kravchenko et al., 2003).

2.10.3    Phenolics

Phenolic compounds including their subcategory flavonoids are present in all plants and have antioxidant properties. Hydroxytyrosol, one of the many phenolics in olive oil is a potent antioxidant and resveratrol found in nuts and red wine has antioxidant, antithrombotic and anti-inflammatory properties and inhibits carcinogenesis (Etherton, 2002).

2.11
Phytochemicals in anticancer research

Medicinal plants have always had an important place in the therapeutic armoury of mankind. Upto 80 percent of the population in developing countries are totally dependent on plants for their primary health care. Despite the remarkable progress in synthetic organic chemistry of the 20th century, over 25 percent of the prescribed medicines in industrialized countries are derived directly or indirectly from plants (Gragg and Newman, 2000).

2.12
Antioxidant in cancer therapy


Dietary and endogenous antioxidants prevent cellular damage by reacting with and eliminating oxidizing free radicals. However in cancer treatment, a mode of action of certain chemotherapeutic agents involves the generation of free radicals to induce cellular damage and necrosis of malignant cells. So, a concern has logically developed as to whether exogenous antioxidant compounds taken concurrently during chemotherapy could reduce the beneficial effects of chemotherapy on malignant cells (Ferguson et al., 2004).


The study of antioxidant use in cancer treatment is a rapidly evolving era. Antioxidants have been extensively studied for their ability to prevent cancer in humans (Kennedy et al., 2004).


It was suggested that antioxidants might interfere with the oxidative mechanisms of alkylating agents. These drugs create substantial DNA damage resulting in cell necrosis. Recent evidence indicates that a sizeable amount of chemotherapy is by other mechanisms which trigger apoptosis. Antioxidants have been shown to increase cell death by this mechanism (Zhang, 2004).

2.12.1  Vitamin-A and carotenoids as cancer treatment agents

 
All-trans retenoic acid is formed from (-carotene and retinol. The retinoid used in cancer treatment in 13-cis retinoic acid (CRA) also known as isotretinoin.


Retinoic acid in vitro shows growth inhibitory activity against at least 14 types of human cancer. Acute promyelocytic leukemia has been shown to respond well to RA, but not to CRA. RA also decreased the growth rate and increased differentiation of human small cell lung cancer lines in vitro (Albright et al., 2004; Reilly and Digiovanna, 2004; Okuno et al., 2004).


In contrast to the retinoids, comparatively little is known about the use of carotenoids as anticancer agents in vivo, ( and (-carotene have been examined for in vitro tumour inhibitory activity against human neuroblastoma cell lines and (-carotene was found to have 10 times the antitumour activity of (-carotene (Cho et al., 2004).


There are also promising data showing chemoprotective activity of carotenoid lycopene against prostate cancer. Lycopene is found to be stronger inhibitor of human cancer cell proliferation in vitro than ( or (-carotene (Grossman et al., 2002).

2.12.2
   Vitamin C as cancer treatment agent


It has been noted that a small percentage of cancer patients will respond to vitamin C with rapidly proliferating and disseminating tumours (Sakata et al., 2004).


Combined intraperitoneal administration of vitamin C and vitamin K given prior to chemotherapy increased the survival and the effect of several chemotherapeutic agents like cyclophosphamide, vinblastine etc., in a murine ascitic liver tumour model. These results are yet to be confirmed in humans (Taper et al., 2004).

2.12.3   Vitamin-E as cancer treatment agent


Vitamin E is found to arrest tumour cells in the G phase of the cell cycle, leading to apoptosis. The effect of Vitamin E succinate (VES) is biphasic; growth stimulatory at physiological concentrations while inhibitory at pharmacological concentrations (Neuzil et al., 2004). Vitamin E and its derivatives are particularly attractive therapeutic agents due to their remarkable lack of toxicity in vivo (Clerici et al., 2004).

2.12.4   Selenium as cancer treatment agent


The use of selenium compounds for cancer treatment predates most conventional treatments currently in use (Bruns et al., 2004).


The tumour inhibitory effect of selenium was confirmed in human breast cancer cells in vitro (Broome et al., 2004; Li et al., 2004).

2.12.5   Melatonin as cancer treatment agent 


Although it is not usually considered as antioxidant, melatonin, the hormone secreted by the pineal gland in response to cycles of dark and light has exhibited potent free radical scavenging properties against hydroxyl and peroxyl radicals. It has also been found to have some anti-tumour properties in vitro. It increases the p53 expression in breast cancer cells and therefore significantly reduces cell proliferation. It is also known to modify many cytokines including TNF, IL-1, IL-2, IL-6 and gamma-interferon in ways consistent with increased host defense against cancers (Vijayalaxmi et al., 2004).


Melatonin perhaps through reduction of TNF secretion has been shown to reduce cochexia in patients with metastatic solid tumours (Travis et al., 2004).

2.12.6   Glutathione as cancer treatment agents


Glutathione is a tri-peptide thiol compound which is the major intracellular antioxidant in the body. In a rat study, oral administration of glutathione caused regression of liver tumours and increased their survival (van Brussel et al., 2004).

2.12.7   FlavOnoids as cancer treatment agents


Flavonoids are plant compounds known to have antioxidant properties in vitro and in vivo. The most well characterized anti-tumour flavonoids are epigallocatechin gallate (from green tea), genisten (from soy and red clover), curcumin (from turmeric), silibin (from milk thistle) and quercetin (from many yellow vegetables) (Hoe et al., 2004).

2.13 Current attitudes and new approaches to treatment


Cancer therapy has been remarkably consistent for the last 50 years. Surgery, radiation and chemotherapy have been the cornerstones for conventional treatment. Not surprisingly, the clinical success of these treatments has reached a plateau. Clearly there is a need for new therapies which can increase the efficiency of cancer treatment. Careful application of antioxidants may be a means helping to raise cancer therapy to a new level of success. The attitude of many conventional practitioners toward antioxidant therapy for cancer has been hostile.

2.14   Potential mechanisms of antioxidants in cancer

Since many antioxidant treatments stimulate apoptotic pathways, the potential exists for a synergistic effect of radiation or chemotherapy with antioxidants.

Moreover, the defensive mechanisms of many cancer cells are known to be impaired. This makes the tumour cells unable to use the extra antioxidants in a repair capacity; this has been illustrated in vitro. An experimental murine ascites tumour cell line was found to have 10-100 times less catalase than comparable normal cells. This lead to a build-up of hydrogen peroxide in the cells upon treatment with vitamin C in turn leading to cell death. The cytotoxic effects of vitamin C were completely eliminated by addition of catalase to the cell culture (www.thorne.com/altmedrev/ fulltext/anti4-5.html).

2.15   Phytochemicals in anticancer research

What are medicinal plants ?


A considerable number of definitions have been proposed for the term ‘medicinal plant’. According to WHO, ‘a medicinal plant is any plant which in one or more of its organs contain substances that can be used for therapeutic purposes or which are precursors of chemopharmaceutical semisynthesis’ (http://www / technoprenew . net / timeis / technology / stech Augsep02/mediplant.html).

2.15.1 Potential anticancer drugs from medicinal plants


Many anticancer drugs are derived from nature. The relation of cancer with higher plants was known many centuries ago. 


In protecting against cancer, plant products may act at different stages of carcinogenesis and through various interactions. Carcinogens already present may be removed by fibrous plant products through (i) binding by fibres of initiators and promoters, (ii) modification of their mechanism and (iii) increase in faecal bulk. Some plant products may increase the repair of DNA damage thus reducing the chance of carcinogenesis (Marnett, 2000).


A variety of plant extracts have been investigated for their ability to influence apoptosis. This ability of the plants to influence apoptosis in cancerous cells in an attempt to arrest their proliferation has been a topic of much research. Some good candidates of apoptotic influencers have been identified from plants (Thattle et al., 2000).


With such information about the importance of antioxidant phytochemicals, studies have been carried out earlier in our laboratory on the medicinal plant Caesalpinia pulcherrima to determine their antioxidant level. Caesalpinia pulcherrima, also known as “Barbedos pride” in English, is well known for its medicinal properties as pectoral, febrifuge etc. (Chopra et al., 1992). A phytochemical investigation of Caesalpinia pulcherrima led to the isolation of seven secondary metabolites from the stem and two 
from roots. Of these nine compounds, three were found to possess in vitro cytotoxic property. Pure flavonoids and aqueous 
extracts of Caesalpinia pulcherrima were found to possess antiviral properties which might have derived from the flavonoid of quercetin (Chiang et al., 2003).
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Plate 1

Yellow, pink and orange flowers of Caesalpinia pulcherrima


Earlier studies conducted in our laboratory on the flowers (yellow, orange and pink) of Caesalpinia pulcherrima (Plate 1) revealed that these flowers possess both antioxidant (Aparna, 2000) and antimutagenic potential (Nirmala Priyadharshini, 2001).


The present dissertation is an attempt to determine the antioxidant potential of these three different flowers against the oxidative stress imposed on the cells and the component molecules. The layout designed to accomplish this task, the methodology applied therein, the parameters analysed, with appropriate bibliographical credits have been outlined in the next chapter with the support of appendices.

3.0
experimental procedure


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. Many anticancer drugs are derived from nature and the relation between cancer and higher plants was known many centuries ago.


Both cancer-inducing and cancer-reducing properties have been attributed to a large number of plants in folklore and in systems of traditional medicine all over the world. Some plant products may increase the repair of DNA damage thus reducing the chances of carcinogenesis and this is mainly rendered by the antioxidants present in the plants.


Caesalpinia pulcherrima is one such candidate plant which blooms in three different colours (orange, pink and yellow) with unique long red stamens. These flowers have been well known as a pectoral and febrifuge and also have been prescribed for the treatment of bronchial asthma and malarial fever.


Earlier studies in our laboratory have shown the flowers to be rich sources of both enzymic and non-enzymic antioxidants (Aparna, 2000) and also found to possess antimutagenic and antioxidative principles as revealed by the inhibition of LPO and the extent of DNA damage (Nirmala Priyadharshini, 2001). 


Hence, the present study was undertaken to investigate the underlying molecular mechanism of the free-radical and oxidant induced cellular / DNA damage and the effects of the flower extracts on the same. The anticarcinogenic potential of the flower extracts was also analyzed along with the identification of the nature of the phytochemicals present in the flowers that renders the antioxidant property. The methods and procedures adopted in the study are presented in this chapter, with the support of the appendices that present the details.

3.1
Preparation of the flower extracts 

 
Fresh flowers (yellow, pink and orange) were collected from local areas of Coimbatore. The petals of these flowers were removed, washed in running tap water and the residual droplets were removed by blotting them gently between the folds of tissue paper. Fresh flower extracts were prepared for each assay just before use, using a sterile micropestle.

3.2
In vitro model systems used 


The in vitro model systems used as an alternative to live animal models included:

a. Hep2 cell line (laryngeal carcinoma cell line)

b. Goat liver cells

c. RBC ghosts isolated from fresh goat blood

3.3
Determination of cytoprotective potential of the flower extracts


The extent of inhibition of cytotoxicity by the flower extracts was determined colorimetrically quantifying the viable cells capable of reducing MTT into an insoluble formazan dye in vitro as explained by Igarashi and Miyazawa, (2001) (Appendix I).   

3.4
Evaluation of free radical scavenging and antioxidant properties / principles of the flower extracts

i. The extent of inhibition of lipid peroxidation in vitro by the flower extracts was determined in three different membrane systems namely :

a. RBC ghosts – composed of plasma membrane lipids.

b. Goat liver homogenate – plasma membrane and intracellular lipids, where cells are disrupted before exposure to oxidant.

c. Goat liver slices – intact cells which are disrupted after exposure to the oxidant.

The  extent of inhibition of LPO was determined by quantifying the amount of TBARS formed spectrophotometrically by the methods explained in Appendix II.

ii. The free radical scavenging property was determined by the extent of inhibition of superoxide and nitric oxide generation (Appendices III and IV) and also by measuring the hydroxyl radical scavenging activity by studying colorimetrically the extent of formation of TBARS resulting from a reaction between deoxyribose and the test compounds for OH( radicals generated from Fe3+ / ascorbate / EDTA / H2O2 system both in the presence and absence of the flower extracts (Appendix V).

iii. The radical scavenging and antioxidant potential were determined by measuring the percent inhibition of DPPH which is considered to be most stable free radical both by spectrophotometric method (Appendix VI) and by dot-plot assay (Appendix VII).

3.5
Elucidation of the effects of flower extracts on oxidant – induced dna damage in vitro 


The anticarcinogenic potential of the flowers was determined by evaluating their effect on the DNA damage which is the initial phase leading to carcinogenesis, induced in vitro by the oxidant. This was carried out with different forms of DNA namely ;

a. pUC - 18 DNA - a plasmid DNA

b. ( DNA - linear DNA

c. Herring sperm DNA - a high molecular weight genomic DNA

d. DNA from intact cells of Hep2 cell line

The extent of DNA damage induced in vitro by H2O2 in pUC 18 plasmid and ( DNA was determined by the difference in the migration pattern of DNA on agarose gel by Chang et al. (2002) (Appendix VIII).

The percent inhibition of the DNA damage in herring sperm DNA by the flower extracts was determined by measuring colorimetrically the TBARS formation which can also be taken as the measure of the free radical scavenging activity of the flower extracts. This was done by following the method of Aeschlach et al. (1994) (Appendix IX).

In the case of intact cells, the DNA fragmentation induced in vitro by the oxidant which is characterized by the migration of DNA outside the cell into surrounding agarose medium (tail like comet) was determined and distinguished from those in the intact cells by alkaline single cell gel electrophoresis, also known as comet assay (Appendix X), and thereby the alleviatory effects of the flower extracts on oxidant induced DNA damage was determined.

3.6
Qualitative analysis of the phytochemicals in the flower extracts 


In order to identify the phytochemicals present in the flower extracts that render the antioxidant property, flower extracts in various solvents with different polarity (petroleum ether, benzene, ethylacetate, methanol and water) were prepared serially in a Soxhlet apparatus and quantified using gravimetric method. Then these extract fractions were subjected to qualitative analysis to confirm the presence of alkaloids, phenolics and flavonoids by the method explained in Appendix XI.


The results of the qualitative analysis showed the presence of alkaloids, phenolics and flavonoids in the flowers of Caesalpinia pulcherrima which were then subjected to rapid screening by DPPH dot plot assay (Appendix VII). In order to identify the phytochemicals, the flower extracts were also subjected to TLC separation using appropriate solvent mixtures. The developed chromatograms were then sprayed with the specific reagents of alkaloids, phenolics and flavonoids (Appendix XIII). For this, the flowers were extracted using extraction protocols specific for alkaloids, phenolics and flavonoids (Appendix XII).


The results obtained for the three flower extracts (yellow, orange and pink) from the above parameters are presented and discussed with literature support in the next chapter.

4.0 Results and discussion

Reactive oxygen species (ROS) such as superoxide anions and hydroxyl radicals are associated with carcinogenesis and other pathophysiological conditions. Therefore, the elimination or the inactivation of ROS or the inhibition of their excess generation may be beneficial in terms of reducing the risk of cancer and other diseases (Lee et al., 2001). Under such physiological conditions, a wide range of antioxidant defenses protects the body against the adverse effects of free radical production (Latha and Pari, 2003). Hence the imbalance between pro and antioxidants, development of oxidative stress and the high risk of chronic and age related degenerative diseases aroused considerable interest in natural antioxidants (Kravchenko et al., 2003).

For various reasons, in recent years, the popularity of complementary medicine has increased. Dietary measures and traditional plant therapies as prescribed by Ayurvedic and other indigenous systems of medicine are used commonly. Many traditionally used medicinally important plants have been tested for their antioxidant potential (Warrier et al., 1995).


The present study was undertaken to determine the antioxidant activity and the molecular mechanism underlying the antioxidant response of the flowers of Caesalpinia pulcherrima using a battery of in vitro test systems. Caesalpinia pulcherrima occurs widely in three bright colours namely, yellow, pink and orange (Plate 1). Following earlier investigations in our laboratory (Aparna, 2000; Nirmala Priyadarshini, 2001), which showed considerable antioxidant activity in all the three flowers, the present study was also conducted on all the three coloured flowers. The in vitro models used in the present study included Hep2 cell line, goat liver slices and homogenate, goat RBC ghosts and purified biologicals purchased from commercial suppliers.

4.1 
EFFECTS OF THE FLOWERS Caesalpinia pulcherrima ON CELL VIABILITY

The effect of the flower extracts of Caesalpinia pulcherrima on cell viability was determined by MTT assay where the Hep2 cells were exposed to oxidative damage by H2O2 in vitro and the cell viability was determined by the amount of formazan formed from MTT by live cells. The results obtained with the three flower extracts are presented in Table I.

TABLE I

EFFECT OF the Caesalpinia pulcherrima 
flowers on cell viability in the hep2 cell line
	Sample
	Percent cell viability

	
	Control
	H2O2-treated

	No extract
	100.0 ( 1.5
	48.85 ( 1.76 a

	Yellow flower extract
	  70.5 ( 1.55 a
	   32.95 ( 0.21 a, b, c

	Pink flower extract
	  64.9 ( 2.60 a
	   43.35 ( 0.63 a, b, c

	Orange flower extract
	  85.3 ( 1.13 a
	   41.90 ( 0.84 a, b, c


The values are Mean ( SD of triplicates.

The values of the H2O2 group was fixed at 100% and the extent of damage calculated for the other groups.

a – Statistically significant (P<0.05) compared to the untreated control group

b – Statistically significant (P<0.05) compared to the respective plant control

c – Statistically significant (P<0.05) compared to the H2O2 control

The results showed that the three flowers of Caesalpinia pulcherrima by themselves caused a significant decrease in the viability of Hep2 cells 
(P < 0.05). This indicates that the flowers may possess anticancer principles as Hep2 cells are derived from a laryngeal carcinoma. 

The flowers did not alter the effect caused by H2O2 in terms of viability of Hep2 cells. The effects the flowers need to be studied on the viability of noncancerous cells, in the presence and absence of H2O2, before concrete conclusions can be drawn on the mechanism of action of the flower extracts.

Recently many Thai medicinal plants were shown to possess antiproliferative activity against SKBR3 human breast carcinoma cell line using MTT assay (Moongkarndi et al., 2004).

The antiproliferative effect of curcumin on bovine aortic endothelial cells (BAECS) and cells of human cancerous cell line SGC-7901 was measured by MTT assay, in which curcumin was found to be a specific inhibitor of angiogenesis (Gao et al., 2003). The inhibitory effect of saponins from Tribulus terrestris (STT) on Bcap-37 breast cancer cell line were also determined by MTT assay and STT was found to have potent inhibitory effect on Bcap-37 cell line (Sun et al., 2003).

New dieterpenes and non diterpenes from the furits of Vitex rotundifolia exhibited considerable growth inhibitory effects against human lung cancer cells (PC-12) and human colon cancer cells (HCT-116) as revealed by MTT assay (Ono et al., 2002). It was also found that Impila (Callilepis laureola) induced cytotoxicity in HepG2 cells in vitro involved depletion of cellular GSH (Popat et al., 2002). A fifty percent ethanol extract of whole plant of Solanum nigrum was tested in vitro for its cytoprotection against gentamycin induced toxicity on vero cells and the cytotoxicity was found to be significantly inhibited ( Kumar et al., 2001).

4.2
EFFECT OF THE FLOWERS OF Caesalpinia pulcherrima ON LIPID PEROXIDATION IN DIFFERENT MEMBRANE SYSTEMS 

Table II presents the extent of inhibition of lipid peroxidation in vitro by the flowers of Caesalpinia pulcherrima in three different membrane systems, namely goat RBC ghosts (plasma membrane system), goat liver homogenate (mixture of plasma and internal membranes) and goat liver slices (intact cells).

TABLE II

EFFECT OF Caesalpinia pulcherrima ON LIPID PEROXIDATION IN RBC GHOSTS, GOAT LIVER HOMOGENATE AND H2O2 EXPOSED GOAT LIVER SLICES
	Sample
	Percent inhibition of LPO in

	
	Goat RBC ghosts
	Goat liver homogenate
	Goat liver slices

	Yellow flower extract
	45.80 ( 0.00
	37.55 ( 2.80
	50.05 ( 1.90

	Pink flower extract
	55.45 ( 0.77
	19.45 ( 10.96
	46.45 ( 1.90

	Orange flower extract
	69.55 ( 1.62
	76.00 ( 3.20
	61.75 ( 0.63


The values are Mean ( SD of triplicates.

The results thus obtained imply that orange flower extract exhibits more or less equal extent of inhibition of LPO in all the three membrane lipid systems. Pink flower extracts rendered better protection to the plasma membrane lipids whereas yellow flower extracts rendered almost equal protection to both plasma and internal membrane lipids, but seemed to require an endogenous factor for protection. The significant / maximum extent of protection rendered by orange flowers to intact cells showed that it contains some bioactive component present in it capable of penetrating through the cell membrane that renders the protection / antioxidant property for inhibiting LPO.

Aged garlic extract inhibited lipid peroxidation reducing ischemic / reperfusion damage and inhibiting oxidative modification of LDL, thus protecting endothelial cells from the injury by the oxidized molecules which contributes to atherosclerosis (Borek, 2001).

Vimang, the Mangifera indica L. stem bark extract decreased lipid peroxidation in serum, in hepatic mitochondria and microsomes and in brain homogenate supernatant in mice treated with 12-O-tetradeconoylphorbol-13-acetate (TPA) which induces oxidative damage in serum, liver, brain etc. (Sanchez et al., 2000).

The aqueous extracts Coptis chinensis, Paeonia suffruticosa, Prunella vulgaris and Senecio scandens exhibited the highest potency in inhibiting lipid peroxidation in rat kidney and brain homogenates (Liu and Ng, 2000).

Extracts of Scutellaria baicalensis were found to inhibit LPO in rat liver microsomes and red blood cells (Schinella et al., 2002). Aqueous extract of South American tree Copaifera reticulata Duke (Caesalpinaceae) inhibited lipid peroxidation in rat liver homogenate (Desmarchelier et al., 2001). The methanol extract of heat processed neoginseng (‘NGMe’) attenuated LPO in rat brain homogenate induced by ferric ion or ferric ions plus ascorbic acid (Keum et al., 2000).

Dihydromyricetin (DMY) from Ampelopsis grossedentata inhibited LPO induced by FeSO4-edetic acid in linoleic acid (Zhang et al., 2003).

Extract of Pedicalaris decora lowered the LPO in red blood cell and liver in mice induced by alloxan (Yang et al., 2002).

4.3
EFFECT OF FLOWERS OF Caesalpinia pulcherrima ON in vitro SUPEROXIDE GENERATION 
The percent inhibition of superoxide generation in vitro by the crude flower extracts of Caesalpinia pulcherrima is presented in Table III. 

TABLE III

EFFECT OF crude extracts of the flowers of Caesalpinia pulcherrima on so( generation in vitro
	Sample 
	Percent inhibition of SO( generation

	Yellow flower extract
	55.6

	Pink flower extract
	44.5

	Orange flower extract
	22.3


The values are Mean of triplicates.

The results obtained implied that yellow flower extract exhibited maximum protection against SO( generation followed by pink and orange flower extracts. Following this, these flowers were serially extracted with different solvents of increasing polarity to determine the nature of bioactive compounds present in them. These different extracts of the flowers were tested individually for their effects on the generation of superoxide radical in vitro.

For this, the flowers were serially extracted into solvents of increasing polarity (petroleum ether, benzene, ethylacetate, methanol and water) and the results obtained are presented in Table IV.

TABLE IV

EFFECT OF the individual extracts of the flowers of Caesalpinia pulcherrima on so( generation in vitro
	Extract
	Percent inhibition of SO( generation 

	
	Yellow flower
	Pink flower
	Orange flower

	Petroleum ether
	35.8
	83.1
	18.7

	Benzene
	45.8
	72.9
	22.1

	Ethyl acetate 
	18.7
	66.9
	56.1

	Methanol
	33.3
	32.3
	39.0

	Water
	28.9
	30.9
	83.1


The values are Mean of triplicates.

From the results obtained, it was found that in the pink flower extract, the maximum inhibitory effect was exhibited by the organic soluble components (non-polar). In the case of yellow flower, both water and organic soluble compounds present exhibited equal extent of inhibition, and in orange flower, water soluble compounds exhibited maximum protection compared to that of organic soluble ones.

These results suggest that the components in the three different flowers are distinctly different in their properties.

Reactive oxygen species (ROS) such as superoxide anions are associated with carcinogenesis and other pathophysiological conditions (Lee et al., 2001). Moutan cortex (root cortex of Paeonia suffrulicosa Andrews) and Paeoniae Radix (roof of Paeonia lactiflora Pallas) are crude drugs which are found to scavenge the superoxide radicals generated by the chemical phenylhydroquinone (PHQ) (Okubo et al., 2000). 

The aqueous extracts of Coptis chinensis, Paeonia suffruticosa, Prunella vulgaris and Senecio scandens exhibited strong superoxide and hydroxyl radical scavenging activity (Liu and Ng, 2000). Centaceium erythraea Rafin exhibited antioxidant properties expressed by the capacity to scavenge superoxide radical (Valentao et al., 2001). 

Methanolic extract of heat processed neoginseng was also capable of scavenging superoxide generated by xanthine, xanthine oxidase in differentiated human promyelocytic leukemia (HL-60) cells (Keum et al., 2000). The aminopolysaccharide fraction (G009) of Ganoderma lucidum showed a dose-depedent inactivation of hydroxyl radicals and superoxide anions (Lee et al., 2001).

The results of the present study reveal that all the three different flowers (orange, yellow and pink) of Caesalpinia pulcherrima inhibited superoxide production in vitro.

4.4
Effect of the flowers Caesalpinia pulcherrima on in vitro nitric oxide GENERATION
The extent of inhibition of nitric oxide generation in vitro in the presence and absence of both crude extracts and extracts prepared in various solvents of the flowers of Caesalpinia pulcherrima were determined and the percent inhibition of NO generation is shown in Tables V and VI.

TABLE V

EFFECT OF the crude extracts of the flowers of Caesalpinia pulcherrima on No generation in vitro
	Sample
	Percent inhibition of No generation

	Yellow flower extract
	51.4

	Pink flower extract
	66.6

	Orange flower extract
	70.4


The values are Mean of triplicates.

TABLE VI

EFFECT OF individual extracts of the flowers of Caesalpinia pulcherrima on No generation in vitro
	Extract
	Percent inhibition of NO generation 

	
	Yellow flower 
	Pink flower
	Orange flower

	Petroleum ether
	65.3
	44.6
	15.3

	Benzene
	67.4
	29.4
	47.9

	Ethyl acetate
	69.6
	24.0
	63.1

	Methanol
	41.4
	51.1
	58.7

	Water
	50.0
	60.9
	74.0


The values are Mean of triplicates.

The crude extract of the orange flowers showed maximum inhibition of in vitro NO generation, followed by pink flowers and then by yellow flowers. The analysis of the polar nature of the inhibitory action revealed that the inhibiting principles resided in both aqueous and organic portions of all the three flowers, with the orange flowers exhibiting more inhibitory action in the polar fractions.

It has been reported recently that Psychotria rostrata, Spermacoce exilis, Spermacoce articularis and Leea indica showed strong inhibitory activity on nitric oxide production in lipopolysaccharide and IFN(( treated RAW 264-7 cells (Saha et al., 2004).

Phenylethanoids from the stems of Cistanche deserticola were found to have NO radical scavenging activity (Xiong et al., 2000).

Some traditional crude extracts from medicinal plants have been found to be potent and novel therapeutic agents for scavenging of NO and regulation of pathological conditions caused by excessive NO and its oxidation product, peroxynitrite (Yokozawa et al., 2000).

Our study shows that the yellow, pink and orange flowers of Caesalpinia pulcherrima exhibit strong inhibition against in vitro generated free radicals namely SO● and NO.

4.5 
Effect of the flowers of Caesalpinia pulcherrima on oxidative damage induced by H2O2 to deoxyribose

The hydroxyl radical scavenging activity of the flower extracts of Caesalpinia pulcherrima was determined using deoxyribose and the percent extent of TBARS formed are listed in Table VII.

H2O2 induce significant increase in hydroxy radical mediated damage (TBARS formation). The three different flower extracts of Caesalpinia pulcherrima decreased the harmful effects of H2O2 by effectively scavenging hydroxyl radical. Of the three flowers, the yellow flower extract showed maximum inhibition on TBARS formation induced by H2O2 followed closely by the other two flower extracts.

TABLE VII

EFFECT OF Caesalpinia pulcherrima flower extracts on H2O2  induced damage to deoxyribose 
(Hydroxyl radical scavenging activity)
	Sample
	Percent extent of TBARS formed

	
	Control
	H2O2 treated

	No extract
	6.09 ( 1.72
	100.0 ( 0.00 a

	Yellow flower extract
	30.45 ( 1.76 a
	  84.1 ( 1.69 a, b, c

	Pink flower extract
	39.00 ( 3.50 a
	  79.2 ( 1.69 a, b, c

	Orange flower extract
	42.65 ( 5.10 a
	  71.9 ( 5.20 a, b, c


The values are Mean ( SD of triplicates.

The values of the H2O2 group was fixed at 100% and the extent of damage calculated for the other groups.

a – Statistically significant (P<0.05) compared to the untreated control group

b – Statistically significant (P<0.05) compared to the respective plant control

c – Statistically significant (P<0.05) compared to the H2O2 control

Amino-polysaccharide fraction (G009) from Ganoderma lucidum showed a dose dependent inactivation of hydroxyl radicals (Lee et al., 2001). The leaf extract of du-zhong (Eucommia ulmoides oliv.) had a marked inhibitory effect on Fenton reaction induced oxidative damage in biomolecules such as deoxyribose, DNA etc. (Hsieh and Yen, 2000). The seventy percent aqueous acetone extracts of some Taiwanese native plants such as Acer buerferianum var. formosanum, Cleyera japonica var. morii, Cyclobalanopsis stenophylla var. stenophylloides and Machilus zuihoensis were found to inhibit the formation of OH radicals generated in the Fenton reaction system (Fe3+ / EDTA / H2O2 / ascorbic acid) (Hou et al., 2003). In the deoxyribose assay, both Thonningia sanguinea and its methanolic component Thonningianin-A showed hydroxyl radical scavenging activity suggesting their chelating ability for iron ions (Gyamfi and Aniya, 2002).

Some herbs used in the Mediterranean and Chinese medicine such as Coptis chinensis and Poria cocos were found to exhibit a high hydroxyl radical scavenging activity and Scutelllaria baicalensis exhibited pro-oxidant effect in the Fe3+ / EDTA / H2O2 system (Schinella et al., 2002).

The methanolic extracts of  the levels of the South American tree Copaifera reticulata Duke (Caesalpinaceae) was found to suppress hydroxyl radical mediated degradation of DNA and also DNA sugar damage induced by Fe (II) salts (Desmarchelier et al., 2001). The oils of Artemesia afra Jacq. and Juniperus procera were found to be effective hydroxyl radical scavenging agents when assessed in the deoxyribose degradation assay (Burits et al., 2001).

The results of the present study reveal that the flowers of Caesalpinia pulcherrima exhibit strong hydroxyl radical scavenging effect, thus rendering protection to the deoxyribose component of the DNA.

4.6
Radical scavenging effects of the flowers of Caesalpinia pulcherrima  


The radical scavenging activity of the flower extracts of Caesalpinia pulcherrima was quantified using DPPH photometric assay by their ability to convert the stable free radical DPPH to a yellow coloured derivative. The following dendrogram (Plate 2) shows the results of the rapid screening of the extracts prepared in different solvents. 
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Y – Yellow flowers
P – Pink flowers
O – Orange flowers

PE – Petroleum ether
B – Benzene 
EA – ethyl acetate
M – methanol
W- water    
plate 2

DPPH dot plot rapid screening assay of 
Caesalpinia pulcherrima flower extracts


From the results obtained, all the three flowers of Caesalpinia pulcherrima were found to exhibit significant antioxidant property. The extracts of all the three flowers prepared in ethylacetate and methanol showed maximum antioxidant activity whereas fractions prepared in benzene showed no antioxidant activity (Plate 2a). Aqueous extracts of all the three flowers exhibited high antioxidant activity in which the maximum activity was found with orange flowers (Plate 2b). 

The radical scavenging activities of the whole extracts were also quantified by DPPH photometric assay and the results obtained are presented in Table VIII.

TABLE VIII

RADICAL SCAVENGING EFFECT OF 
Caesalpinia pulcherrima flowerS
	Sample
	Percent radical scavenging activity

	Yellow flower extract
	45.5

	Pink flower extract
	29.9

	Orange flower extract
	41.6


The values are Mean of triplicates.

Among the three flower extracts, yellow and orange flower extracts exhibited maximum DPPH scavenging activities followed by the pink flower extract.

Hou et al. (2003) have shown that the extracts of Acer buerferianum var. formosanum and Cleyera japonica var. morii, Cyclobalanopsis stenophylla var. stenophylloides and Machilus zuihoensis were found to exhibit strong activity against DPPH radicals.

Methanolic extracts of freeze-dried Echinacea roots were capable of scavenging both DPPH and ABTS radical (Hu and Kitts, 2000). The extracts from Leea indica and Spermacoce articulaiis showed strong DPPH free radical scavenging activity (Saha et al., 2004).

The antioxidative properties of dihydromyricetin (DMY) from Ampelopsis grossedentata was demonstrated by its ability to scavenge DPPH radicals (Zhang et al., 2003). Methanolic and aqueous extracts from Guazuma ulmifolia were found to possess inhibitory effects against DPPH radicals (Navarro et al., 2003). In the present study, the extracts of the three different flowers of Caesalpinia pulcherrima exhibited significant antioxidant activity in the photometric assay with DPPH.

4.7
Effect of the flowers of Caesalpinia pulcherrima on       oxidative DNA damage

In order to understand the underlying mechanism of the effects of flower extracts on oxidant induced DNA damage, different sources of DNA were exposed to oxidative damage by H2O2. The DNA samples used were pUC 18 plasmid DNA (circular, bacterial DNA), (( DNA (linear phage DNA) and herring sperm DNA (genomic haploid DNA from higher eukaryote).


In addition, the effects of the flower extracts on DNA in intact cells exposed in vitro to oxidative damage by H2O2 was also determined using comet assay on Hep2 larygneal carcinoma cell line.

4.7.1 
Effect of the flowers of Caesalpinia pulcherrima on damage to DNA frOM lower organisms induced by H2O2
The plates 3 and 4 represent the migration pattern of pUC 18 DNA and (( DNA exposed in vitro to H2O2 both in the presence and the absence of the three different flower extracts of Caesalpinia pulcherrima.

Both the DNAs were found to be oxidatively damaged by H2O2 which are deducably double strand breaks resulting in shredding of DNA into low molecular weight fragments that could not form visible bands on agarose gel.

All the three flower extracts by themselves did not cause any DNA damage which can be revealed by the intact DNA bands (Lanes 3, 5 and 7) formed when compared to that of the control (Lane 1). However the flower extracts could not decrease the extent of DNA damage caused by H2O2 (Lanes 4, 6 and 8). This indicated that the flower extracts have no significant protective effect at the dose level tested, on the plasmid and (( phage DNA induced by H2O2. 
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Lane 1 – Control



Lane 5 – Pink flower extract

Lane 2 – H2O2



Lane 6 – H2O2 + Pink flower extract

Lane 3 – Yellow flower extract

Lane 7 – Orange flower extract

Lane 4 – H2O2 + Yellow flower extract
Lane 8 – H2O2 + Orange flower extract
Heat treatment of Panax ginseng showed a protective effect against strand scission in phi x-174 superxoiled DNA induced by UV photolysis of H2O2 (Keum et al., 2000). Celastrus paniculatus L., Picrorhiza kurroa L. and Withania sominfera L. showed a protective effect on DNA damage in human non-immortalized fibroblasts (Russo et al., 2001). Herbal medicinal products such as sankol protected DNA from damage by H2O2 (Kalantari et al., 2002). Mangnifera indica L. stem back extract (Vimang) was found to decrease TPA (12-O-tetradecanoyl phorbol-13-acetate) induced DNA fragmentation in hepatic and brain tissues (Sanchez et al., 2000). Moreover the extracts of Cistus incanus and C.monspeliensis showed a protective effect on DNA cleavage (Attaguile et al., 2000).

Increasing concentrations of the extracts of Caesalpinia pulcherrima flowers need to be studied for their activity on the DNA damage induced by H2O2.

4.7.2 Effect of the flowers of Caesalpinia pulcherrima on dna damage induced by H2O2 to herring sperm dna

The effects of the flower extracts of Caesalpinia pulcherrima on H2O2 induced DNA damage in herring sperm DNA are presented in Table IX.

TABLE IX

Effect of the flowers of Caesalpinia pulcherrima on H2O2 induced damage TO herring sperm dna

	Sample
	Extent of DNA damage (TBARS formed)

	
	Control
	H2O2 treated

	No extract
	25.5 ( 2.10
	     100.00 ( 0.00 a

	Yellow flower extract
	28.0 ( 1.41
	56.30 ( 2.12 a, b, c

	Pink flower extract
	36.8 ( 1.60 a
	47.30 ( 0.98 a, b, c

	Orange flower extract
	34.4 ( 0.84 a
	64.15 ( 1.48 a, b, c


The values are Mean ( SD of triplicates.

The values of the H2O2 group was fixed at 100% and the extent of damage calculated for the other groups.

a – Statistically significant (P<0.05) compared to the untreated control group

b – Statistically significant (P<0.05) compared to the respective plant control

c – Statistically significant (P<0.05) compared to the H2O2 control

H2O2 caused a highly significant damage (P < 0.05) to herring sperm DNA in vitro. This was effectively brought down (P < 0.05) by all the three flower extracts, with more or less similar efficiency.
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Plate 5

Micrograph of Hep2 cells in culture

These results, in comparison with the gel pattern obtained with pUC 18 and (( DNA samples, show that the DNA-protective effects of Caesalpinia pulcherrima flowers exhibit a differential response depending on the nature of the DNA.

4.7.3
Effects of Caesalpinia pulcherrima flowers on dna damage induced in vitro by H2O2 in intact cells 

The effects of the flower extracts on DNA damage induced by H2O2 in intact cells of Hep 2 cell line (larygneal carcinoma) (Plate 5) was studied using single cell gel electrohporesis (comet assay) which will detect DNA damage at cellular level (Angelis et al., 2000). The results obtained are presented in Table X.

TABLE X

Effect of the flowers of Caesalpinia pulcherrima on H2O2 induced damage in intact cells

	Sample
	Number of comets per 100 cells

	
	Control
	H2O2 treated

	No extract
	10 ( 1
	29 ( 3 a

	Yellow flower extract
	  6 ( 1 a
	12 ( 2 b, c

	Pink flower extract
	  9 ( 1
	15 ( 3 b, c

	Orange flower extract
	  4 ( 2 a
	10 ( 2 b, c


The values are Mean ( SD of triplicates.

The values of the H2O2 group was fixed at 100% and the extent of damage calculated for the other groups.

a – Statistically significant (P<0.05) compared to the untreated control group

b – Statistically significant (P<0.05) compared to the respective plant control

c – Statistically significant (P<0.05) compared to the H2O2 control


The results revealed that H2O2 caused significant (P < 0.05) damage to DNA in intact cells. The exposure of the cells to the extracts of the yellow and orange flowers significantly decreased even the basal level of DNA damage compared to the control group. All the three extracts were also very effective in bringing down the DNA damage induced by H2O2 to control levels. 

Comet assay has been used to measure DNA damage induced by maleic hydrazide herbicide in the leaves of tobacco (Nicotiana tobaccum var. xanthi) and filed beans (Gichner et al., 2000).

The effects of water extracts from Cassia tora L. (WECT) treated with different degrees of roasting on benzopyrene induced DNA damage in human hepatoma cell line HepG2 were investigated using comet assay, which revealed that WECT alone showed neither cytotoxic nor genotoxic effect toward HepG2 cells (Wa et al., 2001).


The single cell gel electrophoresis has been used to measure the frequency of single strand breaks in the cell line MOLT-17 and human peripheral blood lymphocytes (Astley, 2004). It has been found that black cohosh can protect against cellular DNA damage caused by ROS by acting as antioxidant (Heaton et al., 2002). Methanolic extracts of many Indian medicinal plants such as Celastras paniculatus L. (Celastrauae) have been found to protect human-non-immortalized fibroblasts against H2O2 induced DNA damage (Russo et al., 2001).


In the present investigation, a comparison of the extent of damage inflicted upon different sources of DNA by H2O2 reveals that all the three flower extracts effectively reduce the damage in DNA of eukaryotes but not that from prokaryotes. Additionally, the observation that the protection rendered when intact cells are exposed to the test agents is maximum, suggests that an (unidentified) endogenous component within the cell augments the DNA protecting effects of the flower extracts.


Further studies need to be conducted with higher doses of the flower extracts.

4.8
Phytochemical analysis of the flowers of Caesalpinia pulcherrima 

In order to determine the phytochemical or bioactive compounds present in the flowers of Caesalpinia pulcherrima that renders antioxidant activity, a preliminary phytochemical screening was done in the flower extracts in various solvents of increasing polarity (petroleum ether, benzene, ethyl acetate, methanol and water) using various qualitative confirmatory tests for alkaloids, phenolics and flavanoids. The results obtained are presented in the Table XI.

All the three flowers of Caesalpinia pulcherrima (yellow, orange and pink) were found to contain bioactive compounds namely alkaloids, phenolics and flavonoids. All the three flowers are seemed to be good sources of alkaloids and phenols, whereas in the case of flavonoids the methanolic fraction of the three flower extracts seemed to be the richest source, followed by ethylacetate and benzene fraction. But the aqueous extract of the orange flower and pink flower showed no presence of alkaloids which implies that these alkaloids present in them are non-polar ones. Presence of flavonoids in the aqueous and methanolic fraction of the pink flower alone showed that the flavonoids are water soluble compounds. 


Anthocyanins, which are flavonoid pigments, may be present in the flowers of Caesalpinia pulcherrima.

TABLE XI

QUALITATIVE SCREENING OF THE FLOWERS OF Caesalpinia pulcherrima FOR THE PRESENCE OF ALKALOIDS, PHENOLICS AND FLAVONOIDS
	Tests
	Yellow flower extract
	Pink flower 
extract
	Orange flower 
extract

	
	PE
	B
	EA
	M
	W
	PE
	B
	EA
	M
	W
	PE
	B
	EA
	M
	W

	ALKALOIDS
	
	
	

	Dragendroff’s test
	+
	+
	+
	+
	+
	-
	+
	+
	+
	-
	+
	++
	+
	+
	-

	Wagner’s test
	+
	+
	++
	++
	-
	+
	+
	+
	+
	-
	+
	+
	+
	-
	-

	Mayer’s test
	+
	+
	+
	+
	-
	+
	+
	-
	+
	-
	+
	+
	+
	+
	

	PHENOLS
	
	
	

	Ferric chloride test
	-
	+
	+
	-
	-
	-
	-
	+
	+
	+
	-
	-
	+
	+
	-

	Lead acetate test
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	+
	++

	FLAVONOIDS
	
	
	

	Aqueous NaOH test
	+
	+
	+
	+
	-
	-
	+
	+
	+
	+
	+
	+
	++
	++
	-

	Conc. H2SO4 test
	-
	+
	+
	+
	+
	-
	-
	+
	+
	+
	+
	+
	+
	+
	-

	Schinodo’s test
	-
	-
	-
	-
	-
	-
	-
	-
	+
	+
	-
	-
	+
	+
	-


PE – Petroleum ether
B – Benzene 
EA – ethyl acetate
M – methanol 
W- water

+ indicates positive reaction and – indicates negative reaction

Aged garlic extract (AGE) contains antioxidant phytochemicals that prevent oxidative damage (Borek, 2001). Phenolic compounds isolated from the hooks and stems of Uncaria sinensis showed protective effect against glutamate induced neuronal death (Shimada et al., 2001). Flavonoids like orientin and vicentin isolated from the leaf extract of Ocimum sanctum were found to protect mice against radiation induced lipid peroxidation (Uma Devi et al., 2000).

Polyphenolic compounds from Centaurium erythraea Rafin. namely xanthones and phenolic acids exhibited activity as radical scavengers (Valentao et al., 2001).


Ten prenyl flavanones purified from Sophora tomentoca L. and Sophora moorcroftiana Benth. ex Baker showed a positive relationship between radical generation and O2● scavenging  activity (Shirataki et al., 2001). Apigenin, a dietary plant derived flavone subclass of flavonoid protected rats against the oxidative stress caused by the carcinogen phenobarbital (Singh et al., 2004).


The flowers of Caesalpinia pulcherrima also showed the presence of alkaloids, phenolics and flavonoids. Earlier studies have shown that they possess a battery of both enzymic and non-enzymic antioxidants (Aparna, 2000). All these phytochemicals could be involved in the protective action rendered by the three flower extracts against lipid and DNA molecules.

4.9
analysis of the alkaloid, phenolic and flavonoid fractions of the flowers of Caesalpinia pulcherrima
The fractions were also subjected to TLC in different solvent mixtures CH2Cl2: ethanol: 28% NH4OH (85:14:1) for alkaloids, acetic acid:chloroform (1:9) for phenolics and n-butanol : acetic acid : water (4:1:5) for flavonoids for the alkaloid, phenolic and flavonoid fractions and the chromatograms obtained were sprayed with respective spraying reagents (Dragendroff’s reagent for alkaloids, Folin-Ciocalteau reagent for phenolics and vanillin: concentrated H2SO4 for flavonoids). All the three flowers showed the presence alkaloids, phenolics and flavonoids.


The developed chromatograms were also sprayed with 400(M DPPH solution in order to determine whether these bioactive compounds exhibit radical scavenging activity. This was also tested using the dot plot rapid screening assay. All the three fractions exhibited strong radical scavenging activity (Plate 6).
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Plate 6

Dpph dot plot rapid screening assay of the alkaloid, phenolic and flavonoid fractions of Caesalpinia pulcherrima flowers

Y – Yellow flowers 
P – Pink flowers 

O – Orange flowers

Alk – Alkaloids
     Ph – Phenolics 
        Fla – Flavonoids


Thus, the present study shows that the flowers of Caesalpinia pulcherrima contain phytochemicals which can guard DNA and lipids against oxidative damage, can scavenge hydroxyl and DPPH free radicals and can also inhibit in vitro generation of superoxide and nitric oxide radicals. All these properties make the Caesalpinia pulcherrima flowers ideal candidates for the medicinal preparations. 


The results obtained are presented in a nutshell in the next chapter.

5.0  SUMMARY AND CONCLUSION

The demand for medicinal plants in recent years has led to increased pressure on wild plant populations.  Unprocessed medicinal plants play a vital role in the health of people in developing countries, where traditional medicine is considered complementary to western medicine.

Various species of aromatic plants are commonly used as spices and as traditional medicinal remedies, and are also found to possess some biological effects such as antispasmodic, antibacterial, antiviral and antioxidant activities.  In the last few years, there has been growing interest in the role played by oxidative reactions in human diseases.

Reactive oxygen species (ROS), sometimes called active oxygen species, have aroused significant interest among scientists in the past decades.  Their broad range of effects in biological and medicinal systems has drawn on the attention of many experimental studies.

Such ROS (like superoxide anion radical, hydroxyl radical and hydrogen peroxide) are well known inducers of cellular and tissue pathogenesis leading to various diseases including cancer, diabetes mellitus, neurodegenerative and cardiovascular diseases.

ROS are continuously produced during normal physiological events and are removed by antioxidant defense mechanisms.  There is a balance between the generation of ROS and the antioxidant system in organisms.  The imbalance between them leads to oxidative modification of the cellular membranes and internal molecules. Various endogenous antioxidant defense mechanisms lead to the elimination of ROS and thus protect cells.

An increasing body of evidence suggests that many plants have antioxidant properties that could be therapeutically beneficial.  Dietary antioxidants such as vitamins C and E, carotenoids, flavonoids, etc. are commonly attributed with protecting the biological system from various diseases caused by free radical damage. The association between consumption of fruits and vegetables that are rich in antioxidants and lower incidence of various diseases like cancer reveals that antioxidants are involved in decreasing the damage.

Hence, there rises a need to identify natural sources of antioxidants, especially from plant species, which are widely distributed.  India holds a lot of promise in this direction, housing two of the twelve biodiversity hotspots of the entire world.

For this, we have to conduct systematic studies on such plants to identify the types of antioxidants, their mechanism of action and effect against oxidative damage on DNA by free radicals, which is the initial step in the process of carcinogenesis.  Moreover, there is evidence that antioxidants might reduce oxidizing free radicals that can be used in cancer therapy.

Caesalpinia pulcherrima flowers occur widely in three different colours, namely yellow, pink and orange.   Earlier studies in our laboratory on these flowers revealed that they are rich sources of both enzymic and non-enzymic antioxidants and also possess both antimutagenic and antioxidant potential.

The present study aimed at analyzing the antioxidant properties of the flowers of Caesalpinia pulcherrima and the underlying mechanism of action of the antioxidant at the molecular level. The study was also extended to identify the types of bioactive compounds that render the antioxidant property against the oxidant, hydrogen peroxide (H2O2).

In the present investigation, the effect of the flower extracts was studied on the cell viability, H2O2-induced DNA damage and lipid peroxidation (LPO), to determine the effect of flower extracts on oxidant induced damage of biomolecules.

The effects of the flower extracts on cell viability were studied in Hep2 cell line. The results implied that the flowers had no effect on the death caused by H2O2. The flowers, by themselves, caused a significant reduction in the survival of Hep2 cells, suggesting that the flowers might possess anticancer properties. But this can be concluded only after studying the effect of the flower extracts on the viability of non-cancerous cells, both in the presence and the absence of the oxidant.

The effect of the flower extracts on three membrane lipid preparations namely goat RBC ghosts (plasma membrane preparation), goat liver homogenate (mixture of plasma and internal membrane preparation) and intact liver cells (liver slices). The results obtained showed that the pink flower extract rendered maximum protection for plasma membrane lipids, while yellow flowers rendered better protection for both plasma and internal membrane lipids. In the case of the liver slices, orange flowers exhibited maximum protection, which showed that some endogenous component present in the cell help the components in the flower to better inhibit the damage induced by H2O2 inside the cell.

The effect of the flower extracts on the in vitro generation of superoxide radicals and nitric oxide was analyzed with both crude extracts of the flowers and extracts prepared serially in solvents of increasing polarity (petroleum ether, benzene, ethyl acetate, methanol and water).  

The results obtained showed that the flowers are capable of rendering better protection against SO( and NO generation. In SO( generation, crude extract of yellow flowers showed maximum inhibitory effect than the other two flowers. In the case of individual extracts, the maximum inhibitory effect against SO( generation was exhibited by non-polar components of the pink flowers, both polar and non-polar components of the yellow flowers and polar components of the orange flowers. This shows that the components present in the three different flowers are distinctly different in their properties.

In NO generation, the crude extract of the orange flowers showed maximum inhibition, followed by pink and then by yellow flowers. In individual extracts, both aqueous and non-polar components of all the three flowers showed inhibitory effects, in which the maximum effect was rendered by the polar components of the orange flowers.

The flower extracts of Caesalpinia pulcherrima were also found to possess radical scavenging activity, as determined by their ability to scavenge hydroxyl (OH() radicals produced when deoxyribose is oxidatively damaged by H2O2 and also by their ability to scavenge the stable free radical, DPPH. The results showed that the flowers exhibited strong radical scavenging activity and the maximum effect was rendered by the yellow flower extract in both the cases.

ROS can also induce DNA damage and mutations. Because of the singular importance of DNA for genetic inheritance, such oxidative DNA damage is more likely to lead to genetic instability and various diseases like cancer. This could be inhibited by those antioxidants having free radical scavenging activity.

After determining the antioxidant properties, the flowers were examined for their effects on oxidative DNA damage on different types of DNA namely pUC 18 plasmid DNA (circular bacterial DNA), ( DNA (linear phage DNA), herring sperm DNA (high molecular weight haploid DNA) and DNA from intact cells of Hep2 cells (high molecular weight diploid DNA within the cells).

In the case of pUC 18 and ( DNA, all the three flower extracts showed no significant protective effect against oxidative damage induced by H2O2, at the dose levels tested. But in the case of high molecular weight eukaryotic DNAs namely herring sperm DNA and the DNA within intact Hep2 cells, orange flowers exhibited maximum protection.

This showed that the flowers of Caesalpinia pulcherrima exhibited differential response to different types of DNA where the maximum protection was rendered to eukaryotic DNA compared to those of prokaryotes.   This observation adds weight to the candidature of the flowers as sources of drugs to treat human disorders arising from oxidative DNA damage.

Following this, the flowers were subjected to phytochemical analysis in order to detect the presence of bioactive compounds that render the antioxidant activity by qualitative tests and also to identify them by TLC.  The results obtained revealed all the three flowers to be rich sources of alkaloids, phenolics and flavonoids.

In order to determine whether these bioactive compounds render the antioxidant activity, the extracts of alkaloids, phenols and flavonoids were subjected to the DPPH dot plot rapid screening assay.  The results obtained showed that the alkaloids phenolics and flavonoids present in the flower extracts showed antioxidant activity by converting the DPPH into a yellow coloured derivative.

Thus, the present study shows that the flowers of Caesalpinia pulcherrima can protect DNA, lipids and the cell against oxidative damage and also exhibit free radical scavenging activity.   All the three flowers showed significant inhibitory effect against the in vitro generation of superoxide radicals and nitric oxide.

The flowers contained alkaloids, phenols and flavonoids, all of which exhibited antioxidant activity.

Thus, the outcome of the present study shows that the flowers of Caesalpinia pulcherrima exhibited very good antioxidant properties, which make them ideal, inexpensive and widely distributed candidates of medicinal preparations for antioxidant therapy.
Appendix I

Mtt dye reduction assay

(Igarashi and Miyazawa, 2001)

MTT (3-(4,5-dimenthylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) assay is a method of elucidating cytotoxicity of the sample. To 100((l of incubated sample (Hep2 cells spun at 100rpm for 2-3 minutes) added 50(l of MTT for every 100(l of sample. Incubated at 37((C for 3 hours with mild shaking. At the end of incubation period added 200(l of PBS to all the samples. Aspired the liquid carefully after centrifugation at 10,000 rpm for 3 minutes. Resuspended the cells in 200(l of 2-propanol containing 0.04N HCl overnight in dark. The absorbance was read at 650nm in a spectrophotometer. By assuming the optical density of the control cells to be 100% the percentage viability of the treated cells was calculated.

Appendix II

ESTIMATION OF LIPID PEROXIDATION IN GOAT RBC GHOSTS, GOAT LIVER HOMOGENATE AND GOAT LIVER SLICES.

(Dodge et al., 1963; Okhawa et al., 1979)

PREPARATION OF MEMBRANE SYSTEMS

GOAT RBC GHOSTS

Goat blood was collected from a slaughter house and the fresh blood was immediately defibrinated using acid-washed stones.  The defibrinated blood was diluted with saline and transported to the laboratory on ice.  The RBCs were collected by centrifugation at 3000 rpm for 10 minutes and washed thrice with isotonic (1.15%) KCl.  The cells were then treated with hypotonic (0.3%) KCl and allowed to lyse at 37(C for one hour.  The lysate was now centrifuged at 5000 rpm for 10 minutes at 4(C.   The pellet obtained was washed several times with hypotonic KCl until most of the hemoglobin was washed off and a pale pink pellet was obtained.  The pellet was suspended in 1.5ml of TBS and 50 (l aliquots were used for the assay.

GOAT LIVER HOMOGENATE

Goat liver was obtained from the slaughter house and transported to the laboratory on ice.  A 20% homogenate of the liver was prepared in cold TBS (10mM Tris, 0.15 M NaCl, pH 7.4).  The homogenate was centrifuged at low speed to remove debris and particulate matter and 50 (l aliquots were used for the assay.

GOAT LIVER SLICES

The liver was placed on a watch glass held on ice and cut into thin (1 mm thick) slices using a sharp scalpel.  250 mg portions of the slices were used for the assay.  The slices were taken in 1 ml of HBSS (Hank’s Balanced Salt Solution, HiMedia) and treated with H2O2 (5 (l of 30% solution), with or without 20 (l of the flower extract prepared in HBSS (corresponding to an extract concentration of 20 mg).  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 formed.

LPO ASSAY

Control tubes were prepared for each sample containing the respective plant extract (50 (l corresponding to 20 mg), membrane aliquot (RBC ghosts or liver homogenate) and TBS to make a final volume to 500 (l.  Pro-oxidant (FeSO4 at 10 (moles final concentration) was not added to the control tubes.  A blank containing no flower extracts, no membrane aliquot, but only FeSO4 and TBS was also prepared.   An assay medium corresponding to 100% oxidation was prepared by adding all the other constituents except flower extracts.  The experimental medium corresponding to auto-oxidation contained only the membrane preparation.  All the tubes were incubated at 37(C for one hour.

At the end of incubation, the samples, along with the homogenates prepared from the liver slices incubated with the oxidant H2O2 and extracts, were subjected to the TBARS quantification.  The LPO reaction in all the tubes was arrested by the addition of 500 (l of 70% ethanol.  1 ml of 1% TBA was added to all tubes and heated in a boiling water bath for 20 minutes.  After cooling to room temperature, added 500 (l of acetone and measured the TBARS at 535 nm in a spectrophotometer.

Appendix III

DETERMINATION OF SUPEROXIDE PRODUCTION IN VITRO

(Winterbourn et al., 1975)

The assay tubes contained 0.02 ml of the plant sample (corresponding to 20mg extract prepared in 0.067M phosphate buffer, pH 7.8), 0.2 ml EDTA (0.1M containing 1.5mg NaCN / 100 ml), 0.1 ml nitroblue tetrazolium (NBT, 1.5mM), 0.05 ml riboflavin (0.12 mM) and 2.55 ml 0.067 M phosphate buffer (pH 7.8).  Control tubes were set up without the flower extracts.  The initial optical densities of the solutions were recorded at 560 nm and the tubes were illuminated uniformly with a fluorescent lamp for 30 minutes.  A560 was measured again and difference in OD taken as the quantum of superoxide production.  The percentage inhibition by the flower samples was calculated by comparing with the OD of the control tubes.

Appendix IV

DETERMINATION OF NITRIC OXIDE GENERATION IN VITRO

(Green et al., 1982)

The reaction mixture containing 0.3 ml 100 mM sodium nitroprusside, 2.68 ml PBS (0.88% NaCl, 0.02% KCl, 0.02% KH2PO4 and 0.115% Na2HPO4, pH 7.2), and 20 (l of flower extract (20 mg extract) was incubated at 25(C for 15 minutes.  Control tubes (100% generation) were prepared without the flower extracts.   After incubation, 0.5 ml of the reaction mixture was removed and 0.5 ml of Griess reagent (1% sulphanilamide, 2% H3PO4 and 0.1% naphthalenediamine dihydrochloride) was added to it.  The absorbance of the chromophore formed, indicative of the quantum of NO generated, was read at 546 nm.

Appendix V

DEOXYRIBOSE DAMAGING OR HYDROXYL RADICAL SCAVENGING ACTIVITY

(Elizabeth and Rao, 1990)

The reaction mixture contained deoxyribose (2.8 mM), FeCl3 (0.1 mM), EDTA (0.1 mM), H2O2 (1 mM), ascorbate (0.1 mM), KH2PO4 – KOH buffer (20 mM, pH 7.4) and various concentrations (100 to 500 (g) of the flower extracts in a final volume of 1 ml.  The reaction mixture was incubated for 1 hour at 37(C.   Deoxyribose degradation was measured as TBARS and the percent inhibition calculated.

Appendix VI

DPPH PHOTOMETRIC ASSAY

(Mensor et al., 2001)

A methanolic solution of DPPH (0.3 mM) was added to 2.5 (l and 5.0 (l of the flower extracts and allowed to react at room temperature for 30 minutes.  Methanol served as the blank and DPPH in methanol without the flower extracts served as the positive control.  After 30 minutes, the absorbance was measured at 518 nm and converted into percentage radical scavenging activity as follows:

Scavenging activity (%) = 
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Appendix VII

RAPID SCREENING OF ANTIOXIDANT ACTIVITY BY DOT PLOT ASSAY

(Soler-Rivas et al., 2000)

3 (l aliquots of each extract of the leaves were carefully spotted on a TLC plate (silica gel 60 F254, Merck) and allowed to dry.  The TLC plate bearing the dry spots was placed upside down for 10 seconds in a 0.4 mM solution of DPPH in methanol.  The spots exhibiting radical scavenging, antioxidant activity showed up as yellow spots in a violet background.  The intensity of the yellow colour depends on the amount and nature of the radical scavenger present in the spot.

Appendix VIII

ESTIMATION OF DNA DAMAGE USING pUC18 AND ( DNA

(Chang et al., 2002)

The reaction was conducted in a total volume of 30 (l containing 5 (l of 50 mM Tris buffer (pH 7.4), 5 (l of pUC18 plasmid DNA or ( DNA (2 (g concentration), 5 (l of Tris buffer or plant extract prepared in Tris buffer.   Then 10 (l of 30% H2O2 and 5 (l of 500 (M FeCl3 were added and incubated at 37(C for 15 minutes for pUC18 DNA and 30 minutes for ( DNA.  The reaction mixture was then placed in 1% agarose gel and run at 100V for 15 minutes in a submarine gel electrophoretic apparatus.  The DNA was visualized and photographed using an Alpha Digidoc digital gel documentation system.

Appendix IX

ESTIMATION OF DNA DAMAGE USING HERRING SPERM DNA

(Aeschlach et al., 1994)

The reaction mixture (0.5 ml) contained herring sperm DNA (0.5 mg/ml of tris buffer), H2O2 (0.05 mg/ml), MgCl2 (5mM), FeCl3 (50 (M) and flower extracts (10(l containing 10 mg of extract prepared in Tris buffer, 10mM, pH 7.4).  L-ascorbic acid was used as a positive control.  The mixture was incubated at 37(C for 1 hour.   The reaction was terminated by the addition of 0.05 ml of 0.1M EDTA.  The colour was developed by adding 0.5 ml of thiobarbituric acid (TBA – 1% w/v) and 0.5 ml HCl (25% v/v) followed by heating at 37(C for 15 minutes.  After centrifugation, the extent of DNA damage was measured by the increase in absorbance at 532 nm.

Appendix X

ESTIMATION OF DNA DAMAGE IN KB CELLS USING COMET ASSAY

(Singh et al., 1988)

KB cells were harvested by trypsinization and incubated in microfuge tubes with H2O2 in the presence and absence of the flower extracts (20 (l corresponding to 20 mg concentration, prepared in HBSS).  The treated cells were incubated at 37(C for one hour.  At the end of the incubation period they were taken into 0.5% LMPA (low melting point agarose), melted and maintained at 37(C, by mixing equal volumes. 75 (l of this suspension was layered carefully onto 1% NMPA (normal melting point agarose) coated glass slides and overlaid with a layer of LMPA without cells.  After solidification, the “minigels” were placed in cold lysing solution (1M tris pH 8.0, 0.5M EDTA, 2.5M NaCl to which DMSO and triton X-100 were added fresh to a final concentration of 10% and 1% respectively) and incubated overnight at 4(C.  The lysed cells were denatured in the alkaline electrophoresis buffer (10N NaOH, 0.2M EDTA, pH>13) for 20 minutes and electrophoresed in the same buffer at 25 volts for 20 minutes.  The slides were then neutralized in 1M Tris (pH 7.5) and stained in silver staining solution.  Scored the slides for the presence of comet ‘tails’ under oil immersion.  Screened 100 cells per slide and noted the frequency of DNA damage.

Appendix XI

QUALITATIVE PHYTOCHEMICAL ANALYSIS

(Khandelwal, 2002)

The extracts prepared serially in various solvents were tested for the presence of alkaloids, phenolics and flavonoids as follows:

DETECTION OF ALKALOIDS

(a) Mayer’s test : A fraction of the extract was treated with Mayer’s reagent (1.36g of mercuric chloride and 5g of potassium iodide in 100ml of distilled water) and observed for the formation of cream coloured precipitate.

(b) Dragendroff’s test : A fraction of the extract was treated with Dragendroff’s reagent (Indian Research Products, Chennai) and observed for the formation of reddish orange coloured precipitate.

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

DETECTION OF PHENOLIC COMPOUNDS

(a) Ferric chloride test : A fraction of the extract was treated with 5% FeCl3 reagent and observed for the formation of deep blue-black colour.

(b) Lead acetate test : A fraction of the extract was treated with 10% lead acetate solution and observed for the formation of white precipitate.

DETECTION OF FLAVONOIDS

(a) Aqueous NaOH test : A fraction of the extract was treated with 1N aqueous NaOH reagent (give composition) and observed for the formation of yellow-orange colouration.

(b) H2SO4 test : A fraction of the extract was treated with conc. H2SO4 and observed for the formation of orange colour.

(c) Schinodo’s test : A fraction of the extract was treated with a piece of magnesium turnings followed by a few drops of conc. HCl and heated slightly.  Observed for the formation of dark pink colour.

Appendix XII

EXTRACTION OF ALKALOID, PHENOLIC AND FLAVONOID FRACTIONS

(Harbone, 1973; Vitale et al., 1995)

ALKALOID FRACTION

5 g of fresh leaves were extracted with ethanol:28% NH4OH (95:5, 20 ml) at room temperature overnight.   The extract was filtered and concentrated under reduced pressure to a fumy residue, which was extracted twice with 1 N HCl (10 ml each) and filtered.  Alkaloids were liberated at pH 9.8 by the addition of 0.7M Na2CO3.  Extracted the solution with methylene chloride (3 x 5 ml).  The organic extract was dried over anhydrous sodium sulphate to yield the total alkaloid fraction.

TOTAL PHENOLICS FRACTION

1 g of fresh leaves was crushed using mortar and pestle with 20 ml of 80% ethanol at 80(C for 15 minutes.  The extract was clarified by centrifugation and used for the analysis of phenols.

FLAVONOID FRACTION

The phenolic extract was further extracted with petroleum ether (3 x 5 ml), when the flavonoids were present in the aqueous fraction.

Appendix XIII

TLC OF ALKALOIDS, PHENOLICS AND FLAVONOIDS

(Harbone, 1973)

The extracted fractions were subjected to TLC on silica gel G 60 F254 plates.  The alkaloid fraction was developed with CH2Cl2 : ethanol : 28% NH4OH (85 : 14 : 1) and sprayed with Dragendroff’s reagent.  Phenolics were separated with acetic acid : chloroform (45 : 55) and flavonoids with n-butanol : acetic acid : water (4 : 1 : 5) and both were detected with vanillin – H2SO4 (10% vanillin in ethanol : concentrated H2SO4 in 2:1 ratio) spray reagent.  The Rf values of the spots were calculated as the ratio of the distance traveled by the solute to that by the solvent front.
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