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1. INTRODUCTION

Nature has gifted us with the most powerful cures for almost all diseases. Everyday, medical research is pushing the frontier of natures healing power by exploring her medicine in the form of various plants, trees and herbs.

The use of plants in the traditional medicine systems of many other cultures has been extensively documented. In India and China, this dates back to thousands of years (Anderson et al., 1999). Plant derived medicines have been part of traditional health care in most part of the world for thousands of year (Jeyachandran et al., 2003). These plant-based systems continue to play an essential role in health care, and it has been estimated by WHO that approximately 80% of world’s inhabitants rely mainly on traditional medicines for primary health care (Bakhru, 2002).


Medicinal plants are widely used in our country by all sections of people either directly or as folk remedies (Britto et al., 2002).


Herbal drugs are used for therapy even when their biologically active compounds are unknown, because of their effectiveness, less side effect and relatively low costs (Venkatesh, 2003).


Diabetes is defined as a state in which the homeostasis of carbohydrates and lipid metabolism is improperly regulated by insulin. Diabetes mellitus being a condition where the immunity is impaired, diabetics are prone to various infections and related complications (Sebastian et al., 2002).


Although different types of oral hypoglycemic agents are available along insulin for the treatment of diabetes mellitus, there is an increasing demand by patients to use the natural products with antidiabetic activity. It is because insulin cannot be used orally and continuously as prolonged use results in side effects and toxicity (Venkatesh, 2003).


The treatment of diabetes has been attempted with different indigenous plants and polyherbal formulations (Mutalik, 2003).


Garlic is another herb with proclaimed rasayana effect in Ayurveda. Allium sativum (garlic) and Allium cepa (onion) have been reported to have hypoglycemic effect (Ali et al., 2000).


Methanolic extract of Hypoxis hemerocallidea has been reported to have hypoglycemic property (Zibula and Ojewole, 2000).


It is well known that herbal plants like tulsi (Ocimum sanctum), neem (Azadirachta indica) and bitter gourd (Momordica charantia) possess hypoglycemic activity along with hypotensive, hepatoprotective and blood purifying property (Mahdi et al., 2003).

The effect of Gongronema latifolium extract on serum lipid profile and oxidative stress in hepatocytes of diabetic rats has been evaluated and found that ethanolic extract of G. latifolium leaves possessed enzymic antioxidant activities such as superoxide dismutase and glutathione peroxidase activity and decreased malondialdehyde level. High levels of triglycerides and total cholesterol, which are typical of diabetic condition, were also found to be decreased (Ugochukwu, 2003).


Basella rubra is a perennial succulent glabrous belonging                           to Basellaceae family. It is commonly referred as vassal keerai, sivappu vasalkeerai in Tamil. It occurs throughout Africa and South East Asia. Chemical constituents such as iodine, fluorine, carotenoids, organic acid, vitamin K and saponin had been reported to be present (Prajapati and sharma, 2003). 

Leaves of Basella rubra are considered demulcent, diuretic and they are useful in gonorrhoea and balanitis. The juice of the leaves is given in urination and to cure constipation particularly in children and pregnant women used to cure disease of urinary tract, headache, and insomnia. The particle of crushed leaves is reported to have antitumour activity and applied extremely on cancer.

No systematic scientific study to our knowledge has so far been done in Basella rubra. To elucidate its property for treating diabetes mellitus this study was designed with the following objectives:

To analyse the leaves of Basella rubra for the 

1. Detection of phytochemicals

2. Identification of phytochemicals in different extracts using thin layer chromatography

3. Assessment of the nutrient content 

4. Determination of the levels of enzymic and non enzymic antioxidants

5. Determination of the extent of in vitro inhibition of lipid peroxidation

6. Evaluation of antibacterial activity

The findings of the study may help to decide whether this can be further investigated to assess its antidiabetic activity.

2. REVIEW OF LITERATURE

The review of literature relating to the study “Assessment of Phytochemicals, Antioxidants and Antibacterial activity of Basella rubra” is discussed under the following headings.

2.1 Introduction

2.2 Classification of Diabetes mellitus

2.3 Symptoms

2.4 Complications

2.5 Free radicals

2.6 Oxidative stress and diabetes mellitus

2.7 Antioxidants

2.7.1 Enzymic and non-enzymic antioxidants

2.8 Herbal medicines 

2.9 Medicinal plants in treatment of Diabetes mellitus

2.1 INTRODUCTION

Diabetes mellitus is the most systemic (non-infective) disease that effects at least 1-2% of the Indian population (Verma and Prakash, 2003). Diabetes mellitus is characterized by hyperglycaemia together with biochemical alterations of glucose and lipid metabolism (Pari and Latha, 2002). It is a major health problem and prevention of diabetes still lies in the realm of future and until then, tens of millions will continue to suffer from this disease (Mahdi et al., 2003). Diabetes mellitus is grossly reflected by profound changes in protein metabolism and by negative nitrogen balance and loss of nitrogen from most organ system (Palanivel et al., 2001)

2.2 CLASSIFICATION OF DIABETES MELLITUS

Diabetes mellitus is a metabolic disorder characterized by hyperglycemia resulting from defects in insulin secretion, insulin action or both (Amos et al., 1997).  It is generally classified into 2 categories:

Type 1 (Insulin dependent/ Juvenile diabetes) and

Type 2 (Non-Insulin dependent diabetes mellitus)

Type 1 (IDDM)

Type 1 is generally associated with a juvenile or young onset (Hernmark, 1999). It usually occurs in children and young adults and is considered as an autoimmune disease. In type 1 of diabetes, the immune system attacks the insulin producing β-cells in the pancreas and destroys them. The pancreas produces little or no insulin, thereby preventing cells from taking up sugar from blood.  Someone with type 1 diabetes needs daily injection of insulin to liver. The development of IDDM is due to outcome of β-cell deletion in pancreatic islet by an autoimmune response (Ho and Bray, 1999).

Type2 (NIDDM)

Type 2 or NIDDM typically occurs with older age and obesity . It is the commonest form of diabetes, accounting for 90-95% of cases. It is a multifunctional disease, which is characterized by hyperglycemia and lipoprotein abnormalities (Scoppola et al., 2001).  

The aetiological factors work through one or both of pathogenic mechanism.

1. Defective mechanism of insulin action (popularly referred to as insulin resistance) at various target tissue.

2. Defective insulin secretion from beta cells in the pancreatic islet of Langerhans (Chowdhury and Bhattacharya, 2003).

 Symptoms

The early symptoms of untreated diabetes mellitus are related to elevated blood sugar levels and loss of glucose in urine. Elevated levels of glucose in urine can cause dehydration. Dehydration causes increased thirst and water consumption. The inability to utilize glucose energy eventually leads to weight loss despite an increase in appetite. Some untreated diabetes patients also complain of fatigue, nausea and vomiting. Diabetics are prone to develop infections in bladder, skin and vaginal areas. Fluctuations in blood glucose level can also lead to blurred vision. Extremely elevated glucose can lead to lethargy and coma 

 Complications

Diabetes is now seen as a heterogenous group of disease characterized by a state of chronic hyperglycemia, which causes a number of complications like cardiovascular, renal, neurological and ocular               (Mahdi et al., 2003)

Retinopathy

It is rare under the age of ten years. Young diabetics usually take longer duration to manifest eye changes than those with late occurence.


Diabetes mainly affects the smallest of retinal blood vessels (capillaries) in the eye. Other ocular diseases that are likely to occur with inadequate control of diabetes include glaucoma, cataract (2 to 4 times higher than normal), and poor sight in the night, decreased corneal sensitivity, optic nerve dysfunction and ocular movement problem (Verma and Prakash, 2003).

2.4.2 Neuropathy


The most common form of diabetic neuropathy is diffusive progressive poly neuropathy affecting feet. It is predominantly sensory, often asymptomatic and affects 40-50% of patients with diabetes. In the genesis neuropathy can play hyperglycemia induced polyol pathway hyperactivity associated with nerve sorbitol accumulation and myoinositol depletion (Sima and Sugimoto, 1999).

Hypertension


Hypertension and diabetes mellitus are the medical conditions that frequently co-exist. Obesity may be a precipitating factor for both hypertension and non-insulin dependent diabetes mellitus. Those with insulin dependent diabetes mellitus generally become hypertensive only with the onset of nephropathy. Glucose tolerance, insulin resistance, hyperinsulinemia frequently occur with essential hypertension and may be aggrevated by hypertension therapy especially with diuretic and β-blockers. Diuretic and β-blockers were the main stay of treatment until the introduction of angiotensin converting enzyme (ACE) inhibitor and calcium channel blocker. ACE inhibition may also lead to increased insulin sensitivity and glucose disposal rate (Hamilton, 1990).

Diabetic nephropathy



Diabetic nephropathy is characterized by proteinuria (>300 mg/ 24 hours), increased blood sugar and progressive decline in renal function. As it is most severe, diabetic nephropathy result in the end stage renal disease (ESRD) requiring dialysis or transplantation (Jakus, 2000).


A casual relationship between oxidative stress and diabetic nephropathy has been established by observation that 

1.  Lipid peroxides and 8-hydroxy deoxy guanosine were increased by kidney of diabetogens.

2.  High glucose directly increased oxidative stress in glomerular mesangial cells.

3.  Oxidative stress induced mRNA expression of TGF-B1 and fibronectin which are the genes implicated in diabetic glomerular injury and

4.  Inhibition of oxidative stress ameliorates all the manifestation associated with diabetic nephropathy (Ha and Kim, 1999). 

Diabetic osteopathy

Due to different pathogenesis of diabetes mellitus type 1 and type 2 is not surprising that there is no uniform entity of diabetic osteopathy. The major of clinical studies in subjects with diabetes mellitus type 1 showed a moderately decreased bone mass at fore arm, while bone mass at femur or lumbur vertebra was either decreased or not different from non-diabetic control. In patients with diabetes mellitus type 2, the risk of oesteopenia is not clear as in type 1. Bone mineral density of fore arm in patients with diabetes type 2 was decreased, unchanged or even increased in comparison to control, while bone mineral density at vertebra/femoral neck was either not significantly different or increased or rarely decreased (Leidig and Ziegler, 2001).
 Free radicals 



Free radicals are defined as atoms or molecules that contain one or more unpaired electrons, making them unstable and highly reactive. The most important ROS are the super oxide anion (O2●‾), hydrogen peroxide (H2O2), alkoxyl (RO●), peroxyl (ROO●), hydroxyl radical (OH●) and hypochlorous acid (HOCl●). Other non-oxygen species existing as relative nitrogen species (RNS) are NO● and peroxynitrate. ROS is continuously generated in physiological condition and effectively eliminated of several intracellular or antioxidant system (Halliwell and Gutteridge, 1999). These reactive oxygen species readily attack polyunsaturated fatty acids of the membrane, intiating a self-propagating chain reaction (Benedicta and Vivian, 2003). During normal biochemical reactions in our body there is generation of Reactive Oxygen and Nitrogen species (ROS and RNS). This gets enhanced during physiological condition creating “oxidative stress”. During this phenomenon cellular constituents gets altered resulting in various diseased stage. Relative species are also generating during “Phagocytosis”, a manifestation of innate immunity. Phagocytosis stimulates various independent processes especially “Respiratory burst” which results from activation of NADPH oxidase, enzymes normally inactive in resting cell. The generation of ROS begins with the rapid uptake of oxygen and activation of NADPH oxidase and production of superoxide free radicals (O2●¯).



           Oxidase
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2O2 + NADPH  


2O2●¯  + NADP+  + H+
Superoxide is then rapidly converted to hydrogen peroxide (H2O2) by superoxide dismutase (SOD) (Devasagayam and Sainis, 2002).




     SOD


2O2●¯    + H+



H2O2   +   O2

Hydrogen peroxide is the mediator of oxidative stress and a potent mutagen. Large amount of hydrogen peroxide can be generated either endogenously by respiratory chain and several other metabolic pathways or endogenously by activated inflammatory cells via oxidative burst mechanism. Although hydrogen peroxide is a weak oxidant it can be converted in presence of reduced transition metal such as cuprous or ferrous ion to highly reactive hydroxyl radical that are believed to mediate genotoxicity of hydrogen peroxide (Halliwell and Gutteridge, 1989).

These ROS can act by either 2 oxygen dependent mechanism resulting in destruction of microorganism or other foreign matter. The reactive species can also be generated by myeloperoxidase halide - H2O2 system. The neutrophil cytoplasmic granules contain enzyme myeloperoxidase (MPO). In presence of chloride ion, which is ubiquitous, hydrogen peroxide is converted into hypochlorous acid (HOCl), a potent oxidant and an antimicrobial agent.




     
MPO

Cl¯  +  H2O2  +  H+ 


HOCl  +  H2O
The MPO independent mechanism, though not as important as previous one, is still essential. ROS are generated from superoxide and H2O2 produced via “Respiratory burst” by Fenton (A) and / Haber Weiss (B) reaction.

(A) H2O2  + Fe2+  

        ●OH  +  OH¯  +   Fe3+  



(B)  O2●¯    + H2O2  
            ●OH  +  OH¯  +  O2

Reactive nitrogen species are also important. The free radical nitric oxide (NO●), first described as endothelium derived relaxation factor (EDRF) is produced from arginine by nitric oxide synthase (NOS).






     NOS

L-Arg  +  O2   + NADPH 


NO●  +  citrulline


An inducible nitric oxide synthase (iNOS) is capable of continuously producing large amount of NO●. In activated immune cells, it acts as a “Killer molecule”. Although the direct toxicity of NO● is modest, it gets greatly increased when it reacts with superoxide to form peroxynitrite, a very strong oxidant.

  
NO●   +  O2●¯    

ONOO¯
Peroxynitrite can react with aromatic aminoacid residue to form nitrotyrosine, which can lead to enzyme inactivation. However, NO is an important cytotoxic effector molecule in defense against tumor cell, protozoa, fungi, helminths and mycobacterium (Devasagayam and             Sainis, 2002).

Oxidative damage caused by free radicals is thought to be a basic mechanism underlying many diverse pathological conditions. These free radicals are capable of damaging cellular components and accumulating evidence suggests that they may contribute to various disease entities (Rossly et al., 1990, Halliwell and Gutteridge, 1991 and Gupta et al., 1992).

 Oxidative stress and diabetes mellitus

Oxidative stress is a state of imbalance between generation of reactive oxygen species (ROS) like hydroxyl superoxide radical and levels of antioxidant defense mechanism. It results in damage of biopolymer including nucleic acids, proteins, polyunsaturated fatty acids and carbohydrates (Karthikeyan and Rani, 2002). Oxidative stress is reported to be increased in patients with diabetes mellitus (Baynes, 1999). In diabetes oxidative stress seems to be caused by both increased production of ROS, sharp reduction of antioxidant defense and altered cellular redox status (West, 2000).

Possible sources of oxidative stress in diabetes mellitus

· Increased generation of ROS

· Autooxidation of carbohydrates, fatty acids in triglycerides, phospholipids and cholesteryl ester

· Acute and chronic hyperglycemia

· Glycation, advanced glycation and glycoxidation

· Decreased antioxidant defense

· Alteration in glutathione concentration or metabolism

· Decrease in antioxidant enzymes such as catalase, SOD or glutathione peroxidase

· Alteration in vitamin E and ascorbate homeostasis

· Alteration in concentration of other antioxidants such as ubiquinol, carotene, taurine and uric acid.

· Alteration in enzymatic pathway

· Increased polyol pathway activity

· Decreased glyoxalase pathway activity

· Alteration in mitochondrial oxidative metabolism

· Altered prostaglandin and leukotriene metabolism

· Other mechanisms



 
Ischaemia – reperfusion injury, hypoxia and pseudohypoxia (Bayes and Thorpe, 1997)

Antioxidants



Antioxidant / free radical scavenger are the compounds that can delay or inhibit oxidation of lipid or other molecule by inhibiting the initiation or propagation of oxidizing chain reaction (Sange et al., 2002). Tissue antioxidant defences respond to oxidative stress by gradually increased the capacity although if the latter is overcome by the oxygen insult oxidative stress of higher magnitude develops, and injuries caused by ROS/RNS become substantial and irreversible (Orezechowski, 2003). 

ROS generated in the cells are scavenged by antioxidant enzymes (Mahdi, 2003). Enzymic (Catalase, SOD) and non-enzymic (vitamin A           and C) natural antioxidant defence mechanisms exist (Benedicta and  Vivian, 2003).

There are evidences for the role of antioxidant nutrient including vitamin C, E and β-carotene, which may protect the organism against free radical induced injury and disease. It is important to consider the following points to evaluate the therapeutic potential of the given natural / synthetic antioxidant.

1.  Absorption and bioavailability

2.  Effective dose, safety and toxicity

3.  Distribution in cells, tissues and extracellular fluids

4.  Free radical scavenging ability

5.  Metal chelating activity

6. Effect on gene expression

7.  Interaction with cellular antioxidant or enzymes

8.  Tissue repair and regeneration

9.  DNA repair activity (Bagchi et al., 2002).

  Enzymic and nonenzymic antioxidants

   

These compounds modulate host defense systems. Supplementation with other antioxidants, especially from natural sources, like medicinal plants will also help greatly in boosting the immune system (Devasagayam and Sainis, 2002).

Enzymic antioxidants


Enzymic antioxidant system (Cu-Zn and Mn-superoxide dismutases (SOD), catalase, glutathione peroxidase (GPx) and glutathione reductase (GR) function by direct or sequential removal of ROS, thereby terminating their activities (Jakus, 2000). The antioxidant enzymes superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) are the backbone of the cellular antioxidant defense mechanism.

Superoxide dismutase (SOD)


SOD is reported widely in plant source and superoxide-scavenging effect are found. SOD catalyses the dismutase of O2●¯ to H2O2. Purified SOD is therapeutically used in treatment of antioxidative and anti-inflammatory diseases.




 2H

O2●‾   +  O2●‾  


H2O2   +  O2




SOD

SOD is a family of metallo enymes that converts O2●‾ into H2O2. It is an important enzyme and it is found virtually in all aerobic organisms.

Catalase (CAT)



H2O2  is detoxified by CAT in redox reaction to yield H2O and O2





CAT

 
    2H2O2  


2H2O  +  O2  

Glutathione peroxidase (GPx)



Glutathione peroxidase removes H2O2. GPx reduces both hydrogen peroxide and organic peroxide using reduced glutathione as electron donor.




           GPx


2GSH  + H2O2  


GSSG  + 2H2O

Ascorbate oxidase


It has been reported in chloroplast, mitochondrial cytosol, peroxisomes and glycosomes. Ascorbate reacts with SOD, hydroxy peroxyl or tocopheroxyl radical to form mono dehydro ascorbic acid or didehydroascorbic acid. The oxidized form is recycled back to ascorbic acid. 



Vit E-O  + AscAH  


Vit – OH  + AscA

(Senthilnathan et al., 2002)

Nonenzymic antioxidants


Nonenzymic antioxidant system consists of free radical scavenging molecules that are endogeneously produced (GSH, ubiquinol, uric acid) or those derived from the diet (vitamin C, vitamin E, carotenoids, α-lipoic acid, selenium etc.,)

Micronutrient and endogenous antioxidants involved in free radical defense

	                 Nutrient
	                     Functional role

	Carotenoids and tocopherol
	Hydrophobic antioxidant

	Niacin and tryptophan
	Precursor of NADH/NADPH

	Riboflavin
	Cofactor of GSH reductase

	α-lipoic acid
	Cofactor for oxidation, decarboxylation of pyruvate to acetyl coenzyme

	Selenium
	Integral part of GSH peroxidase

	Zinc / copper / manganese
	Integral part of SOD

	Broflavonoids, plant phenolics
	Hydrophobic antioxidants

	GSH

Ubiquinol (coenzyme Q)

NADH / NADPH
	Endogenous hydrophilic antioxidants


(Jakus, 2000)

Vitamin C


Vitamin C is a free radical scavenger and interacts with free radicals in water compartment of cell as well as in the fluid between cells. It is considered to be an important antioxidant in extracellular fluid. Vitamin C has a sparing effect on vitamin E as it regenerates vitamin E from tocopheroxyl radical after it has neutralized free radical (Bagchi and Puri, 1998).

Vitamin E


Tocopherol has the ability to quench singlet oxygen and peroxide within membrane, this is the only protective agent against oxygen radical (Karthikeyan and Rani, 2002). It is an efficient lipid soluble as chain breaker.  Vitamin E is the principle antioxidant in body and protects polyunsaturated fatty acid in cell membrane from peroxidation.  It also protects beta carotene from oxidation and thus exhibits a sparing effect (Bagchi and Puri, 1998).

Carotenoids



β-carotene is an effective antioxidant as it is one of the most powerful singlet O2 quencher. It can dissipate the energy of singlet O2. Thus preventing this active molecule from generating free radicals (Bagchi and Puri, 1998).

2.10 HERBAL MEDICINES



Herbs are used by various cultures worldwide dietary supplements           as drugs and remedies to cure and miligate diseases, and in overall health care of world population (Ghosal, 2002). Herbal drugs are prescribed widely even when their biologically active compounds are unknown, because of their effectiveness, lack of side effects and relatively less cost (Valiathan, 1998). 


With increasing interest in phytomedicines, more individuals are exploring the possibility of using herbal medicines to complement conventional antidiabetic therapy, as already the case in certain minority culture. (Berman et al., 1999; Hunt et al., 2000). 

2.10. MEDICINAL PLANTS IN TREATMENT OF DIABETES MELLITUS



Extracts of Caramulla altenuata were screened for their antihyperglycemic activity.  Ethanol, chloroform and butanol extracts were tested on glucose loaded and alloxan induced diabetic rats.  In both tests, the butanol extract at oral dose of 250mg/kg had shown statistically significant and considerable antihyperglycemic activity (Venkatesh et al., 2003).                The leaves of Mangifera indica are used as an antidiabetic agent in Nigerian folk medicine.  The effect of the aqueous extract of the leaves on blood glucose level was assessed in normalglycaemic, glucose-induced hyperglycaemic and streptozotocin induced diabetic rats.  In glucose-induced hyperglycemia, however antidiabetic activity was seen when the extract and glucose were administered simultaneously. The hypoglycemic effect of the aqueous extract was compared with that of an oral dose of chloropropamide (200mg/kg).  The results of this study indicate that aqueous extract of the leaves Mangifera indica possess hypoglycemic activity (Aderibigloe et al., 1999).


The extract of dried Cassia kleinii root (suspension in water) and             leaf (water, alcohol and n-hexane) were screened for their effects on            serum glucose level in glucose-overloaded rats.  The most active extract (alcoholic extract of leaf) was tested for antidiabetic activity in alloxan induced diabetic rat and for hypoglycemic activity in normal rats.  The plant leaves as well as its alcoholic extract showed antihyperglycemic effect.  In alloxan induced diabetic rat extract 200mg/kg showed remarkable efficacy (Babu et al., 2002).


The effect of chloroform extract of Terminalia arjuna was studied              in alloxan diabetic rats and its antilipid peroxidation activity was investigated in cardiac and renal tissues.  The decline in the glutathione antioxidant system led to diminished scavenging action of hydroxyl free radicals formed by alloxan induced lipid peroxidation.  These results indicate that the extract exhibits its antioxidant activity through correction of oxidative stress and validates the traditional use of this plant in diabetic animals (Manonmani et al., 2002).


A study to evaluate the antilipid peroxidase activity of aqueous extract of A. marmelous fruit (AMFEt) in streptozotocin diabetic rats revealed that oral administration of AMFEt for 30 days (125 & 250 mg/kg body weight twice daily) resulted in depressed activity of SOD, catalase, glutathione peroxidase and lowered glutathione content in heart and pancreas of diabetic rats indicating the effect of A. marmelos fruit (Kamalakannan and Prince, 2003). 


Combined effect of Abroma augusta and Coccinia indica (L) on glycemia and lipid profile and on indicator of end-organ damage in streptozotocin induced diabetic rat study was conducted and the diabetic rats treated with Abroma augusta and Coccinia indica (L) showed improved glucose tolerance and serum lipid profile (Eshrat, 2003).

  

Many such medicinal herbs have been identified to have antidiabetic activity. The review of literature revealed that Basella rubra is pertinent herb to be probed for its medicinal properties.




3. EXPERIMENTAL PROCEDURE  

 Diabetes mellitus is a chronic disease characterized by high glucose levels to absolute or relative deficiency of circulating insulin levels. Though different types of oral hypoglycemic agents are available along with insulin for treatment of diabetes mellitus, there is increasing demand by patients to use natural products with antidiabetic activity (Holmann and Turner, 1991; Chattopadhyay, 1993; and Rao et al., 1997).

            The modern drugs, including insulin and oral hypoglycemic agent, control the blood sugar level as long as they are regularly administered and they also produce a number of undesirable effects. The treatment of diabetes has been attempted with different indigenous plant and polyherbal formulations (Mutalik et al., 2003).


Basella rubra is a tender perennial herb growing widely in tropics, moist low lands of India, no attempt which is believed to be effective in the treatment of diabetes mellitus has been done so far to find its nutritional and medicinal properties. This study is aimed at the “Assessment of Phytochemicals, Antioxidant and Antibacterial activity of Basella rubra”.

3.1. Qualitative test for the detection of phytochemicals present in Basella rubra
3.2. Identification of active compounds in different extract using thin layer chromatography

3.3.  Assessment of nutritional properties in Basella rubra
3.4. Determination of the levels of enzymic and non-enzymic antioxidants

3.5. Determination of the extent of in vitro inhibition of lipid peroxidation 

3.6. Evaluation of antibacterial activity

3.8. Statistical analysis

 Basella rubra (Plate I) was collected from a village near oddanchataram and planted in our university. Fresh leaves were used for the experiments.

3.1. QUALITATIVE TEST FOR THE DETECTION OF PHYTOCHEMICALS PRESENT IN Basella rubra 


Phytochemical analysis is one of the tools for quality assessment. The presence of the phytochemicals like carbohydrates, protein, tannins, flavonoids, saponins, steroids and terpenoids were identified by the systematic qualitative analysis .The procedure for the same is given in detail in Appendix-I.

3.2. IDENTIFICATION OF ACTIVE COMPOUNDS IN DIFFERENT EXTRACT USING THIN LAYER CHROMATOGRAPHY              (Riose et al., 1986)


The acetone, benzene, chloroform, petroleum ether and alcoholic extract prepared from the leaves of Basella rubra. Thin layer chromatography was done to identify the phytochemicals in the different extracts. The procedure is given in Appendix-II.

3.3. ASSESSMENT OF NUTRITIONAL PROPERTIES


The leaf sample were subjected to qualitative analysis of selected nutritional factors such as carbohydrates, protein, moisture content, crude fibre, minerals (calcium, phosphorus, iron, sodium, potassium and chromium) and vitamins such as thiamine and riboflavin.

Plate - 1

LEAVES OF Basella rubra 


3.3.1. Moisture content


The percentage of moisture content in leaf sample was quantified by method of Raghuramalu et al. (1983). The procedure has been elaborated in Appendix-III.

3.3.2. Protein


The amount of protein present in the leaf sample was determined by the method of Lowry et al. (1951) as detailed in Appendix-IV.

 3.3.3 Carbohydrate

The carbohydrate content of the sample was estimated by the anthrone method of Hedge and Hofreiter (1962). The procedure has been dealt in detail in Appendix-V.

3.3.4. Crude fibre

The crude fibre content was estimated by the method of          Raghuramalu et al. (1983). Appendix-VI explains the procedure.

 3.3.5. Vitamins

The vitamins such as thiamine and riboflavin were analysed in the leaves of Basella rubra.
3.3.6. Determination of mineral content 


 The ash solution was prepared and used for the quantification of minerals such as calcium, phosphorus, iron, sodium, potassium and chromium.  Five gram of the leaves were weighed accurately into silica crucibles (which had been previously heated to about 600º C, cooled and weighed). The crucible was then placed on a clay pipe triangle and heated over a low flame till all the material was completely charred. This was followed by heating in a muffle furnace for about 6 hours at 600º C. The crucible was then cooled in a desiccator and weighed. To ensure completeness of ashing, the crucible was again heated in a muffle furnace for half-an-hour, cooled and weighed. This was repeated till two consecutive weights were the same and the ash was almost white or greyish white in colour.


The ash is moistened with a small amount of glass-distilled water         (0.5 ml). Added 5 ml of 2N HCl and evaporated to dryness on a boiling water bath. Added another 5 ml of 2N HCl and evaporated to dryness. 4 ml of HCl and 1 ml of water was added and the solution warmed over boiling water bath. Filtered using Whatman No.40 filter paper into 100 ml standard flask, cooled and made up the volume to 100 ml with distilled water and used for the estimation of minerals (Raghuramalu et al., 1983).

3.3.6.1. Calcium


Calcium was estimated by the method suggested by Clark and Collip (1925). Appendix-VII gives the detailed procedure.

3.3.6.2. Phosphorus


Phosphorus was colorimetrically quantified by using Fiske and Subbarow method (Oser, 1971). Procedure for the same is elaborated in Appendix-VIII.

3.3.6.3. Iron


The iron content of the leaf sample was analyzed by the method of Oser (1971).  The procedure is elaborated in Appendix-IX.

3.3.6.4. Sodium and Potassium

 Sodium and Potassium contents were analysed using flame photometer as per the method of Raghuramalu et al. (1983) as given in Appendix-X.

3.3.6.5. Chromium


The chromium content in the leaf sample was determined by Atomic Absorption Spectroscopy method (Krishna and Ranjan, 1991).  The procedure is presented in Appendix-XI.

3.3.7 Thiamine 


Thiamine content in the leaf sample was estimated by method suggested by Raghuramalu et al. (1983) as per the procedure given in Appendix-XII.

3.3.8 Riboflavin
Riboflavin content was analyzed fluorimetrically by the method of Raghuramalu et al. (1983). Appendix-XIII gives the procedure for the same.

3.4. DETERMINATION OF ANTIOXIDANTS

3.4.1. ENZYMIC ANTIOXIDANTS


The activities of antioxidant enzymes namely catalase, peroxidase, superoxide dismutase, polyphenol oxidase, glutathione peroxidase and glutathione-S-transferase were determined by suitable spectrophotometric procedures.

3.4.1.1. Catalase


Catalase is a heme containing protein and it catalyses the decomposition of hydrogen peroxide to water and oxygen. The activity of catalase was estimated by the method described by Luck (1974), which is described in Appendix-XIV.

3.4.1.2. Peroxidase


Peroxidase was estimated by the method of Reddy et al. (1995).  The detailed procedure is given in Appendix-XV.

3.4.1.3. Superoxide dismutase


SODs are a family of metalloenzymes that convert superoxide ion to H2O2. The activity of superoxide dismutase was determined as per the method of Misra and Fridovich (1972). Appendix-XVI gives the procedure for the same.

3.4.1.4. Polyphenol oxidase

Polyphenol oxidase was quantified by the method of                     Esterbauer et al. (1977), the procedure for which is elaborated in              Appendix-XVII.

3.4.1.5. Glutathione peroxidase


Glutathione peroxidase catalyses the oxidation of GSH to GSSG at the expense H2O2. Glutathione peroxidase was assessed by the method of Rotruck  et al. (1984). Appendix-XVIII gives the procedure for the same.

3.4.1.6 Glutathione-S-transferase


The method of Beutler (1984) was followed for the estimation of Glutathione-S-transferase as given in Appendix-XIX.
3.4.2. NON-ENZYMIC ANTIOXIDANTS


The activities of non-enzymic antioxidants namely ascorbic acid,            α-tocopherol, polyphenols, flavonoids, tannins, total carotenoids and reduced glutathione were analysed in B. rubra.

3.4.2.1. Ascorbic acid


Ascorbic acid is a free radical scavenger. It was estimated by the method of Roe and Kuether (1953). The procedure is explained in Appendix-XX.

3.4.2.2. α-tocopherol


Tocopherol is an efficient lipid soluble antioxidant that functions as ‘chain breaker’ during lipid peroxidation in cell membrane.  This was quantified by the method given by Rosenberg (1992), which is detailed in Appendix-XXI.

3.4.2.3. Total Carotenoids


Carotenoids function as important antioxidants. They quench singlet oxygen and peroxyl radicals. The determination of total carotenoids was carried out according to the method of Zakaria et al. (1979).  The procedure is given in Appendix-XXII.

3.4.2.4. Flavonoids


Flavonoids are nearly ubiquitous in plants and are recognized as             the pigments responsible for the colors of leaves, especially in                   autumn. Flavonoids were extracted and quantified by the method of Cameron et al. (1943) as per the procedure given in Appendix-XXIII.

3.4.2.5. Polyphenols


Polyphenols are potent inhibitors of lipid peroxidation.  It was estimated by the method of Malick and Singh (1980), which is elaborated in Appendix-XXIV.

3.4.2.6. Reduced glutathione


The method of Moron et al. (1979) was followed for estimation of reduced glutathione.  The detailed procedure is in Appendix-XXV.

3.4.2.7 Tannins

The tannin content was estimated by the method of Schanderl (1970) as explained in Appendix-XXVI.

3.5 Determination of the extent of inhibition of in vitro lipid peroxidation


The extent of inhibition of lipid peroxidation in cells                               by the leaf extract of Basella rubra was analysed by the method of    Okhawa et al. 1979. The detailed procedure is described in                  Appendix-XXVII.

3.6 Antibacterial activity of the extract


Filter paper disc agar diffusion technique of     Maruzzella         and 

Henry (1958) was followed for the evaluation of in vitro antibacterial activity. The sterilized Whatmann filter paper No.1 discs were thoroughly moistened with the different solvent extracts.The leaves of Basella rubra were extracted with acetone, benzene, chloroform, methanol and petroleum ether in a water bath for seven days. The extracts were then allowed to dry. The dried extracts were resuspended in dimethyl sulfoxide. The extracts were tested for antibacterial activity (10μg and 20μg/ disc respectively) against bacterial strains such as Escheria coli, Salmonella typhii, Proteus vulgaris, Staphylococcus aureus and Klebsiella. Four test discs along with control disc of ampicillin (10 μg) were placed on each seeded agar plate and incubated at 37˚C for 72 hrs. The experiments were performed in triplicates and average zones of inhibition were recorded. The procedure is detailed in Appendix-XXVIII.

3.7 Statistical analysis


The mean and standard deviation of the data obtained were calculated.

4. RESULTS AND DISCUSSION


Since ancient times, humans have derived many benefits from               natural plants and compounds. It has been generally recognized that traditional oriental medicines and the polyphenols isolated from them have potential therapeutic roles in prevention and treatment of many human diseases related to excessive oxidative stress. Therefore, in recent years, there has been a global trend towards the use of natural phytochemicals present in herbs and functional foods as antioxidant (Packer et al., 1999; Middleton et al., 2000).


This study is an attempt on the “Assessment of Phytochemicals, Antioxidants and Antibacterial activity of Basella rubra”. The results obtained are discussed under the following headings.

4.1 Qualitative detection of phytochemicals in Basella rubra

4.2 Identification of phytochemicals by thin layer chromatography

4.3 Quantitative assessment of the nutrients in Basella rubra

4.4 Antioxidant levels in Basella rubra

4.5 Extent of in vitro inhibition of Basella rubra 

4.6 Antibacterial effect of different solvent extracts of Basella rubra

4.1 Qualitative detection of phytochemicals in Basella rubra


Basella rubra was analysed for the presence of phytochemiclas such as tannins, flavonoids, steroids and terpenoids and alkaloids. The result of identification of phytochemicals in Basella rubra is given in Table I.

Table I

IDENTIFICATION OF PHYTOCHEMICALS IN Basella rubra

	S.No
	Phytochemicals
	Leaf

	1
	Tannins
	+

	2
	Flavonoids
	+

	3
	Steroids and terpenoids 
	+

	4
	Alkaloids
	+

	5
	Saponins
	+

	6
	Polyphenols 
	+


+ Presence

The leaves of Basella rubra contained all the phytochemicals that have been tested for.

Bagul et al. (2003) also have reported that the presence of phenols, tannins, flavonoids and steroids in methanolic extract of rhizome of Bergenia ciliata  (Haw.) Sternb. Formligulata.

4.2 Identification of phytochemicals by thin layer chromatography

Phytochemicals in the leaves of Basella rubra were extracted using different solvents such as petroleum ether, benzene, chloroform, acetone, alcohol and methanol. The results are given in Table II and Plate-II.

Table II

IDENTIFICATION OF PHYTOCHEMICALS USING TLC IN DIFFERENT SOLVENT EXTRACTS

	S.No
	Phytochemicals
	Solvent extracts

	
	
	Alcohol
	Acetone
	Benzene
	Chloroform
	Petroleum ether
	Methanol

	1
	Alkaloids
	    _
	+
	_
	_
	_
	 _

	2
	Flavonoids
	+
	+
	+
	+
	+
	+

	3
	Terpene
	_
	+
	+
	_
	+
	_

	4
	Saponins
	_
	+
	+
	_
	+
	_


Table II and Plate II reveals that acetone, petroleum ether, benzene was found to be contain terpenoids and saponins .The presence of flavonoids was observed by green fluorescence spot at 365 nm.

Oleszek and stochmal (2002) have isolated in triterpene, saponin and flavonoids from the seeds of Tropohium species


Our results are also in accordance with Ishman (2002),who visualized the presence of flavonoids, alkaloids, coumarin, triterpenes and steroids in the leaf and stem extracts of Davilla Kunthii by Thin layer chromatography.

[image: image3.jpg]Plate-Il

IDENTIFICATION OF PHYTOCHEMICALS
in B.rubra using TLC

Acetone Pet.ether Benzene





4.3 Quantitative assessment of the nutrients in Basella rubra


The leaves of Basella rubra were analysed quantitatively to determine the nutrient content. This is depicted in Table III.

Table III

NUTRIENTS IN Basella rubra

	S.No
	Nutrient
	Quantity

	1
	Total carbohydrate (g/100g)
	2.6 ± 0.08

	2
	Protein (g/100g)
	2.3  ± 0.2

	3
	Moisture content (g/100g)
	80.2 ± 0.6

	4
	Fibre content (g/100g)
	24.1 ± 0.4

	5
	Calcium (mg/100g)
	69.1 ± 0.03

	6
	Phosphorus (mg/100g)
	19 ± 0.4

	7
	Iron (mg/100g)
	1.29 ± 0.008

	8
	Sodium (mg/100g)
	53 ± 0.8

	9
	Potassium (mg/100g)
	206 ± 0.8

	10
	Chromium (mg/100g)
	0.005 ± 0.0008

	11
	Thiamine (mg/100g)
	0.03 ± 0.008

	12
	Riboflavin (mg/100g)
	0.29 ± 0.02 


Values are mean ± SD of five replicates

B.rubra was found to contain appreciable quantities of carbohydrates, protein and the essential minerals such as calcium, phosphorus, iron, sodium and potassium, which are necessary for the maintenance of human health.


 The fibre content of the Basella rubra was found to be 2.4g/100g. Intake of fibre improves binding to bile salts and thereby preventing its reabsorbtion and in reducing the levels of cholesterol in circulation. These when ingested with diet are also reported to reduce the levels of postprandial glucose in blood.


Chowdhury and Bhattacharya (2003) have reported that chromium is needed for the maintenance of normal glucose tolerance and carbohydrate metabolism. Since B. rubra is found to be rich in these minerals and fibre, this could be recommended for the management of diabetes.

4.4 Antioxidant levels in Basella rubra


Body protects itself from O2 free radical toxicity by enzymic and non-                    enzymic antioxidant mechanism. They reduce the levels of lipid peroxidation as well as hydrogen peroxides and are important in preventing lipid peroxidation and maintaining the structure and function of biological membranes (Koruk et al., 2004).

4.4.1 Enzymic antioxidants

Activities of the enzymic antioxidants catalase, peroxidase, SOD, glutathione-S-transferase, glutathione peroxidase and polyphenol oxidase are depicted in Table IV.

Table IV

ENZYMIC ANTIOXIDANT LEVELS IN Basella rubra
	S.No
	Enzymic antioxidants
	Activities

(U/mg protein)

	1
	Catalase*
	5.1 ± 0.08

	2
	Peroxidase**
	0.38 ± 0.02

	3
	Superoxide dismuatse***
	6.5 ± 0.4

	4
	Glutathione–s-transferase +
	0.24 ± 0.008

	5
	Glutathione-peroxidase++
	102.5 ± 0.8

	6
	Polyphenol oxidase+++
	0.22  ±0 .02


Values are mean ± SD of five replicates

*Amount of SOD that causes 50% reduction in the extend of NBT oxidation

** Amount of enzyme that brings about a decrease in absorbance of 0.05 at 240nm

*** Change in absorbance per minute




+μg of GSH consumed /min/mg protein

++ μmole of CDNB-GSH conjugate/min/mg protein

+++ Amount of enzyme that transform 1μmoles dihydrophenol to 1μmoles quinone /min

It is evident from Table IV that the activities of catalase and SOD were higher in the leaves of Basella rubra than that of peroxidase, glutathione-S-transferase, peroxidase, glutathione peroxidase and polyphenol oxidase. The high level of these enzymes protects tissues against oxygen free radicals by catalyzing the removal of superoxide radical which damages the membrane and biological structures. 


Our studies were also in accordance with Stajner and Varga (2003), who have indicated the protective effect of Allium species and its antioxidant potential. 

4.4.2 Non-enzymic antioxidants


Apart from enzymic antioxidant, spectrum of non-enzymic antioxidant is important in cellular system in curtailing ROS. The levels of the non-enzymic antioxidants were assessed and the results are presented in Table V.

Table V

NON-ENZYMIC ANTIOXIDANTS IN Basella rubra

	S.No
	Non-enzymic antioxidants
	Quantity (mg/g)

	1
	Ascorbic acid
	29 ± 0.8

	        2
	Vitamin E
	4.2 ± o.2

	3
	Carotenoids
	5.4  ± 0.2

	4
	Polyphenols
	321 ± o.9

	5
	Flavonoids
	24 ± 0.8

	6
	Tannins
	118 ± 0.8

	7
	GSH *
	10042 ± 0.8


Values are mean ± SD of five triplicates

* Values are expressed as nmoles/g


Table V reveals that Basella rubra is a rich source of the non-enzymic antioxidants assessed.


Our results are also in accordance with Karthikeyan and Rani (2002) who have reported that the enzymic and non-enzymic antioxidant in selected pepper species. 


Ascorbic acid is reported to associated with better scavenging activities in vivo than the antioxidant enzymes because they are present intracellularly and in the extracellular fluid. In addition vitamin C directly scavenges free radical in the cytoplasm, also participate in the regeneration of vitamin E and glutathione. 


Flavonoids are used to treat diabetes in Indian medicine, green tea flavonoids and polyphenol–epigallacatechin gallate are reported to have glucose lowering effect in animals (Walter et al., 2002).


Since Basella rubra was found to contain higher levels of these non-enzymic antioxidants, it can be used for treating various diseases like cancer, diabetes and atherosclerosis, which are associated with free radical damage.

4.5 Extent of in vitro inhibition of lipid peroxidation of B. rubra

 
Lipid peroxidation is a crucial step in the pathogenesis of several diseases. It is an event generated naturally that occurs in the body due to the over production of several reactive oxygen species. These reactive oxygen species readily attack the polyunsaturated fatty acids of the membrane, initiating a self-propagating chain reaction. The destruction of membrane and the end product of such lipid peroxidation are especially dangerous for the viability of cells and even tissues (Benedicta and Vivian, 2003).             Basella rubra have the capacity to prevent the formation of LPO. 


The extent of inhibition of in vitro lipid peroxidation by the aqueous extract of the leaves of Basella rubra was found to be 78.9 per cent. The inhibitory effect of the leaves of Basella rubra over lipid peroxidation in rat liver homogenate might be due to the antioxidants present in them. 


Veena et al. (2002), have shown that in vitro inhibition of lipid peroxidation by TBARS method in Tinospora cardifora. Alcoholic extract of the shoot of the Hypericium perforatum has been shown to have strong antioxidant activity and antilipid peroxidative property (Tripathi and Pandey, 1999).

4.6 Antibacterial effect of the different solvent extracts of Basella rubra


The development of resistance to existing antibiotics and increasing public concern over environmental pollution and toxicity generated a continuing need for new antibiotic agents. During last two decades, both synthetic and plant based products from a variety of source have been identified (Rani et al., 2002).


The antimicrobial activity of Basella rubra using five different extracts on five different strains was performed. The results of antibacterial effect are depicted in Table VI and Plate III and IV.

Table VII

Antibacterial activity of Basella rubra 

	S.No
	Bacterial strain
	Solvent extracts

	
	
	Acetone
	Benzene
	Chloroform
	Methanol
	Petroleum ether
	Control

	
	
	10

μg
	20μg
	10μg
	20μg
	10μg
	20μg
	10μg
	20μg
	10μg
	20μg
	10μg
	

	1
	Salmonella typhimurium 
	18
	22
	-
	-
	-
	-
	-
	-
	22
	24
	29

	2
	Escherchia coli
	16
	20
	-
	-
	-
	-
	-
	-
	-
	-
	22

	3
	Staphylococcus aureus 
	8
	10
	-
	-
	-
	-
	-
	-
	-
	-
	17

	4
	Proteus vulgaris
	-
	-
	-
	-
	-
	-
	-
	-
	10
	12
	18

	5
	Klebsiella
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	20


Values are expressed in mm along with the size 6mm as control

	


The data from the Table VII, Plates III and IV reveals that acetone and petroleum ether extracts of Basella rubra has inhibitory action on the growth of   Salmonella, E.coli, S. aureus and Proteus of the five organisms tested (S.typhii, E.coli, S.aureus, Proteus and Klebsiella). Even at the 10μg/disc Basella rubra exhibits better inhibitory activity. The extracts obtained from alcohol, methanol and Chloroform did not show any inhibit activity against these organisms.

Anbuganapathi et al. (2002), have also reported that chloroform ethanol and aqueous extract of Wrighta tinoforia leaves antibacterial activity of the ten strins tested, the leaves exhibited inhibitory activity against only three strains such as S.aureus, S.epidermials and Pseudomonas aeruginos.
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5. SUMMARY AND CONCLUSION


Since ancient times, plants have been an exemplary source of medicine. Ayurveda and other Indian literature mention the use of plants in treatment of various human ailments. India has about 45000 plant species and among them, several thousands have been claimed to possess medicinal properties. 


Global demands for herbal products have steadily increased during last few decades. Such products prepared either form single or multiple botanical ingredients are usually complex and variable in nature. 


Basella rubra, a medicinal plant belongs to the family of Basellaceae. No authentic scientific investigation has been carried out so far to prove the nutritional and medicinal property. This led to the present study to assess the phytochemical, antioxidant and antibacterial activity. The findings of the study are summarized and concluded in this chapter.  


Analysis of leaves of Basella rubra for phytochemicals showed the presence of the phytochemicals such as flavonoids, terpenoids, tannins, saponins and polyphenols. The phytochemicals identified from Basella rubra are presenting an exciting opportunity for the development of new types of therapeutics.


Thin layer chromatography also revealed the presence of flavonoids in all the solvent extract and saponin and terpenoids in benzene, petroleum ether and acetone extracts. 


Basella rubra was found to contain appreciable amounts of proteins and minerals such as calcium, phosphorus, iron, potassium, sodium and chromium. Thiamine and riboflavin were also found in the leaves of Basella rubra. 


Basella rubra was found to be a good source of enzymic and non-enzymic antioxidants. The activities of the enzymes, catalase and peroxidase were higher than SOD. The non-enzymic antioxidants, ascorbic acid, α-tocopherol, flavonoids, polyphenols and tannins were also present in high amounts. The higher levels of these enzymic and non-enzymic antioxidants indicate that Basella rubra  is an effective scavenger of free radicals.


The extent of inhibition of in vitro lipid peroxidation was found to be  78.9 per cent which proves that Basella rubra is a good source to lipid peroxidation and hence damages to tissue associated with this process. 


The acetone and petroleum ether extracts of Basella rubra showed strong antibacterial activity against the bacterial strains Salmonella typhimurium, Escherichia coli, Staphylococcus aureus and Proteus vulgaris.


From the findings of the study it can be concluded that Basella rubra is rich in phytochemicals and antioxidants. It is also an effective inhibitor of bacterial activity and could be used to treat bacterial infection.

Future recommendation

1. Antidiabtic property of Basella rubra can be investigated.
2. Antifungal and antiviral activity of Basella rubra can also be studied.
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APPENDIX-I

QUALITATIVE DETECTION OF PHYTOCHEMICALS

Test for alkaloids (Akilandeswari et al., 2001)


1.2 g of iodine and 2 g of potassium iodide were dissolved in 5 ml of sulphuric acid and the solution was diluted to 100 ml. 10 ml of alcoholic extract of the sample was acidified by adding 1.5 % v/v of HCl and a few drops of Wagner’s reagent. Formation of yellow or brown precipitate confirmed the presence of alkaloid.

Test for flavonoids (Shinoda, 1928)

Shinoda test: the substance was dissolved in ethanol and magnesium ribbon was added to it and then hydrochloric acid was added along the sides of the test tube. A deep blue colour shows the presence of flavonoids

Test for phenols (Benze and Schmid, 1954)


Neutral ferric chloride reagent was prepared and added to the extract. The appearance of blue colour showed the presence of phenols.

Test for steroids and terpenoids

Salkowski’s test: Dissolved a little sample in 2 ml of chloroform in a dry test tube. Added an equal volume of concentrated H2SO4. Shook gently. The upper layer of chloroform turns red and then sulphuric acid layer shows a green fluorescence.

Test for tannins (Akilandeswari et al., 2001)


The test solution of the extract was treated with a few drops of lead acetate solution. The formation of white precipitate indicates the presence of tannins

Test for saponins (Akilandeswari et al., 2001)


In a test tube about 5 ml of aqueous extract was taken and a drop of sodium bicarbonate was added. The mixture was shaken vigorously and kept for 3 min. a honey comb-like froth formed showing the presence of saponins.

APPENDIX-II

IDENTIFICATION OF COMPOUNDS 

THIN LAYER CHROMATOGRAPHY (Riose et al., 1986)


Compounds were detected from the chromatographed fractions using TLC over silica gel pre-coated plates of size 5×10 cm size.

Determination of alkaloids

	Solvent 
	

	Cyclohexane
	5:4:1

	Chloroform 
	

	Diethylamine
	

	Plant sample
	5 l

	Spraying reagent
	0.03 g paratarmaldehyde is dissolved in 100 ml 85% phosphoric acid


Determination of terpene

	Solvent 
	

	Benzene
	5:4

	Methanol
	

	Plant sample
	5 l

	Spraying reagent
	20 g antimony chloride and dissolved in a mixture of 20 ml of acetic acid and 60 ml of chloroform


Determination of flavonoids

	Solvent 
	

	Benzene 
	3:1:1

	Methanol 
	

	Butane 
	

	Plant sample
	5 l

	Spraying reagent
	1% aluminium chloride


Determination of phenols

	Solvent 
	

	Acetic acid
	1:9

	Chloroform 
	

	Plant sample
	5 l

	Spraying reagent
	Spray with dilute Folin-Ciocalteau reagent (1:1 with water) followed by spraying with 20% Na2CO3


APPENDIX-III

ESTIMATION OF MOISTURE CONTENT

(Raghuramulu et al., 1983)

Principle


Estimation of moisture is one of the most often performed determinations in food analysis. Moisture is lost when food is heated not much higher than the temperature of boiling water or by allowing to stand overnight over dehydrating agent or by heating over vacuum.

Procedure


Heated a pair of weighed bottles at 100°C in an oven and labeled A and B. Placed on an asbestos sheet for 2 min and then transferred them to a desiccator where they remain for ½ hr. recorded their weights in an analytical balance. Repeated this procedure till two successive constant weights were obtained (with maximum difference of              0.002 g).


Weighed definite amounts of sample (2 g) in each dish and placed in an electric oven thermostatically controlled at 100-105°C. Heated for a stipulated time (2 hrs) and cooled in a desiccator for ½ hr and weighed. This was also weighed till successive weightings showed no further loss.


The loss of weight equals the moisture present in the sample. The loss of weight divided by the weight of the original sample multiplied by 100 gives the percentage of moisture.

APPENDIX-IV

ESTIMATION OF PROTEIN

(Lowry et al., 1951)

Principle


The blue colour developed by the reduction of the phosphomolybdic-phosphotungstic components in the Folin-Ciocalteau reagent by the amino acids tyrosine and tryptophan present in the protein plus the colour developed by the biuret reaction of the protein with alkaline cupric tartarate are measured in the Micro Lowry’s method.

Reagents

1. Solution A: 1% copper sulphate

2. Solution B: 2%sodium potassium tartarate 

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

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

5. Solution E: 1N Folin Ciocalteau reagent (mixed equal volumes of commercially available reagent and distilled water just prior to use). Stored protected from light.

6. Standard BSA: 50 mg BSA in 50 ml of 0.1N NaOH (stock). Diluted 1:10 for working standard.

Procedure

Preparation of extract


Extraction is usually carried out with buffers used for the enzyme assay. Weighed 500 mg of the sample and ground well with a pestle and mortar 5-10 ml of the buffer. Centrifuged and collected the supernatant.

Estimation of protein


Aliquots of standard protein solution (20-100 μg) and the sample were made up to 1 ml with 0.1N NaOH and shook well to treat the protein with alkali.


Added 3 ml of solution C mixed well and incubated at 37°C for 3 min. Added 0.3 ml of solution D to each tube, mixed well and incubated further for 3 min. Added 0.3 ml of solution E to each tube, mixed well and incubated further for 3 min at 37°C. Read the color developed at 750 nm against a reagent blank.


Constructed a standard graph and read the concentration of protein in the aliquot taken, calculated the concentration of protein in the whole extract and extrapolated it to mg/g or 100 g of the sample.

APPENDIX-V

ESTIMATION OF TOTAL CARBOHYDRATE

(Hedge and Hofreiter, 1962)

Principle












Carbohydrates are first hydrolysed into simple sugars using dilute hydrochloric acid. In hot acidic medium glucose is dehydrated to hydroxyl furfural. This compounds forms with anthrone a green coloured product with absorption maximum at 630nm.

Reagents: 

1.  2.5 N HCl










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

3. Stock standard Glucose: Dissolved100mg in 100ml water.

4. Working Standard: 10ml of stock diluted to 100ml with distilled water. Stored    
     refrigerated after adding a few drops of toluene. 

Procedure:

Weighed 100mg of the sample in a boiling tube. Hydrolysed by keeping it in boiling water bath for three hours with 5 ml of 2.5N HCl and cooled it room temperature. Neutralized it with solid sodium carbonate until the effervescence ceases. Made up the volume to 100 ml and centrifuged. Collected the supernatant and took 0.5 ml and 1.0 ml aliquots for analysis. Prepared the standards by taking 0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of the working standard. ‘0’ served as the blank. Made up the volume to 1 ml in all the tubes including the sample tubes by adding distilled water. Then added 4.0 ml of anthrone reagent. Heated for eight minutes in a boiling water bath. Cooled rapidly and read the green to dark green co lour at 630 nm. Constructed a standard graph by plotting concentration of the standard on the x-axis versus absorbance on the y-axis. From the standard graph calculated the amount of carbohydrate present in the sample.

Calculation









mg of glucose


Amount of carbohydrate present in the sample =
----------------------
× 100









Volume of test sample

APPENDIX-VI

ESTIMATION OF FIBRE CONTENT

(Raghuramulu et al., 1983)

Reagents:

1. 0.255 N Sulphuric acid: 0.7 ml of H2SO4 in 99.3 ml of water

2. 0.313 N NaOH: 1.25 g of NaOH in 100 ml water.

3. Ether

Procedure


5 g of the sample was weighed into a 500 ml beaker and 200 ml of boiling 0.255N H2SO4 was added. The mixture was boiled for 30 min keeping the volume constant by adding water at frequent intervals (a glass rod inserted in the beaker helps smooth stirring and boiling). At the end of the period the mixture was filtered and then transferred the residue to a beaker containing 200 ml of boiling 0.313N NaOH. After boiling for 30 min (keeping the volume constant as before) the mixture was filtered through muslin cloth. The residue was washed with some hot water till free from alkali followed by washing with some alcohol and ether. It was then transferred into a crucible, dried overnight at 80-100°C and weighed. The crucible was heated in a muffle furnace at 600°C for 2-3 hrs. Cooled and weighed again. The difference in weight represents the weight of the fibre.

APPENDIX-VII

ESTIMATION OF CALCIUM

(Clark and Collip, 1925)

Principle


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

Reagents

1. 4% ammonium oxalate solution

2. 2% ammonia solution

3. 0.01N KMnO4 

4. 2N sulphuric acid

Procedure


2.0ml of ash solution was taken in a centrifuge tube, added 1.0ml of 4 per cent ammonium oxalate. Mixed well and allowed it to stand overnight. The next day it was centrifuged. The precipitate was washed thoroughly with 3.0ml of 2% ammonia solution. Centrifuged and discarded the supernatant. This process was repeated till the supernatant gave no precipitate with calcium chloride. Added 2.0ml of 2N sulphuric acid mixed and warmed in a beaker containing almost boiling water to complete the solution of oxalate. Removed and titrated with 0.01N potassium permanganate required to titrate the calcium oxalate.

APPENDIX-VIII

ESTIMATION OF PHOSPHORUS

Fiske and Subbarow (Oser, 1971)

Principle


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

Reagents

1. Molybdate I solution: 25 g of reagent grade ammonium molybdate in 200 ml of distilled water and transferred to a litre volumetric flask containing 500 ml of 10N H2SO4 and then made upto the mark and mixed.

2. Molybdate II solution:  Dissolved 25 g of reagent grade ammonium molybdate in 200 ml of distilled water and transferred to a litre volumetric flask containing 300 ml of 10N H2SO4 and then made up to the mark and mixed.

3. 15% sodium bisulfite: 30g / 200ml of distilled water. Stirred to dissolve. Allowed to stand well. Stored for several days and filtered.

4. 20% sodium bisulfite: 20 g in 100 ml distilled water.

5.  ANSA reagent: 97.5 ml of 15% sodium bisulfite + 0.25 g of 1,2,4 ANSA + 2.5 ml of 20% sodium bisulfite, stoppered.

6. Standard phosphate solution: Weighed accurately 35.1 mg of potassium dihydrogen phosphate. Dissolved in water, added 1.0 ml of 10N H2SO4. Made up the volume to 100 ml with distilled water in a standard flask. 1.0 ml of this contains 8μg of phosphorus.

Procedure


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


By plotting the concentration of phosphorus on the X-axis and the colorimeter readings on the Y-axis, the concentration of phosphorus present in the sample solution was calculated.

APPENDIX-IX

ESTIMATION OF TOTAL IRON

(Oser, 1971)

Principle


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

Reagents

1. 3N potassium thiocyanate (Prepared fresh)

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

3. Con. Sulphuric acid

4. Stock standard iron solution: 70.2 mg of ferrous ammonium sulphate was dissolved in distilled water and added 1.0 ml of concentrated sulphuric acid. Made up the volume to 100 ml with distilled water.

Procedure


Into a series of test tubes added 0.5-2.5ml of working standard from solution corresponding to 35-75g of iron. Pipetted out 0.5 and 1.0 ml of ash solution in duplicates. The volume in each tube was made upto 3.85ml with distilled water. Then added 0.2ml of saturated potassium persulphate solution.0.15ml of concentrated sulphuric acid and 0.3ml of 3ml potassium thiocyanate. The colour developed was read in a colorimeter against a reagent blank at 540nm within 10 minutes.




Plotting the concentration of iron on X-axis and the colorimeter reading on Y- axis constructed a graph.  From the graph, calculated the amount of total iron present in 100 ml of the ash solution. 

APPENDIX-X

ESTIMATION OF SODIUM AND POTASSIUM

(Raghuramulu et al., 1983)

Principle


The sample in solution is introduced in the form of a fine continuous spray into a nonluminous gas flame. The emitted light, characteristic for the ion being analysed, is isolated and focused on a photoelectric cell and the current intensity is measured on a suitable mater.

Reagents

1. Standard sodium solution: Prepared a stock standard solution containing 100 meq of sodium/l by dissolving 5.85 g of dried NaCl in glass distilled water and diluting it to 1l. working standards are prepared by taking 10-16 ml of the stock solution and making up the volume to 1 l. these standards represent 100-160 meq of Na per l at 1:100 dilution. A further 1:5 dilution is employed for all th eworking standard solutions so that the dilution factor for Na is 500.

2. Standard potassium solution: Prepared a stock standard solution containing 100 meq of K per l by dissolving 0.746 g of dried KCl in glass distilled water and diluting it to 1 l. working standards are prepared by taking 15-35 ml of stock standard and diluting it to 1 l. these standards represent 3-7 meq K, at 1 in 20 dilution.

Procedure: 

The sodium and potassium content was estimated using flame photometer. For this standard sodium solution (0-100 ppm) were first injected and the readings were recorded. A standard curve relating ppm of the standard and flame photometer readings were drawn. A sample extract was then fed and the reading was noted. The ppm of the extract was then deduced with the use of standard curve. In the same way potassium was also estimated. The ppm was converted to mg/100 g sample.




           APPENDIX-XI

ESTIMATION OF CHROMIUM

      (Krishna and Ranjan, 1991)
A known volume of sample suspension was digested with 25 ml of triple acid mix (3:2:1 Conc.HNO3: HClO4: Conc.H2SO4) and left aside for 3-4 hours in a fume cupboard. Then heated for 4 hrs, cooled, washed 3-4 times with deionised water and made upto         50 ml in  a volumetric flask. The standard chromium solution and the sample extract were first aspirated through an air-C2H2 flame into atomic absorption spectroscopy and readings were recorded at 358 nm.
APPENDIX-XII

ESTIMATION OF THIAMINE

(Raghuramulu et al., 1983)

Principle


Alkaline potassium ferricyanide oxidizes thiamine to thiochrome which is fluorescent compound. The thiochrome is extracted in isobutyl alcohol and measured in fluorimeter.

Reagents

1. 15% NaOH

2. 1% potassium ferrricyanide

3. Sodium sulphate

4. Isobuytl alcohol

5. 0.1N H2SO4
6. Stock standard thiamine hydrochloride: Dissolved 50 mg thiamine hydrochloride in 500 ml of 0.1N H2SO4 containing 25% alcohol.

Working standard solution: Diluted 5 ml of the stock solution to 100 ml with 0.1N H2SO4 and again diluted to 100 ml with 0.1N H2SO4 and then used.

Procedure


Weighed accurately 2.5 g of finely ground sample in a 250 ml conical flask. 100 ml of 0.1N H2SO4 was slowly added. The flask was stppered and allowed to stand overnight. Then it was shaken vigorously and filtered through Whatman No.1 filter paper. First 10-15 ml of filtrate was discarded.


Pipetted out 10 ml of the extract in duplicate into 100 ml separating funnels. Pipetted out 10 ml of working standard (in 4-5 replicates) into separate separating funnels. 3 ml of 15% NaOH was added into each separating funnel immediately followed by 4 drops of potassium ferricyanide solution. It was shaken gently for 30 seconds. Then added 15 ml of isobutanol rapidly from a quick delivery burette. Stoppered immediately and shaken vigorously for 60 seconds and the layers were allowed to separate. The bottom layer was drained off carefully and added one spatula full of sodium sulphate. The clear extract from the top layer was collected. Similarly pipetting out 10 ml of the extract set a blank and the above procedure was followed except for the addition of ferricyanide. A blank was prepared for the standard separately. The primary and secondary filters were selected and adjusting the standard blank to 0 reading (a) and standard to 100 (a1), set the fluorimeter. Then the sample blank (x1) and sample readings (x) were read.

0.25(10         (x – x1)( 100      10 

Microgram thiamine in 100 g sample = 
----------  (   ---------------- (   ----

                  




 a - a1
         
       10               5 

APPENDIX-XIII

ESTIMATION OF RIBOFLAVIN

(Gopalan et al., 1993)

The native fluorescence of riboflavin in neutral pH is used in the chemical estimation of this vitamin. 

Reagents

1. Riboflavin standard: 25 mg of riboflavin is dissolved in 300 to 400 ml of water, adding 1.2 ml of glacial acetic acid and warming at a low temperature to aid solution. After the riboflavin is dissolved, the solution is cooled and made upto 1 litre. This stock solution has a concentration of 25 μg per ml. 2 ml of this stock solution is diluted to 5 ml to give a working standard of 1 μg per ml.

2. 4% potassium permanganate

3. 1:1 hydrogen peroxide – water mixture

Procedure


To about 25 ml of the vitamin extract, one or two drops of caprylic alcohol was added, followed by 3 ml of freshly prepared 4% potassium permanganate solution. The mixture was stirred well and within 2 min 3 ml of 1:1 H2O2 water solution was added to discharge the permanganate colour and the pH adjusted to 7.0 with NaOH. The volume was made upto 35 ml and the solution was filtered and the fluorescence of the filtrate was measures in a fluorimeter  using appropriate filter.

Calculation


The fluorescence of a known aliquot of the filtrate was taken as A. 1 μg of riboflavin was added and the reading noted as B. A small pinch of sodium hydrosulfite was added to destroy the riboflavin only and the reading recorded as C.










        A - C

The quantity of riboflavin in the solution taken for fluorimetry
=
        ×1μg










        B – A


From this, the riboflavin content of the sample was calculated making due allowance for dilution and enzyme blanks etc.

APPENDIX-XIV

ESTIMATION OF CATALASE

(Luck, 1974)

Catalase has a double function as it catalyses the following reaction:

i. Decomposition of Hydrogen peroxide to give water and oxygen

                  2H2O2      


 2H2O + O2
ii. Oxidation of H donors, For example methanol, formic acid phenol with consumption of one mole of peroxide


ROOH + AH2                        H2O2 + ROH + A

Principle



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

Reagents

1. Phosphate buffer: 0.067M (pH7.0)



Dissolved 3.522g of KH2PO4 and 7.628g of NaHPO4.2H2O in distilled water and made up the volume to one litre.

2. Hydrogen peroxide – phosphate buffer



Diluted 0.16ml of H2O2 (10% w\v) to 100ml with phosphate buffer. Prepared fresh. The absorbance of the solution should be about 0.5 at 240nm with a 1cm path light.

Procedure

Enzyme extract



Homogenized the liver tissue in mortar and pestle with M\150 phosphate buffer (assay buffer diluted 10 times) at 1-4(C and centrifuged.  The supernatant were used for the assay.

Assay


Read against control cuvette containing the enzyme solution as in experimental cuvette, but containing hydrogen peroxide free phosphate buffer (M\15).



Pipetted into experimental cuvette, 3ml of hydrogen peroxide phosphate buffer.  0.01-0.04ml of sample added.  Noted the t required for a decrease in absorbance from 0.45 to 0.4.  This value was used for the calculations. If ‘t’ was more than 60 seconds, then repeated the measurements with more concentrated solution of the sample.

Calculations


Calculated the concentration of H2O2 using extinction co efficient 0.036 per mole per ml.

APPENDIX-XV

ESTIMATION OF PEROXIDASE 

(Reddy et al., 1995)

Principle

  
In the presence of hydrogen donor (pyrogallol or diansidine) peroxidase converts hydrogen peroxide to water and oxygen.  The oxidation of pyrogallol or diansidine to a coloured product called purpurogalli is formed colorimetrically.

       Pyrogallol + H2O2                            
Oxidised pyrogallol + H2O + O2
Reagents

1. Pyrogallol – 0.05M phosphate buffer (pH 6.5)

2. 1% H2O2

3. Enzyme extract: Macerated one part of the sample with 5 parts (w/v) of 0.1 m phosphate buffer (pH 6.5) in a homogeniser. Centrifuged the homogenate at 300g for 15 min. used the supernatant as the enzyme source. All procedures were carried out at 0-5˚C.

Procedure


Pipetted out 3ml of 0.05M pyrogallol solution and 0.05 to 1ml of enzyme extract in a test tube.  Adjust the spectrophotometer to read ‘0’ at 430 nm.  Added 0.5ml of 1% H2O2 in a test cuvette. Recorded the change in absorbance every 30 seconds upto 3 minutes.

Calculation


Change in absorbance/min at 430nm  = X


Weight of plant material/liver taken    = A mg

Volume of the extract taken for assay  = 0.1ml

Change in absorbance for 0.1ml           = X

Change in absorbance for 5ml extract   = (X / 0.1) x 5 =Y

Peroxidase activity/g of plant / liver tissue = Y x (1000 / A) units

APPPENDIX-XVI

ASSAY OF SUPEROXIDE DISMUTASE

(Misra and Fridovich, 1972)

Principle



Superoxide dismutase uses the photochemical reduction of riboflavin as oxygen generating system and catalyses the inhibition of NBT reduction, the extent of which can be assayed spectrophotometrically.

Reagents

1. 50 mM potassium phosphate buffer, pH 7.8

2. 45 μM methionine

3. 5.3 mM riboflavin

4. 84 μM nitro blue tetrazolium (NBT)

5. 20 μM potassium cyanide

Procedure


The incubation medium contained in a final volume of 3 ml, 50 mM potassium phosphate buffer (pH 7.8), 45 μM methionine, 5.3 mM riboflavin, 84 μM NBT and 20 μM potassium cyanide. The tubes were placed in an aluminium foil-lined box maintained at 25˚C and equipped with 15W fluorescent lamps. Reduced NBT was measured spectrophotometrically at 600 nm after exposure to light for 10 min. the maximum reduction was evaluated in the absence of the enzyme.



One unit of enzyme activity is defined as the enzyme reaction, which gave 50% inhibition of NBT reduction in one minute under the assay conditions and expressed as specific activity in units.

APPENDIX-XVII

ESTIMATION OF POLYPHENOL OXIDASE

(Esterbauer et al., 1977)

Principle

Phenol oxidases are copper proteins of wide occurrence in nature, which catalyse the aerobic oxidation of certain phenolic substrates to quinines, which are autooxidised to dark brown pigments generally known as melanins. The polyphenol oxidase comprise of catechol oxidase and laccase. The activities of these enzymes are important with regard to

a) Plant defense mechanisms against pest and diseases

b) Appearance, palatability and use of plant products.

1 Unit of ither catechol oxidase or laccase is defined as the amount of enzyme that transforms 1μM of dihydrophenol to 1μM of Quinone / min under the assay conditions.

Enzyme Extract


The enzyme extract may be prepared by grinding 5 g leaves with a mortar and pestle in about 20 ml medium containing 50 mM Tris-HCl, pH 7.2, 0.4M sorbitol and 10 mM NaCl. Centrifuged at 20000 g for 10 min, and used the supernatant for the assay.

Procedure


Added 2.5 ml of 0.1Mphosphte buffer pH 6.8, 0.3m l of catechol solution (0.01M) into cuvette and set the spectrophotometer at 495 nm. Now added 0.2 ml of enzyme extract and start recording the change in absorbance for every 30 seconds upto 5 minutes.

The enzyme activity was calculated as follows

Enzyme units in the test = (ΔA/min)

K for catechol oxidase = 0.272

K for laccase = 0.242

ΔA = Final reading – initial reading

APPENDIX-XVIII

ASSAY OF GLUTATHIONE PEROXIDASE

(Rotruck et al., 1984)


A known amount of enzyme preparation was allowed to react with H2O2 in the presence of GSH for a specified time period. Then the remaining GSH was measured by the method of Ellman.



   

   Se-GPx

2GSH + H2O2 



GSSG + 2 H2O

Reagents

1. 0.4M Tris buffer, pH 7.0

2. 10mM Sodium azide solution

3. 10% Trichloro acetic acid

4. 0.4mM EDTA

5. 20mM Hydrogen peroxide solution

6. 2mM Glutathione solution

Procedure


To 2ml of Tris buffer, 0.2ml of EDTA, 0.1ml of sodium azide nad 0.5ml of tissue homogenate/0.1ml of plasma were added to the mixture, 0.2ml of glutathione followed by 0.1ml of hydrogen peroxide were added. The contents were mixed well and incubated at 37°C for 10 min along with a tube containing all the reagents except sample. After 10min the reaction was arrested by the addition of 0.5ml of 10% TCA, centrifuged and the supernatant was assayed for glutathione by the method of Ellman.


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

APPENDIX-XIX

ESTIMATION OF GLUTATHIONE–S-TRANSFERASE

(Beutler, 1984)

Principle


glutathione-s-transferase catalyses the reaction of 1-chloro-2,4 dinitrobenzene (CDNB) with the SH group of glutathione.


CDNB + GSH 


CDNB-s-glutathione

The activity of the enzyme was measured by following the increase in absorbance at 340 nm.

Reagents

1. K2HPO4 – 0.5 M (pH 6.5)

2. 20 mM glutathione

3. 25 mM CDNB in 95% ethanol

4. enzyme extract: Homogenised the sample with Triss-HCL buffer (pH 7.2). the homogenate was filtered and the filtrate was centrifuged at 4˚C for 30 min at 8500 rpm. The supernatant was used as enzyme source.

Procedure

Preparation of enzyme extract


Ground about 5 g of the sample in am edium and made up to 20 ml with the medium containing 50 mM Tris HCl (pH  7.2, 0.4 M sorbitol and 10 mM NaCl. Centrifuged the homogenate at 2000g for 10 min and used the supernatant for the assay.

Assay


0.5 ml of K2HPO4 buffer was taken in a test tube, and 0.1 ml of CDNB was added. Added 8.8 ml of glass distilled water. Incubated the tubes at 37˚C for 10 min. then 0.5 ml of glutathione was added to the reaction mixture. Added 0.2 ml of enzyme extratct to the reaction mixture. Run a blank like test except by adding enzyme. Measured the absorbance at 340 nm.


Glutathione-s-transferase activity in the extract is expressed as μmoles of CDNB-GSH conjugate / min / mg protein.

APPENDIX-XX

ESTIMATION OF ASCORBIC ACID

(Roe and Kuether, 1953)
Principle

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

Reagents

1. 4% TCA

2. 9N H2SO4

3. 2% 2,4-dinitrophenyl hydrazine – dissolved 2g of DNPH in 100 m lof 9N H2SO4.

4. 10% thiourea

5. 80% sulphuric acid

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

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

Procedure

1 g of the sample was homogenized in 4% TCA upto 10 ml. Centrifuged at 2000rpm for 10 minutes. The supernatants obtained were treated with a pinch of activated charcoal. Shaken well and kept for 10 minutes. Centrifuged and.0.5 and 1.0 ml aliquots of this supernatant were taken for the assay. The assay volumes were made upto 2.0 ml with 4% TCA. The working standard solution containing 20 – 100 (g of ascorbate were pipetted out, the volumes of which were also made upto 2.0 ml with 4% TCA. Added 0.5 ml of 2% DNPH reagent to all the tubes, followed by 2 drops of 10% thiourea solution. Incubated at 37(C for 3 hrs. The osazones formed were dissolved in 2.5 ml of 85% sulphuric acid, in cold, drop by drop, with no appreciable rise in temperature. To the blank alone, DNPH reagent and thiourea were added after the addition of sulphuric acid. After incubation for 30 minutes at room temperature, the absorbance was read spectrophotometrically at 540 nm.
APPENDIX-XXI

ESTIMATION OF TOCOPHEROL

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

Principle


Tocopherols can be estimated using Emmerie- Engel reaction which is based on reduction of ferric to ferrous ions by tocopherols, which then forms a red colour with 22’dipyridyl tocopherols and carotenes are first extracted with xylene and the extinction read at 460 nm to measure carotenes.  Correlation is made for these after adding ferric chloride and reading at 520 nm.

Reagents

1. Absolute alcohol

2. Xylene

3. 2,2’ dipyridyl: 1.2g of FeCl36H2O2 in one litre of ethanol stored in brown bottle.

4. Standard solution of D, L-tocopherol 10 mg/l in absolute alcohol.  91 mg of tocopherol is equivalent to 100 mg of tocopherol acetate.

Procedure


Into 3 stoppered centrifuge tubes (test, standard and blank), pipetted out 1.5 ml of each tissue extract, 1.5 ml of standard and 1.5 ml of water respectively. To the test and blank added 1.5 ml of the ethanol and to the standard, added 1.5 ml of water.  Added 1.5 ml of xylene to all the tubes, stoppered, mixed well and centrifuged. 


Transferred 1.5 ml of xylene layer, into another stoppered tube, taking care not to include any ethanol or protein.  Added 1.0 ml of 2,2’ dipyridyl reagent to each tube, stoppered and mixed.  Pipetted out 1.5 ml of the mixtures into colorimeter cuvettes and read the extinction of test and standard against blank at 460 nm.  Then in turn beginning with the blank, added 0.33 ml of FeCl3 solution.  Mixed well and after exactly 15 minutes read test and standard against the blank at 520 nm.

The value of vitamin E can be calculated using the formulae:

Amount of tocopherols = (Reading at 520nm – Reading at 460 nm) × 0.29 × 15

                                                            Reading of standard at 520 nm 

APPENDIX-XXII

ESTIMATION OF TOTAL CAROTENOIDS

(Zakaria et al., 1979)

Principle


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

Reagents

1. Petroleum ether

2. Anhydrous sodium sullphate

3. Calcium carbonate

4. 12% alcoholic potassium hydroxide

Procedure 


Weighed 5-10g (w) of the sample and saponified for about 30 minutes in a shaking water bath at 37(C after extracting the sample in 12% alcoholic KOH. Transferred the saponified extract into a separating funnel (packed with glass wool and CaCO3) containing 10 to 15 ml of petroleum ether and mixed gently. Taken up the carotenoid pigments into the petroleum ether layer. Transferred the lower aqueous phase to another separating funnel, and the petroleum ether extract containing the carotenoid pigments to an amber-coloured bottle. Repeated the extraction of the aqueous phase similarly with petroleum ether, until it is colourless. Discarded the aqueous phase. To the petroleum ether extract added a small quantity of anhydrous Na2SO4 to remove turbidity. Noted the final volume of the petroleum ether extract, and diluted by a known dilution factor (v). The absorbance of the extract at 450nm (P) was noted in a spectrophotometer using petroleum ether as a blank.

                                                             P ( 4 ( V ( 100  

Amount of total carotenoids present = ------------------   (g

W                             
APPENDIX-XXIII

EXTRACTION AND ESTIMATION OF FLAVONOIDS

(Cameron et al., 1943)

Extraction


A portion of the ground plant material was weighed out and extraction was carried out in two steps, firstly with MeOH: H2O (9:1) and secondly with MeOH: H2O (1:1). At each step, sufficient solvent was added to make a liquid slurry and the mixture was left for 6-12 hrs filtration to separate the extract from the plant material was carried out rapidly by using a glass wool or cotton wool plug in the neck of a filter funnel. The two extracts were then combined and evaporated to about 1/3rd of the original volume or until most of the MeOH had been removed. The resultant aqueous extract was cleared of low polarity contaminants such as fats, terpenes, chlorophylls and xanthophylls by extraction (in a separating funnel) with hexane or chloroform. This was repeated several times and the extracts combined. The solvent-extracted aqueous layer containing the bulk of the flavonoids was then concentrated.

Reagents

1. Vanillin reagent   
- 1% vanillin in 70% conc. H2SO4

2. Catechin standard 
- 110 (g/ml

Procedure



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

  APPENDIX-XXIV

ESTIMATION OF POLYPHENOLS

(Malick and Singh, 1980)

Phenol reacts with phospho molybdic acid in Folin Ciocalteau reagent in alkaline medium and produce blue coloured complex (Molybdenum blue), which is read in a spectrophotometer at 650 nm.

Reagents

1. 80 % ethanol

2. Diluted Folin-Ciocalteau reagent

3. 20 % sodium carbonate

4. Stock standard: 100 mg of catechol in 100 ml of water

5. Working standard: 10 ml of the stock standard was diluted to 100 ml. 1 ml of this contains 100 (g of catechol

Procedure

1.0 g of the sample was homogenized using 20 ml of 80 % ethanol. The homogenate was centrifuged at 10,000 rpm, for 20 minutes. The supernatant was saved. The residue was re-extracted with 10 ml of 80 % ethanol. Centrifuged and collected the supernatant. Pooled the supernatant and evaporated to dryness. The residue was dissolved in a known volume of distilled water (5 ml) and 2.0 ml was taken for the experiment.


0.5-2.5 ml of working standard catechol solution corresponding to 50-250 (g of catechol, were pipetted out into a series of test tubes. The volume was made upto 2.5 ml with water. To all the tubes, added 0.5 ml of diluted Folin-Ciocalteau reagent. After 3 minutes added 2.0 ml of 20 % sodium carbonate solution to each tube and mixed thoroughly. The tubes were placed in a boiling water bath for exactly 1 minute. Cooled and measured at 650 nm against a reagent blank.


A standard graph was drawn by plotting the concentrations of catechol on X-axis and absorbance on Y-axis. From the standard graph, the amount of polyphenols present in the samples were estimated and expressed as mg of polyphenols per g of the sample.     

APPENDIX-XXV

ESTIMATION OF REDUCED GLUTATHIONE

(Moron et al., 1979)

Principle


Reduced glutathione is measured by its reaction with 55’-dithio 2-nitro benzoic acid (DTNB) to give a compound that absorbs at 412 nm.

Reagents

1. 5% TCA

2. Sodium phosphate buffer (0.2M) pH 8.0

3. DTNB solution – 0.6mM in 0.2M phosphate buffer

4. Standard glutathione – Dissolved 10 mg of reduced glutathione in 100 ml of 5% TCA

Procedure


1 g of the sample was homogenized in 5% TCA to give a 20% homogenate.  The precipitated protein was centrifuged down at 100 rpm for 10 minutes.  The homogenate was cooled on ice and 0.1 ml of supernatant was taken for the estimation.  The volume of aliquot was made up to 1 ml with 0.2 M sodium phosphate buffer (pH 8.0).  2 ml of freshly prepared DTNB solutions was added to the tubes and the intensity of yellow color formed was read at 412nm in a spectrophotometer after 10 minutes.


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

APPENDIX-XXVI

ESTIMATION OF TANNINS

(Schanderl, 1976)


Tannin-like compounds reduce phosphotungstomolybdic acid in alkaline solution to produce a highly coloured blue solution, the intensity of which is measured in a spectrophotometer at 700nm.

Reagents

1.  Folin-Denis reagent

Dissolved 100g of sodium tungstate and 20g of phosphomolybdic acid in 750ml distilled water in a suitable flask and added 50ml phosphoric acid. Refluxed the mixture for 2hrs and made up to one litre with distilled water. Protected the reagent from exposure to light.

2.  Sodium carbonate solution

Dissolved 350g sodium carbonate in one litre of distilled water at 70-80°C. Filtered through glasswool after allowing it to stand overnight.

3. Standard tannic acid: Dissolved 100mg tannic acid in 100ml of distilled water.

4. Working standard solution: Diluted 5ml of stock solution to 100ml with distilled water. One ml contains 50µg tannic acid.

Procedure

Extraction of tannins

Weighed 0.5g of the powdered material and transferred to a 250ml conical flask. Added 75ml alcohol. Heated the flask gently and boiled for 30min. centrifuged at 2000 rpm for 20min and collected the supernatant in 100ml volumetric flask and made up the volume. Transferred 1ml of the sample extract to a 100ml volumetric flask containing 75ml alcohol. Added 5ml of Folin-Denis reagent, 10mlof sodium carbonate and diluted to 100ml with water.  Mixed well. Read the absorbance at 700nm after 30min. If absorbance is greater than 0.7, made a 1 + 4 dilution of the sample. Prepared a blank with water instead of the sample. Prepared a standard graph by using 0-100 µg tannic acid.

Calculation


Calculated the tannin content of the sample as tannic acid equivalents from the standard graph.

APPENDIX-XXVII

EXTENT OF INHIBITION OF IN VITRO LIPID PEROXIDATON 

(Okhawa et al., 1979)

An in vitro model of goat liver homogenate was used for induction of lipid peroxidation, mediated by FeSO4 as a pro-oxidant. Application of the relevant plant tissue extract in the medium was tried with an objective of assessing the extent of inhibition of in vitro lipid peroxidation by the measurement of Thio Barbituric Acid Reactive Substances (TBARS) in the experimental mixtures. TBARS were measured spectrophotometrically at 535nm.

Reagents

1. Tris Buffered Saline (TBS): 10mM Tris, 0.15 M NaCl, pH 7.4

2. Ferrous sulphate: FeSO4 was prepared fresh in TBS and added at 10 (moles final concentration in the assay medium.

3. 1% Thio Barbituric Acid- 1g TBS in 100ml of hot water or TBS

4. 70% alcohol

5. Acetone

6. 5% Goat liver homogenate prepared in TBS (cold)

Procedure


A 5% liver homogenate was prepared in TBS (cold). 50(l of it was used in the assay. 0.5g of fresh plant tissue was weighed accurately and homogenized in 1ml of cold TBS. 50(l of it was used in the assay. Ferrous sulphate at a final concentration of 10(moles was added in the assay medium to induce oxidation. The final volumes in the test tubes were made up to 500 (l with cold TBS.


Controls were prepared for each sample, containing the respective plant extract (50(l), liver homogenate (50(l) and TBS to make up the final volume to 500(l. Pro-oxidant was not added to the control tubes.


A blank containing no plant extract, no liver homogenate, but only FeSO4 and TBS to make a final volume of 500(l, was also prepared. An assay medium corresponding to 100% oxidation was prepared by adding all the other constituents except the relevant plant extracts, and the volume made up to 500(l with cold TBS. The experimental medium corresponding to auto oxidation contained only the liver homogenate, and TBS to make up the final volume to 500(l. All the tubes were incubated at 37(C for 1 hour.


Following the incubation period, 500(l of 70% alcohol was added to all the tubes to stop the reaction. 1ml of 1% TBA was added to all the tubes, followed by boiling in a hot water bath for 20 min. After cooling to room temperature, the tubes were centrifuged. To the clear supernatants collected in toto added 500(l of acetone and measured the TBARS at 535nm in a spectrophotometer.

APPENDIX-XXVIII

ANTIBIOTIC SENSITIVITY OF MICROBES

(Maruzzella and Henry, 1958)
Principle


Antibiotics are commonly used for the treatment of infectious diseases. Once the causative organism is identified for a specific disease and is isolated, it is important to test the sensitivity of the organism to the effective antibiotics. In the clinical laboratories, antibiotic impregnated discs are commonly used to identify the antibiotic sensitivity of the causative organism. The effectiveness of the antibiotic in this test is based on the size of the zone of inhibition. The zone of inhibition also depends on the diffusibility of the antibiotic, size of inoculum, type of medium and other factors.

Materials required


Antibiotic discs (ampicillin 10μg/disc), nutrient agar, bacterial cultures, petriplates.

Procedure


Selected and labeled the cultures that are to be used for antibiotic sensitivity assay (E.coli, Pseudomonas aeroginosa, Staphylococcus aureus). Prepared nutrient agar plates (atleast 3 plates). Aseptically took a swab of the test culture and inoculated the surface of the nutrient agar plate completely, so as to make a lawn. Allowed at least 5 minutes for the agar surface to dry before applying the disc. Took a forceps and sterilized the tip by dipping in alcohol and then flaming. Allowed to cool. Carefully took the antibiotic disc and placed over the agar plate at least 156 min form the edge of the plate. Gently pressed the disc to give a better contact with the agar. Placed at least five-six different antibiotic discs at the same distance apart from each other in the agar plates. Incubated the plates in an inverted position for 16-18 hours at 37˚C. Observed the zone of inhibition around the antibiotic discs. Indicated whether the test organism was resistant (no zone of inhibition) or sensitive (clear zone of inhibition) to the antibiotic.
