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1. INTRODUCTION


In ancient times, Humans were searching for healing powers (Cowan, 1999). But the world is witnessing a resurgence of interest in herbal drugs, cosmetics and food supplements. Thus, nature still serves as a primary source for the cure of various ailments (Odukoya et al., 2007 and Ansari et al., 2005).


Natural products such as herbs, fruits and vegetables become popular in recent years due to their therapeutic value, increasing interest among consumers and scientific community. Nutrition and health care are interconnected as many plants are consumed as food in order to benefit health (Quattara et al., 2011 ; Ansari et al., 2005 and El and Karakaya, 2004). India has rich medicinal plants of more than 7500 species. Of these, 4635 species are used commercially on a fairly large scale and exclusively possess more than 30,000 different bioactive substances which are termed as Plant secondary metabolites or Phytochemicals (Atawodi et al., 2004 and Auudy, 2003). They are usually found in negligible amount. A wide variety of Plant derived antioxidants have screened viz., alkaloids, phenolic acids, flavonoids (Klimezak et al., 2007), terpenoids, steroids, saponins, glycosides, lignins, tannins cartenoids and vitamins (Govindarajan et al., 2005). They are distributed in different parts of the plant viz., wood, bark, stem, leaves, root, pods, flowers, fruits and seeds (Mathew et al., 2006 ; Chan et al., 2005 and Cari et al., 2004). The antioxidants or secondary metabolites are classified on the basis of chemical structure, composition, their solubility in various solvents or the pathway by which they are synthesized. 


Antioxidants have become synonymous with good health. They are a class of compounds that protect cells against the damaging effects of reactive oxygen species such as singlet oxygen, superoxides, hydroxyl radicals, etc. (Buyukokuroglu, 2001) and the level of imbalance between the production of free radicals and antioxidants defence systems might cause damage to lipids, protein and nucleic acids (Fang et al., 2002). Therefore, the regular consumption of dietary antioxidants may reduce the risk of several serious diseases (Gupta, 2009).


Free radicals and other reactive species present in the body can be generated both endogenously and exogenously. Endogenous sources of free radicals includes normal aerobic respiration, peroxisomes and stimulation of leucocytes and macrophages. The exogenous sources includes ionizing radiation, tobacco smoke, pollutants and pesticides (Sushil and Tiwari, 2010 and Irshad and Chaudhuri, 2002). They are extremely reactive to mediate pathogenesis of more than 80 diseases including diabetes, athrerosclerosis, parkinson’s disease, alzheimer’s diseases, stroke, arthritis and chronic inflammatory diseases (Hanson et al., 2006 ; Valko et al., 2004 ; and DiMatteo and Esposito, 2003).


Under normal conditions, free radicals generated in the body can be removed by body’s natural antioxidant defences. Antioxidants can be classified into two major classes i.e., enzymatic and non-enzymatic. The enzymatic antioxidants are produced endogenously and include superoxide dismutase, catalase and glutathione peroxidase. The non-enzymatic antioxidants include tocopherol, carotenoids, ascorbic, flavonoid and tannins which are obtained from natural plant sources (Lee et al., 2004 and Gulcin et al., 2003). However, endogenous antioxidant defences are not completely efficient, whereas exogenous antioxidants are needed by our body to combat reactive oxygen species. They are of two types synthetic and natural antioxidants. Synthetic antioxidants are limited due to their side effects. Hence, the traditional knowledge of consumption of natural antioxidants has presumed safety, nutritional and therapeutic value. They tend to posses antiviral, antiinflammatory, anticancer, antibacterial and hepatoprotective properties (Saravana Kumar et al., 2008).


Numerous plant derived antioxidants have already been isolated from various species. The medicinal value of plants lies in secondary metabolities that produce a definite physiological action on body to prevent deterioration caused by reactive and harmful free radicals (Ahmed et al., 2011). 

Over 50 per cent of all modern clinical drugs are of natural product origin which has an increased demand worldwide for the thirst of identifying a bioactive compounds. These molecules are potent constituents for novel drug discovery with low or no side effects in booming pharma industries. In addition, various traditionally renowned medicinal systems viz., Ayurveda, Unani, Siddha and Chinese are bestowed with therapeutically active natural antioxidants (Jagannathan, 2007).


In view of considering the growing interest of using natural medicines for human wellness. The aim of the present project drives towards a focused path of studying the basic principles involved in investigating the antioxidant capacity of the three commercially important medicinal plants. In Indian system of medicine, Centella asiatica, Bacopa monniera and Sida acuta were used as a rejuvenator, tonic and as a traditional medicine for various ailments. The mechanism of pharmacological action and in vitro antioxidant activity of the leaves of all the three medicinal species have been investigated. 
OBJECTIVES

· To study the preliminary pharmacognostic study and biochemical studies of the three medicinal plants.

a. Organoleptic study

b. Fluroscence analysis

· To enumerate the preliminary phytochemical analysis of the leaves of the three medicinal plants using different solvents.

· To evaluate the enzymatic and non-enzymatic assay of the methanolic leaf extracts of three medicinal plants. 

· To screen the antioxidant activity using in vitro DPPH assay of the methanolic leaf extracts of the three medicinal plants.  
2.  REVIEW OF LITERATURE


The herbal medicines were focused upon plants to be a valuable source of natural products for maintaining human health especially with more intensive studies on active natural biomolecules for primary health care.


The macroscopic and microscopic characters of stem, petiole and leaf of Herpestis monniera, Centella asiatica, H. javanica, Merremia gangetica and Nerium indicum had been determined by Shah et al. (2010) ; Chakraborthy, (2010) and Saxena and Sharma (1987). He reported that Centella asiatica possess high pharmacognostic activity than the other two plants.


Tripathy et al. (1996) evaluated the antioxidant activity of Rubia cordifolia, Strychnos nuxvomica, Moringa oleifera, Semecarpus anacardium, Mucuna pruriens, Bacopa monniera and Nardostachys jatamansi. He inferred that these medicinal plants have medicinal property and can be used as a medicine to manage many diseases.


Consuming a diet rich in plant foods will provide a milieu of phytochemicals, non-nutirtive substance in plants that possess health protective benefits. Nuts, whole grains, fruits, vegetables contain an abundance of phenolic compounds, terpenoids, pigments and other natural antioxidants that have been associated with protection from treatment of diseases such as heart diseases, cancer, diabetes etc. (Craig, 1997).


Plant phenolics are probably had multifunctional antioxidants. The antioxidant effect of phenolic compounds has been demonstrated in many system through in vitro studies such as in human low density lipoprotein and liposomes. They also reported that the antioxidative properties of some vegetables and fruits are partly due to the low molecular weight of phenolic compounds (Wang et al., 1999 and Leanderson et al., 1997).


 Gardner et al. (1999) assessed the relative contributions of vitamin C, carotenoids and phenolics to fruit juices. He concluded that apple, grapes, mango were possessing antioxidant potential than the citrus juices.


Verma et al. (2001) studied the phytochemical characters of Vitex negundo leaves and he concluded the potential of phytochemicals to be used as an antioxidant.


Senthamarai et al. (2002) dealt with detailed pharmacognosy of the leaf of Coldinia procumbens L. including morphological, anatomical characters and physico-chemical standards such as ash values, extractive values, crude fibre contents and fluorescence characters of various extracts and leaf powder. Results showed that chloroform extract showed minimum extractive value whereas alcoholic extracts showed maximum extractive values. 


Hamid et al. (2002) evaluated the antioxidative activities of various extracts of Centella asiatica using three types of solvents (ethanol, water and light petroleum) using a linoleic acid model system and the thiobarbituric acid test. He inferred that ethanol extract of Centella asiatica showed high antioxidant activity. Senthamarai et al. (2002) and Susheela et al. (2002) carried out the preliminary phytochemical study of the whole plant of Tridax procumbens (L.) and leaf of Coldenia procumbens L. carried out the preliminary phytochemical tests. The studies showed the presence of glycosides, phytosterols, proteins, amino acids, fixed oils, flavanoids, gums, mucilage.


Karthikeyan and Rani (2003) analysed the antioxidants in different species of Piper longum and reported high SOD activity which is therapeutically used in the treatment of antioxidative and antiinflammatory disease but the roots of Andropogon muricatus was found to contain a fair amount of SOD activity. 


Parimala et al. (2003) studied the preliminary phytochemical screening on the methanol extract of Cleome viscosa. The result revealed the presence of active constitutents such as steroid, saponin, alkaloid, tannin and reducing sugar and Anbazhagi et al. (2009) studied the phramacognostical and in vitro antioxidant potential of Cleome gynandea leaves. She concluded that the polyphenolic compounds accumulated in the leaves can provide health promoting effects. 

Cai et al. (2003) studied the antioxidant activity of Betalains from plants of the family Amaranthaceae was evaluated using the modified DPPH method.


Leaves of Atalantia monophylla are used in chronic rheumatism and paralysis. The pharmacognostical studies like histological characters, leaf constant, ash value and extractive value of leaves of A. monophylla were carried out. The results showed oil glands in upper epidermis and it is an important character of leaf. Leaf constants, ash values and extractive values gave useful information about the plant (Manimaran et al., 2003). 


Vanitha and Pandian (2004) carried out the study on the larvicidal activity of phytochemicals against the dengue vector, Aedes aegypti and found out that the neem based phytochemicals exhibit an effective larvicidal effect.


Wong et al. (2005) conducted a systematic survey of 30 medicinal plants using the ferric reducing antioxidant power assay where most of the plants have high antioxidant potential.


A laboratory investigation was carried out to study the macroscopical character like colour and fluorescence characters of leaf powder of A. vera, A. paniculata and P. hysterophorus. A preliminary phytochemical study revealed the presence of active constituents like cellulose, protein, fat and oil, flavonoids, saponins, sugars, steroid, phenol, quinine and tannin (Joseph and Nibedita, 2006).


De et al. (2006) compared the antioxidant activity of leafy vegetables of India. Eleven edible leafy vegetables of India have been analysed for their free radical scavenging activities like DPPH radical, superoxide radical, hydroxyl radical scavenging activity and inhibition of lipid peroxidation induced of FeSO4 in egg yolk.


Loo et al. (2006) evaluated the antioxidant and radical scavenging activities of the pyroligneous acid from a mangrove plant Rhizophora apiculata showed a positive correlation with their total phenolic content. 


Siddhuraju et al. (2006) examined the antioxidant activity of polyphenolic compounds extracted from defatted raw and dry heated Tamarindus indica seed coat which exhibited good antioxidant activity against the linoleic acid emulsion system. 


Vidal et al. (2006) conducted phytochemical analysis of the dried powder of Algerian medicinal plants. He emphasized that our current knowledge of pharmacological actions, preclinical studies updates our knowledge to use them as conventional drugs. 


Khalaf et al. (2007) studied the antioxidant activity of some common plants and the study reveals that the consumption of spices would exert several beneficial effects by virtue of their antioxidant activity.


Siddhuraju (2007) evaluated the antioxidant activity and free radical scavenging capacity of dietary phenolic extracts from Macrotyloma uniflorum seeds where all the extracts exhibited good antioxidant activity against the linoleic acid emulsion system.


Medicinal plants constitute an effective source of both traditional and modern medicines. It is recorded by WHO that 80% of the world population can afford only low cost traditional and fork medicines and advocated that countries should interact with a view of identifying and exploiting aspects that provide safe and effective remedies for ailments (Jagannathan, 2007). 


Huda et al. (2007) investigated the antioxidative activities of water extracts of some Malaysian herbs. The water extract of these herbs were analysed for total phenolic content, reducing antioxidant power, ferric thiocyanate (FTC) and thiobarbituric acid (TBA) test was carried out where Centella asiatica had the highest antioxidant effect compared to other Malaysian herbs.


Sabir et al. (2008) investigated the water extractable phytochemicals from Phyllanthus niruri which exhibit distinct in vitro antioxidant and in vivo hepatoprotective against Paracetamol induced liver damage to Mice.


Manian et al. (2008) evaluated the antioxidant activity and free radical scavenging potential of two different solvent extracts of Camellia scnensis. The potential of multiple antioxidant activity was evident as it possessed antihemolytic activity and metal ion chelating potency. 

Matkowski et al. (2008) evaluated the antioxidant activity of herb extracts from the family Lamiaceae. The studied plants can provide efficient antioxidant protection by complementary mechanisms such as free radical scavenging and metal ions reduction. 


Gupta et al. (2008) studied the green leafy vegetables for their antioxidant activity in the methanolic extracts of Amaranthus sp., Centella asiatica, Murraya koenigii and Trigonella foenum graecum. Total antioxidant actitvity assessed by phosphomolybdenum method, free radical scavenging activity by 1, 1-diphenyl-2-picryl-hydraze (DPPH), reducing power and ferrous ion chelating activity were determined.


Du et al. (2008) evaluated the antioxidant capacity and the relationship with polyphenol and vitamin C in Actindia fruits and inferred that both total polyphenols and vitamin C are major contributors to the total antioxidant activity in Actindia fruit.


Ayoola et al. (2008) investigated the phytochemical screening and antioxidant activities of some selected medicinal plants used for malaria therapy in South Western Nigeria. The antioxidant activities of these plants probably contribute to the effectiveness in the treatment of malaria. 


Ahmed et al. (2009) studied the antioxidant properties of the isolated flavonoids from the medicinal plant, Phyllanthus niruri. The antioxidant activity is probably concentration dependent.

Antioxidant activity, total phenolic and flavonoid contents of Hieracium piloseilla L. extracts were reported by Ljilyana et al. (2009). The antioxidative activity was tested spectrophotometrically measuring their ability to scavenge a stable DPPH free radical and a reactive hydroryl radical trapped by DMPO during the fention reaction, using the ESR spectroscopy.


Nanasombat and Teckchuen (2009) observed the antioxidant activities of methanolic extracts of Cassia siamea, Garainia lowa, Limnophila aromatic and Polygonum odoratum. They inferred that the extract of P. odoratum had the highest phenolic content and antioxidant activity with EC50 value of 315.35 mg extract / mg DPPH (2, 2-diphenyl-l-pierylhydrazyl).


Antioxidant activity of Abutilon indicum were investigated by Chakraborthy (2009). The methanolic extract of A. indicum was investigated for its free radical scavenging activity by determining the nitric oxide and superoxide radical scavenging activity. Maximum scavenging of nitric oxide and superoxide radical found were 28.74% and 49.62% respectively at 250 mg / ml concentration. 

Sarkar et al. (2009) evaluated the purification and characterization of a novel antioxidant protein molecule from Phyllanthus niruri is atleast partly due to unique protein molecule. 


Zahin et al. (2009) investigated the in vitro antioxidant activity and total phenolic content of Indian medicinal plants which indicated the promising antioxidant activity of crude extracts and needs further exploration for their effective use in both modern and traditional system of medicines. 


Caifang et al. (2009) screened the Chinese extracts for antioxidant activity where the polar solvent extracts were relatively higher than that of non-polar solvent extracts.

Nabavi et al. (2009) evaluated the in vitro antioxidant activity of Phytolacca americana. The hydrogen donation may be a possible mechanism for antioxidant activity of this plant. 


Singh et al. (2009) tested the antioxidant activity of aqueous and ethanolic extracts of medicinal plant Balanities roxburgii through in vitro antioxidant assays where both the extracts have strong antioxidant effects and revealed the presence of alkaloids, saponins, tannins, flavonoids, phenolic compound, gum and mucilage in varying concentration.


Pitella et al. (2009) investigated the phenolic and flavonoid constituents of Centella asiatica. He tested antioxidant and cytotoxic activities of a aqueous extract (AE) of Centella asiatica leaves. A positive correlation was established between the level of flavonoids, antioxidant and antitumor activities.


Hasan et al. (2009) evaluated the analgesic and antioxidant activity of the hydromethanol extract of Mikania scandens a wild medicinal plant. The hydromethanol extract was investigated for its antioxidant action using 1,1‑diphenyl-2-picryl hydrazyl (DPPH) radical scavenging and reducing power assays.


Gohil and Patel (2010) conducted the pharmacological actions, preclinical and clinical studies on Bacopa monniera which considered to be a good neurotonics and also evaluated the antioxidant activity of Bacopa monniera where, the methanol extracts of the plants were found to have potent antioxidant compared to petroleum ether and hexane extracts (Mathur et al., 2010).


Zongo et al. (2010) evaluated the antioxidant activities of water and acetone extracts from the rhizomes of Ampelocissus grantii, where the acetone extract exhibited the higher level of total polyphenol contents (TPC) compared to water extract.


Shah et al. (2010) evaluated the in vitro antioxidant activity of roots of Tephrosia purpurea which indicates the hydroalcoholic root extracts have marked amount of total phenols.


Patel et al. (2010) undertaken a study to find the antioxidant activity of some selected medicinal plants such as Hibiscus, Gemelia and Kigelia. Results concluded that these plants have been reported to prevent oxidative damage caused by free radical and can be used in cardiovascular and anti-inflammatory diseases. 


Vasagam et al. (2010) evaluated the in vitro antioxidant potential of tuberous root of methanolic extract of Ipomoea digitata posses significant antioxidant activity when compared to the standard ascorbate and phenol content.


Aremu et al. (2010) studied the pharmacognostic evaluation and phenolic content of South African medicinal plants used as anthelmintics. 

Sushil et al. (2010) studied some medicinal plants as a source of antioxidants such as Cassia auriculata, Mentha spicata etc. He concluded that plants produce significant amount of antioxidants such as flavanoids, phenolics and polyphenolics to prevent the oxidative stress caused by reactive oxygen species.


Mishra et al. (2011) screened ten Indian medicinal plant extracts for antioxidant activity such as Coriandrum sativum, Coccinia indica, Delonix regia etc. He inferred that the activities expressed as IC50 and strong correlation showed between total polyphenolic content in plants and their antioxidant activity.


Nagarani et al. (2011) conducted a review of some herbs found to posses anticancer and antioxidant activity in various preclinical or clinical studies. The dietary antioxidants having anticarcinogenic property which prevent and repair cellular damage caused by reactive free radicals. 

3.  MATERIALS AND METHODS


An investigation was carried out to analyse the pharmacognostic, preliminary phytochemical, biochemical and in vitro antioxidant activity of Centella asiatica, Bacopa monniera and Sida acuta.

3.1
PLANT MATERIAL


The plant samples are Centella asiatica (L.) Urban, Bacopa monniera (L.) Pennell, Sida acuta Burm. F. were collected from Palakkad in the month of November (Table. 1 and Plate. 1 ; Figs. 1–3 ). The leaves of the three different leaf samples were shade dried during three weeks at ambient temperature in the laboratory under continuous ventilation away from sunlight and dust. The shade dried leaves were made to fine powder with homogenizer and the powder was sealed in polythene bags and stored away from light and moisture until the time of extraction (Plate. 2 ; Figs. 1–3).
3.2
PREPARATION OF LEAF EXTRACTS


Different extracts were made from powdered leaves using petroleum ether, methanol and water. About 40 g of each leaf samples were soaked with the appropriate solvent. All the extracts were left under shaking conditions at room temperature for 24 hr. The resultant extracts were filtered using Whatman No. 1 filter paper and used for further analysis. All the analyses were done in triplicates. 

Plate. 1  :  Habit of C. asiatica, B. monniera and S. acuta
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1.  C. asiatica
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2.  B. monniera
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3.  S. acuta
Plate. 2  :  Leaf powder of C. asiatica, B. monniera and S. acuta
[image: image5.png]



                  C. asiatica                   B. monniera                     S. acuta
Table. 1 :  Brief description of the three medicinal plants used for the present study

	S.No.
	Description 
	Centella asiatica (L). Urban
	Bacopa monniera (L.) Pennell
	Sida acuta Burm F.

	1.
	Family 
	Apiaceae
	Scrophulariaceae
	Malvaceae

	2.
	Common name
	Ekapanni, karniga
	Brahmi, Jalavaveri
	Naagabala Mahabala

	3.
	Habitat
	Moist ground, marshy places
	Marshy areas and wet damps
	Moist regions

	4.
	Habit
	Creeping herb with long stolons rooting at nodes
	Creeping or succulent annual herb
	Erect annual or binial and under shrub or shrubs.

	5.
	Leaves
	Simple in rosettes, orbicular seniform, cordate, margin crenate, dentate apex rotund sheathing at base
	Short, petiolate, oblong cuncate to obovate
	Cauline and ramal, alternate, stipulate, cordate, serrate, acute, pubescent reticulate

	6.
	Inflorescence
	Umbel
	Solitary axillary
	Solitary axillary

	7.
	Flowers
	Bisexual, actinomorphic, pentamerous, epigynous
	Bracteates, bisexual, hypogynous
	Bracteates, pedicellate, complete

	8.
	Calyx
	Sepals 5, polysepalous, valvate
	Sepals 5, polysepalous, valvate
	Sepals 5, gamosepalous valvate 

	9.
	Corolla
	Petals 5, imbricate polypetalous
	Petals 4, gamopetalous, valvate
	Petals 5, polypetalous connate at the base, twisted

	10.
	Androecium 
	Stamens 5, alternating with petals
	Stamens 5, androecial members adnata
	Stamens indefinite 

	S.No.
	Description 
	Centella asiatica (L). urban
	Bacopa monniera (L.) Pennell
	Sida acuta Burm F.

	11.
	Gynoecium
	Bicarpellary, syncarpous, ovary inferior, bilocular axile placentation
	Syncarpous, superior bilobed axile placentation
	Multicarpellary, syncarpous, ovary superior, multilocular, axile placentation

	12.
	Chemical composition
	Glucoside, asiaticoside, vallerin, tannins, pectin, brahmoside, isobrahmic acid, betalic acid, centroic acid, centellic acid, centelloside, volatile oil, Asiatic acid
	Bacopside A, Bacopside B, alkaloid, heepestine, saponins, monnierin, hersaponin, (‑mannitol, stigmasterol, (-sitosterol, B1, B2 oxalate
	Cryptolepine quindoline, 11-methoxyquindoline, evoflavine A, evoflavin B, sinapic acid, syringic acid, ferulic acid, (-penethylamine quinzalines, tryptamines

	13.
	Medicinal parts used 
	Whole plant
	Stem and leaves
	Stem, roots and leaves

	14.
	Medicinal use
	· Treatment of leprosy, skin diseases and chronic ulcer.

· Relief from dysentery.

· Tonic for improving memory and good for hair growth and checks hair fall.

· Purifies blood

· Soothes the nerves.

· Gentle laxative.

· Reduces inflammation.

· Restores normal functioning of the body.
	· Treatment of asthma, insanity, epilepsy.

· As a nerve tonic, cardio tonic and diuretic.

· Indicated against dermatosis, anaemia, diabetes, cough, dropsy, arthritis, anorexia, dyspepsia and emaciation.

· Antianxiety agent having adaptogenic agent.

· Improves intellect useful in bed ulcers, tumours, ascites and enlargement of spleen.
	· Used as an abortifacient.

· Decoction of leves and roots is emolldent and tonic.

· Treatment of heaemortoieds and impotence.

· Used in rhematic affections as poultice.

· Useful for relief in chest pain and as anthelmintic

· Used to hasten suppuration.

· Applied to reticular swellings and in elephantiasis. 


3.3
METHODOLOGY
3.3.1
Pharmacognostic study

The pharmacognostic studies were evaluated for the three leaf samples using the following qualitative analysis. 

1. Organoleptic study

2. Fluorescence analysis

3.3.1.1   Organoleptic study


The leaf powders of Centella asiatica, Bacopa monniera and Sida acuta were used for powder studies. The colour variation and taste were the basis for this test as given by Jackson and Snowdown (1968).

3.3.1.2   Fluorescence analysis


The behaviour of the three leaf samples with different chemical reagents and fluorescence characters of the three medicinal plants were observed under ordinary and long ultra violet light at 245 nm adopting the method described by Kokosi et al. (1958) and Chase and Pratt (1949).

3.3.2
Biochemical studies


The methanolic leaf extracts of Centella asiatica, Bacopa monniera and S. acuta were subjected to quantitative estimation of biochemical parameters and the parameters studied are
1. Protein​

2. Carbohydrates

3. Chlorophyll 

4. Free Amino acid

3.3.2.1   Estimation of Protein (Lowry et al., 1951)

Principle


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

Chemicals

a. 2% Sodium Carbonate in 0.1 N Sodium Hydroxide (Reagent A)

b. 0.5% Copper Sulphate (CuSO4.5H2O) in 1% Potassium Sodium Tartrate (Reagent B).

c. Alkaline Copper Solution : Mixed 50 ml of A and 1 ml of B prior to use (Reagent C).

d. Folin-Ciocalteau Reagent (Reagent)

e. Protein solution (Stock Standard) : Accurately weighed 50 ml of bovine serum albumin (Fraction V) was dissolved in distilled water and the volume was made upto 50 ml in a standard flask.

f. Working Standard : About 10 ml of the stock solution was diluted to 50 ml with distilled water in a standard flask. One ml of this solution contained 200 (g proteins.

Procedure


Extraction is usually carried out with phosphate buffer used for the enzyme assay. About 50 mg of each leaf sample were weighed and ground well with a pestle and mortar in 10 ml of the buffered centrifuged. The supernatant of each leaf sample were used for protein estimation.

1. About 0.2, 0.4, 0.6, 0.8 and 1 ml of working standard were pipette into a series of test tubes and 0.1 ml and 0.2 ml of each leaf extract in two test tubes respectively.

2. The volume was made upto 1 ml in all the test tubes. A tube with 1 ml of water served as the blank.

3. About 5 ml of reagent C was added to each tube including the blank mixed well and allowed to stand for 10 min.

4. Then 0.5 ml of reagent D was added. Mixed well and incubated at room temperature in the dark for 30 min. Blue colour developed was read at 660 nm.

5. A standard graph was drawn and the amount of protein present in each leaf sample were calculated.

Calculation


The amount of protein present in the leaf sample was expressed in mg / g or 100 g sample.

3.3.2.2   Estimation of 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 hydroxymethyl furfural. This compound forms with anthrone regent, a green coloured product with an absorption maximum at 630 nm.

Chemicals

· 2.5 N HCl

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

· Standard glucose (Stock)  :  Dissolved 100 mg in 100 ml water. 

· Working Standard : 10 ml of a stock solution was diluted to 100 ml distilled water. Stored in refrigerator after adding a few drops of toluene. 

Procedure

· About 100 mg of each leaf sample were taken in a boiling tube and it was hydrolysed by keeping it in a boiling water bath for 3 hrs with 5 ml of 2.5 N HCl and cooled to room temperature.

· Then it was neutralised with solid sodium carbonate until the effervescence created.

· The volume was made upto 100 ml and centrifuged.

· The supernatant was collected and 0.5 and 1 ml aliquots were taken for analysis.

· The standard was prepared by taking 0, 0.2, 0.4, 0.6, 0.8 and 1 ml of the working standard and ‘0’ served as blank.

· The volume was made upto 1 ml in all the tubes including the leaf sample test tubes by adding distilled water.

· Then 4 ml of anthrone reagent was added and heated for eight minutes in a boiling water bath.

· Then it was cooled rapidly and the green colour developed was read at 630 nm.

· A standard graph was drawn by plotting concentration of the standard on the X axis versus absorbance on the Y axis.

From the graph, the amount of carbohydrates present in each leaf sample tube were calculated.

Calculation


Amount of carbohydrate present in 100 g of the leaf sample



=
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3.3.2.3   Estimation of Chlorophyll content (Arnon, 1949)

Principle


Chlorophyll was extracted in 80% acetone and the absorption at 663 nm and 645 nm were red in spectrophotometer using the absorption coefficients, the amount of chlorophyll was calculated.

Chemicals 


Analytical grade acetone was diluted to 80% (prechilled).

Procedure

1. Accurately weighed 1 g of finely cut and well mixed each leaf sample separately.

2. About 1 g of leaf tissue of each plant were ground to a fine pulp with the addition of 20 ml of 80% acetone with a mortar and pestle.

3. It was centrifuged (5000 rpm for 5 min.) and the supernatant was transferred to a 100 ml volumetric flask.

4. The residue was ground with 20 ml of 80% acetone, centrifuged and the supernatant was transferred to the same volumetric flask.

5. This procedure was repeated until it becomes colourless. The mortar and pestle was washed thoroughly with 80% and the clean washing was collected in the volumetric flaks.

6. The volume was made upto 100 ml with 80% acetone. 

7. The absorbance of the solution was read at 645 nm, 663 nm and 652 nm against the solvent (80% acetone) blank.

Calculation


The amount of chlorophyll present in the leaf extract was calculated and expressed in mg chlorophyll per 100 g leaf tissues using the following equations.

(i) mg chlorophyll ‘a’ / 100 g leaf tissues 

=     12.7 Abs663 – 2.69 Abs645 x 
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(ii) mg chlorophyll ‘b’ / 100 g leaf tissues 

=     22.9 Abs645 – 4.68 Abs663 x 
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(iii) mg total chlorophyll/100 g leaf tissues 

=     20.2 Abs645 + 8.02 Abs663 x 
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where


Abs   
=   Absorbance at specific wave length


V   
=   Final volume of chlorophyll extract in 80% acetone


W  
=   Fresh weight of leaf tissue extracted

3.3.2.4   Estimation of Free Aminoacids (Moore and Stein, 1948)

Reagents

1. Ninhydrin :  Dissolved 0.8 g stannous chloride in 500 ml of 0.2 M citrate buffer (pH 5.0). This solution was added to 20 g of ninhydrin in 500 ml of methyl cellose (2-methyl ethanol).

2. Diluent Solvent : Mixed equal volume of water and n-propanol were used.

3. Standard Solution : 50 mg of leucrine was dissolved in 50 ml of distilled water in 10 ml of this stock solution was taken and diluted to 500 ml for working standard solution.

Procedure


About 500 mg of each leaf sample were weighted and ground it in a pestle and mortar with a small quantity of acid. Washed sand was added to the homogenate with 5 ml of 80% ethanol and centrifuged to collect the filterate.


To 0.1 ml of each leaf extract, 1 ml of ninhydrin solution were added and the reading solution was taken after 15 ml at 570 nm. The purple colour developed was stable for 1 hour.


A standard curve was drawn using absorbance versus concentration and the concentration of the total free amino acid was found out and expressed as mg / 100 g of sample. 

3.3.3
Preliminary phytochemical studies


The preliminary phytochemicals screening of the crude leaf extracts were dissolved in their respective solvents and were subjected to qualitative tests for the detection of various primary and secondary plant metabolites such as alkaloids, terpenoids, flavanoids, steroids, phenol, cellulose, starch, tannin, fixed oil and quinone using the method described by Harborne (1984).  

3.3.3.1   Test of alkaloids


Mayer’s regent : To 1 ml of each leaf extract, 2 ml of Mayer’s reagent was added. Appearance of dull white precipitate indicated the presence of alkaloids.

3.3.3.2   Test for flavonoids


To 1 ml of each leaf extract, 1 ml of neutral ferric chloride was added. The formation of brown colour confirmed the presence of flavonoids. 

3.3.3.3   Test for tannin


To 1 ml of each leaf extract, few ml of 5% neutral ferric chloride was added. The development of a dark bluish colour indicated the presence of tannins.

3.3.3.4   Test for phenols 


To 1 ml of each leaf extract, lead acetate solution was added and the precipitate formation indicated the presence of phenolic compounds.

3.3.3.5   Test for steroids


Liebermann-Burchard’s test  :  Each leaf extract were dissolved in 2 ml of chloroform to which 10 drops of acetic acid and 5 drops of conc. Sulphuric acid were added and mixed. The change of red colour through blue to green indicated the presence of steroids.

3.3.3.6   Test for terpenoids


Salkowski test  :  5 ml of each leaf extract were mixed in 2 ml of chloroform and conc. H2SO4 (3 ml) was carefully added to form a layer. A reddish brown colouration of the interface was formed to show positive results for the presence of terpenoids. 

3.3.3.7   Test for quinone


To 1 ml of each leaf extract, a few drops of conc. HCl is added. An yellowish brown colour is observed which shows the presence of quinine.

3.3.3.8   Test for starch


To 1 ml of each leaf extract, a few drops of iodine solution. Any characteristic colour change shows the presence of starch.

3.3.3.9   Test for cellulose


To 1 ml of each leaf extract, a few drops of iodine solution is added followed by a few drops of H2SO4. Dark brown or red colour observed shows the presence of cellulose.

3.3.3.10   Test for fixed oil and fat


To 1 ml of each leaf extract, a few drops of sudan III solution is added. A shining orange colour obtained shows the presence of fixed oil and fat. 
3.3.4
Enzymatic activity

3.3.4.1   Estimation of Catalase activity (Luck, 1947)


Catalase has double function as it catalyses the following reactions :

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

2H2O2 [image: image11.png]Catalase



 2H2O + O2
b) Oxidation of hydrogen donors for example methanol, formic acid, phenol with the consumption of one mole of peroxide

ROOH + AH2 [image: image13.png]


 H2O + ROH + A
Principle


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

Chemicals used

1. Phosphate buffer (0.067 M, pH 7.0)

Dissolved 3.522 g of KH2PO4 and 7.628 g of Na2HPO4.2H2O distilled water and made up the volume to one litre.

2. H2O2 phosphate buffer

Diluted 0.16 ml of H2O2 (100 ml) with phosphate buffer prepared fresh. The absorbance of the solution should be about 0.5 at 240 nm with 1 cm light path.

Procedure

Enzyme extract


Each leaf samples were homogenized in a blender with M/150 phosphate buffer (assay buffer diluted 10 times) at 4(C and centrifuged. Stirred the sediment with cold phosphate buffer, allowed to stand in the cold with occasional shaking and then repeated the extraction once or twice. The extraction should not take greater than 24 hr. The combined supernatants were used for the assay. 

Assay


Read against a control cuvette containing the enzyme solution as in the experimental cuvette, but containing H2O2 free phosphate buffer (M/150).


Pipette out 3 ml of H​2O2 phosphate buffer into the experimental cuvette, added 0.01 – 0.04 of the sample and mixed with a glass or plastic rod flattened at one end. Noted the time ((t) required for a decrease in absorption from 0.45 to 0.40. The value was used for the calculations. If ‘t’ is more than 60 sec, the measurements have to be repeated with a more concentrated solution of the sample.

Calculation


The concentration of catalase was calculated and expressed as (g/g of protein in the methonolic leaf extract.

3.3.4.2   Estimation of Peroxidase activity (Reddy et al., 1995)

Principle


In the presence of a hydrogen donor (pyrogallol or dianisdine) peroxidase converts H2O2 to water and oxygen. The oxidation of pyrogallol or dianisdine to a coloured product called purpurogalli is measured calorimetrically.


Pyrogallol + H2O2 [image: image15.png]


 Oxidized pyrogallol + H2O2 + O2

     (Coloured)

Reagents

1. Pyrogallol 0.05 M in 0.01 M phosphate buffer (pH 6.5)

2. 1% H2O2
3. Enzyme extract

Procedure

Enzyme extract


One part of each leaf sample were macerated with 5 parts (w/v) of 0.1 M phosphate buffer (pH 6.5) in a homogenate at 500 rpm for 15 min and used the supernatants as the enzyme source. All procedures were carried out at 5(C. 

Assay


Pipette out  3 ml of 0.05 M pyrogallol solution and 0.02 ml of enzyme extract in a test tube. Adjusted the spectrophotometer to read ‘0’ at 430 nm. Added 0.5 ml of 1% H2O2 in the cuvette. Recorded the change in absorbance for every 30 seconds upto 3 minutes.

Calculation


The concentration of peroxidase was calculated and expressed as (g/g of protein in the methanolic leaf extract.

3.3.4.3
Estimation of Polyphenol oxidase activity 


(Esterbauer et al., 1977)

Principle


Phenol oxidase are copper proteins of wide occurrence in nature, which catalyze the aerobic oxidation of certain phenolic substrates to quinines, which are autoxidized to dark brown pigments generally known as melanins. The polyphenol oxidases (PPO) comprise oxidase and laccase.


One unit of either catechol oxidase or laccase is defined as the amount of enzyme that transforms 1 (mol of dihydrophenol to 1 (mol of quinine per minute under the assay conditions.

Reagents

1. 50 (M Tris-HCl (pH 7.2)

2. 0.4 M Sorbitol

3. 10 (M Sodium chloride

4. 0.1 M Phosphate buffer (pH 6.5)

5. 0.01 M Catechol solution 

Procedure


Ground about 5 g of each leaf sample and made upto 20 ml with the medium containing 50 (M Tris – HCl (pH 7.2), 0.4 M sorbitol and 10 (M NaCl. Centrifuged the homogenates at 2000 rpm for 10 min and collect each supernatant for the assay.

Assay


Added 2.5 ml of 0.1 M phosphate buffer (pH 6.5), 0.3 ml of catechol solution (0.01 M) into the cuvette and set the spectrometer at 495 nm. Now added the enzyme extract (0.2 ml) and started recording the change in absorbance for every 30 seconds upto 5 minutes.

Calculation


The concentration of polyphenol oxidase was calculated and expressed as (g/g of protein in the methanolic leaf extract. 

3.3.4.4
Estimation of Glutathione-s-transferase activity 


(Habig et al., 1974)

Principle


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

Reagents

1. 1 (M CDNB in ethanol

2. 1 (M Glutathione (GSH)

3. 0.1 M Phosphate buffer

4. 50 (M Tri-HCl buffer (pH 7.2)

Procedure

Enzyme extract


Each leaf sample were homogenized with Tris-HCl buffer (pH. 7.2). The homogenate was centrifuged at 4(C for 30 min at 8500 rpm. The supernatant was used as the enzyme source.

Assay


The assay was done at 25(C under conditions giving activities linear with respect to incubation times and protein concentrations for atleast 3 min.


The enzyme activity was determined by monitoring the change in absorbance at 340 nm in a spectrometer. 0.1 ml both substrates (GSH and CDNB) were taken in 0.1 M phosphate buffer pH 6.5 at room temperature to make a volume of 2.9 ml. The reaction was started by adding 0.1 ml of sample to this mixture and the readings were recorded against distilled water blank for a minimum for 3 min. The complete assay mixture without the sample served as the control to monitor non-specific binding of substrates. Care was taken to ensure that final concentration of ethanol in mixture was always less than 4%. 

Calculation


The concentration of Glutathion-s-transferase was calculated and expressed as (g/g of protein in the methanolic leaf extracts. 
3.3.4.5   Estimation of Glutathione peroxidase (Ellman, 1959)

Principle

Glutathion peroxidase catalyses the following reactions :


2GSH + H2O2  [image: image17.png]


 GSSG + 2H2O


Glutathione was measured by its reaction with DTNB to give compound that absorbs at 412 nm.

Reagents

1. 0.4 M Phosphate buffer (pH 7.0)

2. 10 mM Sodium azide

3. 2.5 mM Hydrogen peroxide

4. 4 mM Reduced glutathione

5. 10% TCA

6. 0.3 M Phosphate solution

7. 4 mM EDTA

8. Ellman’s reagent

Procedure

Enzyme extract


To 0.4 ml of buffer 0.2 ml of EDTA 0.4 ml of sodium azide and 0.2 ml of reduced glutathione, 0.1 ml of H2O2 were added to two test tubes and labeled as test (T) and control (C).

Assay

To the three test tube (T) 0.2 ml of each leaf sample were added and to the control (C‑tube), 0.2 ml of water was added. The contents were mixed well and incubated at 37(C or 10 min. The reaction was arrested with the addition of 0.5 ml of 10% TCA. To determine the glutathione content, 1.0 ml of supernatant was removed by centrifugation. To that 3.0 ml of buffer and 0.5 ml of Ellman’s reagent were added and the colour developed was read at 412 nm. The activity was expressed in term of ‘g’ glutathione consumed ‘mg’ enzyme protein.

3.3.5
Non-enzymatic activity
3.3.5.1   Estimation of Ascorbic acid (Roe and Keuther, 1953)

Principle


Ascorbate is converted to dehydroascorbate by treatment with activated charcoal or bromine. Dehydroascorbic acid then reacts with 2, 4‑dinitrophenylhydrazine to form osazones, which dissolve in sulphuric acid to give an orange coloured solution whose absorbance can be measured spectrophotometrically at 540 nm.

Reagents

1. 4% Trichloro acetic acid

2. 9 N Sulphuric acid

3. 2% 2, 4-dinitrophenylhydrzine reagent (DNPH)

4. 10% Thiourea

5. 85% Sulphuric acid

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

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

Procedure

Leaf assay


Ground 1 g of the each leaf samples and homogenized in 4% TCA. Made upto 10 ml and centrifuged at 200 rpm for 10 min. The supernatant obtained was treated with a pinch of activated charcoal, shaken well and kept for 10 min. Centrifuged once again to remove the charcoal residue. Noted the volume of clear supernatant obtained. 


0.5 and 1 ml aliquots of this supernatant were taken for the assay. The assay volume was made upto 2.0 ml with 4% TCA. 0.2 to 1.0 ml of working standard solution containing 20 – 100 (g of respectively was pipette out into clean dry tubes and the volume was made upto 2.0 ml with 4% TCA.


Added 0.5 ml of DNPH reagent to all the tubes followed by 2 drops of 10 per cent thiourea solution. Incubated at 37(C for 3 hours. The osazones formed was 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.

Calculation


The concentration of ascorbic acid in the leaf samples were calculated  using the standard graph and expressed as (g of ascorbic acid equivalents / g of the leaf sample. 

3.3.5.2
Estimation of (-Tocopherol (Emmerie method 1938 as described by Rosenberg, 1992)

Principle


(-Tocopherol can be estimated using Emmerie-Engel reaction which is based on the reducti of ferric to ferrous irons by tocopherol, which then forms a red colour with 2, 2-dipyridyl. Tocopherol and carotenes are fist extracted with xylene and the extinction is read at 460 nm to measure carotenes. Correlation is made for the carotenes after adding ferric chloride and reading at 520 nm.

Reagents

1. Absolute alcohol

2. Xylene

3. 2, 2(-dipyridyl

4. Ferric chloride solution : 1.2 g of FeCl3.6H2O in one litre thanol. Stored in a brown bottole.

5. Standard solution of tocopherol : 100 mg / 100 ml of tocopherol in absolute alcohol. 91 mg of (-tocopherol equivalent to 100 mg of tocopherol acetate.

Extraction of leaf tissue


Each leaf sample were homogenized in a blender. Weighed accurately 2.5 g of the homogenized leaf tissue into a conical flask. Added 50 ml of 0.1 N sulphuric acid slowly without shaking. Stopped and allowed to stand overnight. The next day contents of the flask were shaken vigorously and filtered through Whatman No. 1 filter paper discarding the initial 10-15 ml of filtrate. Aliquots of the filtrate were used for the estimation.

Procedure

Leaf assay


Into three stoppered centrifuged tubes (three leaf samples, standard and blank) pipette out 1.5 ml of each leaf extract. 1.5 ml of standard and 1.5 ml of water respectively. To the three leaf samples and blank added 1.5 ml of ethanol and to the standard, added 1.5 ml of water. Added 1.5 ml of xylene to all the test tubes stoppered, mixed well and centrifuged.


Transferred 1.0 ml of xylene layer into another stoppered tube, taking care not to include any ethanol or protein. Pipette out 1.5 ml of the mixture into the spectrophotometer cuvette and read extinction of the test and standard against the blank at 460 nm. The in turn, beginning with the blank, added 0.33 ml of ferric chloride solution. Mixed well and after exactly 15 minutes read test and standard against the blank at 520 nm. 

Calculation

The amount of vitamin E can be calculated using the formula, 

Amount of (-tocopherol ((g)  =  
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3.3.5.3   Estimation of Total Polyphenol (Malick and Singh, 1980)


Phenols, an aromatic compounds with hydroxyl groups are widespread in plant kingdom. They occur in all parts of the plants. Phenols are said to offer resistance to diseases and pests in plants. Grains containing high amount of polyphenols are resistance to bird attack. Phenols include an array of compounds like tannins, flavonols, etc., total phenol estimation can be carried out with Folin-Ciocalteaue reagent.

Principle


Phenols react with phosphomolybdic acid in Folin-Ciocalteaue reagent in alkaline medium and produce blue coloured complex (Molybdenum blue).

Reagents

1. 80% Ethanol

2. Folin-Ciocalteaue reagent 

3. 20% Sodium carbonate

4. Stock standard solution  :  Dissolved 100 mg catechol in 100 ml of distilled water in a standard flask.

5. Working standard solution  :  Diluted 10 ml of the stock solution to 100 ml with distilled water 1.0 ml of this solution contains 100 (g of catechol.

Procedure

Leaf assay


About 0.5 g of each leaf sample were weighed and ground it with a mortar and pestle in 10 times volume of 80% ethanol. Centrifuged the homogenate at 10,000 rpm for 20 min. Saved the supernatant. The residue was re-extracted with five times the volume of 80% ethanol. Dissolved the residue in a known volume of distilled water.


Pipetted out different aliquots (0.2 – 2.0 ml) into test tubes. Make up the volume in each tube to 0.3 ml with water. Added 0.5 ml of Folin‑Ciocalteaue reagent. After 3 min, added 2.0 ml of 20% sodium carbonate solution to each tube. Mixed thoroughly placed the tubes in a boiling water bath for exactly 1 min, cooled and measured the absorbance at 650 nm against a reagent blank. 

Calculation


Concentration was calculated using catechol as standard and expressed as (g of catechol equivalents / g of leaf sample. 

3.3.6
Estimation of antioxidant activity of the three methanolic leaf extracts using in vitro DPPH assay

DPPH radical scavenging assay


The free radical scavenging activity of the three methanolic leaf extracts against in vitro 1, 1-diphenyl-2-picryl-hydrazyl (DPPH) assay was evaluated spectrophotometriclaly by Mensor et al. (2001).

Principle


Leaf extracts derived antioxidants react with DPPH assay and convert it to diphenylpicrylhydrozine. The degree of discolouration from purple to yellow colour was measured at 517 nm. This reveals the measure of scavenging potential of extracts. 

Reagents


1, 1 – Diphenl – 2 – picryl hydrazyl (DPPH)

Methanol.

Procedure


About 3 ml of graded concentration (20 – 100 (g / ml) of each methanolic leaf extract and standard were taken in different test tubes, then 1 ml of 0.1 mM DPPH methanolic solution was added to these test tubes and shaken vigorously. After 30 min. incubation of samples at 25(C in the dark, the absorbance was measured at 517 nm. Ascorbic acid (vitamin C) was used as reference and prepared using methanol solvent instead of extract. The change in absorbance of each leaf samples with standard were determined and the percentage of inhibition activity was calculated by the following equation.


Percentage of inhibition (RSA)   =   
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where,  RSA is the percentage of free radical scavenging activity


  Abs (control) is the absorbance of DPPH radical with methanol.


  Abs (sample) is the absorbance of DPPH radical with sample extract  
                         or standard (ascorbic acid)

3.3.6.1   Estimation of IC50 value of the methanolic leaf extracts


IC50 (concentration providing 50% inhibition) of each methanolic leaf extract and standard (ascorbic acid) was determined using regression curves in the linear range of concentration 

where, IC50 expressed as (g / ml. 
4.  RESULTS AND DISCUSSION


Many compounds are commonly formed in both edible and inedible parts of plants and are known to possess antioxidant activity. The dietary phytochemicals have been recognized largely as beneficial antioxidant that can scavenge harmful active oxygen species (Sakihama et al., 2002). 

4.1
PHARMACOGNOSTIC STUDY OF THE LEAVES OF THREE MEDICINAL PLANTS


The pharmacognostic characters of the leaf powder have been studied in the three medicinal plants viz., C. asiatica, B. monniera and S. acuta by screening the following parameters. 

4.1.1
Organoleptic study


The investigation of organoleptic study of the three different leaf powders indicated the characters like colour, odour and taste. The colour of the three leaf powders and the taste were observed and results are shown in Table. 2. 

Table. 2  :
Organoleptic study of the leaf powders of C. asiatica, B. monniera and S. acuta
	S.No.
	Name of the plant
	Colour
	Odour
	Taste

	1.

2.

3.
	C. asiatica

B. monniera

S. acuta
	Green

Light green

Yellowish green
	Pleasant

Pleasant

Pleasant
	Bitter

Bitter

Sour 


The colour varied from green to yellowish green. But the odour was pleasant in all the three leaf samples, whereas the powder taste was bitter in the leaf of C. asiatica and B. monniera and sour taste in S. acuta in Table. 2. 

4.1.2
Fluoroscence analysis


The powdered leaf of each plant sample were extracted in water, 10% NaOH, 50% H2SO4 and 1 N HCl. The fluorescence of these leaf extracts were observed under ordinary visible light and also under UV light (245 nm) and recorded in Table. 3.
Table. 3 :
Fluorescence analysis of the leaf powders of C. asiatica, B. monniera and S. acuta
	S.No.
	Leaf powder
	Treatment with chemical reagents
	Under ordinary light
	Under UV light (365 nm)

	1.
	C. asiatica

B. monneira

S. acuta
	Powder with water
	Dark yellow

Light yellow

Blackish green
	Light yellow

Pale yellow

Light yellow

	2.
	C. asiatica

B. monneira

S. acuta
	Powder with NaOH
	Yellowish brown

Dark yellow

Pale yellow
	Light brown

Pale yellow

Light yellow

	3.
	C. asiatica

B. monneira

S. acuta
	Powder with H2SO4
	Light brown

Dark brown

Reddish brown
	Brown

Light brown

Light brown

	4.
	C. asiatica

B. monneira

S. acuta
	Powder with HCl
	Dark green

Light green

Green
	Light green

Pale green

Light green



The results of colour variation observed in the present study were in contrast with the leaves of Cleome gynandra subjected to fluorescence analysis (Anbazhagi et al., 2009). The three medicinal plants C. asiatica, B. monniera and S. acuta showed varied range of colour variation in both ordinary and UV light (Sasikala et al., 1997). 

4.2
PRELIMINARY PHYTOCHEMICAL SCREENING OF LEAVES OF C. asiatica, B. monniera AND S. acuta

Pharmaceutical preparations derived from natural sources such as vegetables often contain compounds that contribute to the antioxidant defence systems and apparently play a role in the protection against degenerative diseases (Suriyavathana et al., 2010 and Mathur et al., 2010). The leaf extracts of C. asiatica, B. monniera and S. acuta were dissolved in their respective solvents viz., petroleum ether, methanol and water and subjected to test the presence or absence of secondary phytochemicals (Pratima and Sundar, 2010).


The results indicated that the methanolic derived leaf extracts showed maximum extraction compared to petroleum ether and water. Hence, the further analysis were carried out using the methanolic leaf extracts in Table. 4.
Table. 4  :
Preliminary phytochemical analysis of leaf extracts of C. asiatica, B. monniera and S. acuta

	Plant name
	Extract used
	Alkaloids
	Flavonoids
	Tannin
	Phenol
	Steroids
	Terpenoids
	Quinone
	Starch
	Cellulose
	Fixed oil 

	C. asiatica
	Petroleum ether
	(
	(
	(
	+
	+
	(
	(
	(
	(
	+

	
	Methanol
	+
	+
	+
	+
	+
	+
	+
	+
	(
	(

	
	Aqueous
	+
	(
	+
	+
	(
	+
	(
	(
	+
	+

	B. monniera
	Petroleum ether
	+
	+
	(
	+
	(
	+
	(
	+
	+
	(

	
	Methanol
	+
	+
	+
	+
	+
	+
	+
	(
	+
	+

	
	Aqueous
	+
	+
	+
	+
	(
	(
	+
	+
	+
	(

	S. acuta
	Petroleum ether
	(
	+
	(
	(
	+
	(
	(
	(
	+
	+

	
	Methanol
	+
	+
	+
	+
	+
	+
	+
	(
	+
	+

	
	Aqueous
	(
	+
	(
	+
	+
	+
	(
	+
	(
	+



Among the methanolic leaf extracts of three plant samples, C. asiatica showed positive results for all the important phytochemicals except cellulose and fixed oil, whereas B. monniera showed negative result for starch. In contrast, fixed oil and other phytochemicals showed positive result in S. acuta except starch (Shah et al., 2010 ; Chakraborthy, 2010 ; Pratima and Sundar, 2010 ; Mathur et al., 2010 and Anbazhagi et al., 2009).

4.3
BIOCHEMICAL ANALYSIS OF THE LEAVES OF C. asiatica, B. monniera AND S. acuta
4.3.1
Estimation of Protein


The protein content of the three medicinal plants were revealed in Table. 5 and Graph. 1. 

Table. 5 :
Estimation of protein, carbohydrates and free amino acid content of C. asiatica, B. monniera and S. acuta
	S.No.
	Plant name
	Protein  (mg/100 g)
	Carbohydrates (mg/100 g)
	Free amino acid (mg/100 g)

	1.

2.

3.
	C. asiatica

B. monniera

S. acuta
	3.00 + 1.83

4.72 + 1.35

5.52 + 2.18
	16.34 + 2.00

13.61 + 2.31

15.33 + 1.99
	1.56 + 2.20

1.74 + 1.89

1.95 + 3.19

	SEd
	0.71
	1.72
	2.08

	CD (0.05)
	1.75
	4.21
	4.98


Values are expressed by Mean + SD of three replicates.
The highest protein content was estimated in S. acuta (5.52 + 2.18 mg/100 g of leaf sample) followed by B. monniera (4.72 + 1.35 mg/100 g of leaf sample) and C. asiatica (3.00 + 1.83 mg/100 g of leaf sample). Udayakumar et al. (2003) screened the protein content of the plant Solanum xanthocarpum through Million’s reagent and estimated the protein content (3.9 mg/100 g).

4.3.2
Estimation of Carbohydrates


The results of total carbohydrates content of leaves of C. asiatica, B. monniera and S. acuta were ranged from 16.34 + 2.00 mg/100 g of leaf sample to 13.61 + 2.31 mg/100 g of leaf sample. The highest carbohydrate content was estimated in C. asiatica (16.34 + 2.00 mg/100 g of leaf sample) and  lowest  value  by  B. monniera (13.61 + 2.31 mg/100 g of leaf sample) and moderate  value  by  S. acuta  (15.33 + 1.99 mg/100 g of leaf sample) (Table. 5 and Graph. 1). Naseerbanu et al. (2003) estimated carbohydrate content in Amaranthus viridis showed higher carbohydrate content (35.62 mg/100 g).

4.3.3
Estimation of Free aminoacid


The estimation of aminoacid comparatively showed higher content in S. acuta (1.95 mg/100 g of leaf sample) and lower content in C. asiatica (1.56 mg/100 g of leaf sample). B. monniera showed moderate value of amino acid content (1.74 mg/100 g of leaf sample) (Table. 5 and Graph. 1). Gupta (1999) reported the free aminoacid content decreased with increase in storage period of soyabean seeds. The results of quantitative estimation of primary metabolites showed higher amount of carbohydrates compared to protein and amino acid (Table. 5 and Graph. 1).

4.3.4
Estimation of Total Chlorophyll content


Chlorophyll ‘a’ and chlorophyll ‘b’ was calculated for the estimation of chlorophyll content. 

Table. 6  :
Estimation of chlorophyll a, b and total chlorophyll content of C. asiatica, B. monniera and S. acuta
	S.No.
	Plant name
	Chlorophyll a (mg/100 g)
	Chlorophyll b (mg/100 g)
	Total chlorophyll (mg/100 g)

	1.

2.

3.
	C. asiatica

B. monniera

S. acuta
	15.93 + 1.23

21.45 + 1.82

13.78 + 1.63
	34.25 + 2.30

29.52 + 2.08

32.08 + 1.34
	35.58 + 2.14

29.41 + 0.84

31.89 + 2.14

	SEd
	1.29
	1.59
	1.48

	CD (0.05)
	3.16
	3.90
	3.63


Values are expressed by Mean + SD of three replicates.
The results showed that C. asiatica and B. monniera were at par with the highest values for chlorophyll ‘a’ (15.93 + 1.23 mg/100 g of leaf sample and 21.45 + 1.82 mg/100 g of leaf sample) and chlorophyll ‘b’ (34.25 + 2.30 mg/100 g of leaf sample and 29.52 + 2.08 mg/100 g of leaf sample). The total chlorophyll content of C. asiatica (35.58 + 2.14 mg/100 g of leaf sample) and B. monniera (29.41 + 0.84 mg/100 g of leaf sample) showed significantly higher value compared to S. acuta.
The estimated value of chlorophyll ‘a’ (13.78 + 1.63 mg/100 g leaf sample) and chlorophyll ‘b’ (32.08 + 1.34 mg/100 g of leaf sample) of S. acuta is lower when compared to leaf samples of C. asiatica and B. monniera. Thus S. acuta showed not significant value with respect to total chlorophyll content (31.89 + 2.14 mg/100 g of leaf sample) (Table. 6 and Graph. 2).

Graph. 1 :
Estimation of protein, carbohydrates and free aminoacid content of C. asiatica, B. monneira and S. acuta
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Graph.  2  :
Estimation of chlorophyll ‘a’, chlorophyll ‘b’ and total chlorophyll content of C. asiatica, B. monneira and S. acuta
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4.4
ANTIOXIDANT POTENTIAL OF THE METHANOLIC LEAF EXTRACTS OF C. asiatica, B. monniera AND S. acuta

The complex antioxidant system are very important for protecting cellular membranes and organells from the damaging effects of free active oxygen species. The levels of enzymatic and non-enzymatic antioxidants assessed to represent the basic antioxidant potential of the methanolic the leaf extracts of C. asiatica, B. monniera and S. acuta.

4.4.1
Enzymatic antioxidants


Antioxidants are naturally occurring nutrients or enzymes that help to maintain health. They are found in certain foods that neutralize free radicals. They include vitamin C, E, A and the minerals, copper, zinc and selenium. Perhaps the other bioactive compounds such as phytochemicals in plants is believed to have greater antioxidant effects than vitamins and minerals (Padmaja et al., 2010) and the results for the enzymatic antioxidants are represented in Table. 7 and Graph. 3.

Table. 7  :
Estimation of enzymatic antioxidant levels of the methanolic leaf extracts of C. asiatica, B. monniera and S. acuta
	S.No.
	Plant name
	Enzymatic Antioxidant

	
	
	Catalase ((g/g)
	Peroxidase ((g/g)
	Glutathione-s-transferase ((g/g)
	Glutathione peroxidase ((g/g)
	Polyphenol oxidase ((g/g)

	1.

2.

3.
	C. asiatica

B. monniera

S. acuta
	18.08 + 1.2

21.57 + 1.77

39.42 + 2.01
	17.34 + 1.97

13.77 + 1.49

21.55 + 1.92
	90.70 + 1.73

122.89 + 1.86

145.54 + 1.81
	35.67 + 2.37

23.88 + 1.78

25.24 + 1.98
	34.87 + 0.03

55.28 + 0.06

97.02 + 0.02

	SEd
	1.38
	1.47
	1.48
	1.67
	1.95

	CD (0.05)
	3.39
	3.61
	3.70
	4.10
	2.23


Values are expressed by Mean + SD of three replicates.

The catalase activity in the methanolic leaf extracts ranged widely from 39.42 + 2.01 (g/g of protein to 18.08 + 1.2 (g/g protein. The maximum catalase activity was exhibited by the leaf extracts of S. acuta (39.42 + 2.01 (g/g protein) and the lowest value was observed in the leaf extract of C. asiatica (18.08 + 1.2 (g/g protein) whereas the moderate catalase activity was found to be 21.57 + 1.77 (g/g protein contributed by the leaf extract of B. monniera (Table. 7 and Graph. 3).

The results detected in two Indian medicinal plants revealed that the catalase activity in A. vasica showed highest activity with respect to hydrogen peroxide decomposed which was equally proved in the present study (Padmaja et al., 2011). Similarly, Mansor and Mahmood (2009) tested 13 accessions of aqueous extracts of Ficus deltoidea for both enzymatic and non-enzymatic activity. He suggested that the extracts of the female leaves are better than male leaves in most of the assays. 

In addition, Premkumar and Suriyavanthana (2010) also supported that the catalase activity of the plant extracts has antioxidant potential which is clearly depicted in the present study (Nayyar and Gupta, 2006).


The level of peroxidase activity is moderate in the leaf extract of C. asiatica (17.34 + 1.97 (g/g protein) and S. acuta showed the highest value 21.55 + 1.92 (g/g protein for the peroxidase activity whereas the lowest level of peroxidase activity is observed in B. monniera (13.77 + 1.49 (g/g protein). (Table. 7 and Graph. 3).


From the results obtained, it is found that ROS detoxification agents in cells includes antioxidative enzymes such as ascorbate oxidase, peroxidase, catalase, ascrobate oxidase, peroxidase were important enzymatic antioxidants. They scavenge hydrogen peroxide as co-substrate where peroxidases are home containing enzymes capable of oxidizing organic and inorganic compounds (Murata et al., 2008 and Lee et al., 2007).


The activity of glutathione-s-transferase and glutathione peroxidase in the leaf extracts of C. asiatica, B. monniera and S. acuta were represented in Table. 7 and Graph. 3.


The results indicated that the activity of glutathione-s-transferase is found to be maximum in S. acuta (145 + 1.81 (g/g protein) compared to leaf extracts of B. monniera (122.89 + 1.89 (g/g protein) and C. asiatica (90.70 + 1.73 (g/g protein).

The leaf extracts of B. monniera exhibited decreased level of glutathione peroxidase activity (23.88 + 1.78 (g/g protein) when compared to the leaf extracts of C. asiatica and S. acuta. The leaf extract of C. asiatica showed lowest level of Glutathione-s-transferase activity (90.70 + 1.73 (g/g protein) but has maximum level of Glutathione peroxidase activity (35.61 + 2.31 (g/g protein) when compared to the leaf extracts of B. monniera and S. acuta (Table. 7 and Graph. 3).


According to Mathew and Abraham (2006), the results obtained with respect glutathione-s-transferase activity have direct effect on the potential of methanolic leaf extracts to exhibit antioxidant activity. Similar results were obtained by Premkumar and Suriyavathan (2010) and Suriyavathana et al. (2010). They evaluated the antioxidant potential of Andrographis and Boerhaavia sp. and confirmed that the ethanolic extracts of both the plants showed significant levels of enzymatic and non-enzymatic antioxidants. 


Ali et al. (2005) have reported that the increase level of enzymatic antioxidants glutathione peroxidase and glutathione-s-transferase in root and leaf segments of Phalaenopsis led to the breakdown of oxidants such as H2O2, organic hydroperoxides and lipid hydroproxide resulting in greater protection against oxidative damage.


The activity of polyphenol oxidase found to be maximum in S. acuta (97.02 + 0.02 (g/g protein) and lowest value was estimated in 34.87 + 0.03 (g/g of protein and the moderate value was estimated in 55.28 + 0.06 (g/g of protein (Table. 7 and Graph. 3).

4.4.2
Non enzymatic antioxidants


Non enzymatic antioxidant activity of leaf extracts of C. asiatica, B. monniera and S. acuta is presented in Table. 8 and Graph. 4.

Table. 8 :
Estimation of non enzymatic antioxidant levels of the methanolic leaf extracts of C. asiatica, B. monniera and S. acuta
	S.No.
	Plant name
	Non Enzymatic Antioxidant 

	
	
	Ascorbic acida 
	(-tocopherolb 
	Total polyphenolc

	1.

2.

3.
	C. asiatica

B. monniera

S. acuta
	33.2 + 0.11

76.4 + 0.69

142.3 + 0.61
	63.41 + 2.15

64.31 + 1.52

69.63 + 0.94
	62.3 + 1.15

73.3 + 1.20

83.3 + 0.96

	SEd
	0.03
	1.32
	0.14

	CD (0.05)
	0.08
	3.23
	0.34


Values are expressed by Mean + SD of three replicates.
a – expressed as (g of ascorbic acid / g of sample

b – expressed as (g of tocopherol / g of sample
c – expressed as (g of catechol / g of sample

It is evident that the significantly highest value of ascorbic acid (142.3 + 0.61 (g/g) and (-tocopherol (69.63 + 0.95 (g/g) and total polyphenol (83.3 + 0.96 (g/g) were observed in the leaf extract of S. acuta. Leaf extract of C. asiatica was found to exhibit the lowest ranges of various non enzymatic antioxidant activity viz., ascorbic acid (33.2 + 0.11 (g/g) and (‑tocopherol (63.41 + 2.15 (g/g) and total polyphenol (62.3 + 1.15 (g/g). The level of ascorbic acid, (‑tocopherol and polyphenol were found to be moderate in B. monniera (Table. 8 and Graph. 4).

Maisuthiakul et al. (2008) revealed that plants with high antioxidant activities also have high total phenolic and flavonoids content. These are in agreement with our study that the leaf extracts which have high antioxidant activities possess compounds such as polyphenol, flavonoids and ascorbic acid (Klimezak et al., 2007 ;  Makris et al., 2007 ; Hernandaz et al., 2006 and Gil et al., 2002). 

Graph. 3 :
Comparison of enzymatic antioxidants level in the three methanolic leaf extracts 
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Graph. 4 :
Comparative study of non-enzymatic antioxidants level of the methanolic leaf extracts
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Similarly, Krishnaiah et al. (2009) supports the present study and validates the importance of non enzymatic antioxidants like reduced glutathione, ascorbic acid (vitamin C) and (‑tocopherol (vitamin E) to be a good source of antioxidant potential (Suryavathana et al., 2010). 
4.5
In vitro ANTIOXIDANT ACTIVITY OF THE METHANOLIC LEAF EXTRACTS USING DPPH ASSAY

The antioxidant activity of the three methanolic leaf extracts were evaluated according to their ability for scavenging free radicals using DPPH assay and their results were depicted in Table. 9 and Graph. 5.

Table. 9 :
Estimation of antioxidant activity of the methanolic leaf extracts using in vitro DPPH assay
	S.No.
	Control / Plant name 
	Graded concentrations of the leaf samples ((g/ml)

	
	
	20
	40
	60
	80
	100

	1.

2.

3.

4.
	C. asiatica

B. monniera

S. acuta
Standard (Ascorbic acid)
	12.23 + 1.98

15.33 + 2.57

27.55 + 3.76

17.10 + 4.56
	32.54 + 1.95

43.71 + 3.21

46.65 + 3.16

45.20 + 2.40
	43.94 + 1.49

56.15 + 1.48

67.75 + 2.15

69.25 + 3.11
	61.79 + 1.64

65.87 + 1.34

74.56 + 1.60

73.20 + 1.99
	81.01 + 2.28

87.43 + 3.69

95.29 + 2.83

92.29 + 2.40

	SEd
	0.24
	0.26
	1.77
	1.35
	2.33

	CD (0.05)
	0.55
	0.60
	4.08
	3.13
	5.38


Values are expressed by Mean + SD of three replicates.
Among the three extracts of C. asiatica, B. monniera and S. acuta and standard tested for the in vitro antioxidants potential, the crude methanolic extracts of S. acuta (95.29 + 2.83%) showed strongest DPPH scavenging activity at 100 (g/ml compared to B. monniera (87.43 + 3.69%) and C. asiatica (81.01 + 2.28%) when compared with standard (92.29 + 2.40%). A dose-dependent relationship was found in the DPPH scavenging activity. The activity increased with an increase in the dose of each methanolic leaf extracts. At graded concentrations of (20 to 100 (g/ml), S. acuta had free radical scavenging activity from 27.55 + 3.76% to 92.29 + 2.83%. Bacopa monniera and Centella asiatica had the lowest percentage of activity compared to the standard. The percentage of inhibition by the standard (ascorbic acid) (92.29 + 2.83%) was found to be higher compared to methanolic extracts of Bacopa monniera and Centella asiatica.

Similarly, certain works supported the present study and they used DPPH system to access the scavenging activity and also methanolic extracts due to their polarity exerting increase activity (Umamaheswari et al., 2000). In addition, DPPH assay is one of the most widely used methods for screening antioxidant activity of plant extracts (Lee et al., 2004 ; Mensor et al., 2001; Yildrim et al. 2001and Huang and Kuo, 2000).

Mathew and Abraham (2006) stated that the increasing level of enzymatic and non enzymatic antioxidants were directly correlated with the antioxidant activity. 

Dasgupta and De (2004) studied the antioxidant capacity of the three varieties of Piper betle leaves and reported that Kauri variety of Piper betle is highly significant when compared to tea samples. There are some supporting findings of Jayaprakash et al. (2002) that the reduction in the number of DPPH molecules can be correlated with the number of available hydroxyl groups when the fractions showed significantly higher inhibition percentage then they have stronger hydrogen donating ability and positively correlated with enzymatic and non enzymatic antioxidants (Venkateswaran and Pari, 2003).

4.6
COMPARISON OF IC50 VALUES AND ANTIOXIDANT ACTIVITY OF THE METHANOLIC LEAF EXTRACTS
IC50​ values (concentration of sample required to scavenge 50% free radical or to prevent lipid peroxidation by 50%) were calculated from the regression equations. IC50 values is inversely proportional to the antioxidant activity. Higher the IC50 values lower the ability of the methanolic extracts to scavenge hydroxyl radicals (Dasgupta and De, 2005). The results showed that the comparative data of DPPH activity, as determined by the IC50 of the three methanolic extracts of C. asiatica, B. monniera and S. acuta is compiled in Table. 10 and Graph. 6. Among the leaf extracts, Sida acuta showed highest activity with low IC50 value (13.85 (g/ml). Lowest antioxidant activity was observed in C. asiatica with high IC50​ value (19.20 (g/ml). The highest antioxidant activity of the methanolic leaf extract of S. acuta depends upon the scavenging of free radical as reactive oxygen species are more reactive and induces severe damages to adjacent biomolecules. 

Table.  10 :
Comparison of DPPH radical scavenging activity and IC50 values of C. asiatica, B. monniera and S. acuta
	S.No.
	Control / Plant extracts
	IC50 ((g/ml)

	1.

2.

3.

4.
	C. asiatica

B. monniera

S. acuta
Standard (Ascorbic acid)
	19.20

16.40

13.85

18.10


Recent studies found that highest flavonoid content and total polyphenols contributed significantly to the total antioxidant activity of many fruits and vegetables which is supporting the present study (Lu et al., 2002 and Serafini et al., 2002). 

It is evident from the study that DPPH scavenging is widely used to test the free radical scavenging activity of several natural products (Ahn et al., 2007). DPPH is a stable free radical and any molecule that can donate an electron or hydrogen atom to DPPH and can react with it which bleach the DPPH absorption at 517 nm (Huang et al., 2005). But there is a reverse correlation between IC50 value and DPPH scavenging activity. 

The degree of discolouration indicates the scavenging potentials of the antioxidant extract. This reaction has been widely used to test the ability of comparison to act as free radical scavenges or hydrogen donors and to evaluate the antioxidant activity of plant extracts and fluids (Socues et al., 1997). The radical scavenging activity of extracts could be related to the nature of phenolics, thus contributing to their elements transfer / hydrogen  donating  activity.  The  present  result indicates that the medicinal 

Graph. 5 :
Comparison of percentage of inhibition of the three methanolic leaf extracts using in vitro DPPH assay
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Graph. 6 :
Estimation of IC50 values of the three methanolic leaf extracts using DPPH scavenging activity
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plants (S. acuta) have significant effects of scavenging free radicals. The better DPPH scavenging activity may be related to the enzymatic and non‑enzmatic antioxidants present in the methanolic leaf extracts (Chan et al., 2000 and Frankel et al., 1998).
5.  SUMMARY AND CONCLUSION

In view of the large number of active principles produced by plants, we can only wonder at the incredibly vast reservoir, nature has to offer in which unlimited servers of medicinal ingredients are still largely untapped.


An effort was made to elucidate and evaluate the pharmacognostic, phytochemical, biochemical aspects, enzymatic and non enzymatic antioxidant activity and in vitro DPPH assay of the three different leaf samples viz., C. asiatica, B. monniera and S. acuta.

5.1
PHARMACOGNOSTIC STUDY

5.1.1
Organoleptic study


The results of organoleptic study offer a scientific basis for the traditional use of C. asiatica, B. monniera and S. acuta which posses characters like varied green and brown colour, pleasant odour, bitter and sour taste.

5.1.2
Fluorescence analysis


The fluorescence analysis under visible light showed colour changes such as dark green, yellow and brown colour. The observation under UV light also showed similar colour but of light shades. 

5.2
PHYTOCHEMICAL STUDIES


The presence of cellulose, phenols, tannins, flavonoids, quinone, steroids, starch, fixed oil, alkaloids, terpenoids were confirmed during phytochemical screening. Most of the phytochemical tests showed positive results with respect to methanolic leaf extracts of C. asiatica, B. monniera and S. acuta. But many of the phytochemicals were absent in petroleum ether and aqueous extracts of the three different leaf extracts. Therefore, the in vitro antioxidant assays were determined using methanolic extracts of the leaf samples.

5.3
BIOCHEMICAL STUDIES


Biochemical studies of the leaf powders of C. asiatica, B. monniera and S. acuta showed the presence of protein, carbohydrates, free amino acids and total chlorophyll content.


S. acuta showed high content of protein and free amino acid whereas C. asiatica showed high carbohydrate and chlorophyll content. B. monniera showed moderate value of protein and amino acid content and lowest value for carbohydrate and chlorophyll content. 

5.4
ENZYMATIC AND NON‑ENZYMATIC ANTIOXIDANT ACTIVITY


Among the antioxidant content tested in the methanolic leaf extracts of C. asiatica, B. monniera and S. acuta. The methanolic leaf extract of S. acuta showed highest enzymatic and non-enzymatic antioxidants followed by the methanolic extracts of B. monniera and C. asiatica.
5.5
In vitro DPPH ASSAY


The percentage of inhibition using in vitro DPPH assay were evaluated in the methanolic leaf extracts of C. asiatica, B. monniera and S. acuta. All the leaf extracts showed varying percentage of antioxidant activity with increasing concentration of the samples. Among the three leaf extracts, S. acuta showed the maximum inhibition percentage followed by B. monniera and Centella asiatica.

5.6
IC50 VALUE

The correlation of IC50​ value and DPPH scavenging activity are compared for the methanolic leaf extracts of the three samples. When the IC50 value is increased then the antioxidant activity is decreased. Therefore, Sida acuta showed the lowest IC50 vlaue with increasing antioxidant activity compared to antioxidant activity of B. monniera and Centella asiatica. 


In view of the present study

· The present tudy have provided some basic view on pharmacognostic, preliminary phytochemical and biochemical studies of the leaves of three medicinal plants. They showed a rich array of potential active compounds required for antioxidant potential. 

· Antioxidant profile and nutritional store indulged in Centella, Bacopa and Sida will aid in the interpretation of clinical research in biological models can be recommended for chronic diseases.

· Further studies to evaluate the in vitro potential of the fractions in various animal models and identifying the key principles in the leaves of three medicinal plants can also be done. 
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