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1. INTRODUCTION

Nature has been a source of medicinal agents for thousands of years and an impressive number of modern drugs have been isolated from natural sources, many based on their uses in traditional medicine.  Various medicinal plants have been used for years in day-to-day life and to treat diseases all over the world. The widespread use of herbal remedies and healthcare preparations, such as those described in ancient texts like the Vedas and the Bible has been traced to the occurrence of natural products with medicinal properties. In fact, plants produce a diverse array of bioactive molecules, making them a rich source of diverse types of medicines. Thus, natural products, with pharmacological or biological activities, still play a very important role in medicine. In particular, they are important in the treatment of life-threatening conditions (Onocha et al., 2011).

The recent attention towards the exploration of natural products for their medicinal uses is a result of increased resistance to synthetic drugs as well as the alarming effect of various new diseases and ailments.  Medicinal plants are of great importance to the health of individuals and communities. The medicinal values of these plants lie in some chemical substances that provide or produce a definite physiological action on the human body. In recent times, free-radicals are recognized in the pathogenesis of a growing number of diseases (Oloyede et al., 2011). 

Medicinal plants are the local heritage with global importance. The world is endowed with a rich wealth of medicinal plants. These plants have made a good contribution to the development of ancient materia medica. The plants that possess therapeutic properties or exert beneficial pharmacological effects on the animal body are genetically designated as “Medicinal Plants”. The green leafy part of the plant is often used, but herbal medicine makes use of the roots, flowers, seed, root bark, inner bark (cambium), berries and sometimes the pericarp or other portions. These medicines are safer and environment friendly (Suriyavathana et al., 2010).

Medicinal plants continue to be a major source of drugs and natural products on the basis of their therapeutics in virtually all cultures. The plants possess potent bioactive compounds capable of preventing and treating most oxidative stress related diseases and have often been used in folkloric medicine. In developing countries, the use of medicinal plants for the treatment of infectious disease is rife and the reasons include the high cost of effective drugs. However potential indigenous plants exploited for medicinal purposes have to undergo basic phytochemical screening and bioassay as the first step towards the ultimate development of drugs (Anyasor et al., 2010).                     

Plant derived natural products such as flavonoids, terpenes and steroids have received considerable attention in recent years due to their diverse pharmacological properties including antioxidant and antitumour activity. Antioxidants play an important role in inhibiting/scavenging radicals, thus providing protection to humans against infection and degeneration. Antioxidants are compounds that help to inhibit many oxidants caused by free radicals such as singlet oxygen, superoxide, peroxyl radicals, hydroxy radicals and peroxy nitrate, thereby preventing or delaying damage to the cells and tissues (Karthikumar et al., 2007).  Plants normally increase several components of the antioxidant system in response to naturally occurring stresses such as stress at high altitude, chilling, draught and nutrient deficiencies (Korkina, 2007).

Excess of free radicals that naturally occur in mammalian body through oxidative process is known to be involved in many human diseases such as Alzheimer’s, aging process, cataracts, acute liver toxicity, cardiovascular disease, arteriosclerosis, nephritis, diabetes mellitus and DNA damage that can lead to carcinogenesis (Tibiri et al., 2010).

Phytochemical is a natural bioactive compound found in plants such as vegetables, fruits, medicinal plants, flowers, leaves and root that work with the defense system against diseases, or more accurately, to protect against diseases (Suriyavathana et al., 2010). The antioxidants of plant origin with free radical scavenging properties could have great importance as therapeutic agents in several diseases caused due to oxidative stress. The plant extracts and phytoconstituents are found to be effective as radical scavengers and inhibitors of lipid peroxidation. Many synthetic antioxidant compounds have shown toxic and/or mutagenic effect, which have stimulated the interest of many investigators to search for natural antioxidants (Sen et al., 2010).

The use of phytoconstituents as drug therapy to scavenge free radicals and to treat disorders caused due to oxidative stress has proved to be clinically effective and relatively less toxic than the existing drugs. Therefore, it is the demand of time to use drugs from plant sources or phytoconstituents to prevent and/or treat oxidative stress-related disorders and diseases (Sen et al., 2010).

Majorana hortensis Moench., commonly known as ‘sweet majoram’, is a perennial aromatic herb of family Lamiaceae. It is native to Cyprus and eastern Mediterranean countries.  The aerial parts of the plant are used in flavour, perfumery and pharmaceutical industry. The plant is also reported to possess anticancer, antioxidant and antifungal properties. The essential oil composition of majoram has been investigated by a number of workers from different countries (Verma, 2010).

The present study was an attempt to analyze the phytochemical constituents in the leaves of Majorana hortensis.

The objectives of the study were:

1. To screen the Majorana hortensis leaves qualitatively for the presence of various phytochemicals

2. To extract the phytochemical constituents from Majorana hortensis leaves

3. To analyze the phytochemicals in the leaves using separation techniques (TLC and HPTLC) and spectral analysis (absorption spectrum)

4. To check the antioxidant potential of the extracted constituents.

        The literature relevant to the present study was studied and a brief review of the same is presented in the next chapter.

2. REVIEW OF LITERATURE
A brief review of the literature relevant to the present study on “Analysis of the antioxidant phytochemicals in Majorana hortensis leaves” is discussed below.
Herbal drugs have been in use by different civilizations in different parts of the world for centuries to fight a large number of diseases. Many of these are in common use even today (Rajkumar and Sinha, 2010). Worldwide trend towards the utilization of natural plant remedies has created an enormous need for information about the properties and uses of medicinal plant as antitumour, anti-analgesic and insecticides (Mungole and Chaturvedi, 2011).
FREE RADICALS
Free radicals (like superoxide, hydroxyl radical and nitric oxide) and other reactive species (like hydrogen peroxide, hypochloric acid and peroxynitrite) produced during aerobic metabolism in the body, can cause oxidative damage to amino acids, lipids, proteins and DNA (Sini et al., 2010). Oxygen toxicity is associated with the capacity of the molecules to oxidize organic molecules and to produce free radical species according to the general reaction
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RH2  + O2          RH- + (1-electron transfer)
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RH2 + O2               R + H2O2  (2-electron transfer) (Muriel, 2009)

Reactive oxygen species (ROS), generated exogenously or endogenously, are associated with the pathogenesis of various diseases such as cardiovascular diseases, diabetes mellitus, Alzheimer’s disease, cancer and hypertension.  Oxidative stress may be an early event in the progression from normal aging to Alzheimer’s disease pathology (Gulgiliemotto et al., 2010). Oxidative stress is defined as an imbalance between the production of free radicals and their elimination by protective mechanisms referred to as the antioxidative systems (Vladimir-Knezevic et al., 2011).

An antioxidant is that substance, when present at lower concentration compared to those of an oxidizable substrate, significantly delays or prevents oxidation of that substrates (Moon et al., 2009). The antioxidant defenses include both enzymic and non-enzymic systems.  The primary antioxidant enzymes include superoxide dismuatase (SOD), catalase (CAT), glutathione peroxidase (GPx) and glutathione S-transferase (GST).  Non-enzymic antioxidants include vitamins such as vitamins C, E, and β-carotene; minerals such as selenium, copper and zinc; reduced glutathione and numerous phytochemicals, involving a broad spectrum of plant-based nutrients that work synergistically to combat free radical process (Perez-matute et al., 2009).

MEDICINAL PLANTS

World plant biodiversity is the largest source of herbal medicine. About 60% to 80% of the world populations rely on plant-based medicines, which are being used since the ages as part of the traditional healthcare systems.  It is now clear that the medicinal values of these plants lie in the bioactive phytochemical constituents that produce definite physiological effects on the human body. Though the traditional Indian systems of medicine have a long history of use, they lack adequate scientific documentation, particularly in light of modern scientific knowledge (Santhi et al., 2011).
Antioxidants from natural sources play a paramount role in helping endogenous antioxidants to neutralize oxidative stress (Sasikumar et al., 2009). The majority of herbal antioxidant active compounds are phenolics, flavonoids, flavones, isoflavones, anthocyanins, coumarins, lignans, catechins and isocatechins (Hussein et al., 2010).  Additionally, in vivo, an antioxidant might act by raising the levels of endogenous antioxidant defenses, for example, by upregulating the expression of the genes encoding superoxide dismutase, catalase or glutathione peroxidase (Bramhachari et al., 2011).

OXIDATIVE STRESS AND DISEASES

The most effective way to eliminate free radicals that cause oxidative stress is with the help of antioxidants (Souri et al., 2008).

Cancer

Cancer is an abnormal growth of cells in our bodies that can lead to death. The development of cancer in humans is a complex process including cellular and molecular changes mediated by diverse endogenous and exogenous stimulations.  Cancer initiation and promotion are associated with chromosomal effects and oncogene activation and induced by free radicals (Valko et al., 2007).

Neurodegenerative diseases

Neurodegenerative diseases comprise the conditions in which nerve cells from brain and spinal cord are lost, leading to either functional loss or sensory dysfunction. The pathological cause of neurodegenerative diseases like Parkinson’s disease, Alzheimer’s disease, multiple sclerosis and amyotrophic lateral sclerosis, is oxidative damage (Opii et al., 2008).
Cardiovascular disease
It is the leading disease of mortality and a primary contributor to the burden of disease worldwide. The importance of oxidative stress in the development of atherosclerosis is widely accepted (Fearon and Faux, 2009).
Diabetes
High level of free radicals and the decline of antioxidant defense mechanism lead to damage of cellular organelles and enzymes, increased lipid peroxidation and development of insulin resistance. The vascular and systemic complication in diabetes is associated with hyperglycemia. Induced over production of reactive oxygen and nitrogen species, lowered antioxidant defenses and alteration of enzymatic pathway in humans are associated with poorly controlled diabetes mellitus (Lee et al., 2010).

Cataract

The eye lens is constantly subjected to oxidative stress from radiation and other sources. With aging, the accumulation of oxidized lens components and decreased efficiency of repair mechanism, can contribute to the development of lens opacities or cataracts (Berthoud and Beyer, 2009).  
PHYTOCHEMICALS

“Phyto” is a greek word for plant. There are many families of phytochemicals and they help the human body in a variety of ways.  Phytochemicals may protect humans from various diseases. Phytochemicals are non-nutritive plant chemicals that have protective or disease-preventive effects (Santhi et al., 2011). Phytochemial screening is of paramount importance in identifying new sources of therapeutically and industrially valuable compounds having medicinal significance, to make the best and judicious use of available natural wealth (Mungole and Chaturvedi, 2011). Phytochemicals are bioactive compounds found in plants that work with nutrients and dietary fiber to protect against diseases. They are non-nutritive compounds (secondary metabolites) that contribute to flavour and colour (Agbafor and Nwachukwu , 2011).  
The World Health Organization described medicinal plant as a plant with one or more organs that contain substances that can be used for therapeutic purposes or which are precursors for the synthesis of several useful drugs (Egwaikhide et al., 2007). More than 5,000 phytochemicals have been identified in plants, but a large percentage remains to be identified.  The phytochemicals in plant food are believed to exert health beneficial effect (Sreeramulu et al., 2009).  Phytochemicals are the chemicals extracts from plants. These chemicals are classified as primary or secondary constituents, depending on their role in plant metabolism. Primary constituents include the common sugars, amino acids, proteins, purines and pyrimidines of nucleic acids, chlorophylls etc. Secondary constituents are the remaining plant chemicals, such as alkaloids (derived from amino acids), terpenes (a group of lipids) and phenolics (derived from carbohydrates (Thyagarajan, 2011).

ALKALOIDS

Alkaloid production is a characteristic feature of all plant organs. They are widely used in medicine for the development of drugs. They are usually colourless, but often optically active substances, bitter in taste. Pure isolated plant alkaloids and their synthetic derivatives are used as basic medicinal agents for analgesics, and bacterial infection. These are nearly 5,500 alkaloids known and they comprise the largest class of secondary plant substances that contains one of more nitrogen atoms (Okuru et al., 2006).  

ANTHOCYANINS

Anthocyanins are colourful members of the flavonoid group of phytochemicals valued as natural food colorants.  Anthocyanins show a wide range of biological activities like free radical scavenging, antioxidant capacity, estrogenic supplements, anti-inflammatory, anticancer and antilipid peroxidative agents (Mathur et al., 2010).

FLAVONOIDS

The biological functions of flavonoids include protection against allergies, inflammation, free radical scavenging, platelet aggregation, ulcers, hepatotoxins, viruses and tumors (Onocha et al., 2011). Among the effective ingredients, flavonoids are one of the most popular compounds; they possess a variety of biological activities at non-toxic concentrations.  The roles of dietary flavonoids in cancer prevention have been widely discussed (Irshad et al., 2010).

Flavonoids, (a large group of naturally occurring plant phenolic compounds including flavones, flavonols, isoflavones, flavonones and chalcones), also known as nature’s tender drugs, possess numerous biological/pharmacological activities.  Recent reports of antiviral, anti-fungal, antioxidant, anti-inflammatory, anti allergenic, antithrombic, anti-carcinogenic, hepatoprotective and cytotoxic activities of flavonoids have generated interest in studies of flavonoid-containing plants (Chandrashekar et al., 2010).

PHENOLS
Phenolic compouinds such as flavonoids, phenolic acid and tannins are considered to be a major contributor to the antioxidant activity in plants. These antioxidants also possess diverse biological activities such as anti-inflammatory, anticarcinogenic and anti-atherosclerotic effects.  These activities may be related to their antioxidant activity (Sonboli et al., 2010).
The antioxidant activities of phenolic compounds are also attributed to their ability to chelate transition metal ions, such as those of iron and copper, which have been proposed as the catalys for the initial formation of reactive oxygen species.  Chelating agents may stabilize pro-oxidative metal ions in living systems by complexing them (Vladimir-Knezevic et al., 2011).

SAPONINS

Saponins are glycosides of both triterpenes and steroids that are characterized by their bitter or astringent taste, foaming properties, hemolytic effect on red blood cells and cholesterol-binding properties. They have been shown to possess both beneficial (lowering cholesterol) and deleterious (cytotoxic and permeabilization of intestinal epithelium) properties and exhibit structure- dependent biological activity.  In medicine, saponins are used as an expectorant and as an emulsifying agent (Okigho et al., 2009).

TANNINS

Tanins decrease the bacterial proliferation by blocking the key enzymes of microbial metabolism. Tannins play an important role as potent antioxidants (Subhuti, 2003). The folkloric use of some medicinal plants in the treatment of sore throat, diarrhea, hemorrhage and wound healing might be due to the presence of tannins (Anyasor et al, 2010).

TERPENES AND STEROIDS

Terpenes and terpenoids constitute a large class of natural products built up from isoprene units.  They are technically only hydrocarbons. While terpenoids are oxygenated, some of the classes of terpenes are monoterpenes, sesquiterpenes, dipertenes, triterpenes and tetraterpenes (www.vohweb.chem.ucla.edu). The important class of lipids called steroids are actually metabolic derivatives of terpenes, but they are customarily treated as a separate group. Steroids may be recognized by their tetracyclic skeleton, consisting of three fused six-membered and one five-membered rings (www.smccd.edu).
PHYTOCHEMICAL ANALYSIS
Evaluation of natural products for their chemical components is challenging due to the inherent diversity of their chemical composition.  Separation techniques and their application to evaluate specific chemical components of natural products is an important aspect, which permits 
accurate characterization and quantification (Patnala and Kanfer, 2010).  Thin layer chromatography (TLC), High-Performance Thin Layer Chromatography (HPTLC), Reversed-phase Thin Chromatography (RPTLC), isotachophoresis and UV-spectrometric methods are some of the techniques used to determine the various components present in plant extracts (Misra et al., 2011).

Antioxidant activity assays employ the inhibition of free radical DPPH test/method, which is one of the oldest and most frequently used method for total antioxidant potential/capacity of food and biological extracts.  It is based on the ability of an antioxidant to donate hydrogen radical to synthetic long-lived nitrogen radical compound DPPH (Lin et al., 2010).

The overall antioxidant activites of plants are typically due to the presence of phenolic compounds. Generally, the antioxidant activities of phenolic compounds are realized by inactivating lipid free radicals and preventing decomposition of hydroperoxides into free radicals (Luo et al., 2010).

CANDIDATE PLANT

Majorana hortensis Moench., commonly known as ‘sweet majoram’, is a member of the family Lamiaceae. The plant is propagated by seeds and tender stem cuttings. This plant is characterized by strong, sweet, spicy and pleasant odour (Verma et al., 2009). Due to its high medicinal value, this plant was chosen for the present study. 
The methodology used in the present dissertation is discussed in the next chapter.
PLATE  1
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                          Majorana hortensis leaves

3. METHODOLOGY

Plants produce a diverse range of bioactive molecules, making them a rich source of different types of medicines. Fresh and dried aromatic plants as well as their processed products, have been widely used as flavoring agent since ancient times (Goze et al., 2009). The present study concentrated on the phytochemicals present in Majorana hortensis leaves.  

COLLECTION OF THE SAMPLE  
The leaves of Majorana hortensis plant were collected from the local market. The leaves were washed in running tap water to remove any adhering particles and rinsed with distilled water. They were then dried between folds of filter paper.
PREPARATION OF METHANOLIC EXTRACT
The fresh leaves of Majorana hortensis, nearly 5 g were taken and homogenized by using 25 mL of methanol. The supernatant was collected and dried at 60ºC, well protected from light. The residue obtained after drying the methanol in the extract was weighed and dissolved in a known volume of methanol.        
QUALITATIVE ANALYSIS OF THE PHYTOCHEMICALS IN THE METHANOLIC EXTRACTS OF Majorana hortensis
The methanolic extract of leaves was subjected to qualitative phytochemical analysis to ascertain the presence of phytochemicals namely, phenols, sterols, steroids, glycosides, saponins, quinines, anthroquinone, alkaloids, flavonoids, tannins and anthocyanins by the method explained in Appendix I (Khandelwal, 2002).
EXTRACTION OF PHYTOCHEMICALS
After identification of the phytochemicals present in the methanolic extract of Majorana hortensis leaves, the compounds such as phenols, flavonoids, alkaloids, tannin, saponin and steroid fractions were extracted from the leaves by the extraction procedures explained in Appendix II.
TLC (THIN LAYER CHROMATOGRAPHY) ANALYSIS
TLC is an important analytical tool used for the separation, identification and estimation of different compounds.  The principle of TLC is the separation and absorption of the compounds present in the sample.  The stationary phase acts as an absorbent, in order to identify the phytochemicals, the methanolic extract of Majorana hortensis leaves and the different fractions isolated, were subjected to TLC analysis using appropriate solvent mixtures.  The chromatograms developed were then sprayed with different reagents specific for each component.  The method followed for TLC analysis is depicted.

UV ABSORPTION SPECTRUM

The UV absorption spectra of the components present in the different extracts of Majorana hortensis were evaluated by a survey scan in a nanospectrometer (Optizen 3220 Bio, Korea).  The instrument was set to the scan mode and the absorption spectrum was obtained in the range of 190-360nm.
HIGH-PERFORMANCE THIN LAYER CHROMATOGRAPHY (HPTLC) ANALYSIS
The methanolic residue (100mg) of Majorana hortensis leaves was 
dissolved in methanol (1mL) and centrifuged at 3000 rpm for 5 minutes. 
The supernatant was collected and used as a sample for HPTLC analysis. The method followed for this is described in Appendix IV.
ANTIOXIDANT PROFILE OF Majorana hortensis LEAVES
The antioxidant profile of the leaf extract was determined by carrying out 2 assays namely Dot Blot assay and DPPH free radical scavenging assay.

DOT BLOT RAPID SCREENING ASSAY

Antioxidants react with diphenyl-1-picryl hydrazyl (DPPH) and convert it to diphenyl picryl hydrazine.  The degree of discolorization from purple to yellow colour can be used as a measure of the scavenging potential of the antioxidant extracts.  The rapid screening assay was performed by the method proposed by Soler-Rivas et al. (2000) as described in Appendix V.

DPPH FREE RADICAL SCAVENGING ASSAY 

The free radical scavenging effects of alkaloid, phenol, flavonoid, steroid, saponin, and tannin fractions were evaluated against DPPH and the results obtained were compared.  This assay is based on the measurement of the scavenging ability of an antioxidant substance towards the radicals.  It was determined using DPPH, a stable free radical, which when acted upon by an antioxidant, undergoes a colour change from deep violet to light yellow that can be quantified spectrophotometrically using the procedure explained in Appendix VI.
4.  RESULTS AND DISCUSSION

India is the largest producer of medicinal plants and is rightly called the “Botanical Garden of the World”.  The medicinal plants, besides having natural therapeutic values against various diseases, also provide high quality of food and raw materials for livelihood (Pandey et al., 2010).  Traditional medicines have a long history of serving people all over the world.  The ethnobotany provides a rich resource for natural drug research and development.  In recent years, the use of traditional medicine information on plant research has again received considerable interest.  The western use of such information has also come under increasing scrutiny and the national and indigenous rights on these resources have become acknowledged by most academic and industrial researchers (Darokar et al., 2007).  
Natural products and secondary metabolites formed by living systems, notably from plant origin have shown great potential in treating human diseases like cancer, coronary heart disease, diabetes and infectious diseases (Lai et al., 2010). Secondary metabolites are crucial for plant defenses (eg. as an antioxidant) which have enabled the plants to survive.  Based on their biosynthetic origin, phytochemicals can be divided into several categories – phenolics, alkaloids, steroids, terpenes, saponins etc.  Phytochemicals could also exhibit other bioactivities such as antimutagenic, anticarcinogenic, antioxidant, antimicrobial and anti-inflammatory properties (Chew et al., 2011).  Medicinal plants may promote host resistance against infection by re-stabilizing the body equilibrium and conditioning the body tissues.  Several reports describe that the anticancer activity of medicinal plants is due to the presence of antioxidants in them.  In fact, the medicinal plants are easily available, cheaper and possess no toxicity as compared to the modern drugs (Pandey et al., 2010).  

 With this background, in the present study, the candidate plant Majorana hortensis was subjected to phytochemical analysis, wherein, initially, qualitative analysis was done to identify the groups of compounds present, followed by spectral studies to identify the active nature of the compounds.
QUALITATIVE PHYTOCHEMICAL ANALYSIS

Phytochemical screening of Majorana hortensis leaves was done in order to identify the chemical nature of the active components present in the leaves.  The phytochemical screening showed the presence of phytochemicals like alkaloids, flavonoids, saponins, phenols, sterols, steroids and tannins.  Glycosides, quinones and anthroquinones were found to be absent in the leaves. The results are summarized in Table 1.


The qualitative analysis proves that the leaf extract of Majorana hortensis has several secondary metabolites present in them as the tests for phenols, flavonoids, tannins, saponins, sterols and steroids, and alkaloids were positive.  Traditional medicinal plants have the ability to synthesize aromatic substances, most of which are phenols or their oxygen substituted derivatives.  The major groups of phytochemicals can be divided into several categories that include alkaloids, flavones essential oils, lectins, polypeptides, phenolics, tannins and terpenoids (Perumalsamy and Gopalakrishnakone, 2008). 

The presence of saponins, flavonoids and terpenoids were seen to be higher when compared with the other chemical compounds such as phlobatannins, cardiac glycosides in the plant of Azadirachta indica, Centella asiatica, Emblica officinalis and Moringa oleifera.  These plants are active against chickenpox and wound healing (Krishnaiah et al., 2009).





         TABLE 1

	S. No.
	COMPONENTS
	RESULT

	1.
	 Phenolics
	

	
	Ferric chloride test
	+

	
	Lead acetate test
	+

	2.
	Flavonoids
	

	
	 Decolourization test
	+

	
	 Schinoda test
	+

	3. 
	Tannins
	

	
	Braemer’s test
	+

	
	Hydrolysable tannins
	+

	4.
	Glycosides
	

	
	Keller-Killiani test
	-

	
	Legal’s test
	-

	5.
	Saponins
	

	
	Froth test
	+

	
	Sodium bicarbonate test
	+

	6.
	Sterols & Steroids
	

	
	Leibermann-Buchard test
	+

	
	Salkowski test
	+

	7.
	Quinones
	

	
	Chloroform-ammonia test
	-

	8.
	Anthroquinones
	

	
	Boentrager’s test
	-

	9.
	Alkaloids
	

	
	Mayer’s test
	+

	
	Dragondroff’s test
	+

	10.
	Anthocyanins
	

	
	Identification of anthocyanins
	+


+ indicates presence of the components

- indicates absence of the components

The phytochemical screening of the plant Vernonia amygdalina showed the presence of alkaloids, tannins, saponins and flavonoids.  An interesting consequence is that these compounds are potent bioactive compounds that could be used for therapeutic purposes (Belewa et al., 2009).  Terminalia glaucesens plant stem, bark and leaves were phytochemically screened which revealed the presence of alkaloids, saponins, steroids, phlobatannins and flavonoids.  It has varied uses like anti-ulcerogenic, anti-inflammatory, analgesis and anti-edematous (Adebayo et al., 2009).   It is clear from our results that the Majorana hortensis leaves possess several medicinally valuable phytochemicals like alkaloids, phenols, flavonoids, saponins, steroids and tannins.
TLC separated fractions of methanolic extract, alkaloids, phenols, flavonoids, saponins, sterols and tannins
TLC separation of the methanolic extract
The methanolic extract was subjected to TLC analysis where nine bands were got which represented the varied components that are present in the methanolic fraction of the leaf extract.  The bands were seen after spraying with 10% sulphuric acid.  Nine bands were seen, of which six were major bands with  Rf values of 0.79, 0.72, 0.69, 0.66, 0.55 and 0.36 respectively (Plate 2a). 

TLC separation of alkaloids

The TLC plate, when detected with the alkaloid-specific Dragendroff’s spraying reagent, showed four major bands with Rf values 0.73, 0.59, 0.41 and 0.35 respectively (Plate 2b). This observation indicated that they are four different alkaloid compounds present in Majorana hortensis leaves.  

PLATE 2

TLC SEPARATED FRACTIONS OF METHANOLIC EXTRACT, ALKALOIDS, PHENOLS, FLAVONOIDS, SAPONINS, STEROIDS AND TANNINS 
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   e) Saponin                          f) Sterols                            g) Tannins
TLC separation of  phenolics
The presence of bands in phenolic fraction of the leaf extract was visualized by spraying with Folin-Ciocalteau reagent as the spraying reagent.  Five distinct bands were observed with Rf values 0.69, 0.66, 0.57, 0.54 and 0.49  respectively (Plate 2c), indicating the presence of five phenolics.

 TLC separation of flavonoids

This plate was detected with the flavonoid-specific 10% vanillin in sulphuric acid which showed four spots with Rf values 0.83, 0.71, 0.65 and 0.55  respectively (Plate 2d), suggestive of the presence of four different phenols.  

TLC separation of saponins
The saponin fraction when subjected to TLC and exposed to iodine vapours in the TLC chamber, showed two faint bands with Rf values 0.70 and 0.65 respectively.  There was a major band with an Rf value of 0.49 (Plate 2e).  The presence of these 3 bands indicates that there are 3 different saponins present.  

TLC separation of sterols
For sterols, five spots with varied Rf values were noted, of which one spot among them was bright with an Rf value of 0.68 (Plate 2f).  The Rf   values of the faint spots were 0.70, 0.60, 0.58, 0.50 and 0.19 respectively.  The above spots were suggestive of the presence of five different sterols.

TLC separation of tannins

The presence of five different tannins was confirmed by TLC separation.  The Rf values of the bands were 0.72, 0.69, 0.54, 0.49, and 0.44 respectively (Plate 2g).

Thin layer chromatographic techniques are used to separate the chemical compounds present in an extract.  TLC of the methanolic extract of Lantana Camara Linn. was developed in the mobile phase and showed several spots (Venkatachalam et al., 2011).  The phenolic contents of various extracts of Saliz aegypticaca were identified by using TLC analysis.  A high phenolic content is an important factor in determining the antioxidant activity of medicinal plants (Sonboli  et al., 2010).  

 In all the species, the variation in the number of various phytochemicals was observed.  This variation was reflected in the number of bands in the TLC plates.  This might be due to the fact that different environmental conditions affect the synthesis of different chemical constituents of a species.  Different Rf values suggest the presence of a large number of flavonoids and phenolics in leaves, stem and root of Hibiscus sabdariffa L., (Mungole and Chaturvedi, 2011).  In the methanolic fractions of Acalypha hipida, a total of 236 fractions were obtained out of which fourteen fractions based on their Rf values on TLC were identified (Onocha et al., 2011). 

In the present study, the TLC separation showed that there were many representatives of each group of compounds tested.  This suggests the presence of several medicinally valuable phytochemcials in the Majorana hortensis leaves.
UV Absorption Spectrum


In order to confirm the results obtained after qualitative analysis, spectral analysis was carried out.  The UV absorbance survey scan of the different fractions of the Majorana hortensis leaves in the range of 190-360 nm wavelength revealed the presence of several major and minor peaks.

Methanolic extract fraction

An absorbance scan of the methanolic extract of Majorana hortensis leaves revealed the presence of two major peaks at 190 and 310 nm (Figure 1a).  Four minor peaks at 230, 240, 260 and 300 nm respectively were also observed, indicating that the methanolic extract of Majorana hortensis leaf contained many chemical compounds that get extracted in the methanol.  
Alkaloid fraction
UV absorbance survey scan of the alkaloid fraction showed four major peaks at 225, 245, 330 and 360 nm respectively and four minor peaks at 280, 305, 320 and 345 nm respectively (Figure 1b) depicting the presence of eight different components of alkaloids.

Phenol fraction
The absorbance survey scan ranging from wavelength 200 to 400 nm of the phenolic fraction showed a single major peak at 220 nm and five minor peaks at 200, 230, 245, 270 and 280 nm respectively, which indicated the presence of six different phenolic components (Figure 1c).

Flavonoid fraction

In the UV absorption survey scan of the flavonoids, four major peaks at 190, 230, 300 and 360 nm respectively were displayed (Figure 1d).  Two minor peaks were displayed at 205 and 270 nm indicating presence of six different flavonoid components of Majorana hortensis leaf extract.

Saponin fraction


UV absorbance survey scan was carried out for saponin fraction of the Majorana hortensis leaf extract.   Five major peaks were got at 240, 310, 325, 340 and 355 nm respectively and 3 minor peaks in the wavelength less than 240 nm wavelength (Figure 1e). This indicated that there were eight different components of saponins present in the leaf extract.

FIGURE 1
UV ABSORPTION SPECTRUM OF VARIOUS FRACTIONS OF Majorana hortensis LEAVES


                                                       Fig. 1a)  Methanolic extract                                        


                       Fig. 1b)Alkaloids                                                            Fig. 1c)Phenolics


                        Fig. 1d) Flavonoids                                                                 Fig. 1e) Saponins

                            Fig. 1f) Steroids                                                                    Fig. 1g) Tannins
Steroid fraction

The steroid fraction of Majorana hortensis leaf extract was shown to contain substantial amount of steroidal components which has given seven different peaks in the range of 190 to 360 nm (Figure 1f) at 195, 210, 240, 255, 275, 290 and 305 respectively.  A minor peak was seen at 230 nm.  

Tannin fraction

  
UV absorbance survey scan of tannin fractions was carried out which displayed seven major peaks at 200, 225, 235, 255, 345, 360 and 370 nm.  Three minor peaks at 270, 380 and 390 nm was also noted.  There was a substantial number of tannin components observed in the tannin fraction of the leaves.  This was proved by the number of peaks observed.  

The presence of all these peaks, both major and minor, indicates that there are various components present in each fraction of the Majorana hortensis leaf extract which proves the plant to be a rich source of phytochemicals.  

Many studies have been reported in the literature, wherein the absorption spectrums of the phytochemicals have been studied.  The UV spectra of purified compounds from ethyl acetate fractions of Tecoma radicans revealed the presence of a major flavonoid and apigenin which showed characteristic absorption maximum at 274 nm and 296 nm respectively (Hashem, 2007). The UV spectra of eluted compounds from the methanolic extract of Coleus tissues revealed the presence of the most abundant phenolics namely hydroxylcinnamic acid derivatives (Rasineni et al., 2008).

A preliminary absorbance survey scan of the methanolic extract of Rhinacanthus nasutus leaves in the wavelength ranging from 190nm-1100nm revealed the presence of multiple components in the extract (Nirmaladevi et al., 2010).   An absorbance scan of the methanolic extract of Zea mays leaves in the wavelength ranging from 190nm-350nm (Figure 18) revealed the presence of two major peaks at 195 and 250nm (Kiruthika, B., 2010).   Arfan et al. (2009) have reported that the UV spectra of the phenolic fractions of Mellotus phillippinensis bark extract showed maxima at 320 to 330 nm, flavonols and flavanols in the 340-350 nm strong absorption at 278 and 282 nm that was attributed to catechins or procyanidins.

The presence of several peaks for the various phytochemical components in the present study further strengthens the medicinal value of the plant.
HPTLC analysis of the Majorana hortensis leaves

 The methanolic extract of Majorana hortensis leaves was subjected to HPTLC analysis for the presence of alkaloids, phenols, flavonoids, saponins, steroids and tannins using the procedure described in the methodology. 

The alkaloids profile of the methanolic extract is shown in Plate 3.  It was done using colchicine as the reference standard. Orange-brown coloured zone in the day light mode present in the given standard and sample tracks observed in the chromatogram after derivatization, confirmed the presence of six alkaloid compounds.  The peak table (Table 2) and densitograms (Figure 2) were also recorded to study the Rf values, height and area of the peaks.  

The phenolic profile of the methanolic extract was analysed using quercetin as the reference standard (Plate 4).  Orange-brown colored zones in the visible light mode were present in the track, it was observed from the chromatogram after derivatization, which confirmed the presence of four phenolic compounds.  The peak table (Table 3) and densitograms (Figure 3) were also recorded.    

CHARACTERIZATION OF DIFFERENT  EXTRACTS   OF Majorana hortensis LEAVES BY HPTLC ANALYSIS

	Track
	Peak
	Rf
	Height
	Area
	Assigned substance

	A
	1
	0.04
	12.0
	166.2
	Unknown

	A
	2
	0.11
	45.8
	556.7
	Alkaloid 1

	A
	3
	0.20
	133.1
	3493.8
	Alkaloid 2

	A
	4
	0.26
	142.9
	4123.6
	Alkaloid 3

	A
	5
	0.31
	342.4
	9079.3
	Alkaloid 4

	A
	6
	0.34
	277.1
	5702.6
	Unknown

	A
	7
	0.40
	534.2
	35242.0
	Alkaloid 5

	A
	8
	0.53
	13.7
	124.6
	Unknown

	A
	9
	0.62
	41.0
	1257.9
	Unknown

	A
	10
	0.73
	266.1
	8645.6
	Alkaloid 6

	A
	11
	0.90
	12.4
	86.9
	Unknown

	COL
	1
	0.41
	118.3
	4333.6
	Colchicine standard


          UV 366
       UV 254          Day light


Plate 3. Alkaloids                                  Table2. Peak table for alkaloids


                              Colchicine standard                                                      Sample


          Figure 2.  Peak densitograms for alkaloids
            UV 366         UV 254       Day light

      
          
	Track
	Peak
	Rf
	Height
	Area
	Assigned substance

	QUER
	1
	0.56
	525.6
	11620.1
	Quercetin standard

	MH
	1
	0.02
	46.0
	574.0
	Unknown

	MH
	2
	 0.06
	21.5
	488.3
	Unknown

	MH
	3
	0.18
	153.1
	5510.8
	Phenolics 1

	MH
	4
	0.29
	92.1
	2950.6
	Phenolics 2

	MH
	5
	0.36
	13.3
	395.1
	Unknown

	MH
	6
	0.46
	193.0
	6445.0
	Phenolics 3

	MH
	7
	0.53
	38.8
	773.4
	Unknown

	MH
	8
	0.57
	118.4
	6128.4
	Phenolics 4

	MH
	9
	0.80
	39.1
	1348.4
	Unknown

	MH
	10
	0.84
	43.0
	1066.0
	Unknown


                      Plate 4 . Phenols


         Table 3.  Peak table for phenols


                       

                             Quercetin standard




Sample

Figure 3  Peak densitograms for phenols

      UV366          UV254         Day Light

	Track
	Peak
	Rf
	Height
	Area
	Assigned substance

	RUT
	1
	0.32
	377.4
	10448.2
	Rutin standard

	MH
	1
	0.13
	77.6
	2672.6
	Flavonoid 1

	MH
	2
	0.24
	28.5
	685.9
	Unknown

	MH
	3
	0.25
	28.2
	633.0
	Unknown

	MH
	4
	0.37
	47.8
	3241.8
	Flavonoid 2

	MH
	5
	0.47
	181.4
	9256.2
	Flavonoid 3

	MH
	6
	0.54
	73.5
	2801.7
	Flavonoid 4

	MH
	7
	0.59
	67.8
	3030.5
	Flavonoid 5

	MH
	8
	0.70
	79.4
	3747.4
	Unknown

	MH
	9
	0.88
	286.2
	16395.6
	Flavonoid 6

	MH
	10
	0.95
	200.6
	7346.6
	Unknown



        Plate 5.   Flavonoids


    Table 4.  Peak table for flavonoids
                  

                                   Rutin standard




          Sample

Figure 4.  Peak densitograms of flavonoids

	 
	Peak
	Rf
	Height
	Area
	Assigned substance

	SAP
	1
	0.12
	250.2
	6815.2
	Saponin standard

	MH
	1
	0.05
	39.7
	568.3
	Saponin 1

	MH
	2
	0.10
	104.1
	2628.8
	Saponin 2

	MH
	3
	0.16
	71.6
	2006.9
	Saponin 3

	MH
	4
	0.20
	84.7
	2404.9
	Saponin 4

	MH
	5
	0.30
	545.7
	20031.9
	Saponin 5

	MH
	6
	0.34
	84.8
	1346.3
	Unknown

	MH
	7
	0.39
	139.4
	5350.6
	Saponin 6

	MH
	8
	0.46
	91.8
	3130.4
	Saponin 7

	MH
	9
	0.52
	68.4
	2165.4
	Saponin 8

	MH
	10
	0.60
	162.2
	5420.1
	Saponin 9

	MH
	11
	0.65
	33.2
	1298.0
	Unknown


             


  Plate 6.   Saponins                                        Table 5.  Peak table for saponins

                Saponin standard                                                     Sample

Figure 5.   Peak densitograms for saponins
	Track
	Peak
	Rf
	Height
	Area
	Assigned substance

	SOL
	1
	0.63
	318.8
	15382.6
	Solasodine standard

	A
	1
	0.17
	30.1
	1416.2
	Unknown

	A
	2
	0.20
	31.7
	497.8
	Unknown

	A
	3
	0.45
	162.2
	6142.5
	Unknown

	A
	4
	0.48
	166.5
	2713.4
	Steroid 1

	A
	5
	0.50
	163.2
	2971.0
	Steroid 2

	A
	6
	0.60
	337.3
	26544.9
	Unknown

	A
	7
	0.70
	86.8
	3971.8
	Steroid 3

	A
	8
	0.80
	33.8
	1746.0
	Steroid 4

	A
	9
	0.92
	132.5
	2670.9
	Steroid 5

	A
	10
	0.94
	168.3
	7638.5
	Unknown




                         Plate 7.  Steroids                                 Table 6.  Peak table for steroids

             Solasodine standard                                                         Sample

Figure 6.  Peak densitograms for steroids
     UV366            UV254            Day Light


	Track
	Peak
	Rf
	Height
	Area
	Assigned substance

	A
	1
	0.17
	84.9
	1029.9
	Unknown

	A
	2
	0.64
	167.9
	5900.6
	Unknown

	A
	3
	0.68
	177.2
	4344.5
	Unknown

	A
	4
	0.72
	297.7
	15878.5
	Tannin 1

	A
	5
	0.85
	305.1
	11634.7
	Tannin 2 (Tannic acid)

	A
	6
	0.92
	384.4
	25670.3
	Unknown

	TAN
	1
	0.86
	179.2
	5895.1
	Tannic acid standard


                      Plate 8. Tannins                                               Table7.Peak table for tannins



       Tannic acid                                                                        Sample

Figure 7.    Peak densitograms for tannins

The flavonoid components of the methanolic extract were subjected to the HPTLC along with the reference standard rutin (Plate 5).  Blue or yellow coloured fluorescent zones in the UV 366 nm mode were present in the track, it was observed from the chromatogram after derivatization, which confirmed the presence of six different flavonoid fractions in the given sample.   The Rf values, height and area of the peaks are shown in the peak table (Table 4) and peak densitograms (Figure 4).  

The saponins present in the methanolic extract of the Majorana hortensis leaf were analyzed using saponin as the reference standard (Plate 6).  Blue, yellowish brown colored zones in the visible light mode were present in the track.  It was observed from the chromatogram after derivatization, which confirmed the presence of nine different types of saponins in the extract.  The Rf values, height and area of the peaks are shown in peak table (Table 5).  The densitogram is displayed in Figure 5.  

The steroids present in the methanolic extract of Majorana hortensis leaves were studied using solasodine as the reference standard (Plate 7).  Blue-violet coloured zone in the day light mode present in the given standard and sample tracks observed in the chromatogram after derivatization, which confirmed the presence of five different steroids in the given sample.  The Rf values, height and area of the peaks are shown in peak table (Table 6).  The peak densitogram of the same is shown in Figure 6.    

The tannins present in the methanolic extract of Majorana hortensis leaves were studied using tannic acid as the reference standard (Plate 8).  Bluish brown coloured zone in the day light mode present in the given standard and sample track observed in the chromatogram after derivatization, which confirmed the presence of two tannins.  Two tannin compounds were observed with the Rf values, height and area as shown in Table 7.  The peak densitogram is represented in Figure 7 which shows 2 peaks representing 2 different tannins. 

HPTLC has been used by many researchers in phytochemical analysis.  The HPTLC spectrum of roots and leaf extracts of Aegle marmelos at 254 nm revealed 14 peaks. The UV spectrum showed maximum absorbance at wavelength of 366 nm.  The percentage of umbelliferone obtained from the root extract and leaf extract was confirmed by HPTLC which suggested that A. marmelos is a potential source of natural antioxidants (Bramhachari et al., 2011).  

The HPTLC profile of the methanolic extract of Pandanus odoratissimus root when run along with standard polphenols showed the presence of polyphenols in the chromatograph as well as in UV after derivatization.  Several peaks have been reported which were found to be polyphenols (Sasikumar et al., 2009). The identity of the band of bacoside A in Bacopa monnieri extract was confirmed by overlaying the UV absorption spectra of sample with that of reference standard which showed recovery values as high as 98.39 % showing the accuracy of the method (Prakash et al., 2011).  HPTLC was used to separate the active compounds present in the extracts.  It revealed 10 peaks of Lagenaria siceraria, 8 peaks of Luffa cylindrica, and 6 peaks in Cucumis maxima.  The peaks were used for comparative analysis and revealed the active compounds.  Findings supported that compounds like sapogenins, cucubitacin glucosides are commonly present in Cucurbits species (Irshad et al., 2010).  

 HPTLC was also used for quantification of reserpine in Rauwolfia and its allied preparations, which was found to be rapid and accurate.The method proposed was highly precise, sensitive, specific and reproducible with an average recovery of 78%.The limit of quantification was observed to be 112 ng (Lohani et al., 2011).  Estimation of caffeine in different extracts of tea samples (Camellia sinenesis) describes HPTLC as very precise, accurate, sensitive and robust method (Misra et al., 2011).  

In the present study, the number of bands noted in the TLC seperation and the HPTLC fraction for alkaloids, phenols, flavonoids, steroid and tannins was analyzed.   The number of bands obtained by the TLC and HPTLC was same in the steroid fractions where it was five each in both TLC and HPTLC.  But in other fractions like alkaloids in TLC 4 bands were noted and HPTLC showed 6 bands.  In the phenolic and flavonoid fractions, the TLC bands got were 5 and 4  respectively in TLC and HPTLC.  The tannin profile obtained in TLC showed 5 distinct bands, but in HPTLC, only 2 peaks were depicted.  In the case of saponins, only 3 bands were seen in the TLC plate but 9 peaks were obtained in the HPTLC report signifying the presence of 9 different saponins.

As the TLC plates were exposed to the general developing agent of iodine vapors and the HPTLC plates were sprayed with compound-specific spraying agent, it is perceivable that the results with HPTLC are more reliable and TLC probably detects some artefacts.

RADICAL SCAVENGING EFFECT OF Majorana hortensis LEAF  EXTRACT AND THE PHYTOCHEMICAL FRACTIONS

The radical scavenging effects of the different fractions of Majorana hortensis leaves like alkaloid, phenolics, flavonoids, sterols, tannins and saponins were studied.  The ability of the leaf extracts to scavenge DPPH was tested in a rapid dot blot screening and quantified using a spectrophotometric assay.  
DPPH DOT BLOT ASSAY  

The picture obtained in the dot blot screening is shown in Plate 9.  All fractions showed considerable scavenging activity except alkaloids.  The extent of scavenging was lower in the steroid fraction than the others.  

DPPH is a molecule containing a stable free radical. In the presence of an antioxidant which can donate an electron to DPPH, the purple colour which is typical for free DPPH radical decays and the change in absorbance at 518nm is followed spectrophotometrically. This test could provide information on the ability of a compound to donate a hydrogen atom, on the number of electrons a given molecule can donate, and on the mechanism of antioxidant action. (Mothana et al., 2008).  An ethanolic extract of Morchella conica Pers exhibited DPPH scavenging ability, which was fairly significant than the synthetic antioxidants BHA and α-tocopherol (Turkoglu et al., 2006). Costus afer which was tested for various phytochemical components was screened by rapid TLC for antioxidant activity and was positive for all the extracts (Anyasor et al., 2010).  Entada africana, which is rich in terpenic and steroidic components from four crude extracts, were analysed by TLC and showed high radical scavenging activity (Tibiri et al., 2010).   

In the TLC-based qualitative antioxidant assay using DPPH spray, the methylene chloride fraction of Allanblackia monticola showed the presence of a yellow spot on a purple background on the TLC plate indicating the free radical scavenging properties (Nguemfo et al., 2009).  The tannins extracted from leaves, twigs and stem bark of Canarium album showed strong DPPH scavenging activity (Zhang and Lin, 2008).  In the present study also, the DPPH Dot Blot assay clearly demonstrated the radical-scavenging effect of specific phytochemical extracts of Majorana hortensis leaves.
PLATE  9
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                   DPPH DOT BLOT ASSAY

A
-
Alkaloid  fraction
P
- 
Phenolic fraction
F
- 
Flavonoid fraction
  

Sp
- 
Saponin  fraction
St
- 
Steroid fraction
T
-
Tanin  fraction
DPPH SPECTROPHOTOMETRIC ASSAY
The free radical scavenging ability of the extracts was tested by DPPH radical scavenging assay.  The per cent scavenging activities of the extracts are listed in Table 8.
Table 8
DPPH Radical Scavenging Effects of Majorana hortensis Leaf Extract

	Fraction
	Per cent scavenging ability

	Alkaloids
	57.95 ± 1.11

	Phenol
	61.10 ± 1.94

	Flavonoid
	67.65 ± 0.27

	Saponin
	65.26 ± 1.02

	Sterols
	61.51 ± 0.31

	Tannins
	86.26 ± 0.75


                              The values are mean ± SD of the triplicates 

All the phytochemical fractions expressed considerable DPPH scavenging activity, with the tannin fraction exhibiting the maximum effect.  Alkaloids expressed lower radical scavenging activity than the other fractions, which was in support of the findings in the dot blot assay.  DPPH is a kind of stable free radical and accepts an electron or hydrogen radical to become a stable diamagnetic molecule which is widely used to investigate radical scavenging activity (Prasad et al., 2009).

The effect of antioxidants on DPPH is thought to be due to their hydrogen donating ability.  It loses its radical character and becomes yellow in colour (Kumaran and Karunakaran, 2007).  Methanolic extracts of Bergenia ciliata rhizome were found to have more radical scavenging activity than aqueous extracts (Rajkumar et al., 2010).  Green coffee conserves of Coffea arabica and Coffea robusta and aqueous tea extracts of ten different herbal teas have been reported to have a noticeable effect on scavenging DPPH free radical (Buyukbalci and Nehir, 2008).  All the above studies support the fact that DPPH is a good index to study the antioxidant potential of any extract.  

Thus, the findings of the present study reveal that Majorana hortensis is a promising source of potential antioxidants and medicinally-valuable phytochemicals.  The phytochemical screening of the leaves showed that it was rich in alkaloids, phenolics, flavonoids, saponins, steroids and tannins.  This study, thus, strengthens the candidature of Majorana hortensis leaves as a source of pharmaceutical preparations to combat the myriad diseases caused due to oxidative stress.  

The findings of this study are summarized and presented with the conclusions in the following chapter. 
                5.  SUMMARY AND CONCLUSION
Free radicals are constantly being produced in all biological systems which are the main cause for several diseases.  This can be reduced by the effect of antioxidants  that are naturally found in many plants and herbs.  More than 80% of the medicinal plants are yet to be investigated.  The identification of most of these plants has become a challenge in the recent years for researchers and industries.

One such plant is Majorana hortensis, commonly called sweet majoram, which is a perennial herb.  The leaves of this plant are known to have a very good curative property in the aroma therapy due to the presence of essential oils.  But not many studies have been made on the antioxidant profile and the secondary metabolites present in it which contribute to its importance.  

 The present study was an attempt to analyze the presence of various phytochemicals in the leaf extract of Majorana hortensis by carrying out a series of qualitative analysis which revealed the presence of   phytochemicals like alkaloids, phenols, flavonoids, saponins, sterols and tannins.  Each of these fractions were individually extracted from the leaves and subjected to TLC analysis to observe the different fractions in each of the components by noting the number of bands present when spraying with the respective developing reagents characteristic for each component.  This was carried out for all the extracts.  The number of spots or bands in each of the plates determined the number of organic substances present in each of the fractions.  The Rf values were calculated for all the bands seen in each of the TLC plates.  

To confirm the number of component present, spectral analysis like UV absorption was carried out.  It was followed by a more accurate and sensitive method of analysis namely high performance thin layer chromatography (HPTLC) where each fraction of the Majorana hortensis leaves was subjected to analysis against a reference standard to observe the number of peaks got, which were recognized or confirmed as the types of that particular fraction.  UV absorption studies were also done to observe the number of peaks got for each component in a particular wavelength.  It was noted that all the components showed at least five peaks, revealing the presence of many representative compounds in each phytochemical fraction. They were present in different proportions as some peaks were observed as major and others as minor ones. This was extrapolated to study the antioxidant profile of the leaf extract.  Free radical scavenging assay was carried out both qualitative and quantitative.  The qualitative assay included the dot blot rapid screening assay in which the intensity of the yellow spot produced on the TLC plate determined the extent of free radical scavenging ability against DPPH.  This was confirmed by a spectrophotometric assay of DPPH as well.  

From all the above results, it was clear that Majorana hortensis leaf extract had several phytochemicals present in them which suggested it to be  a good source of antioxidants and medicinally-valuable phytochemicals like alkaloids, phenolics, flavonoids, saponins, sterols and tannins.

Suggestions for future studies:
· Characterization of phytochemical derivatives by other spectral analysis like GC-MS.
· X-ray diffraction studies can be carried out for the isolated active  compound.

· The bioactivity of the isolated active compound can be studied.
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APPENDIX I

PHYTOCHEMICAL ANALYSIS - Qualitative Tests
(Khandelwal, 2002)
IDENTIFICATION OF PHENOLS

Ferric chloride test: To 2 mL of the extract, 2 mL of ferric chloride solution (1% FeCl3) was added and the formation of dark bluish-green solution indicated the presence of phenols.
Phosphomolybdic test: To the ethanolic extract phosphomolybdic acid reagent (Dissolved 20g of phosphomolybdic acid in 100mL of alcohol) and liquor ammonia were added. The appearance of blue colour indicated the presence of phenol.  
Identification of catechols: To 2mL of the test solution, Ehrlich’s reagent (4-dimethylamino benzaldehyde dissolved in 2:1 n-propanol:perchloric acid) and a few drops of concentrated HCl were added. The appearance of brown or black colour indicated the presence of catechol.
IDENTIFICATION OF STEROIDS

Liebermann-Buchard Test:  To the ethanolic extract, 2 mL of chloroform, followed by 10 drops of acetic anhydride and 2 drops of concentrated sulphuric acid were added. The appearance of rose red colour, which quickly changes from blue to green, indicated the presence of sterol.

Salkowski Test: The ethanolic extract was dissolved in chloroform and shaken well with an equal volume of concentrated sulphuric acid. The appearance of red colour, in the chloroform layer and green, fluorescence in the acid layer indicated the presence of sterol.
IDENTIFICATION OF SAPONINS
Froth Test: Weighed 1 g of sample in a conical flask.  Sterile distilled water was added and boiled for 5 minutes. The mixture was filtered and 2.5 mL of the filtrate was added to 10 mL of sterile distilled water in a test tube. The test tube was stoppered and shaken vigorously for about 30 seconds and allowed to stand for half an hour. The formation of honeycomb froth indicated the presence of saponins. The froth was mixed with 3 drops of olive oil and shaken vigorously. The emulsions were formed, which indicated the presence of saponins.
Sodium bicarbonate Test: To few mL of the methanolic extract, a 2-3 drops of sodium bicarbonate were added and shaken well. The formation of honeycomb froth indicated the presence of saponins.
IDENTIFICATION OF ALKALOIDS
To 1 g of the sample, 10 mL of 5% HCl was added and heated in a boiling water bath for 10 minutes and filtered.  To the filtrate, 5 mL of dilute ammonia and 5 mL of chloroform were added. The aqueous layer formed was used for the following tests.
Mayers Test: A few drops of Mayer’s reagent was added to the aqueous layer and the formation of creamy layer indicated the presence of alkaloids.
Dragendroff’s Test:  To 1 mL of the extract, 1 mL of Dragendroff’s reagent was added. The appearance of orange precipitate indicated the presence of alkaloids.

Wagner’s Test: The acid extract was treated with a few mL of Wagner’s reagent.  Reddish brown precipitate indicated the presence of alkaloids.
IDENTIFICATION OF FLAVONOIDS

Decolorization Test: The water extract of the sample was reduced to dryness in a boiling water bath. The residue was treated with dilute NaOH, followed by the addition of dilute HCl.  A yellow solution was formed with NaOH, which turned colorless with dilute HCl and this confirmed the presence of flavonoids.  

Schinoda Test:  To 5 g of the sample, added 10 mL of methanol and heated in a boiling water bath.  To the methanolic extract, added concentrated HCl (8 to 9 drops) and some magnesium turnings. Allowed to stand for 10-15 minutes at room temperature. The formation of red colour indicated the presence of flavonoids.

IDENTIFICATION OF QUINONES
Chloroform-Ammonia Test:  Boiled 0.5 g of the plant sample with 10 mL of 5% sulphuric acid and filtered.  To the hot filtrate, added 5 mL of chloroform and heated in a boiling water bath.  To 2 mL of the chloroform extract, added 1 mL of dilute 10% ammonia and shook the mixture.  Pink-red colour in the ammonical layer showed the presence of anthracene derivatives.
Hydrogen peroxide test:  Filtered the methanolic extract.  To 1 mL of the filtrate, added 10 mL of dichloromethane. Separated the aqueous and organic layers.  To 5 mL of the aqueous layer, added 1 mL of 20% H2O2 and 2 mL of 50% H2SO4.  Heated in a boiling water bath.  Then added 5 mL of toluene and 1 mL of 5% NaOH.  Separated the aqueous and toluene phases.  Red colour in toluene phase indicated the presence of quinines.

IDENTIFICATION OF TANNINS

Preparation of Extract:  Suspended the plant material in methanol and allowed it to stand overnight.  Refluxed it for 4 hours.  Filtered it and washed the residue with methanol.  Allowed the filtrate to cool down and observed  for any modification and used an aliquot of this to assay tannins.
Braemer’s Test:  Added 10 mL of H2O to 0.5 g of methanolic extract, boiled it and then filtered.  Added a few drops of 10% ferric chloride to the filtrate. A dark green blue or brown colour indicated the presence of tannins.

IDENTIFICATION OF HYDROLYSABLE TANNINS

Took 4 mL of the extract in a test tube and added 4 mL of 10% ammonia solution.  Formation of an emulsion on shaking indicated the presence of hydrolysable tannins.

IDENTIFICATION OF ANTHOCYANINS
Boiled a few mL of aqueous extract for 5 minutes and filtered.  To 2 mL of the filtrate, added 1 mL of 0.1M NaOH.  A colour reaction indicated the presence of primary amine.  Added 1 mL of HCl to another 2 mL of the filtrate.  Different coloration indicated the presence of secondary amines.

                                          APPENDIX II

EXTRACTION OF ALKALOIDS, PHENOLS, FLAVONOIDS, SAPONIN, TANNIN AND STEROID FRACTIONS
(Harborne, 1973; Vitale et al., 1995; Obadoni and Ochuko, 2001)

Alkaloid Fraction 

Fresh leaves (5g) were extracted with ethanol: 28% NH4OH (19:1, 20mL) at room temperature. This was filtered and concentrated under reduced pressure to a fuzzy residue, which was extracted twice with 1N HCl (10 ml each) and filtered. Alkaloids were liberated at pH 9.8 by the addition of 0.7M sodium carbonate. The solution was extracted with methylene chloride (35ml). The organic extract was dried over anhydrous sodium sulphate to yield the total alkaloid fraction. 
Phenolic Fraction 
 Fresh leaves of 5g weight were taken and crushed using a mortar and pestle. To the crushed sample, 100mL of 80% ethanol was added. The conical flask was plugged and placed in boiling water bath for 15 minutes with occasional shaking. The contents were then centrifuged and the supernatant collected was the phenolic fraction.

Flavonoid Fraction
Approximately half the volume of the supernatant from the phenolic fraction was transferred to a 50mL separating funnel.  The sample was then extracted with petroleum ether. The aqueous layer thus obtained was the flavonoid fraction.
Saponin Fraction
About 20g of the leaf sample was ground, transferred to a conical flask and 200mL of 20% aqueous ethanol was added. The sample was heated over a water bath for 4 hours with continous stirring at 55°C. The mixture was filtered and the residue was re-extracted with another 200mL of 20% ethanol. The combined extracts were reduced to 40ml over a water bath at about 90°C. The concentrate was transferred into a 250mL separating funnel and 20mL of diethylether was added and shaken vigorously. The aqueous layer was recovered while the ether layer was discarded. To this aqueous layer, n-butanol was added and the extraction was repeated twice. The combined n-butanol extract was washed twice with 10mL of 5% aqueous NaCl. The remaining solution was heated in a water bath. After evaporation, the samples were dried in the oven to a constant weight; the saponin was calculated as gram percentage.
Tannin Fraction
Suspended the plant material in methanol and allowed it to stand overnight. Refluxed it for 4 hours. Filtered and washed the residue with methanol. Allowed the filtrate to cool down, observed for any modification and used an aliquot of this to assay tannins.

Steroid Fraction
Fresh leaves of about 2g was weighed and added to 10mL of methanol.  It was kept in a water bath for 15 minutes.  Filtered the mixture, condensed and used.
APPENDIX III
TLC OF ALKALOID, PHENOL, FLAVONOID, SAPONIN, STEROID AND TANNINS
(Harborne, 1973 and Wagner, 1996)

The plant extracts were subjected to chromatography in order to separate the active compounds present. TLC was performed on Merck silica gel 60 F254 plates. Using microcapillary, a small drop of extracts was placed on the TLC plate 3cm above the bottom. This spot was allowed to dry. TLC plate was placed into the TLC chamber, which was saturated with the solvent mixture, carefully to have uniform solvent level. When the solvent mixture reached 2cm below the top, the plates were taken out of the chamber and then detected with the respective spraying reagents.
The methanolic extract was developed with chloroform: methanol (9:1) and detected by spraying with 10% concentrated sulphuric acid. Alkaloids were separated with chloroform: methanol (15:1) and detected with Dragendroff’s reagent. Phenolics were separated with chloroform and methanol (20:0.3) and detected with Folin-Ciocalteau reagent. Flavonoids with chloroform and methanol (19:1) were detected with vanillin-sulphuric acid (10% vanillin in ethanol: concentrated sulphuric acid in 2:1 ratio) spray reagent. The saponin was developed with chloroform: methanol: water (13:7:2) and detected with 10% sulphuric acid.  Steroid was developed with chloroform: methanol: water (13:7:2) and detected using iodine vapour.  Tannin was developed with chloroform: methanol (19:1) and detected using 5% KOH in ethanol.

   The Rf value of the spots were calculated by the formula, 

                                    Distance traveled by sample
                           Rf =



     Distance traveled by solvent

APPENDIX IV
HPTLC ANALYSIS
                           (Wagner and Bladt, 1996)

PROCEDURE

Test Solution Preparation

The given sample was centrifuged at 3000 rpm for 2 minutes and collected the supernatant liquid.  The supernatant was used as test solution for HPTLC analysis.

Samples

1 µl of the above test solution and 3 µl of the standard solution were loaded as 6 mm band length in the 3 x 10 Silica gel 60 F254 TLC plate using Hamilton syringe CAMAG LINOMAT 5 instrument.
Spot Development
The sample loaded plate was kept in TLC twin trough developing chamber (after saturation with solvent vapour) with respective mobile phase and the plate was developed in the respective mobile phase upto 90 mm.

Photo-Documentation
The developed plate was dried by hot air to evaporate solvents from the plate.  The plate was kept in photo documentation chamber (CAMAG REPROSTAR 3) and captured the images at white light, UV 254 nm and UV 366 nm.
Derivatization
The developed plate was sprayed with respective spray reagent and dried at 100°C in a hot air oven.  The plate was photo-documented of daylight and UV 366 nm using photo-documentation (CAMAG REPROSTAR 3) chamber.

Scanning

Before derivatization, the plate was fixed in scanner stage and scanning was done at 254 nm.  The peak table, peak display and peak densitograms were noted.

Analysis Details of Each Fraction

1)  Alkaloids

Mobile phase: Ethyl acetate-methanol-water (10: 1.35: 1)

Spray reagent: Dragendorff’s reagent followed by 10% ethanolic sulphuric acid reagent.
2)  Phenolics

Mobile phase:  Toluene-acetone-formic acid (4.5: 4.5: 1)

Spray reagent: Sprayed fast blue B salt reagent and dried at 100°C for 3min.
3) Flavonoids
Mobile phase: Ethyl acetate-butanone-formic acid-water (5:3:1:1)

        Spray reagent: Sprayed 1% ethanolic aluminium chloride reagent and dried        

        at100°Cfor3min.

4) Saponins

Mobile phase:  Chloroform- acetic acid-methanol-water (6.4: 3.2: 1.2: 0.8)

Spray reagent:  Sprayed anisaldehyde sulphuric acid reagent (0.5 mL of anisaldehyde was dissolved in 50 mL of acetic acid and 1mL of concentrated sulphuric acid was added) and dried at 110°C for 3min.
5) Steroids

Mobile phase: Ethyl acetate-methanol-glacial acetic acid-water (10: 2.2: 1.1: 2.6)

Spray reagent: Anisaldehyde sulphuric acid reagent (0.5 mL of anisaldehyde was dissolved in 50 mL of acetic acid and 1mL of concentrated sulphuric acid is added). 
6) Tannins

Mobile phase:  Isobutanol-acetic acid-water (3: 1: 1)

Spray reagent:  5% ferric chloride reagent.

APPENDIX V

DOT BLOT RAPID SCREENING ASSAY

(Soler-Rivas et al., 2000)

REAGENTS
1. TLC plate

2. DPPH (0.4 mM in methanol)
3. Methanol
PROCEDURE
Different fractions of the leaf sample were taken (2 µl) and spotted on a TLC plate and allowed to air dry.  TLC plate bearing the dry spots was placed upside down for 10 seconds in the solution of DPPH.  The spots exhibiting radical scavenging antioxidant activity showed up as yellow spots in a violet background.  The intensity of the yellow colour depends on the amount of nature of the radical scavenger present in the sample. 
APPENDIX VI
DPPH SCAVENGING EFFECTS OF Majorana hortensis     LEAVES
                                   (Mensor et al., 2001)
Mensor et al. (2001) have proposed an assay for the detection of antioxidant activity of compound by the ability to scavenge the stable free radical DPPH.  
REAGENTS
1.   1 mM DPPH in methanol
2.    Methanol

PROCEDURE

Accurately 3 mL of 1 mM DPPH in methanol solution was added to 2.5 µl and 5.0 µl of the plant sample.  DPPH solution with methanol was used as positive control and methanol alone acted as a blank.  When DPPH reacts with antioxidant, it is reduced and the colour change from deep violet to light yellow was measured at 515 nm.  The percentage inhibition was calculated by the following formula,
             Scavenging capacity (%)  = 
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