Chapter-1

INTRODUCTION
From the ancient period of time human and animals are depended on plants for their exultancy. The reason is that plants are the source of food and the core living element oxygen. Not only provide food and oxygen but also use in other purpose such as medicinal purpose. Medicinal plants are of great importance to the health of individual and communities. The medicinal value of these plants lies in some chemical active substances that produce a definite physiological action on the human body. The most important of these chemically active (bioactive) constituents of plants are alkaloid, tannin, flavonoid and phenolic compounds. Many of these indigenous medicinal plants are also used for medicinal purposes (Edeogra, 2005). Since time immemorial, men have been using plant extracts to protect themselves against several diseases and to improve their health and life-style. No doubt, plants are serving several purposes whether health, nutrition, beauty or medicinal. New research suggests that prevention and natural treatment offer the healthiest, most lasting and least costly route to recovery. According to World Health Organization medicinal plants would be the best source to obtain a variety of drugs. About 80% of individuals from developed countries use traditional medicine, which has compounds derived from medicinal plants. Therefore, such plants should be investigated to better understand their properties, safety and efficiency (Gupta, 1994).
An antimicrobial is a substance that kills or inhibits the growth of microbes or prevent the growth of microbes such as bacteria, fungi or viruses. Antimicrobial drugs either kill the microbes or prevent the growth of microbes. However, the future effectiveness of antimicrobial therapy is somewhat in doubt. Microorganisms, especially bacteria, are becoming resistant to more and more antimicrobial agents. Even though pharmacological industries have produced a number of few antibiotics in the last three decades, resistance too these drugs by microorganisms has increased (Cohen, 1992). Such a fact is cause for concern, because of the number of patients in hospital who have suppressed immunity, and due to new bacterial strains, which are multi-resistant. Consequently, new infections can occur in hospitals resulting in high mortality.
The use of plant extracts and phytochemicals, both with known antimicrobial properties, can be of great significance in therapeutic treatments. In the last few years, a number of studies have been conducted in different countries to prove such efficiency (Almagboul et al., 1985; Artizzu et al., 1995; Izzo et al., 1995; Kubo et al., 1993). Plants are rich in a wide variety of secondary metabolites, such as tannins, terpenoids, alkaloids, glycosides and flavonoids, which have been found in vitro to have antimicrobial properties. Many plants have been used because of their antimicrobial traits, which are due to compounds synthesized in the secondary metabolism of plant. These products are known by their active substances, for example, the phenolic compounds, which are part of the essential oils (Jansen, 1987), as well as in tannin (Saxana, 1994).
Terminalia arjuna Wight and Arn.,( family: Combretaceae) popularly known as ‘Arjuna’ (Dwivedi and Udupa, 1989) is a large, evergreen tree with a spreading crown and drooping branches. It’s grown in most part of India growing to a height of 60-90 feet. The thick whites to pinkish gray bark are used primarily as a cardiac tonic. Clinical evaluation of this botanical medicine indicates it can be benefit in the treatment of coronary artery disease, heart failure, and possibly hypercholesterolemia. It has also been found to be antibacterial, antimutagenic and astringent properties. Terminalia’s active constituents include  tannins, triterpenoid saponins(arjunic acid, arjunolic acid, arjungenin, arjunglycosides), flavonoids (arjunone, arjunolone, luteolin), gallic acid, ellagic acid, oligomeric proanthocyanidins (OPGs), phytosterols, calcium, magnesium, zinc, and copper (Bone  et al., 1996; Kapoor  et al., 1990).
Based on our extensive modern and traditional literature search on herbal medicine, it can be clearly declared that medicinal plants from Bangladesh can show different pharmacological effects which enable to tone the body’s health condition, curing aliments, providing strength and vitality thus reduce the mortality and provide a healthier life, if consumed as per directions. With the development in techniques and recent researches, various compounds in plants has been proved to have a varied pharmacological activity such as analgesic anti-inflammatory, analgesic, antioxidant, antimicrobial, antifungal and cytotoxic properties. In Bangladesh, very few works have been done to explore the possibilities of utilizing the locally available herbs and shrubs in veterinary practice. Keeping these views in mind, the present work has been designed to investigate the antimicrobial activities and phytochemical properties of Terminalia arjuna which is found in Bangladesh.
Objectives of the study:

1. Phytochemical screening of arjuna bark.

2. To detect the antibacterial effect  of ethanol extract arjuna bark. 
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REVIEW OF LITERATURE
Bark of T. arjuna has been widely used in traditional system of medicine for a variety of purposes. Ancient Indian physicians used the powdered bark of T. arjuna for alleviating "hritshool" (angina) and other cardiovascular conditions .Bark powder used as astringent and diuretic finds mention in works of Carak.(Dwivedi, 2007).

Phytochemical extracts from Terminalia species have been known for their antioxidant and antimicrobial properties. They are used in the management of cardiovascular diseases, myocardial infarction, degenerative neurological diseases, cancer, amyloidosis, acute pancreatitis, arthritis, atherosclerosis, inflammatory bowel disease, diabetes, senile dementia, retinal degeneration and senile cataract particularly in humans owing to their antioxidation potential (Dwivedi, 2007).

It was reported that ethanolic extract of T. arjuna bark at a concentration of 100-500mg/kg significantly reduces total and LDL cholesterol levels in hypercholesterolaemic rabbits ( Ram et al, 1997).
Similarly, it has been reported that bark aqueous extract of T. arjuna at a concentration of 50 mg/kg prevented the rise in liver injury enzymes, SGPT, ALP and TBARS and increased the levels of SOD, CAT, and GSH and the results were comparable to vitamin C group mice (Manna et al., 2006).

 Recently evaluated the effect of methanolic extract of T. arjuna on diclofenac sodium induced gastric ulcer in experimental rats and concluded that extracts of T. arjuna act as gastroprotective agent due to its free radical scavenging activity and cytoprotective nature (Devi et al, 2007).
Studies have shown that bark of T. arjuna contains glycosides, flavonoids, tannins and minerals. Flavonoids have been reported to exert antioxidant, anti-inflammatory and lipid lowering effects while glycosides are cardiotonic, thus making T. arjuna unique amongst the medicinal plants (Dwivedi, 2007). 
In a study, it was showed that aqueous extracts bark of T. arjuna holds significant antibacterial activity against Escherichia coli, Klebsiella aerogenes, Proteus vulgaris, and Pseudomonas aerogenes ( Perumalsamy et al, 1998)
Recently indicated the presence of antibacterial principles in the bark of T. arjuna with arjunetin particularly exhibiting selectively higher activity against S. epidermidis (Singh et al, 2008)
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MATERIALS AND METHODS
Sample collection:

The bark of Terminalia arjuna was collected from Khulna district of Bangladesh. The plant was taxonomically identified by the Taxonomist, BCSIR laboratories, Chittagong.

Preparation of Plant Extract:
The fresh bark of Terminalia arjuna was washed with water immediately after collection. The collected bark was chopped into small pieces, air dried at room temperature for about 10 days and ground into powder form and stored in an airtight container. 800gm, 750gm and 700gm powder was macerated in 5L pure ethanol for 7 days at room temperature with occasional stirring.

Phytochemical Test Procedure:
1. Alkaloid Test:

              1gm test sample in a beaker
                                      ↓
                     5ml 1% HCl was added
                                      ↓
                     Then it was heated at waterbath for 10-15 minutes
                                      ↓
                     Then filtered and got clear solution
                                      ↓
                      Huger’s reagent was added
                                      ↓
                     Precipitation indicate the presence of alkaloid

2. Glycoside Test: 

               Small amount of an alcoholic extract of the sample was taken
                                                              ↓
                     Then 1ml distilled water was added

                                                              ↓

                     Then few drops of aquous NaOH solution was added
                                                              ↓
                  Yellow colour indicate the presence of glycoside
Antibacterial Screening:
Preparation of test solution:

A measured amount of test samples (e.g. Ethanol extract) were dissolved in definite volumes of ethanol to give solution of known concentration (e.g. 500µg/10µl). Ethanol was chosen as solvent because; in addition to that it can be used in dissolving the crude extracts completely. Volatile essential oils used directly without dissolving in any solvent.

Test Organisms:
In the present study, to screen the anti-microbial activity of plant extracts 10 bacteria and 4 fungi were used as test organisms. Among 10 bacteria, 6 were gram positive and 4 were gram negative. Bacterial and Fungus culture were collected from Institute of Nutrition and food Science, University of Dhaka. Test experiments were conducted in Industrial Microbiology Research Division, BCSIR Laboratories Chittagong, Bangladesh.

Table 1: List of test organisms(Bacteria):

	Types of bacteria
	Test organism
	Source

	Gram (+)
	Bacillus subtilis

Staphylococcus aureus

Bacillus cereus

B. polymyxa
	BTCC

BTCC

BTCC

BTCC

	Gram (-)
	Shigella flexneri
	ICDDR’B


Sensitivity Spectrum Analysis:
 Disc diffusion methods:

The disc diffusion technique (Bauer et al, 1966) is a widely accepted in vitro investigation for primary screening of agents which may possess any antibacterial activity. It is essentially a qualitative or quantitative test indicating the sensitivity or
resistance of the microorganism to the test materials. However, no distinction between bacteriostatic or bactericidal activity can be made by this method (Ronald, R. 1982)

Reagents for the Disc diffusion Test

Preparation of Müeller-Hinton Agar 

Müeller-Hinton agar preparation includes the following steps. 

1. Müeller-Hinton agar prepared from a commercially available dehydrated base (Hi-media, India) according to the manufacturer's instructions.

2. Immediately after autoclaving, allowed it to cool in a 45 to 50(C water bath. 

3.  Freshly prepared and cooled medium poured into glass, flat-bottomed petri dishes on a level, horizontal surface to give a uniform depth of approximately 4 mm. (This corresponds to 60 to 70 ml of medium for plates with diameters of 150 mm and 25 to 30 ml for plates with a diameter of 100 mm.)

4. The agar medium allowed to cool to room temperature.

Turbidity standard for inoculum preparation 
To standardize the inoculums density for a susceptibility test, a BaSO4 turbidity standard, equivalent to a 0.5 McFarland standard or its optical equivalent (e.g., latex particle suspension), should be used. A BaSO4 0.5 McFarland standard prepared as follows: 

1. A 0.5-ml aliquot of 0.048 mol/L BaCl2 (1.175% w/v BaCl2 . 2H2O) is added to 99.5 ml of 0.18 mol/L H2SO4 (1% v/v) with constant stirring to maintain a suspension. 

2. The correct density of the turbidity standard verified by using a spectrophotometer with a 1-cm light path and matched cuvette to determine the absorbance. The absorbance at 625 nm should be 0.008 to 0.10 for the 0.5 McFarland standard. 

3. The Barium Sulfate suspension transferred in 4 to 6 ml aliquots into screw-cap tubes of the same size as those used in growing or diluting the bacterial inoculum. 

4. These tubes were tightly sealed and stored in the dark at room temperature. 

5. The barium sulfate turbidity standard vigorously agitated on a mechanical vortex mixer before each use and inspected for a uniformly turbid appearance. 

Procedure for Performing the Disc Diffusion Test 
Inoculum Preparation 
Growth Method 

The growth method is performed as follows:

At least three to five well-isolated colonies of the same morphological type are selected from an agar plate culture. The top of each colony is touched with a loop  and the growth is transferred into a tube containing 4 to 5 ml of a suitable broth medium, such as Mueller Hington broth. The broth culture is incubated at 35(C until it achieves or exceeds the turbidity of the 0.5 McFarland standard (usually 2 to 6 hours). The turbidity of the actively growing broth culture is adjusted with sterile saline or broth to obtain turbidity optically comparable to that of the 0.5 McFarland standard. (This results in a suspension containing approximately 1 to 2 x 108 CFU/ml for E.coli ATCC 25922).   To perform this step properly, either a photometric device is used.

Preparation of discs

Whatman-1 filter papers were used for disc preparation. The discs of about 4 mm in diameter were prepared by using punching machine.  The discs were taken in a petridish and sterilized by autoclave, dried in oven at 100(C. And then impregnated with required concentration of plant extract.
Inoculation of Test Plates 
1. Optimally, within 15 minutes after adjusting the turbidity of the inoculum suspension, a sterile cotton swab is dipped into the adjusted suspension. The swab rotated several times and pressed firmly on the inside wall of the tube above the fluid level. This will remove excess inoculum from the swab.

2. The dried surface of a Müeller-Hinton agar plate is inoculated by streaking the swab over the entire sterile agar surface. This procedure is repeated by streaking two more times, rotating the plate approximately 60( each time to ensure an even distribution of inoculum. As a final step, the rim of the agar is swabbed.

3. The lid was left ajar for 3 to 5 minutes (but no more than 15 minutes), to allow for any excess surface moisture to be absorbed before applying the drug impregnated disks.

Application of Discs to Inoculated Agar Plates

1. The predetermined battery of anti-microbial discs is dispensed onto the surface of the inoculated agar plate. Each disc pressed down to ensure complete contact with the agar surface. Discs are distributed evenly so that they are no closer than 24 mm from center to center. 
2.The plates are inverted and placed in an incubator set to 35(C within 15 minutes after the discs are applied. 

Reading Plates and Interpreting Results 

After 16 to 18 hours of incubation, each plate is examined. If the plate was satisfactorily streaked, and the inoculums were correct, the resulting zones of inhibition will be uniformly circular and there will be a confluent lawn of growth.  The diameters of the zones of complete inhibition (as judged by the unaided eye) are measured, including the diameter of the disc. Zones are measured to the nearest whole millimeter, using sliding calipers or a ruler, which is held on the back of the inverted petri plate. The petri plate is held a few inches above a black, nonreflecting background and illuminated with reflected light.
Prepation of Terminalia arjuna Bark Extract:
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Fig: Dried bark sample of  Terminalia ajuna                          Fig: Grinder
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Fig: Extraction process of                                        Fig: Alcoholic dipping of dried                     
Terminalia arjuna                                                          bark (Terminalia arjuna)
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RESULT
Table-3: Anti-microbial activity of ethanolic bark extract of  Terminalia arjuna
	Types of organism
	Tested organism
	Diameter of zone of inhibition(mm)

	
	
	1mg/disc
	2mg/disc
	3mg/disc
	4mg/disc
	5mg/disc

	Gram (+)
	Bacillus subtilis
	-
	-
	-
	7
	7.5

	
	Staphylococcus aureus
	7
	7
	7
	8
	8

	
	Bacillus cereus
	7
	7
	7
	7.5
	8

	
	B. polymyxa
	-
	-
	-
	-
	7

	Gram (-)
	Shigella flexneri
	-
	-
	-
	-
	-


‘-‘stands for zone of no inhibition
Five different concentration (1mg/disc, 2mg/disc, 3mg/disc, 4mg/disc and 5mg/disc) of ethanolic bark extract of Terminalia arjuna was used against selected organism. It showed a significant degree of antibacterial activity. 
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DISCUSSION
The ethanolic bark extract showed a prominent degree of antibacterial activity against Staphylococcus aureus and Bacillus cereus. In most cases 5mg/disc has more satisfactory effects than others.
Though bioactive products of Arjuna have been used in treatment of various aliments since time immemorial, role of phytochemical in inhibition of growth of microorganisms has gained less prominence (Sasidharan et al., 1998). Bark extracts limited the growth of both Gram-positive and Gram-negative bacterial species tested. Among the different microorganisms tested maximum inhibition was found in B. cereus,Staphylococcus aureus and B. subtilis. However, Bacillus polymyxa and Shigella flexneri remained less sensitive to aqueous extracts of T. arjuna. 

CONCLUSION
            Arjuna, the versatile traditional medicinal plant of India, is the rich source of bioactive compounds with diverse chemical structure. As of now, little work has been done on the biological activity and plausible medicinal applications of the phytochemical compounds and hence extensive investigation is needed to exploit the bioactive principles of Arjuna for therapeutic utility. In the present study antibacterial activity of Terminalia arjuna extracts towards drug resistant/ clinically significant microbes has been investigated. Further investigations may lead to development of new antibiotic (s) of high potency. 
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ABSTRACT
The present study was carried out to evaluate the antibacterial activity of ethanolic bark extract from Terminalia arjuna on selected Gram positive and Gram negative bacterial strains. Phytochemical screening of Terminalia arjuna bark should also be done. For evaluation of antibacterial activities disc diffusion technique is used. In antibacterial experiment, bark extract showed 7mm to 8.5mm of diameter of zone inhibition against tested four Gram (+) bacteria such as Staphylococcus aureus, B. polymyxa, Bacillus cereus and Bacillus subtilis and one Gram (-) bacteria such as Shigella flexneri. The result show that antimicrobial activity of phytochemical extract of Terminalia arjuna were concentration dependent(1.0mg/disc and 5.0mg/disc) on the bactedrial strains tested.Further, the results depicts that bark extracts of Terminalia arjuna could be used as a potential source of antimicrobial agents against the bacterial strains tested. We recommended further research is essential based on such plant bark for possible isolation and characterization of various chemical active substance.

KEY WORDS: Terminalia arjuna, Medicinal plant, Antibacterial activity, Phytochemical, Disc diffusion assay, Bark extract. 
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