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1.0 INTRODUCTION

“The art of medicine consists of amusing the patient while 
nature cures the disease”

                                                                                            -Voltaire


India is one of the pioneers in the discovery of herbal medicines for the treatment of various ailments. Serious efforts are being made by the phytochemists and botanists in exploring the plant world to discover more potent drugs from botanical species  (Nayak et al., 2010).


Nature has been a potential source of a variety of plants with diversified medicinal values. Herbs were used for the treatment of various ailments for thousands of years and plant based drugs continue to play an essential role in the primary health care of 80% of the world’s underdeveloped and developing countries. Plant drugs are frequently considered to be less toxic and free from side effects than synthetic ones (Sakarkar et al., 2010).


The significant increase in the use of herbal medicines in recent decades may be attributed to popular wisdom, the cost of synthetic drugs and  the resurgence of interest in the development of new drugs and the re-establishment of old ones from plant-sources. Nowadays for the wide spread acceptance of herbal medicines, standardization and quality control of the herbal materials, as well as evaluation of efficacy, safety and quality of the phytopharmaceutical are indispensable (Rodriqnes et al., 2007).


Prevention of life-style related atherothrombotic diseases such as myocardial infarction and stroke is an important and urgent social task in the developed countries. Epidemiological studies provided irrefutable evidence for the causative role of inappropriate diet both in the development and clinical outcome of thrombotic diseases. Regular consumption of diet or nutritional supplements of experimentally proven antithrombotic effect may offer an economical way of preventing thrombotic events (Sane et al., 2004).


Plants are unique in their ability to produce an extraordinary array of different secondary metabolites. Many of these metabolites have medicinal or toxic attributes. The brine shrimp has been used to detect general toxicity, in teratology screens, ecotoxicology and detection of plant extract toxicity for the past 30 years. Cytotoxicity is a subject of heavy pharmaceutical study, particularly in the area of cancer research. Low cytotoxicity to cancerous cell is the ultimate goal of many chemotherapy drugs. Cytotoxicity is critical to the body’s immune system, but it is also used in genetics research as a means for killing off the unwanted cells in a tissue sample that has been infected with genetic materials.

(http://www.iscid.org/cytotoxicity).

Several plant species have been studied for anticancer properties and it is estimated that approximately 40% - 50% of the drugs on the market today are either derived from natural products or are natural products themselves. Nonetheless, comprehensive and systematic evaluation of “natural” product is required to demonstrate efficacy and safety for clinical use (Bechelli. et al., 2010).


Antimicrobial drug resistance in human bacterial pathogens is a continuing worldwide issue and as a consequence, effective treatment and control of such organisms remain an important challenge. Bacterial resistance has appeared for every major class of antibiotic (McCarrell et al., 2008). Various studies have been done which utilized plants in investigating possible antimicrobial drugs and in discovering the different medicinal properties of plants. Natural antimicrobials can be derived from Barks, Stems, Leaves, Flower, and Fruits of plants (Vital et al., 2010).


With onset of scientific research in herbals, it is becoming clearer that the medicinal herbs have a potential in today’s synthetic era, as numbers of medicines are becoming resistant. According to one estimate only 20% of the plant flora has been studied and 60% of synthetic medicines owe their origin to plants. Ancient knowledge coupled with scientific principles can come to the forefront and provide us with powerful remedies to eradicate the diseases  (http://ayurredhaherbs.wordpress.com)


Epidemiologic studies have provided evidence that foods with experimentally proved antithrombotic effect could reduce risk of thrombosis (Prasad et al., 2006). However, majority of plants have not yet been screened for such activity. With this back ground, the present study has been framed with the following objectives:

· To analyse the clot lysis property (Thrombolytic activity ) of the selected plant Murraya koenigii.

· To evaluate the cytotoxic effect of the plant by Brine Shrimp Lethality Assay (BSLA).

· To determine the antimicrobial activity in the aqueous and ethanolic extracts of the selected plant.

2.0 REVIEW OF LITERATURE

Medicinal plants are now becoming more widely used by people all over the world. People understand the gentle strength of natural remedies. Doctors and scientists are validating the wisdom of traditional use (Blake  et al., 2004).

The review of literature pertaining to the present study has been compiled and discussed under the following headings.

2.1. MEDICINAL PLANT – SOURCE OF DRUG

2.2. THROMBOLYTIC THERAPY 

2.3. CYTOTOXICITY

2.4. ANTIMICROBIAL ACTIVITY

2.5. Murraya koenigii
2.1. MEDICINAL PLANT – SOURCE OF DRUG

Indian medicinal plants have a great history of their utility as remedy for treatment of variety of ailments. The impact of medicinal plants and their isolated pure compounds is in variety of therapeutic areas (Chaitali et al., 2010).

Plants are used as natural medicines. This practice has existed since prehistoric times. There are three ways in which plants have been found useful in medicine. First, they may be used directly as teas or in other extracted forms for their natural chemical constituents. Second, they may be used as agents in the synthesis of drugs. Finally, the organic molecule found in plants may be used as models for synthetic drugs. Historically the medicinal value of plants was tested by trial and error as in the doctrine of signatures. Modern approaches to determine the medicinal properties of plants involve collaborative efforts that can include ethnobotanists, anthropologists, pharmaceutical chemists and physicians.
 (http://www.questia.com/library/medicinal-plants).

A wide range of medicinal plant parts is used for extract as raw drugs and they possess varied medicinal properties. The different parts used include stem, root, flower, fruit, twigs exudates and modified plant organs. While some of the raw drugs are collected in smaller quantities by the local communities and folk healers for local uses. Many other raw drugs are collected in larger quantities and traded in the market as the raw material for many herbal industries (Satish et al., 2008).

Medicinal plants continue to be an important therapeutic aid for alleviating the ailments of humankind. Today, there is a renewed interest in traditional medicine and an increasing demand for more drugs from plant sources. This revival of interest in plant derived drugs is mainly due to the current widespread belief that “Green Medicine” is safe and more dependable than the costly synthetic drugs, many of which have adverse side effects (Nair et al., 2007). Knowledge of medicinal plants used in traditional health care has aroused the interest of pharmaceutical companies into research and developmental programs in the pursuit of novel drugs (Dosumu et al., 2008).

2.2. THROMBOLYTIC THERAPY

Thrombolytic medications are approved for the immediate treatment of stroke and heart attack. The most commonly used drug for thrombolytic therapy is tissue plasminogen activator (tpA), but other drugs can also perform the same (http://www.adam.about.net/encyclopaedia).

According to reliable estimates of the world health organisation, statistics on heart attacks (Myocardial infarction), when examined in 35 populations in 21 countries during the  mid 1980s until the mid 1990s, showed that nearly 8 crore people were found to suffer from Coronary Artery Disease (CAD) worldwide. Amongest  these, approximately 2.5 crores existed in India, with heart attack (http:www.thrombolytic therapy.com).
 A blood clot can block the arteries to the heart. This can cause a heart attack, when part of the muscle dies due to a  lack of oxygen being delivered by the blood. Thrombolytics work by dissolving a major clot quickly. This helps restart blood floe to the heart and helps prevent damage to the heart muscle. Thrombolytics can stop a heart attack, that could otherwise be deadly. The drug  restores  some blood flow to the heart in most patients. However the blood flow may not be a small amount of muscle damaged (http.//www.nlm.nih.gov).

Mortality from cardiovascular diseases is significantly lower in French than in people from other countries having similar high fat diet. It has been suggested that the French’s habitual and large amount of red wine consumption is responsible for the lower cardiovascular mortality (Ercan et al., 2004).

The living organisms have natural mechanisms to overcome clotting processes and substances with defence function  called  antithrombocytes. They include inhibitors of thrombin, factor Xa, factor IXa. Factors participating in the extrinsic and intrinsic pathways of the coagulation cascade (Atanassov et al., 2009).

Streptokinase is the least expensive fibrinolytic agent, unfortunately, it is antigenic and produces a high incidence of untoward reactions. This drawback limits the usefulness of streptokinase in the clinical setting. Although other fibrinolytic agents are more popular in developed nations like the United states. Streptokinase continues to be widely used in developing nations. Streptokinase is produced by beta-haemolytic Streptococci. Streptokinase by itself is not a plasminogen (or with plasmin ) to form a complex that can convert additional plasmonogen to plasmin. Streptokinase activity is not enhanced in the presence of fibrin.

 Streptokinase (Streptase) is indicated up to 12 hours after onset of symptoms. It is administered as an IV infusion over 1 hour. Streptokinase is associated with hypotension, infrequent allergic reactions and rarely, anaphylaxis. Patients treated with streptokinase develop anti-streptococcal antibodies, which can  inactivate  the drug if subsequent treatment is needed. Other data suggest that streptokinase represents between 53% and 65% of thrombolytic drug use ( http://www.emedicine.medscape.com).

2.3. CYTOTOXICITY
Brine shrimp lethality assay has been used as a bench-top bioassay for the discovery and purification of bioactive natural products and they are an excellent choice for preliminary assessment of toxicity of herbal drugs/consumer products. And it can be used in a laboratory bioassay in order to determine the toxicity by the estimation of the medium lethality concentration LC50 which have been reported for a series of toxins and plant extracts.

For the past 30 years, the Artemia naupilii have been used to detect general toxicity in teratology screens and in ecotoxicology. From a pharmacological point of view, a good relationship has been found with the brinr shrimp lethality to detect antitumoral compounds in terrestrial plant extracts ( Ramachandran et al., 2011).

Artemia salina with purine metabolism as that of mammalian cells has been shown to have a good correlation with antitumor activity. Brine shrimp lethality bioassay indicates cytotoxicity as well as a wide range of pharmacological activities such as antimicrobial, pesticidal activities (Sharker et al.,2010). The DNA-dependent RNA polymerases of Artemia salina are also similar to the mammalian type (Sharififar et al., 2009).

2.4. ANTIMICROBIAL ACTIVITY

There are 2600 plant species which more than 700 are noted  for their uses as medicinal herbs. In folk medicine, medicinal herbs and plant products are used in treating a widespectrum of infections and other diseases. Numerous antimicrobial molecules, such as antimicrobial peptides, proteins and small molecular weight organic substances are present in plants acting as host defence mechanisms. The antimicrobial properties of plants have been investigated by a number of studies worldwide and many of them have been used as therapeutic alternatives because of their anti microbial properties (Harika et al., 2010).

Herbalism and folk medicine, both ancient and modern, have been the source of much useful therapy. During the last twenty years renewed interest has emerged to help developing safer antimicrobial drugs from the natural sources. Presumably due to the increasing development of drug resistance to human pathogenic organisms, as well as the appearance of undesirable side effects of certain antibiotics and the emergence of previously uncommon infections.

Numerous studies have shown that aromatic and medicinal plants are source of diverse nutrient and non nutrient molecules, many of which display antimicrobial properties which can protect the human body against both cellular oxidation reactions and pathogens. Thus it is important to characterize different type of medicinal plants for their antimicrobial potential. Aromatic and medicinal plants are known to produce certain bioactive molecules which react with other organisms in the environment inhibiting bacterial or fungal growth. The substances that can inhibit pathogens and have little toxicity to host cells are considered candidates for developing new antimicrobial drugs (Sengul et al., 2009).

In developing countries where medicines are quite expensive, investigation on antimicrobial activities from ethnomedicinal plants may still be needed. It is obvious that these phytochemicals will find their way in the arseal of antimicrobial drugs prescribed by physicians (Karo et al., 2005).

2.5. Murraya koenigii

The Indian plant Murraya koenigii belong to family Rutaceae, commonly called “curry leaf” in English and locally known as karivepu. The species is native of India and found everywhere in India. It commonly occurs in foothills of Himalaya, Assam, Sikim, Kerala, Tamilnadu, Andra Pradesh and Maharashtra. The leaf has been found to show antioxidant activity, hypoglycemic activity, antibacterial activity and also act as a hepatoprotective (Yadav et al., 2010).
The cost of using green inhibitors is very less when compared to that of organic inhibitors which takes lot of hemicals and also time for its preparation. Hence in the present work, the extracts of curry leaves are collected and evaluated (Sharmila et al., 2010).

Botanical Name 
 :  
Murraya koenigii

Common Name
 :  
Curry leaf, Curry leaf plant/tree,                                            




Curry leaves.

Family Name        
 :        Rutaceae (the citrus family )

Plant type 

 :        An aromatic shrub or small tree

Light  
          

 : 
 Full sun to partial shade.

(http://www.jaycjayc.com/murraya.com).

       The leaves retain their flavour even after drying and hence these are marketed both in fresh and dried forms. There is not much loss of volatile oil during drying either in sun/shade or in cross flow dryer. An extended period of extraction caused loss/decrease in certain components while there was gain/increase in other components (http://www.handbookofherbs.com).

        Curry leaves possess the qualities of a herbal tonic. They strengthen the functions of stomach and promote its action. They are also used as a mild laxative. The leaves may be taken mixed with other mild tasting herbs. It cures digestive disorders, kidney, premature graying of hair, burns, bruises, eye disorders and insect bites (http://www.onlinevitamins.com).

There also having several biological activities of Murraya koenigii leaves reported for its antihypercholesterlemic as well as efficacy against colon carcinogensis (Tembhurne et al., 2009). Murraya koenigii, a medicinally important herb of Indian origin, has been used for centuries in the Ayurvedic system of medicine (Nayak et al., 2010).

Murraya koenigii plants use for cooling, anthelmintic, analgesic, piles, allays heat of the body, reduces inflammation and itching. It is also useful in leucoderma and blood disorders. An infusion of the toasted leaves in used to stop vomiting. Crushed leave are applied externally cures skin eruption and to relieves burn steam distillate of the leaves can be used as stomachic, purgative, febrifuge and anti emetic (Patil et al., 2011).  

3.0 EXPERIMENTAL PROCEDURE
The  methodology   followed  for  the  “Evaluation of Thrombolytic, cytotoxic  and antimicrobial effect  of Murraya koenigii”  is discussed  under  the  following  headings.

3.1. COLLECTION OF PLANT SAMPLE

3.2. PREPARATION OF PLANT EXTRACT

3.3. PHYTOCHEMICAL ANALYSIS OF Murraya koenigii
3.4. DETERMINATION OF THROMBOLYTIC ACTIVITY

3.5. ESTIMATION OF TOTAL CHOLESTEROL

3.6. BIOSAFETY SCREENING (CYTOTOXICITY) OF THE SELECTED        PLANT

3.7. ASSESSMENT OF ANTIMICROBIAL ACTIVITY

3.8. STATISTICAL ANALYSIS

3.1. COLLECTION OF PLANT SAMPLE:

The plant namely Murraya koenigii was selected for the present investigation. Fresh leaves of the selected present were collected, washed and used for the preparation of extracts.

3.2. PREPARATION OF PLANT EXTRACT:


Fresh leaves of the plant Murraya koeniji were homogenized using water and ethanol for the preparation of aqueous and ethanolic extract respectively. These extracts were analysed for the determination of thrombolytic, cytotoxic and antimicrobial effect of  Murraya koenigii.

3.3 PHYTOCHEMICAL ANALYSIS OF Murraya koenigii:

Fresh leaves of Murraya koenigii were analysed for the qualitative detection of phytochemicals. The detailed procedure is given in appendix I.  
3.4. DETERMINATION OF THROMBOLYTIC ACTIVITY:

  
Thrombolytic activity of Murrarya koenigii was determined by using human blood and citrated blood. The procedure followed is given in appendix II.

3.5. ESTIMATION OF TOTAL CHOLESTEROL:


Total cholesterol was determined in serum samples obtained from the above human blood samples. Zak’s method was followed to estimate the total cholesterol.  The procedure is explained in appendix III.

3.6. BIOSAFETY SCREENING (CYTOTOXICITY) OF THE

         SELECTED PLANT:

Brine shrimp lethality bioassay was carried out to investigate the cytotoxicity of extracts of Murraya koenigii. The procedure is explained in appendix IV.

3.7. ASSESSMENT OF ANTIMICROBIAL ACTIVITY:


The antimicrobial activity of aqueous and ethanolic extracts of Murraya koenigii was carried out by agar well diffusion method and the procedure is elaborated in appendix V.

3.8. STATISTICAL ANALYSIS:


Experimental results are expressed as mean ± S.D. The significance between clot lysis by streptokinase and plants extracts by means of weight difference was tested by two way ANOVA analysis. Serum cholesterol and clot lysis were compared by correlation analysis. LC50 values for the brine shrimp lethality assay were calculated by probit analysis.
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4.0 RESULTS AND DISCUSSION
Nature has served as a rich repository of medicinal plants for thousands of years and an impressive number of modern drugs have been isolated from natural sources, notably of plant origin. Herbal medicine, based on their traditional use in the form of powders, liquids or mixures, has been the basis of treatment for varius ailments in India since ancient times (Kaur et al.,2009).

The present study has been focused on the thrombolytic, cytotoxic   and antimicrobial effect of Murraya koenigii. As a first step analsis of phytochemical screening was carried out in the leaves of Murraya koenigii and thrombolytic, cytotoxic and antimicrobial effect was evaluated in aqueous and ethanolic extracts of the selected plant.

 The findings of this study are discussed under the following headings:

4.1.      QUALITATIVE ANALYSIS OF  PHYTOCHEMICAL              CONSTITUENTS OF Murraya koenigii
 4.2.     DETERMINATION OF THROMBOLYTIC ACTIVITY:  
· THROMBOLYTIC ACTIVITY OF AQUEOUS EXTRACT OF Murraya koenigii

· THROMBOLYTIC ACTIVITY OF ETHANOLIC EXTRACT OF Murraya koenigii 

· COMPARISION OF SERUM CHOLESTEROL AND THROMBOLYTIC ACTIVITY OF ETHANOLIC EXTRACT OF Murraya koenigii 

4.3. CYTOTOXIC EFFECT OF  Murraya koenigii.
4.4.     ANTIMICROBIAL ACTIVITY OF Murraya koenigii.

 4.1. QUALITATIVE ANALYSIS OF PHYTOCHEMICAL     CONSTITUENTS OF  Murraya koenigii.
The phytochemical screening of plants to determine the presence of bioactive constituents is thus vital in the knowledge of therapeutic properties of plants. Such bioactive constituents  analysed in this study are indicated in   table 1.
TABLE 1

QUALITATIVE ANALYSIS OF PHYTOCHEMICAL 
CONSTITUENTS OF Murraya koenigii
	S.No
	Phytochemicals
	Occurrence in

	
	
	Aqueous extract
	Ethanolic extract

	1

2

3

4

5

6

7

8

9

10
	Carbohydrates

Phenols

Glycosides

Saponins

Quinones

Flavonoids

Tannins

Oils

Terpenoids

Alkaloids
	+

+

-

+

-

+

+

+

+

+
	+

+

+

+

+

+

+

+

+

+


                                 ‘+’ – Present

‘-’ - Absence 

 Analysed phytochemicals such as carbohydrates, flavonoids, glycosides, lignin, phenols, quinines, saponins, tannins, terpenoids and volatile oils were found to be present in ethanolic extracts of Murraya koenigii. Aqueous extract was found to contain all the phytochemicals except glycosides and quinines.

          Oladimeji et al., (2006) have indicated that the phytochemical screening of the crude ethanolic extracts of leaves and stem of Calotropis procera contain saponins, tannins, glycosides and flavonoids, Aqueous and ethanolic extracts of Ficus septica Burn and Sterculia foetida L. leaf showed the presence of alkaloids, tannins, carbohydrates by phytochemical screening (Vital et al.,2010). Phytochemical testing of four most common species of parsnip, cinnamon, ginger, siahdanch showed the presence of flavonoids, alkaloids, tannins and saponins, (Sharififar et al.,2009).

4.2 DETERMINATION OF THROMBOLYTIC     ACTIVITY 

4.2.1. THROMBOLYTIC ACTIVITY OF AQUEOUS AND ETHANOLIC EXTRACTS  OF Murraya koenigii   

Thrombolytic activity of aqueous and ethanolic extracts of Murraya koenigii was determined using normal human blood and citrated blood. In this, 5mg/ml and 10mg/ml concentration of aqueous and ethanolic extracts of the selected plant were used. Percentage of clot lysis is represented in the table 2 & 3 and fig 1& 2.

TABLE 2

THROMBOLYTIC ACTIVITY OF AQUEOUS EXTRACT OF Murraya koenigii
	Concentration of the sample 

(mg/ml)
	Thrombolytic activity (%)

	
	Normal blood
	Citrated blood

	5 

10


	2.72 ± 0.84

4.89 ± 1.44


	2.82 ± 0.93

5.42 ± 1.76



	CD (p<0.05)
	1.265


               Value are mean ± SD (n = 20)
   Streptokinase (+ ve control)
= 17.33 ± 3.12

   Water (- ve control)
= 0.95 ± 0.14

FIGURE 1
THROMBOLYTIC ACTIVITY OF AQUEOUS EXTRACT OF Murraya koenigii
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TABLE 3

THROMBOLYTIC ACTIVITY OF ETHANOLIC EXTRACT OF Murraya koenigii
	Concentration of the sample (mg/ml)
	Thrombolytic activity (%)

	
	Normal blood
	Citrated blood

	5

10 
	4.36 ± 1.72

7.53 ± 2.21


	5.37 ± 1.60
9.47 ± 2.79



	CD (p<0.05)
	 2.462


         Value are mean ± SD (n = 20)
         Streptokinase (+ ve control) = 17.33 ± 3.1

          Ethanol (- ve control)
= 0.75 ± 0.08
FIGURE 2
THROMBOLYTIC ACTIVITY OF ETHANOLIC EXTRACT OF Murraya koenigii
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  Streptokinase was used as a positive control in the concentration of 0.1mg/ml which when incubated at 37°C for 90 minutes with the clot, exhibited 17.33 percentage clot lysis. Both aqueous and ethanolic extracts of Murraya koenigii exhibited an increase in clot lysis  as the concentration of the sample increased. 

The ethanolic extract of Murraya koenigii showed significantly greater activity when compared to the aquous extract. Both aqueous and ethanolic extracts showed lesser activity when compared with the standard streptokinase.

         
These results are in agreement with the findings of Prasad et al., (2006) in which the highest thrombolytic activity was shown to be in Streptokinase and Ratnasooria et al., (2007) in which different herbs were analysed for their thrombolytic activity and they exhibited an increase in their activity as the concentration of the sample increased.

4.2.2 COMPARISION OF SERUM CHOLESTEROL AND THROMBOLYTIC ACTIVITY OF ETHANOLIC EXTRACT OF Murraya koenigii 

     Serum cholesterol was determined and compared with thrombolytic activity of the plants. The values are represented in table 4. Figure 3 indicates the correlation between serum cholesterol and thrombolytic activity of the plant.
TABLE 4
COMPARISON OF SERUM CHOLESTEROL AND THROMBOLYTIC ACTIVITY OF ETHANOLIC EXTRACTS OF Murraya koenigii
	S.No
	Thrombolytic activity of the ethanolic extract (%)
	Level of serum cholesterol (mg/dl)

	1

2

3

4

5

6

7

8

9

10
	3.12

4.42

4.98

5.45

5.80

8.01

9.86

9.95

11.37

12.36
	200

250

150

200

250

200

175

200

200

275


FIGURE 3

COMPARISON OF SERUM CHOLESTEROL AND THROMBOLYTIC ACTIVITY OF ETHANOLIC EXTRACTS OF Murraya koenigii
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     r = 0.0304ns   ns – Not significant

Serum was separated from the blood samples collected for thrombolytic activity of the plant and used for the determination of total cholesterol. A comparison was made between total cholesterol level and clot lysis by the plant extract. And a correlation analysis was also carried out. The findings revealed that there is no correlation between serum cholesterol and the thrombolytic activity of the plant. 

4.3. CYTOTOXICITY EFFECT OF Murraya koenigii

            Cytotoxicity study was carried out with brine shrimp. The lethality of the aqueous and ethanolic extract of leaf to brine shrimp (Artemia salina) was determined after 24 hours of exposure and the findings are indicated in the table 5 & fig 4

TABLE 5

	S.no
	Concentration 

(µg/ml)
	Mortality percentage (%)
	Potassium Dichromate

	
	
	Aqueous extract
	Ethanolic extract
	

	1

2

3

4

5

6
	100

200

300

400

500

1000
	67

60

52

46

43

28
	45

50

70

85

90

100
	40

45

50

60

75

100

	LC50
	327.50
	202.45
	299.90


CYTOTOXICITY EFFECT OF Murraya  koenigii

FIGURE 4

CYTOTOXICITY EFFECT OF Murraya  koenigii
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ure and the findings are indicate in the Table 5.
The results of brine shrimp lethality Assay are expressed in percentage lethality LC50 values of the plant extracts were obtained by a plot of percentage of shrimp naupilii killed against the log concentration of the extracts. The percentage mortality decreased with increase in concentration of Aqueous extract of Murraya koenigii. LC50 values ranged from 202.45 to 327.50. Ethanolic extract exhibited greater cytotoxic effect when compared to aqueous extract.at higher concentration 400-1000 µg/ml.

This finding is in agreement with Ramachandran et al.,(2011) who reported that  bioassay with alcoholic extract of Agave cantula showed the better inhibition against Brine shrimp. Vet et al (2010) have screened the ethanolic extract of Piper longum and showed better toxicity. Zulfiker et al., (2011) have reported ethanolic extracts of Scoparia dulcisL. showed cytotoxic activity against brine shrimp. 

4.4. ANTIMICROBIAL ACTIVITY OF EXTRACTS OF Murraya koenigii.
             Aqueous and Ethanolic extracts of leaf of Murraya koengii were used to determine antimicrobial activity by agar diffusion method. The bacterial species namely Bacillus subtilis, Escherichia coli, Klebsiela pneumoniae, Salmonella typhimurium, Staphylococcus aureus and fungal species namely Aspergilus niger and Candida albicans were used for screening the antimicrobial activity of the plant extract. 

              Streptomycin disc (10mcg) was used as positive control in the determination of antibacterial activity and Nystatin for antifungal activity. The zone of inhibition produced by aqueous and ethanolic extracts of leaf are represented in table 6 & 7 and fig 5.
TABLE 6
ANTIBACTERIAL ACTIVITY OF Murraya koenigii

	Microorganisms
	Zone of inhibition (mm)

	
	Streptomycin
	Aqueous extract
	Ethanolic extract

	B.subtilis

E. coli

K. pneumoniae

S. aures

S. typhimurium
	9.5 ± 0.71

   10.5 ± 0.1.04

       6.25±0.35

       7.75±0.35

       21.5±0.71
	4.0 ± 1.41

7.5 ± 0.71

       1.9±0.14

       2.5±0.71

      1.4±0.28
	3.75 ± 0.35

    6.5±0.71

    2.75±0.35

    2.9±0.14

    8.5±0.71


Values are mean ± SD of three samples

FIGURE 5
ANTIBACTERIAL ACTIVITY OF Murraya koenigii
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TABLE 7

TABLE 7

ANTIFUNGAL ACTIVITY OF Murraya koenigii

	Microorganisms
	Zone of inhibition (mm)

	
	Nystatin
	Aqueous extract
	Ethanolic

extract

	A. niger

C. albicans
	4.5 ± 0.61

3.2 ± 0.14
	NZ
	NZ


                                   Values are mean ± SD of three samples

          NZ- No Zone

The aqueous and ethanolic extracts of Murraya koenigii exhibited antibacterial activity againt all the bacterial species used in the study. Of the two extracts, ethanolic extract exhibited greater antibacterial activity against K.pneumoniae, S.aureus and S.typhimurium. But the zone of inhibition was found to be maximum in S.typhimurium followed by E.coli. In aqueous extract, E.coli exhibited the maximum zone of inhibition. Minimum zone of inhibition was caused by S.typhimurium followed by K.pneumoniae towards aqueous extract. Least antibacterial activity was shown by K.pneumoniae against ethanolic extract. 
Antifungal activity of aqueous and ethanolic extracts of the leaf was determined against A.niger and C.albicans. The findings revealed that there is no zone of inhibition against the selected fungal species for both extracts indicating that Murraya koenigii did not exert any antifungal activity. 
Nair and Chanda (2007) tested antibacterial activity of aqueous and ethanolic extracts of plants against S.typhimurium and reported antibacterial activity in ethanolic extracts of seven plants against for S.thyphimurium. 
 Kamba and Hassan (2010) observed highest activity against Salmonella typhimurium with a zone of inhibition of 14.96 ± 0.33 in ethanolic extract of securidaca root bark.
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EE-Ethanolic extract
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5. SUMMARY AND CONCLUSION

Many medicinal plants are fast disappearing but and some are in extinction. There is a great need to conserve medicinal plants because they contain highly bioactive phytochemical components which can be developed into pharmacological and other beneficial effects. Antithrombotic therapy is currently the cornerstone of the treatment of acute coronary syndromes. Cytotoxic effect of medicinal plants must be carried in order to assess the potential of the plant so as to determine the safe level of consumption. Plant based antibacterials have enormous therapeutic potential as they can serve the purpose with lesser side effects that are often associated with synthetic drugs. 

 Murraya koenigii was selected for the present investigation and aqueous and ethanolic extracts were used for the same. The present study has been focused on the thrombolytic, cytotoxic and antimicrobial effect of the selected plant.
 The plant extracts were screened for their phytochemical constituents and it confirmed the presence of carbohydrates, phenols, glycosides, saponins, quinines, alkaloids, flavonoids, volatile oils, terpenoid and saponin.

 Determination of thrombolytic activity was performed with both aqueous and ethanolic extracts in normal and citrated human blood. The 10mg/ml concentration of ethanolic extract showed maximum clot lysis when compared to the aqueous extract. Streptokinase was used as a positive control for this study. The plant extract was shown to have lesser thrombolytic activity when compared to the standard streptokinase. The thrombolytic activity of the two extracts increased with increase in concentration of the sample. As they exhibited a greater degree of thrombolytic activity,the same blood serum was estimated for the cholesterol also.but no correlation was found between serum cholesterol and clot lysis by the plants.

 Cytotoxic effects of both extracts of Murray Koenigii were also tested using Brine Shrimp (Artemia salina). In this, a greater cytotoxic effect was expressed in ethanolic extract with LC50 values of (207.45). Potassium dichromate was used as a positive control for this study.

The present study also focused on antimicrobial activity of the selected plant. Both the aqueous and ethanolic extracts were used for the antibacterial and antifungal studies. All the 5 bacterial species that were chosen showed sensitivity for the extracts. Among them, ethanolic extract was found to exhibit maximum zone of inhibition against Salmonella typhimurium followed by E.coli. The plant did not exert any antifungal activity.

The findings of the investigation reveals the possibility of developing novel thrombolytic agents from curry leaves (Murraya koenigii). Bioactivity of the plant extracts can be exploited for the development of anticancer drugs. Antibacterial efficacy shown by the plant provides a scientific basis and thus validates their traditionally uses as safe alternative to treat infectious disease.

FUTURE STUDY

1. Thrombolytic activity in flower and bark of Murraya koenigii can be studied.

2. Cytotoxic effect can be checked using different solvent extracts of Murraya koenigii.
3. Antifungal activity of the plant can be detected using other fungi.  
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APPENDIX 1

QUALITATIVE ANALYSIS OF PHYTOCHEMICALS

(Raaman et al.,2006)
IDENTIFICATION OF CARBOHYDRATES
1) Molisch’s test:

To 2ml of aqueous extract add few drops of 5%  α-naphthol in ethyl alcohol then add about 1 ml of concentrated sulphuric acid along the sides of the tube. Appearance of reddish violet ring at the junction of two layers indicates the presence the presence of carbohydrates.
2) Fehling’s test:
Add 1 ml of Fehling’s reagent (Copper sulphate in alkaline conditions) to the filtrate of the extract in distilled water and heat in a steam bath. Brick red precipitate indicates the presence of carbohydrates.

3) Test for starch:

To 1 ml of the extract add few drops of iodine solution. Formation of blue colour indicates the presence of starch.

4) Test for Cellulose:


To 1 ml of the extract add 2-3 drops of iodine solution followed by 2 drops of sulphuric acid. Appearance of dark/deep brown/sherry red color indicates the presence of cellulose.

IDENTIFICATION OF PHENOLS

Ferric chloride test

To 2 ml of the extract add 2 ml of ferric chloride solution (FeCl3) and formation of a deep bluish green solution indicates the presence of phenols.

Phosphomolybdic test:

 To the ethanolic extract add phosphomolybdic acid reagent and liquor ammonia. Appearance of blue colour indicates the presence of phenols.

Indentification of Catechol:

To 2 ml of the test solution add Ehrlich’s reagent and few drops of concentrated HCl. Appearance of brown or black colour indicates the presence of catechol.

IDENTIFICATION OF GLYCOSIDES

Kellar-Killani Test

Dissolve the ethanolic extract in glacial acetic and containing a trace of ferric chloride. Add same amount of FeCl3 dissolved in concentrated sulphuric acid along the sides of the test tube to settle at the bottom. Appearance of a reddish brown color changing to bluish green color at the junction of two reagents within 2-5 minutes spreading slowly into the acetic acid layer confirms the presence of cardiac glycosides. 
Legal’s Test

Dissolve a few ml of ethanolic extract in few drops of pyridine. To this add a drop of 2% w/v sodium nutriprusside solution and a drop of 20% NaOH solution. Appearance of a pink or deep red color indicates the presence of glycosides.

Xanthydrol Test 

Add to the ethanolic extract, 0.5 ml of Xanthydrol solution (For deoxysugars only) and development of red color indicates the presence of glycosides.

Antimony Trichloride Test

To the ethanolic extract add a solution of antimony trichloride and  trichloroacetic acid and then heat the moisture. Appearance of a blue or violet colour shows the presence of cardiac glycosides.

Kadde’s Test


Treat the ethanolic extract with a small amount of Kadde’s Reagent and development of blue or violet color that fades out in 1 to 2 hours shows the presence of cardiac glycosides.

INDENTIFICATION OF SAPONINS/SAPONIN GLYCOSIDES

Forth Test


Weigh 1g of the sample in a conical flask. Add 10ml of sterile distilled water and boil for 5 min. Filter the mixture and add 2.5 ml of the filtrate to 10 ml of sterile distilled water in a test tube. Stoper the test tube and shake vigorously for about 30 sec allow to stand for half and honeycomb forth indicates the presence of saponins. Mix the froth with 3 drops of olive oil and shake vigorously. Formation of emulsion indicates the presence of saponins.

Sodium bicarbonate test:

To few ml of the ethanolic extract add few drops of sodium biocarbonate and shake well. Formation of honey comb indicates the presence of saponins.

INDICATION OF QUINONES / ANTHRAQUINONES :

Chloroform-Ammonia test:

Boil 0.5 g of the plant sample with 10ml of 5% sulphuric acid and filter. To the hot filtrate add 5 ml of chloroform and heat in a boiling water bath. To 2 ml of the chloroform extracts add 1 ml of diluted 10% ammonia and shake the mixture. Pink-red colour in the ammoniacal layer shows the presence of anthracene derivatives.

Borntrager’s Test:

Heat about 50 ml of the extract with 10% ferric chloride solution and 1 ml of concentrated HCl. Cool the extract, filter and shake the filtrate with diethyl ether. Further extract the ether with strong ammonia. Pink or deep red coloration of aqueous layer indicates the presence of anthroquinone.

Hydrogen peroxide test:

Filter the ethanolic extract  to 1 ml of the filtrate add 10 ml of dichloromethane. Separate the aqueous and organic layers.  To 5ml of the aqueous layer add 1 ml of 20% H2O2 and 1 ml of 50% H2SO4 Heat in a boiling water bath. Then add 5 ml of  toluene phase indicates the presence of quinines. 

 IDENTIFICATION OF ALKALOIDS

To 1 g of the sample add 10 ml of 5% HCl and heat in a boiling water bath for 10 minutes and filter. To the filtrate add 5 ml of dilute ammonia and 5 ml of chloroform. Use the aqueous layer for the following tests.

Mayer’s Test:


Add a few drops of Mayer’s reagent to the aqueous layer and formation of creamy layer indicates the presence of alkaloids.

Dragendorff’s Test:


To 1 ml of the extract add 1 ml of Dragendroff’s reagent. Appearance of orange precipitate indicates the presence of alkaloids.

Hager’s test:

Treat 1 ml of acid extract with 1 ml of Hager’s reagent. Orange precipitate indicates the presence of alkaloids.

Wagner’s test:


Treat the acid extract with few ml of Wagner’s regent Reddish Brown precipitate indicates the presence of alkaloids.

IDENTIFICATION OF FLAVONOIDS

Decolorization test:


Reduce the water extract of the sample to dryness in a boiling water bath. Treat the residue with dilute NaOH followed by addition of dilute HCl. A yellow solution with NaOH which turns colorless with dilute HCl confirms the presence of flavonoids.

Shinoda Test


To 5g of the sample add 10 ml of ethanol and heat in a boiling water bath. To the ethanolic extract add concentrated HCl (8-9 drops) and some magnesium fillings. Allow it to stand for 10-15 minutes at room temperature. Formation of red colour indicates the presence of flavonoids.

Ammonia test


Add a piece of metallic magnesium/zinc to 1 ml of the extract, followed by addition of 2 drops of concentrated HCI. Formation of brown color confirms the presence of flavonoids.
Lead acetate test:


To a few  ml of 1% aluminium chloride to 1 ml of the aqueous extract. Yellow coloration indicates the presence of flavonoids.

Test for Leucoanthocyanidines


Add few ml of concentrated HCl to the extract and then heat until it boils. Appearance of reddish color indicates the presence of leucoanthocyanidines.

IDENTIFICATION OF TANNIN

Preparation of extract:


Suspend the plant material in methanol and allow it to stand overnight. Reflux it for 4 hours. Filter it and wash the residue with methanol. Allow the filtrate to cool down, observe for any modification and use an aliquot of this to assay tannin.

Braemer’s test:


Add 20 ml of water to 0.5g of methanolic/ethanolic extract. Boil it and then filter. Add few drops of 10% ferric chloride to the filtrate. A dark green, blue or brown color indicates the presence of tannin.

IDENTIFICATION OF HYDROLYSABLE TANNINS


Shake 4 ml of extract in a test tube and add 4ml of 10% ammonia solution. Formation of an emulsion on shaking indicates the presence of hydrolysable tannins.

IDENTIFICATION OF ANTHOCYANIN

Boil few ml of aqueous for 5 min and filter. To the 2ml of filtrate add 1ml of NaOH. A color reaction indicates the presence of primary amine. Add 1ml of HCI to another 2ml of the filtrate. Different coloration of indicates the presence of secondary amine. Coloration for the primary and secondary amine indicates the presence of anthocyanin.

IDENTIFICATION OF LIGNIN

Spot test


Dip the filter paper,  place one drop of phloroglucinol reagent on the filter paper dipped in the extract and appearance of red/purple spots indicates the presence of lignins.

Test for Terpenoids


Add 2 ml of chloroform to 0.5 g of the sample. To this add 5 ml of concentrated sulphuric acid along the sides of the test tube. A reddish brown coloration in the interphase indicates the presence of terpenoid.

APPENDIX 2

DETERMINATION OF THROMBOLYTIC ACTIVITY

(Prasad, et al., 2006)

SPECIMEN

Venous  blood  was drawn from  healthy human volunteers (n=10). 500 ul  of blood transferred to each of the previously weighed micro centrifuge tubes to form clots.
STREPTOKINASE:


To the commercially available lyophilized streptokinase [ (10KU) 0.1 mg/ml ] 1ml distilled water was added. This suspension was used as a positive control.

STUDY DESIGN 1

Venous blood drawn from healthy volunteers (n=10) was transferred  in different pre weighed sterile micro centrifuge tube (500ul/tube) and incubated at 37⁰c for 45 minutes. After clot formation, serum was completely removed (aspirated out without disturbing the clot formed) Each tube having  clot was again weighed to determine the clot weight (clot weight= weight of clot containing  tube – weight of tube alone). Each micro centrifuge tube containing clot was properly labeled and 100ul of streptokinase along with various dilution in aqueous and ethanol plant extracts 10%, 5% was added to the tubes. Respective solvent used for extraction was also added to one of the tubes containing clot and this serves as a negative thrombolytic control. All the tubes were incubated at 37˚C for 90 minutes and was observed  for clot lysis. After incubation fluid obtained was removed and tubes were again weighed to observe the difference in weight after clot disruption. Differences obtain in weight taken before and after clot lysis was expressed as percentage of clot lysis. This test was repeated ten times with all the two dilutions of the plant extracts in blood samples of ten different healthy volunteers.
STUDY DESIGN II

 
Human blood was collected and immediately citrated using 3.1% sodium citrate solution. Five hundred microlitres   of this blood was added to preweighed micro centrifuge tubes. hundred microlitres of 2% calcium chloride was then added to each of these tubes. Mixed well and incubated at 37⁰C for 45 minutes for clotting to occur. After clot formation, serum was aspirated out without disturbing the clot and each of these tubes were weighed again to determine the weight of the clot. Thousand microliters of different concentrations of the plant extract, 5mg/ml and 10 mg/ml, 0.1 mg/ml of streptokinase as a positive control and 1ml of respected solvent used for extraction as a negative control were added to tubes with clots. All the tubes were incubated at 37⁰C for 90 minutes. The fluid left was then carefully removed and the tubes were weighed again. The difference  in weight before and after clot lysis was expressed as %  clot lysis.

APPENDIX  3

ESTIMATION OF CHOLESTEROL (Zak’s Method)

                         (http://www.choleszaksferric.com)

Principle:-


Cholesterol reacts with ferric chloride in the presence of concentrated sulphuric acid to give a pink colour. The intensity of the colour developed is directly proportional to the amount of cholesterol present and is read at 540 nm in a spectrocolorimeter.

Reagents:

1) Stock ferric chloride reagent 

2) Ferric chloride precipitating reagent

3) Ferric chloride diluting reagent

4) Standard cholesterol solution 100 ml of pure cholesterol was placed in a clear dry 100ml standard flask and dissolved in glacial acetic acid. Then made upto the mark with pure glacial acetic acid.

5) Working standard 10 ml of the stock standard was placed in a 100 ml standard flask containing 0.85 ml of ferric chloride stock reagent and made upto the mark with pure glacial acetic acid 1.0ml of this solution contains 100ug of cholesterol.

Procedure:-


0.5 to 2.5 ml of working standard solution were pipetted out into clean dry test tubes. The total volume of each tube was made upto 5 ml with ferric chloride diluting reagent. To 0.1ml of the serum added 4.9 ml of ferric chloride precipitating reagent and mixed well. Allowed to stand for a while and centrifuged. Transferred 2.5 ml of the clear supernatant in to a dry test tupe and added 2.5ml ferric chloride diluting reagent. Mixed well. The tubes were kept in cold water and to each tube added 4 ml of concentrated sulphuric acid drop by drop. The solution were mixed well. The tubes were allowed to come to room temperature. A blank was also simultaneously prepared by taking 5.0ml of the diluting reagent and 4.0ml of concentrated sulphuric acid. After 30 minutes the intensity of the colour developed was read at 540 nm using control as the blank.

APPENDIX 4

BRINE SHRIMP LETHALITY ASSAY

(Zakaria et al., 2007)

Brine shrimp (Artemia Salina) were obtained by hatching brine shrimp eggs in artificial sea water (3.8% non ionized sodium chloride solution ) for 48 hours. 500ul of the plant extracts of different concentration  were added  to 4.5 ml of brine shrimp solution with ten nauplii  for each extracts in vials.

These vials were maintained at room temperature for 24 hours under the light and surviving larvae were counted using  a  magnifying lens. Experiments were conducted with potassium dichromate  as positive control. The mortality concentration data was calculated by the formula.

    No of dead nauplii  

      Mortality =                 



x 100

                                        Total no of subjects

LC 50 values were obtained by best fit line plotted  concentration versus percentage lethality.

APPENDIX 5

ANTIBACTERIAL ACTIVITY

AGAR WELL DIFFUSION METHOD (NCCLS, 1998)


Agar plates were prepared using sterile Muller Hinton (MH) agar medium. Selected bacterial strain of 24 hour culture were evenly spread onto the surface of the agar plates using sterile swab sticks. Wells were cut into agar with sterile gel puncture .Twenty microliters of different plant extracts in the concentration (20mg /ml) were added in the wells. DMSO served as positive control and streptomycin disc was served as positive control. The plates were incubated at 37⁰C for 24 hours and observed for zones of inhibition was measured.

Bacillus   	E.coli  	          Klepsila    Staphylococcus    Salmonella
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