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1. INTRODUCTION

World plant biodiversity is the largest source of herbal medicine and still about 60-80% world population rely on plant based medicines which are being used since the ages as traditional health care systems (Santhi et al., 2011).Medicinal plants are the nature’s gift to human beings to make disease free healthy life. Several millions of Indian households have been using through the ages nearly 8,000 species of medicinal plants for their health care needs. Over one and a half million traditional healers use a wide range of medicinal plants for treating ailments of both humans and livestock across the length and breadth of the country (Vasantha et al., 2012).
Plants are used medicinally in different countries and are a source of many potent and powerful drugs (Alagesaboopathi et al., 2011). Plants produce a diverse array of bioactive molecules, making them a rich source of diverse type 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). 

Thromboembolic disorders such as pulmonary emboli, deep vein thrombosis, strokes and heart attacks are the main causes of morbidity and mortality in developed countries. Thrombolytic therapy uses drugs called thrombolytic agents, such as alteplase, anistreplase, streptokinase, urokinase, and tissue plasminogen activator (TPA) to dissolve clots. The substrate specificity of first generation agents (streptokinase and urokinase) can result in a state of systemic fibrinolysis and associated bleeding complications. Because of the shortcomings of the available thrombolytic drugs, attempts are underway to develop improved recombinant variants of these drugs (Khan et al., 2011). 

Considerable efforts have been directed towards the discovery and development of natural products from various plant and animal sources which have antiplatelet,anticoagulant, antithrombotic and thrombolytic activity. Epidemiologic studies have provided evidence that foods with experimentally proved antithrombotic effect could reduce risk of thrombosis (Habib et al., 2011).   

Brine shrimp lethality bioassay was used for probable cytotoxic action (Mannan et al., 2011). Brine shrimp larvae have been used as a bioassay for a variety of toxic substances. The method has also been applied to plant extracts in order to facilitate the isolation of biologically active compounds. The brine shrimp cytotoxicity assay was considered as a convenient probe for preliminary assessment of toxicity, detection of fungal toxins, heavy metals, pesticides and cytotoxicity testing of dental materials (Sujith et al., 2009). Cytotoxicity via the brine shrimp lethality test is studied in order to reveal new anticancer compounds (Peteros and Uy, 2010). Good cytotoxic effects of crude extracts indicate that it can be selected for futher cell line assay,because there is a correlation between cytotoxicity against the brine shrimp nauplii using extracts (Ripa et al.,2010). 

Antioxidants are compounds that can delay or inhibit the oxidation of lipids or other molecules by inhibiting the initiation or propagation of oxidizing chain reactions (Acharya et al., 2010). Natural antioxidant compounds are present in all parts of all higher plants. They have been found to protect against a variety of disorders, particularly cardiovascular diseases and some types of cancer (Chaiwong and Theppakorn, 2010). The medicinal properties of plants have been investigated in the recent scientific developments throughout the world, due to their potent antioxidant activities, no side effects and economic viability (Kowti et al., 2010). 

Medicinal plants played a significant role in ancient traditional systems of medication in many countries. They are rich source of bioactive compounds and thus serve as important raw materials for drug production. Now-a-days multiple drug resistance has developed due to the indiscriminate use of commercial antimicrobial drugs commonly used in the treatment of infectious disease (Kala    et al., 2011). The increasing failure and side effects of popularity used chemotherapeutic and appearance of multiple drug resistance phenotypes in pathogenic bacteria led to the search of new compounds with antimicrobial activity. Use of herbal products as antimicrobial agents may provide the best alternative to the wide and injudicious use of synthetic antibiotics (Sridhar et al., 2011).

Numerous studies have shown that aromatic and medicinal plants are sources of diverse nutrient and non nutrient molecules, many of which display antioxidant and antimicrobial properties which can protect the human body against both cellular oxidation reactions and pathogens. Thus it is important to characterize different types of medicinal plants for their antioxidant and antimicrobial potential (Sengul et al., 2009).
Therefore, the present study has been designed to evaluate the plants Spinacia oleracea and Murraya koenigii for the following objectives,
·  To determine the phytoconstituents of the two different plants by qualitative analysis.

· To evaluate the thrombolytic activity in the selected plants.

· To assess the biosafety of the plants using brine shrimp lethality bioassay.

· To screen the antimicrobial activity of the selected plants.

· To study the total antioxidant activity of the plant extracts.

2. REVIEW OF LITERATURE

The review of literature deals with the study entitled “Assessment of thrombolytic, cytotoxic and antimicrobial effect of Spinacia oleracea and Murraya koenigii” are discussed under the following headings:

2.1. Medicinal Plants

2.2. Cardiovascular Diseases

2.3. Phytochemical constituents

2.4. Biosafety screening

2.5. Antimicrobial activity of plants

2.6. Antioxidants in plants

2.7. Plants selected for the study

2.1. MEDICINAL PLANTS:

Medicinal plants have long been the subject of human curiosity and need. Plant derived products are present in 14 of the 15 therapeutic categories of pharmaceutical preparations that are currently recommended in medical practice. The therapeutic value of medicinal plants depends upon the presence of one or more constituents possessing certain physiological and pharmacological activity. Herbal medicines form an important part of health care system in India because they are easily available, cheaper and safer than synthetic drugs. (Mohanty et al., 2010).

Many kinds of diseases have been treated with herbal medications throughout the history of mankind.Ayurveda is the oldest healing system of medicine and it has fundamental aspects for drug formulation. Major formulations used in Ayurveda are based on herbs. The medicinal herbs are used as decoctions, infusions, tinctures, and powders (Mensah et al., 2009). When two or more herbs are used in formulations, they are known as polyherb.The use of alcohol or water as solvent is efficient in extracting a wide variety of active components.The herbs are selected according to the disease; other herbs are used to prevent the side effects arising from chief herb (Patra et al, 2010). 

There is currently a large and ever expanding global population base that prefers the use of natural products in treating and preventing medical problems because herbal plants have proved to have a rich resource of medicinal properties (Sriram et al., 2009).According to world health organization (WHO), more than 80% of the world’s population relies on traditional medicines for their primary health care needs. The medicinal value of plants lies in some chemical substances that produce a definite physiologic action on the human body. The most important of these bioactive compounds of plants are alkaloids, flavonoids, tannins and phenolic compounds. The phytochemical research based on ethno-pharmacological information is generally considered an effective approach in the discovery of new anti-infective agents from higher plants (Ignacimuthu et al., 2006).

Medicinal  plants  play  a  dominant  role  in  the  treatment  of  varieties  of  human  diseases from  the twilight of the human civilization (Nostro et al., 2000). Obsession on modern medicinal system  leads people  to an alternative approach  to  improve and maintain good health  is  increased tremendously  by  using medicinal  herb  over  last  centuries. Many of the modern days important drugs and processed medicines are of plant origin (Thomas et al., 2008). Medicinal plants contain different  therapeutic  agents  which  may  have  thrombolytic  activity,  antimicrobial  activity, cytotoxic  effect  etc. Working with different medicinal plant extracts showed that they can lyse thrombus as streptokinase (Sweta et al., 2006). The plant sap can act against microorganisms by preventing the growth of microbial colony (Hammer et al., 1999). Some of the plant extract also increase lethality of the cell due to their known cytotoxic effect. Brine shrimp lethality bioassay is performed  for  evaluating  the  level  of  toxicity  (Pintusorn  et  al.,2009). 

2.2. CARDIOVASCULAR DISEASES:
One of the major causes of blood circulation problem is the formation of blood clots. Thrombi or emboli can lodge in a blood vessel and block the flow of blood in that location depriving tissues of normal blood flow and oxygen. This can result in damage, destruction (infarction), or even death of the tissues (necrosis) in that area (Thrombus 2011). A blood clot (thrombus) is formed from fibrinogen by thrombin and is lysed by plasmin, which is activated from plasminogen by tissue plasminogen activator (TPA). Fribrinolytic drugs has been used to dissolve thrombi in acutely occluded coronary arteries there by to restore blood supply to ischaemic myocardium, to limit necrosis and to improve prognosis (Mannan et al.,2011). 
Antithrombotic agents are widely used in the medicine for treatments of hemostatic impairments such as coronary angioplasts, coronary thromboembolism, myocardial heart attack, pulmonary embolism, etc. Haemostasis is a key process whose correct functioning is an important defence process activated in case of injury of the blood system (Tchorbanov et al., 2009).Thrombin is  a  serine  protease  included  in  the  blood coagulation cascade which  in  the same  time also plays a key role in the process of thrombin-induced platelet aggregation (Atanassov et al., 2009). 
Thrombolytic therapy reduces mortality and preserves left ventricular function in patients with myocardial infarction. Streptokinase is widely used fibrinolytic drug that was used in this study as standard. All thrombolytic agents work by activating the enzyme plasminogen that clears the cross-linked fibrin mesh (Prasad et al., 2006).

 
Cerebral venous sinus thrombosis (CVST) is a common disorder that is often accompanied by significant morbidity and mortality. In anticoagulation therapy the intravenous heparin is the first line of treatment for CVST, because of its efficacy, safety and feasibility. However, thrombolytic therapy, with its ability to produce rapid clot lysis has long been considered an attractive alternative. Thrombolytic drugs like tissue plasminogen activator (t-PA), urokinase, streptokinase etc. play a crucial role in the management of patients with CVST. In India though streptokinase and urokinase are widely used due to its lower cost, as compared to other thrombolytic drugs, these are dangerous because they might cause serious bleeding complications along with reocclusion and reinfarction (Chowdhury et al., 2011).

Various methods were developed to measure the clot lysis activity of thrombolytic drugs. The best way to study thrombolytic drugs is through in vitro clot lysis model. Earlier Basta et al worked on artificial clots and used ultrasound methods to measure the thrombolytic activity of streptokinase. Several other models have been reported which either uses complicated mathematical or computing skills, but all these methods are very costly and not affordable in developing countries.The above-mentioned problems demand a need of simple and cost effective clot lytic model for measurement of clot lysis activity of thrombolytic drugs. In the present study an attempt has been made to develop an in-vitro clot lytic model using a known thrombolytic drug, streptokinase (Sweta et al., 2006).

2.3. PHYTOCHEMICAL CONSTITUENTS:
“Phyto” is the Greek word for plant. There are many families of phytochemicals and they help the human body in a variety of ways. Phytochemicals may protect human from various diseases. Phytochemicals are non-nutritive plant chemicals that have protective or disease preventive properties. Phytochemicals are basically divided into two groups that is primary and secondary metabolites; according to their functions in plant metabolism. Primary metabolites comprise common sugars, aminoacids, proteins and chlorophyll while secondary metabolites consist of alkaloids, flavonoids, tannins and so on (Santhi 

et al., 2011). 
 
Phytochemical screening is done for analyzing secondary metabolites, which are responsible for curing ailment. The phytochemical screening of the plant extract was carried out by following methods used by to detect the presence or absence of certain bioactive compounds (Kensa et al., 2012).

2.4. BIOSAFETY SCREENING: 

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 but the major contribution is in the field of anti-infective and anticancer drug discovery (Bharate et al., 2010).
Brine shrimp larvae have been used as a bioassay for a variety of toxic substances. The method has also been applied to plant extracts in order to facilitate the isolation of biologically active compounds. A general bioassay that appears capable of detecting a board spectrum of bioactivity present in crude extracts is the brine shrimp lethality bioassay (BSLT). The technique is easily mastered, costs little, and utilizes small amount of test material. The aim of this method is to provide a front-line screen that can be backed up by more specific and more expensive bioassays once the active compounds have been isolated (Pisutthanan et al., 2004).

2.5. ANTIMICROBIAL ACTIVITY OF PLANTS: 

Antimicrobials of plant origin have enormous therapeutic potential and have been used since time im-memorial. They have been proved effective in the treatment of infectious diseases simultaneously mitigating many of the side effects which are often associated with synthetic antibiotics. Positive response of plant based drugs (less/no side effects) might lies in the structure of the natural products which reacts with toxins and / or pathogens in such a way that less harm is done to other important molecules or physiology of the host. It is because of this reason that drug designing studies nowadays have come up, as new field of research (Kumar et al., 2009). 

Antimicrobial drug resistance in human bacterial pathogens is a continuing worldwide issue and as a consequence, effective treatment and control of such organisms remains an important challenge. Bacterial resistance has appeared for every major class of antibiotic. Since their introduction the emergence of resistance to antibiotics has become increasingly evident, particularly for important pathogens such as Escherichia coli (E. coli), Salmonella spp., Enterococcus spp. and Staphylococcus spp (Naughton et al., 2008).

 
The effects of antibiotic resistance have been reflected in the agriculture, food, medical, and pharmaceutical industries. Though pharmacological industries have produced a number of new antibiotics, in the last three decades, yet resistance to these drugs by microorganisms has developed. According to the WHO, medicinal plants would be the best source for obtaining a variety of drugs and a possible way to treat diseases caused by multidrug resistant bacteria. Thus, the in vitro antimicrobial activity could provide the needed preliminary observations necessary to select medicinal plants with potentially useful properties for to develop novel antibiotic prototypes (Conserva et al., 2009). 
 
Use of herbal products as antimicrobial agents may provide the best alternative to the wide and injudicious use of synthetic antibiotics. The demand on plant based therapeutics is increasing in both developing and developed counties due to growing recognition that they are natural products, non narcotic, easily biodegradable producing minimum environmental hazards, having no adverse side effects and easily available at affordable prices. Therefore researchers are progressively more turning their attention to natural products, looking for new leads to develop better drugs against microbial infections and screening of several medicinal plants for their potential antimicrobial activities (Ghosh et al., 2008). 

2.6. ANTIOXIDANTS IN PLANTS: 
Antioxidants are compounds that can delay or inhibit the oxidation of lipids or other molecules by inhibiting the initiation or propagation of oxidative chain reactions. The antioxidative effect is mainly due to phenolic components, such as flavonoids, phenolic acids, and phenolic diterpenes. The antioxidant activity of phenolic compounds is mainly due to their redox properties, which can play an important role in absorbing and neutralizing free radicals, quenching singlet and triplet oxygen, or decomposing peroxides (Vivanco et al., 2003). 

Antioxidants are widely used as ingredients in dietary supplements and are exploited to maintain health and prevent oxidative stress-mediated diseases such as cancer, atherosclerosis, diabetes, inflammation and ageing. Recently, many antioxidants have been isolated from different plant materials. Natural antioxidants are also in high demand for application as nutraceuticals and as food additives because of consumer preferences. In addition to their uses in medicine, these compounds are used in industry e.g. as preservatives in food and cosmetics and for preventing the degradation of rubber and gasoline. Antioxidants are also used as additives to help guard against food deterioration. Among natural antioxidants, plant polyphenols are especially important. Today, the search for natural compounds rich in antioxidant, anticancer and antimicrobial properties is escalating because of their importance in controlling many chronic disorders such as cancer and cardiovascular diseases. It has been estimated that approximately two-thirds of anticancer drugs approved worldwide upto 1994 were derived from plant sources (Kalim et al., 2010).

2.7. PLANTS SELECTED FOR THE STUDY:

 
Spinacia oleracea Linn 

Scientific Classification:
         Kingdom    
 
:    Plantae 

         Subkingdom
 
:    Tracheobionta 

         Superdivision 
:    Spermatophyta 

         Division         
:    Magnoliophyta 

         Class              
:    Magnoliopsida 

         Subclass         
:   Caryophyllidae 

         Order             
:   Caryophyllales 

         Family           
:    Chenopodiaceae 

         Genus            
:    Spinacia L. 

         Species          
:    Spinacia oleracea L.


(http://en.wikipedia.org/wiki/spinach)

Spinach (Spinacia oleracea) is an annual plant having medicinal property native to central and southwestern Asia. It has been used in the treatment of urinary calculi. In experiments it has been shown to have hypoglycemic properties.
Spinach has a high nutritional value and is extremely rich in antioxidants, especially when fresh, steamed, or quickly boiled. It is a rich source of vitamin A,vitaminC, vitaminE, vitaminK, magnesium, manganese, folate, betaine, iron,calcium, potassium, vitaminB6, folicacid, copper, protein, phosphorus, zinc, niacin, selenium and omega3fattyacids.Recently, opioid peptides called rubiscolins have also been found in spinach. 
Recent studies have indicated that some commonly used medicinal plants may be good sources of potent but non-toxic radioprotectors. Antioxidants of plant origin include vitamin E, C, selenium, phenolic compounds, carotenoids and flavonoids (Chandha, 1996). Spinacia oleracea L. (Eng.-Spinach; Hindi, Punjabi-Palak) belongs to the family Chenopodiaceae, and is commonly reported to be a good source of minerals, vitamin B complex, ascorbic acid, carotenoids (b-carotene, lutein, zeaxanthine), flavonoids, apocyanin and p-coumaric acid (Bergan   et al., 2001).
The chemical fraction of natural antioxidant (NAO) components in Spinacia oleracea was reported by Grossman in 2001. The study demonstrated for the first time the presence of both flavonoids and p-coumaric acid derivatives as antioxidant components of the aqueous extract of spinach leaves (Otari et al., 2010).

Murraya koenigii 

Scientific Classification:
          Kingdom
: 
Plantae

          Division
: 
Angiosperms

           Class

: 
Eudicots

           Order

: 
Sapindales

          Family
: 
Rutaceae

          Genus

: 
Murraya

          Species
: 
Murraya koenigii

(http://en.wikipedia.org/wiki/curry-tree)

The curry tree (Murraya koenigii) is a tropical to sub-tropical tree in the family Rutaceae, which is native to India. Its leaves are used in almost all dishes in India and neighbouring contries. Often used in curries, the leaves generally go by the name "curry leaves", though they are also called "sweet neem leaves". Literally, Murraya koenigii 'kari' means 'curry leaf'. The leaves of Murraya koenigii are also used as an herb in Ayurvedic medicine. They are much valued as an anti-diabetic, antioxidant, antimicrobial, anti-inflammatory, hepatoprotective, anti-hypercholesterolemia etc. They also contain iron.

Curry leaf tree (Murraya koenigii L., Family: Rutaceae) is a plant which has various important uses in the traditional system of medicine in Eastern Asia. Based on ethnomedicine, Murraya koenigii is used as a stimulant, antidysentric and for the management of Diabetes Mellitus. The plant is highly valued for its leaves an important ingredient in an Indian cuisine to promote appetite and digestion.The leaves, root and bark are tonic, stomachic, and carminative. Leaves are used internally in dysentery also checking vomittig. Steam distillate of the leaves can be used as stomachic, purgative, febrifuge and anti emetic. Leaves are applied externally to bruises and eruption. The leaves and roots are bitter, acrid, cooling, anthelmintic, analgesic, it cures piles, allays heat of the body, thirst, inflammation and itching. It is also useful in leucoderma and blood disorders (Bonde et al., 2011).

3. EXPERIMENTAL PROCEDURE

The methodology followed for the study entitled, “Assessment of thrombolytic, cytotoxic and antimicrobial effect of Spinacia oleracea and Murraya koenigii” is discussed under the following headings.

3.1. Collection of the plant samples

3.2. Preparation of the plant extracts

3.3. Phytochemical analysis of Spinacia oleracea and Murraya koenigii
3.4. Assessment of thrombolytic activity

3.5. Determination of total cholesterol

3.6. Screening of cytotoxicity of plant samples

3.7. Determination of total antioxidant activity

3.8. Evaluation of antibacterial activity

3.9. Statistical analysis

3.1. COLLECTION OF THE PLANT SAMPLES:

The plants namely Spinacia oleracea and Murraya koenigii were selected for the present study. Fresh leaves of the plants were collected, washed and used for the preparation of extracts.

3.2. PREPARATION OF THE PLANT EXTRACTS:
The fresh leaves of the two different plants were homogenized using water for the preparation of aqueous extracts. The aqueous extracts were analyzed for the thrombolytic, cytotoxic, antimicrobial and antioxidant effect of the selected plants.
3.3. PHYTOCHEMICAL ANALYSIS OF Spinacia oleracea AND Murraya koenigii:

Qualitative analysis was carried out with fresh leaves of the selected plants to detect the phytochemical constituents. The procedure is detailed in appendix I.

3.4. ASSESSMENT OF THROMBOLYTIC ACTIVITY:

Thrombolytic activity of Spinacia oleracea and Murraya koenigii was determined using human blood. The procedure followed is given in appendix II.

3.5. DETERMINATION OF TOTAL CHOLESTEROL:

Total cholesterol was estimated in serum obtained from the human blood samples used for thrombolytic activity following the kit method. The details are given in appendix III.

3.6. SCREENING OF CYTOTOXICITY OF PLANT SAMPLES:

Brine shrimp lethality bioassay was carried out to investigate the cytotoxicity of extracts of Spinacia oleracea and Murraya koenigii. The detailed procedure is given in appendix IV.

3.7. DETERMINATION OF TOTAL ANTIOXIDANT ACTIVITY:

The method of Prieto et al (1999) was followed to determine the total antioxidant activity of the selected plants. The procedure is given in appendix V.

3.8. EVALUATION OF ANTIBACTERIAL ACTIVITY:

The aqueous extracts of Spinacia oleracea and Murraya koenigii were evaluated for antimicrobial activity by disc diffusion method. The procedure followed is given in appendix VI.

3.9. STATISTICAL ANALYSIS:

The significance between clot lysis by streptokinase and plant extracts by means of weight difference was tested by one way ANOVA analysis. Serum cholesterol and clot lysis were compared by correlation analysis. LC50 values for brine shrimp lethality bioassay were calculated by probit analysis. Experimental results of total antioxidant activity was expressed as mean ± S.D.
PLATE 1

Spinacia oleracea
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PLATE 2

Murraya koenigii
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4. RESULTS AND DISCUSSION

Nature has been a valuable source of medicine and has helped human in the maintenance of health since time immemorial. According to the World Health Organization (WHO), almost 80% of the world’s population relies on traditional medicines for their health needs due to better cultural acceptability, less side effects and better compatibility with the human body. Medicinal plants have played a significant role in ancient traditional systems of medication in many countries (Jeeva et al., 2011).


The present study focuses on exploiting the thrombolytic, antioxidant and antimicrobial potential of Spinacia oleracea and Murraya koenigii. The plants were extracted with water for their extracts and were used for further studies. Phytochemical screening was performed initially and their cytotoxicity was assessed in terms of Biolethality against brine shrimp nauplii 


The findings of this study were discussed under the following headings.

4.1. QUALITATIVE ANALYSIS OF PHYTOCHEMICAL CONSTITUENTS OF THE PLANTS 

4.2. DETERMINATION OF THROMBOLYTIC ACTIVITY AND COMPARISON WITH SERUM CHOLESTEROL LEVEL

4.3. BIOSAFETY SCREENING 

4.4. TOTAL ANTIOXIDANT ACTIVITY 

4.5. ANTI BACTERIAL  ACTIVITY 

4.1. QUALITATIVE ANALYSIS OF PHYTOCHEMICAL CONSTITUENTS  

               Phytochemical screening of plants to determine the presence or absence of bioactive compounds was performed in this study. The results are as tabulated in Table I
TABLE I

PHYTOCHEMICAL CONSTITUENTS OF Spinacia oleracea AND Murraya koenigii

	S.No
	Phytochemicals
	Murraya koenigii
	Spinacia oleracea

	
	
	Aqueous
	Ethanol
	Aqueous
	Ethanol

	1
	Carbohydrates
	+
	+
	-
	-

	2
	Aminoacids and proteins
	+
	+
	+
	+

	3
	Phenols
	+
	+
	+
	+

	4
	Sterol and steroids
	+
	+
	+
	+

	5
	Saponins
	+
	+
	+
	-

	6
	Quinones
	+
	+
	+
	+

	7
	Alkaloids
	+
	+
	+
	+

	8
	Flavonoids
	+
	+
	+
	+

	9
	Tannins
	+
	+
	-
	-

	10
	Volatile oil
	+
	+
	-
	-



  ‘+’→Present                          ‘-’→Absent

In the present study phytochemical analysis was done to detect the active components in the plant extracts. Phytoconstituents namely carbohydrates, proteins, phenols, steroids, saponins, quinones, alkaloids, flavonoids, tannins and volatile oils were present in both aqueous and ethanolic extracts of Murraya koenigii.
Many of the phytochemicals namely aminoacids, phenols, steroids, quinines, alkaloids and flavonoids were found to be present in both aqueous and alcoholic extracts in Spinacia oleracea. Whereas, Carbohydrates, tannins and volatile oils were absent in both aqueous and ethanolic extracts of Spinacia oleracea.Saponins was found in aqueous extract but not in ethanolic extract.

Cathrine et al., (2011) have indicated that the phytochemical screening of crude extracts of Vitex leucoxylon revealed the presence of alkaloids, flavonoids, terpenoids, steroids, phenolics, carbohydrates, amino acids, and quinones. Ethanolic extracts of Nerium oleander was found to contain carbohydrates, proteins, amino acids, alkaloids and glycosides (Santhi et al., 2011). Phytochemical screening of Lasienthera africanum showed the presence of alkaloids, flavonoids, saponins, anthraquinones, plobatannins, tannins and cynogenic glycosides (Adegoke et al., 2009).

4.2. DETERMINATION OF THROMBOLYTIC ACTIVITY:

4.2.1. THROMBOLYTIC ACTIVITY OF AQUEOUS EXTRACTS OF THE PLANTS
  
Thrombolytic activity of aqueous extracts of Spinacia oleracea and Murraya koenigii was determined using normal human blood. A series of concentration of aqueous extract from 20 to 100 mg/ml were used and the percent clot lysis was determined. The values are tabulated as in Table II and III and represented as in Figure I and II.

TABLE II

THROMBOLYTIC ACTIVITY OF Spinacia oleracea
	Concentration of the extract

(mg/ml)
	Thrombolytic Activity (%)

	
	Spinacia oleracea

	Clavix

Water

20

40

60

80

100
	58.38 ± 4.89

11.45 ± 8.08

21.80±9.35

23.41±6.61

23.55±7.87

24.49±8.11

28.36±11.72

	CD (p<0.05)
	7.38


                        Value are mean ± SD 

                         Clavix (+ve control), Water (- ve control) 

FIGURE I

THROMBOLYTIC ACTIVITY OF Spinacia oleracea
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TABLE III

THROMBOLYTIC ACTIVITY OF Murraya koenigii

	Concentration of the extract

(mg/ml)
	Thrombolytic Activity (%)

	
	Murraya koenigii

	Clavix

Water

20

40

60

80

100
	58.38 ± 4.89

11.45 ± 8.08

18.16±13.28

19.59±11.76

20.18±7.57

23.7±9.49

26.17±9.02

	CD (p<0.05)
	12.64


Value are mean ± SD Clavix (+ve control), Water (- ve control) 

FIGURE II

THROMBOLYTIC ACTIVITY OF  Murraya koenigii
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Clavix that was used as a positive control was incubated at 37ºC for 90 minutes along with the clot and it exhibited 58.38% clot lysis. Both Spinacia oleracea and Murraya koenigii exhibited a proportional increase in clot lysis with the increase in sample concentration.

These results are in agreement with the findings of Mannan et al., (2011), where the thrombolytic activity of Cassia alata seed oil extract was moderately higher when compared to negative control (water).

Prasad et al., (2007) states that the percent clot lysis of  the Fagonia Arabica plant extract was significantly higher when compared to the negative control (water). Comparison of the thrombolytic activity of the two different plants indicated that Spinacia oleracea exerted a better activity than Murraya koenigii.

4.2.2. COMPARISON OF SERUM CHOLESTEROL AND     THROMBOLYTIC ACTIVITY

Total cholesterol was estimated in serum obtained from blood samples used for clot lysis. A comparison was made between serum cholesterol and percent clot lysis. The calues are indicated in Table IV & V and Figure III & IV 

TABLE IV

COMPARISON OF SERUM CHOLESTEROL AND THROMBOLYTIC ACTIVITY OF Spinacia oleracea

	S.NO
	LEVEL OF SERUM CHOLESTEROL(mg/dl)
	CLOT LYSIS (%)

	
	
	Spinacia oleracea

	1

2

3

4

5

6

7

8

9

10
	59.3

88.9

76.47

94.12

123.53

123.53

129.41

129.41

141.18

177.8


	35.61

54.38

22.18

40.01

26.19

22.42

20.91

21

25.83

15.09




FIGURE III

COMPARISON OF SERUM CHOLESTEROL AND THROMBOLYTIC ACTIVITY OF Spinacia oleracea
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                                               R = 0.383* 
* –   Significant at 5%

Correlation analysis was carried out by comparing total cholesterol and clot lysis by plant extracts. The findings revealed that there is positive correlation between serum cholesterol and thrombolytic activity in Spinacia oleracea. Whereas, no correlation was observed in case of Murraya koenigii.

TABLE V

COMPARISON OF SERUM CHOLESTEROL AND THROMBOLYTIC ACTIVITY OF Murraya koenigii

	S.NO
	LEVEL OF SERUM CHOLESTEROL(mg/dl)
	CLOT LYSIS (%)

	
	
	Murraya koenigii

	1

2

3

4

5

6

7

8

9

10
	70.59

82.35

105.88

117.65

118.5

140.7

147.06

170.4

177.8

200
	22.4

22.2

29.34

16.84

21.8

25.3

45.99

16.71

35.93

25.5


FIGURE IV

COMPARISON OF SERUM CHOLESTEROL AND THROMBOLYTIC ACTIVITY OF Murraya koenigii
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 R = 0.0265ns        ns –   Not significant at 5%
4.3 BIOSAFETY SCREENING 

Brine shrimp lethality assay was carried out  to determine the cytotoxic effect of plant extracts. Artemia salina was determined after 24 hours of exposure and their findings were indicated in Table VI & VII and Figure V & VI

TABLE VI

CYTOTOXIC EFFECT OF Spinacia oleracea

	S.No
	Conc.

(mg/ml)
	No. of 

Shrimp

introduced
	    No. of

Shrimp

Survived after 24hrs
	      (%)

Lethality
	Log10
conc. 
	Probit

value
	LC5O

	1
	Control
	20
	20
	0
	-
	-
	19.05

	2
	12
	20
	18
	10
	1.0792
	3.72
	

	3
	16
	20
	14
	30
	1.2041
	4.48
	

	4
	20
	20
	10
	50
	1.3010
	5.00
	

	5
	24
	20
	5
	75
	1.3802
	5.67
	

	6
	28
	20
	3
	85
	1.4472
	6.04
	


FIGURE V
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CYTOTOXIC EFFECT OF Spinacia oleracea
TABLE VII

CYTOTOXIC EFFECT OF Murraya koenigii

	S.No
	Conc.

(mg/ml)
	No. of 

Shrimp

introduced
	    No. of

Shrimp

Survived after 24hrs
	      (%)

Lethality
	Log10
conc. 
	Probit

value
	LC5O

	1
	Control
	20
	19
	5
	-
	-
	6.46

	2
	2
	20
	17
	15
	0.301
	3.77
	

	3
	4
	20
	13
	35
	0.602
	4.53
	

	4
	6
	20
	10
	50
	0.778
	4.92
	

	5
	8
	20
	9
	55
	0.903
	5.08
	

	6
	10
	20
	7
	65
	1.000
	5.33
	

	7
	20
	20
	6
	70
	1.301
	5.47
	


FIGURE VI

CYTOTOXIC EFFECT OF Murraya koenigii
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            The results of Brine shrimp lethality assay were expressed in percentage lethality. The percentage mortality increased with increase in concentration of aqueous extract of both Spinacia oleracea and Murraya koenigii. The former showed a significant cytotoxic activity against brine shrimp nauplii with a LC50 value was 19.05 mg/ml while the LC50 of the latter was found to be 6.46 mg/ml. This finding is in agreement with Rashid et al., 2011 who reported that the bioassay with methanolic extract of Tridax procumbens and Vernonia cinerea showed better inhibition against brine shrimp.

4.4 TOTAL ANTIOXIDANT ACTIVITY

The total antioxidant activity was calculated in terms of gallic acid (mg/g) and the results were tabulated as in table VIII and Figure VII.

TABLE VIII

TOTAL ANTIOXIDANT CAPACITY

	CONCENTRATION OF THE EXTRACT 

(mg/ml)
	TOTAL ANTIOXIDANT CAPACITY

(mg/g)

	
	Murraya koenigii
	Spinacia oleracea

	5
	260.0±0.81
	137.15±5.40

	10
	305.4±0.89
	167.8±2.16

	15
	350.81±0.99
	215.17±0.02


             From the table it is evident that the total antioxidant activity of the aqueous extract exhibited an increasing trend with increase in concentration. The extract of Murraya koenigii exhibited  greater antioxidant activity than Spinacia oleracea.

 Raghu et al., (2011) indicated that all vegetable extracts exhibited increased antioxidant activity or decreased pro-oxidant activity with increasing concentration. 

               Javanmardi et al.,. (2003) found that Iranian Ocimum accessions have strong natural antioxidant properties and Mentha piperita have higher antioxidant activity.

FIGURE VII

TOTAL ANTIOXIDANT ACTIVITY OF Spinacia oleracea AND Murraya koenigii
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TABLE IX

ANTIBIOTIC SENSITIVITY TEST

	S.No
	Antibiotic discs


	Microorganisms

 Zone of inhibition (mm)

	
	
	Bacillus

subtilis
	E.coli
	Staphylococcus

aureus

	1.

2.

3.

4.

5.
	Ampicillin

Chloramphenicol

Erythromycin

Gentamycin

Penicillin
	9

7

10

20

NZ
	5

10

7

3

3
	5

7

4

8

3


            Table IX represents the sensitivity levels of microorganisms against standard antibiotics in terms of growth inhibition zone. The results showed that all the 3 different bacterial species were sensitive to all the above selected antibiotics except penicillin which was resistant to Bacillus subtilis. Maximum zone of inhibition (20 mm) was caused against gentamycin by Bacillus subtilis. Chloramphenicol inhibited the growth of E.coli to a greater extent.


4.5 ANTIBACTERIAL ACTIVITY OF Spinacia oleracea AND Murraya koenigii
	S.No
	Microorganisms
	Zone of inhibition(mm)

	
	
	Spinacia oleracea
	Murraya koenigii

	1.
	Bacillus subtilis


	8
	9

	2.
	E.coli


	8
	10

	3.
	Staphylococcus aureus


	16
	14


The antimicrobial activity was determined in aqueous extracts of Spinacia oleracea and Murraya koenigii by disc diffusion method. The bacterial species namely Bacillus subtilis, Escherichia coli and Staphylococcus aureus were used for screening the antimicrobial activity of both the plant extracts. The zone of inhibiton formed by the aqueous extracts of Spinacia oleracea and Murraya koenigii against the bacterial species as shown in Table X.

TABLE X

ANTIBACTERIAL ACTIVITY OF Spinacia oleracea AND Murraya koenigii
The aqueous extract of both Spinacia oleracea and Murraya koenigii exhibited the maximum inhibition towards S.aureus. Maximum zone of inhibition was caused by Spinacia oleracea  against Staphylococcus aureus and minimum by the same plant against E.coli  and Bacillus subtilis. Murraya koenigii extract showed a minimum zone of clearance against Bacillus subtilis.

Karou et al. (2006) reported the susceptibility of bacteria to plant extracts, on the basis of inhibition zone diameters. Mahajan (2012) observed the highest activity of Staphylococcus aureus from plant extract of Juniperus indica.
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5. SUMMARYAND CONCLUSION


A number of medicinal plants are used in traditional system of medicine for the treatment of thrombosis and clot related diseases. Medicinal plant which is a priceless gift to human has been used all over the world for treatment and prevention of various ailments. Hence a great emphasis has been laid on such invaluable plant sources in lysing the blood clots which pose a great threat to mankind.


The present study was thus designed to assess the medicinal properties of two such plants Spinacia oleracea and Murraya koenigii. Thrombolytic, cytotoxic and antimicrobial potential of the two different plants were evaluated. 

· A phytochemical screening was performed to know the various compounds in the plant extract and it was found that carbohydrates, proteins, phenols, steroids, saponins, quinines, alkaloids, flavonoids, tannins and volatile oils were found in both aqueous and ethanolic extracts of Murraya koenigii. In case of Spinacia oleracea, proteins, phenols, steroids, alkaloids, flavonoids were present in both the aqueous and alcoholic extracts. Saponins were present in aqueous extract but not in ethanolic extract. Tannins, Volatile oils and carbohydrates were absent in both aqueous and ethanolic extracts. 

· Thrombolytic potential of the plant, i.e., the ability to lyse a blood clot was explored by gravimetric method. On comparison, it was seen that the thrombolytic activity of Spinacia oleracea exerted a better activity than Murraya koenigii. A positive correlation was seen between the total serum cholesterol level and the thrombolytic activity exhibited by Spinacia oleracea but no correlation was observed in case of Murraya koenigii.
· Biosafety screening was performed with the aqueous extract of both the plants against brine shrimp nauplii. The results indicated that both the extracts were cytotoxic with a LC 50 value of 19.05 and 6.46 mg/ml for Spinacia oleracea and Murraya koenigii respectively.

· Total antioxidant level was calculated in terms of amount of gallic acid in mg/g for both the plant extracts. It was seen that the extract of Murraya koenigii exhibited a greater antioxidant potential when compared with Spinacia oleracea.
· The antibacterial potential of both the plant extracts were exploited along with a set of standard antibiotics as a control. Common bacteria like Bacillus subtilis, Escherichia coli and Staphylococcus aureus and antibiotics like gentamycin, erythromycin, chloramphenicol, ampicillin and penicillin were used for the study. More pronounced inhibition was noted in Bacillus subtilis when compared with other bacteria. It was also seen that the antibiotic gentamycin exerted the highest zone of clearance (20 mm). Similarly, both the plant extracts showed comparable antibacterial activity against the selected bacterial species. 

Hence the results of the present study suggest that the selected plants possess thrombolytic, antioxidant and antimicrobial potential to a great extent and hence could be exploited further and can be suggested as a therapeutic drug for cardiovascular diseases.

RECOMMENDATIONS FOR FUTURE STUDY

· The plant extracts can be screened against a wide spectrum of fungi for their potent antifungal potential
· The principle compound can be isolated and identified and can be used as a therapeutic drug for thrombus related diseases like cardiovascular diseases.
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APPENDIX I

PHYTOCHEMICAL ANALYSIS

IDENTIFICATION OF CARBOHYDRATES:

Molisch’s test:

To 2ml of aqueous extract few drops of 20% α-naphthol in ethyl alcohol was added. Then about 1ml of concentrated sulphuric acid was added along the sides of the test tube. Reddish violet ring appeared at the junction of two layers indicates the presence of carbohydrates.

Test for cellulose:

To 1ml of extract 2-3 drops of iodine solution was added followed by 2 drops of sulphuric acid and dark/deep brown/cherry red color indicates the presence of cellulose.

IDENTIFICATION OF AMINOACIDS AND PROTEINS: 

Bradford’s test: 
To 1ml of extract few drops of Bradford’s reagent (Coomassie Brilliant Blue G250) was added and blue color product indicates the presence of proteins. 

IDENTIFICATION OF PHENOLS:

Ferric chloride test: 

2ml of extract was added to 2ml ferric chloride solution (Fecl3) and formation of deep bluish green solution indicates the presence of phenols.

IDENTIFICATION OF STEROL AND STEROIDS:

Libermann-Buchard test:

To the ethanolic extract added 2ml of chloroform followed by 10 drops of acetic anhydride and 2 drops of concentrated sulphuric acid and a rose red color developed which quickly changed through blue to green indicates the presence of cholesterol.

Salkowski test:
The ethanolic extract was dissolved in chloroform and shaken with an equal volume of concentrated sulphuric acid and chloroform layer was red in color and the acid layer showed green fluorescence indicates the presence of cholesterol.

IDENTIFICATION OF SAPONINS / SAPONIN-GLYCOSIDES:

Sodium bicarbonate test:

To the few ml of ethanolic extract few drops of sodium bicarbonate were added and shaken well and formation of honey comb indicates the presence of saponins.

IDENTIFICATION OF QUINONES / ANTHRAQUINONES:

Chloroform-Ammonia Test:

0.5g of the plant sample was boiled with 10ml of 5% sulphuric acid and filtered. While hot, to the filtrate added 5ml of chloroform and heated on a boiling water bath. To 2ml of the chloroform extract, 1ml of diluted 10% ammonia was added and the mixture was shaken and pink-red color in the ammoniacal layer showed the presence of anthracene derivatives.

Borntrager’s Test:

About 50ml of extract was heated with 10% ferric chloride solution and 1ml of concentrated HCl. The extract was cooled, filtered and the filtrate was shaken with diethyl ether. The ether extract was further extracted with strong ammonia and pink or deep red coloration of aqueous layer indicates the presence of anthroquinone.

IDENTIFICATION OF ALKALOIDS:

Few quantity of each portion was stirred with 5.0ml of 1% aqueous HCl on water bath and then filtered.

Dragendorff’s Test:

To 1ml of the extract add 1ml of Dragendorff’s reagent. Appearance of orange-red precipitate indicates the presence of alkaloids.
Wagner’s test:

To a fraction of the filtrate a few drops of Wagner’s reagent was added. Appearance of 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.

Pew Test:

Add a piece of metallic Magnesium / Zinc to 1ml of the extract, followed by addition of 2 drops of concentrated HCl. Formation of brown color confirms the presence of flavonoids.
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 a liquot of this to assay tannin.

Braemer’s Test:
 Add 10ml of water to 0.5g of methanolic / ethanolic extract, boil it and then filter. Add few drops of 10% Fecl3 to the filtrate. A dark green, blue or brown color indicates the presence of tannin.

Identification of hydrolysable tannins

4ml of the extract was shaken in a test tube, after which 4ml of 10% ammonia solution was added and formation of an emulsion on shaking indicates the presence of hydrolysable tannins.
 IDENTIFICATION OF VOLATILE OILS:

           Shake 2ml of the extract solution with 0.1ml dilute sodium hydroxide and a small quantity of dilute HCl. Formation of white precipitate indicates the presence of volatile oils.

APPENDIX II
THROMBOLYSIS

(Prasad et al., 2007)

Specimen:

Venous blood was drawn from the healthy volunteers (n=20).500µl of blood transferred to each of each of the previously weighed micro centrifuge tubes to form clots.

Clavix:


To the commercially available Clavix (75mg/ml) 1ml distilled water was added. This suspension was used as a positive control.

Study design:


Venous blood drawn from healthy volunteers (n=20) was transferred in different pre weighed sterile micro centrifuge tube (500µl/tube) and incubated at 37ºC 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 100µl of Clavix along with various dilution in aqueous plant extracts 20%,40%,60%,80% and 100% was added to the tubes. Water was also added to one of the tubes containing clot and this serves as a negative thrombolytic control. All the 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 twenty times with all the two dilutions of the plant extracts in blood samples of twenty different healthy volunteers.

APPENDIX – III

ESTIMATION OF TOTAL CHOLESTEROL

CHOD-PAP METHOD

(Allain et al., 1974)

PRINCIPLE:

       Cholesterol esterase (CHE) hydrolyses cholesterol ester to free cholesterol is oxidized by the Cholesterol oxidase (CHOD) to 4-cholestenone and hydrogen peroxide, hydrogen peroxide formed reacts with 4-amino antipyrine and phenol in presence of peroxidase to produce pink colored compound called quinonimine

 Cholesterol esters + H2O   CHE                               Cholesterol + fatty acid

Cholesterol + O2  CHOD                       4 -cholestenone       

2H2O2 + phenol + 4AP        POD                 Quinonimine + 4H2O

The intensity of the color formed is proportional to cholesterol concentration in the sample.

REAGENT:

Cholesterol standard:  200 mg/dl.

PROCEDURE:


Pipetted out into a clean dry test tube 1ml of cholesterol reagent and 20 µl of serum sample. Standards were prepared by adding 1ml of reagent and 20 µl of cholesterol standard. Mixed well and incubate at 37˚ C for 10 minutes. The absorbance of the samples and calibrator, were measured against the blank at 505 nm.

Total Cholesterol (mg/dl)   =       Absorbance of test


                                                 Absorbance of standard

                                                    APPENDIX IV
BRINE SHRIMP LETHALITY ASSAY (Oladimeji et al., 2006)

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. 200µl of the plant extracts of different concentration were added to 5ml of brine shrimp solution with 20 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 along with potassium dichromate as positive control. The mortality concentration data was calculated by the formula,

    Mortality            =       No of dead nauplii   

                                                                                         × 100       

                                        Total no of subjects   

LC50 values were obtained by best fit line plotted concentration versus percentage lethality.       

APPENDIX-V

ESTIMATION OF TOTAL ANTIOXIDANT ACTIVITY 

Prieto et al., (1999)

PRINCIPLE

This assay is based on the reduction of Mo (VI) to Mo (V) by the sample analyte and the subsequent formation of green phosphate/ Mo (V) complex at acidic pH.

REAGENTS

1. 0.6 M sulphuric acid

2. 28mM sodium phosphate

3. 4mM ammonium molybdate

4. Stock standard solution: Dissolved 100mg gallic acid in 100 ml of methanol in a standard flask

5. Working standard solution: diluted 10ml of stock solution to 100 ml with methanol. 1.0 ml of this solution contains 100 µg of gallic acid

PROCEDURE

Different concentrations of working standard prepared in methanol ranging from 200-1000µg/ml and 5, 10,15 mg/ml of Spinacia oleracea and Murraya koenigii extracts were pipetted into a series of test tubes and combined with 1ml of reagent solution (0.6 M sulphuric acid, 28mM sodium phosphate and 4mM ammonium molybdate). The tubes were capped and incubated at   95 ºC for 90 minutes, cooled to room temperature and the absorbance was recorded at 695 nm against blank

APPENDIX-VI

ANTIBACTERIAL ACTIVITY 

DISC DIFFUSION METHOD

Tepe et al., (2004)

The test microorganisms were spread on Muller Hinton Agar plates. Whatman No.1 filter paper discs (6 mm diameter) soaked with 10µl extract were kept on the agar plates and incubated 37ºC for 24 hours. The diameter of the zone of inhibition was measured in millimeters
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