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Executive summary

Water weeds are highly populated in both fresh and saline water. It is a menace for the zooplankton and phytoplankton and known as water pollutant. The water weed has been selected for the present purpose of the study i.e., Eichornia and Pistia contains high amount of water content therefore drying was the problem during the study. The extraction has been made on the basis of aqueous and alcoholic solubility. 50% hydro alcoholic extraction by maceration and percolation is being performed and evaporated at 40°C in water bath and finally the solvent has evaporated by Speed Vac. The λ max of the crude extract of Eichornia and Pistia was found to be 205 nm and 274 nm respectively. Successive solvent system was performed for column chromatography was found that the crude extract soluble in acetone, methanol and water of Pistia and the Eichornia crude extract are highly soluble in methanol and water. The extracts were defatted before use. All the fractions were again screened by TLC for their RF and common RF has been pooled together. Finally, two fraction of Eichornia and three fractions of Pistia were obtained. The λ max of ethanol fraction of Eichornia crassipes found to be 271 and 290 in the crystal of Eichornia was between 204 nm and 270 nm. The fraction of Pistia revealed lambda max 324, 272 and 294 nm in acetone, methanol and aqueous respectively. 

Qualitative phytochemical analysis screened for Eichornia crassipes revealed positive for alkaloid, flavonoids, phenolic, and saponins. However, in Pistia the phytochemical is positive for steroids, flavonoids and phenolic. 

The crude extracts and the fractions obtained were screened through HPLC evaluated the retention time. It was found that in Eichornia crassipes, phenolic and flavonoids were isolated. The phenolic group contains gallic acid, caffeic acid, protocatechuic acid & ellagic acid rest of the components are flavnoids. In Eichornia Gallic, rutin, protocatechuic, unknown2, naringinin found to be more in their area percentage respectively. However, kaempferol, quercetin, Myricetin, astragalin and caffeic acid presented with less percentage area. The methanolic fractions eichornia mainly contain gallic acid followed by catechin, epicatechin, epicatechingallate & apigenin. The aqueous extract of eichornia contains protocatechuic acid, naringinin, epigallocatechin, rutin in maximum amount followed by gallic acid and quercetin. The crude extract of eichornia contains rutin in high amount followed by others.

There are three unknown peaks revealed in eichornia which have shown fairly good pharmacological evidence.

The acetone fraction of Pistia contain gallic acid and rutin where the gallic acid in higher amount. The methanolic extract of Pistia contains gallic acid, rutin, catechin & kaempferol. Where the area percentage is more in gallic acid followed by rutin and catechin. An unknown peak has been observed at 11.88 retention time.  Aqueous extract of Pistia revealed higher area percentage of gallic acid, 1-O-galloyl-β-D-Glucose, rutin, catechin, epicatechin, epicatechingallate & unknown. Where unknown peak has been observed at 45.49 retention time may be the presence of steroidal or flavnoids family.

The gallic acid and rutin are the well-known antioxidants, Skin disease as well as anticancer (MA Indap, 2006, HO Saxena, 2008, JP Perchellet, 1992, Piyanete Chantirakul, 2009, Twin Brook, 2000); Quercetin, Kaempferol and myricetin were suggestive to posses antioxidant, Anti-inflammatory & antitumor property. (India herbs ancient remedies for modern times – Dr. Chinthiya Deb, Piyanete Chantirakul, 2009). 
The wound healing property on the basis of physical evaluation of wound by vernier caliper and re-epithelisation. It was revealed that the crude extract of Pistia has shown better re-epithelisation and wound repair, between 15th-20th days. The wound area scored 1.30±0.2 whereas Eichornia crassipes and azurae revealed 2.25±0.6 and 4.6 mm2 respectively. (Table no. 5-7)
HPLC eluted fraction revealed significant reduction of wound area, it was observed gallic acid (0.83mm3/15th day) of methanolic fraction of Eichornia crassipes have shown best re-epithelisation followed by in all the 3 components {Gallic acid ( 0.85mm3/15th day), Rutin (0.82mm3/15th day)  and Vallinic acid (0.88mm3/15th day)}found in acetone fraction of Pistia stratiotes. The methanolic fraction of Eichornia crassipes’s Catechin, Epicatechin and Epicatechin gallate and Rutin of crude extract of Eichornia crassipes have revealed better wound contraction. (Table No.8)

It was also revealed that fractions of all the constituents found in aqueous fraction of Eichornia, methanolic fraction of Pistia and crude extract of Eichornia has shown appreciable amount of wound healing and re-epithelization. This is to submit that in all the constituents the rate if re-epithelization is significantly better than vehicle, povidine iodine and placentrex. (Table No.5).
No doubt, Methanolic fractions of Eichornia & acetone fractions Pistia have signatured for faster re-epithelisation than other groups. Betadine and Povidine iodine revealed better re-epithelisation than normal control, but could not able to prove better than Pistia and Eichornia. This may be due to the presence of phenolic and flavnoids.

With the invasion of tissue damage and toxicity, the level of lipid peroxidase increases due to the liberation of large amount of free radicals from the tissue.  Therefore, tissue antioxidant property may loss. Our present study is also an attempt to evaluate plant antioxidant capacity by Fenton reactions. Crude extract of Eichornia crassipes, azurae and Pistia showed better antioxidant capacity by inhibiting the Thiobarbituric acid reactive substance in reaction mixture. It was revealed that even at low concentration Eichornia crassipes 91.07% inhibition. However, Pistia showed 87.50%, which is better inhibitory property than DMSO.  

The treatment modalities for cancer are mainly surgery, radiotherapy and chemotherapy. Melanoma is skin cancer and the treatment modalities are neoadjuvant dacarbazine chemotherapy with radiotherapy. In our present study, the tumor inhibitory property was scored by tumor volume in-vivo and by MTT assay in-vitro.
 The LD50 was not produced any animal death at 500mg/kg body weight of the drug. The antitumor activity of 50% methanolic extract of Eichornia crassipes revealed that there is a slow and steady growth in tumor volume but there was a drastic fluctuation in tumor size after the day 6th -10th day. It was noticed that the tumor test groups and radiation test groups, the tumor size has been decreased as compared with the control groups. 

The tumor volume on day 20th revealed 0.208 cm3and 0.129 cm3of 200mg/kg BW &  respectively when subjected adjuvant to 4 Gy γ-radiation, where γ-radiation alone revealed 1.258 cm3 where as in Eichornia azurae the tumor doubling time reduced exponentially from the control group. However, could not able to prove better than Eichornia crassipes. (Table 12-14)
In Pistia stratiotes, the tumor doubling time revealed 0.026 cm3 and 0.212 cm3 respectively to both dose adjuvant to radiotherapy. All the test group are significant where the P<0.05 as compared to the control (Annexure -1). 
The Tumor inhibition by different constituents eluted through HPLC found in different crude extracts has been analyzed. The tumor volume was inhibited maximum in Kaempferol of crude extract of Eichornia crassipes (tumor volume 0.013cm3 ), followed by Rutin of methanolic fraction of Pistia stratiotes (tumor volume 0.02 cm3) and also in Rutin of aqueous fraction of Pistia stratiotes followed by Gallic acid of Pistia stratiotes and methanolic fraction of Eichornia crassipes and also in Kaempferol of aqueous fraction of Eichornia crassipes followed by Quercetin, Myricetin, Gallic acid of aqueous fraction of Eichornia crassipes (Table No15.). However, all the other constituents of the respective fractions have shown better result than radiation alone group (Table No.12).
The tumor vascularization revealed less in 500mg/kg BW in Eichornia crassipes and also in radiation + 500mg/kg BW.

The fine needle aspiration cytology of B16 F10 tumor suggestive of apoptosis more in radiation alone group by 60% and radiation + 500mg/kg BW revealed 64% (Table-16), where as in Pistia stratiotes apoptosis of B16 F10 on FNA cytology revealed 70% in radiation alone group and 50% alone in 500mg/kg BW. It is highly significant at (P<0.001).

In vitro tumor cell viability (IC50) performed through MTT cytotoxicity assay were B16 F10 cells culture In vitro and subjected for monolayer growth. Difference concentrations from 25mg/ml – 500mg/ml of Eichornia crassipes crude extract, Eichornia crystals, methanolic fraction and aqueous fraction were taken. It was found that IC50 scored at 300mg/ml where Eichornia crude inhibits 46.4% of the cells and aqueous fractions inhibits 48.8% of the cell. But Eichornia crystals and methanolic fraction inhibits 38.27% and 46.41of tumor cells. 

On the other hand, Pistia methanolic fraction and water fraction able to inhibit 50% of cancer cells at 400mg/ml dose whereas Pistia crude able to inhibit at 500mg/ml. Acetone fraction has not shown 50% cell death even 500mg/ml.The IC50 of Eichornia crassipes and Pistia against B16 F10 cells compared with the dacarbazine at very low concentration 25mg/ml of dacarbazine able to inhibit 36.83% of the total cells.
The tumor cell B16F10 melanoma cytotoxicity by HPLC eluted fractions performed by MTT assay. It was revealed that at higher concentration of drug (500mg) have shown less viable cells, binds and allowing to reduce MTT into a light purple pink colour formazan. More the viable more the colour produce by formazan crystal. According to the table No. 21 to 26, the methanolic fraction of Eichornia have shown better cytotoxicity than Pistia when subjected to B16F10 cells. The % of viable cells scored at 500mg found to be better in all the isolates where the viability of cells found to be less than 40%. Gallic acid, catechin, epicatechin (Dr. Norman Hollenberg) of methanolic fraction of Eichornia crassipes have shown 28%, 33%, 35% respectively viable cells whereas gallic acid, rutin of aqueous fraction of Eichornia crassipes have shown 36 and 38% viable cells respectively at 500mg/ml dose. Rutin of crude extract of Eichornia crassipes have shown 37% of viable cells whereas Rutin1 of aqueous fraction of Eichornia crassipes and gallic acid of methanolic fraction of Pistia have shown 38 and 33% viable cells respectively. Epicatechingallate, ellagic acid (Thresiamma and Kuttan, 1996)27, rutin2, Quercetin (Chiang Mai University), Kaempferol (Jan Kowalski, M.L. Ackland, 2005)28 and apigenin (Cunn, Kevin, 2000)28 have shown less than 40% viable cells in Eichornia crassipes and Pistia. Apigenin, unknown of crude extract of Eichornia crassipes, unknown 1, unknown 2 of aqueous extract of Eichornia crassipes, unknown and 1-O-Galloyl-B-D-Glucose of aqueous fraction of Pistia and unknown of methanolic fraction of Pistia could not able to present 50% of tumor cell death even at 500mg/ml of dose. (Table no.22, 23, 25, 26). 

Gallic acid, catechin, epictaechin, epicatechingallate of methanolic fraction of Eichornia have shown best tumor cell inhibiting property than methanolic fraction of Pistia. Gallic acid and rutin 1 of aqueous fraction of Eichornia have shown better result than aqueous fraction of Pistia.

The IC 50 of HPLC eluted fractions of Eichornia & Pistia have found between 200 and 500mg/ml but the crude extracts of these water weeds could not able to present same response (Table no. 18 & 19). For Eichornia crystal & methanolic fractions, the IC 50 is at 400mg/ml where as the Pistia acetone fraction have not shown any 50% cell death even at 500mg/ml. However, the Methanolic and aqueous fractions have shown IC 50 at 400mg/ml.

Finally, our study concludes that aquatic weeds are rich in antioxidants as it contains phenolic as well as flavonoids compounds. Eichornia crassipes& Pistia  is rich in gallic acid (Phenolic) and rutin (Flavnoids). Due to its antioxidant properties, they also posses best wound healing (Re-epithelization) better than Vaseline, Povidion iodine and placentrex. The crude and alcoholic fractions of eichornia and aqueous & methanolic fractions of Pistia proven as potential tumor inhibitor. However, the further more study require to signature different fractions containing sub-families of phytochemical compounds for their different pharmacological actions. It is necessary that different solid tumors may be subjected against these fractions obtained from Eichornia and Pistia. 
The generic drugs available in the market are more costly and produce quite number of tissue and organ toxicity. To overcome the radiation and chemotherapy induced toxicity, amifostine and other antioxidant drugs are used in addition. This costs more in addition to the first line therapy, which may force the poor patients to withdraw the treatment because of their unaffordable condition.
To overcome all aforementioned rejections, Eichornia and Pistia may be a drug of choice to reduce the burden of non-healing wound and tumor load. This indigenous aquatic weed will be an asset for cancer treatment to reduce the oxidative stress to the tissue level. The wound healing property of Eichornia and Pistia may help to cure the wounds of bed ridden patients; radiation induced wounds and injured soldiers at far flung area fighting for the nation with   open wounds.
No doubt, the formulations obtain by these water weeds will serve poor man friendly, cost effective and a drug of choice for different ailments. 
INTRODUCTION
Herbal and natural products have enormous popularity as self-medication products. They are perceived as natural, green, pure and without side effects. Furthermore, their popularity has resulted in more than 800 companies producing herbal products and collecting revenues in excess of dollar 4.5 billion. 1 
 Herbal medicines are the oldest remedies known to mankind. The indigenous system of medicine namely Ayurvedic, Siddha and Unani have been in existence for several centuries. These systems of medicine cater to the needs of nearly 70 % of our population residing in the villages. Apart from India, these systems of medicine are prevalent in Korea, China, Singapore, West Asia and many other developed and developing countries beside the demands made by these systems as their raw materials, the demand for medicinal plants made by the modern pharmaceuticals industries has also increased manifold. Thus medicinal plants constitute a group of industrially important crops, which bring appreciable income to the country by way of export. 

Ours is a vast country where wide variation in climate, soil, altitude and latitude is avoidable. Nature has bestowed on us a very rich botanical wealth and a large number of diverse types of plants grow wild in different parts of the country. Herbs had been used by all cultures through out history but India has one of the oldest, richest and most diverse cultural living traditions associated with the use of medicinal plants 2.
 Medicinal plants are an important therapeutic aid for various ailments. Scientific experiments on the antimicrobial properties of plants components were first documented in the late 19th century 3.

In India from ancient times, different parts of medicinal plants have been used to cure specific ailments. Today, there is widespread interest in drugs derived from plants. This interest primarily stems from the belief that green medicine is safe and dependable, compared with costly synthetic drugs that have adverse effects. Natural antimicrobials can be derived from plants, animal tissues, or microorganisms4. 
Herbal drugs basically used to decrease the side effects of melanoma because treatment may damage healthy cells and tissues, unwanted side effects sometimes occur. These side effects of depend on many factors including the location of tumor and the type and extent of treatment. The side effects of surgery mainly depend on the size and location of tumor and the extent of operation. The side effect of chemotherapy depends mainly on the specific drugs and the dose. 

In general, anticancer drugs affect cells that divide rapidly especially blood cells, cells in hair roots and cells that line the digestive tract, due to these reasons we must go for herbal drugs5. 

Pistia is a genus of aquatic plant in the family Araceae, comprising a single species, Pistia stratiotes often called water cabbage or water lettuce. It was first described from the Nile near Lake Victoria in Africa. It is now present, either naturally or through human introduction, in nearly all tropical and sub tropical fresh waterways.

Eichornia originated in tropical South America, but has become naturalized in many warm areas of the world; Central America, North America (California and southern state), Africa, India, Asia, Australia and New Zealand. 

Requirements for herbal medicine have been established within last few years and the trained is to define the doses form with uniform amount extract. There is increasing scientific interest in extraction and isolation of secondary metabolites from plant as a part of biosynthetic, biochemical, chemotaxonomic, ecological, phytochemical, pharmacological and plant tissue culture studies. 

Antibiotics are naturally occurring, synthetic, or semi synthetic chemical substances that can kill microorganisms or inhibit their reproduction. Antibiotics act against the diseases caused by bacteria in one of two ways. Bacteriostatic action interferes with bacterial growth while bactericidal actions kill bacteria directly. These actions are accomplished by different mechanisms, including disruption of the bacterial cell wall and plasma membrane and interference with protein synthesis, nucleic acid synthesis or other vital metabolic processes. (21)    
PLANT DESCRIPTION          

I).
Eichornia crassipes 

       Water hyacinth is a member of pickerelweed family (Pontederiaceae)

1. Water hyacinth is distinctive-looking plants.  

2. They are floating plants with round to oval, shiny green leaves up to-ten inches in 


diameter, although smaller leaves are common.

3. Leaves are held upright so they act like sails.   

4. The leaf stalk is thick and spongy and helps to keep the plant buoyant. 

5. A mass of fine roots hangs in the water underneath the plant. 

6. The flowers are large (2-3 inches) and attractive.  They are blue-purple or lilac-colored with a yellow spot. 

7. The fruit is a three-celled capsule containing many minute, ribbed seeds. 

Another tropical floating-leaved nursery plant, called water lettuce, may be mistaken for water hyacinth. However, water lettuce doesn't have showy flowers and has large "ribbed" leaves. Water lettuce is much less cold tolerant than water hyacinth and is not thought able to survive in cold climates. 6,7

Perennial aquatic herb; rhizome and stems normally floating, rooting at the nodes, with long black pendant roots. Leaves usually with inflated spongy petioles, the leaf blades circular to reniform, 4-12 cm wide. Inflorescence a contracted panicle, 4-15 cm long, with several flowers; perianth lilac, bluish- purple, or white, the upper lobe bearing a violet blotch with a yellow center. Stamens 6; stalk of the inflorescence soon becoming goose-necked, forcing the dead flowers under the water; capsule dehiscent, surrounded by the perianth, membranous, many-seeded.3 

Geographic Distribution
Water hyacinth originated in tropical South America, but has become naturalized in many warm areas of the world: Central America, North America (California and southern states), Africa, India, Asia, Australia, and New Zealand. We have no evidence that water hyacinth has established in the wild in Washington, although it is being sold at most aquatic plant nurseries. In 2000 a site was discovered in southeastern Washington where hyacinth had over wintered. However, the site consisted of small ponds that were receiving waters from an industrial process. Company officials indicated that the water temperatures remained warm throughout the winter. 

Habitat
Water hyacinths grow over a wide variety of wetland types from lakes, streams, ponds, waterways, ditches, and backwater areas. Water hyacinths obtain their nutrients directly from the water and have been used in wastewater treatment facilities. They prefer and grow most prolifically in nutrient-enriched waters. New plant populations often form from rooted parent plants and wind movements and currents help contribute to their wide distribution. Linked plants form dense rafts in the water and mud. In the Pacific Northwest, water hyacinth is planted outdoors in ponds and in aquaria, but it is not considered winter hardy, except under special conditions.

The fibrous root system of water hyacinth provides nesting habitat for invertebrates and insects. Leaf blades and petioles are occasionally used by coots. However, whatever benefits this plant provides to wildlife are greatly overshadowed by the environmental invasiveness of this noxious species. 

Fresh plant contains 95.5% moisture, 0.04% N, 1.0% ash, 0.06% P2O5, 0.20% K2O, 3.5% organic matter. On a zero-moisture basis, it is 75.8% organic matter, 1.5% N, and 24.2% ash. The ash contains 28.7% K2O, 1.8% Na2O, 12.8% CaO, 21.0% Cl, and 7.0% P2O5. The CP contains, per 100 g, 0.72 g methionine, 4.72 g phenylalanine, 4.32 g threonine, 5.34 g lysine, 4.32 g isoleucine, 0.27 g valine, and 7.2 g leucine4. Water hyacinth roots naturally absorb pollutants, including some toxic chemicals as lead, mercury, and strontium 90 (as well as some organic compounds believed to be carcinogenic) in concentrations 10,000 times that in the surrounding water8,9. 

II) Pistia  (Pistia Stratiotes) : -

        Scientific Name:- Pistia stratiotes
        Common Name :- Water lettuce

        Family :- Araceae 

        Plant Description :-Floating aquatic; leaves spreading in a rosette on  

       Water surface, spongy, rounded, the main veins conspicuously indented above. 

       Origin :- India

       Where Found: -Bhopal Upper lake and Motia lake. 

       Mode: - Ingestion. 

                   Poisonous Part: - All parts. 

                  Symptoms :-Intense burning and swelling of lips, tongue, and throat; nausea,     

                                       Vomiting, and diarrhea may also occur. 

                 Toxic Principle :- Calcium oxalate crystals plus unknown toxins. 

                  Severity :-toxic only if large quantities eaten.

It belongs to the family araceae. It is a floating stoloniferous herb commonly found in ponds and streams, having leaves spreading in a rosette on water surface. The leaves are obovate, light green in colour with many prominent longitudinal veins surrounded at its base by a membranous sheath, which is free floating and spreads in the water. They are spongy, rounded and the main veins are conspicuously indented above. This plant originated in USA. They are found as Houseplant or interiors cape in aquaria and landscape in water gardens. 

Pistia Stratiotes in India is used as a famine food 10. Herb is recorded as eaten at other times. In China, young leaves are eaten cooked, Philippines, it is used to treat gonorrhea. Plant has high potash content, and contains stinging crystals. Occurs in great abundance on the surface of stagnant water and slowly moving streams10. 

Ecology

Estimated to range from Tropical Desert to Rain through Subtropical or Warm Temperate Desert to Rain Forest Life Zones, water hyacinth is reported to tolerate annual precipitation of 8.2 to 27.0 dm (mean of 8 cases = 15.8), annual temperature of 21.1 to 27.2°C (mean of 5 cases = 24.9), and estimated pH of 5.0 to 7.5. Leaves are killed by frost, and plants cannot tolerate water temperatures >34°C. In recent years there has been a growing awareness among fish culturists regarding aquatic weed problems. Presence of small amount of certain aquatic plants in fish culture waters may be useful at times as they have a definite role in the development and maintenance of a balanced community. But dense growths of weeds assimilate a large proportion of nutrients in the pond and thus compete with fish population, limiting available fish food. They restrict fish movement and interfere with fishing operations, besides serving as ideal hunts for predatory fishes and insects etc. The surface cover of floating weeds prevents light penetration. Excessive development of algae have also been causing nuisance in cultivated fish ponds and small reservoirs. They even cause fish mortality due to oxygen depletion or release of extra-cellular metabolites which are toxic.
TYPES OF AQUATIC VEGETATION

Floating aquatic; leaves spreading in a rosette on water surface, spongy, rounded, the main veins conspicuously indented above. 

Pistia Stratiotes, L. India: used as a famine food 10. Herb is recorded as eaten at other tjmes. China: young leaves eaten cooked. Philippines: used to treat gonorrhea. Plant has a high potash content, and contains stinging crystals. Occurs in great abundance on the surface of stagnant water and slowly-moving streams 10. 

The higher aquatic plants that occur in fish ponds belong to various families and genera, but from the point of view of weed control, major plants have been grouped on the basis of their growth. 

The groups are:

 i) floating weeds, which remain free floating with their leaves above surface and roots within water (e.g. Eichornia, Pistia, Salvinia, Spirodella, Lemna, Wolffia and Azolla) ;

 ii) emergent weeds, which have roots in the bottom soil but the leaves and flowers emerge to water surface (e.g. Nymphaea, Nelumbo, Euryale, Nymphoides, Myriophyllum and Phragmites) ; 

iii) submerged weeds are those that remain below water surface and may be rooted (e.g. Hydrilla, Najas, Potamogeton, Vallisneria, Ottelia and Nechamandra) or rootless (e.g. Ceratyphyllum and Utricularia) ;

 iv) marginal weeds, which grow on the shore but very often spread all over the water body (e.g. Ipomoea, Jussiaea, Typha, Cyperus, Paspalidium and Eleocharis);

v) algal weeds, which in fish ponds are either planktonic or filamentous forms. Very often a particular phytoplankton form multiply rapidly to form dense masses when environmental conditions and availability of nutrients are most favourable. Such dense growths referred to as ‘water bloom’ are responsible for imparting to the water, colours like green, yellow green, reddish brown and blue-green depending on the type of bloom forming algae. Filamentous algae very often grow densely covering the pond surface or pond bottom.

Floating weeds: Among floating weeds water hyacinth (Eichhornia crassipes) a native of South America is causing serious problems in the tropical water bodies. A number of chemicals have been tried against water hyacinth with varying degree of success 11,12,13,14,15,16. 

POSSIBLE USES OF AQUATIC WEEDS
Pond fertilization:

Aquatic weed composts can be used for fertilizing fishponds in aquaculture. Nutrients locked up in the weeds become available for primary production and increasing fish food organisms by applying the composts. The organic components are recycled slowly or quickly depending on environmental conditions as aquatic weeds can release minerals much faster than terrestrial plants since they have a shorter mineral regeneration time 17. Plankton production was found to be promoted by water hyacinth compost 18.

Fish feeds:

In fish culture the use of aquatic weeds as feed for fish could be the cheapest and natural method of using the weeds as well as controlling them. Among the herbivorous fish different aquatic weeds are consumed by them selectively and the weeds which are not eaten by them become difficult to control. The utilization of such weeds into processed feeds is more economical and can be adopted as a management practice.

Grass carp (Ctenopharyngodon idella) is a well known fish which can utilize some of the common submerged weeds like Hydrilla, Najas, Ceratophyllum, Ottelia, Nechamandra and vallisneria in that order of preference 19.

Bioenergy aquaculture systems:

In integrated farming systems having poultry or duck rearing, animal husbandry (cattle or pig rearing), fish culture and rice cultivation, the animal wastes are used in biogas plants and the sludge from biogas plants provides rich organic manure for fish ponds. The nutrient rich pond water can also serve for fertilizing paddy fields in which rice-fish cultivation is carried out by rotation or simultaneously by careful management.

Water quality management:

Aquatic weeds especially water hyacinth play useful role in biological treatment facilities. They absorb inorganic and some organic compounds also from the water to build up their tissues and remove pollutants present in sewage so that the clean water is reusable in irrigation and industry. The biomass of plants can be harvested and used for suitable purposes. The Nitrates and ammonium compounds present in sewage after removal by aquatic weeds become a rich source of fertilizers.
Biodiversity ValuesThe dominant aquatic plants include Eichornia crassipes, Pistia stratiotes, Ottelia alismoides, Lemna minor, Potamogeton crispus, Vallisneria spiralis, Hydrilla verticillata, Ipomoea reptans, Azolla pinnata, Spirodela polyrhiza, Eleocharis plantaginea, Nymphaea albea, N.rubra and Sagittaria sagittifolia. The giant water lily Euryale ferox also grows here. The lake shore vegetation includes Eupatorium adoratum, Achyranthes aspera, Cyperus esculoentus, Phragmites karka, Vitex trifolia, Accium basilium, Saccharum spontaneum and Imperata arundinacea. Dominant tree species in the nearby deciduous forests include Tectona grandis, Ficus bengalensis and Bombax malabaricum. 
  MATERIALS & METHODS 

Selection, Collection and Identification of Plants

The collection of water weeds was started in the month of June 2007 till November 2009. Pistia stratiotes & Eichornia was collected from lower lake of Bhopal near M.V.M college & Khanugaon on 15th June 2007 and 14th December 2007 & 1107.09, 08.10.09 & 06.11.09. The other species of Eichornia azurae was collected from southern part of India (Kootmanglam, Kanyakumari dst., Tamil Nadu) on 31st  December 2007 and from Thivera, Cochin, Kerela on 2nd January 2007.         
Table No: 01
	Plant name
	Place of plant collection
	Wet weight of plant parts
	Dry weight of plant parts
	Powder weight of plant parts
	Crude drug/ crystal

	Eichornia crassipes
	Sarangpani lake,  BHEL, Bhopal
	3032.6kg
	1048.64kg
	1021.66kg
	2086.9gm/120.36gm



	
	Motia Lake,
Bhopal
	
	
	
	

	
	Upper lake, 

Bhopal
	
	
	
	

	
	Upper lake, Khanugaon
	
	
	
	

	
	Lower lake, Bhopal
	
	
	
	

	Eichornia azurae
	Tamil Nadu
	24kg
	16.31kg
	14.21kg
	400gm/23.37gm

	
	Kerala
	
	
	
	

	Pistia stratiotes
	Lower lake, Bhopal
	1309.2kg
	1276.6kg


	1028.27kg
	1500gm/64.44gm


During the collection only healthy plant material was selected and it was kept in clean polythene bags. Plant material was washed under tap water in order to remove soil and other foreign particles. The washed plant was dried at room temperature away from direct sunlight because UV radiation may produce chemical reactions giving rise to compounds artifacts. Plant should be dried as soon as possible to avoid fungal contamination.                              
The collected plant species was washed, shade dried and grinded in coarse particles and their solubility has been screened. The calculated amount has been subjected for maceration and percolation process. 

After washing plant material were weighed initially to get their wet weight. Dry weights of the parts were taken separately for each part used for experiment. Roots, leaves and flowers were separated physically. Then the parts were powdered to a suitable size using grinder to the optimum grade that gives most efficient extract for extraction of active components. 

Extraction was done by percolation technique. During the extraction of the herbal drug two processes run parallel with each other in the extraction of the drug.

· The rinsing of extractive substances out of disintegrated plant cells, and 

· The dissolution of extractive substances out of intact plant cells by diffusion.

It has been found that the spongy part of the plant when extracted with the solvent (50 % methanol) it penetrates in the plant parts more rapidly and this process is accelerated by raising the temperature. The steeping and swelling process is strongly influenced by particle size and is more evident radically. Upon penetration into the plant material, the solvent becomes enriched with extractive substances and hence the highest content of extractive substance if found on the solvent front.

Concentrated extract was dried at 40 ˚C in oven and powder of crude extract was obtained and weighed then it was kept in an airtight container. From the 200 gm dried powder 3.5 gm crude extract powder was obtained by using 2 lt of 50 % methanol.
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Method
A. Phytochemistry and Pharmacognocy:
A.1 QUALITATIVE PHYTOCHEMICAL ANALYSIS17
1. Test for Steroid 

I. Salkowski reaction - To 2ml. of extract, add 2ml.chloroform and 2ml. conc. H2SO4. Shake well. Chloroform layer appears red and acid layer shows greenish yellow fluorescence.
2. Test for Alkaloids

I. Mayer’s test - 2-3ml. filtrate with few drops Mayer’s reagent gives ppt.

II. Hager’s test - 2-3ml.filtrate with Hager’s reagent gives yellow ppt.

III. Wagner’s test - 2-3ml. filtrate with Wagner’s reagent gives reddish brown ppt.
3.Test for anthraquinone glycosides

Borntragers test - To 3ml. extract, add dil.H2SO4. Boil and filter. To cold filtrate, add equal volume benzene or chloroform & shake well. Separate the organic solvent. Add ammonia. Ammonical layer turns pink or red.
4. Test for Gums

Hydrolyse test solution using dilute HCl. Perform Fehling’s and Benedict’s test. Red colour is developed.

5. Test for flavonoids 

Shinoda test:  Extract dissolved in 95 % ethanol, this test solution is taken in a test tube,  few magnesium ribbon are dipped and concentrated HCL is added – Magenta color developed indicates presence of flavonoids.

6.  Test for phenol

Ferric chloride test : The solution is treated with few drops of ferric chloride solution, dark color indicated the presence of phenols.
A.2 THIN LAYER CHROMATOGRAPHY20
Preparation of Chromatoplates

The simple glass plate of size 20X8cm was used for the preparation of chromatoplates.  Silica gel G for TLC was used as adsorbent. Silica gel slurry 20% was prepared in double distilled water. The slurry of coating material was applied on glass plate by spreading to form a uniform layer (0.5-1.0mm) of coating material. The chromatoplates were dried under room temperature and then placed into hot air oven at 45°C for complete drying. Before application of sample and development of chromatogram the TLC plate was activated by heating it into hot air oven at 100°C for 30 minutes.    

Sample Preparation and Application of Sample

The Methanolic extract of Eichornia (100mg) was dissolved  into 1ml of methanol  respectively. 5-10μl of sample was applied on activated TLC plate from 2cm of bottom of TLC plate. After application of sample the TLC plate was air dried to evaporate the solvent used for the sample preparation.

Solvent System and Development of Chromatogram

Methanolic extract  was investigated for suitable solvent system by hit and trial method in which different ratio of different solvents from increasing order of polarity was used. 

The increasing order of polarity of different solvent is:

· n-Heptane

· n-Haxane

· Cyclohaxane

· Carbon tetrachloride

· Toluene

· Benzene

· Diethyl ether

· 2- Butanol

· n-Propanol

· 2-Propanol

· Ethyl acetate

· Chloroform

· Acetone

· Methanol

· Ethanol

· Acetonitrile

· Acetic acid 

· Water

After application of sample the TLC plate was placed vertically into a rectangular chromatography chamber for ascending development of chromatogram. When solvent reached to the 80% length of TLC plate by capillary action, the TLC plate was removed and air dried.

Detection of Spot 

Completely dried TLC plate was placed into iodine chamber for 15-20min. The number of spots was counted and Retention factor (Rf) of spot was calculated by formula given below. 
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The solvent system in which number of spot is higher in number and resolution for separation was better was considered as a solvent system for the sample. In acetone: water: ammonia, (4.8:3.5:1.7) methanolic extract showed better resolution and maximum number of spot.
A.3  ISOLATION (COLUMN CHROMATOGRAPHY) AND INSTRUMENTAL ANALYSIS OF EFFLUENTS

Column and Column Packing Material 

The glass column 30mm bore diameter and 600mm length was used for the column chromatography (Isolation). The silica (100-200 mesh) for column chromatography was used as column packing material. Before packing of column with silica, the silica was placed into oven for 30min. at 100°C for activation.  

Packing of Column

The activated silica was mixed with sufficient solvent system acetone: water: ammonia, (4.8:3.5:1.7)for Methanolic extract to form suspension. This suspension was slowly poured into column to fill it approximately 75% of its height. The column was left for 30 min to settle down the silica. The height of solvent system above silica was kept 75mm throughout the experiment. 

Application of Sample 

The Methanolic extract 20gm was mixed with 40gm of activated silica and triturated in mortar pestle for uniform mixing. This sample was slowly added to the column without disturbing the column packing material and forms a uniform layer above the layer of column packing material. 

Elution of Effluents

The stopper of glass column was opened and set in such a way that one-drop fall in one second. The height of solvent system above layer of column packing material was kept 75mm throughout the experiment. The effluents were collected at the interval of 10min. The effluents were subjected to Thin Layer Chromatography with solvent system (acetone: water: ammonia, 4.8:3.5:1.7). The Retention factor (Rf) were calculated for each fraction. The fractions having same Retention factor (Rf) were mixed.  
A.4  HPLC separation of extract:
The HPLC analysis was performed with a Jasco UV 2075 Plus HPLC system. Chromatographic separation was achieved on C18 column (4.5mm x 25cm, 5µm) were used in this study. The mobile phase consisted of solvent 3% acetic acid in water and solvent methanol; starting from 100% A for 5 minutes followed by linear increase of solvent B to 60% within 40 minutes and final increase to 100% A. Washing and recondition of the column was done in 10 minutes. The detection wavelength was 254nm with flow rate 1mL min-1 and injection volume 20 µL. All the prepared solutions were filtered through 0.45 µm membrane and the mobile phase were degassed before injection onto HPLC.   

B.1 Wound healing activity in 50%methanolic leaf extract of P. stratiotes , 
Eichornia Crassipes, Eichornia azurae 

Extraction of Plant (The solvent of the extract has been evaporated by SC110A speed vac-THERMOSAVANT)
The Pistia stratiotes, Eichornia Crassipes and Eichornia azurae leaves were washed with water to remove the impurities, air dried at room temperature and powdered in an electric blender. Then 50 gm of powder was suspended in 250 ml of 50 % methanol for 20 hr at room temperature. The mixture was filtered using filter paper (Whatman No.1). The filterate was placed in an oven to dry at 40° C. The clear residue obtained was used for the study. The crude extract was then subjected to animal experimentation. 
Experimental Animals 
Swiss albino mice of either sex (weighing 25 to 30 Gms) were employed for wound healing activity. They were housed under standard experimental conditions in polypropylene cages with standard pellet diet, and water. Mice were divided into four groups, each group having four animals. This project was cleared by the ethical committee of our institution (CPCSEA Registration no. 500/01/a/CPCSEA/2001).
Wound Healing Activity 
Excision wound models were used to evaluate wound healing activity of P. stratiotes, Eichornia Crassipes, Eichornia azurae. The posterior side of animal was shaved using hair remover Anne French (Geoffery manners). The area of wound to be created was outlined with marker using stainless steel stencil and anaesthetized using xylocaine. Then 1×1 cm wound was created along the marked area using toothed forceps, a surgical blade and pointed scissors. The entire wound left open. 
Wound Healing Activity of P. stratiotes
The wounded mice were randomly divided into four groups of four mice each and were kept in individual cages. The negative control group (group I) PC did not receive any treatment. A standard group PB (group II) of mice received topically povidone-iodine ointment (Betadine, Win Medicare Ltd.). In PV (III group) mice is treated with vehicle contain vaseline topically. In experimental group PSV (group IV), the ointment of Pistia stratiotes prepared using vaseline as base. Ointments applied topically on the wound with a cotton swab at alternate days till the wound was completely healed. 150mg/kg b/w ointment was applied topically for 20 days alternately.
Wound Healing Activity of Eichornia crassipes
The wounded mice were randomly divided into four groups of four mice each and were kept in individual cages. The negative control group (group I) PRTC did not receive any treatment. A standard group PRBT (group II) of mice received topically povidone-iodine ointment (Betadine, Win Medicare Ltd.). In PRVS (III group) mice is treated with vehicle containing vaseline topically. In experimental group PRTEC (group IV), the ointment of Eichornia crassipes prepared using vaseline as base. Ointments applied topically on the wound with a cotton swab, at alternate days, till the wound was completely healed.150mg/kg b/w ointment was applied topically for 25 days alternately.
Wound Healing Activity of  Eichornia azurae
The wounded mice were randomly divided into four groups of four mice each and were kept in individual cages. The negative control group (group I) PRTC did not receive any treatment. A standard group PRBT (group II) of mice received topically povidone-iodine ointment (Betadine, Win Medicare Ltd.). In PRVS (III group) mice is treated with vehicle containing vaseline topically. In experimental group PRTEA (group IV), the ointment of   Eichornia azurae prepared using vaseline as base. Ointments applied topically on the wound with a cotton swab, at alternate days, till the wound was completely healed.150mg/kg b/w ointment was applied topically for 25 days alternately.
Methods of measurement: The wound was measured with the help of Vernier Caliper & area was calculated in mm2.
Histopathological Studies: Histopathological study of the skin excised from the mice was done at regular intervals of the regeneration period.
Statistical Analysis The level of significance has been done with one way ANOVA. The p-value was calculated from ANOVA table. The level of significance is less than 0.05(p<0.05).
B.2 Wound Healing Activity by HPLC eluted fractions.

In this group total two animals has been subjected for all the active constituents obtained by respective solvent fractions. Total 44 active constituents has been applied topically with the dose 1.5%. The topical application was done alternative days till the wound repaired. The wound area measured on day 10th and day 15th . 
C. In-Vitro Antioxidant Activity

The Fenton reaction was used to generate free radicals in a test system and the free radical scavenging activity was determined by the degradation of deoxyribose as standardized by (ELIZABETH & RAO). Fe3+, ascorbate, EDTA, H2O2 in the system produces hydroxyl radical which react with deoxyribose and set off a series of reaction that result in generation of Thiobarbituric acid reactive substance(TBARS). The measurement of TBARS thus gives an index of free radical activity. Radicals scavenging by protectors will result in the inhibition of TBARS. This will show its antioxidant activity.

CHEMICAL REQUIRED:-

Deoxyribose (3mM) - 4.023 mg in 100 ml ddw.

FeCl3 (Fe3+ 0.1mM freshly prepared) -1.622mg in 100ml of ddw.

EDTA (0.1mM) – 2.922 mg in 100ml

Ascorbic Acid (0.1mM) – 1.761 mg in 100ml ddw.

H2O2 (1mM) – 1ml in 99ml of ddw

TBA (1%)- 1gm in 100ml of (0.05N) NaOH

TCA (5%)- 5gm in 100 ml ddw

PBS- pH-7.4

Solution A - 2.72gm of KH2PO4 in 100 ml of ddw

Solution B – 0.80gm of NaOH in 100ml 0f ddw

Working solution of PBS – 50ml of solution A & 39.5 ml of solution B were mixed together and made upto 1000ml with ddw.

DMSO – (Control) – 10 µl in 99.9ml of ddw.

Procedure:

The reaction mixture consisted of 100µl deoxyribose (3mM), 50µl FeCl3 (Fe3+, 0.2ml), 50 µl EDTA (0.1mM), 100 µl H2O2 (1mM) in required amount of PBS.

Extract was then added to this mixture in concentration range of 10 µl to 200 µl to make a final volume of 1ml in each test tube.

The reaction mixture was kept for 1 hr at room temperature in dark.

The mixture was then incubated for 20 minutes in a boiling water bath with 0.5ml of 5% TCA & 0.5ml of TBA.

The absorbance was taken at 532 nm in an UV Spectrophotometer.

The test tube with PBS was considered as BLANK & DMSO was used as positive Control. The results were expressed as % Inhibition of TBARS.

Formula of % Inhibition TBARS:-

Blank – DMSO & Drug x 100 = % Inhibition

           Blank

D. ANTITUMOR ACTIVITY

24 Adult male mice (f1 hybrid from swiss albino female and C57BL male) of 6-8 weeks old with an average weight of 30(1g were used for experiment. The animals were kept, maintained in air conditioned animal house and fed on a standard diet of mouse food and water ad libitum, were used for the studies6, in accordance with institutional regulations and national criteria for animal experiments. The use of animals was as per CPCSEA norms (CPCSEA Registration no – 500/01/a/CPCSEA/2001) Approval for experimental work was as per animal ethical committee of Research Jawaharlal Nehru Cancer Hospital& Research Centre, Idgah Hills, Bhopal 462001 India.

D.1A- The Tumor inhibition analyzed by different crude extract obtained by different solvents. 

B16F10 mouse melanoma was originally procured from the Department of Research, Jawaharlal Nehru Cancer Hospital & Research Centre, Idgah Hills, Bhopal India, and propagated by serial transplantation on the dorsal skin of adult C57BL mice of either sex. For experiments, 5(105 Viable cells were injected intradermally on the dorsal skin. Once the palpable tumor developed, its diameters in three perpendicular planes (D1, D2, D3) were measured using a vernier caliper and the tumor volume (V) was calculated using the formula:     V= (Large diameter)  X (Small diameter) 2 X 0.52
Drug & Doses:
50% methanolic leaf extract of Eichornia crassipes, Eichornia azure and Pistia stratiotes was prepared (Suffness and Douros)8. 

The 2 different doses of extracts 200mg/kg body weight and 500mg/kg body weight of mice respectively administered orally for 20 days dissolved in 2% DMSO.

Irradiation: The radiation dose were used 4 Gy in 3 fractions Cobalt 60-γ radiation source (Department of Radiology, JN Cancer Hospital and Research Center, Bhopal)

Experimental:

Determination of acute drug toxicity

The acute toxicity of Eichornia crassipes was determined by LD50 method9

Table No. 02: Drug dose response

Animals were divided into groups of six and treated as follows:

S.NO.     GROUP                    TREATMENT                  NO.OF ANIMAL/ GROUP

1                (A)                 Control (drug only) DDW (only)                4 animals

2               (A1) Test        Drug (200mg/kg)
                                4 animals

3              (A2) Test         Drug (500mg/kg)
                                4 animals

4               (B)                  Control  Radiation(4Gy)                               4 animals

5               (B1)Test         Radiation(4Gy)+ Drug(200mg/kg)               4 animals

6              (B2)Test          Radiation(4Gy)+ Drug(500mg/kg)               4 animals

Drug: Eichornia crassipes, Eichornia azure & Pistia stratiotes (50% methanolic )

Radiation Source (Department of Radiology, JN Cancer Hospital and Research Center, Bhopal)
D1.B- Tumor inhibition by different isolates collected through HPLC (Fraction Collector-

CE4850 Cecil - Q-Adept, Aimil limited)

In this group 44 constituents collected through different crude extracts subjected for tumor inhibition assay and in each group 2 animals were taken because the different constituents collected through HPLC were in less amount. The tumor volume measured between day1st and day 5th , day 11th to day 15th and day 16th to day 20th .  Two different doses of 200mg/Kg body weight and 500mg/Kg body weight were administered orally after the palpable tumor for 20 days alternatively.   
D.2 Apoptosis and micronucleus Study: 
Cancer cell apoptosis is being carried out to rule out the cancer cell toxicity by in-vivo method (FNA). The assay being performed by cellular cytology for florescence microscopy. The slides were stained by Acridine orange and Hoechst stain. The slides stained for one minute in a .5 µg / ml solution of 33258 Hoechst in PBS 7.2 pH.  Or Slides were stained in 2mg/ml AO in DDW or 7.2 PBS. 
D.3A  In-vitro tumor cell viability is being performed by MTT for crude extract.

D3.B- In-vitro tumor cell viability is being performed by MTT for HPLC eluted fractions.
MTT cytotoxicity assay

This assay was carried out as per the standard procedure described by Fischer et al., Dutta and Jain and Dutta et al. 25-26 with slight modifications. The cytotoxicity assay was performed on HeLa cell lines. The cells were grown in fresh culture medium (Himedia, India) supplemented with 10% FBS (Foetal Bovine Serum; Sigma, USA) and 1% Penicillin-Streptomycin mixture (Sigma, USA). The growth inhibition behaviour of samples were evaluated by 3-(4, 5-di-methylthiazol-2yl)-2, 5-diphenyl tetrazolium bromide (MTT) cytotoxicity assay. The cells were seeded evenly into 96-well flat-bottomed tissue culture plate at 5_103 cells/well concentration and incubated for 24hrs in a humidified atmosphere of 5% CO2 at 37oC and treated with the formulations. Samples were applied as freshly prepared solutions in dimethylsulphoxide (DMSO). After 24hrs 20ml of a 5mgml_1 MTT solution in PBS (pH 7.4) was added to each well and the plate was incubated for 2 h at 37_0.5_C, allowing viable cells to reduce the MTT into purple coloured formazan crystals.  The absorbance was measured at 570nm with the help of an ELISA plate reader (Reader ELX-808iu- AVL Biomedical).
Result & Discussion
The present piece of work focused to know the biological potentiality of the water weeds. The results and discussions are on the basis of data obtained by the phytochemical analysis of the extracts and biological dosimetry performed on animals.
Phytochemistry

TABLE 03: Instrumental Analysis of the isolates 

λ max value of different solvents has been done by UV-Vis Spectrophotometer (Shimadzu- 1601):

	Plant Name
	Solvent used
	Name of the Fraction
	λ max value
	Absorbance

	Eichornia crassipes
	Methanol
	EF1
	271.0
	0.06

	
	Aqueous
	EF2
	290.0
	0.82

	
	Crude
	EC
	205.0
	0.88

	
	Crystal
	ECr1
	204.6
	0.56

	
	Crystal
	ECr2
	270.0
	0.051

	Pistia stratiotes
	Acetone
	PF2
	324.0
	0.917

	
	Methanol
	PF1
	272.0
	3.957

	
	Aqueous
	PF3
	293.0
	0.867
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 Pistia stratiotes- No solubility was observed in n-Heptane, n-Hexane, Cyclohexane, Carbon tetrachloride, Toluene, Benzene, Diethyl ether,2- Butanol, n-Propanol, 2-Propanol, Ethyl acetate and Chloroform. Solubility was shown in Acetone, Methanol and Water.
Eichornia crassipes- No solubility was observed in n-Heptane, n-Hexane, Cyclohexane, Carbon tetrachloride, Toluene, Benzene, Diethyl ether, 2- Butanol, n-Propanol, 2-Propanol, Ethyl acetate and Chloroform. Solubility was shown in Methanol and Water.
The separation and identification of individual phenolic & Flavonoids compounds in weeds extracts were analyzed by HPLC by Folin –Ciocaltue assay. The compounds identified can be divided into 2 groups, phenolic acid (gallic acid and caffeic acid) and flavonoids (rutin, vanillin, epicatechin, catechin, kaempferol, quercetin, myricetin and naringinin). 

The retention  time of standard  Gallic acid, Caffeic acid, Rutin,  Epicatechin, catechin, kaempferol, quercetin, myricetin & naringinin were found to be 2.92, 20.2, 4.072, 6.9, 5.2, 13.01, 19.104, 18.2, 45 respectively.

Sample 01 – Methanolic fraction of Eichornia crassipes::

The retention time of gallic, catechin & epicatechin, epicatechingallate and apigenin were found to be 2.813, 5.023 & 6.655, 11.82 and 45.51 respectively.

Sample 02 -  Aqueous fraction of Eichornia crassipes::

The retention time of gallic, epigallocatechin, protocatechuic acid, unknown1, unknown2,  rutin1, rutin2, ellagic acid, vallinic acid, kaempferol, myricetin, quercetin & naringinin were found to be 2.528, 2.90, 3.18, 3.67, 3.88, 4.283, 4.80, 12.15, 12.53 15.255, 17.243, 18.461 & 46.240 respectively.

Sample 03 - Acetone fraction of Pistia stratiotes:

The retention time of gallic acid, rutin and vallinic acid were found to be 2.958, 4.853 and 11.96  respectively.

Sample 04 - Aqueous fraction of Pistia stratiotes :

The retention time of gallic acid, 1-O-Galloyl-β-D-Glucose, rutin, catechin, epicatechin, epicatechingallate & unknown were found to be 2.477, 2.79, 3.717, 5.007, 5.73, 8.30 & 45.492 respectively.

Sample 05 - Methanolic fraction of Pistia stratiotes :

The retention time of gallic acid, rutin,  catechin, unknown and kaempferol were found to be 2.595, 4.897, 5.624, 11.886 and 45.50 respectively.

Sample 06 -  Crude extract of Eichornia crassipes:

The retention time of rutin, ellagic acid, vallinic acid, kaempferol, unknown, myricetin, quercetin, astragalin & Caffeic acid, apigenin & naringenin were found to be 4.275, 12.56, 14.07, 14.520, 16.26, 17.944, 18.857, 23.51, 29.837, 40.98 and 44.01 respectively.
                              Table No.04: The Area % of different flavnoids and Phenolic 

	Sample No.
	Compound Isolated
	Retention Time
	Area %

	1

(Methanolic fraction of Eichornia crassipes
	Gallic acid
	2.81
	84.16

	
	Catechin
	5.02
	5.37

	
	Epicatechin
	6.65
	2.42

	
	Epicatechingallate
	11.82
	1.91

	
	Apigenin
	45.51
	0.68

	2 

(Aqueous fraction of Eichornia crassipes)
	Gallic acid
	2.52
	5.37

	
	Epigallocatechin
	2.90
	11.25

	
	Protocatochuic Acid
	3.18
	21.15

	
	Unknown 1 
	3.67
	8.11

	
	Unknown 2
	3.88
	13.10

	
	Rutin 1
	4.28
	1.01

	
	Rutin 2
	4.80
	8.30

	
	Ellagic Acid
	12.15
	2.10

	
	Vallinic Acid
	12.53
	2.21

	
	Kaempferol
	15.25
	0.113

	
	Myricetin
	17.24
	1.44

	
	Quercetin
	18.46
	2.81

	
	Naringinin
	46.24
	12.19

	3

(Acetone fraction of Pistia stratiotes)
	Gallic acid
	2.95
	98.82

	
	Rutin
	4.85
	0.45

	
	Vallinic Acid
	11.96
	0.27

	4

(Aqueous fraction of Pistia stratiotes)
	Gallic acid
	2.47
	21.48

	
	1-O-Galloyl – β-D-Glucose
	2.79
	56.00

	
	Rutin
	3.71
	2.55

	
	Catechin
	5.00
	4.12

	
	Epicatechin
	5.73
	2.33

	
	Epicatechingallate
	8.30
	6.73

	
	Unknown
	45.49
	1.03

	5

(Methanolic fraction of Pistia stratiotes)
	Gallic acid
	2.59
	95.00

	
	Rutin
	4.89
	1.50

	
	Catechin
	5.62
	1.64

	
	Unknown
	11.88
	0.95

	
	Kaempferol
	45.50
	0.28

	6

(Crude extract of Eichornia crassipes)
	Rutin
	4.27
	79.98

	
	Ellagic Acid
	12.56
	2.65

	
	Vallinic Acid
	14.07
	1.78

	
	Kaempferol
	14.52
	0.71

	
	Unknown
	16.26
	5.78

	
	Myricetin
	17.94
	1.70

	
	Quercetin
	18.85
	3.35

	
	Astragalin
	23.51
	0.27

	
	Caffeic Acid
	29.83
	2.85

	
	Apigenin
	40.98
	0.19

	
	Naringinin
	44.01
	0.29


A1.Wound healing by crude extracts:
The results showed significant increase in wound contraction from 0 day to 20th day, when compared between experimental and control group of animals. The wound contraction has been scored best in Eichornia crystal and Pistia on day 15th then in Crude extract of Eichornia. The p value is highly significant when compared with betadine (4.0mm2 on day 15th ) , placentrex (6.6mm2 on day 15th ) and vaseline (7.53mm2 on day 15th). The rate of wound healing and re-epithilization of the 50% methanolic leaf extract of P. stratiotes, Eichornia Crassipes, Eichornia azurae was found to be more effective than Betadine
                  Table No. 05: Wound healing activity ( mm2)  of 50% methanolic leaf extract of Pistia stratiotes
	CODE NO.
	5th Day

Mean, ±SD, ±SE 
	10th Day

Mean, ±SD, ±SE
	15th Day

Mean, ±SD, ±SE
	20th  Day

Mean, ±SD, ±SE

	PC (Grp.1)
	85.2, ± 4.27,±3.0
	50.2, ±3.76, ±2.7
	9.6, ±0.7, ±1.2
	3.0, ±0.6, ±0.4

	PB (Grp.2)
	68.6, ±3.4, ±2.9
	17.60, ±5.38, ±2.7
	4.06, ±2.3, ±0.9
	1.0, ±0.2, ±0.1

	PV (Grp.3)
	71.4, ±5.46, ±2.7
	22.7, ±4.8, ±2.4
	4.26, ±2.1, ±1.1
	2.98, ±1.9,±1.3

	PTX (Grp.4)
	50.7, ±4.21, ±2.0
	10.1, ±3.2, ±1.5
	3.50, ±1.4, ±0.9
	0.90, ±0.7, ±0.5

	PSV (Grp.4)
	52.6, ±2.7, ±1.2,
	20.8, ±4.5, ±2.25
	1.30, ±0.2, ±0.1
	0, ±0, ±0


                         Table No.06:  Wound healing ( mm2) activity of 50% methanolic leaf extract of Eichornia crassipes
	CODE NO.
	5th day
	10th day
	15th day
	20th day
	25th day

	PRTC
	88.9,±3.0,±1.9
	52.6,±2.7,±1.2
	12.8,±2.7,±0.9
	2.25,±0.6,±0.3
	0,±0,±0

	PRBT
	65.6,±3.0,±3.6
	22.7,±4.8,±2.4
	4.0,±1.4,±1.6
	1.30,±0.2,±0.1
	0,±0,±0

	PRVS
	78.9,±1.5,±0.76
	38.8,±3.8,±1.91
	10.8,±1.9,±0.96
	1.1,±0.56,±0.28
	0,±0,±0

	PRTEC
	76.73,±1.08,±0.5
	23.39,±1.91,±0.96
	2.25,±0.6,±0.3
	0,±0,±0
	0,±0,±0





CrE ( Crystal of Eichornia crassipes)  at day 15th day  .42 mm2
                      Table No. 07: Wound healing( mm2) activity of 50% methanolic leaf extract of Eichornia azurae
	CODE NO.
	5th day
	10th day
	15th day
	20th day
	25th day

	PRTC
	88.9,±3.0,±1.9
	52.6,±2.7,±1.2
	12.8,±2.7,±0.9
	2.25,±0.6,±0.3
	0,±0,±0

	PRBT
	65.6,±3.0,±3.6
	22.7,±4.8,±2.4
	4.0,±1.4,±1.6
	1.30,±0.2,±0.1
	0,±0,±0

	PRVS
	78.9,±1.5,±0.76
	38.8,±3.8,±1.91
	10.8,±1.9,±0.96
	1.1,±0.56,±0.28
	0,±0,±0

	PRTEA
	54.6,±3.96,±2.9
	20.5,±3.2,±2.2
	4.70,±6.4,±4.5
	0,±0,±0
	0,±0,±0


A2. Wound healing activity by different constituents obtained through HPLC.

Total 44 fractions has been applied topically and the final wound measured on day 15th and it was found that the significant reduction of wound was observed in all the 3 components (Gallic acid, Rutin and Vallinic acid) found in acetone fraction of Pistia stratiotes then in Gallic acid of methanolic fraction of Eichornia crassipes followed by Catechin, Epicatechin and Epicatechin gallate and also Rutin of crude extract of Eichornia crassipes. (Table No.5)
It was also revealed that aqueous fraction of all the constituents found in aqueous fraction of Eichornia, methanolic fraction of Pistia and crude extract of Eichornia has shown appreciable amount of wound healing and re-epithelization. This is to submit that in all the constituents the rate if re-epithelization is significantly better than vehicle, povidine iodine and placentrex. (Table No.5).
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Day 10th

Normal Wound Control                       Betadine Treated
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Placentrex Treated                                 Vaseline Treated
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Crude Extract of Eichornia crassipes Crystallized Eichornia crassipes                                                                                                         
[image: image15.jpg]


       [image: image16.jpg]


 

                              Pistia stratiotes ointment
                                   [image: image17.jpg]


 
Day 15th 

Normal Wound Control                       Betadine Treated
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Placentrex Treated                               Vaseline Treated                                       

[image: image20.jpg]


            [image: image21.jpg]
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Wound Healing Activity on Day 20 (Skin Sections)
     Ts of Skin Day1                                              TS of Skin Day20                                               
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Drug treated (Pistia stratiotes) (Day 20)         Drug treated (Eichornia crassipes) (Day 20)       
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                       Drug treated (Eichornia azure) (Day 20)                                              
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    T. No. 8: WH- Mean, Standard Deviation and Standard Error of HPLC Eluted Fractions
	HPLC Eluted Sample
	Fractions
	Day 10
	Mean ±SE  
of Day 10


	Day 15
	Mean ±SE

of Day 15

0.83±0.05

0.9±0.08

0.91±0.010

0.95±0.06

0.97±0.07

1.09±0.11

1.24±0.05

1.23±0.020

1.21±0.010

1.15±0.03

1.36±0.61

1.72±0.12

1.59±0.38

1.52±0.07

1.24±0.04

1.30±0.01

1.57±0.22

1.49±0.27

0.85±0.06

0.82±0.02

0.88±0.06

2.11±0.13

2.51±0.41

2.02±0.05

1.89±0.11

1.83±0.34

2.28±0.29

2.18±0.66

1.26±0.08

1.48±0.09

1.77±0.09

1.69±0.07

1.33±0.11

0.92±0.06

1.89±0.05

2.11±0.10

1.18±0.08

1.98±0.11

1.26±0.28

1.33±0.57

1.52±0.13

1.3±0.09

1.6±0.09

1.5±0.28

	Methanolic fraction of Eichornia crassipes
	Gallic Acid
	a)21.45

b)22.13
	21.79±0.34
21.91±0.65
22.91±0.73

23.03±0.88

24.02±0.07

23.1±0.12

24.19±0.33

22.84±0.72

22.89±0.53

22.73±0.52

23.62±0.12

23.43±0.18

23.88±0.10

23.34±0.13

23.39±0.44

23.54±0.42

24.43±0.50

23.15±0.05

21.70±0.50

22.09±0.22

22.26±0.31

23.44±0.55

24.91±0.06

22.35±0.59

21.98±0.55

21.74±0.58

22.48±0.27

22.46±0.52

23.38±0.56

22.32±0.58

22.26±0.39

22.39±0.49

23.61±0.39

22.46±0.45

22.86±0.69

22.93±0.08

22.98±0.97

22.06±0.61

22.55±0.46

22.03±0.05

22.39±0.83

22.20±0.89

22.08±0.92

22.04±0.94
	a)0.89

b)0.78
	

	
	Catechin
	a)22.57

b)21.26
	
	a)0.98

b)0.82
	

	
	EpiCatechin
	a)22.18

b)23.65
	
	a)0.92

b)0.90
	

	
	EpiCatechinGallate
	a)23.92

b)22.15
	
	a)1.01

b)0.89
	

	
	Apigenin
	a)23.95

b)24.10
	
	a)1.04

b)0.90
	

	Aqueous fraction of Eichornia crassipes
	Gallic Acid
	a)23.22

b)22.98
	
	a)1.20

b)0.98
	

	
	Epigallocatechin
	a)24.53

b)23.86
	
	a)1.19

b)1.29
	

	
	Protocatechuic Acid
	a)23.56

b)22.12
	
	a)1.25

b)1.95
	

	
	Unknown 1
	a)23.42

b)22.36
	
	a)1.22

b)1.20
	

	
	Unknown 2
	a)23.25

b)22.21
	
	a)1.19

b)1.12
	

	
	Rutin 1
	a)23.75

b)23.50
	
	a)1.98

b)0.75
	

	
	Rutin 2
	a)23.62

b)23.25
	
	a)1.85

b)1.60
	

	
	Ellagic Acid
	a)23.98

b)23.78
	
	a)1.97

b)1.21
	

	
	Vallinic Acid
	a)23.47

b)23.21
	
	a)1.59

b)1.45
	

	
	Kaempferol
	a)23.84

b)22.95
	
	a)1.20

b)0.28
	

	
	Quercetin
	a)23.96

b)23.12
	
	a)1.29

b)0.32
	

	
	Myricetin
	a)23.93

b)24.94
	
	a)1.35

b)0.80
	

	
	Naringenin
	a)23.21

b)23.10
	
	a)1.76

b)1.22
	

	Aetone fraction of Pistia stratiotes
	Gallic Acid
	a)22.21

b)21.20
	
	a)0.91

b)0.79
	

	
	Rutin
	a)22.32

b)21.87
	
	a)0.85

b)0.80
	

	
	Vallinic Acid
	a)22.58

b)21.95
	
	a)0.95

b)0.82
	

	Aqueous fraction of Pistia stratiotes
	Gallic Acid
	a)23.99

b)22.89
	
	a)2.25

b)1.98
	

	
	1-O-Galloyl-β-D-Glucose
	a)24.98

b)24.85
	
	a)2.93

b)2.10
	

	
	Rutin
	a)22.95

b)21.76
	
	a)2.08

b)1.97
	

	
	Catechin
	a)22.54

b)21.43
	
	a)2.01

b)1.78
	

	
	Epicatechin
	a)22.32

b)21.16
	
	a)2.18

b)1.49
	

	
	Epicatechin Gallate
	a)22.76

b)22.21
	
	a)2.58

b)1.99
	

	
	Unknown
	a)22.98

b)21.94
	
	a)2.84

b)1.52
	

	Methanolic Fraction of Pistia stratiotes
	Gallic Acid
	a)23.95

b)22.82
	
	a)1.18

b)1.34
	

	
	Rutin
	a)22.90

b)21.74
	
	a)1.39

b)1.57
	

	
	Catechin
	a)22.65

b)21.87
	
	a)1.68

b)1.87
	

	
	Unknown
	a)22.88

b)21.90
	
	a)1.77

b)1.62
	

	
	Kaempferol
	a)24.01

b)23.22
	
	a)1.45

b)1.22
	

	Crude extract of Eichornia crassipes
	Rutin
	a)22.92

b)22.01
	
	a)0.99

b)0.86
	

	
	Ellagic Acid
	a)23.55

b)22.17
	
	a)1.00

b)0.89
	

	
	Vallinic Acid
	a)23.01

b)22.85
	
	a)2.21

b)2.01
	

	
	Kaempferol
	a)23.96

b)22.01
	
	a)1.27

b)1.10
	

	
	Unknown
	a)22.67

b)21.45
	
	a)2.09

b)1.87
	

	
	Myricetin
	a)23.01

b)22.09
	
	a)1.54

b)0.98
	

	
	Quercetin
	a)22.08

b)21.98
	
	a)1.90

b)0.76
	

	
	Astragalin
	a)23.22

b)21.56
	
	a)1.65

b)1.39
	

	
	Caffeic Acid
	a)23.10

b)21.31
	
	a)1.39

b)1.21
	

	
	Apigenin
	a)23.01

b)21.16
	
	a)1.73

b)1.54
	

	
	Naringenin
	a)22.98

b)21.10
	
	a)1.84

b)1.28
	


B. Antioxidant:
Percent inhibition of TBARS of 100% methanolic extract of Eichornia crassipes was found to be highest 92.85% at lowest dilution (10%) when compared with DMSO which revealed 80.35% inhibition.

Percent inhibition of TBARS of 100% methanolic extract of Eichornia azure was found to be maximum 91.07% at highest dilution (50%) when compared with DMSO which revealed 71.43% inhibition
Table No. 09:  Anti-Oxidant activity of Eichornia Crassipes 100%

	Conc.
	BLANK
	DMSO
	DMSO% Inhibition
	DRUG
	DRUG Inhibition

	10
	0.112
	0.022
	80.35
	0.008
	92.85

	20
	
	0.021
	81.25
	0.010
	91.07

	30
	
	0.026
	76.78
	0.019
	83.03

	40
	
	0.020
	82.14
	0.011
	90.18

	50
	
	0.032
	71.43
	0.020
	82.14


Table No. 10: Anti-Oxidant activity of Eichornia Azure 100%

	Conc.
	BLANK
	DMSO
	DMSO% Inhibition
	DRUG
	DRUG Inhibition

	10
	0.112
	0.022
	80.35
	0.012
	89.29

	20
	
	0.021
	81.25
	0.014
	87.50

	30
	
	0.026
	76.78
	0.011
	90.18

	40
	
	0.020
	82.14
	0.013
	88,39

	50
	
	0.032
	71.43
	0.010
	91.07


Table No. 11: Anti-Oxidant activity of Pistia stratiotes 100%

	Conc.
	BLANK
	DMSO
	DMSO% Inhibition
	DRUG
	DRUG Inhibition

	10
	0.112
	0.022
	80.35
	0.014
	87.50

	20
	
	0.021
	81.25
	0.015
	86.61

	30
	
	0.026
	76.78
	0.017
	84.82

	40
	
	0.020
	82.14
	0.013
	88.39

	50
	
	0.032
	71.43
	0.013
	88.39


C1. Antitumor activity by crude extract:
LD50 did not produce any death at 500mg/kg .The antitumor activity of 50% methanolic extract of Eichornia crassipes revealed that there is a slow and steady growth in tumor volume but there was a drastic fluctuation in tumor size after the day 6 to10 day. It was noticed that tumor test groups and radiation test groups, tumor size has been decreased as compared with the control groups.

On the day 20 in tumor control group A, tumor volume has been doubled by15 times, however, in test group A1 [Tumor +Drug (200mg/kg) BW] and in test group A2 [Tumor +Drug (500mg/kg) BW] tumor volume have been doubled by 1.16 and1.23 times, respectively.

On the day 20 the radiation control group B [Tumor + Radiation] has shown tumor doubling time by 3.5 times whereas the radiation test group B1 [tumor  + radiation +drug(200mg/kg) BW] and radiation test group B2[ tumor +radiation +drug(500mg/kg) BW] have been doubled by 0.79 and 0.74 times respectively.

The histopathological sections also revealed low vascularization melanoma cell apoptosis in drug and radiation + drug group.

 Eichornia crassipes have shown the best tumor inhibition potential, when subjected alone and subjected adjuvant to radiotherapy. 
Table No. 12: Antitumor activity of Eichornia crassipes
	Group 
	Tumor volume (cm3) after

	
	1st-5th Day
	6th-10th Day
	11th-15th Day
	16th-20th Day

	Control A
	0.251±0.0243
	0.790±0.992
	1.989±0.0912
	3.71±0.196

	Test A1
	0.241±0.0175
	0.539±0.0515
	0.28±0.05
	0.28±0.05

	Test A2 
	0.139±0.008
	0.27±0
	0.255±0.035
	0.16±0.02

	Control B
	0.383±0.0106
	0.834±0.027
	0.868±0.0013
	1.258±0.012

	Test B1
	0.2635±0.0015
	0.5085±0.07995
	0.2295±0.006
	0.208±0.01

	Test B2
	0.1755±0.0115
	0.285±0.005
	0.153±0.003
	0.129±0.0415


                   All test groups are significant at p<0.05 as compared to control group on 1st-5th,
                      6th-10th, 11th-15th and 16th-20th day.

             Graph 1: Effect of 50% methanolic leaf extract of Eichornia crassipes on in vivo tumor growth
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Table No. 13: Antitumor activity of Eichornia azure
	Group 
	Tumor volume (cm3) after

	
	1-5th Day
	6-10th Day
	11-15th Day
	16-20th Day

	Control A
	0.251±0.0243
	0.790±0.0992
	1.989±0.091
	3.71±0.196

	Test A1
	0.540±0.0095
	0.357±0.059
	1.725±0.095
	1.36±0.09

	Test A2
	0.52±0.05
	1.32±0.05
	1.5±0.0215
	1.15±0.09

	Control B
	0.383±0.0106
	0.834±0.027
	 0.868±0.0013
	1.258±0.012

	Test B1
	0.254±0.15
	0.666±0.051
	0.404±0.049
	0.3525±0.0425

	Test B2
	0.3585±0.0315
	0.7105±0.195
	0.366±0.12
	0.2515±0.058


               All test groups are significant at p<0.05 as compared to control group on 1st-5th, 6th-10th, 11th-15th and 16th-20th day.

              Graph 2: Effect of 50% methanolic leaf extract of Eichornia  azure on in vivo tumor growth

Table No. 14: Antitumor activity of Pistia stratiotes
	Group 
	Tumor volume (cm3) after

	
	1-5th Day
	6-10th Day
	11-15th Day
	16-20th Day

	Control A
	0.251±0.0243
	0.790±0.0992
	1.989±0.091
	3.71±0.196

	Test A1
	0.144±0.003
	0.325±0.005
	0.62±0.07
	0.428±0.023

	Test A2
	0.136±0.006
	0.282±0.001
	0.58±0.09
	0.405±0.025

	Control B
	0.383±0.0106
	0.834±0.027
	0.868±0.0013
	1.258±0.012

	Test B1
	0.243±0.02
	0.589±0.042
	0.31±0.041
	0.02615±0.0175

	Test B2
	0.339±0.086
	0.549±0.044
	0.264±0.017
	0.212±0.020


         All test groups are significant at p<0.05 as compared to control group on 1st-5th, 6th-10th, 11th-15th and  16th-20th day.
Graph 3: Effect of 50% methanolic leaf extract of Pistia stratiotes on in vivo tumor growth
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Melanoma Tumor Sections in Eichornia crassipes (Day 20th)

Tumor TS of Negative control (no therapy)       Radiation group
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Drug 200mg (Eichornia crassipes)                      Drug 500mg (Eichornia crassipes)
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Rad + Drug 200mg (Eichornia crassipes)          Rad + Drug 500mg (Eichornia crassipes)
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Day 15 – Day 20
Tumor Alone                                                      Radiation Control
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Day 15 –20 (Drug Control)

Drug Control (200mg)                                        Drug Control (500mg)
(Eichornia crassipes)                                             (Eichornia crassipes)
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Drug Control (200mg)                                       Drug Control (500mg)

(Eichornia azure)                                                 (Eichornia azure)
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Drug Control (200mg)                                         Drug Control (500mg)
(Pistia stratiotes)                                            (Pistia stratiotes)
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Day 15 -20 (Drug + Radiation)

  
Drug + Radiation (200mg)                             Drug + Radiation (500mg)         

  
(Eichornia crassipes)                                          (Eichornia crassipes)                                                             
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Drug + Radiation (200mg)                             Drug + Radiation (500mg)          

  
(Eichornia azure)                                               (Eichornia azure)                                               
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Drug + Radiation (200mg)                               Drug + Radiation (500mg)                           
(Pistia stratiotes)                                                 (Pistia stratiotes)
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C2. Antitumor activity by different fractions obtained through HPLC.

Tumor inhibition by different constituents found in different crude extracts has been analyzed on day 1st when the tumor became palpable till 20th day. The tumor volume was inhibited maximum in Kaempferol of crude extract of Eichornia crassipes (tumor volume 0.013cm3 ), followed by Rutin of methanolic fraction of Pistia stratiotes (tumor volume 0.02 cm3) and also in Rutin of aqueous fraction of Pistia stratiotes followed by Gallic acid of Pistia stratiotes and methanolic fraction of Eichornia crassipes and also in Kaempferol of aqueous fraction of Eichornia crassipes followed by Quercetin, Myricetin, Gallic acid of aqueous fraction of Eichornia crassipes (Table No.). However all the other constituents of the respective fractions have shown better result than radiation alone group (Table No.12).
                      T. No. 15: Antitumor Activity (B16F10) of HPLC Eluted Fractions
	Sample Name
	Fraction Isolated
	Tumor Volume (cm3) after

	
	
	Day 1-5
	Day 11-15
	Day 16-20

	Methanolic 

fraction of Eichornia 

crassipes
	Gallic Acid
	A
	0.139 ± 0.008
	0.115 ± 0.035
	0.14 ± 0.02

	
	
	B
	0.129  ± 0.005
	0.15  ± 0.027
	0.10  ± 0.01

	
	Catechin
	A
	0.241 ± 0.0175
	0.28 ± 0.035
	0.28 ± 0.05

	
	
	B
	0.230  ± 0.0150
	0.210  ± 0.030
	0.17  ± 0.03

	
	Epicatechin
	A
	0.989 ± 0.096
	0.251 ± 0.090
	0.210 ± 0.024

	
	
	B
	0.785  ± 0.085
	0.249  ± 0.76
	0.15  ± 0.023

	
	EpiCatechin
Gallate
	A
	0.827 ± 0.079
	0.276 ± 0.64
	0.18 ± 0.028

	
	
	B
	0.818 ± 0.071
	0.269 ± 0.70
	0.19 ± 0.030

	
	Apigenin
	A
	0.848 ± 0.083
	0.289 ± 0.72
	0.22 ± 0.034

	
	
	B
	0.850 ± 0.091
	0.270 ± 0.75
	0.25 ± 0.039

	Aqueous 

fraction of Eichornia

 crassipes
	Gallic Acid
	A
	0.137 ± 0.005
	0.245 ± 0.029
	0.16 ± 0.04

	
	
	B
	0.135 ± 0.008
	0.239 ± 0.025
	0.13 ± 0.02

	
	Epigallocatechin
	A
	0.254 ± 0.19
	0.212 ± 0.098
	0.16 ±0.005

	
	
	B
	0.243 ± 0.21
	0.209 ± 0.087
	0.18 ± 0.010

	
	Protocatechuic Acid
	A
	0.261 ± 0.32
	0.219 ± 0.90
	0.20 ± 0.014

	
	
	B
	0.258 ± 0.45
	0.215 ± 0.85
	0.20 ± 0.017

	
	Unknown 1
	A
	0.272 ± 0.51
	0.221 ± 0.78
	0.21 ± 0.020

	
	
	B
	0.270 ± 0.55
	0.223  0.70
	0.19 ± 0.018

	
	Unknown 2
	A
	0.691 ± 0.59
	0.217 ± 0.65
	0.15 ± 0.010

	
	
	B
	0.659 ± 0.48
	0.230  0.60
	0.25 ± 0.010

	
	Rutin 1
	A
	0.592 ± 0.45
	0.209 ± 0.58
	0.14 ± 0.009

	
	
	B
	0.587 ± 0.40
	0.205 ± 0.55
	0.18 ± 0.007

	
	Rutin 2
	A
	0.582 ± 0.39
	0.242 ± 0.50
	0.22 ± 0.005

	
	
	B
	0.578 ± 0.35
	0.199 ± 0.45
	0.16 ± 0.008

	
	Ellagic Acid
	A
	0.601 ± 0.62
	0.327 ± 0.91
	0.37 ± 0.027

	
	
	B
	0.545 ± 0.59
	0.349 ± 0.85
	0.32 ± 0.021

	
	Vallinic Acid
	A
	0.620 ± 0.71
	0.264 ± 0.97
	0.23 ± 0.013

	
	
	B
	0.615 ± 0.52
	0.260 ± 0.93
	0.27 ± 0.011

	
	Kaempferol
	A
	0.29 ± 0.45
	0.264 ± 0.099
	0.104 ± 0.0247

	
	
	B
	0.352 ± 0.62
	0.255 ± 0.110
	0.112 ± 0.0260

	
	Quercetin
	A
	0.391 ± 0.71
	0.245 ± 0.010
	0.117  ± 0.008

	
	
	B
	0.370 ± 0.65 
	0.241 ± 0.009
	0.115 ± 0.008 

	
	Myricetin
	A
	0.692 ± 0.54
	0.423 ± 0.017
	0.25 ± 0.018

	
	
	B
	0.650 ± 0.59
	0.429 ± 0.024
	0.20 ± 0.016

	
	Naringenin
	A
	0.687 ± 0.55
	0.525 ± 0.020
	0.22 ± 0.015

	
	
	B
	0.679 ± 0.60
	0.510 ± 0.018
	0.24 ± 0.012

	Crude extract of Eichornia crassipes
	Rutin
	A
	0.427 ± 0.085
	0.312 ± 0.029
	0.102 ± 0.005

	
	
	B
	0.420 ± 0.080
	0.309 ± 0.025
	0.104 ± 0.007

	
	Ellagic Acid
	A
	0.520 ± 0.082
	0.543 ± 0.030
	0.213 ± 0.012

	
	
	B
	0.535 ± 0.087
	0.535 ± 0.032
	0.210 ± 0.014

	
	Vallinic Acid
	A
	0.550 ± 0.090
	0.529 ± 0.028
	0.217 ± 0.016

	
	
	B
	0.549 ± 0.083
	0.525 ± 0.024
	0.215 ± 0.009

	
	Kaempferol
	A
	0.383 ± 0.868
	0.259 ± 0.029
	0.013 ± 0.010

	
	
	B
	0.451 ± 0.114
	0.210 ± 0.037
	0.010 ± 0.041

	
	Unknown
	A
	0.423 ± 0.151
	0.322 ± 0.034
	0.106 ± 0.035

	
	
	B
	0.429 ± 0.149
	0.319 ± 0.031
	0.101 ± 0.029

	
	Myricetin
	A
	0.572 ± 0.61
	0.424 ± 0.015
	0.30 ± 0.020

	
	
	B
	0.570 ± 0.59
	0.435 ± 0.019
	0.29 ± 0.015

	
	Quercetin
	A
	0.258 ± 0.012
	0.190 ± 0.031
	0.008 ± 0.012

	
	
	B
	0.281  ± 0.016
	0.251 ± 0.038
	0.010  ± 0.050

	
	Astragalin
	A
	0.589 ± 0.82
	0.352 ± 0.040
	0.210 ± 0.010

	
	
	B
	0.580 ± 0.79
	0.349 ± 0.033
	0.208 ± 0.007

	
	Caffeic Acid
	A
	0.550 ± 0.75
	0.361 ± 0.037
	0.215 ± .0112

	
	
	B
	0.575 ± 0.70
	0.359 ± 0.030
	0.211 ± 0.011

	
	Apigenin
	A
	0.439 ± 0.62
	0.263 ± 0.045
	0.126 ± 0.017

	
	
	B
	0.430 ± 0.57
	0.260 ± 0.041
	0.120 ± 0.015

	
	Naringenin
	A
	0.442 ± 0.88
	0.259 ± 0.047
	0.123 ± 0.012

	
	
	B
	0.435 ± 0.80
	0.255 ± 0.043
	0.121 ± 0.009

	Acetone fraction of Pistia stratiotes
	Gallic Acid
	A
	0.140 ± 0.070
	0.116 ± 0.048
	0.131 ± 0.021

	
	
	B
	0.142 ± 0.045
	0.112 ± 0.033
	0.106 ± 0.019

	
	Rutin
	A
	0.621 ± 0.075
	0.428 ± 0.050
	0.325 ± 0.025 

	
	
	B
	0.589 ± 0.090
	0.405 ± 0.039
	0.282 ± 0.022

	
	Vallinic Acid
	A
	0.752 ± 0.072
	0.543 ± 0.052
	0.346 ± 0.032

	
	
	B
	0.749 ± 0.069
	0.549 ± 0.045
	0.324 ± 0.028

	Aqueous fraction of  Pistia stratiotes
	Gallic Acid
	A
	0.142 ± 0.078
	0.132 ± 0.069
	0.128 ± 0.021

	
	
	B
	0.144 ± 0.080
	0.127 ± 0.062
	0.112 ± 0.010

	
	1-O-Galloyl-β-D-Glucose
	A
	0.989 ± 0.124
	0.736 ± 0.112
	0.542 ± 0.057

	
	
	B
	0.980 ± 0.127
	0.729 ± 0.120
	0.539 ± 0.085

	
	Rutin
	A
	0.494 ± 0.065
	0.218 ± 0.043
	0.024 ± 0.016

	
	
	B
	0.490 ± 0.060
	0.209 ± 0.021
	0.020 ± 0.010

	
	Catechin
	A
	0.868 ± 0.013
	0.334 ± 0.027
	0.213 ± 0.0106

	
	
	B
	0.710 ± 0.095
	0.366 ± 0.058
	0.251 ± 0.012

	
	Epicatechin
	A
	0.850 ± 0.078
	0.263 ± 0.045
	0.182 ± 0.018

	
	
	B
	0.649 ± 0.065
	0.258 ± 0.040
	0.150 ± 0.014

	
	Epicatechin Gallate
	A
	0.898 ± 0.070
	0.260 ± 0.039
	0.176 ± 0.012

	
	
	B
	0.878 ± 0.076
	0.254 ± 0.035
	0.169 ± 0.009

	
	Unknown
	A
	0.650 ± 0.059
	0.152 ± 0.029
	0.158 ± 0.007

	
	
	B
	0.639 ± 0.047
	0.147 ± 0.021
	0.150 ± 0.006

	Methanolic fraction of Pistia stratiotes
	Gallic Acid
	A
	0.521 ± 0.09
	0.320 ± 0.05
	0.152 ± 0.023

	
	
	B
	0.540 ±  0.0095
	0.357 ± 0.059
	0.109 ± 0.017

	
	Rutin
	A
	0.589 ± 0.042
	0.261 ± 0.02
	0.0243 ± 0.02

	
	
	B
	0.549 ± 0.044
	0.264 ± 0.020
	0.212 ± 0.017

	
	Catechin
	A
	0.666 ± 0.051 
	0.352 ± 0.042
	0.254 ± 0.015

	
	
	B
	0.590 ± 0.049
	0.312 ± 0.0.38
	0.215 ± 0.009

	
	Unknown
	A
	0.525 ± 0.052
	0.325 ± 0.059
	0.210 ± 0.020

	
	
	B
	0.520 ± 0.050
	0.322 ± 0.054
	0.205 ± 0.018

	
	Kaempferol
	A
	0.624 ± 0.049
	0.269 ± 0.032
	0.198 ± 0.015

	
	
	B
	0.620 ± 0.040
	0.264 ± 0.029
	0.190 ± 0.010


D. Cellular micronucleus and Apoptosis Assay:

The cytotoxicity study done on melanoma cells directly taken from the tumor site by FNA revealed apoptosis in tumor cells. The significant increase of apoptosis in radiation and B2 (Eichornia) group, when drug was administrated adjuvant to radiotherapy. It was found that percentage of apoptosis was increased exponentially in radiation and B2 group, the % scored as 60 and 64 respectively. On the other hand the % of apoptosis in control group revealed very less 1.5, 6.5 and 14 respectively in tumor alone, 200mg/kgbw extract and 500mg/kgbw extract.24 In Pistia the % of apoptosis in more in radiation and extract adjuvant to radiotherapy, the % was 70 & 60 respectively. Therefore the observation revealed that the Eichornia is better than the Pistia when subjected adjuvant to radiotherapy (table No. 16th and 17th).
Table No. 16: Cytotoxicity assay of Eichornia crassipes in in-vivo culture of cancer cell line (B16F10) by FNAC.

	Group
	Treatment
	Total cells scored
	B16F10 cells
	Apoptosis

Of B16F10

	(Control) A
	Without treatment
	100
	99
	01

	
	
	100
	98
	02

	(Test) A1
	Drug (200mg/Kg)*
	100
	90


	10

	
	
	100
	97
	03

	(Test) A2
	Drug (500mg/Kg)*
	100
	80
	20

	
	
	100
	92
	08

	(Control) B
	Radiation (4Gy)**
	100
	38
	62

	
	
	100
	42
	58

	(Test) B1
	Radiation(4Gy) + Drug(200mg/Kg)*
	100
	50
	50

	
	
	100
	72
	28

	(Test) B2
	Radiation(4Gy) + Drug(500mg/Kg)**
	100
	27
	73

	
	
	100
	45
	55


As per the Tukey Kramer multiple comparison at * P<.05, the group B & B2 is moderately significant and the group A1 & A2 is significantly better than the control group. 

 
Table No. 17: Cytotoxicity assay of Pistia stratiotes in in-vivo culture of cancer   




cell line (B16F10) by FNAC.

	Group
	Treatment
	Total cells scored
	Normal cells
	Apoptosis

	(Control) A
	Without treatment
	100
	99
	01

	
	
	100
	98
	02

	(Test) A1
	Drug (200mg/Kg)*
	100
	85
	15

	
	
	100
	90
	10

	(Test) A2
	Drug (500mg/Kg)*
	100
	72
	28

	
	
	100
	85
	15

	(Control) B
	Radiation (4Gy)***
	100
	38
	62

	
	
	100
	42
	58

	(Test) B1
	Radiation(4Gy) + Drug(200mg/Kg)**
	100
	53
	47

	
	
	100
	59
	41

	(Test) B2
	Radiation(4Gy) + Drug(500mg/Kg)***
	100
	32
	68

	
	
	100
	48
	52


              As per the tukey Kramer multiple comparison at P<.001, the group B & B2 is 
             extremely significant, B1 is moderately significant & the group A1 & A2 is significantly 
             better than the control group. 
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NB: The Normal cell radiation protection is also conducted. The Pictures are being attached herewith.  
[image: image55.jpg]


   [image: image56.jpg]




 
 [image: image57.jpg]


    [image: image58.png]



  [image: image59.jpg]\"




 [image: image60.jpg]



E. 1 MTT assay for crude extract of Eichornia and Pistia25-26
The tumor cell B16F10 melanoma cytotoxicity performed by MTT assay. It was revealed that at higher concentration of drug (500mg) have shown less viable cells, binds and allowing to reduce MTT into a light purple pink colour formazan. More the viable more the colour produce by formazan crystal. According to the table No. 18 & 19, the Pistia have shown better cytotoxicity than Eichornia when subjected to B16F10 cells, the % of Viable cells scored at 500mg of aqueous fractions was 26 and 35 respectively. However, the IC 50 for Pistia scored between 300mg/ml and 400mg/ml (table No 19) and for Eichornia the IC 50 found to be at 300mg/ml (table 18). But could not able to proven better than dacarbazine (table 20).
The IC 50 for crude extract of Eichornia & Pistia found to be 300mg/ml and 500mg/ml respectively. For Eichornia crystal & methanolic fractions, the IC 50 is at 400mg/ml where as the Pistia acetone fraction have not shown any 50% cell death even at 500mg/ml. However the Methanolic and aqueous fractions have shown IC 50 at 400mg/ml.
             MTT Assay- The Optical Density has been screened by ELISA Plate Reader ELX-808 iu/AVL Biomedical.
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 dacarbazine

	Dose
	E. Crude

(OD)
	% of Viable Cells
	E. Crystal

(OD)
	% of Viable Cells
	EF1

(OD)
	% of Viable Cells
	EF2

(OD)
	% of Viable Cells

	Control
	2.09
	100
	-
	-
	-
	-
	-
	-

	25mg/ml
	1.99
	95.2
	2.0
	95.69
	1.91
	91.38
	1.8
	86.12

	50mg/ml
	1.62
	77.5
	1.89
	90.4
	1.90
	90.90
	1.69
	80.86

	100mg/ml
	1.43
	68.42
	1.67
	79.9
	1.79
	88.64
	1.63
	77.99

	150mg/ml
	1.37
	65.55
	1.63
	77.9
	1.70
	81.33
	1.52
	72.77

	200mg/ml
	1.07
	51.96
	1.44
	68.89
	1.50
	71.77
	1.41
	67.46

	300mg/ml
	0.97
	46.41
	1.12
	53.38
	1.33
	63.63
	1.02
	48.80

	400mg/ml
	0.73
	34.9
	0.82
	38.27
	0.97
	46.41
	0.82
	39.23

	500mg/ml
	0.69
	33.06
	0.77
	36.84
	0.83
	39.71
	0.74
	35.40


               Table No. 18: MTT Assay of Eichornia  
Table No. 19: MTT Assay of Pistia  
	                 Dose
	Pistia Crude

(OD)
	% of Viable Cells
	PF1

(OD)
	% of Viable Cells
	PF2

(OD)
	% of Viable Cells
	PF3

(OD)
	% of Viable Cells

	Control
	2.09
	100
	-
	-
	-
	-
	-
	-

	25mg/ml
	2.03
	97.1
	2.1
	100
	1.9
	90.9
	1.97
	94.25

	50mg/ml
	1.99
	95.2
	1.93
	92.33
	1.82
	87.08
	1.79
	85.64

	100mg/ml
	1.81
	86.60
	1.91
	91.37
	1.77
	84.68
	1.57
	75.11

	150mg/ml
	1.82
	87.08
	1.82
	87.06
	1.66
	79.42
	1.32
	63.15

	200mg/ml
	1.70
	81.33
	1.76
	83.71
	1.62
	77.51
	1.27
	60.76

	300mg/ml
	1.56
	74.64
	1.60
	76.51
	1.43
	68.42
	1.07
	51.96

	400mg/ml
	1.11
	53.10
	1.42
	67.91
	1.01
	48.32
	0.88
	42.10

	500mg/ml
	0.82
	39.22
	1.37
	65.88
	0.83
	39.71
	0.56
	26.79


Table No. 20: MTT Assay of anticancer drug Dacarbazine
	Dacarbazine (OD)
	% of Viable Cells

	0.77
	36.83

	0.62
	29.66

	0.45
	21.52

	0.28
	13.39

	0.23
	11.00

	0.19
	9.08

	0.18
	8.61

	0.10
	4.78


Graph 4: IC 50 by Dacarbazine    [image: image65.emf]IC 50  by Dacarbazine
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         Graph 5: IC 50 by crude extract of Eichornia
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Graph 6: IC 50 by crystals of Eichornia
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Graph 7: IC 50 by methanolic crude extract of Eichornia              [image: image68.emf]Drug Dose of EF 1
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        Graph 8: IC 50 by Aqueous crude extract of Eichornia [image: image69.emf]Drug Dose of EF 2
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             Graph 9: IC 50 by crude extract of Pistia
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Graph 10: IC 50 by Acetone crude extract of Pistia
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 Graph 11: IC 50 by Methanolic crude extract of Pistia
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Graph 12: IC 50 by aqueous crude extract of Pistia         [image: image73.emf]Drug Dose of PF 3
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E.2 MTT assay for HPLC eluted isolates

The tumor cell B16F10 melanoma cytotoxicity performed by MTT assay. It was revealed that at higher concentration of drug (500mg) have shown less viable cells, binds and allowing to reduce MTT into a light purple pink colour formazan. More the viable more the colour produce by formazan crystal. According to the table No. 21 to 26, the methanolic fraction of Eichornia have shown better cytotoxicity than Pistia when subjected to B16F10 cells. The % of viable cells scored at 500mg found to be better in all the isolates where the viability of cells found to be less than 40%. Gallic acid, catechin, epicatechin (Dr. Norman Hollenberg) of methanolic fraction of Eichornia crassipes have shown 28%, 33%, 35% respectively viable cells whereas gallic acid, rutin of aqueous fraction of Eichornia crassipes have shown 36 and 38% viable cells respectively at 500mg/ml dose. Rutin of crude extract of Eichornia crassipes have shown 37% of viable cells whereas Rutin1 of aqueous fraction of Eichornia crassipes and gallic acid of methanolic fraction of Pistia have shown 38 and 33% viable cells respectively. Epicatechingallate, ellagic acid (Thresiamma and Kuttan, 1996), rutin2, Quercetin (Chiang Mai University), Kaempferol (Jan Kowalski, M.L. Ackland, 2005) and apigenin (Cunn, Kevin, 2000) have shown less than 40% viable cells in Eichornia crassipes and Pistia. Apigenin, unknown of crude extract of Eichornia crassipes, unknown 1, unknown 2 of aqueous extract of Eichornia crassipes, unknown and 1-O-Galloyl-B-D-Glucose of aqueous fraction of Pistia and unknown of methanolic fraction of Pistia could not able to present 50% of tumor cell death even at 500mg/ml of dose. (Table no.22, 23, 25, 26). 
 Gallic acid, catechin, epictaechin, epicatechingallate of methanolic fraction of Eichornia have shown best tumor cell inhibiting property than methanolic fraction of Pistia. Gallic acid and rutin 1 of aqueous fraction of Eichornia have shown better result than aqueous fraction of Pistia.

 The IC 50 of HPLC eluted fractions of Eichornia & Pistia have found between 200 and 500mg/ml but the crude extracts of these water weeds could not able to present same response (Table no. 18 & 19). For Eichornia crystal & methanolic fractions, the IC 50 is at 400mg/ml where as the Pistia acetone fraction have not shown any 50% cell death even at 500mg/ml. However the Methanolic and aqueous fractions have shown IC 50 at 400mg/ml.

     Table No. 21: MTT Assay of fractions of Methanolic Extract of Eichornia crassipes isolated through

 HPLC Analysis

	Sample No.
	Compound Isolated
	Dose Groups
	OD
	Mean
	% Viability

	1

Methanolic fraction of Eichornia crassipes
	Gallic acid
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.704

0.619

0.632

0.566
	A-0.661

B-0.599


	A-31.6%

B-28.6%



	
	Catechin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.847

0.625

0.801

0.603
	A-0.736

B-0.702


	A-35.2%

B-33.5%



	
	Epicatechin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.604

0.906
0.884

0.606
	A-0.755

B-0.745


	A-36.1%
B-35.6%



	
	Epicatechingallate
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.806
0.907

0.815

0.708
	A-0.856

B-0.761


	A-40.9%
B-36.4%



	
	Apigenin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.936

0.778

0.801

0.653
	A-0.857

B-0.727
	A-41%

B-34.7%


Table No. 22: MTT Assay of fractions of Aqueous Extract of Eichornia crassipes isolated 
                                                                       through HPLC Analysis

	Sample No.
	Compound Isolated
	Dose Groups
	OD
	Mean
	% Viability

	2

Aqueous fraction of Eichornia crassipes
	Gallic acid
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.712

0.826
0.808

0.714
	A-0.769

B-0.761


	A-36.7%

B-36.4%



	
	Epigallocatechin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.778

0.936

0.866

0.832
	A-0.857

B-0.849
	A-41.0%
B-40.6%

	
	Protocatechuic Acid
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.991

0.808

0.964

0.732
	A-0.899

B-0.848
	A-43.0%
B-40.5%

	
	Unknown 1 
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	1.305

0.963

1.234

0.984
	A-1.134

B-1.109
	A-54.2%
B-53.0%

	
	Unknown 2
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	1.378

1.282

0.903

1.283
	A-1.33

B-1.093
	A-63.6%
B-52.2%



	
	Rutin 1
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.809
0.817
0.874
0.729
	A-0.813

B-0.801
	A-38.8%
B-38.3%

	
	Rutin 2
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.805
0.920
0.804

0.867
	A-0.862

B-0.835
	A-41.2%

B-39.9%


	
	Ellagic Acid
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.929

0.879

0.861

0.979
	A-0.904
B-0.92
	A-43.2%
B-44.0%

	
	Vallinic Acid
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	1.145

0.940

0.907

1.105
	A-1.042

B-1.006
	A-49.8%
B-48.1%

	
	Kaempferol
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.984

0.901

0.892

0.817
	A-0.942

B-0.854
	A-45.0%
B-40.8%

	
	Myricetin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	1.010

0.910

0.949

0.852
	A-0.96

B-0.900
	A-45.9%
B-43.0%

	
	Quercetin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.769

0.963

0.803

1.204
	A-0.866

B-1.003
	A-41.4%
B-47.9%

	
	Naringinin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.905

1.107
0.869

0.894
	A-1.006

B-0.881
	A-48.1%
B-42.1%


                   Table No. 23: MTT Assay of fractions of Crude Extract of Eichornia crassipes isolated through HPLC Analysis

	Sample No.
	Compound Isolated
	Dose Groups
	OD
	Mean
	% Viability

	6

Crude Extract of Eichornia crassipes
	Rutin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.742

0.829
0.879

0.685
	A-0.785

B-0.782


	A-37.5%
B-37.4%

	
	Ellagic Acid
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.787

0.910
0.836

0.834
	A-0.848

B-0.835


	A-40.5%

B- 39.9%


	
	Vallinic Acid
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.912

1.098
1.039

0.932
	A- 1.005

B-0.985
	A-48.0%

B-47.1%

	
	Kaempferol
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.945

0.830

0.852

0.893
	A-0.887

B-0.872
	A-42.4%
B-41.7%

	
	Unknown
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	1.989

1.127

0.901

1.278
	A-1.558

B-1.089


	A-61.2%
B-52.1%


	
	Myricetin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.965

0.950
0.829

1.079
	A-0.957

B-0.954


	A-45.7%

B-45.6%

	
	Quercetin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.826

0.860
0.849

0.828
	A-0.843

B-0.838
	A-40.3%

B-40.0%

	
	Astragalin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.985

0.798

0.786

0.961
	A-0.891

B-0.873
	A-42.6%
B-41.7%

	
	Caffeic Acid
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.908

1.118
1.109

0.978
	A-1.013

B-1.043
	A-48.4%
B-49.9%

	
	Apigenin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.945

1.240
1.087

1.010
	A-52.2%
B-1.048
	A-52.2%
B-50.1%

	
	Naringinin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.938

1.028

0.997

0.982
	A-0.983

B-0.989
	A-47.0%
B-47.3%


         Table No. 24: MTT Assay of fractions of Acetone Extract of Pistia stratiotes isolated through HPLC Analysis

	Sample No.
	Compound Isolated
	Dose Groups
	OD
	Mean
	%Viability

	3

Acetone fraction of Pistia stratiotes
	Gallic acid
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.837

0.892
0.874

0.729
	A-0.864

B-0.801

	A-41.3%

B-38.3%


	
	Rutin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.961

0.979
0.841

0.929
	A-0.97

B-0.885
	A-46.4%

B-42.3%

	
	Vallinic Acid
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	1.034

0.986
1.019

0.950


	A-1.01
B-0.984


	A-48.3%
B-47.0%


                Table No. 25: MTT Assay of fractions of Aqueous Extract of Pistia stratiotes isolated through 
                                                                       HPLC Analysis
	Sample No.
	Compound Isolated
	Dose Groups
	OD
	Mean
	%Viability

	4

Aqueous fraction of Pistia stratiotes
	Gallic acid
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.817

0.862
0.837

0.839
	B-0.839

B-0.838
	A-40.1%

B-40.0%

	
	1-O-Galloyl – β-D-Glucose
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	1.550

0.916

0.982

1.603
	A-1.233

B-1.022
	A-58.9%
B-48.8%

	
	Rutin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.893

0.845
0.902

0.825
	A-0.869

B-0.863


	A-41.5%

B-41.2%


	
	Catechin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	1.082

0.808
0.983

0.829
	A-0.945

B-0.906


	A-45.2%

B-43.3%


	
	Epicatechin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.920

0.999
0.940

0.972
	A-0.959

B-0.956
	A-45.8%

B-45.7%

	
	Epicatechingallate
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.934

1.047
0.854

1.109
	A-0.990

B-0.981


	A-47.3%
B-46.9%


	
	Unknown
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	1.923

0.986

1.625

0.675
	A-1.454

B-1.15
	A-69.5%
B-55.0%



Table No. 26: MTT Assay of fractions of Methanolic Extract of Pistia stratiotes isolated through HPLC Analysis

	Sample No.
	Compound Isolated
	Dose Groups
	OD
	Mean
	%Viability

	5

Methanolic fraction of Pistia stratiotes
	Gallic acid
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.894

0.805
0.194

1.212
	A-0.849

B-0.703


	A-40.6%

B-33.6%


	
	Rutin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.932

0.856
0.804

0.977
	A-0.894

B-0.890


	A-42.7%

B-42.5%

	
	Catechin
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.966

0.900

0.983

0.829
	A-0.933

B-0.906


	A-44.6%
B-43.3%


	
	Unknown
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	1.076

1.106

1.101

0.976
	A-1.091

B-1.038
	A-52.2%
B-49.6%

	
	Kaempferol
	A1-200mg/ml

A2-200mg/ml

B1-500mg/ml

B2-500mg/ml
	0.920

0.999
0.914

0.956
	A-0.959

B-0.935


	A-45.8%

B-44.7%


Summary & Conclusion

Water weeds are highly populated in both fresh and saline water. It is a menace for the zooplankton and phytoplankton and known as water pollutant. The water weed has been selected for the present purpose of the study i.e., Eichornia and Pistia contains high amount of water content therefore drying was the problem during the study. The extraction has been made on the basis of aqueous and alcoholic solubility. 50% hydro alcoholic extraction by maceration and percolation is being performed and evaporated at 40°C in water bath and finally the solvent has evaporated by Speed Vac. The λ max of the crude extract of Eichornia and Pistia was found to be 205 nm and 274 nm respectively. Successive solvent system was performed for column chromatography was found that the crude extract soluble in acetone, methanol and water of Pistia and the Eichornia crude extract are highly soluble in methanol and water. The extracts were defatted before use. All the fractions were again screened by TLC for their RF and common RF has been pooled together. Finally, two fraction of Eichornia and three fractions of Pistia were obtained. The λ max of ethanol fraction of Eichornia crassipes found to be 271 and 290 in the crystal of Eichornia was between 204 nm and 270 nm. The fraction of Pistia revealed lambda max 324, 272 and 294 nm in acetone, methanol and aqueous respectively. 

Qualitative phytochemical analysis screened for Eichornia crassipes revealed positive for alkaloid, flavonoids, phenolic, and saponins. However, in Pistia the phytochemical is positive for steroids, flavonoids and phenolic. 

The crude extracts and the fractions obtained were screened through HPLC evaluated the retention time. It was found that in Eichornia crassipes, phenolic and flavonoids were isolated. The phenolic group contains gallic acid, caffeic acid, protocatechuic acid & ellagic acid rest of the components are flavnoids. In Eichornia Gallic, rutin, protocatechuic, unknown2, naringinin found to be more in their area percentage respectively. However, kaempferol, quercetin, Myricetin, astragalin and caffeic acid presented with less percentage area. The methanolic fractions eichornia mainly contain gallic acid followed by catechin, epicatechin, epicatechingallate & apigenin. The aqueous extract of eichornia contains protocatechuic acid, naringinin, epigallocatechin, rutin in maximum amount followed by gallic acid and quercetin. The crude extract of eichornia contains rutin in high amount followed by others.

There are three unknown peaks revealed in eichornia which have shown fairly good pharmacological evidence.

The acetone fraction of Pistia contain gallic acid and rutin where the gallic acid in higher amount. The methanolic extract of Pistia contains gallic acid, rutin, catechin & kaempferol. Where the area percentage is more in gallic acid followed by rutin and catechin. An unknown peak has been observed at 11.88 retention time.  Aqueous extract of Pistia revealed higher area percentage of gallic acid, 1-O-galloyl-β-D-Glucose, rutin, catechin, epicatechin, epicatechingallate & unknown. Where unknown peak has been observed at 45.49 retention time may be the presence of steroidal or flavnoids family.

The gallic acid and rutin are the well-known antioxidants, Skin disease as well as anticancer (MA Indap, 2006, HO Saxena, 2008, JP Perchellet, 1992, Piyanete Chantirakul, 2009, Twin Brook, 2000); Quercetin, Kaempferol and myricetin were suggestive to posses antioxidant, Anti-inflammatory & antitumor property. (India herbs ancient remedies for modern times – Dr. Chinthiya Deb, Piyanete Chantirakul, 2009). 
The wound healing property on the basis of physical evaluation of wound by vernier caliper and re-epithelisation. It was revealed that the crude extract of Pistia has shown better re-epithelisation and wound repair, between 15th-20th days. The wound area scored 1.30±0.2 whereas Eichornia crassipes and azurae revealed 2.25±0.6 and 4.6 mm2 respectively. (Table no. 5-7)

HPLC eluted fraction revealed significant reduction of wound area, it was observed gallic acid (0.83mm3/15th day) of methanolic fraction of Eichornia crassipes have shown best re-epithelisation followed by in all the 3 components {Gallic acid ( 0.85mm3/15th day), Rutin (0.82mm3/15th day)  and Vallinic acid (0.88mm3/15th day)}found in acetone fraction of Pistia stratiotes. The methanolic fraction of Eichornia crassipes’s Catechin, Epicatechin and Epicatechin gallate and Rutin of crude extract of Eichornia crassipes have revealed better wound contraction. (Table No.8)

It was also revealed that fractions of all the constituents found in aqueous fraction of Eichornia, methanolic fraction of Pistia and crude extract of Eichornia has shown appreciable amount of wound healing and re-epithelization. This is to submit that in all the constituents the rate if re-epithelization is significantly better than vehicle, povidine iodine and placentrex. (Table No.5).
No doubt, Methanolic fractions of Eichornia & acetone fractions Pistia have signatured for faster re-epithelisation than other groups. Betadine and Povidine iodine revealed better re-epithelisation than normal control, but could not able to prove better than Pistia and Eichornia. This may be due to the presence of phenolic and flavnoids.

With the invasion of tissue damage and toxicity, the level of lipid peroxidase increases due to the liberation of large amount of free radicals from the tissue.  Therefore, tissue antioxidant property may loss. Our present study is also an attempt to evaluate plant antioxidant capacity by Fenton reactions. Crude extract of Eichornia crassipes, azurae and Pistia showed better antioxidant capacity by inhibiting the Thiobarbituric acid reactive substance in reaction mixture. It was revealed that even at low concentration Eichornia crassipes 91.07% inhibition. However, Pistia showed 87.50%, which is better inhibitory property than DMSO.  

The treatment modalities for cancer are mainly surgery, radiotherapy and chemotherapy. Melanoma is skin cancer and the treatment modalities are neoadjuvant dacarbazine chemotherapy with radiotherapy. In our present study, the tumor inhibitory property was scored by tumor volume in-vivo and by MTT assay  in-vitro.
 The LD50 was not produced any animal death at 500mg/kg body weight of the drug. The antitumor activity of 50% methanolic extract of Eichornia crassipes revealed that there is a slow and steady growth in tumor volume but there was a drastic fluctuation in tumor size after the day 6th -10th day. It was noticed that the tumor test groups and radiation test groups, the tumor size has been decreased as compared with the control groups. 

The tumor volume on day 20th revealed 0.208 cm3and 0.129 cm3of 200mg/kg BW &  respectively when subjected adjuvant to 4 Gy γ-radiation, where γ-radiation alone revealed 1.258 cm3 where as in Eichornia azurae the tumor doubling time reduced exponentially from the control group. However, could not able to prove better than Eichornia crassipes. (Table 12-14)
In Pistia stratiotes, the tumor doubling time revealed 0.026 cm3 and 0.212 cm3 respectively to both dose adjuvant to radiotherapy. All the test group are significant where the P<0.05 as compared to the control (Annexure -1). 
The Tumor inhibition by different constituents eluted through HPLC found in different crude extracts has been analyzed. The tumor volume was inhibited maximum in Kaempferol of crude extract of Eichornia crassipes (tumor volume 0.013cm3 ), followed by Rutin of methanolic fraction of Pistia stratiotes (tumor volume 0.02 cm3) and also in Rutin of aqueous fraction of Pistia stratiotes followed by Gallic acid of Pistia stratiotes and methanolic fraction of Eichornia crassipes and also in Kaempferol of aqueous fraction of Eichornia crassipes followed by Quercetin, Myricetin, Gallic acid of aqueous fraction of Eichornia crassipes (Table No15.). However, all the other constituents of the respective fractions have shown better result than radiation alone group (Table No.12).
The tumor vascularization revealed less in 500mg/kg BW in Eichornia crassipes and also in radiation + 500mg/kg BW.

The fine needle aspiration cytology of B16 F10 tumor suggestive of apoptosis more in radiation alone group by 60% and radiation + 500mg/kg BW revealed 64% (Table-16), where as in Pistia stratiotes apoptosis of B16 F10 on FNA cytology revealed 70% in radiation alone group and 50% alone in 500mg/kg BW. It is highly significant at (P<0.001).

In vitro tumor cell viability (IC50) performed through MTT cytotoxicity assay were B16 F10 cells culture In vitro and subjected for monolayer growth. Difference concentrations from 25mg/ml – 500mg/ml of Eichornia crassipes crude extract, Eichornia crystals, methanolic fraction and aqueous fraction were taken. It was found that IC50 scored at 300mg/ml where Eichornia crude inhibits 46.4% of the cells and aqueous fractions inhibits 48.8% of the cell. But Eichornia crystals and methanolic fraction inhibits 38.27% and 46.41of tumor cells. 

On the other hand, Pistia methanolic fraction and water fraction able to inhibit 50% of cancer cells at 400mg/ml dose whereas Pistia crude able to inhibit at 500mg/ml. Acetone fraction has not shown 50% cell death even 500mg/ml.The IC50 of Eichornia crassipes and Pistia against B16 F10 cells compared with the dacarbazine at very low concentration 25mg/ml of dacarbazine able to inhibit 36.83% of the total cells.

The tumor cell B16F10 melanoma cytotoxicity by HPLC eluted fractions performed by MTT assay. It was revealed that at higher concentration of drug (500mg) have shown less viable cells, binds and allowing to reduce MTT into a light purple pink colour formazan. More the viable more the colour produce by formazan crystal. According to the table No. 21 to 26, the methanolic fraction of Eichornia have shown better cytotoxicity than Pistia when subjected to B16F10 cells. The % of viable cells scored at 500mg found to be better in all the isolates where the viability of cells found to be less than 40%. Gallic acid, catechin, epicatechin (Dr. Norman Hollenberg) of methanolic fraction of Eichornia crassipes have shown 28%, 33%, 35% respectively viable cells whereas gallic acid, rutin of aqueous fraction of Eichornia crassipes have shown 36 and 38% viable cells respectively at 500mg/ml dose. Rutin of crude extract of Eichornia crassipes have shown 37% of viable cells whereas Rutin1 of aqueous fraction of Eichornia crassipes and gallic acid of methanolic fraction of Pistia have shown 38 and 33% viable cells respectively. Epicatechingallate, ellagic acid (Thresiamma and Kuttan, 1996)27, rutin2, Quercetin (Chiang Mai University), Kaempferol (Jan Kowalski, M.L. Ackland, 2005)28 and apigenin (Cunn, Kevin, 2000)28 have shown less than 40% viable cells in Eichornia crassipes and Pistia. Apigenin, unknown of crude extract of Eichornia crassipes, unknown 1, unknown 2 of aqueous extract of Eichornia crassipes, unknown and 1-O-Galloyl-B-D-Glucose of aqueous fraction of Pistia and unknown of methanolic fraction of Pistia could not able to present 50% of tumor cell death even at 500mg/ml of dose. (Table no.22, 23, 25, 26). 

Gallic acid, catechin, epictaechin, epicatechingallate of methanolic fraction of Eichornia have shown best tumor cell inhibiting property than methanolic fraction of Pistia. Gallic acid and rutin 1 of aqueous fraction of Eichornia have shown better result than aqueous fraction of Pistia.

The IC 50 of HPLC eluted fractions of Eichornia & Pistia have found between 200 and 500mg/ml but the crude extracts of these water weeds could not able to present same response (Table no. 18 & 19). For Eichornia crystal & methanolic fractions, the IC 50 is at 400mg/ml where as the Pistia acetone fraction have not shown any 50% cell death even at 500mg/ml. However, the Methanolic and aqueous fractions have shown IC 50 at 400mg/ml.

Finally, our study concludes that aquatic weeds are rich in antioxidants as it contains phenolic as well as flavonoids compounds. Eichornia crassipes& Pistia  is rich in gallic acid (Phenolic) and rutin (Flavnoids). Due to its antioxidant properties, they also posses best wound healing (Re-epithelization) better than Vaseline, Povidion iodine and placentrex. The crude and alcoholic fractions of eichornia and aqueous & methanolic fractions of Pistia proven as potential tumor inhibitor. However, the further more study require to signature different fractions containing sub-families of phytochemical compounds for their different pharmacological actions. It is necessary that different solid tumors may be subjected against these fractions obtained from Eichornia and Pistia. 

The generic drugs available in the market are more costly and produce quite number of tissue and organ toxicity. To overcome the radiation and chemotherapy induced toxicity, amifostine and other antioxidant drugs are used in addition. This costs more in addition to the first line therapy, which may force the poor patients to withdraw the treatment because of their unaffordable condition.
To overcome all aforementioned rejections, Eichornia and Pistia may be a drug of choice to reduce the burden of non-healing wound and tumor load. This indigenous aquatic weed will be an asset for cancer treatment to reduce the oxidative stress to the tissue level. The wound healing property of Eichornia and Pistia may help to cure the wounds of bed ridden patients; radiation induced wounds and injured soldiers at far flung area fighting for the nation with   open wounds.

No doubt, the formulations obtain by these water weeds will serve poor man friendly, cost effective and a drug of choice for different ailments. 
        Benefits to the society through M.P Biotechnology Council 
i. As the crude extract have shown significantly better antioxidant property can be capsulated and may be step ahead for clinical trials in patients with oxidative stress.
ii. The crude extract and the crystallized form have proven better wound healing property and re-epithilization property against the open wounds will be a drug of choice and poor men friendly. So therefore the drug may be considered for clinical trial so that the drug may help to cure the wounds of bed ridden patients, radiation induced wounds and injured soldiers at far flung area fighting for the nation with open wounds.
iii. The crude extract, crystallized form and fraction collected from HPLC have shown tumor inhibitory property, however the phenolic and flavonoids isolated from the fractions have shown more significant tumor inhibition than other isolates. It was revealed that Gallic acid, Rutin, Quercetin, Catechin, Epicatechin and Myrecetin have shown potential tumor inhibitory property as well as exhibit skin re-epithilization. Therefore it is noteworthy to suggest that the fraction eluted from column chromatography or HPLC fractions may be further utilized for clinical trial and validate for its pharmacokinetic, pharmacodyanamic, biodistribution and bioavailability in human sample.  

Annexure

        Annexure: I
Table No. 27: Antitumor activity of Pistia stratiotes
	Groups
	Tumor volume (cm3) after
	

	
	1-5th day
	6-10th
	11-15th  day
	16-20th day

	Control A (a)
	0.251±0.0243
	0.790±0.0992
	1.989±0.091
	3.71±1.96

	Test A1 (b)
	0.144±0.003
	0.325±0.005
	0.62±0.07
	0.428±0.023

	Test A2  ( c )
	0.136±0.006
	0.282±0.001
	0.58±0.09
	0.405±0.025

	Control B (d)
	0.383±0.0106
	0.834±0.027
	0.868±0.0013
	1.258±0.012

	Test B1 (e)
	0.243±0.02
	0.589±0.042
	0.31±0.041
	0.02615±0.0175

	Test B2  (f)
	0.339±0.086
	0.549±0.044
	0.264±0.017
	0.212±0.020


One way analysis of variance 

The P value is <0.0001, considered extremely significant.

Variation among column means is significantly greater than expected by chance.

Tukey- Kramer multiple comparison test

If the value of q is greater than 4.495 then the P value is less than 0.05

	Comparison
	Mean difference
	q
	P value

	Column A vs Column B
	3.430
	80.769
	*** p<0.001

	Column A vs Column C
	3.550
	83.595
	*** p<0.001

	Column A vs Column D
	2.452
	57.739
	*** p<0.001

	Column A vs Column E
	3.502
	82.464
	*** p<0.001

	Column A vs Column F
	3.581
	84.325
	*** p<0.001

	Column B vs Column C
	0.1200
	2.826
	  ns p>0.05

	Column B vs Column D
	-0.9780
	23.030
	***p<0.001

	Column B vs Column E
	0.07200
	1.695
	  ns p>0.05

	Column B vs Column F
	0.1510
	3.556
	  ns p>0.05

	Column C vs Column D
	-1.098
	25.856
	*** p<0.001

	Column C vs Column E
	-0.04800
	1.130
	  ns p>0.05

	Column C vs Column F
	0.03100
	0.7300
	  ns p>0.05

	Column D vs Column E
	1.050
	24.725
	*** p<0.001

	Column D vs Column F
	1.129
	26.585
	*** p<0.001

	Column E vs Column F
	0.07900
	1.860
	  ns p>0.05


Table No. 28: Antitumor activity of Eichornia crassipes

	Groups
	Tumor volume (cm3) after
	

	
	1-5th day
	6-10th
	11-15th  day
	16-20th day

	Control A
	0.251±0.0243
	0.790±0.0992
	1.989±0.091
	3.71±1.96

	Test A1
	0.241±0.0175
	0.539±0.0515
	0.28±0.035
	0.28±0.05

	Test A2
	0.139±0.008
	0.27±0
	0.255±0.035
	0.16±0.02

	Control B
	0.383±0.0106
	0.834±0.027
	0.868±0.0013
	1.258±0.012

	Test B1
	0.2635±0.0015
	0.5085±0.07995
	0.2295±0.006
	0.208±0.01

	Test B2
	0.1755±0.0115
	0.285±0.005
	0.153±0.003
	0.129±0.0415


All test groups are significant at p<0.05 as compared to control group on 1st -5th, 

6th-10th, 11th-15th and 16th-20th day.
	Comparison
	Mean difference
	q
	P value

	Column A vs Column B
	2.350
	47.044
	*** p<0.001

	Column A vs Column C
	2.560
	51.248
	*** p<0.001

	Column A vs Column D
	2.452
	49.086
	*** p<0.001

	Column A vs Column E
	3.357
	67.213
	*** p<0.001

	Column A vs Column F
	3.458
	69.325
	*** p<0.001

	Column B vs Column C
	0.1200
	4.204
	  ns p>0.05

	Column B vs Column D
	0.1020
	2.042
	  ns p>0.05

	Column B vs Column E
	1.008
	20.169
	*** p<0.001

	Column B vs Column F
	1.109
	22.191
	*** p<0.001

	Column C vs Column D
	-0.1080
	2.162
	  ns p>0.05

	Column C vs Column E
	0.7975
	15.965
	*** p<0.001

	Column C vs Column F
	0.8985
	17.987
	*** p<0.001

	Column D vs Column E
	0.9055
	18.127
	*** p<0.001

	Column D vs Column F
	1.006
	20.149
	*** p<0.001

	Column E vs Column F
	0.1010
	2.022
	  ns p>0.05


Table No. 29: Antitumor activity of Eichornia azurae

	Groups
	Tumor volume (cm3) after
	

	
	1-5th day
	6-10th
	11-15th  day
	16-20th day

	Control A
	0.251±0.0243
	0.790±0.0992
	1.989±0.091
	3.71±1.96

	Test A1
	0.540±0.0095
	0.357±0.059
	1.725±0.095
	1.36±0.09

	Test A2
	0.139±0.008
	0.27±0
	0.255±0.035
	1.15±0.09

	Control B
	0.383±0.0106
	0.834±0.027
	0.868±0.0013
	1.258±0.012

	Test B1
	0.254±0.15
	0.666±0.051
	0.404±0.049
	0.3525±0.0425

	Test B2
	0.3585±0.0315
	0.7105±0.195
	0.366±0.12
	0.2515±0.058

	Comparison
	Mean difference
	q
	P value

	Column A vs Column B
	3.282
	79.973
	*** p<0.001

	Column A vs Column C
	3.305
	80.534
	*** p<0.001

	Column A vs Column D
	2.452
	59.748
	*** p<0.001

	Column A vs Column E
	3.684
	89.765
	*** p<0.001

	Column A vs Column F
	3.498
	85.237
	*** p<0.001

	Column B vs Column C
	0.02300
	0.5604
	  ns p>0.05

	Column B vs Column D
	-0.8300
	20.225
	*** p<0.001

	Column B vs Column E
	0.4018
	9.792
	*** p<0.001

	Column B vs Column F
	0.2160
	5.263
	    * p<0.05

	Column C vs Column D
	-0.8530
	20.785
	*** p<0.001

	Column C vs Column E
	0.3789
	9.232
	*** p<0.001

	Column C vs Column F
	0.1930
	4.703
	    * p<0.05

	Column D vs Column E
	0.1.232
	30.017
	*** p<0.001

	Column D vs Column F
	-1.046
	25.488
	*** p<0.001

	Column E vs Column F
	-0..1858
	4.529
	    * p<0.05
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