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[bookmark: _Toc3165]ABSTRACT
Verbascum sinaiticum (Local name ‘yeahiya joro’) is a plant having a height of 60–150 cm. It is traditionally used to treat wound, stomachache, viral infection, cancer, sunstroke, fever, abdominal colic, diarrhea, hemorrhage, anthrax, and hepatitis. The present work investigates the phytochemical screening, antioxidant activities, and antibacterial activities.The roots of V. sinaiticum were extracted with increasing gradient of organic solvents (petroleum ether, chloroform and methanol). The methanol and chloroform extracts of the roots of V. sinaiticum showed similar phytoconstituents. However, the extracts of the latter solvent do not show alkaloids, tannins and phenols. Antioxidant activity was assayed by 2,2- diphenyl-1- picrylhydrazyl and ferric reducing antioxidant power methods. The antioxidant power of standard ascorbic acid was found to be 73.42±0.094% and the solvent extract was found to be: methanol 44.55±0.036% and chloroform 9.15±0.109%. The methanol extract of the plant exhibited the higher radical scavenging activity than chloroform extracts radical scavenging activity. The ability of reducing power of methanolic extract (% Inhibition 88.72%) was lower than the standard antioxidant, ascorbic acid (% inhibition 98.63%). Evaluation of antibacterial activity of crude extracts of V.sinaiticum against Escherichia coli, Staphylococcus aureus, Klebsiella pneumonia and Staphylococcus pyogines and chloroform extracts exhibited higher antibacterial activity than chloroform extracts. The maximum activity of methanol extract was seen against Staphylococcus aureus at concentration of 100 mg/mL and the minimum activity was seen against Streptococcus pyogenes at the concentration of 75 mg/mL. As concentration increases the antibacterial activities were increases.
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[bookmark: _Toc12747]1.  INTRODUCTION
[bookmark: _Toc500733939][bookmark: _Toc3232]1.1 Background of the study
The use of herbal products for medicinal benefits has played an important role in nearly every culture on earth. Herbal medicine was practiced by ancient people of Africa, Asia, Europe and the Americas. Over 50% of all modern clinical drugs are of natural product origin and natural products play an important role in drug development programs of the pharmaceutical industry [1, 2]. Historically, some plants have played a significant role for traditional medication. Through observation and experimentation, human beings have learn about some traditional medicinal plants which used to promote health. These traditional medicines can be of plant or animal origin and are less costly compared to modern medicines. They can be used singularly or in combination to treat, diagnose and prevent illnesses and maintain well being [1, 2]. The consumption of a variety of local herbs and vegetables by man is believed to contribute significantly to the improvement of human health, in terms of prevention, and or cure of diseases because plants have long served as a useful and rational source of therapeutic agents [3]. 
Traditional medicine has been practiced in Ethiopia since long time ago. The knowledge, largely oral, has been transferred from one generation to the next through professional healers, knowledgeable elders and/or ordinary people. It is estimated that about 80% of the Ethiopian population is still dependent on traditional medicine, which essentially involves the use of plants [4]. 
The family Scrophulariaceae occurs almost throughout the world, comprising 300 genera and about 5400-5500 species, mainly found in the tropical mountains. Verbascum is a genus having about 360 species. Verbascum sinaiticum has various Amharic names (qetetina [5], yeferes zeng [6], Yahiya joro. In Afan Oromo, the plant is referred to as gurraa harree [7, 8]. It is a plant having a height of 60-150 cm tall and is distributed on the cultivated ground and on grassland. The figure of the verbascum sinaiticum below was taken from Ada Barga Woreda , West shoa Zone about 100km from Addis Ababa  in October 20, 2017. 
The leaves and roots of V. sinaiticum are traditionally used for the treatment of various health ailments including wounds, stomachache, viral infections like ‘almaz balechira’, cancer, sun stroke, fever, abdominal colic, diarrhea, hemorrhage, anthrax, mental illness, amnesia, tape warm, syphilis, gonorrhoea, relapsing fever, rheumatic pain, elephanthiasis, hepatitis, etc. [5, 7, 9-16]. 

[image: Description: IMG_20171031_135037]	
[bookmark: _Toc1305]Figure 1: Verbascum sinaiticum plant
[bookmark: _Toc500733940][bookmark: _Toc26227]1.2 Statement of the problem	
[bookmark: _Toc485676623]The leaves and roots of the plant Verbascum sinaiticum have been used traditionally for the treatment of a multitude of health problems of both humans and some domestic animals. There are some reports in the literature on the uses of the leaves of this plant for treatment of health problems [9-16]. However, survey of the scientific literature using the search machine Google revealed no reports on the traditional medical uses of the roots of this plant in Ethiopia. It is thus felt worth to investigate the medical application of the roots of this plant by investigating the antioxidant and antimicrobial activities of its extract. Attempt shall also be made to isolate and characterize some chemical constituent of the roots of the plant. 
[bookmark: _Toc500733941][bookmark: _Toc30450]1. 3 Objectives of the study
[bookmark: _Toc5308][bookmark: _Toc500733942]1.3.1 General Objectives
[bookmark: _Toc500733943]The main objective of this study wasto identify the presence of phytochemical constituents and antimicrobial activitiesof the root of Verbascum sinaiticum.
[bookmark: _Toc4605]1.3.2 Specific Objectives
The specific objectives of the study were:
· Phytochemical screening on the root of V. sinaiticum
· Investigation of antioxidant activities and 
· Investigation of antibacterial activities
[bookmark: _Toc500733944]






[bookmark: _Toc2323]2. LITERATURE REVIEW
[bookmark: _Toc16181]2.1 Verbascum sinaiticum Benth  Family Scrophulariaceae
The family Scrophulariaceae comprises about 360 genera and 5000-5500 species. The genus Verbascum L. belongs to the tribe Verbasceae of the family Scrophulariaceae and has its main centers of diversity in Turkey, Iran and Pakistan, Ethiopian and it is the largest genus within the Scrophulariaceae. As hybridization is a very frequent phenomenon within Verbascum, high morphological variation complicates delimitation of species. Verbascum species are adapted to the various habitats in different regions, including Rocky Mountains, open forests, roadsides and river banks.It is commonly found in eastern Africa and the Arabian Peninsula. It grows in a wide range of geographic areas in Ethiopia. It is represented in Ethiopia by nine species: Verbascum arbusculum, Verbascum benthamianum, Verbascum chiovendae, Verbascum pubescens, Verbascum scabridum, Verbascum sedgwickianum, Verbascum stelurum, Verbascum sinaiticum and Verbascum valerianifolium [5, 17- 20]
[bookmark: _Toc21202]2.2 Medicinal uses of Verbascum species
Since ancient times, it has been used as a medicinal herb. The leaves and flowers are reported to have expectorant and demulcent properties which are used to treat respiratory problems such as bronchitis, dry coughs, whooping cough, tuberculosis, asthma, and hoarseness [21, 23]
The species are also used to treat hemorrhoids, rheumatic pain, superficial fungal infections, wounds and diarrhea, and have inhibitory activities against the murine lymphocytic leukemia and influenza viruses A2 and B. The oil made from the flowers is used to help soothe earache and can be applied externally for eczema and other types of inflammatory skin conditions. These species are reported to be mildly diuretic and to have soothing and anti-inflammatory effect on the urinary tract, as well as acting as a mild sedative. The aerial parts of V. pumilum Boiss. and Heldr. Have been used for anal fistula - they are boiled in a cauldron and the anus is exposed to the vapors as desiccant for wounds; dried and powdered leaves are spread on wounds; and for abdominal pain and bronchitis, leaves are first washed and then decocted to be used as a tea.  Seeds of Verbascum species are poisonous because of the saponins contained therein. People use these poisonous seeds for hunting fish. Verbascum species are called “fish plant” in northern Anatolia because of that property [11, 18, 21, 23, 31]
[bookmark: _Toc7522]2.3 Biological Ativities of Verbascum Species
Verbascum species are used for different purposes in traditional medicine around the world therefore; researchers have tested them for different types of biological activities. It was found that Verbascum L. species showed antimicrobial activity against the Gram (+) bacteria and the yeast, but no activity was seen against the Gram (-) bacteria. Antimicrobial activity was most consistently detected in the species. Leaf extracts of Verbascum have been shown to be active against bovine herpes virus type 1, and showed slight antibacterial and antifungal activity. Its methanolic extract has been shown to be effective against mosquito larvae. A wide range of biological activities have been determined from Verbascum extracts, including antimicrobial, antioxidant, and antitumor, immune modulatory, antiulcerogenic activities, antinociceptive and anticancer [23].
The methanolic extracts of the leaves, flowers, roots and seeds of V. blattaria, V. bombyciferum, V. chaixii, V.dumulosum, V. nigrum, V. olympicum, V. phlomoides, V.phoeniceum, v. sinaiticum and V.roripifolium were studied for their antimicrobial activities. The extracts had a strong antimicrobial activity against E. coli, P.aeruginosa, S. aureusand C.albicans [23- 25].
[bookmark: _Toc30510]2.4 Compounds Isolated from Verbascum sinaiticum
Several investigators have isolated and characterized a number of chemical compounds from the leaves and aerial parts of Verbascum sinaiticum. Some of the previously isolated compounds include flavonoids, terpenoids, flavonolignans, hydrocarpins, sinaiticins, etc. Representative compounds isolated from the plant include orbol (1), ajugol (2), verbascoside (3), aucubin (4), luteolin (5), orobol 7-0-β-D-glycoside (6), mullien saponin I (7) Figure 2 [26- 30].



                       



               


                            


[bookmark: _Toc27579]Figure 2: Compounds isolated from V. sinaiticum
[bookmark: _Toc8261]2.5 Antioxidant Compounds
The chemical compounds which can delay the start or slow the rate of lipid oxidation reaction in different biological systems are known as antioxidant compounds [32].
[bookmark: _Toc6333]2.5.1 Classification of antioxidants
There are different attributes to classify the antioxidants. The first attribute is based on the function (primary and secondary antioxidants). The second attribute is based on enzymatic and non enzymatic antioxidants [32, 33]. The antioxidants may be natural or synthetic ones. Polyhydroxy flavones, flavanones, flavanols, isoflavones, chalcones and many members are of these groups of natural substances which proved to have a high degree of antioxidant activity and they are found to be widely spread in plant material [33, 34]. 
 Primary antioxidants and Secondary antioxidants 
Primary antioxidants are the chain breaking antioxidants which react with lipid radicals and convert them into more stable products. Antioxidants of this group are mainly phenolics, in structure and include the following: Antioxidant minerals, antioxidant vitamins and phytochemicals which include flavonoides, catechins,  carotenoids, β-carotene, lycopene, diterpene, black pepper, thyme, garlic, cumin and their derivatives [32, 33].Secondary antioxidants are  phenolic compounds that perform the function of capturing free radicals and stopping the chain reactions. [32-34].
Enzymatic and Non Enzymatic Antioxidant
Antioxidants can be divided into two classes depending on the enzymatic action namely enzymatic antioxidants and non enzymatic antioxidants. Some of the antioxidant enzymes that are found to provide a protection against ROS are superoxide dismutases, catalases, and glutathione peroxidases, in addition to numerous non-enzymatic small molecules distributed widely in the biological system and capable of scavenging free radicals. These non-enzymatic molecules include glutathione, tocopherol (vitamin E), vitamin C, β -carotene, and selenium. Some of these antioxidants are endogenously produced which include enzymes, low molecular weight molecules and enzyme cofactors. Among non enzymatic antioxidants many are obtained from dietary sources. Dietary antioxidants can be classified into various classes of which polyphenols present the largest class. Polyphenols consist of phenolic acids and flavonoids. The other classes of dietary antioxidants include vitamins, carotenoids, organosulfural and minerals [33, 34]
[bookmark: _Toc20113]2.6 Antibacterial
Antibacterial is anything that destroys bacteria or suppresses their growth or their ability to reproduce. Heat, chemicals such as chlorine, and antibiotic drugs all have antibacterial properties. Many antibacterial products for cleaning and hand washing are sold today. Such products do not reduce the risk for symptoms of viral infectious diseases in otherwise healthy persons [35].
[bookmark: _Toc8206]2.7 Phytochemicals
Phytochemicals are naturally occurring bioactive compounds found in plants. Their role to the producer is mainly to protect plant cells from environmental hazards such as pollution, stress, UV exposure and pathogenic attack. Phytochemicals get great attention for their application in medicine due to having biological activities such as antioxidant and antimicrobial effects [36]. Some of the widely known phytochemicals are:-
[bookmark: _Toc8344]2.7.1 Alkaloids
Alkaloids are nitrogenous compounds known to be the largest group of secondary plant chemical constituents. They function in the defense of plants against herbivores and pathogens. They are used in pharmaceuticals as stimulants and poisons due to their potent biological activities.   They are found mainly in the seeds and roots of plants. Clinical use of Plant derived alkaloids include analgestics , such as morphine and codeine, muscle relaxant, such as (+)-tubocurarine, antibiotics, such as sanguinafine and berberine, anticancer agents, such as vinblastine, antiarrythmic, such as ajmaline, and the pupil dilator, such as atropine. Caffeine, codeine, atropine (figure 8), morphine, ergotamine, cocaine, nicotine and ephedrine are classified among the addictive stimulant alkaloids [39, 40].


[bookmark: _Toc10626]Figure 3: Structure of atropine
[bookmark: _Toc5676]2.7.2 Glycosides
These groups of phytochemicals are the condensation product of sugars. Chemically, they contain carbohydrate (glucose) and non-carbohydrate part (aglycon or genin) which are found in the cell sap. Glycosides are useful phytochemicals for the treatment of various illnesses which acts on gustatory. For example: anthracene glycosides are used for tteatment of skin diseases, chalcone glycosides are anticancer agents [38, 41]
[bookmark: _Toc3405]2.7.3 Flavonoids
Flavonoids are widely known phenolic plant chemicals which exhibits various biological and pharmacological activities. They are known for their antioxidant, cytotoxic, anticancer, antiviral, antibacterial, anti-inflammatory, anti-allergic, antithrombotic, cardioprotective, hepatoprotective, neuroprotective, antimalarial, antiitrypanosomal and antiamebial properties [43, 44]. Since flavonoids are different in polarity, their extraction technique is also dependent on the polarity of the solvent. Less polar flavonoids, such as isoflavones, flavanones, methylated flavones, and flavonols are extracted with less polar solvents such as chloroform, dichloromethane, diethylether, or ethyl acetate while flavonoid glycosides and more polar aglycones are extracted with alcohols or alcohol–water mixtures [42].


[bookmark: _Toc28859]Figure 4: Structures of flavonoids
[bookmark: _Toc10238]2.7.4 Phenolics
Phenolic compounds of plant chemicals are responsible chemicals for coloring of the producer mainly fruits of plants. They are hydrogen donating antioxidant agents which can react with reactive oxygen and reactive nitrogen species. Caffeic acid is regarded as the most common of phenolic compounds distributed in the plant flora followed by chlorogenic acid known to cause allergic dermatitis among humans. They are essentially found in apples, green-tea, and red-wine. They have enormous ability to combat cancer and are also thought to prevent heart ailments to an appreciable degree and sometimes are anti-inflammatory agents. Its hydroxyl groups are good H-donating antioxidants, which scavenge reactive oxygen species and breaks the cycle of generation of new radicals [45, 46]


[bookmark: _Toc4989]Figure 5: Molecular structures of benzoic and cinnamic acid derivatives
[bookmark: _Toc156]2.7.5 Saponins
Saponins are naturally occurring surface-active glycosides with a distinctive foaming characteristic. They are mainly produced by plants but also by lower marine animals and some bacteria, but get their name from the soapwort plant (Saponaria) the root of which was used historically as a soap.The combination of hydrophobic or fat-soluble sapogenin and hydrophilic or water-soluble sugar part enhances the foaming ability of saponins [47-49].


[bookmark: _Toc3204]Figure 6: Basic structures of sapogenins: a triterpenoid(a ) and a steroid(b)
They have many medicinal uses including, microbial, anti-tumor, anti-insect, hepatoprotective, haemolytic and anti-inflammatory activities. They also decrees blood cholesterol level and may be used as supportive in vaccines. In addition, saponins are used in preparation of soaps, detergents, fire extinguishers, shampoos, beer and cosmetic [47- 49]














[bookmark: _Toc16867]3. MATERIALS AND METHODS
[bookmark: _Toc3355]3.1 Plant Material
The roots of Verbascum sinaiticum were collected in December 2017 from Ada Barga Wereda, West Shoa, Oromiya region, Ethiopia during the flowering stage of the plant. The species was botanically identified at Addis Ababa University, center for National Herbarium of Ethiopia and voucher number was assigned (MA-001).  
[bookmark: _Toc27903]3.2 Extraction
The air-dried and powdered roots of V.sinaiticum (500g) was first soaked in 1.2 L petroleum ether for 24 h, followed by 1.5 L chloroform for 48 h and 2.0 L methanol for 72 h. The extracts were concentrated under rotary evaporator to afford 2.19g of petroleum ether extract, 5.67g of chloroform extract and 80g of methanol extract. 
[bookmark: _Toc31902][bookmark: _Toc500733953]3.3 Extract Dilution Preparation
0.05g of each crude extract was weighed and diluted in 50 mL volumetric flask by serial dilution and 100, 80, 60, 40 and 20 mg/L of crude extract was in methanol and diluted in distilled water used for antioxidant activities and 100, 75, 50, and 25 mg/L of crude extract was diluted in dimethyl sulfoxide (DMSO) used for antibacterial activities.  
[bookmark: _Toc9229]3.4 Chemicals and Reagents
The chemical used in the experiments were: methanol assay 99.9% and ethyl acetate assay 99.8% (Carlo Erba regents, India ), petroleum ether, silica gel 100-200mm mesh and chloroform assay 99.8% (Lobal Chemie Pvt. Ltd, India), DPPH (Sigma Aldrich products), acetic acid glacial assay 99.7%, sulphuric acid, ascorbic acid assay 99%, hydrochloric acid, potassium iodide, ferric chloride, iodine,  sodium phosphate buffer, potassium ferricyanide, trichloro acetic acid,  ferric sulfate, sodium hydroxide and dimethyl sulfoxide are Blulux laboratories Ltd (India) products; aluminum foil (Saudi Arabia), potassium bromide for IR (Uvasol, USA).
[bookmark: _Toc15942]3.5 Apparatus
The apparatus which were used in the experiments are: electronic balance(Nimbus), shaker (Heidolph unimax 2010, Germany), What man filter paper (125mm), pipettes (different size), Volumetric flask (5ml, 10ml, 25ml, 50ml and 1000 ml), Test-tube, Infra-Red spectrometer (perkin Elmer), Oven (wagtech), Sterilizer (McFarland), Incubator, Rotary Evaporator (RE-52), analytical mills (mortar and pestle), water bath, UV lamp(365nm, EEC), beakers (25ml, 50ml, 100ml and 250ml), UV light cabinet, measuring cylinder, pencil, ruler, chromatographic chamber,  micro pipettes (10-100µl and 200-1000µl), Petri dish, condenser, conical flask(50ml, 500ml and 2000ml), round bottom flaks(25ml, 250ml),clump, metal stand, column chromatography (CR 50/50 and CR 50/40) and Cary 60 UV-VIS Spectrometer (Agilent Technologies, Australia).
[bookmark: _Toc17340]3.6 Screening the antibacterial activity of methanolic and chloroform extracts of V. sinaiticum
Antimicrobial resistance tests were performed by Kirby-Bauer standard disk diffusion method [50, 51]. Bacterial inoculums prepared by suspending the freshly grown bacteria in 4–5mL sterile nutrient broth and the turbidity was adjusted to that of a 0.5 McFarland standard. The antimicrobial susceptibility testing was performed using Mueller-Hinton medium against gentamicin (10μg). The wells in each plate were loaded with 25%, 50%, 75% and 100% concentration of prepared extracts of V. sinaiticum (methanol and chloroform). The Petri plate was kept as a control contained pure solvent only. The plates were incubated at 37± 2 0C for 24 hours in the incubation chamber. The zone of growth inhibition was calculated by measuring the diameter of the inhibition zone around the well (in mm) [50, 51].

[bookmark: _Toc26092]3.7 Determination of the antioxidant activity by the DPPH assay
DPPH radical scavenging by V.sinaiticum extracts was estimated according to a previously reported method [37, 38]. The crude extracts of different solvents (Chloroform and methanol) of the plant were screened for DPPH radical scavenging activity. Extract solutions were prepared by dissolving 0.05g of dry extract of both solvent in 50 mL of methanol. An aliquot of 2 mL of 0.004% DPPH solution in methanol and 1mL of plant extract in methanol at various concentrations (20, 40, 60, 80 and 100mg/L) were mixed and incubated at 25°C for 30 minutes. and absorbance of the test mixture was read at 517nm using a spectrophotometer against a DPPH control containing only 1mL of methanol in place of the extract. The DPPH solution in methanol was prepared freshly before the absorbance measurements.  Some as above experiments were performed triplicate and the results were averaged. Ascorbic acid was used as a standard [37, 38]. The scavenging effect of the root extracts was determined with a linear curve of ascorbic acid standard.
 Percent inhibition was calculated using the following expression 
% Inhibition = ((A blank – A sample) /A blank) x 100 
Where A blank and A sample= stand for absorption of the blank sample and absorption of tested extract solution respectively.
[bookmark: _Toc6868]3.8 Ferric reducing antioxidant power assay
Antioxidant capacity as per reducing power assay was measured according to a method reported [52]. Briefly, a set of 5 dilutions of methanolic extract was prepared in 50% aqueous methanol ranging from 20 mg/L to 100 mg/L. In a test tube, 2.5 mL plant extract, 2.5 mL sodium phosphate buffer (0.2 M, pH 6.6) and 2.5 mL potassium ferricyanide (1% w/v in distilled water) were added and mixed well. The mixture was incubated in a water bath for 20 min at 50 °C. Then, 2.5 mL Trichloro acetic acid (10% w/v in distilled water) was added, and the mixture was centrifuged at 650 rpm for 10 min. The supernatant (5 ml) was taken into a test tube and 5 mL distilled water and 1 mL ferric chloride (0.1% w/v in distilled water) solution was added and mixed well. Absorbance was measured at 700 nm. Blank for each solvent was run using the same procedure but replacing the plant extract with an equal volume of solvent.
[bookmark: _Toc500733956][bookmark: _Toc20517]3.9 Phytochemical Screening
The V. sinaiticum roots of the crude (chloroform and methanolic) extracts were screened for the presence of the phytochemical classes by using the standard methods [53-55].
[bookmark: _Toc500733957][bookmark: _Toc192]3.9.1 Test for Phenolic Compounds
To test for presence of  phenolic compounds, few drops of ferric sulfate (1 mL) were added to each extract solution (2mL). Formation of dark-violet color indicated the presence of phenolic compounds [53] 
[bookmark: _Toc500733959][bookmark: _Toc22326]3.9.2 Test for Alkaloids
Wagner’s test: A few drops (2 mL) of Wagner’s reagent were added to 2 mL of plant extract along the sides of test tube. A reddish- Brown precipitate confirms the presence of alkaloids [54].
[bookmark: _Toc500733960]3.9.3 Test for Tannins	
2 ml of each methanol and chloroform crude extracts was added 1 mL of FeCl3. A blue green or black color indicates presence of tannins [53]
[bookmark: _Toc500733961][bookmark: _Toc19760]3.9.4 Test for Saponins	
To 0.5 g of each methanol and chloroform crude extracts was added 2 mL of distilled water, shaken well and formation of 1 cm layer of foam indicates presence of saponins [55] 
[bookmark: _Toc10400][bookmark: _Toc500733962]3.9.5 Test for Flavonoids	
Alkaline reagent test: 2 mL of 2% NaOH (sodium hydroxide)  solution was mixed with plant crude extract, intensive yellow color was formed, which turned into colorless when added 2 drops of diluted hydrochloride acid to solution, this result indicated the presence of flavonoids [55]
[bookmark: _Toc8679]3.9.6 Tests for Glycosides
Liebermann’s test: 2 mL of acetic acid and 2 mL of chloroform mixed with entire plant crude extract. The mixture was then cooled and added H2SO4 concentrated, green color indicated the entity of aglycone steroidal part of glycosides [55]
Salkowski’s test: H2SO4 concentrated (about 2 mL) was added to the entire plant crude extract. A reddish brown color produced indicated the entity of steroidal aglycone part of the glycoside [55, 56]
[bookmark: _Toc2106]3.9.7 Test for Steroid
Liebermann burchard test: Two milliliter of chloroform and concentrated H2SO4 were mixed with the entire plant crude extract. In the lower chloroform layer produced red color that indicated the presence of steroids [55, 56]
Salkowski test:  Another test was performed by mixing 2 mL of each of acetic acid with H2SO4 concentrated and crude extract with 2 mL of chloroform. Green color indicated the entity of steroids [55, 56]









[bookmark: _Toc16380]4. RESULTS AND DISCUSSION
[bookmark: _Toc29937]4.1 Phytochemical screening
Phytochemical screening showed the presence of the usual phytochemicals in both the methanol and chloroform extracts of the roots V. sincaiticum. The V. sinaiticum methanolic extract showed the presence of alkaloids, saponin, tannin, flavonoids, glycosides, steroids and phenols. However, the extract of the latter solvent did not show alkaloids, tannins and phenols.
[bookmark: _Toc10754]Table 1: Phytochemical constituents in Verbascum sinaiticum root extracts
	Phytochemical constituents
	Test performed  
	Methanol extract 
	Chloroform extract

	Alkaloids 
	Wagners test 
	 +
	-

	Flavonoids 
	Alkaline test 
	+
	+

	Glycosides  
	Legas test 
Salkowski Test
	+
+
	+
+

	Phenol 
	Ferric chloride test 
	+
	-

	Tannins 
	Gelatin test 
	+
	-

	Steroids 
	Liebermann burchard test 
Salkowski Test
	+
+
	+
+

	Saponin
	Foam test 
	+
	+


Key: +:  present; - : absent 







[bookmark: _Toc11282]4.2 Antibacterial assay
[bookmark: _Toc20504]Table2: Inhibition zone of the four pathogens (in mm) in the root extracts of V.sinaiticum
	Concentration
	Gram negative
	Gram positive

	
	E. coli
	K. pneumonia
	S. aurues
	S. pyogenes

	CHCl3 C1
	5
	8
	11
	4
	-
	7
	9
	6
	13
	7
	4
	-

	CHCl3 C2
	-
	4
	8
	-
	-
	3
	4
	3
	9
	-
	-
	-

	CHCl3 C3
	-
	-
	-
	-
	-
	-
	-
	-
	5
	-
	-
	-

	CHCl3 C4
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	DEMSO
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	ME C1
	7
	10
	5
	-
	5
	-
	8
	14
	-
	6
	3
	4

	ME C2
	4
	6
	-
	-
	-
	-
	5
	7
	-
	-
	3
	-

	ME C3
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	ME C4
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	DEMSO
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-


Key: ME: Methanol; C1: 100 mg/L; C2: 75 g/L; C3: 50 mg/L; C4: 25 mg/L. DEMSO: dimethyl sulfoxide 
The zones of inhibition of gentamicin (diameter in mm) for E.coli, S. aureus, S. pyogens and K. pneumonia are 27 mm, 29 mm, 19 mm and 17 mm respectively.





[bookmark: _Toc6014]Table 3: Mean zone of inhibition of crude chloroform and methanol extracts of V. sinaiticum
	Test bacteria  
	Concentration (mg/L) 
	%inhibition zone ± SD (mm)
	Gentamycin (10µg) %Inhibition zone± SD

	
	
	Chloroform
	Methanol
	27±2

	E. coli 

	100
	8.0± 3.00 
	7.33± 2.517 
	

	
	75
	4.00 ± 4.000
	3.33 ± 3.055 
	

	
	50
	00±.000
	00±.000 
	

	
	25
	00±.000
	00±.000 
	

	K. pneumonia 
	100
	3.67±3.512 
	1.67 ± 2.887 
	17.7±1.5

	
	75
	1.00±1.732 
	00±.000 
	

	
	50
	00±.000 
	00±.000
	

	
	25
	00±.000
	00±.000 
	

	S. aurues



	100
	9.33 ±3.512
	7.33 ± 7.024 
	29±2 

	
	75
	5.33 ± 3.215 
	4.00 ± 3.606 
	

	
	50
	1.67 ± 2.887 
	00±.000
	

	
	25
	00±.000
	00±.000
	

	S. pyogenes 
	100
	3.67 ± 3.512 
	4.33 ± 1.528 
	19.3±1.5 

	
	75
	00±.000
	1.00 ± 1.732 
	

	
	50
	00±.000
	00±.000
	

	
	25
	00±.000
	00±.000
	



From Table 3 above the results indicated that the concentrations of the 100 mg/L of the two types of V. sinaiticum extracts were active against Staphylococcus aureus, Escherichia coli, Klebsiella pneumonae, and Streptococcus. pyogenes [22- 23].The results also showed that the chloroform was the best solvent for extracting antimicrobial substances from this plant when compared to methanol. It can be suggested that S. aureus, E.coli, K. pneumonae, and S. pyogenes were the most resistant organisms to the concentrations of 25 and 50 mg/L of the both extracts. Maximum activity of chloroform extract was seen against S.aureus at concentration of 100 mg/L and the minimum activity was seen against S. pyogines at the concentration of 75 mg/L (Table 3). The activity of the plants shows that as concentration increases the activity also increases. As a general the result obtained was less than the inhibition zone of the standard (Gentamicin).
[bookmark: _Toc1185]4.3 Ferric Reducing Antioxidant Power Assay
This method measures the ability of antioxidant to reduce ferric iron. It is based on the reduction of the complex of ferric iron and 2,3,5-triphenyl-1,3,4-triaza-2-azoniacyclopenta-1,4-diene chloride (TPTZ) to the ferrous form.
[bookmark: _Toc25209]Table 4: FRAP results of methanol extract
Blank absorbance: 1.838
	Concentration 
(mg/L)
	Ascorbic acid 
absorbance 
	   %Inhibition of Ascorbic acid
	Sample Absorbance
	%Inhibition of sample

	20
	1.404
	76.6
	1.263
	68.72

	40
	1.514
	82.37
	1.384
	75.3

	60
	1.651
	89.83
	1.425
	77.3

	80
	1.746 
	94.99
	1.528
	83.13

	100
	1.813
	98.63
	1.622
	88.24



From the above Table 4 FRAP assay, absorbance increased with increasing concentration of plant extracts. The samples increased their reducing ability when the concentration of extracts increases. This signified the consistent reduction of Fe3+ to Fe2+ indicating the reduction potential of the V.sinaiticum. However, the ability of reducing power of methanolic extract of the root of V. sinaiticum was lower than the standard antioxidant, ascorbic acid. Which means the maximum % inhibition of the sample is 88.72%; the maximum % inhibition of the standard 98.63%. 10% lower than the ascorbic acid inhibition.
[bookmark: _Toc16719]4.4 Free Radical Scavenging Activity (DPPH)
[bookmark: _Toc30542]Table 5: Antioxidants of chloroform and methanol extracts of V. sinaiticum
The absorbance of blank is 1.2978 
	
Concentration (mg/L)
	Absorbance  
	               % Inhibition zone± SD

	
	MeOH
	CHCl3
	AA
	

	
	
	
	
	MeOH
	CHCl3
	AA

	20
	1.1285
	1.2992

	1.1377
	13.05±0.28
	0.72±0.046
	12.34±0.043

	40
	1.1126
	1.3425

	0.9796 

	14.27±0.06
	1.55±0.056
	24.52±0.072

	60
	0.9496
	1.2777 

	0.7361

	26.83±0.04
	3.04±0.035
	43.27±0.009

	80
	0.8466
	1.2584

	0.5457 

	34.76±0.004
	7.27±0.047
	57.95±0.056

	100
	0.7196
	1.2034 
	0.3449
	44.55±0.036
	9.15±0.109
	73.42±0.094


· Data are expressed as the average mean of triplicate of the absorbance ± SD.	
From the above Table 5 the radical scavenging effect was found to increase generally with increasing concentrations.  The standard ascorbic acid and the plant extracts showed their maximum activity at: standard (73.42±0.094%), methanol (44.55±0.036%) and chloroform (9.15±0.109%). DPPH radical scavenging activity assay assesses the capacity of the extract to donate hydrogen or to scavenge free radicals. The results showed that the methanol extract of the plant exhibited the higher radical scavenging activity with 44.55±0.036%, while the chloroform extract exhibited the lower radical scavenging activity. In both cases the solvent extract exhibits lower antioxidant power than the standard ascorbic acid. It is may be related with its phytochemical constituents which means chloroform extract of the plants were not confirmed the presence of the phenols and tannins. Phenols are good H-donating antioxidants, which scavenge reactive oxygen species and breaks the cycle of generation of new radicals.  
The graph of the extracts and standard shown below

Key: ST: standard; M: Methanol and Ch: Chloroform
Graph1: % inhibition of the sample and ascorbic acid versus concentration.







[bookmark: _Toc14248]5. CONCLUSION AND RECOMMENDATION
[bookmark: _Toc4383]5.1 Conclusion	
Phytochemical study of the two organic extracts of V. sinaiticum was useful to provide information on the potential of these plants as a source of secondary metabolites. At the same time, it also provides data on the characteristics of the extraction method using solvents of varying polarities. In this study, it was showed that the methanol extract contains the high quantity of secondary metabolites. There is a positive correlation between the phytochemical constituents in the extracts and the antioxidant activity. It was showed also that V. sinaiticum plant is rich in phenolic, tannin, glycosides and etc. The ferric reducing antioxidant power and the DPPH assay showed that the plant has potent antioxidant activity. 
[bookmark: _Toc18979]5.2 Recommendation
Based on this research finding, the following recommendations are forwarded.
· Extraction is may be effect if it by ethyl acetate rather than chloroform.
· Chemical compounds in isolating having significant positive or negative effects antimicrobial should be studied in detail for their specific effect.
· To determine the active compounds responsible for the killing effect of the potent extracts, it is essential to fractionate the extracts and test each component separately.
· Structural elucidation and specific extraction can also possible rather than all phytochemical extraction.  Like alkaloids and phenols compound extraction.
· Other antioxidant properties can also be analyzes 
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% Inhibition vesus Concentration of the extracts.
%inhibi ST	y = 1.009C - 5.465
R² = 0.997

20	40	60	80	100	16.23	32.04	56.39	75.43	95.51	%inhibi M	y = 0.417C + 1.799
R² = 0.962

20	40	60	80	100	13.19	14.41	26.95	34.88	44.65	%inhibi Ch	y = 0.112C - 2.259
R² = 0.939

20	40	60	80	100	0.880000000000001	1.72	3.2	7.43	9.3	
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