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[bookmark: _Toc497612295][bookmark: _Toc515638462]Abstract
The use of medicinal plants is increasing because people believe that they are safe for human consumption. According to the World Health Organization “a medicinal plant” is any plant, which in one or more of its organ contains substances that can be used for the therapeutic purposes or which  are precursors for the synthesis of useful drugs. In Africa as well as in Ethiopia plants are usually used as medicinal agents. Roots, leaves and barks are extracted and processed to produce chemical compounds that work for different kinds of diseases and infections. From the common used plants as traditional medicinal plants are Senna species. Senna is a medicinal plant that has been in use over a thousand years. It is a safe and harmless. Senna singueana is one of   the varieties of Senna species that is used for different traditional medicinal purposes. The root bark of Senna singueana, one of the most popular herbal products in tropical countries, is used in traditional medicine for treatment of several diseases and ailments. The present study was conducted to investigate the anti-oxidative activities of different solvent extracts of Senna singueana root barks. The results indicated that all extracts have reducing power of DPPH radical scavenging abilities. Methanol and ethyl acetate extract of the root bark extracts have the highest total reducing power and petroleum ether showed the lowest reducing power. Qualitative phytochemical screening of this part indicated the presence of alkaloids, flavonoids, steroids, terpenoids, saponins and tannins with different concentration. Quantitative analysis of the root bark of Senna singueana for phenolic, flavonoid and total anti-oxidant compounds revealed that the total phenolic content ranged from 20.01 to 273.46 mg/g of dry weight of extracts which expressed as Gallic acid equivalents. The total flavonoid content varied from 30.3889 to 240.83 mg/g of dry weight of extracts that expressed as Quercetin equivalents. The total anti-oxidant content using Phosphomolybdate assay varied from   26.178 to 304.15 mg/g, expressed as mg of ascorbic acid equivalent (AAE). 
Key words: Senna singueana, antioxidant activity, antimicrobial activity, total phenolic content and total flavonoid contents.
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[bookmark: _Toc515638464]CHAPTER ONE
[bookmark: _Toc497612299][bookmark: _Toc515638465]INTRODUCTION
1.1. [bookmark: _Toc497612300][bookmark: _Toc515638466]Background of the study
Plants have been utilized as a source of medicine for thousands of years and continue to play an important role globally in primary health care, mostly in developing countries [1]. The use of medicinal plants is increasing because people believe that they are safe for human consumption. There is also an increase in infectious diseases worldwide caused by both drug resistance and lack of sufficient affordable medicine for people living in poor communities. The discovery of drugs from medicinal plants may be one of the solutions in the fight against infectious diseases. Thousands of natural products are in clinical trials and some are already proved to be useful in combating some of the diseases. Medicinal plants are the “backbone” of traditional medicine, which means more than 3.3 billion people in the less developed countries utilize medicinal plants on a regular basis [2]. 
According to the World Health Organization (WHO, 1978) “a medicinal plant” is any plant, which in one or more of its organ contains substances that can be used for the therapeutic purposes or which  are precursors for the synthesis of useful drugs. This definition distinguishes those plants whose therapeutic properties and constituents have been established scientifically and plants that are regarded as medicinal but which have not yet been subjected to thorough investigation. The term “herbal drug” determines the parts of a plant (leaves, flowers, seeds, roots, barks, stems, etc.) used for preparing medicines [3]. Furthermore, defines medicinal plant as herbal preparations produced by subjecting plant materials to extraction, fractionation, purification, concentration or other physical or biological processes which may be produced for immediate consumption or as a basis for herbal product [4].
 Herbal medicines play a major role in primary health care, mainly in the developing countries. Therapeutic potential of herbal drugs are attributed to the present of bioactive phytochemicals. Plants are biosynthetic laboratories of a wide spectrum of chemicals of various physiological functions. These phytochemicals are believed to have better compatibility with the human body and possess medicinal properties. Herbal drugs got a successful history as old as human civilization and today herbal medicines are coming back into prominence because of decreasing efficacy and serious side effects of the modern medicines. Oxidation is necessary for energy production in all living systems. However it can produce free radicals, which can start chain reactions that may damage cells. Antioxidants terminate these chain reactions by removing radical intermediates, and inhibit other oxidation reactions by being oxidized themselves. Generally antioxidants of plant origin are of often reducing agents such as thiols or polyphenols [5]. 
Plants have a long history of use on the African continent for the treatment of different diseases and complaints. In certain African countries, up to 90% of the population still relies exclusively on plants as a source of medicines. The available knowledge on the use of plant preparations in traditional medicine is enormous but if this is not rapidly researched, indications as to the usefulness of this vegetable treasure house will be lost with succeeding generations. Environmental degradation provides a threat to biological diversity but the sub-Saharan region still boasts a wide variety of indigenous species. Based on careful observation and a judicious choice of plants, it is possible to discover very interesting new natural products. Biologically-active compounds can be isolated from African medicinal plants by bioassay-guided fractionation procedures, in which various screening methods are employed to locate the desired activities in the crude extracts and in the fractions issuing from the different separation steps [6]. 
Medicinal plants produce bioactive compounds used mainly for medicinal purposes. These compounds either act on different systems of animals including man, and/or act through interfering in the metabolism of microbes infecting them. The microbes may be pathogenic or symbiotic. In either way the bioactive compounds from medicinal plants play a determining role in regulating host-microbe interaction in favour of the host. So the identification of bioactive compound in plants, their isolation, purification and characterization of active ingredients in crude extracts by various analytical methods is important [7]. 
The instant rising demand of plant-based drugs is unfortunately creating heavy pressure on some selected high-value medicinal plant populations in the wild due to over-harvesting. Several of these medicinal plant species have slow growth rates, low population densities, and narrow geographic ranges; therefore they are more prone to extinction. Conversely, because information on the use of plant species for therapeutic purpose has been passed from one generation to the next through oral tradition, this knowledge of therapeutic plants has started to decline and become obsolete through the lack of recognition by younger generations as a result of a shift in attitude and ongoing socioeconomic changes. Furthermore, the indigenous knowledge on the use of lesser-known medicinal plants is also rapidly declining. Continuous erosion in the traditional knowledge of many valuable plants for medicine in the past and the currently renewal interest prompted the need existed to review the valuable knowledge with the expectation of developing the medicinal plants sector [8]. In Africa as well as in Ethiopia plants are usually used as medicinal agents. Roots, leaves and barks are extracted and processed to produce chemical compounds that work for different diseases and infections treatment [9]. 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 [10]. 
Senna singueana is among the plant species used as traditional herbal medicines in Ethiopia. It uses for different applications for instance Senna singueana is used traditionally for the relief of pain and body ache that arise from acute malaria attack, and its antiplasmodial, antinociceptive, anti-inflammatory and antipyretic, for skin cancer/ulcer activities [11]. Several classes of secondary metabolites have been detected in Senna singueana which include phenols, saponins, tannins and anthraquinones [12]. The inner bark is chewed fresh to the stomach spasm. A hot water infusion of the leaves is drunk and the warm leaves are applied as a compress to treat fever. The leaf sap is drunk to cure malaria. The leaves in decoction or infusion or as dried powder are applied to wounds caused by leprosy and syphilis. An infusion of the leaves is applied as eye drops to cure conjunctivitis. Extracts of the stem bark are taken to cure stomach complaints. Like the leaves, the stem bark is used to treat skin disorders and malaria, as well as reducing fever [12].
Senna singueana has different medicinal values indicated above; most of the peoples in Ethiopia use the plant for different medical purposes. These points are that inspire me to conduct my thesis on root parts of Senna singueana.  As discussed above no much work has been done on isolation and characterization of biologically active compounds and biological evaluations (in vivo or in vitro) of isolated compounds and crude extracts of root bark of Senna singueana. Moreover, to the best of our knowledge there are no sufficient reports on the evaluation of antimicribial activities of root bark crude extracts and isolated compounds from Senna singueana. Thus, the aim of this research is to analyze phytochemical screening and to determine the antioxidant and antimicrobial activities and structural elucidation of different solvent system extracts of root barks Senna singueana.
1.2. [bookmark: _Toc497612301][bookmark: _Toc515638467]Statement of the Problem
Herbal medicines play a major role in primary health care, mainly in the developing countries. Therapeutic potential of herbal drugs are attributed to the presence of bioactive phytochemicals. Plants are biosynthetic laboratories of a wide spectrum of chemicals of various physiological functions. These phytochemicals are believed to have better compatibility with the human body and possess medicinal properties. Herbal drugs got a successful history as old as human civilization and today herbal medicines are coming back into prominence because of decreasing efficacy and serious side effects of the modern medicines. Oxidation is necessary for energy production in all living systems [13].
Senna species have been of keen interest in phytochemical and pharmacological research due to their excellent medicinal values. All Senna species are rich source of secondary metabolites; Senna singueana has many medicinal uses throughout Africa [14]. Other applications of the plant, in Ethiopia; is that the inner bark is chewed fresh to soothe stomach spasm and smoke from its wood and bark is used for purposes of smoke baths to containers of milk and milk products. Scientific reports indicate that the plant has anthelminthic properties [13], antiprotozoal activity against cestodes of Hymenolepis diminuta [15], antiplasmodial, antinociceptive, antipyretic. Therefore the crude extracts of Senna singueana showed strong antimicrobial, antiplasmodial,  antinociceptive, and antipyretic activities is indicating that Senna signueana can serve as sources of effective drugs against diseases causing microorganisms. This was inspaire to work on the phytochemical and anti-microbial activity of Senna singueana root bark.  




1.3. [bookmark: _Toc497612302][bookmark: _Toc515638468]Objectives
1.3.1. [bookmark: _Toc487125868][bookmark: __RefHeading__5883_640055330][bookmark: _Toc497612303][bookmark: _Toc515638469]General Objective
[bookmark: _Toc487125869][bookmark: __RefHeading__5885_640055330]The main objective of this study was to carry out phytochemical investigations and evaluation of biological activities of the root bark of Senna singueana.
1.3.2. [bookmark: _Toc497612304][bookmark: _Toc515638470]Specific Objectives
The specific objectives of this study were:
· To extract the root barks of Senna singueana using different solvent systems.
· To screen the major phytochemicals in each extract. 
· To assess the antimicrobial and antioxidant activities of each extract.
· To compare the antimicrobial and antioxidant activities of the extracts with the standards. 
· To determine the total phenolic and flavonoid contents of each extract. 
· To determine total antioxidant activity by phosphomolybdate assay














[bookmark: _Toc496036904][bookmark: _Toc497612305][bookmark: _Toc515638471]CHAPTER TWO
[bookmark: _Toc497612306][bookmark: _Toc515638472]LITERATURE REVIEW
[bookmark: _Toc497612307][bookmark: _Toc515638473]2.1. The family Fabaceae 
Fabaceae is the third largest family of flowering plants and consists of 730 genera and over 19,400 species. The members of this family are herbs, less frequently shrubs or trees. Leaves and simple flowers papilionate, with often erect, large, adaxial petal, lateral petals (wings) and lower petals usually connate by their lower margins; standard outside and enclosing the other petals in bud. Sepals are usually connate into a tube. Stamens 10, either 1 free and 9 fused (diadelphous), all fused (monadelphous) or rarely all free. Fruit is usually dehiscent. Seeds are often large endosperm or very scanty [16]. The leaves are usually alternate and compound the Roots host bacteria in their roots within structures called root nodules. These bacteria, known as rhizobia, have the ability to take nitrogen gas (N2) out of the air and convert it to a form of nitrogen that is usable to the host plant (NO3 or NH3), This process is called nitrogen fixation [17]. Many members of the family are used as medicinal herbs and sources of different medicine and in some cases for the preparation of constituents of the different methods. These are some of the compounds that have been isolated and reported from Fabaceae family, are  Bavachinin (1), (S)-4-methoxydalbergione (2), Koparin (3), 3-O-methylviolanone (4), Kaempferol-3-O-sophoroside (5) [18, 19]



[bookmark: _Toc515453027]Figure 1: compounds isolated from Fabaceae family
[bookmark: _Toc497612309][bookmark: _Toc515638474]2.2. The genus Senna
The genus Senna which belongs to Fabaceae family (the leguminosae family and caesalpinoideae subfamily) has about 240 species distributed throughout the tropics and subtropics. The genus Senna comprises shrubs, sub shrubs, and herbaceous perennials with paired-pinnate leaves. Senna is native to tropical Africa and cultivated in Egypt and the Sudan and elsewhere; it is native to India and cultivated mainly in India and Pakistan.  Senna is a stimulant, laxative and used for treatment of constipation. Significant inhibitory activity in mice against leukemia has been documented [20]. Senna species were used long time in Africa for different medicinal purpose [9], In Ethiopia there are eighteen species belonging to the genus  and some of them are: Senna alata,  Senna alexandrina,  Senna artemisioides, Senna auriculata  ,  Senna bicapsularis,  Senna corymbosa,  Senna covesii,  Senna durangensis,  Senna floribunda,  Senna garrettiana, Senna hebecarpa,  Senna hirsuta, Senna Singueana e.t.c [13]. The most commonly used plants as traditional medicinal plants are Senna species. Senna is a medicinal plant that has been in use over a thousand years. It is a safe, harmless; Senna singueana is one of   the varieties of Senna species that uses for different traditional medicinal purpose. A number of laboratory based studies have demonstrated that medicinal plants used in folkloric treatment of infectious diseases possess potent antimicrobial activity. Antibacterial compounds identified in medicinal plants include; flavonoids, alkaloids, tannins, triterpenes, steroids and phenolic compounds. Although medicinal plants could be considered safe, there have been many reports of side effects attributed to active ingredients, contaminants, or interactions with other drugs [9].
[bookmark: _Toc497612310][bookmark: _Toc515638475]2.2.1. Previously isolated compounds from genus senna 
There are different kinds of bioactive compounds that have been previously isolated and reported from the genus senna. Among those different compounds, only some of the classes of compounds are discussed as follows.
a. Anthraquinons: they are abundant compounds that are widely obtained from different kinds of plants and they are also constituents of the genus senna. For instance these compounds were isolated and reported from different parts of Senna alta , one of the species of a genus Senna, by bio guided fractionation during screening for antioxidant and antibacterial activity. Some of the representative examples of anthraquinons that have been isolated and reported from Senna alata, and Senna acutifolia  are physcion (6), floribundone-1(7), floribundone-2(8), torachrysone (9), rubrofusarin(10), nataloe-emodin(11) [21].


[bookmark: _Toc515451780][bookmark: _Toc515452024][bookmark: _Toc515453028]Figure 2: Anthraquinons isolated from Senna species
b. Flavonoids: different flavonoids were isolated from Senna alata and Cassia fistula extracts. For instance the extract of the Senna alata and Cassia fistula consists of some of the compounds shown below. These includes Kaempferol gentiobioside (12), Kaempferol (13), isolated from Senna alata and Catechin (14) is isolated from Cassia fistula. [22, 23] . 


[bookmark: _Toc515451781][bookmark: _Toc515452025][bookmark: _Toc515453029]Figure 3 : Flavonoids isolated from senna species
c. Terpenoids: Some of the representative terepenoids that have been isolated and reported from the genus Senna are: hydroxyestranic acidethyl ester (15) isolated from Cassia nigricans Vahl [24], friedelin (16), oleanolic acid (17), ursolic acid (18) and cycloeucalenol (19) isolated from Senna Spectabilis [25].  


[bookmark: _Toc515451782][bookmark: _Toc515452026][bookmark: _Toc515453030]Figure 4: Terpenoids isolated from Senna spcies.
d. Alkaloids: The chemical study of the leaves of the Senna species led to the isolation of some alkaloids that included: (–)-spectaline (20), leptophyllin A (21), 3-O-acetil-leptophyllin A(22), leptophyllin B (23), (–)-spectalinine (24) and further studies on the flowers of Senna spectabilis have been resulted in the isolation of three alkaloids namely: (–)-3-O-acetyl-
spectaline (25), (–)-7-hydroxy-spectaline (26), and iso-6-spectaline (27) [26, 27].



[bookmark: _Toc515451783][bookmark: _Toc515452027][bookmark: _Toc515453031]Figure 5: Alkaloids isolated from senna spcies.
[bookmark: _Toc515638476][bookmark: _Toc497612311]2.4. Senna singueana
[bookmark: _Toc515638477]2.4.1. Botanical description of Senna singueana  
Senna singueana (English Name: Scrambled egg) (Local name: hamb hamo) is used for skin cancer, fresh bark chewed for stomach spasm. [14]. Senna singueana is a shrub or small tree 1-15 m high; branchlets glabrous to densely pubescent crown open; bark reddish, becoming grey brown and rough with age. Leaves compound, with 4-10 pairs of oval leaflets, 2.5-5 cm long, rachis with a conspicuous gland between each pair of leaflets, rounded at apex, glabrous or nearly so to densely pubescent. Flowers deep yellow, fragrant, in racemes to 15 cm, often aggregated towards branchlet-ends and often produced when the plant is leafless; flower stalks 2-4 cm, with conspicuous glands. Pods linear, straight or somewhat twisted, torulose, slightly compressed, 5- 26 cm long, indehiscent, with stiff and rather hard valves, glabrous to pubescent, rounded to abruptly acute and often apiculate at apex; yellowish when ripe. Seeds dull brown, almost circular, flattened, 5-6 mm in diameter [28, 29]. 
Senna singueana is a hermaphroditic species flowering from around April to June. Its fruits are ready for collection around September. Senna singueana is widespread in Namibia, in Savannah vegetation belt on all soil types. It is widely distributed in Africa in countries such as Niger, northern Nigeria, Mali, Sudan, Eastern and Southern Africa Ethiopia and Eritrea. Senna singueana occurs in thickets, woodland, savanna and dry evergreen forest, often on termite mounds, from sea-level up to 2250 m altitude. It is found in areas with an annual rainfall of 500–1000 mm. Senna singueana has different uses such as food, fuel, and different medicinal values.  The root bark is used against convulsions, gonorrhoea, bilharzia, heartburn, stomach-ache, constipation, wounds and snake bites. The ash from the burnt roots mixed with porridge provides a remedy for stomach pains. In some parts of Ethiopia, the leaves as well as the bark of the plant are traditionally used for the treatment of a form of skin cancer locally called ‘Minshiro Nekersa’. Other applications of the plant, in Ethiopia; is that the inner bark is chewed fresh to soothe stomach spasm and smoke from its wood and bark is used for purposes of smoke baths to containers of milk and milk products [13]. The plant is used in smoke baths and the bark is used to "chase devils" out [13]. An infusion of the flowers is used as an eye lotion. The fruit pulp soaked in water and cooked with a staple food is eaten by lactating women as it is considered lactogenic. The roots are used to treat venereal diseases, stomach complaints and as a purgative [30]. The roots are also used to cure impotence caused by diabetes. The ash of burnt roots is eaten mixed with porridge to cure abdominal pain. Leaves stem and root bark is used as an anthelmintic and to treat bilharzias. Leaves are used for worms and stomach pains [9]. 
[image: ]
[bookmark: _Toc515451784][bookmark: _Toc515452028][bookmark: _Toc515453032]Figure 6: Senna singueana
[bookmark: _Toc515638478]2.4.2. Previously isolated compounds from Senna singueana
 Different kinds of phytochemicals were isolated and reported so far from the extracts of Senna singueana. For example, alkaloids, flavonoids, polyphenols, tannins, saponins and steroidal compounds were isolated from 80% methanol extracts of Senna singueana [31].The plant cassia singueana synonym to senna singueana were reported to contain anthraquinones, quinoids, sterols, alkaloids, terpenes, saponins, phenols, tannins [12], flavonoids, glycosides and carbohydrates. 
a. Anthraquinones: These classes of compounds are also isolated and reported from different parts of Senna singueana. These isolated anthraquinones from leaves are: chrysophanol (28), physcion (29) cassiamin A (30), [32]. Four tetrahydroanthracene derivatives are also isolated from the root of Senna singueana and these includes singueanol–I (31) and singueanol-II (32), and 7-methylphyscion (33), germichrysone (34), torosdchrysone (35) [33, 13].are isolated from Senna singueana,
 


[bookmark: _Toc515451785][bookmark: _Toc515452029][bookmark: _Toc515453033]Figure 7: Anthraquinones isolated from Senna singueana
b. Phenolic compounds: there are some phenolic compounds that have been isolated from Senna singueana using GC-MS analysis. These include: Resorcinol (36), 4-Propylphenol (37), 3-Methylanthralin (38) [35]. 


[bookmark: _Toc515451786][bookmark: _Toc515452030][bookmark: _Toc515453034]Figure 8: Phenolic compounds isolated from Senna singueana
c. Alkaloids: One of the representative alkaloid that has been isolated and reported from Senna singueana is dehydroxylevodopa (39) [34].


[bookmark: _Toc515451787][bookmark: _Toc515452031][bookmark: _Toc515453035]Figure 9: Alkaloid isolated from Senna singueana
d. Terpinoid:  These classes of compounds are also isolated and reported from Senna singueana. For instance, squalene (40) was isolated and reported from the extract of the leaves of senna singueana. [34].


[bookmark: _Toc515451788][bookmark: _Toc515452032][bookmark: _Toc515453036]Figure 10: Terpinoid isolated from Senna singueana
e. Steroids:  These classes of compounds are also isolated and reported from Senna singueana. Some of the representative examples are: lupeol (41), campesterol (42), β-sitosterol (43), stigmasterol (44) and 6-Dehydroestradiol (45) [35].


[bookmark: _Toc515451789][bookmark: _Toc515452033][bookmark: _Toc515453037]Figure 11: Steroids isolated from Senna singueana. 
f. Flavonoids: These classes of compounds also isolated and reported from Senna singueana. For instance, the flavonoids leucopelargonidin (46) and 3',7-Dihydroxy-4-methoxy-flavonol (47) were isolated and reported from different parts of Senna singueana [35].


[bookmark: _Toc515451790][bookmark: _Toc515452034][bookmark: _Toc515453038]Figure 12: Flavonoids isolated from Senna singueana
[bookmark: _Toc497612313][bookmark: _Toc515638479]2.4.3. Antibacterial activity of Senna singueana
The antibacterial activity of ethanol and aqueous crude extracts of Senna Singueana leaves have been studied. The ethanol and aqueous extracts had significant inhibitory effect against Staphylococcus aureus [15]. 
[bookmark: _Toc497612314][bookmark: _Toc515638480]2.4.4. Antiulcer activity of Senna singueana
The methanol extract of the leaves of Senna singueana was found to have anti-ulcer activity. Fractions from crude methanol extract of Senna singueana leaves were isolated and showed the most bioactive anti-ulcer agent in the plant leaves [31].
[bookmark: _Toc497612315][bookmark: _Toc515638481]2.4.5. Hepatoprotective and hypolipidemic activity of Senna singueana
The methanol extract of roots of Senna singueana was found to have antioxidant compounds that can offer significant protection against hepatic and oxidative injuries [34]. 
[bookmark: _Toc497612316][bookmark: _Toc515638482]2.4.6. Antioxidant activity of Senna singueana
Leaves stem bark and roots of Senna singueana were found to have anti-oxidative activities and can be used as a potential alternative medicine for oxidative stress related non-communicable chronic diseases [35]. 
[bookmark: _Toc497612317][bookmark: _Toc515638483]2.4.7. Antimalarial activity of Senna singueana
The methanol extract of the root bark of Senna singueana  against rodent plasmodia infection, (Plasmodium berghei) in mice; formalin test, yeast-induced pyrexia and egg-albumin-induced inflammation in rats. The results showed that the extract exhibited significant antinociceptive, antipyretic and antiplasmodial activity in all the models used [36].
[bookmark: _Toc497612318][bookmark: _Toc515638484]2.4.8. Erythrocyte haemolysis inhibition of Senna singueana
The ethyl acetate solvent fraction from the bark of Senna singueana exhibited concentration dependent erythrocyte haemolysis inhibitory activity indicating that the plant contains constituents that can inhibit erythrocyte haemolysis. This in turn could possibly be due to inhibition of lipid peroxidation. Also, despite the presence of saponins, no observable induction of haemolysis was observed in any of the tested samples [37]. 
The GC-MS analysis of the ethyl acetate extract of the stem bark and the ethanol extract of the root and leaves indicated that several aromatic compounds, including phenolics, fatty acids, amino acids and triterpenoids were present in these extracts. Data from this study suggest that the parts of Senna singueana possessed anti-oxidative activities and can be used as a potential alternative medicine for oxidative stress related non-communicable chronic diseases [38].
Extracts from the root bark of this plant exhibited antiplasmodial activity; however, the leaves are the more sustainable resource. Thus, Senna singueana leaf was selected for in vivo evaluation as a potential alternative or adjuvant therapy for malaria [39]. 
[bookmark: _Toc497612319][bookmark: _Toc515638485]2.4.9. Anti-diabetic effects of Senna singueana
Senna singueana is currently used in the traditional treatment of diabetes mellitus in Nigeria. Analysis of the α-glucosidase and α-amylase inhibitory activities of the fractions revealed that the more polar fractions demonstrated significantly higher (P<0.05) α-glucosidase andα-amylase inhibitory activities than the less polar fractions. However, within the more polar fractions, theα-glucosidase andα-amylase inhibitory activities demonstrated by the acetone fraction were significantly higher (P<0.05) than all other solvent fractions [38].Senna singueana has many medicinal uses throughout Africa. Traditionally used for the treatment of a form of skin cancer and the root bark is used against convulsions, gonorrhoea, bilharzia, heartburn, stomach-ache, constipation, wounds and snake bites. The ash from the burnt roots mixed with porridge provides a remedy for stomach pains [39]. Scientific reports indicate that the plant has anthelminthic properties, antiprotozoal activity against cestodes of  hymenolepisdiminuta, antiplasmodial, antinociceptive, antipyretic, antioxidant, Hepatoprotective properties, antiulcer effects and reduce both gastric free-HCl and total acids [40]. The root extracts of Senna singueana also showed antinocieptive activity [41].
[bookmark: _Toc497612320]




[bookmark: _Toc515638486]CHAPTER THREE
[bookmark: _Toc497612321][bookmark: _Toc515638487]MATERIAL AND METHODS
[bookmark: _Toc497612322][bookmark: _Toc515638488]3.1. Study Area and Study Design
Bahir Dar city is situated on the southern shore of Lake Tana which is located north western Ethiopia approximately 565 km from Addis Ababa, which is the capital of Amhara National Regional State (ANRS).The Experiment was conducted at Bahir Dar University department of chemistry post graduate research laboratory, located on latitude 11°59’ N and longitude 37° 39’ E, at an altitude of 1840 m above sea level. The area falls under the agro-ecological zone with an average annual rainfall and temperature of 1419 mm and 19.6 °C respectively [42].
[bookmark: _Toc497612323][bookmark: _Toc515638489]3.2. Materials
[bookmark: _Toc497612324][bookmark: _Toc515638490]3.2.1. Plant materials
The fresh root barks of Senna singueana were collected from Bahir Dar University peda campus, Bahir Dar, which is 565 Km away North-West direction from Addis Ababa, Ethiopia in December 2017. The plant was identified by a botanist at Department of Biology, Bahir Dar University. 
[bookmark: _Toc515638491]3.2.2. Instrument and apparatus 
[bookmark: _Toc513576661]Beaker, volumetric plastic containers, dry oven (DAIHAN Scientific natural flow type oven, Japan), analytical balance (RADWAG; PS 360/C/1, China), sieve 500mic, heating mantle, thermometer, rotary evaporator (RE-2S-VD, German), autoclave, pH meter (HI 99161, China), 
UV spectrophotometer Cary 60 Agilent technologies (China).
[bookmark: _Toc487125892][bookmark: __RefHeading__5929_640055330][bookmark: _Toc497612325][bookmark: _Toc515638492]3.2.3. Chemicals and reagents 
The analytical grade chemicals and reagents used for this study were distilled water and deionized water, ethyl acetate, methanol, petroleum ether, 10% ferric chloride, Wagner’s reagent (Iodine in potassium iodide), aluminum chloride (AlCl3),sodium nitrite (NaNO2) , hydrochloric acid (HCl), sulfuric acid (H2SO4), sodium hydroxide (NaOH), nitric acid (HNO3), sodium carbonate, iodine,NaH2PO4,Na2HPO4, phosphoric acid, sodium molybdate, sodium tungstate, trichloroacetic acid, potassium hexacyanoferrate (II), iron chloride, bromine, Ascorbic acid, Gallic acid ,DPPH, Quercetin, ammonia solution. Petroleum ether, Acetone, chloroform, ethyl acetate, a Standard antibiotic disc (Tetracycline 30mcg/disc) and Mueller Hinton agar were used for this thesis, were chemicals used in this experiment. All chemical reagents in this thesis obtained from LobaChemia, India.
[bookmark: _Toc497612326][bookmark: _Toc515638493]3.2.4. Instrumentation
The necessary apparatus and instruments used for this study were electronic beam balance for mass measurement, vacuum rotary evaporator for concentrating the filtrate to dryness, electrical shaker to mix the mixture well, UV-visible spectrophotometer for the absorbance measurement, digital pH meter for pH measurement, volumetric flask, beaker, conical  flask with different , Whiteman No.1 filtrate paper, aluminum foil, micropipette, incubated agar, cuvettes, and others were used for different purposes. Separatory Funnel different size Beakers (50 mL, 100 mL 150 mL, 200 mL 1000 mL flasks for maceration. and others were used for different purposes.
[bookmark: _Toc497612327][bookmark: _Toc515638494]3.3. Methods
[bookmark: _Toc497612328][bookmark: _Toc515638495]3.3.1. Extraction and Isolation
The 600 gram powdered plant sample was successively extracted with petroleum ether, ethyl acetate and methanol using maceration technique for 48 hour in each solvent. The extract was filtered and residual solvent from each extract was removed using Rotary evaporator under reduced pressure. The resulting semidried mass of each fraction was stored in shade area until used for experiments [43,44,45].
[bookmark: _Toc497612329][bookmark: _Toc515638496]3.3.2. Phytochemical analysis
[bookmark: _Toc486008151][bookmark: _Toc487813687][bookmark: _Toc515638497]3.3.2.1. Test for alkaloids (Wagner’s reagent test) 
[bookmark: _Toc487406818][bookmark: _Toc487813688][bookmark: _Toc486008152]Extracts were dissolved individually in dilute hydrochloric acid and filtered. Then the filtrates were treated with Wagner’s reagent (iodine in potassium iodide). Formation of brown/ reddish precipitate indicates the presence of alkaloids [43].
[bookmark: _Toc487813689][bookmark: _Toc515638498]3.3.2.2. Test for terpenoids (Salkowski’s Test)
 2 mL of chloroform was added to plant extract (0.5 g) in a test tube. Then concentrated sulfuric acid was added to this mixture that will result in reddish brown interface confirming the presence of terpenoids.
[bookmark: _Toc487813690][bookmark: _Toc515638499]3.3.2.3. Test for steroids (Salkowski’s test) 
[bookmark: _Toc487406821][bookmark: _Toc487813691][bookmark: _Toc486008154]2 mL of chloroform extract, 1 mL of concentrated H2SO4 acid was added carefully along the sides of the test tubes. A red color was produced in the chloroform layer and confirms the presence of steroids [44].
[bookmark: _Toc487813692][bookmark: _Toc515638500]3.3.2.4. Test for flavonoids 
[bookmark: _Toc487406823][bookmark: _Toc487813693][bookmark: _Toc486008155]2 mL of the extract was treated with 2 mL of dilute NH3 solution and a few drops of concentrated H2SO4. A formation of yellow color indicates the presence of flavonoid [43].
[bookmark: _Toc487813694][bookmark: _Toc515638501]3.3.2.5. Test for saponins
To a little amount of each of the sample in a test tube, 2 mL of distilled water was added and vigorously shaken for 15 minutes. Formation of 1 cm foam confirms a positive result [43].
[bookmark: _Toc486008156][bookmark: _Toc487813695][bookmark: _Toc515638502]3.3.2.6. Test for phenols (ferric chloride test) 
[bookmark: _Toc486008157]10 mL of alcoholic solution of extract, 2 mL of distilled water followed by drops of 10% aqueous FeCl3 solution was added. Formation of blue or green indicates the presence of phenols [45].
[bookmark: _Toc487813696][bookmark: _Toc515638503]3.3.2.7. Test for tannins (ferric chloride test)  
[bookmark: _Toc487813697]2 mL of the aqueous extract was added to 2 mL of water, a 1 to 2 drops of diluted ferric chloride solution was added. A dark green or blue green coloration indicates the presence of tannins [44].
[bookmark: _Toc515638504][bookmark: _Toc487813698]3.3.2.8. Test for glycosides
 A small amount of alcoholic extract was dissolved in 1 mL of water and the aqueous NaOH solution was added. Formation of yellow color indicates the presence of glycosides [45].
[bookmark: _Toc487813699][bookmark: _Toc497612330][bookmark: _Toc515638505]3.3.3. Quantitative phytochemical determination of the extracts of S. singueana
3.3.3.1.   Preparation of Standard Solution
1 g of Gallic acid was dissolved in 100 ml of methanol to get 1% solution of Gallic acid (10 mg/mL) termed as standard 1 solution. Similarly 1g of Quercetin was dissolved in 100 mL of methanol separately to get 1% solution of Quercetin (10 mg/mL) termed as standard 2 solution


3.3.3.2.   Determination of Total Phenolic Content (TPC)

The total phenolic content of the crude extract was determined by using Folin-Ciocalteu method [46]. A standard Gallic acid curve was constructed by preparing the dilutions in methanol from stock solution of Gallic acid. A standard Gallic acid curve was constructed by preparing the dilutions of (20, 40, 60, 80 and 100 µg/mL) in methanol from standard 1 solution of Gallic acid. 1mL of each of these dilutions were mixed with 5 mL of Folin-Ciocalteu reagent and allowed to stand for 6 minutes. Then 4 mL of 10% sodium carbonate were added to the reaction mixture. The absorbance was recorded after it was mixed and it was allowed to stand for 30 minute at 765 nm spectrometrically. The total phenolic content of the extracts of petroleum ether, ethyl acetate and methanol was calculated as Gallic acid equivalents (mgGAE/g).  Where T is the total phenolic content in mg/g of the extracts as GAE, C is the concentration of Gallic acid established from the calibration curve in mg/mL, V is the volume of the extract solution in ml and M is the weight of the ex-tract in g. All the experiments were performed in triplicate the results.
[bookmark: _Toc515638506]3.3.3.2. Determination of Total Flavonoid Content (TFC) 
Aluminum chloride complex forming assay was used to determine the total flavonoid content of the extracts. Quercetin was used as standard and flavonoid content was determined as Quercetin equivalent. A calibration curve for Quercetin was drawn for this purpose [47].Quercetin was used as standard and flavonoid content was determined as Quercetin equivalent. A calibration curve for Quercetin was drawn for this purpose. From the standard 2 Quercetin solution the dilutions of (20, 40, 60, 80 and 100 µg/mL) concentrations were prepared in methanol. 0.25 mL of each of the Quercetin dilution was mixed with 1.25 mL of distilled water and then with 0.075 mL of 5% Sodium nitrite and allowed to stand for 5 minutes for mixing. Then 0.15mL of 10% Aluminum chloride solution was added and allowed to stand for 6 minutes at room temperature after which 0.5 mL solution of 1M Sodium hydroxide was added sequentially. 100ppm of the extracts were prepared  the same procedure was repeated with the extracts of petroleum ether, ethyl acetate and methanol and total flavonoid content was calculated as Quercetin equivalents (mgQE/g) the results shown in Table 3. All the procedures were performed in triplicate. The absorbance of this reaction mixture was recorded at 510 nm on UV spectrophotometer Cary 60 Agilent technologies.

 3.3.4. Antioxidant capacity assay
[bookmark: _Toc515638507]3.3.4.1. DPPH radical scavenging assay 
The free radical scavenging activities of the extracts was determined by using 2,2- Diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging method. DPPH is very stable free radical. Unlike in vitro generated free radicals such as the hydroxyl radical and superoxide anion, DPPH has the advantage of being unaffected by certain side reaction. A freshly prepared DPPH solution exhibits a deep purple color with an absorption maximum at 517 nm. This purple color generally fades when antioxidant molecule quench DPPH free radicals yellow (i.e. by providing atoms or by electron donation, conceivably via a free-radical attack on the DPPH molecule) and convert them into a colorless- /bleached product (i.e. 2, 2-diphenyl-1-hydrazine, or a substituted analogous hydrazine), resulting in a decrease in absorbance at 517 nm band.  DPPH in oxidized form gives a deep violet color in methanol to yellow. An antioxidant compound donates the electron to DPPH thus causing its reduction and in reduced from its color changes from deep violet to yellow [48]. A fresh 0.002% solution of DPPH was prepared in methanol. 20, 40, 60, 80, and 100 ppm ascorbic acid and plant extracts was prepared and ascorbic acid used as reference. 1.5 mL of the ascorbic acid and extracts (20, 40, 60, 80, and 100ppm) was mixed with 3 mL solution of DPPH and allowed to stand in darkness for 15 minutes. Control was prepared by taking 3mL of DPPH and 1.5 mL methanol and its absorbance was recorded at 517nm. The assay was performed in triplicates. Percentage inhibition of free radical DPPH was calculated based on control. The absorbance was again recorded at 517 nm. The percentage inhibition of DPPH by extracts was calculated by using following formula: 
                                      % Inhibition = 
Where A is the absorbance of pure DPPH in oxidized form while B is the absorbance of sample taken after 15 minutes of reaction with DPPH [48]. 
[bookmark: _Toc515638508]3.3.4.2. Ferric reducing antioxidant power (FRAP) assay	
The reducing power of the crude extracts was determined according to the standard method with slight modification [49]. 2.5 mL of different concentrations of plant extracts was mixed with phosphate buffer solution (PH=6.6, 0.2M) and potassium Hexacyanoferrate ([K3Fe (CN)6])  (1%). The mixture was incubated at 50 oC for 20 min in water bath. Then Trichloroacetic acid (10%) was added to the mixture to terminate the reaction. The upper layer of the solution was mixed with 5mL of distilled water and 0.5 mL of FeCl3 solution (0.1%). The reaction mixture was incubated for 10 minutes at room temperature and the absorbance developed blue color was measured at 700 nm by using UV-spectrophotometer against a blank solution. 
Percentage (%) reduction power = 
               Where A sample absorbance of sample
                           A blank absorbance of blank 
[bookmark: _Toc515638509]3.3.4.3. Total antioxidant activity by phosphomolybdate assay 
To carry out phosphomolybdate assay, the procedure followed by Umamaheswari and Chatterjee (2008) was used [50]. The phosphomolybdate reagent was prepared by mixing equal volumes (100 mL) of 0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM ammoniummolybdate. Test samples were prepared by dissolving 1 mg of plant methanol extract or any of its sub-fractions in 1 mL of methanol. Then, 0.1 mL of the sample was dissolved in 1 mL of reagent solution in a test tube which was capped with silver foil and incubated in water bath at 95 °C for 90 min. After cooling the sample to room temperature, the absorbance was observed at 765 nm against a blank. Ascorbic acid was used as a standard. Various concentrations of ascorbic acid (20.40, 60, 80 and 100 mg/L) were prepared and the same protocol was carried out in order to plot a standard curve. The results were expressed as mg of ascorbic acid equivalent (AAE) per mg of the dried weight of the sample as determined from the equation of the standard calibration curve. 
[bookmark: _Toc497612331][bookmark: _Toc515638510]3.3.5. Antimicrobial activity test	
[bookmark: _Toc276967661][bookmark: _Toc98193643][bookmark: _Toc98194227][bookmark: _Toc98194592][bookmark: _Toc309202640][bookmark: _Toc515638511]3.3.5.1. Agar diffusion method
  The 5 mm diameter sterile discs (Whatman No 3 paper) were placed on the surface of the inoculated Agar in petri dishes, and 20 µL each test solutions ware applied onto the discs. After addition of test solutions on the discs, the extract was allowed to diffuse for 5 minutes and the plates ware then be kept in an incubator at 37 °C for 24 hrs. The antibacterial activity was evaluated by measuring the zone of growth inhibition surrounding the discs in millimeter with ruler and results was expressed as Mean ±Std of replicate tests. Standard discs of the antibiotic disc (tetracycline, 30 µg/disc) were serving as the positive antibacterial control. For negative control the same volume (20 µL) DMSO poured on paper disks was used. Antibacterial activity was recorded if the zone of inhibition was greater than 6 mm [50, 51]. The disk diffusion assay was used as a preliminary test to select the most efficient extracts.
[bookmark: _Toc276967662][bookmark: _Toc98193644][bookmark: _Toc98194228][bookmark: _Toc98194593][bookmark: _Toc309202641][bookmark: _Toc515638512][bookmark: _Toc98193645][bookmark: _Toc98194229][bookmark: _Toc98194594][bookmark: _Toc309202642]3.3.5.2. Minimum Inhibitory Concentration (MIC) 
The minimum inhibitory concentration (MIC) of the extracts was determined using agar dilution method as described in EUCAST, (2000) [52]. One mL of each test concentration of each crude extract was thoroughly mixed with 19 mL of Muller Hinton agar growth medium and poured to Petri dishes. The medium was allowed to solidify at room temperature. The inoculated Petri dishes were incubated at 37oC for 48 hr. Parallel to this, petri dishes without extract were used as controls and the results were compared against these controls [50].
3.3.5.3.   Minimum Bactericidal Concentration (MBC)
Minimum bactericidal concentration (MBC) of the extracts was determined as described in Ninga et al. (2014) [53]. Muller Hinton agar growth medium was prepared and autoclaved at 121oC for 15 minutes. The medium was poured in to sterile Petri-dishes and allowed to cool and solidify. The contents of the MIC Petri-dishes that did not show growth or showed growth less than 80% of the controls were sub-cultured on to the prepared Petri-dishes. The Petri-dishes were then incubated at 37oC for 48hr. Then after, the Petri-dishes without growth represent the minimum bactericidal concentration (MBC). After 48 hr., the results were recorded and taken as MBC. 
[bookmark: _Toc515638513]3.3.6. Method of data analysis 

The total phenolic and Flavonoid content of the extracts of petroleum ether, ethyl acetate and methanol was calculated as Gallic acid equivalents (mgGAE/g) and as Quercetin equivalents (mgQE/g).  Where T is the total phenolic content in mg/g of the extracts as GAE, C is the concentration of Gallic acid established from the calibration curve in mg/mL, V is the volume of the extract solution in ml and M is the weight of the extract in g. 
The free radical scavenging activities the absorbance was recorded at 517 nm. The percentage inhibition of DPPH by extracts was calculated by using following formula 
                                      % Inhibition = 
Where A is the absorbance of pure DPPH in oxidized form while B is the absorbance of sample taken after 15 minutes of reaction with DPPH
Ferric reducing antioxidant power (FRAP) assay was calculated by:
Percentage (%) reduction power = 
               Where A sample absorbance of sample
                           A blank absorbance of blank 
[bookmark: _Toc515638514]3.3.7. Statistical data Analysis
The data for antioxidant activities were expressed as the average of three measurements, and all the remaining data were expressed as mean ± standard deviations of triplicates using MS Excel 2010, Origin 8, IBM SPSS statistics 22 (one way  Anova) to show the significant difference of antimicrobial activity between extracts. 















[bookmark: _Toc515638515]CHAPTER FOUR
[bookmark: _Toc487125907][bookmark: __RefHeading__5959_640055330][bookmark: _Toc515638516][bookmark: _Toc497612332][bookmark: _Toc98193646][bookmark: _Toc98194230][bookmark: _Toc98194595][bookmark: _Toc309202643]RESULT AND DISCUSSION
The finely divided powder of the air-dried root barks (600 g) of Senna singueana was subjected to successive extraction by petroleum ether, ethyl acetate and methanol respectively. The extracts were analyzed for phytochemical screening, total phenolic, total flavonoid, antioxidant, reducing power (FRAP), total antioxidant activity by phosphomolybdate assay, and antibacterial activities. A number of assays were conducted to analyze antioxidant activities of the extracts since antioxidant activities of different types of substances involved different mechanisms.
[bookmark: _Toc515638517]4.1 Yield of the extracts of Senna singueana
Successive extraction of the root bark of Senna Singueana gave the highest yield with methanol (65.721 g) followed by ethyl acetate (11.25 g), and petroleum ether (1.537 g) respectively.
[bookmark: _Toc515452209][bookmark: _Toc514231040]Table 1: Yields of the extracts 
	Extracts 
	Mass of extracts 
	percent yield 

	Petroleum ether 
	1.537 g
	0.256	

	Ethyl acetate
	11.25 g
	1.875

	Methanol
	65.721 g
	10.9535




[bookmark: _Toc515451791][bookmark: _Toc515452035][bookmark: _Toc515453039]Figure 13: Yield (%) of different solvent extracts from Senna singueana root barks
[bookmark: _Toc515638518]4.2. Phytochemical analysis
[bookmark: _Toc515638519]4.2.1. Qualitative preliminary phytochemical analysis
Qualitative preliminary phytochemical analysis was performed initially with different chemical reagents to detect the nature of phyto-constituents and their presence in root bark extracts of Senna singueana.  Results of the presence of secondary metabolites like phenols steroids, terpenoids, flavonoids, tannins, alkaloids, saponin and glycosids are presented in Table 2. Phytochemical studies of the extracts  of Senna Singueana has been carried out and their results revealed the presence of tannins, saponins, alkaloids, glycosides, flavonoids, phenols, steroids and terpenes as reported before [54]. 
[bookmark: _Toc514231041][bookmark: _Toc515452210]Table 2: Preliminary phytochemical screening of root bark extracts of Senna singueana.
	Class of compounds 
	Test reagent
	
	
	

	
	
	PE
	EA
	Methanol 

	Alkaloids
	Wagner
	-
	+
	+

	Phenols 
	ferric chloride test
	+
	+
	+

	Flavonoids
	H2SO4
	+
	+
	+

	Sterols
	Salkowski’s Test
	-
	+
	+

	Terpenes
	Salkowski’s Test
	+
	-
	+

	Saponions 
	Shaking with water
	-
	-
	+

	tannins
	ferric chloride
	-
	-
	+

	glycosides
	NaOH test 
	-
	+
	+


                        Key:  “+” present “-“not present
[image: ]
Key:  Petroleum ether (1), Ethyl acetate (2), Methanol (3)
[bookmark: _Toc515451792][bookmark: _Toc515452036][bookmark: _Toc515453040]Figure 14: Preliminary phytochemical screening of root bark extracts of senna singueana
[bookmark: _Toc515638520]4.3. Quantitative analysis for total phenolic and total flavonoid contents 
[bookmark: _Toc515638521]4.3.1. Total Phenolic Content 
[bookmark: _Toc514231042]The total phenolic content in the examined plant extracts using the Folin-Ciocalteu’s reagent is expressed in terms of Gallic acid equivalent (the standard curve equation: ( y = 0.0071x + 0.0957R² = 0.9979). The total phenolic content of the extracts of root bark of Senna Singueana was evaluated and the results are presented in Table 3 and Figure 17. The total phenolic content for extracts ranged from 20.01 to 273.46 mg GA/g. The highest concentration of phenol was found in methanol and ethyl acetate extracts but not on petroleum ether extracts. According to the previous reports, high solubility of phenols in polar solvents provides high concentration of phenolic compounds in the extracts obtained using polar solvents for the extracts [55, 56].
[bookmark: _Toc515452211]                                         Table 3: Total phenolic content
	Solvent System

	Total Phenolic Content (mg GA/g) ±STD

	Petroleum ether 
	20.01 ±0.067	

	Ethyl acetate 
	152.859 ±0.135

	Methanol 
	273.46 ±0.200











[bookmark: _Toc515451793][bookmark: _Toc515452037][bookmark: _Toc515453041]Figure 15: Total phenolic content calibration curve


[bookmark: _Toc515451794][bookmark: _Toc515452038][bookmark: _Toc515453042]Figure 16: Total phenolic content chart
4.3.2. Total Flavonoid Content
Aluminum chloride complex forming assay was used to determine the total flavonoid content of the extracts [9]. Quercetin was used as a standard. The total flavonoid content (TFC) of the different extracts of senna singueana was determined in terms of Quercetin equivalents (mgQE/g), and the results are shown in Figure 19. Ethyl acetate extract had the highest TFC followed by followed by methanol extract and the petroleum ether extract which showed the lowest TFC. The concentration of flavonoids in extracts of the Senna singueana was determined using spectrophotometric method with aluminum chloride. The standard calibration curve equation that is used in calculation was y = 0.0018x + 0.2774, R² = 0.9993. The concentration of flavonoids in the extracts of Senna singueana ranged from 30.3889 to 240.83mg GA/g. Ethyl acetate extract contained the highest flavonoid concentration whereas the lowest flavonoid concentration was found in petroleum ether extract. The concentration of flavonoids in plant extracts depends on the polarity of solvents used in the extract preparation [57].
[bookmark: _Toc514231043][bookmark: _Toc515452212]Table 4: Total flavonoid content
	Solvent System

	Total Flavonoid Content (mg GA/g)±STD

	Petroleum ether 
	30.3889 ±0.0104

	Ethyl acetate 
	240.83±0.026

	Methanol 
	147.23 ±0.087





 
[bookmark: _Toc515451795][bookmark: _Toc515452039][bookmark: _Toc515453043]Figure 17: Total flavonoid content calibration curve

[bookmark: _Toc515451796][bookmark: _Toc515452040][bookmark: _Toc515453044]Figure 18: Total flavonoid content chart


4. 4. Antioxidant capacity assay
[bookmark: _Toc515638522]4.4.1. DPPH Radical Scavenging Activity
The antioxidant activity of different plant extracts from Senna singueana was determined using a methanol solution of DPPH reagent [58].  In the assay (Figure 18), the methanol extract showed a slightly higher activity than ethyl acetate extract, which in turn, was more active than petroleum ether extract. This means phytochemicals soluble in methanol possess a stronger potential to scavenge DPPH free radicals. The DPPH radical is capable of accepting an electron as well as hydrogen. The slightly higher free radical scavenging activity of the methanol extract presumably indicated the presence of a higher content of highly polar flavonoids and phenols in the metanol than the ethyl acetate and petroleum ether extracts, facilitating hydrogen atom transfer to take place [40]. 
[image: ]
[bookmark: _Toc515451797][bookmark: _Toc515452041][bookmark: _Toc515453045]Figure 19: Antioxidant dilutions picture
[bookmark: _Toc514231044][bookmark: _Toc515452213]Table 5: Absorbance and concentration of the standard and the extracts with absorbance of the control (0.9999)
	
	
			Absorbance

	S.No
	Concentration in mg/L
	Ascorbic Acid
	Petroleum ether extract
	Ethyl acetate extract
	Methanol extract

	1
	20
	0.5092
	0.925
	0.6190
	0.5901

	2
	40
	0.3559
	0.8587
	0.4337
	0.3863

	3
	60
	0.2236
	0.7854
	0.3054
	0.2724

	4
	80
	0.0951
	0.7502
	0.2446
	0.2023

	5
	100
	0.0149
	0.7329
	0.1902
	0.1220









[bookmark: _Toc515451798][bookmark: _Toc515452042][bookmark: _Toc515453046]Figure 20:  Absorbance vs concentration of ascorbic acid (AA), petroleum ether extract (PE), ethyl acetate (EA), and methanol extract (ME)
[bookmark: _Toc514231045][bookmark: _Toc515452214]Table 6: The % inhibition vs concentration of ascorbic acid and extracts with absorbance of the control (0.9999).
	
	
			% of inhibition 

	S.No
	Concentration in mg/L
	Ascorbic Acid
	Petroleum ether extract
	Ethyl acetate extract
	Methanol extract

	1
	20
	49.07
	7.491
	40.98
	38.09

	2
	40
	64.4
	14.12
	61.37
	56.63

	3
	   60
	77.63
	21.45
	72.76
	69.46

	4
	80
	90.48
	24.97
	79.77
	75.54

	5
	100
	98.5
	26.71
	87.79
	80.98






[bookmark: _Toc515451799][bookmark: _Toc515452043][bookmark: _Toc515453047]Figure 21:  % of inhibition of ascorbic acid (AA), petroleum ether extract (PE), ethyl acetate (EA), and methanol extract (MeOH)
[bookmark: _Toc515638523]4.4.2. Ferric reducing antioxidant power (FRAP) assay 
Reducing power (antioxidant capacity) of methanol, ethyl acetate and petroleum ether extracts of Senna singueana was determined and the results are shown in Figure 24. The methanol extract was displayed the highest reducing power whereas the ethyl acetate and petroleum ether showed the lowest reducing power. All three extracts showed almost similar increasing trend in reducing power with the increase in extract concentration. In this assay, the presence of reducers (i.e., antioxidants) causes the reduction of the Fe3+/ferricyanide complex to the ferrous form. Therefore, measuring the formation of Perl’s Prussian blue at 700 nm can monitor the Fe2+concentration [36]. The methanol extract which had the highest TPC and TFC, also displayed the highest reducing power (Figure 24). The correspondence supported to the fact that phenolic and flavonoids possess high antioxidant potential [59]. 
[image: C:\Users\DELL\Desktop\datas\New folder\DSC00528.JPG][image: ]
[bookmark: _Toc515451800][bookmark: _Toc515452044][bookmark: _Toc515453048]Figure 22: FRAP standards and samples
[bookmark: _Toc514231046][bookmark: _Toc515452215]Table 7: Percentage (%) reduction power (FRAP)
	
	Percentage (%) reduction power

	No
	Concentration 
	AA
	ME
	EA
	PE

	1
	100
	92.9366
	88.3409
	86.0960
	60.7677

	2
	80
	88.0819
	85.3004
	84.1679
	55.1033

	3
	60
	83.5336
	80.2403
	75.4480
	43.9348

	4
	40
	77.7235
	61.1898
	51.4758
	22.4183

	5
	20
	60.0330
	31.0402
	20.0389
	2.8368





[bookmark: _Toc515451801][bookmark: _Toc515452045][bookmark: _Toc515453049]Figure 23: Percentage (%) reduction power (FRAP)
[bookmark: _Toc515638524]4.4.3. Total antioxidant activity by phosphomolybdate assay 
This assay is based on the reduction of molybdenum (VI) to molybdenum (V) which takes place in the presence of a reducing agent (antioxidant). The product is a green phosphomolybdate (V) complex whose formation is monitored with a spectrophotometer. The assay is often used to estimate total antioxidant activity of a sample and the results are expressed in terms of Ascorbic Acid Equivalents (AAE). The standard curve equation that is used in calculation was y = 0.0084x - 0.1259, R² = 0.9988. The total antioxidant activity of various samples decreases in the following order: methanol showed highest concentration followed by ethyl acetate then petroleum ether. There is a good correlation between the DPPH, FRAP values and the total antioxidant activity measured by phosphomolybdate assay (Figure 27). In this study methanol fraction showed a higher value than ethyl acetate and petroleum ether extracts [60]. 
[image: ]
[bookmark: _Toc515451802][bookmark: _Toc515452046][bookmark: _Toc515453050]Figure 24: Phosphomolybdate assay standards and sample


[bookmark: _Toc515451803][bookmark: _Toc515452047][bookmark: _Toc515453051]	Figure 25: Total antioxidant activity by Phosphomolybdate assay calibration curve

[bookmark: _Toc514231048][bookmark: _Toc515452216]Table 8: Total antioxidant activity by Phosphomolybdate assay of extracts
	No
	Extracts 
	Concentration in mg/L ± STD

	1
	Petroleum ether 
	  26.178 ± 0.031

	2
	Ethyl acetate 
	    232.96± 0.058

	3
	Methanol 
	 304.15±0.074




[bookmark: _Toc515451804][bookmark: _Toc515452048][bookmark: _Toc515453052]Figure 26: Total antioxidant activity by Phosphomolybdate assay chart
[bookmark: _Toc515638525]4.2.5. Antibacterial activities of Senna singueana root bark extracts
Different extracts from the root bark of Senna singueana demonstrated antibacterial activities against gram-positive and gram-negative bacteria strains. As shown in Tables 9 & 10, most of  dilutions of each extract except 12.5 mg/mL and 25 mg/mL petroleum ether showed antibacterial activity compared to DMSO (negative control) which had inhibition zone of 5 mm (size of formed well). The methanol extract exhibited maximum zone of inhibition against gram positive bacteria followed by ethyl acetate and petroleum ether extracts and Streptococcus pyogenes was most susceptible gram positive bacteria followed by Staphylococcus aureus.  Among the gram negative bacteria, Salmonella typhi was the most susceptible followed Escherchia coli and Klebsiella pneumoniae. The antibacterial activity of most dilutions of each extract was statistically significant (P ≤ 0.05) compared to the negative control (DMSO) and displayed similar potency with that of tetracycline, a standard drug used as positive control in this study.  Thus, the present study showed that the different extracts of Senna singueana root bark possess significant antibacterial activity and provides possible rationalization to the traditional anti-infection use of the plant. Some of phytochemical groups (Table 2) detected in the different extracts may be responsible for the antibacterial activities. Anthraquinone, flavonoid, phenplic, alkaloids and tetrahydroanthracene derivatives with antimicrobial activity have been isolated from the root bark of Senna singueana [33] and hence supported the results of the present study. The results showed that for all microorganisms the activity decreased by decreasing the concentration of the extracts as shown in Tables 9 and 10.  The antibacterial activity of different solvent extracts of Senna singueana root against Staphylococcus aureus was found to display an inhibition zones within the range between 6.33 and 13.687 mm. The highest activity was observed in the ethyl acetate extract (13.687 mm), while there is lower activity on the petroleum ether and methanol extracts against Staphylococcus aureus. Where the reference tetracycline (30 μg/disk) gave zone of 9.00 mm. Different extracts of Senna singueana root bark showed antibacterial activity against E. coli, the extracts showed inhibition zone ranged from 6 to 14.67 mm. The lowest activity (6 mm) was obtained from the petroleum ether followed by ethyl acetate (10 mm) and methanol (14.67 mm) extracts but there is lower activity on petroleum ether extract against E.coli. Different extracts of Senna singueana root bark showed antibacterial activity against Streptococcus pyogenes, the extracts showed inhibition zone ranged from 6 to 13.3 mm. The highest activity (13.3 mm) was obtained from the methanol followed by ethyl acetate (11.83 mm) and petroleum ether (6 mm) extracts while there is lower activity on petroleum ether extract against Streptococcus pyogenes.   The root barks extracts of Senna singueana were showed antibacterial activity against Klebsiella pneumoniae, the inhibition zone ranged from 7.167 to 10.33 mm. The highest activity showed in methanol (10.3mm) while the lowest activity showed in petroleum ether. The petroleum ether, ethyl acetate and methanol root bark extracts demonstrated antibacterial activity against Salmonella with inhibition zone ranged (7.33-15.67 mm) the highest the antibacterial activity of showed in methanol while the petroleum ether showed lowest bacterial inhibition. 
[bookmark: _Toc514231049][bookmark: _Toc515452217]Table 9: zones of inhibition of different extracts of Senna singueana root bark against gram positive bacteria
	Test bacteria 
	Conc
(µg/ml)
	Mean zone of inhibition + S.D (mm)  
  
	

	
		
	Methanol
	Ethyl acetate
	Petroleum ether 
	Tetracycline 
	P-value

	Staphylococcus aureus
	100
	20.67±2.52
	13.687±3.05
	8.67±1.52
	23
	-

	
	75
	13.50ab ±2.0
	12.0a±3.2787
	7.0b±1.00
	
	0.05

	
	50
	9.00a ±1.32
	9.833a ±2.52
	6.3b±0.289
	
	0.045

	
	25
	7.331a±0.041
	7.33a±1.26
	0.00b
	
	0.008

	
	12.5
	6.33a±0.578
	4.83a±0.252
	0.00b
	
	0.032

	Streptococcus 
pyogenes
	100
	15.3ab±1.25
	10.83a±1.756
	8.3b±1.53
	18
	0.01

	
	75
	13.66a±0.289
	9.33a±1.04
	6.00b±0.0
	
	0.021

	
	50
	8.50a±1.323
	7.50a±0.50
	0.00b
	
	0.027

	
	25
	7.67a±0.764
	7.00a±0.50
	0.00b
	
	0.048

	
	12.5
	6.33a±0.578
	6.667a±0.76
	0.00b
	
	0.00


[bookmark: _Toc514231050][bookmark: _Toc515452218]a, b and ab  has a significant difference at confidence interval (p<0.05) and “-“ indicates no significance difference, Values are expressed in mean ± STD of 3 individual experiments
Table 10:  zones of inhibition of different extracts of Senna singueana root bark against gram negative bacteria
	Test bacteria 
	Conc
(µg/ml)
	zone of inhibition + S.D (mm)  
  

	
	
	Methanol
	Ethyl acetate
	Petroleum ether 
	Tetracycline 
	P- value

	Escherichia coli
	100
	14.67±1.53
	11.67±2.51
	10.00±2.64
	17
	-

	
	75
	12.00a ±1.50
	8.167b ±1.040
	8.33b ±1.52
	
	0.05

	
	50
	8.67±1.61
	6.83±1.45
	6.33±.2868
	
	-

	
	25
	6.833a ±1.041
	2.167ab ±3.75
	0.00b
	
	0.025

	
	12.5
	2.00±3.46
	-
	-
	
	-

	Klebsiella pneumonia
	100
	10.3333±1.53
	9.33±1.52
	8.667±1.51
	14
	-

	
	75
	8.00±0.00
	8.33±1.25
	7.167±0.76
	
	-

	
	50
	7.167a ±0.578
	7.00ab ±0.500
	2.00b±3.46
	
	0.035

	
	25
	2.00a ±3.46
	6.167a ±0.289
	-
	
	0.024

	
	12.5
	-
	-
	-
	
	-

	Salmonella typhi 
	100
	15.67±1.52
	14.00±2.64
	11.00±3.00
	19
	-

	
	75
	13.67a ±1.607
	11.50ab±3.041
	7.33b±2.30
	
	0.045

	
	50
	11.00a ±1.802
	9.50a ±1.802
	0.0b
	
	0.00

	
	25
	9.50a ±2.783
	8.1667a ±1.53
	0.0b
	
	0.001

	
	12.5
	7.00a ±0.50
	6.167b ±0.289
	-
	
	0.00


a, b and ab  has a significant difference at confidence interval (p<0.05) “-“ indicates no significance difference and  Values are expressed in mean ± STD of 3 individual experiments
[image: ][image: ]
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[bookmark: _Toc515451805][bookmark: _Toc515452049][bookmark: _Toc515453053]Figure 27: Klebsiella pneumonia (A), Escherichia coli (B), Staphylococcus aureus (C), Streptococcus pyogenes (D), Salmonella typhi (E) inhibition of methanol extracts of Senna singueana.
[image: ][image: ]
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[bookmark: _Toc515451806][bookmark: _Toc515452050][bookmark: _Toc515453054]Figure 28: Klebsiella pneumonia (A1), Staphylococcus aureus (B1), Escherichia coli (E1), Streptococcus pyogenes (C1), Salmonella typhi (D1) inhibition of ethyl acetate extract of senna singueana
[image: ][image: ]
[bookmark: _Toc515451807][bookmark: _Toc515452051][bookmark: _Toc515453055]Figure 29: Klebsiella pneumonia (A2), Escherichia coli (B2), Staphylococcus aureus (C2), Streptococcus pyogenes (D2), and Salmonella typhi (E2) inhibition zone of petroleum ether extract of senna singueana
[bookmark: _Toc515638526]4.2.6. MIC and MBC Determination:
The determination of Minimal Inhibitory Concentration (MIC) is sufficient to indicate the ability of a compound to inhibit microbial replication. With defined ranges of MIC and MBC, the tolerance and resistance shown by microorganisms demands the development of new antimicrobial agents as well as new methodologies to precisely quantify the microbicidal activity of the new pharmaceuticals.  MIC refers to the lowest concentration of an antimicrobial that will inhibit visible growth of a microorganism after 48 hours  incubation  while minimum bactericidal concentration (MBC) refers to lowest concentration of an antimicrobial that will prevent the growth of an organism after subculture on to antibiotic free media (i.e. concentration that will kill the microorganism) [11,61. 62]. MICs and MBCs of different extracts from Senna singueana root bark against both gram-positive and gram-negative strains were determined and the results are shown in Table 11. The lowest MIC was 12.5 mg/ml against Klebsiella pneumonia, Escherichia coli, Salmonella typhi, Streptococcus pyogenes (methanol extract); and the lowest MBC was 25 mg/ml against Klebsiella pneumonia, Salmonella typhi, Streptococcus pyogenes, Escherichia coli (methanol and ethyl acetate extracts), Salmonella typhi (petroleum ether extract). According Gebremariam et al [61] a sample is bactericidal when the ratio MBC/MIC ≤ 4, and bacteriostatic when this ratio is >4. In this study, MBC/MIC ≤ 4 and values have been shown for all the dilutions in which MIC and MBC has been determined and it is indicated that the tested extracts may be acting as bactericidal the growth and inhibition is shown in Figure 30. 
[bookmark: _Toc514231051][bookmark: _Toc515452219]Table 11: Minimum Inhibitory Concentrations (MICs) and Minimum Bactericidal Concentrations (MBCs) of different extracts of Senna singueana root barks against gram negative bacteria in mg/mL.
	 
	Methanol
	Ethyl acetate
	Petroleum ether

	 Test bacteria’s 
	MIC
	MBC
	MIC
	MBC
	MIC
	MBC

	Klebsiella pneumoniae
	12.5
	25
	25
	50
	50
	75

	Escherichia coli
	12.5
	25
	12.5
	25
	50
	75

	Staphylococcus aureus
	25
	50
	25
	50
	75
	100

	Streptococcus  pyogenes
	12.5
	25
	25
	50
	50
	75

	Salmonella typhi 
	12.5
	25
	25
	50
	25
	50




[bookmark: _Toc515451808][bookmark: _Toc515452052][bookmark: _Toc515453056]Figure 30: Chart of MIC and MBC of the root bark extracts of senna singueana












[bookmark: _Toc515638527]CHAPTER FIVE
[bookmark: _Toc515638528]CONCLUSION AND RECOMMENDATION
[bookmark: _Toc515638529]5.1. Conclusion
The air-dried and powdered root bark of Senna singueana was subjected to successive extraction and followed by phytochemical work of petroleum ether (60-80 ͦC), ethyl acetate and methanol extracts. The results of phytochemical work revealed the presence of alkaloids, phenols, flavonoids, tannins, terpenes, saponin, and glycosides in different concentration for each extract of the plant. Based on the above  results, it can be concluded that the all of the extracts (petroleum ether, ethyl acetate and methanol) of the root bark of Senna singueana  possess antioxidant activity, evidenced by the free radical scavenging property, phosphomolybdate and ferric reducing power property,  which may be due to the presence of phenolic and flavonoid components in the extract. It is noticed that the highest concentration of phenolic and flavonoid compounds in the extracts were obtained using solvents of high polarity ( methanol and ethyl acetate extract) manifested greater power of phenolic and flavonoid compounds from the root bark of senna singueana. The high contents of phenolic and flavonoid compounds and significant linear correlation between the values of the concentration of phenolic and flavonoid compounds and antioxidant activity indicated that these compounds contribute to the strong antioxidant activity. Antibacterial effects of root bark extracts of Senna singueana showed different degrees of inhibition against both Gram positive and Gram negative bacteria. The methanol and ethyl acetate extracts showed higher antibacterial activity than petroleum ether extracts. 








[bookmark: _Toc515638530][bookmark: _Toc497612341]5.2. Recommendation
· [bookmark: _Toc515021136]Isolation and characterization of bioactive compounds on the crude extracts of the stems,    flowers, root, wood and fruits of senna singueana using different solvent system should be done.
· [bookmark: _Toc515021137]Anti-microbial studies by using other kinds of bacteria and fungi on the crude extracts and pure compounds should be done.
· Determination of the cytotoxity level of the extracts from all parts of the plant also should be done. 
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Quantity of extracts for Senna Singueana

Petroleum ether 	Ethyl acetate	Methanol	2.5600000000000002E-3	1.8749999999999999E-2	0.10953499999999999	
Total Phenolic contents
Petroleum ether 	Ethyl acetate 	Methanol 	Petroleum ether 	Ethyl acetate 	Methanol 	20.010000000000002	152.85900000000001	273.45999999999998	Total flavonoids content

147.23
Petroleum ether 	Ethyl acetate 	Methanol 	30.3889	240.83	147	
Total antioxidant activity by phosphomolybdate assay 

Petroleum ether 	Ethyl acetate 	Methanol 	26.178000000000001	232.96420000000001	304.14999999999998	
MIC and MBC of root bark extracts of senna singueana
K. pneumonia	MIC	MBC	MIC	MBC	MIC	MBC	Methanol	Ethyl acetate	Petroleum ether	12.5	25	25	50	50	75	E. coli	MIC	MBC	MIC	MBC	MIC	MBC	Methanol	Ethyl acetate	Petroleum ether	12.5	25	12.5	25	50	75	S. aureus	MIC	MBC	MIC	MBC	MIC	MBC	Methanol	Ethyl acetate	Petroleum ether	25	50	25	50	75	100	S.pyogenes
	MIC	MBC	MIC	MBC	MIC	MBC	Methanol	Ethyl acetate	Petroleum ether	12.5	25	25	50	50	75	S. atyphi 	MIC	MBC	MIC	MBC	MIC	MBC	Methanol	Ethyl acetate	Petroleum ether	12.5	25	25	50	25	50	Extracts of senna singueana with diffrent  solvent system 
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