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ABSTRACT
The aim of this study was to determine whether neem leaf (Azadiracha indica) possesses antibiotic activity, with potential bacteriostatic and bactericidal effects on bacteria isolated from apparently healthy dogs. The leaves were washed, air-dried and ground to a powder form. A complete Soxhlet extractor was used for the methanolic solvent. The extract was collected and stored in a refrigerator until ready to use.  The phytochemical property of this plant was screened, after which the antimicrobial activity was tested. The stored extracts were reconstituted into four different folds of concentration, namely 25mg/ml, 50mg/ml, 100mg/ml and 200mg/ml, respectively. An agar well diffusion method was employed with a Mueller-Hinton agar.  Gram-positive Staphylococcus aureus and Gram-negative Escherichia coli were isolated from the dogs. Test organisms were prepared in peptone water and incubated for 2-3 hours at 37 °C. The prepared test organisms were spread individually on the Mueller-Hinton agar using a glass rod and with a 6mm cork borer, 4 wells were made on each plate and each well containing four drops of the different concentrations of extracts reconstituted and the plates were incubated at 37 °C for 24 hours. The result was estimated based on the zone of inhibition produced at different concentrations and measured in millimetres.  Staphylococcus aureus and Escherichia coli at 100mg/ml and 200mg/ml, respectively, showed remarkable zones of inhibition. Staphylococcus aureus produced zones of inhibition at 4.2 mm and 9.4 mm, while Escherichia coli produced 3.0mm and 7.0mm. The result of the phytochemical analysis showed the presence of saponin, phytate, glycosides, alkaloids, flavonoids and tannins. In conclusion, this study showed that Azadiracha indica have a concentration-dependent antimicrobial effect on Staphylococcus aureus and Escherichia coli, and this may be as a result of the phytochemical constituents found in them.
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INTRODUCTION
Neem, scientifically known as Azadirachta indica, belongs to the family Meliaceae and order Sapindales. It is a tropical evergreen tree native to the Indian subcontinent and parts of south-east Asia, but it is naturalised and grown around the world in tropical and subtropical regions (1) (Abinn et al., 2007). It is often referred to as the "wonder tree" due to its remarkable versatility and a wide array of applications, with neem leaves being one of its most celebrated components (2) (Grabley and Thierickee, 1999). Neem leaves possess potent antibacterial and anti-inflammatory properties, hence have been suggested for use in some bacterial infections. Staphylococcus aureus is a gram-positive, round-shaped bacterium, frequently found in the upper respiratory tract and on the skin. Though commensal, but could be pathogenic when present above a particular threshold (3) (Masalha et al., 2001). Staphylococcus aureus (grape-cluster berry, Latin aureus, golden) is a facultative aerobic, Gram-positive cocci (round) bacterium also known as "golden staph" and "orostaphira". S. aureus is non-motile and does not form spores. When viewed through a microscope, it appears as round, golden-yellow colonies, often with hemolysis, when grown on blood agar plates (4) Ryan et al. (2004). 
The emergence of Staphylococcus resistant strains like methicillin-resistant Staphylococcus aureus is on the alarming increase, and despite much research and development, no vaccine for S. aureus has been approved (5) (Clegg et al. 2021). Escherichia coli (E. coli) is a Gram-negative, rod-shaped, facultative anaerobic bacterium. This pathogenic E. coli can be categorised based on sero-groups, pathogenicity, mechanisms, clinical symptoms, or virulence factors (6) (Kaper et al., 2004). The infection caused by Enteropathogenic Escherichia coli is termed colibacillosis, and this is an infectious disease characterised by acute fatal septicemia, pericarditis, air sacculitis, salpingitis, and peritonitis affecting broiler chickens aged 4-6 weeks (7,8) (Alexandra and Senne, 2008) and Lutful (2010). Enteropathogenic E. coli cause acute, profuse, watery diarrhoea, which rarely becomes persistent (9) Dziva et al (2008). Stools are typically not bloody or dysenteric. Low-grade fever with nausea and vomiting may be present (10) (Stenuz et al., 2006). The main challenge to the poultry industry is antimicrobial resistance and the emergence of multidrug-resistant bacteria that threaten the safety of the food chain (11) (Ibrahim et al. 2019).
Staphylococcus aureus and Escherichia coli infections are very significant as they are almost always implicated as either opportunistic or causative agents of public health importance. Also, these organisms are known to develop resistance to some antibiotics (12) McGowan and Tenover (1996), thereby prompting the need for medicinal plants that can substitute for antibiotics. This study is designed to assess the antimicrobial potential of Azadiracha indica on bacteria isolated from the vagina of female dogs and to evaluate the bactericidal and bacteriostatic effect of neem leaf extract on bacterial isolates, and also provide the public with a better alternative, which is less expensive than the conventional drug (Antibiotic), with an efficient dose against bacterial diseases.



MATERIALS AND METHODS 
Collection and identification of samples: The plant sample, Azadiracha indica, was collected/harvested within the university environment (Michael Okpara University of Agriculture, Umudike, Umuahia, Abia State), and the plant was identified and confirmed by a taxonomist.
Preparation/processing of plant samples: The leaves were carefully separated from their stalk, washed and air dried for eight weeks. The dried leaves were ground with an electric grinding machine into a fine powder form for extraction and kept in a cool and dry place.
Extraction procedure: A solvent; the procedure involving the use of methanol and distilled water as described by (13) Ugochukwu et al. (2003), was employed.  The extraction of the ground dry leaves using methanolic solvents yields the most active extracts. The methanolic extract was obtained using a complete Soxhlet apparatus. The Soxhlet apparatus is useful in that it is cost-effective and uses less amount of solvent. The Soxhlet extraction uses solvent reflux and siphon principle to continuously extract samples with a pure solvent, which improves the solvent extraction efficiency and high efficiency. The sample was placed in a thimble-shaped filter paper positioned in the Soxhlet extractor, and the device was assembled. The solvent was then added to the solvent flask and mounted onto the heating mantle. After heating, the condensed vapours of the solvent came in contact with the sample powder, and the soluble part of the sample powder was mixed with the solvent for extraction. When the solvent surface exceeds the maximum height of the siphon, the solvent containing the extract is siphoned back. The flask was repeated, extracting a portion of the materials each time so that the solid sample used as a pure solvent and the extracted material is concentrated in the flask. Heat the flask continuously until the sample is washed completely, the solution in the flask is recovered, distilled, and the solvent is recovered, leaving the organic compound behind. It is collected and stored till ready for use.
Qualitative phytochemical screening of Azadiracha indica: The extract of the plant leaf Azadiracha indica was subjected to quantitative phytochemical analysis for the presence of tannins, saponins, flavonoids, alkaloids and phenols using the standard procedure as described by (14) (Sofowora, 1993).
Test for tannins: Test for tannins was as reported by (15) Behlil et al. (2019). A portion of 1ml of the extract was boiled in 20 ml of distilled water in a water bath in the test, and then filtered. A few drops of 0.1% ferric chloride were added and observed for the presence of green or blue-black colouration, which confirms the presence of tannins.
Test for saponins: This test was adopted as reported by (16) Ejikeme et al. (2014). About 5ml of extract was boiled in 20ml of distilled water in a water bath and then filtered. A volume of 10ml of the filtrate was mixed with 5ml of distilled water and shaken vigorously for a stable, persistent froth. The frothing was mixed with 3 drops of olive oil and shaken vigorously, then observed for the formation of an emulsion, which confirms a positive presence of saponins.
Test for alkaloids: The presence of alkaloids was determined as reported by (17) Chandra (2015). One millilitre (1ml) portion of the extract was stirred with 5ml aqueous HCL on a steam bath and filtered while hot. Distilled water was added to the residue, and 1ml of the filtrate was treated with a few drops of either Mayer's reagent (potassium mercuric iodide solution) gave a creamy white precipitate, a positive test for alkaloids.
Test for phytates: Test for phytates was adopted as reported by (15) Behlil et al. (2019). One gram (1 g) of the plant extract was dissolved in boiling distilled water and treated with 5ml of lead acetate (10%). Phenol was confirmed by the formation of a bulky precipitate.
Test for Flavonoids: Test for flavonoid, as reported by (18) Ezeonu and Ejikeme (2016), was emulated. A volume of 3 mL of 1% aluminium chloride solution was added to 5ml of each extract. A yellow colouration was observed, indicating the presence of flavonoids. 5ml of dilute ammonia solution was added to the above mixture, followed by the addition of concentrated H2SO4. The yellow colouration disappeared while standing. The yellow colouration, which disappeared on standing, indicates a positive test for flavonoids.
Test for glycosides: Salkowskis test; crude extract was mixed with 2ml of chloroform. Then 2 ml of concentrated H2SO4 was also added and shaken gently. A reddish-brown colour indicates the presence of a steroidal ring, i.e., glycone portion of glycoside. 
Keller-Kilani test: Crude extract was mixed with 2 ml of glacial acetic acid containing 1-2 drops of 2% solution of FeCl3. The mixture was poured into another test tube containing 2 ml of concentrated H2SO4. A brown ring on the interface indicates the presence of glycosides.

Quantitative determination of phytochemical constituents of the plants
Determination of tannins: The analytical method for quantitative determination of tannins was according to (19) Amadi et al. (2004). The Folin-Denis reagent was prepared by dissolving 50 g of sodium tungstate (Na₂WO₄) in 37 cm³ of distilled water. To the above prepared reagent, 10 g of phosphomolybdic acid (H3PM012O40) and 25cm3 of orthophosphoric acid (H3PO4) were added. Two-hour reflux of the mixture was carried out, cooled, and diluted to 500 cm³ with distilled water. 1 gram of the sample in a conical flask was added to 100cm3 of distilled water. This was boiled gently for 1 hour on an electric hot plate and filtered using number 42 (125 mm) Whatman filter paper in a 100 cm³ volumetric flask. Addition of 5.0 cm3 Folin-Denis reagent and 10 cm3 of saturated Na2CO3 solution into 50 cm³ of distilled water and 10cm3 of diluted extract (aliquot volume) was carried out after being pipetted into a 100cm3 conical for colour development. The solution was allowed to stand for 30 minutes in a water bath at a temperature of 25°C after thorough agitation with the aid of a Spectro 23a spectrophotometer optical density was measured at 700nm and compared on a standard tannic acid curve. Dis-solution of 0.20 g of tannic acid in distilled water and dilution in 200 cm3 mark (1 mg/cm3) were used to obtain the tannic standard curve. Varying concentrations (0.2-0.1 mg/cm3) of the standard tannic acid solution were pipetted into 5 different test tubes in which Folin-Denis reagent (5 cm3) and saturated Na2CO3 (10 CM3) solution were added and made up to 100cm3 mark with distilled water. The solution was left to stand for 30 minutes in a water bath at 25 °C. The optical density was obtained at 700nm with the aid of a Spectrum Lab 23A spectrophotometer, and optical density (absorbance) versus tannic acid concentration was plotted.
Formula
Tannic acid (mg/100g) = c x extract volume x 100/Aliquot volume x weight of sample.
Where (C) is the concentration of tannic acid read off the graph.
Determination of saponin: Saponin quantitative determination was carried out using the method reported by (20) Obadoni and Ochuko (2002). Exactly 100cm3 of 20% aqueous ethanol was added to 5 g of each wood powder sample in a 250 cm3 conical flask. The mixture was heated over a hot water bath for 4 hours with continuous stirring at a temperature of 55°C. The residue of the mixture was re-extracted with another 100cm3 of 20% aqueous ethanol after filtration and heated for 4 hours at the same temperature and continuous stirring. The combined extract was evaporated to 40cm3 over a water bath at a temperature of 90°C. 20cm3 of diethyl ether was added to the concentrate in a 250 cm3 separator funnel and vigorously agitated, from which the aqueous layer was recovered, while the ether layer was discarded. This purification process was repeated twice. 60cm3 of n-butanol was added and extracted twice with 10 cm3 of 5% NaCl. After discarding the NaCl layer, the remaining solution was heated in a water bath for 30 minutes, then transferred into a crucible and dried in an oven to a constant weight. The saponin content was subsequently calculated.
Formula:  % saponin = (weight of saponin/weight of sample) x 100

Determination of alkaloids: Quantitative determination of alkaloids was according to (21) Harborne (1973). Exactly 200 cm³ of 10% acetic acid in ethanol was added to the wood powder sample (2.50 g) in a 250 cm3 beaker and allowed to stand for 4 hours. The extract was concentrated on a water bath to one-quarter of the original volume, followed by the addition of 15 drops of concentrated ammonium hydroxide drop-wise to the extract until the precipitation was complete immediately after filtration. After 3 hours of mixture sedimentation, the supernatant was discarded and the precipitates were washed with 20 cm3 of 0.1M Ammonium hydroxide and then filtered using Gem filter paper (12.5 cm). Using the electronic weighing balance Model B-218, the residue was dried in the oven and the percentage of alkaloids was calculated.

Formula: % alkaloid = (weight of alkaloid/ weight of sample) x 100

Determination of phenol: Defatting of a 2 g wood powder sample was carried out for 2 hours in 100cm3 of ether using a Soxhlet apparatus. The defatted sample (0.5 g) was boiled for 15 minutes with 50 cm3 of ether for the extraction of the phenolic components. Exactly 10 cm3 of distilled water, 2 cm3 of 0.1 N ammonium hydroxide solution, and 5 cm3 of concentrated amyl alcohol were also added to 5 cm3 of the extract and left to react for 30 minutes for colour development. The optical density was measured at 505 nm. 0.02 g of tannic acid was dissolved in distilled water and diluted to the 200 mL mark (1 mg/ cm3) in the preparation of the phenol standard curve. Varying concentration (0.2-0.1 mg/cm3) of the standard tannic acid was pipetted into 5 test tubes to which 2 cm3 of NH3OH, 5 cm3 of Amyl alcohol, and 10 cm3 of water were added. The solution was made up to 100 cm3 volume and left to react for 30 minutes for colour development and optical density was determined at 505 nm (Keay et al., 1964).
Media preparation: All media used were prepared according to the manufacturer’s directions and in an aseptic environment in the veterinary microbiology laboratory, at Michael Okpara University of Agriculture, Umudike.
Nutrient Agar (Fluka): Nutrient agar was prepared by suspending 28 grams of the medium in one litre of distilled water and sterilised in an autoclave at 121°C, 15 Ibs for 15 minutes, then poured into a Petri dish of nutrient agar was used for plating of organisms and also for sensitivity test and stocking of organisms in a slant. 
Mac-Conkey Agar (MCA): Mac-Conkey agar is a differential medium used to distinguish lactose-fermenting organisms from non-lactose-fermenting organisms. Fifty-one grams (51.0g) of MacConkey agar was suspended in 1 litre of distilled water. The powder dissolved completely by heating in a water bath, then sterilised in an autoclave at 121°C 15 Ibs for 15 minutes, then poured into a Petri dish about 16-18 ml in each plate and allowed to solidify at room temperature. The shelf life is about 4 weeks, and stored in a refrigerator.
Blood Agar (BA): This is an enrichment medium, which can be made selective by the addition of antibiotics. Forty (40.0) grams of the medium were dissolved in 1 litre of distilled water, and heated in a water bath so as to completely dissolved. It was then sterilised in an autoclave at 121°C and 15 Ibs, after which it was poured into the Petri dish about 16-18 ml per plate and allowed to solidify. The shelf life is about 4 weeks, and stored in a refrigerator.
 Mannitol salt agar (MSA): This is a selective medium and it is selective for Staphylococcus species. One hundred and eleven grams (111g) of MSA is suspended in 1 litre of distilled water.  The powder dissolved completely by heating in a water bath, then sterilised in an autoclave at 15 ibs, 121°C for 15 minutes, then poured into a Petri dish about 16-18 ml in each plate and allowed to solidify at room temperature. The shelf life is about 4 weeks, and it is stored in a refrigerator.
Eosin Methylene Blue agar (EMB): Thirty-six grams (36 g) of the medium is suspended in 1 litre of distilled water. The powder dissolved completely by heating in a water bath, then sterilised in an autoclave at 121°C, 15 Ibs for 15 minutes. It is allowed to cool, then poured into a Petri dish, about 16-18 ml in each plate and allowed to solidify at room temperature. The shelf life is about 4 weeks, and it is stored in a refrigerator.
Salmonella Shigella Agar (SSA): Suspend 63 grams (63g) of SSA in 1 litre of distilled water, bring to a boil with frequent agitation and allow to cool. Then, pour in a Petri dish about 16-18 ml per plate and store in a refrigerator.
Isolation and determination of test organism:  Samples like the vagina swab and nasal swab were collected from healthy dogs and sent to the Veterinary Microbiology Laboratory, Michael Okpara University of Agriculture, Umudike, for culturing and isolation and identification.
[bookmark: _28h4qwu]Nutrient agar: Samples collected were cultured in a nutrient agar and incubated at 37°C for 24 hours. Colonies from the first plate were sub-cultured on another nutrient agar and incubated at 37°C for 24 hours to get a better colony.
Mannitol Salt Agar (MSA): Colonies from the nutrient agar subculture were further subcultured into MSA and incubated at 370°C for 24 hours. Yellowish colonies grew on the plate and the colour of the medium as well. Yellowish colour on mannitol salt agar is characteristic of a typical pathogenic Staphylococcus aureus, while a little area showed pinkish colonies, which is a characteristic feature of a typical non-pathogenic Staphylococcus epididymis. A stock of this organism was prepared in a slant.
Gram staining: Gram staining is a common, important and most used differential staining technique in microbiology, but the modified form as posited by (22) Rand and Tillan (2006) was used. The yellow colonies on the mannitol salt agar plate were subjected to Gram staining using the procedures described by (23) Bruckner (2021).
A clean and grease-free slide was used to make a smear. The slide was passed through a flame, with a flamed wire loop, a loop full of 0.85% physiological saline was placed at the centre of the slide. A well-separated colony on the blood agar was taken by a touch of the wire loop, emulsified in the saline and spread all through the length and width of the slide; a thin film was formed. The slide was allowed to air dry, after which it was heat fixed by passing it twice over the flame of the burner quickly while being held at one end.
Staining procedure: The smear was first covered with crystal violet and allowed to stand for one minute, after which it was rinsed gently with a pipette containing distilled water. Lugol's iodine was applied and allowed to stand for another minute, and rinsed gently under running water. The decolouriser, 95% alcohol, was applied to cover the smear and was washed off immediately after application. This was followed by application of safranin, which was allowed to stand for one minute and was washed off. The slide was then allowed to dry and viewed with a microscope using oil immersion. Coccal-shaped organisms in clusters were seen, which is suggestive of Staphylococcus. 
Catalase test: The test was carried out as described by (24) Karen (2010). Pour 2-3 drops of hydrogen peroxide on a clean glass slide, a loopful of colony from the growth on mannitol salt agar is collected and mixed with the 3% hydrogen peroxide solution. There was an immediate bubbling on the slide, which indicates oxygen production. This showed a positive catalase test and shows that Staphylococcus is present.
Eosin methylene blue: Colonies from agar plate were sub-cultured on eosin methylene blue agar media, and incubated at 40°C for 24 hours. Results after 24 hours showed colonies with greenish metallic colours, which were characteristic of Escherichia coli as described by (25) Shetty et al. (2019). The test organisms were maintained on nutrient agar broth prior to their use for the experiment. 
Indole test: Pure culture from the plate is grown in a peptone broth for 1-2 days before carrying out this test. Following incubation, 5 drops of Kovacs reagent were added to the broth. A positive result shows a red color in the surface alcohol layer of the broth, which is a positive result.
 Minimum Inhibition Concentration: The minimum inhibition concentration of the crude extract was determined using the modified method of (26) Akinpelu and Kolawole (2014). Concentrations used for MIC 25, 50, 100 and 200 mg/ml. Two millilitres (2ml) of each dilution was mixed with 18 ml of nutrient agar and poured into a Petri-dish and allowed to set. The agar was streaked with an overnight broth culture of the bacterial isolates and incubated at 37°C for 24 hours, after which they were examined for the presence and absence of growth. The minimum concentration that completely inhibited macroscopic growth was regarded as the minimum inhibition concentration of the respective extracts.
[bookmark: _nmf14n]In-vitro antimicrobial potential of Azadiracha Indica leaf extract on isolated organisms: The stored extract was reconstituted using distilled water to obtain stock solutions, which were further diluted individually to obtain the following concentrations: 25mg/ml, 50mg/ml, 100mg/ml and 200mg/ml. 
For 200mg/ml, 1 gram of the extract is diluted in 5ml of distilled water, 1gram/5ml = 0.2gram/ml, converting gram to mg=0.2 x 1000= 200mg/ml.
For 100mg/ml, 1gram/10ml = 0.1g/ml   =100mg/ml
For 50mg/ml, 0.5 gram /10ml= 0.05g/ml = 50mg/ml
For 25mg/ml, 0.5g/20ml = 0.025g/ml =25mg/ml
The agar well diffusion test method, as reported by (27) Humphries (2020), was used to determine the bacterial sensitivity of the extract by taking the reading of the different zones of inhibition of the extract to the organism. Nine Mueller-Hinton plates were used: 4 plates for Staphylococcus aureus, 4 plates for Escherichia coli, and 1 plate for a control with distilled water. The test organism was prepared in peptone water and incubated for 3 hours. Using a glass rod, the test organism in the peptone water was evenly spread all over the surface of the Mueller-Hinton agar plate and allowed to set for 2 hours. Using a cork borer of 6mm in diameter, 4 wells were made on each plate, each well containing a different concentration of the extract prepared. The wells were added 4 drops of each plant extract concentration. The antimicrobial activity was estimated in the diameter of the clear zone (mm) produced by the plant extracts of different concentrations.

 RESULT: 
From the result of the study, alkaloids were highly present in the neem leaf (Azadiracha indica) as indicated by 3plus sign (+++), flavonoids and phytate were moderately present as shown by 2plus (++), while tannin, glycosides and saponin were the least present, having only 1plus (+), Table 1. Antimicrobial activity of methanolic leaf extract of Azadiracha indica with zones of inhibition measured in (mm) at different concentrations. The inhibition diameter for the methanolic leaf extract of Azadiracha indica against Staphylococcus aureus showed a larger diameter or zones of inhibition compared to the other organisms. Alkaloids, flavonoids and phytate presented a concentration of 16.15, 5.11 and 3.69, making them the most present in the neem, while glycoside, tannin and saponin presented low concentrations of 1.18, 0.49 and 0.63 as shown in Figure 1. The zone of inhibition at a concentration of 200mg/ml was highest in Staphlococcua aurues at 10mm and 9.4mm, while E.coli at the highest concentration of 200mg/ml gave a zone of inhibition of 8.2mm and 7.6mm, respectively, Figure 2. The bar chart shown in Figure 3 shows the Minimum inhibitory concentration of methanolic Azadiracha indica leaf extract, where S. aureus is inhibited at a concentration of 100mg/ml and E. coli was inhibited at 100mg/ml.



[bookmark: _37m2jsg]Table 1: The qualitative analysis of Azadiracha indica on methanolic extraction.
	Parameters 
	Results 

	Alkaloid        
	 +++

	Saponin
	 +

	Tannin
	 +

	Flavonoids  
	 ++

	Phytate         
	 ++

	Glycosides
	 +


Key: + = present, ++ moderately present, +++ = highly present
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Figure 1: The methanolic quantitative analysis of alkaloid, tannin, saponin, phenol and flavonoids in Azadiracha indica
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      Figure 2: Antimicrobial sensitivity test result of the methanolic extract of Azadiracha indica
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Figure 3:  Minimum inhibitory concentration of methanolic Azadiracha indica leaf extract 
This bar chart shows the Minimum inhibitory concentration of methanolic Azadiracha indica leaf extract, where S. aureus is inhibited at a concentration of 100mg/ml and E. coli was inhibited at 100mg/ml.

Discussion 
Many of the existing synthetic drugs cause various side effects. Hence, the development of plant-based compounds is required to meet this demand for the production of newer drugs with minimal side effects. A. indica leaves possess a good antibacterial activity, confirming the great potential of bioactive compounds, and this is useful for rationalising the use of this plant in primary health care. In this study, the methanolic extract of dried leaves of Azadiracha indica was tested for its antimicrobial potential against the test organisms, gram-positive Staphylococcus aureus and gram-negative Escherichia coli, at different concentrations of the extract. After which, the minimum inhibition concentration was determined to establish the potency of the extracts. This experiment was assessed using different concentrations of the extract (25, 50, 100 and 200mg/ml).
Results of this study showed that the methanolic extract of Azadiracha indica has a concentration-dependent antimicrobial activity on the test organisms, Staphylococcus aureus and Escherichia coli. This study is in agreement with the research work of (28) Katz. (2010)
Awasthy and co-researchers (29) (1990) reported that the ethanol extract of Neem is very useful orally to treat many diseases caused by bacteria. (30) Subapriya and Nagini (2005) reported that the presence of high concentrations of azadirachtins, quercetin and β-sitosterol in A. indica leaves might be responsible for strong antibacterial and antifungal activity. Furthermore, (31) Maragathavalli and his co-authors (2011) studied the antimicrobial activities of ethanolic extracts of Neem leaves in various concentrations against pathogenic bacteria.
In the results obtained from this study, Fig. 3 showed that the methanolic extract of Azadiracha indica was sensitive to Staphylococcus aureus at the highest concentration of 200mg/ml and also Escherichia coli at 200mg/ml. This observation is in agreement with the research work of (32) Mohammed et al. (2015)
Mohammed and his co-researchers observed that Staphylococcus aureus was more sensitive to the ethanolic extract of Azadiracha indica than Escherichia coli, and this observation is in agreement with this study using methanol as a solvent in place of ethanol.
The sensitivity of Staphylococcus aureus and Escherichia coli, as shown in Figure 2, is directly proportional to the concentrations of the extract, in which an increase in concentration leads to an increase in sensitivity. This is in agreement with the report of (32) Mohammed et al. (2015).
Figure 2 proved the antimicrobial potential in all the extracts used at different concentrations at 10mg/ ml and 200mg/ml, the methanolic extract of neem leaf showed inhibitory effect on both bacterial growths, i.e. Staphylococcus aureus and E coli.
The results of the phytochemical analysis in Figure 1 showed that the antibiotic activity of the extract can be attributed to the active constituents present, which include flavonoids, tannins, saponins, glycosides, phytate and alkaloids (33) (Chukwuma and Chigozie, 2016).
Other related research works where the antimicrobial potential of medicinal plants is estimated include (34, 35) Nwinyi et al. (2008) and Anyanwu and Nwosu (2012), who estimated the antimicrobial potential of aqueous extract of Gongronema latifolium on Staphylococcus aureus and Escherichia coli, and its results were estimated based on the inhibitory zones on the plate.
 Aslam and her co-workers in their study were able to find out the action of Neem extract on three bacterial strains: Staphylococcus aureus, Corynebacterium bovi and E. coli; and they discovered that a 75 mg/ml concentration was very effective. Also, (36) Raja et al. (2013) compared the antimicrobial efficacy of aqueous extracts of the leaf of A. indica against human pathogenic bacteria (Staphylococcus aureus, Enterococcus faecalis, Proteus mirabilis and Pseudomonas aeruginosa). They found that leaf extract exhibited strong antimicrobial activity against these bacteria at all the concentrations tested (500, 1000 and 2000μg/ml).
Conclusion
From this study, it can be concluded that the methanolic extract of Azadiracha indica dried leaves has antimicrobial activity against the test organisms (Staphylococcus aureus and E. coli). The extract can be applied clinically in the treatment of different clinical infections caused by these test organisms.  The antimicrobial activities of dried Azadiracha indica leaves extract are better extracted using methanol as a solvent. This study also discussed the long history of the use of this plant in traditional medicine in the treatment of local and systemic diseases. There is a need for more research on the effect of the use of other solvents for plant extraction on the antimicrobial potential of the plant extract. 
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