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ABSTRACT
Plant extract contains several bioactive constituents that have been shown to possess health promoting properties. Plant derived bioactive compounds, such as biologically active proteins, phenols, carbohydrates , alkaloids, cadiac glycosides, flavonoids, phenols, anthraquinones, proteins, terpenoids, saponin, steroids and tanins  have been reported to be beneficial for human health, as anticancer, antioxidant, anti-infectives, anti-inflammatory, anitibactaria, antidiabetics and neuroprotective. The geographical location of a plant, soil condition and climate factors can affect the quantity and presence of photochemicals in a given plant. This analysis describes the qualitative phytochemical screening of the leaves of Azadirachta Indica in Uturu area, Nigeria using two solvents , n- hexane and ethanol for extraction which yield  a comparative qualitative result. Also the quantitative analysis of different classes of bioactive compounds present in these leaves were identified by GC-FID analysis. Genistein, luteolin, ferulic acid, artemetin, gallocatechin, flavones, reveratrol, lunamarin, retusin, nobeletin, ellagic acid, tangeretein, epicatechin, vanillic, hesperidin, butein, apigenin, naringenin, myricetin, hesperidin, isorhamnetin, maricetin and daidzein are bioactive compounds identified by GC-FID analysis of Azadirachta Indica leaves in substantial and trace amounts. The  metabolites and bioactive compounds present in Azadirachta indica leaves makes it a  potential medicinal plants that contains therapeutic activities.
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INTRODUCTION
“Plant derived medications have notably improved human health and have served as models for western medicines and a source of inspiration for new ones. Over 70% of contemporary pharmacological products are thought to be based on plants” ( Marrelli, 2021; Swamy and Akhtar, 2019). “Example the production of artemisinin, which is derived from the plant Artemisia annua and used to make the anti-malaria treatment artesunate as well as other artemisinin-based medications” (Annaet al., 2023).
“Natural products such as plant products show an important role in diseases prevention and treatment through the enhancement of antioxidant activity, inhibition of bacterial growth, and modulation of genetic pathways. The therapeutics role of number of plants in diseases management is still being enthusiastically researched due to their less side effect, relative safety, accessibility and affordable properties” (Leset al., 2024; Alzohairy, 2016). 
“Neem (Azadirachta indica) has been used for thousands of years for its medicinal properties. It has many potential uses, including treating infections, inflammation,skin diseases, insect repellent, dental hygiene, antiviral, birth control, reducing dandruff, reducing joint pain, treating ulcers, in gastrointestinal diseases, treating brain ailments, treating acne  and  lice” (Wylie&Merrell, 2022). 
“Azadirachta indica), fast-growing tree of the mahogany family (Meliaceae), valued as a medicinal plant,a source of organic pesticides, and for its timber uses. Neem is likely native to the Indian subcontinent and to dry areas throughout South Asia. Its present in parts of Africa, the Caribbean, and numerous counties in South and Central America. The plant has long been used in Ayurvedic and folk medicine and is usedin cosmetics and in organic farming applications” (Joseet al., 2020).
Azadirachta indica has many common names, including; Neem tree, Nim tree, Indian lilac, Margosa tree, Nimba tree, Miracle tree, Margousier, Margosier, Amargosa, and Niembaum. In Nigeria, the Igbo name for the neem tree is "Akum-shut-up". The Yoruba name is Dogoyaro and in Hausa,it is  known  as Darbejiya, Bediand Maina.
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Figure 1: picture of Azadirachta indica plant (picture source: eBay)


MATERIALS AND METHODS
Extraction of the plant sample
The leaves of A- indica was collected within the environment of Uturu in isukwuato Local Government Area of Abia state, Nigeria. It was identified at the Department of Biological Sciences at the Abia state university and taken to industrial Chemistry laboratory for further analysis. The leave  sample were dried at room temperature away from direct sunlight. Samples were ground using blender into fine powder. Soxhlet extraction method was used for the extraction. Two solvents; n-hexane and ethanol was used in the extraction method. 200 ml of ethanol was poured into the boiling flask and the boiling flask containing the solvent was placed in the heating mantle. 30 g of the sample was measured and placed in the extraction chember.  The system was left to flush three times before the sample extracted is used to carry out the phytochemical analysis. The same procedures was used to get the n-hexane sample extract.
QUALITATIVE PHYTOCHEMICAL SCREENING ANALYSIS 
Chemical tests for the screening and identification of bioactive chemical constituents in Azadirachta indica under study were carried out in extracts of the leaves using conventional qualitative techniques. The test includes;
Test for carbohydrates (Fehling test)
“A small quantity of crude extracts was added after Fehling Solution 1 and Fehling Solution 2 were combined in equal parts (2 mL each). After a little more heating, the test tube's bottom turned brick-red, indicating that carbohydrates is present in the mixture” (Phuyalet al., 2019).
Test for flavonoids (alkaline reagent test).
“By adding 2 milliliters of 10% NH4OH to the extract  solution and observing for the appearance of a yellow tint, the presence of flavonoids was verified” (Alemuet al., 2024)
Test for Protein (xanthoproteic test)
“By adding few drops of nitric acid to each of the plant extract and observing the formation of yellow colour proves the presence of protein” (Buddhiet al., 2021). 
Test for tanins (braymer's test)
“10% alcoholic ferric chloride is added to 3 ml of extract. Dark blue or greenish grey coloration of the solution confirmed the presence of tannin” (Kancherlaet al., 2019).
Test for saponin (foam test)
“0.5 g of extract with 5 ml of distilled water was boiled in a water bath for 10 minutes. The mixture was filtered while hot and allowed to cool. 1 ml of the filtrate was diluted with 4 ml distilled water and shaken vigorously for 2 minutes. Appearance of frothing indicates the presence of saponin in the filtrate” (Aliet al., 2018)
Test for phenol (ferric chloride test)
“The extracts (2 ml) were combined with 10% FeCl3 solution and purified water. The presence of phenolic compounds was indicated by the emergence of a dark green coloring” (Moozaet al., 2014).
Test for steroids and terpenoids (liebeann - burchard test)
“A test tube containing 3 ml of extract, 2 ml of chloroform, and a few drops of acetic anhydride was heated in a water bath and quickly cooled in cold water. There was a brown ring where the two liquids met when conc. H2SO4 was mixed with the test tube wall. The top layer turned green to indicate the presence of steroids, and adark red tint formed to show the presence of terpenoids” (Christy and Sasi, 2015).
Test for alkaloids (Mayer’s test)
“After adding a small amount (2 ml) of the extract to a few milliliters of diluted HCl, the mixture was filtered. A yellow colored precipitate was seen when two drops of potassium mercuric iodide (Mayer's reagent) solution were added to a small quantity (2 ml) of the extract solution from the test tube's side” (Kancherlaet al., 2019).
Test for cadiac glycosde (keller kelliani's test)
“1ml sample extract was dissolved in 1ml of glacial acetic acid containing one drop of ferric chloride solution. Which is under layered with 1ml of conc. H2SO4 acid. A brown ring obtained at the interface shows the presence of cardiac glycosides” (Onyewaleet al., 2002).
Test for free anthraquinones (the borntrager test) 
“0.2 g of the extracts with 10 ml of benzene were added and shaked. The mixture was filtered. 5 ml  of 10% ammonia solution was added to the filtrate and shaken vigorously. The prescence of pink-redcolor in the lower phase of the mixture confirms the substance contains free anthraquinones” (Kujuret al., 2010).


Quantitative Analysis by Gas Chromatography-Flame Ionization Detector (GC-FID)
 GC -FID  ANALYSIS of Azadirachta indica leaves 
The Bioactive compound composition of Azadirachta indica leaves was determine using Gas Chromatography Flame Ionization Detector (GC-FID) system. The GC-FID analysis of phytochemical was performed on a Agilent 6890 Gas chromatography equipped with a flame ionization detector. A RESTEK 15 meter MXT-1 column (15m x 250um x 0.15um) was used. The injector temperature was 280oC with splitless injection of 2ul of sample and a linear velocity of 30cms-1, Helium 5.0pa.s was the carrier gas with a flow rate of 40 mlmin-1.  The oven operated initially at 2000c,  it was heated to 3300c at a rate of 30c min-1 and was kept at this temperature for 5min. the detector operated at a temperature of 3200c. Phytochemicals  were determined by the ratio between the area and mass of internal standard and the area of the identified phytochemicals. The concentrations of the different phytochemicals were expressed in µg/ml, µg/g, and ppm.
RESULT AND DISCUSSION
 RESULT OF SELECTED PRIMARY AND SECONDARY METABOLITES ANALYSIS
The result of selected primary and secondary metabolites from Azadirachta indica leaves is presented in table 1
Table 1: Result of selected primary and secondary metabolite screening of Azadirachta indica leaves.


	BIOACTIVE COMPOUND
	SAMPLE A 
N-hexane leave extract
	SAMPLE B
Ethanol leave extract

	CARBOHYDRATES 
	+
	+

	ALKALOIDS
	+
	+

	CADIAC GLYCOSDE
	+
	+

	FLAVONOIDS
	++
	++

	PHENOLS
	_
	++

	ANTHRAQUINONES
	+
	_

	PROTEINS
	_
	+

	TERPENOIDS
	+
	+

	SAPONIN
	+
	+

	STEROIDS
	_
	+

	TANINS
	+
	+


Keys (+) = present, (-) = absent, (++) = actively present
Table 1  shows the phytochemical result of the n- hexane and ethanolic extract of  Azadirachta indica leaves using soxhlet extraction method.  Carbohydrates was present in the n- hexane and ethanol leave extract, this show that Azadirachta indica leave extract  has trace of carbohydrates in it. “Carbohydrates provide the body with glucose, which is converted to energy used to support body functions and physical activities. Flavonoids was actively present in theleaves extract,these natural antioxidant possess a wide variety of biological attributes, such as anti-aging, anti-inflammatory, anti-viral, anti-microbial, and anti-cancer properties” (Otukwudeet al., 2025; Zhanget al., 2016). 
Phenol, protein and steroids are absence in n- hexane extract but present in ethanol extract because hexane is a non-polar solvent that selectively dissolves non-polar compounds. Phenol, proteins and steroids are large complex polar molecules that are not soluble in non-polar solvents. In contrast, ethanol is a polar solvent capable of extracting a wider range of compounds, including polar molecules like proteins, steroids and phenol. “Phenols are natural antioxidants and have been reported to possess several biological attributes, such as anti-cancerous, anti-aging, and anti-inflammatory properties” (Xuet al., 2017;Singh et al., 2015). “Steroids has many physiological functions  such as an antioxidant function, anti-inflammatory and antipyretic effects and a hormone like effect” (Walter, 2023).
Tanin and saponin which are used to treat tonsillitis, pharyngitis, haemorrhoids and skin eruptions, also in the treament of diarrhoea and intestinal bleeding and as an antidote for metallic, alkaloidal, and glycosidic poisonare present in n-hexane and ethanol extract of Azadirachta indica leaves (Farhaet al., 2020; Joseet al., 2020). Alkaloids which  are known for their antimicrobial activities such as antibacterial, antifungal and anticancer are present in n- hexane and ethanol extract of Azadirachta indica leaves, a similar result can be seen in a study carried out by  El-Genfy (El-Gendyet al., 2023; Bribi, 2018).Cardiac glycoside was also presence in both extract. “They are a class of organic compounds that increase the output force of the heart and decrease it's rate of contractions by inhibiting the cellular sodium-potassium ATPase pump. Their beneficial medical uses are as treatments for congestive heart failure and cardiac arrhythmias” (Akinwumi and Ambali, 2024).
“Anthraquinones are present in n-hexane extracts because they are non-polar and are better dissolved by non-polar solvents,  making them more soluble in n- hexane solvent compared to ethanol” (Falana&Nurudeen, 2020). Anthraquinones are used as antioxidants, laxatives, anti-inflammatory, anti-arthritic, anti-cancer, anti-bacterial, anti-fungal, anti-diabetic, neuroprotective and immunomodulator.
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Figure 2: GC-FID CHROMATOGRAM OF Azadirachta indica LEAVES EXTRACT

Table 2: Result of bioactive compound identified in methanolicAzadirachta indica leave extract by Gas chromatography Flame Ionization Detector analysis (GC – FID). 
	Peak No
	Retention time
	Compound found
	Formulae
	Peak area
	Class of secondary metabolites
	Amount

	1
	2.61
	Kaemferol
	C15H10O6
	210.53
	Flavonoid
	26.15

	2
	3.05
	Catechin
	C15H14O6
	129.44
	Flavonoid
	18.33

	3
	4.56
	Quercetin
	C15H10O7
	5.96
	Flavonoids
	0.82

	4
	4.76
	Genistein
	C15H10O5
	6.57
	Flavonoids
	0.92

	5
	6.16
	Luteolin
	C15H10O6
	7.40
	Flavonoids
	3.61

	6
	6.37
	Ferulic Acid
	C10H10O4
	37.41
	Phenolic acids
	5.40

	7
	7.06
	Artemetin
	C20H20O8
	4.36
	Terpenoid
	0.60

	8
	7.28
	Gallocatechin
	C15H14O7
	1.6
	Flavonoid
	0.21

	9
	7.45
	Flavones
	C15H10O2
	6.36
	Flavonoid
	0.88

	10
	7.63
	Reveratrol
	C14H12O3
	14.59
	Polyphenol
	3.17

	11
	7.88
	Lunamarin
	C10H17NO6
	5.53
	Terpenoid
	0.73

	12
	8.01
	Retusin
	C19H18O7
	2.62
	Flavonoid
	0.32

	13
	8.51
	Nobeletin
	C21H22O8
	1.12
	Flavonoid
	0.15

	14
	8.88
	Ellagic acid
	C14H6O8
	9.34
	Polyphenol
	5.87

	15
	9.33
	Tangeretein
	C20H20O7
	10.89
	Flavonoid
	6.67

	16
	9.74
	Epicatechin
	C15H14O6
	3.83
	Flavonoid
	0.52

	17
	9.90
	Vanillic
	C8H8O4
	130.06
	Phenolic acid
	19.68

	18
	11.78
	Hesperidin
	C28H34O15
	5.21
	Flavonoid
	0.72

	19
	10.29
	Butein
	C15H12O5
	9.38
	Phenolic
	5.83

	20
	10.43
	Apigenin
	C15H10O5
	1.65
	Flavonoid
	0.28

	21
	11.17
	Naringenin
	C15H12O5
	4.50
	Flavonoid
	0.68

	22
	11.47
	Myricetin
	C15H10O8
	5.26
	Flavonoid
	0.77

	23
	11.76
	Hesperidin
	C28H34O15
	2.89
	Flavonoid
	0.38

	24
	12.31
	Daidzin
	C21H20O9
	3.36
	Flavonoid
	0.48

	25
	12.56
	Isorhamnetin
	C6H12O7
	2.44
	Flavonoid
	0.39

	26
	13.01
	Maricetin
	C15H12O5
	1.87
	polyphenolic 
	0.25

	27
	14.10
	Daidzein
	C15H10O4
	27.88
	Flavonoid
	6.17



Table 2 shows the bioactive compounds present in the leave extract of Azadirachta indica as indicated in the GC-FID chromatogram in figure 2. Among all the bioactive compounds present, Kaemferol, Vanillic and Catechin are the most abundant. Kaemferol has the highest amount of 26.15ppm, followed by Vanillic with the amount of 19.68ppm and Catechin which is 18.33ppm. “This indicates that the leave extract of Azadirachta indica by GC-FID  analysis contains Flavonoid and Phenolic acid in substantial amount. Flavonoids which are naturally occurring compounds in plants, have diverse therapeutic uses, including antioxidants, anti-inflammatory agents,anticancer and antiviral activities, making them potential treatments for various diseases” (Shenet al., 2022; Otukwudeet al , 2025). The structure of the most abundant compounds are shown in figure 3.
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Figure 3: selected structures of bioactive compounds present in Azadirachta indica leaves.
“Phenolic acidsexhibit a wide range of therapeutic functions, primarily due to their antioxidant and anti-inflammatory properties. They have shown to play a role in combating various diseases, including cancer, cardiovascular diseases, diabetes, and neurodegenerative disorders” (Abotalebet al., 2020). Polyphenol such as stilbenoids which are present in Reveratrol has diverese therapeutic functions such as Antioxidant, Anti-inflammatory, Anticancer, Cardioprotective,Neuroprotective, Antimicrobial, antiviral, Anti-diabetic (Raeeset al., 2025; Tae-Hee et al., 2024 ), stilbenoids have also been linked to benefits like promoting weight loss and extending lifespan (Akinwumiet al., 2018).
[bookmark: _GoBack]“Luteolin, Ferulic Acid, Ellagic acid, Tangeretein, Butein and Daidzein are known for their antioxidant,anti inflammatory,antbacterial and antiviral functions were identified” (Sadiqueet al., 2024; Baeet al., 2020; Eikoet al., 2022). While, Genistein, Artemetin, Gallocatechin, Flavones, Lunamarin, Retusin, Nobeletin, Epicatechin, Hesperidin, Apigenin, Naringenin, Myricetin, Hesperidin, Daidzin, Isorhamnetin and Maricetin which also contains some therapeutic effects were found in trace amount.

CONCLUSION 
The evaluation of the bioactive components through qualitative phytochemical screening using  n- hexane and ethanol as solvent and GC-FID evaluation of Azadirachta indica leaves  shows that it contains numerous phytochemicals which possesses therapeutic and pharmacological activities and should be recommended as a medicinal plantfor  anticancer, antioxidant, antiinflammatory, antipyretics and other physiological functions.
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