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Phytochemical Profiling, Proximate Composition And In-Vitro Antioxidant Potentials Of The Aqueous Extract Andrographis Paniculata



 . 
ABSTRACT 

Background: Andrographis paniculata often known as the “king of bitters or kalmegh” has a long history of use in traditional Asian medicine, particularly in Ayorvedic and Chinese system. The plant has been widely studied for its phytochemical constituents, which are responsible for its pharmacological benefits, including its ethnomedicinal uses. However, the leaves have been underutilized and untapped for their full potential.
Aims: The aim of this study is to perform an analysis of the aqueous leaf extract of Andrographis paniculata to evaluate its proximate composition, phytochemical constituents and in vitro antioxidants.
Methodology: Fresh A. paniculata leaves were harvested from a farmland at Uturu, Isikwuato Local Government Area, Abia State. They were washed, dried and pulverized into fine powder. The proximate composition was determined using the method of the Association of Official Analytical Chemists (AOAC). Standard chemical test method was used to determine the qualitative and quantitative phytochemical constituents and in vitro antioxidant, were determined using assays methods respectively.
Results: The result showed that Andrographis paniculata aqueous leaf extract contains high percentage of carbohydrate (70.01%), crude protein (14.48%) and energy (2,440.81kj). The extract is rich in alkaloids, saponins   and tannins. The In vitro antioxidant assays revealed that DPPH, FRAP, and nitric oxide exhibited high scavenging potentials at different concentrations (25–200 µg/ml), but showed reduced activity when compared to the standard antioxidant, ascorbic acid.

Conclusion: The aqueous extract of Andrographis paniculata leaves possesses appreciable levels of bioactive phytochemicals and a favorable proximate composition dominated by carbohydrates and moderate protein. Its in-vitro antioxidant activity, though lower than standard ascorbic acid, is significant and concentration-dependent. These findings validate its ethnomedicinal relevance and support its potential application in nutraceutical and therapeutic formulations aimed at managing oxidative stress and metabolic disorder.
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1. INTRODUCTION 
Plants with therapeutic potential have been of immense importance to humans on Earth, and they have been in use since prehistoric times (Ashork and Tripathi, 2017).  The early man depended on such plants for survival as medicine and food. Plants found to possess the potential to cure or remedy diseases are regarded as medicinal plants. Since the acceptance of medicinal plants in primary healthcare delivery at Alma-Ata, Australia in 1978 by WHO, research on medicinal plants against diseases gained renewed interest (WHO, 2023). Studies have shown that medicinal plants contain important compounds known as phytochemicals. Phytochemicals are a group of metabolites that offer protection to plants and possess the potential to affect disease causing pathogens both in plants and animals (Duru et al., 2022). They exhibit physiological activity against disease conditions and many of them are the basis of modern pharmacopeia (Ngaïssona et al., 2016). Traditionally primary healthcare delivery of undeveloped and developing countries is dominated by the use of medicinal plants (Farnsworth and Soejarto, 1991). Medicinal plants form the foundation of traditional health system popularly known as herbalism (Okwu, 2005). Herbalists use different medicinal plants that are effective against disease conditions to cure or remedy known diseases that affect animals and humans (Sofowora, 2006).
Andrographis panniculata, also known as green chiretta is one of the medicinal plants used by herbalists in the traditional health system, and has found its way into traditional healthcare delivery (Mishra et al., 2007).It is believed to have originated from Sri Lanka and India, and belongs to the family acanthaceae (Pharmacy et al., 2021). The plant has been described as a medicinal herb with extremely bitter taste. According to Pharmacy et al. (2021), A. panniculata is a herbaceous plant, whose various parts have been ethnobotanically reported to treat cardiac diseases, snake bite, leprosy, malaria, and jaundice (Khare, 2007). The plant is also effective against disorder of the liver, the pain of the colon, respiratory tract infection, common cold, and bowel problem in children (Kligler et al., 2006). It is properly adopted in china as one of the Chinese medicinal plants and according to chinese theory; A. panniculata is used against internal heat, cold, inflammation and pain, as well as detoxification (Okhuarobo et al., 2014). 

To fully comprehend the nutritional and therapeutic potential of Andrographis paniculata leaf as an alternative medicine, a profile that includes proximate, phytochemical, and in vitro antioxidant scavenging activity is required. The aim of the study is to present a thorough assessment of the aqueous leaf extract of Andrographis paniculata's proximate content, phytochemical contents (both qualitative and quantitative), and in vitro antioxidant qualities.


2. MATERIAL AND METHODS 
2.1 Instruments
The Instruments/apparatus used were of analytical grade and were gotten from the Department of Biochemistry, Abia State University Uturu and other scientific shops in Imo and Abia State. Equipment/apparatus used for this study are listed below; Harborne (1973).
Rotary evaporator /Gallenkamp, Germany, Spectrophotometer/ SPM 721-2000 Bio-trust Diagnostics USA, GC systems/ Agilent Technologies (GC-220 model), USA, Gas chromatography equipped with a flame ionization detector / BUCK M910, Water bath/Gallenkamp, Germany, weighing balance/ Gallemkamp, England, Measuring cylinder (Pyrex), Spatula (Pyrex), Beakers/Pyrex, Refrigerator/Haier Thermocool, Conical flask/Pyrex, Whatmann Filter paper/Kimax, Measuring cylinder/Pyrex, Test tube/Pyrex. Trease and Evans (2002).

2.2 Chemical/Reagents
The chemicals and reagents used were of analytical grade. The chemicals used in this study include:
Distilled water, ethyl acetate, ammonium solution, HCl, Mayer’s, ferric chloride, Fehling’s solution, olive oil, chloroform, concentrated sulphuric acid, acetic acid, potassium ferricyamide, lead acetate, potassium hydroxide, diethyl ether, sodium hydroxide, boric acid, methyl red indicator, sodium sulphate, sodium nitroppruside, Griess reagent, 1,1-diphenyl-2-picrylhydrazyl (DPPH), glacial acetic acid, sodium acetate, methanolic sodium methoxide, disodium hydrogen citrate, 2,4 dinitrophenyl hydrazine, crystal violet indicator and per chloric acid.
 2.3 Plant Material
The leaves of Andrographis paniculata used for this study were collected from a farmland in Uturu, Isikwuato Local Government Area of Abia State, Nigeria, and was identified by a plant taxonomist. The leaves were washed with distilled water to remove dirt and air dried under a shade for fourteen (14) days, pulverized into fine powder using a grinding machine and stored in an air tight container for further use.
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Fig 1. Andrographis paniculata leaves

2.4 Plant Extraction
In the study, the maceration extraction method—which entails soaking, filtering, and then evaporation—was employed. 500g of powdered Andrographis paniculata leaves were weighed into a conical flask, the mixture was soaked in 1500ml of distilled water, after stirring for 2 hours, the mixture was stored for 24 hours. Using Whatman filter paper, the mixture was filtered. The extract was obtained by using a water bath set at 800C to evaporate the filtrate  until it was dry.
2.5 Percentage Yield
The extract was weighed using an electronic weighing balance then the percentage yield was calculated as follows:
Weight of the extract = 150.7g
The percentage yield = weight of extract × 100 / Weight of ground plant leaves (500g)

[bookmark: _Hlk202254566]2.6.	Determination of qualitative phytochemical composition of the extract
The phytochemical analysis of the aqueous leaf extracts of andrographis paniculata was carried out according to the methods of Harborne (1973) and Trease and Evans (2002) to identify it’s active phytochemicals. 
2.6.1	Test for flavonoids 
0.2grams of sample was heated with 10ml ethyl acetate in boiling water for 3 minutes. The mixture was filtered and the filtrate was used for the following tests. 
(i) Ammonium test: 4ml of the filtrate was shaken with 1ml of dilute ammonium solution to obtain two layers. The layers were allowed to separate. A yellow precipitate observed in the ammonium layer indicated the presence of flavonoids. 
(ii) Aluminum chloride test: 4ml of filtrate was shaken with 1ml of 1% aluminum chloride solution and observed for light yellow coloration that indicated the presence of flavonoids. 
2.6.2	Test for alkaloids 
0.2grams of the sample was heated with 5ml of 2% HCl on a steam bath. The mixture was filtered and 10ml of filtrate was treated with 2 drops of the following reagents.  
(i) Mayer’s reagent: A creamy-white precipitate indicated the presence of alkaloids. 
(ii) Wagner’s reagent: A reddish-brown precipitate indicated the presence of alkaloids. 
(iii) Picric acid (1%): A yellow precipitate indicated the presence of alkaloids. 
2.6.3	Test for Tannins 
2 grams of aqueous extract was boiled with 40ml of distilled water for 5 minutes. The mixture was cooled and then filtered and the filtrate was treated with the following: 
(i) Lead sub-acetate solution: A gelatinous precipitate indicated the presence of tannins after 1ml of the filtrate and 3 drops of lead sub-acetate solution was added.
(ii) Bromine water: A pale brown precipitate was observed which indicated the presence of tannins after 1ml of filtrate was added to 0.5ml of bromine water.
(iii) Ferric chloride solution: After the 1ml dilution of the filtrate with distilled water, and followed by addition of 2 drops of ferric chloride solution. The presence of tannins was indicated by a transient greenish to black color.
2.6.4	Test for cardiac glycosides 
2.0grams of the sample was mixed with 30ml of distilled water and 15ml of dilute sulphuric acid, respectively and heated in a water bath for 5 minutes. The mixtures were filtered and the filtrate was used for the following test. 
5ml of each filtrate, 0.3ml of Fehling’s solution A and B were added until it turned alkaline (tested with litmus paper) and heated on a water bath for 2 minutes. A brick-red precipitate indicated the presence of glycosides. 
2.6.5	Test for saponins
0.1grams of the sample was boiled with 20ml distilled water for 5 minutes. The mixture was filtered while still hot. The filtrate was used for the following test. 
(i)  Emulsion test: 1ml of filtrate was added to two drops of olive oil. The mixture was shaken and observed for the formation of emulsion. 
(ii) Frothing test: 4ml of distilled water were used to dilute 1ml of the filtrate. After giving the mixture a good shake, it was left to stand and checked for a stable froth.
2.6.6	Test for steroids
1gram of the sample was mixed with 9ml of distilled water, refluxed for a few minutes, and then filtered. On a boiling water bath, the filtrate was concentrated to 2–5 ml, and then 5 ml of hot water was added. After letting the mixture stand for an hour, the waxy substance that had developed was filtered out. Using a separating funnel, 2–5ml of chloroform were used to extract the filtrate. To create a lower layer, precisely 0.05 ml of the chloroform extract was carefully mixed with 1.0 ml of concentrated sulfuric acid in a test tube. Steroids were visible as a reddish-brown interface.
2.6.7	Tests for terpenoids 
On a water bath, a sample (0–5 ml) aliquot of the chloroform extract was evaporated to dryness, revealing a grey hue that suggested the presence of terpenoids.
2.7.	Quantitative Phytochemical Analyses of the Extracts
2.7.1	Flavonoids Determination 
[bookmark: _Hlk202254683]The Harborne (1973) was used to determine this. For 30 minutes under reflux, 5g of the sample was boiled in 50ml of a 2mHcl solution. After letting it cool, Whatman No.1 filter paper was used to filter it. Beginning with a drop, an equal volume of ethyl acetate was added to a measured volume of the extract. A weighted crucible was filled with the filtered solution. In an open oven, the filtrate was heated to 6°C until it was dry. The amount of flavonoids in the sample was determined by weighing the dried crucible once more and comparing the results.
2.7.2	Alkaloids Determination 
Harborne (1973) described how alkaloids were determined. After weighing 5g of the sample into a 250ml beaker, 200ml of distilled water and 10% acetic acid were added, and the mixture was left to stand for two hours. After filtering, the extract was concentrated to 25% of its initial volume in a water bath. The extract was diluted with concentrated ammonium hydroxide until a precipitate formed. After collecting the precipitate, it was filtered and cleaned with diluted ammonium hydroxide. The alkaloid that was dried and weighed is the residue.
[bookmark: _Hlk202254694]2.7.3	Tannins Determination 
[bookmark: _Hlk202254706]This was in accordance with Pearson's (1976) method. 50 ml of distilled water were used to macerate 1 gram of the sample, which was subsequently filtered. 5ml of 0.3 milliliters of 0.1N ferric chloride in 0.1N HCl and 0.3ml of 0.0008M potassium ferricyamide were added to the filtrate. At 720 nm, the absorbance was measured.
2.7.4	Cardiac Glycosides Determination 
[bookmark: _Hlk202254719]This was completed using the Harborne (1973) method. After macerating 1g of the sample with 20ml of distilled water, 2.5ml of 15% lead acetate was added, and the mixture was filtered. Chloroform (2–5 ml) was added, and the mixture was given a good shake. After being collected, the lower layer was dried by evaporation. Using 3ml of glacial acetic acid, the residue was dissolved. 5ml of ferric chloride and 25ml of conc. After adding and shaking H2SO4, the mixture was left in the dark for two hours. The absorbance at 530 nm was measured.
2.7.5	Steroids Determination 
This was ascertained using the Edeoga et al. method. (2005), as outlined here. A laboratory blender was used to homogenize each sample, which had a known weight, after it had been dissolved in 100ml of freshly distilled water. After filtering the homogenate, a standard ammonium hydroxide solution was used to elute the filtrate. 2ml of the elute and 2ml of chloroform were combined in a test tube. 2 drops of conc and 3ml of ice-cold acetic anhydride were added to the mixture in the flask. H2SO4 was added with caution. As previously mentioned, the standard sterol solution was made and handled. A spectrophotometer was used to measure the absorbance of the prepared sample and the standard at 420 nm.

2.7.6	Terpenoids Determination 
[bookmark: _Hlk202254837]This was carried out using Harborne's (1973) methodology. 50ml of distilled water were used to macerate 1 gram of the sample, which was subsequently filtered. A 5% aqueous phosphomolybdic acid solution was mixed with 2.5ml of the filtrate. Conc. H2SO4 was progressively added. This contained 12.5ml of moisture and stood for 30 minutes. At 700 nm, the absorbance was measured.
2.8 Proximate Analysis of Andrographis paniculata Aqueous Leaves Extract
The Association of Official Analytical Chemists' method (AOAC, 1990) was used to calculate the percentage concentrations of crude protein, carbohydrate, crude fiber, crude fat, moisture, and ash contents in Andrographis paniculata leaf extract. The micro-Kjedhal's method, as outlined by Pearson (1976), was used to determine the protein.
[bookmark: _Hlk202254845]
2.8.1	Moisture Content 
Principle: This technique is based on indirect distillation, which involves the evaporation of moisture. The weight loss following drying in an oven set at 400C until a consistent weight is noted indicates how much moisture was present in the sample. This equation is used to determine the moisture content.
Moisture =  x 
[bookmark: _Hlk202254859]Procedure: After weighing 2.0 grams of the aqueous leaf extract, it was dried at 400C in an oven until its weight remained constant. Both the sample and the dishes were reweighed. The equation above was used to determine the moisture content.
2.8.2	Crude Fiber 
Principle: Crude fiber is the insoluble, flammable organic residue that is left over after the sample has been processed under the specified circumstances. Following treatments with light petroleum, boiling diluted sulfuric acid, boiling diluted sodium hydroxide, diluted hydrochloric acid, alcohol, and ether are the most typical conditions. Along with a percentage of the sample's lignin and hemicellulose content, this treatment yields a crude fiber with a high cellulose content.
Procedure: The de-fatted leaf samples  (1.0g) (W1) was transferred into a 300ml conical flask. 150mL of pre heated 0.128M  H2SO4 and covered with a cover glass. This was heated and boiled for 30 minutes, then filtered. The residue was washed three times with hot water and returned to the beaker. Another 150ml of pre-heated 0.223 M KOH and boiled. few drops of anti-foaming agents were added and boiled slowly for 30 minutes and then filtered. The residue was dried at 130oC for 1 hour and weighed (w2). This was ashed at 500oC for 3 hours, cooled and weighed (w3). The percentage (%) crude fiber was calculated as follows:  
Crude fiber (%) =  x 
[bookmark: _Hlk202254948]2.8.3	Total Ash Content
Principle: The total ash content of a substance is the percentage (%) inorganic residue remaining after the organic matter has burnt away. The inorganic material which did not volatilize is designated as total ash. 
Procedure: The general procedure involves weighing out 5g of the aqueous leaf extract into porcelain dish which has been previously ignited and cooled before weighing. Then the dish and content were ignited first gently over a low flame until charred and then in a muffle furnace at 550-600oC, cooled in a desiccator and reweighed. The total ash content was calculated from the equation below:
	Ash (%) =  x 
[bookmark: _Hlk202254960]2.8.4	Crude Fat
Principle: Using a Soxhlet extractor, ether was continuously extracted from the sample. Following extraction, the ether extract was dried out by evaporation, and the residue was identified as the ether extract. This was known as the sample's fat portion.
Procedure: A quick-fit flask was cleaned, dried, and cooled before being weighed. After weighing the sample into an extraction thimble, it was put into the quick-fit Soxhlet apparatus along with a solvent flask that held 250ml of diethyl ether and was connected to a condenser. In order to achieve full extraction, the setup was heated for sixteen hours. At 70°C, the extract was evaporated to get rid of any leftover solvent. The following formula was used to determine the crude fat percentage after the apparatus was reweighed.
		Crude fat =  x 
[bookmark: _Hlk202255015]2.8.5	Crude Protein
Principle: The microkjedahl method was used to determine the protein content. The process involves heating the sample with concentrated sulfuric acid while metallic and other catalysts are present. This results in the reduction of the organic nitrogen in the sample to ammonia, which is then stored in solution as ammonia sulphate. After making the digest alkaline, the trapped ammonia is extracted by distillation and titrated against an acid.
Procedure: This involves three major steps
Digestion of sample: 20ml of concentrated sulfuric acid, four anti-bumping granules, 2.0g of aqueous leaf extract, and a spatulaful of digestion catalysts were added to the Kjedhal digestion flask after the extract had been weighed into a nitrogen-free filter paper. The flask was then placed on the kjedhal and left there until the contents were fully broken down and a clear solution was obtained. The digested sample was diluted with distilled water and made up to the proper volume in a 250 ml volumetric flask after the flask had cooled.
Distillation: Before being used, the distillation apparatus was put together and steam-treated for ten minutes. After pipetting 5 ml of the digested aliquot sample into the apparatus, 5 ml of 50% sodium hydroxide was added. This resulted in a strong reaction between the pipette sample and the sodium hydroxide, releasing ammonia, which condensed and collected as ammonium at the receiving tip of the condenser, which was then placed in a 100 ml flask. Four drops of a mixed indicator (methyl red and bromo cresol green) were added to 10ml of two percent boric acid. 15 ml of the distilled material was collected after the distillation process was completed.
Titration: The initial greenish color of the distillate was then removed by filtering it with 0.01 M hydrochloric acid in the burette against a 0.5 M sodium sulphate solution. The sample's overall nitrogen percentage was determined as indicated below.	
Crude protein (%) x  
Where T = titre value, Mm = molar mass of N2, Df = Dilution factor, Std = Standard conversion of N2 to protein, W = weight of sample. 
[bookmark: _Hlk202255058]2.8.6	Carbohydrate 
Principle: Another name for this is nitrogen-free extract (NFE). It primarily consists of sugars and starches, along with lignin and some of the more soluble hemicelluloses. This fraction is known as the carbohydrate portion of the sample because it was intended to contain the more soluble carbohydrates.
Procedure: NFE was determined by difference as follows:
	% NFE = 100 – (% ash + crude fat + % crude fiber + % crude protein)
[bookmark: _Hlk202255071]2.7 Determination of In Vitro Antioxidant Activities 
The methods used by Ijioma et al., (2019) were adopted for the in vitro antioxidant assays.
[bookmark: _Hlk202255204]2.7.1 Photometric Assay of 2, 2-diphenyl-1-picrylhydrazyl (DPPH) 
A spectrophotometer was used to perform the DPPH Assay, which assessed Andrographis paniculata capacity to scavenge free radicals. The aqueous extract was combined with 1 ml of 0–5 mM DPPH (in methanol) in a cuvette at concentrations of 25, 50, 100, and 200 µg/ml each. After 30 minutes of dark, room temperature incubation, the absorbance at 517 nm was measured. The experiment was repeated three times. The following formula was used to determine the percentage antioxidant activity. 
% antioxidant activity (AA) = 100-[{(ABS sample - ABS blank) ×100}/ABS control] 
The negative control was 1.0 ml of the 0.5 mM DPPH solution plus 2.0 ml of methanol, and 1ml of methanol plus 2.0 ml of the aqueous extract was used as the blank. The reference standard was ascorbic acid, also known as vitamin C.
2.7.2 Nitric Oxide Inhibition Activity
When sodium nitroprusside is produced in aqueous solution at physiological pH, nitric oxide reacts with oxygen to form nitrite ions, which are then measured using the Griess reaction. The aqueous extract from (25–200) µg/ml and the reaction mixture (3 ml) with sodium nitroppruside (10 mM) in phosphate buffer saline (PBS) were incubated at 25°C for 150 minutes. Griess reagent (1% (w/v) sulfanilamide, 2 % (v/v) H3PO4, and 0.1 percent (w/v) naphthylethylene diamine hydrochloride) was added to 0.5 ml of the reaction mixture after it had been incubated. The chromophore's absorbance was measured at 546 nm.
2.7.3 Ferric Reducing Antioxidant Power (FRAP)
300 ml of acetate buffer with a pH of 3 to 6 (3 to 1 g sodium acetate). To create the FRAP working solution, 2 mM 6-triphridyl-s-triazine (TPTZ) in 40 mM HCL, 3H2O and 16 ml glacial acetic acid in 1000 ml buffer solution, and FeCl3 6H2O (20 mM) in distilled water were combined. For every test, a new working solution was created. Calibration was done using an aqueous solution containing a known quantity of ascorbic acid. FRAP blank reagent is used in the assay. 100 μl of aqueous leaf extract solution at concentrations of 25, 50, 100, and 200 µg/ml was combined with 3 ml of FRAP reagent and left to stand for 4 minutes. Colorimetric measurements at 370C and 593 nm were made. In parallel, tests were conducted on the ascorbic acid standard solution. Using a calibration curve, calculations were made.
2.7 Statistical Analysis 
Values for results obtained in this study was presented as mean and standard deviation of triplicate determination (mean ± SD) using Microsoft (MS) Excel program. The triplicate treatments was  subjected to one-way analysis of variance (ANOVA) and the differences between the samples mean was tested by Tukey post-hoc test using statistics software version 3.03. At p<0.05 was considered statistically significant.



3 RESULTS AND DISCUSSION
3.1 Phytochemical Constituents Analysis
The phytochemical profile of Andrographis paniculata extract in the study reveals a rich presence of bioactive compounds, notably alkaloids (19.75 mg/100g), saponins (9.18 mg/100g), tannins (7.31 mg/100g), phenols (5.52 mg/100g), flavonoids (4.66 mg/100g), and terpenoids (1.56 mg/100g). The findings from the phytochemical profiling of the aqueous extract of Andrographis paniculata agrees with reports from other medicinal plants, where these phytoconstituents were linked to antimicrobial and antioxidant effects (Ullah et al. , 2018). Similar phytochemical constituents have been linked to cardioprotective, anti-inflammatory, and anticancer properties (Asif et al., 2013; Han et al., 2007; Okwu, 2004; Sodipo et al,. 2000), suggesting that the biological activity observed in Andrographis paniculata may be attributed to its rich secondary metabolites content.      Comparatively, the report in Acacia modesta, Acacia nilotica, Mimosa pudica, Ficus palmata, and other ethnomedicinal species revealed the presence of alkaloids, flavonoids, saponins, tannins, terpenoids, and phenolic compounds responsible for diverse biological activities (Ullah et al., 2018; Parekh & Chanda, 2007; Barile et al., 2007; Hodek et al., 2002; Anyasor et al., 2010). Similar phytochemical constituents have been reported in Asplenium dalhousiae, where methanolic and ethanolic extracts exhibited antioxidant, antimicrobial, anticancer, and antifungal activities (Hossain & Nagooru, 2011; Ayoola et al., 2008). The bioactive compounds have been widely reported for their protective roles against oxidative stress and chronic diseases. Flavonoids and tannins, for instance, have been shown to possess anti-inflammatory, antioxidant, and antimicrobial properties (Barile et al., 2007; Thitilertdecha et al., 2008), while alkaloids are associated with anticancer and analgesic potentials (Nobori et al., 1994; Kam & Liew, 2002). Ullah et al. (2018) reported that the pharmacological activity of medicinal plants could be attributed to their phytochemical constituents, as observed in Pteris quadriaurita and other species containing phenols, flavonoids, and terpenoids. The presence of these phytochemical constituents in A. paniculata however, supports its traditional use and provides a biochemical basis for its antifungal and antioxidant efficacy observed in the current study. These constituents are known to contribute significantly to the plant’s pharmacological effects, especially in the context of diabetes-related oxidative stress, inflammation, and metabolic dysfunction. The findings align well with previous studies. For instance, Nagajothi et al. (2018) reported high levels of alkaloids, phenols, tannins, flavonoids, terpenoids, and saponins in both aqueous and ethanolic extracts of A. paniculata, with cardiac glycosides detected only in ethanolic extracts. Similarly, Hariharan et al. (2021) observed comparable phytochemical profiles, noting that the ethanolic extract yielded higher concentrations of alkaloids and flavonoids, while aqueous extracts were richer in tannins and saponins. Ullah et al. (2018) reported that the observed pharmacological activity may be attributed to the phytochemical constituents present in medicinal plant such as Pteris quadriaurita. Similar bioactive components in Andrographis paniculata aqueous extract may be responsible for its antioxidant and therapeutic potential. Alkaloids also exhibit anti-inflammatory and antioxidant properties, which are crucial in mitigating diabetes-induced oxidative stress and inflammatory cascades. Agogbua and Wali (2022) quantified alkaloids at 63.75% and flavonoids at 23.01% in A. paniculata leaves, reinforcing their prominence in the plant’s pharmacological arsenal. Saponins and tannins, moderately present in the extract, are known to enhance antioxidant defense mechanisms and reduce lipid peroxidation. These effects are vital in preserving testicular function, which is often compromised in metabolic disorders due to oxidative damage. Ullah et al. (2018) reported that Convolvulus arvensis, a medicinal plant, demonstrated strong inhibitory activity against Escherichia coli, a pathogenic bacterium harmful to humans. The antibacterial activity was attributed to the presence of phytochemical constituents present in the plant. Ullah and Shakir (2023) reported that age and location influence the distribution of phytochemicals in different parts of Euphorbia helioscopia, such as the stem bark and root bark. Furthermore, environmental factors including climate change, as well as biotic and abiotic conditions, also play significant roles in determining the phytochemical composition of the plant.
Comparative studies by Bello and Adesiyan (2020) showed variable phytochemical concentrations across geographic regions, with Malaysian samples exhibiting higher levels of saponins and tannins, attributed to environmental factors and extraction methods. Moreover, the presence of cardiac glycosides and steroids, though in lower concentrations, suggests potential cardioprotective and hormonal regulatory effects. These compounds may contribute to the restoration of endocrine balance and reproductive health in diabetic studies, as supported by Singh et al. (2021), who highlighted the role of these phytochemicals in modulating inflammatory and metabolic pathways.


3.2 Proximate Analysis
The proximate composition results align with multiple past studies of Andrographis paniculata leaves, particularly regarding the dominance of carbohydrate, with moderate proportions of protein and fat, and relatively low moisture, fiber, and ash. In one investigation, the aqueous leaf extract was shown to contain approximately 74.97 % carbohydrate, 12.19 % protein, 8.17 % lipid, 2.83 % ash, 1.83 % fiber, and 0.50 % moisture, reflecting a similar compositional pattern to the current findings (Ibrahim, 2018). The nutritional components such as proteins, fats, carbohydrates, and ash content reported in related medicinal plants underscore their nutraceutical significance (Akinniyi & Waziri, 2011; Haque et al., 2014; Nisar & Scott, 2009). Another evaluation of ethanolic leaf extract conducted by Okema and Effiong (2024) described carbohydrate and protein as the most abundant components, with fiber and moisture following, again matching the ranking seen in the present data. The consistency across these independent analyses is taken as evidence that the nutrient distribution observed reflects intrinsic characteristics of A. paniculata, rather than region‑specific variation or methodological artifacts. Moisture values were reported to be very low in dried A. paniculata leaves in previous literature, often around 0.5 %, which underscores the efficacy of drying as a preservation strategy, the same qualitative feature noted in the current work (Ibrahim, 2018). Low moisture also supports enhanced stability and concentration of nutrients and secondary metabolites in leaf preparations. Crude fiber content was consistently low in earlier analyses (e.g. ~1.8 %). That low fiber proportion aligns with the expectation for medicinal herb leaf powders processed to minimize indigestible components, thus facilitating extractability of phytochemicals (Ibrahim, 2018). The moderate protein and lipid proportions are noted to coincide with earlier values, where protein around 12–13 % and fat close to 8 % were documented in aqueous extracts, suggesting that the leaf serves as a modest source of these macronutrients (Ibrahim, 2018). These macronutrient levels are further interpreted to support energy provision and potential influence on metabolic and enzymatic processes relevant to pharmacological action. The moderate level of ash, similar to previously reported values (~2.8 %), is interpreted to indicate a meaningful mineral content in A. paniculata leaves. Prior mineral analyses have confirmed the presence of calcium, sodium, phosphorus, and iron in this species, supporting the suggestion that ash reflects a rich mineral matrix (Ibrahim, 2018).


3.3 In – Vitro Antioxidant Profile
The in vitro antioxidant evaluation of the extract demonstrates a clear dose-dependent increase in scavenging activities. At 200 µg/mL, DPPH inhibition reached approximately 71.33 %, nitric oxide scavenging 66.07 %, and FRAP activity 52.27 %, compared with ascorbic acid’s 82.97 %, 73.01 %, and 69.87 % respectively. Across increasing concentrations (25–200 µg/mL), the extract consistently displayed substantial antioxidant potential, although it remained below the standard. Such dose responsiveness mirrors the trend consistently reported in earlier research using methanolic, aqueous, or ethanol extracts of A. paniculata. For example, cold methanolic leaf extracts from Bangladesh showed DPPH IC₅₀ values ranging from ~11.8 to 188 µg/mL depending on locale, with activity well correlated to phenolic and flavonoid contents (R² ≈ 0.98) (Haque et al., 2013). While the exact percentages vary by assay and extract type, the signature pattern, a marked increase in inhibition with concentration coupled with lower potency than ascorbic acid is consistent. In nitric oxide scavenging, prior studies have emphasized that andrographolide and its derivatives suppress NO production by inhibiting iNOS expression in immune cells, achieving inhibition rates exceeding 90% in LPS-stimulated macrophages (Adiguna et al., 2023). The observed NO scavenging curve in the present data rising markedly with concentration but remaining slightly below ascorbic acid mirrors this mechanism, where extract activity, though biologically significant, is not as immediate or robust as pure standard antioxidants. FRAP assay values from earlier comparative studies similarly showed that A. paniculata extracts exhibit tangible reducing power yet typically fall short of ascorbic acid. One report using aqueous extract found IC₅₀ around 210 µg/mL versus 50 µg/mL for vitamin C (Prakash et al., 2012; Chukwu et al., 2024). Another study confirmed correlation between reducing power and total phenolic content, with solvent choice significantly impacting activity—ethanolic extracts often outperform aqueous, although geographical factors matter (Sinha and Raghuwanshi, 2020). The present FRAP profile (moderate inhibition rising with dosage but always less potent than ascorbic acid) is entirely consistent with these observations. The relative ranking of assay potency, highest in DPPH, intermediate in NO, then FRAP reflects the extract’s dominant phytochemical composition. Phenolics and flavonoids are effective free‑radical scavengers (DPPH) and contribute well to reductive assays (FRAP), but their effectiveness is inherently lower than pure ascorbic acid. Moreover, andrographolide itself contributes both direct radical neutralization and indirect activation of intracellular antioxidant pathways (e.g., via Nrf2), helping explain the extract’s multi‑modal antioxidant functionality (Mussard et al., 2019).
3.4 JUSTIFICATION FOR THE USE AQUEOUS EXTRACT
This study used an aqueous extract of Andrographis paniculata for antioxidant assays, proximate composition, and phytochemical profiling. Water was chosen as the solvent on purpose for a number of reasons. First, aqueous extraction is a reflection of the traditional method of preparing and consuming A. paniculata in ethnomedicine, where teas, infusions, and decoctions are frequently employed. Secondly, water effectively dissolves polar and hydrophilic components, such as mineral salts, phenolics, flavonoids, water-soluble vitamins, amino acids, and flavonoids, which are important antioxidant and nutritional elements of the plant. Water is an appropriate medium for nutritional and pharmacological relevance because it is non-toxic, affordable, and environmentally safe.

Table 1:Qualitative and Quantitative Results of the Analysis of Aqueous Extract of A.paniculata
	Phytochemical parameter
	Qualitative test results
	Quantitative test results (mg/100 g)

	Alkaloids(mg/100g)
	+++
	19.75 ±0.4

	Tannins(mg/100g)
	++
	7.31 ± 0.1

	Flavonoids(mg/100g)
	+
	4.66 ±0.3

	Phenols(mg/100g)
	+
	5.52± 0.11

	Terpenoids(mg/100g)
	+
	1.56 ± 0.04

	Saponins(mg/100g)
	++
	9.18 ± 0.05

	Cardiac glycosides(mg/100g)
	+
	0.79 ± 0.04

	Steroids(mg/100g)
	+
	2.29 ± 0.3


+++ = Maximum presence ++ = moderate presence and + = presence.





Table 2 Proximate analysis of dried pulverized leaves of Andrographis paniculata
	Proximate parameter(%)
	Percentage composition(%)

	Moisture content(%)
	2.35±0.16

	Crude fiber(%)
	1.92±0.08

	Crude fat(%)
	7.94±0.13

	Crude protein(%)
	14.48±0.22

	Ash content(%)
	3.30±0.10

	Carbohydrate(%)
	70.01±0.53

	Energy value (Kcal/100 g)
	2440.81±5.47


Values are presented as mean ± standard deviation (n = 3).


Table :3 DPPH Scavenging Activities of Aqueous Leaf Extract of Andrographis Paniculata

	Concentrations (µg/ml)
	Leaf (µg/ml)
	Ascorbic acid(µg/ml)

	25
	11.46±0.24*
	24.59±0.44**

	50
	22.37±0.53*
	39.54±0.06**

	100
	49.14±0.66*
	57.72±0.33**

	200
	71.33±0.52*
	82.97±0.36**


Values are presented as mean ± standard deviation (n = 3); and means with double asterisks (**) are significantly (P < 0.05) high compared to the paired mean with a single asterisk (*).



Figure 2: Bar Chart of DPPH Scavenging Activities of Aqueous Leaf Extract of Andrographis Paniculata




Bars represent mean ± standard deviation (n = 3); and bars with double asterisks (**) are significantly (P < 0.05) high compared to the paired mean with a single asterisk (*).



Table 4  Nitric oxide scavenging activity of aqueous extract of Andrographis paniculata
	Concentrations (µg/ml)
	Leaf (µg/ml)
	Ascorbic acid(µg/ml)

	25
	6.53±0.13*
	11.40±0.15**

	50
	14.61±0.18*
	26.13±0.22**

	100
	33.70±0.22*
	48.70±0.38**

	200
	66.07±0.72*
	73.01±0.87**


Values are presented as mean ± standard deviation (n = 3); and means with double asterisks (**) are significantly (P < 0.05) high compared to the paired mean with a single asterisk (*).






Figure 3: Bar Chart of Nitric oxide scavenging activity of aqueous extract of Andrographis paniculata



Bars represent mean ± standard deviation (n = 3); and bars with double asterisks (**) are significantly (P < 0.05) high compared to the paired mean with a single asterisk (*).



Table 5 Ferric reducing antioxidant power (FRAP) activity of aqueous extract of A.paniculata
	Concentrations (µg/ml)
	Leaf (µg/ml)
	Ascorbic acid(µg/ml)

	25
	4.81±0.15*
	20.50±0.23**

	50
	19.47±0.50*
	41.76±0.32**

	100
	29.63±0.47*
	64.16±0.22**

	200
	52.27±5.71*
	69.87±0.50**


Values are presented as mean ± standard deviation (n = 3); and means with double asterisks (**) are significantly (P < 0.05) high compared to the paired mean with a single asterisk (*).


Figure 4: Bar Chart of Ferric reducing antioxidant power (FRAP) activity of aqueous extract of A.paniculata


Bars represent mean ± standard deviation (n = 3); and bars with double asterisks (**) are significantly (P < 0.05) high compared to the paired mean with a single asterisk (*).

4. CONCLUSION
The results of the present study showed that the aqueous extract of Andrographis paniculata contains appreciable levels of phytochemical constituents, proximate composition, and exhibits significant antioxidant activity. Further studies should focus on the purification, isolation, extraction, and characterization of the bioactive compounds, as well as the investigation of their underlying biochemical mechanisms of action.
The findings indicate that the aqueous leaf extract of Andrographis paniculata (King of Bitters) is a nutrient-dense extract with a low moisture content, ash content, and crude fiber content, but a significant amount of carbohydrates, moderate crude fat, crude protein, and pharmacologically potent phytochemicals. Furthermore, the leaf extract's strong antioxidant potential points to its possible use in nutraceuticals and complementary therapies to enhance both human and animal health.
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