[bookmark: _GoBack]
In vitro antioxidant activities of aqueous extracts of Melia azedarach L. and Vernonia amygdalina Del.
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ABSTRACT 
	Aim: The present study was undertaken to evaluate the antioxidant potential of aqueous extracts of Melia azedarach (AEMA) and Vernonia amygdalina (AEVA) against free radical-induced oxidative damage.
Methodology: The antioxidant activities of the extracts were assessed through three in vitro assays, namely DPPH free radical scavenging assay, ABTS cation radical scavenging assay, and superoxide anion radical scavenging assay.
Results: The findings revealed that both AEMA and AEVA exhibited moderate scavenging activity in the DPPH assay, with IC50 values of 149.83 µg/ml and 198.80 µg/ml, respectively. In the ABTS assay, AEMA and AEVA showed IC50 values 83.38 µg/ml and 135.01 µg/ml respectively. In the case of the superoxide anion radical scavenging assay, AEMA and AEVA demonstrated IC50 values of 130.87 µg/ml and 285.36 µg/ml, respectively. 
Conclusion: Overall, the results indicate that Melia azedarach (AEMA) extract was more effective in scavenging free radicals compared to Vernonia amygdalina (AEVA) extract, highlighting its potential for further exploration of in vivo antioxidant efficacy and possible applications in the pharmaceutical and food industries.
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1. INTRODUCTION 

The imbalance between the production of reactive oxygen/nitrogen species (ROS/RNS) and their modulation by cellular antioxidant defences leads to oxidative stress (Valko et al., 2007; Waterman et al., 2002). Oxidative stress is recognised to play a major role in the pathophysiology of many human diseases, including diabetes, cancer, atherosclerosis, ageing, immunosuppression, and neurodegeneration (Harman, 1998; Reuter et Al. 2010). Several biological functions of human depend significantly on these free radicals. However, excessive production free radicals as a result of oxidative stress can start various chain reactions that can damage the cell membrane, obstruct the activity of key enzymes, prevent cellular processes essential for proper body function, inhibit normal cell division, destroy deoxyribonucleic acid (DNA), and prevent energy production if antioxidant system is unable to combat them (Kurutas, 2015). Supplementing the diet with antioxidant substances found in natural plant products is one way to address this issue (Knekt et al., 1996). According to recent studies, there is a negative correlation between the consumption of foods high in antioxidants and the prevalence of human disease (Sies, 1993). Butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA), two synthetic antioxidants that are often used as commercially antioxidant are toxic to human body and may cause cancer (Grice, 1988; Wichi, 1986). Because of this, use of natural antioxidants has been increasing day by day. Numerous antioxidants found in plants serve to provide defence against diseases linked to free radicals (Ofoedu et al. 2022; Lawal et al., 2016). Plants make the majority of the antioxidant chemicals as secondary metabolites.  They are the chemical substances found in plants (phytochemicals) that are not edible but have a variety of positive health effects and disease-prevention capabilities (Ahmed et al., 2014). They include non-essential nutrients, meaning that the body does not need them to function and maintain life (Rahim et al., 2022). However their consumption by human provide health benefits (Atia, 2014; Ahaotu et al. 2020).
Vernonia amygdalina (Bitter leaf), a member of the order Asterales, is well recognized for its diverse medicinal applications (Toyang & Verpoorte, 2013). The plant contains a wide range of bioactive compounds that contribute to its therapeutic potential. Traditionally, V. amygdalina has been employed in the treatment of typhoid, inflammatory disorders, malaria, kidney ailments, and gastrointestinal problems. Moreover, it has also been reported to play a role in the management of cancer and obesity. (Akah and Ekekwe, 1995; Yedjou et al., 2018; Fadimu et al., 2014; Okpe et al., 2016; Asante et al., 2019; Atangwho et al., 2012).
Melia azedarach, commonly known as the chinaberry tree, is widely valued in traditional medicine for its diverse therapeutic properties. Extracts from various plant parts have exhibited antibacterial, antifungal and anti-inflammatory activities (Akacha et al., 2016). Limonoids isolated from the plant showed potent insecticidal and antifeedant properties, making it a potential natural pesticide (Carpinella et al., 2003). In addition, certain compounds from M. azedarach have shown promising antiviral effects (Alché et al., 2002).

Keeping this in mind, the present study was planned to evaluate antioxidant potential of aqueous extracts of Melia azedarach and Vernonia amygdalina.

2. material and methods

Chemicals
2, 2- Diphenyl-1-picrylhydrazyl (DPPH), Nicotinamide adenine dinucleotide (NADH), Phenazine methosulphate, Nitrobluetetrazolium etc. were purchased from HiMedia Pvt. Limited. Mumbai, India. 2,2-azinobis (3-ethylbenzothiazoline-6-sulfonate) (ABTS) and Potassium persulfate were purchased from Sigma Chemical Co. (St Louis, MO, USA).
Collection of plant material and extraction
The leaves of the Melia azedarach L. and Vernonia amygdalina Del. were collected in the month of June from campus of SD College Barnala, Punjab, India (Fig. 1).  Leaves (20 g) of both plants were washed and finely powdered using grinder and percolated in double distilled water (300 mL) for 24h at room temperature. The miscella so obtained was concentrated using rotary vacuum evaporator and finally dried to obtain aqueous extracts of Melia azedarach (AEMA) and Vernonia amygdalina (AEVA).
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Fig. 1. Photographs showing plants of Melia azedarach (A) and Vernonia amygdalina (B)

Antioxidant Assays
DPPH radical scavenging assay
DPPH radical scavenging assay was carried out using the method of Blois (1958) with few modifications. Various concentrations of extracts were mixed with methanolic solution of DPPH (2, 2-Diphenyl-1-picrylhydrazyl). After 30 minutes of incubation, absorbance was observed at 517 nm using UV-VIS spectrophotometer.

DPPH radical scavenging potential (%) = S0 - S1/S0 × 100
Where, S0 is the absorbance of DPPH solution containing vehicle solvent (control), 
S1 is the absorbance of reaction mixture containing test sample.



ABTS cation radical scavenging assay 
ABTSꞏ + scavenging assay was carried out by the protocol given by Re et al. (1999). The ABTS cation radical was pregenerated by reacting 7 mM ABTS stock solution with 2.45 mM potassium persulfate followed by incubating this solution in the dark at room temperature upto 16 hrs.  The absorbance of the ABTS.+ solution was then diluted with methanol to bring its absorbance to 0.700 (±0.020). For testing scavenging potential, different concentrations  of the extracts (50 to 400 µg/ml) were added to diluted ABTS solution and absorbance of the solution was taken at 734 nm using UV-VIS spectrophotometer.

ABTS.+ scavenging potential (%) = S0 - S1/S0 × 100
Where, S0 is the absorbance of ABTS solution containing vehicle solvent (control), 
S1 is the absorbance of reaction mixture containing test sample.

Superoxide anion radical scavenging assay
Superoxide anion radical scavenging activity was assessed using a slightly modified method of the Nishikimi et al. (1972). In test tubes, about 1 ml of nitroblue tetrazolium (NBT) solution, 1 ml of NADH solution, and various concentrations of extracts (50-400 μg/ml) were mixed.The reaction was initiated through the addition of 100 μl of a 60 μM solution of phenazine methosulphate (PMS). The reaction mixture was incubated at 25 °C, and a UV-VIS spectrophotometer was used to measure the absorbance at 560 nm.

ABTS.+ scavenging potential (%) = S0 - S1/S0 × 100
Where, S0 is the absorbance of reaction mixture containing vehicle solvent (control), 
S1 is the absorbance of reaction mixture containing test sample.

STATISTICAL ANALYSIS
Results were shown as the average ± standard error. IC50 values were determined using regression equation. The data was analyzed for statistical significance using analysis of variance (One-way ANOVA) and the difference among means was compared by highly significant difference (HSD) using Tukey’s test. The significance of results was tested at *p ≤ 0.05.


3. results and discussion

Medicinal herbs are well recognised and well-liked for their numerous health advantages, including their ability to lower blood pressure, prevent cardiovascular disorders, and lower the risk of cancer by virtue of their antioxidant properties. High concentrations of antioxidants found in medicinal plants have the ability to prevent or delay the oxidation of lipids and other substances (Škrovánková et al., 2012). In the present investigation, both the extracts viz. AEMA and AEVA showed moderate scavenging activity against DPPH free radicals (Fig. 2). AEMA and AEVA exhibited IC50 values of 149.83 and 198.80 µg/ml in DPPH assay (Table 1). In ABTS assay, extracts viz. AEMA and AEVA showed scavenging activity with inhibition of 89.77 % and 70.89 % respectively (Fig. 3). The IC50 values of 83.38 and 135.01 µg/ml were obtained for AEMA and AEVA respectively in ABTS assay (Table 1).  Both the extracts dose dependently and significantly scavenged the DPPH and ABTS radicals. Kumar et al. (2016) studied antioxidant activity of water extract of Henna leaves employing various antioxidant assays. Results demonstrated that extract scavenged the DPPH and ABTS radicals quite effectively with an IC50 of 352.77 and 380.87 μg/ml respectively. Mokoroane et al. (2020) reported antioxidant activity of leaves and stem-bark of Aloiampelos striatula using DPPH assay. It was found that different among various solvent extracts, water extract of the plant leaves showed high DPPH scavenging potential. Rajurkar and Hande (2011) studied antioxidant potential of few traditional Indian medicinal plants using DPPH and ABTS assays along with other assays. They reported that antioxidant activity measured by DPPH method was ranged from 0.20 to 1.50 mg trolox equivalent per g dry weight (mg, TEAC/g dw) while for ABTS assay, the TEAC values ranged from 0.65 to 7.37 mg, TEAC/g dw. The lowest value was obtained in case of Cyperus rotundus (0.65 mg, TEAC/g dw) and highest value in case of Acacia nilotica (7.37 mg, TEAC/g dw). Ramesh et al. (2025) evaluated the antioxidant potential of methanol flower extract of Peltophorum pterocarpum using DPPH and ABTS radical scavenging assays. The extract exhibited moderate activity against DPPH radicals, while showing strong ABTS radical scavenging capacity, with IC₅₀ values of 103.5 μg/ml and 48.60 μg/ml, respectively. Oraibi et al. (2025) assessed the antioxidant properties of root and aerial part extracts of Capparis spinosa L. using DPPH, ABTS, FRAP, and CUPRAC assays. Rutin and root extract exhibited significant antioxidant activity, whereas resveratrol and the aerial parts demonstrated only moderate potential.



Table 1. IC50 values obtained for AEMA and AEVA in various antioxidant assays 
	Assay
	AEMA
(IC50 values in µg/ml)
	AEVA
(IC50 values in µg/ml)

	DPPH assay
	149.83
	198.80

	ABTS assay
	83.38
	135.01

	Superoxide anion radical scavenging assay
	130.87
	285.36
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Fig. 2. The scavenging potential of various concentrations of AEMA & AEVA in DPPH assay.
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Fig. 3. The scavenging potential of various concentrations of AEMA & AEVA in ABTS assay.

In superoxide anion radical scavenging assay, both extracts showed AEMA (84.97 %) showed higher superoxide anion scavenging potential than AEVA (60.82 %) at highest tested concentration (Fig. 4). Results demonstrated that extracts scavenged the superoxide anion radicals quite effectively with an IC50 of 130.87 and 285.36 μg/ml respectively (Table 1).  Both extracts scavenged the radicals in dose depended manner. Kumar et al. (2011) evaluated antioxidant potential of chloroform and ethyl acetate fractions of Koelreuteria paniculata Laxm. It was found that chloroform and ethyl acetate fractions scavenged the superoxide anions by 19.59% and 67.12% respectively, DPPH radicals by 79.96% and 86.04% respectively; ABTS cation radicals by 87.63% and 94.3% respectively. . Irfan et al. (2011) evaluated radical scavenging activity of unripe fruits of Ficus glomerata Roxb. Results from the study revealed that 70% ethanolic extract scavenged superoxide anion and hydroxyl radical in dose dependent fashion. Sangeetha and Raj (2025) conducted an in vitro antioxidant evaluation of the leaf, stem, and root extracts of Plumbago zeylanica using assays such as DPPH, superoxide anion scavenging, and nitric oxide scavenging. Their findings revealed that the root extract exhibited the strongest antioxidant potential compared to the leaf and stem extracts.
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Fig. 4. The scavenging potential of various concentrations of AEMA & AEVA in Superoxide anion scavenging assay.


4. Conclusion

From the present investigation, it was concluded that in comparison to Vernonia amygdalina (AEVA), Melia azedarach (AEMA) was a more effective radical scavenger. In order to employ these extracts in the food and pharmaceutical sectors, more research is required to determine their in vivo antioxidant activity.
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