


Phytochemical Profile and Bioactivity Assessment of Bauhinia racemosa Lam.: Antioxidant and Anti-inflammatory Perspectives


Abstract
Bauhinia racemosa Lam. (Fabaceae) is widespread in India. It is found to have an array of therapeutic properties. The bark and leaves are sweetish and bitter, used as a coolant, astringent, in the treatment of headache, skin ailments, blood illnesses, dysentery, and diarrhoea. The present investigation evaluates the phytochemical composition, antioxidant, and anti-inflammatory activities of the hydroalcoholic leaf extract of the plant. Phytochemical screening revealed the presence of a diverse range of secondary metabolites, including alkaloids, flavonoids, tannins, and phenolic compounds. The antioxidant potential was assessed using the ferric reducing antioxidant power (FRAP) assay, where the extract demonstrated strong antioxidant activity. The anti-inflammatory activity was evaluated using the BSA (bovine serum albumin) method, with the extract exhibiting significant results. This study highlights the plant’s potential for use in traditional medicine and drug discovery.
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1. Introduction 
Plants have long been used in medicine and therapy. With advancements in science, their therapeutic properties have gained global attention, including anti-inflammatory, anti-cancer, anti-malarial, anti-ulcer, anti-microbial, antioxidant effects, and various nutraceutical properties (Krishnaiah et al., 2011). Studies have highlighted the beneficial roles of phytochemicals in plants, particularly phenolics and flavonoids, in promoting overall health of secondary metabolites, highlighting their significant role in plant health (Shahidi & Ambigaipalan, 2015). New medications have been developed using plant-based components or plant precursors, hence a thorough examination of plants is critical. As civilizations become more concerned with wellness and food, natural plant products are viewed as potential alternatives to pharmaceutical drugs. In light of these advancements, new plant-based products, often known as phytomedicine, are regarded as significant resources that could replace synthetic medicines (Cherrada et al., 2023).
Inflammation represents a fundamental immune response of vascular tissues to harmful stimuli, including pathogens, irritants, and cellular injury. However, persistent or chronic inflammation is characterized by excessive production of reactive oxygen and nitrogen species, resulting in oxidative stress due to an imbalance between free radicals and endogenous antioxidant defenses. This sustained oxidative burden contributes to mitochondrial DNA damage, alterations in cellular macromolecules, and dysregulated gene expression. Although low levels of reactive species are essential for immune defense and intracellular signaling, their overproduction disrupts physiological and biochemical homeostasis, leading to tissue injury. Consequently, oxidative stress is strongly implicated in the pathogenesis of numerous chronic disorders, including cancer, diabetes, neurodegenerative diseases, cardiovascular conditions, atherosclerosis, malaria, chronic fatigue syndrome, and rheumatoid arthritis (Sellam et al., 2016; Pachiappan et al., 2024). In this context, increasing scientific attention has been directed toward medicinal plants as potential sources of natural antioxidants, owing to their capacity to scavenge free radicals and mitigate oxidative stress-induced tissue damage (Sellam et al., 2016).
One such therapeutic plant is Bauhinia racemosa Lam. which belongs to the Fabaceae family.Traditional plant parts are used as diuretic, dysentery treatment, and liver irritation treatment using roots, flowers, and buds (Davis & Granner, 2001;Kumar et al., 2005) . Seeds of B. racemosa are known for their aphrodisiac and tonic properties. They contain chemical bio constituents like β-sitosterol and β-amyrin (Prakash & Khosa, 1976; Kumar et al., 2007), flavonols (kaempferol and quercetin), and coumarins (scopoletin and scopolin) (El Hossary et al., 2000). Additionally, resveratrol (stilbene) was extracted from heart wood (Anjaneyulu et al.,1984). The plant's fresh flower buds exhibit anti-ulcer activity (Akhtar & Ahmad, 1995).

Considering the above mentioned fact the study aims to evaluate the antioxidant and anti-inflammatory activity of B. racemosa leaf hydroalcoholic extract along with phytochemical investigation.

2. Materials and Methods
2.1 Sample collection and authentication
B. [bookmark: _heading=h.gjdgxs]racemosa  leaves were collected from Veer Jijamata Bhosle Udyan (Rani Baug), Mumbai, India. The species was identified and authenticated at the Blatter Herbarium (Accession no. PD-431), St. Xaviers College, Mumbai. The leaves were shade-dried, cut into small pieces, and coarsely powdered.
 
2.2 Preparation of extract
The plants were thoroughly cleaned and dried at room temperature for a week at room temperature to prevent the loss of volatile phytoconstituents. The leaf powder was subjected to Soxhlet extraction using hydroalcoholic solvent (40:60). The extraction process involved 10 siphon cycles, resulting in a dark green solvent that separated phytoconstituents from the plant. The extract was collected, and the solvent was removed through simple evaporation on sand bath. The concentrated extract was used for further investigation.
2.3 Preliminary Phytochemical Screening of the Extract
The extract was subjected to preliminary screening of phytochemicals to detect the presence of tannins, phenols, flavonoids, alkaloids, proteins, carbohydrates, steroids, and glycosides using the standards method (Khandelwal , 2008).
2.4 Antioxidant Assay 
2.4.1 Ferric Ion Reducing Antioxidant Power (FRAP) Assay
To 2.5 ml of the extract (200-1000 µg/ml), 2.5 ml phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of 1% potassium ferricyanide was added. The mixture was boiled in a water bath at 50°C for 20 minutes, then rapidly cooled, mixed with 2.5 ml of 10% trichloroacetic acid and centrifuged at 3000 rpm for 10 minutes. 2.5 ml of supernatant was pipetted out and 2.5 ml of distilled water and 0.5 ml of 0.1 % ferric chloride was added. The solution was mixed well and was allowed to stand for 10 minutes. The increase in the absorbance at 700 nm is used to measure the reducing power. Ascorbic acid was used as a positive control. The results are expressed in milligrams of ascorbic acid equivalents (mg ascorbic acid/g) (Oyaizu, 1986).
2.5 Anti-inflammatory activity 
2.5.1 Inhibition of heat-induced bovine serum albumin denaturation assay
Effect of hydroalcoholic extract of B.racemosa leaves  on heat-induced bovine serum albumin (BSA) denaturation assay was carried out with minor modifications. The reaction mixture consists of various concentrations of plant extract, 1000 µL (200-1000 µg/ml), 450 µL (5% w/v aqueous solution) bovine serum albumin, 1400 µL of phosphate buffered saline. Distilled water instead of extracts from the above mixture is used as a negative control. Afterward, the mixture is incubated at 37 °C for 15 min and then heated at 70°C for 5 min. After cooling under running tap water, their absorbance is measured at 660 nm (Chandra et al., 2012). Diclofenac sodium was taken as a positive control. The percent inhibition for protein denaturation is calculated using the following equations:
Percent inhibition (%) =  Absorbance of control - Absorbance of test    × 100 
             Absorbance of control








2.6 Statistical analysis 
All experimental outcomes are reported as the mean ± standard deviation (SD) of the replicates, ensuring reliability and precision in the results. The analyses were performed using Microsoft Excel programme version  2019.

3. Results and Discussion
3.1 Phytochemical profiling
The qualitative phytochemical screening of the hydroalcoholic extract confirms the presence of carbohydrates,alkaloids, glycosides,flavonoids, tannins and  phenolic compounds, proteins, amino acids and steroids  (Table 1). These findings are in agreement with earlier reports on B. racemosa, which documented a rich phytochemical composition in both leaves and bark (Jha & Pari, 2025; Rahman et al., 2015; Pramila et al., 2014). Previous studies have similarly highlighted the abundance of phenolics, flavonoids, and alkaloids as major contributors to the plant’s therapeutic properties. The consistency between the present results and published literature reinforces the credibility of the phytochemical profile and supports the traditional use of B. racemosa in managing inflammatory and oxidative stress-related disorders.

Table 1. Preliminary phytochemical screening of hydroalcoholic extract of B.racemosa
	Phytochemical constituent
	Type of test
	Hydroalcoholic leaf extract

	


Carbohydrates
	Molish’s
	-

	
	Benedict’s
	+

	
	Fehling’s
	+

	
	Barfoed’s
	+

	
	Bial’s
	-

	
	Selwinoff’s
	-

	
Glycosides
	Keller-Killiiani
	-

	
	Borntrager’s
	-

	
	Foam
	+

	
Flavonoids
	Shinoda
	-

	
	Lead acetate
	-

	
	Sodium hydroxide
	+

	
Alkaloids
	Dragendroff’s
	+

	
	Mayer’s
	+

	
	Wagner’s
	+

	
	Murexide
	-

	

Tannins and Phenols
	5% Fecl3
	-

	
	Lead acetate
	+

	
	Acetic acid
	-

	
	Dilute HNO3
	+

	
	Dilute Iodne solution
	+

	
	Potassium dichromate
	-

	Proteins
	Biuret
	-

	
	Million’s
	+

	
	Xanthoprotein
	+

	Amino acids
	Ninhydrine 
	-

	
	Tyrosine
	+

	
	Cysteine
	-

	Steriods
	Salkowski 
	+

	
	Liebermann-Burchard 
	-


Presence (+) or absence (-) of phytochemicals
3.2 Antioxidant assay
Plants constitute a significant source of natural antioxidants. Plant-derived antioxidants are increasingly investigated for their potential health-promoting properties, particularly in light of the adverse effects commonly associated with synthetic antioxidant agents (Yeshi et al., 2022). The ability of plant extracts to reduce Fe (III) to Fe (II) was tested with the reducing power activity assay to evaluate their redox regulatory potential.The decrease in absorbance is directly proportional to the antioxidant (reducing agent) content (Jiménez-Estrada et al., 2013). The ferric reducing antioxidant power (FRAP) assay has been widely applied to evaluate the total antioxidant capacity of medicinal plants, demonstrating marked interspecies variation in reducing potential. Significant ferric ion reducing activity was reported in several medicinal species (Gohari et al., 2011), indicating strong electron-donating ability associated with phenolic constituents. Similarly, notable total antioxidant power was observed among selected medicinal plants (Rao et al., 2016), where higher FRAP values corresponded with enhanced free radical scavenging capacity. Furthermore, substantial ferric reducing activity was demonstrated in aqueous extracts of Corymbia citriodora (Ishola et al., 2025), alongside complementary antioxidant assays, reinforcing the reliability of the FRAP method in assessing plant-derived antioxidant potential. Collectively, these findings substantiate FRAP as a robust and reproducible assay for quantifying the reducing strength of phenolic-rich medicinal plants. In the present study, the antioxidant activity of hydroalcoholic leaf extract showed a significant inhibitory activity  0.90 with that of the standard (ascorbic acid) at 0.99, which suggests that the plant has higher antioxidant activity (Fig 1). The results of the study indicate that the hydroalcoholic extract is a potential source of antioxidant compounds which may help to prevent inflammatory disorders.


Figure 1. Inhibitory effect on FRAP by  Bauhinia racemosa Lam. leaf  hydroalcoholic extract vs. standard ascorbic acid.

Anti-inflammatory activity 
Protein denaturation is a process where proteins lose their secondary and tertiary structures, potentially causing inflammation, and is a marker for this loss. Most biological proteins lose their biological function when denatured (Angel et al., 2013). Denaturation of proteins in tissues, potentially caused by auto-antigens in certain arthritic diseases, may serve as a marker for inflammatory and arthritic conditions (Angel et al., 2013; Agrawal & Kant, 2014). In vitro anti-inflammatory activity assessed using the bovine serum albumin (BSA) protein denaturation assay has demonstrated significant inhibitory potential among various plant extracts. Selected Jamaican medicinal plant extracts exhibited notable protection against heat-induced protein denaturation, indicating substantial anti-inflammatory activity (Bailey-Shaw et al., 2017). Similarly, Sinapis arvensis (Ashwini et al., 2022) showed marked inhibition of protein denaturation in a concentration-dependent manner, supporting its traditional use as an anti-inflammatory agent. Furthermore, ethanol leaf extracts of Urtica urens L. (Rahim et al., 2024) demonstrated considerable in vitro anti-inflammatory efficacy. Overall, these findings highlight the effectiveness of plant-derived extracts in inhibiting protein denaturation, thereby validating the BSA assay as a reliable method for screening anti-inflammatory potential.In this study, as part of the investigation on the mechanism of the anti-inflammation activity, ability of hydroalcoholic extract of  Bauhinia racemosa to inhibit protein denaturation was determined. The study found that both test extracts effectively inhibited protein denaturation at concentrations ranging from 200-1000 μg/ml. The % inhibition caused by the extract in comparison with diclofenac sodium is summarized  in Fig 2. The IC50 of the extract was found to be 16.37 μg/mL-1 and 35.51 μg/mL-1  respectively. 


Figure 2. % Inhibition of hydroalcoholic leaf extract vs Standard diclofenac sodium 

Conclusion
Considering the results of the study, the hydroalcoholic extract of Bauhinia racemosa is a potent reducer of ferric ion in vitro, indicating potent antioxidant activity. The extract also shows remarkable  in vitro anti-inflammatory activity. The studied plant material contains phytochemicals which may be responsible for its pharmacological efficacy. Further research is encouraged to isolate active compounds responsible for antioxidant and anti-inflammatory activities from the studied plant extract, determine their mode of action, and establish their toxicity profiles and safety.
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