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Phytochemical analysis, Antioxidant and Antimicrobial Activity of Strychnos lenticellata


ABSTRACT
	Aims: Strychnos lenticellata belongs to the family of Loganiaceae. The study was intended to extract the phytochemicals from S. lenticellata using different solvents, the obtained exracts were subjected to determine the antibacterial and antioxidant capacity. 
Study design:  Dried leaf powder of S. lenticellata was extracted with different solvent system and subjected to determine the phytochemical content, Antioxidant capability and antimicrobial activity against gram negative and gram positive bacteria.
Place and Duration of Study: Department of Botany, Government Arts College (Autonomous), Nandanam, Chennai 600 035, Tamil Nadu, India, over the period of 7 months
Methodology: Total Phenolic content (TPC) and Total Flavonoid content (TFC) of different solvent (petroleum ether, ethyl acetate and ethanol) leaf extract of S. lenticellata was determined. The antioxdidant capability of the extracts was examined by DDPH assay, Hydroxyl and Superoxide radical scavenging assay. The antibacterial activity was ascertained by well diffusion method against bacterial pathogens such as Klebsiella pneumoniae, Salmonella typhi, Shigella flexneri, Bacillus subtilis, Staphylococcus aureus and Streptococcus mutans.
Results: All the three solvent extracts showed positive results for flavonoids, and phenols. However, the ethanol extract (ES) shows highest total phenol content (31.11±1.24mg GAE/g extract) and total flavonoid conten (19.11±1.80mg QE/g extract) when compared to other solvent extracts. The ES extract shows potential antibacterial activity in order to S. mutans>S. aureus>S. typhi>B. subtilis>S. flexneri>K. pneumoniae. The ES extract exhibited significant radical scavenging ability with IC50 values of DPPH (87.12 µg/mL), Superoxide (76.66 µg/mL) and hydroxyl radicals (76.20 µg/mL), respectively.
Conclusion: The study concludes that phenolic compounds in the extracts are liable for the antimicrobial and antioxidant effects. Correspondingly, S. lenticellata inhibits the oral pathogen S. mutans and that could be added as ingredient in herbal formulation of natural oralcare products.
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1. INTRODUCTION
	Phytochemicals are substances that are found naturally in plants. They are accountable for the various colors, flavors, and aroma of plants. They are a component of a plant’s inherent protective system against diseases. Natural substances, including individual plant compounds and extracts, provide endless possibilities for the creation of new medications due to the presence of unique variety of chemicals. Plants are crucial in the creation of medicinal products, serving both preventive and healing purposes. (Eleazu et al., 2012). The consumption of plant-based foods is rich in natural antioxidants, such as polyphenols and flavonoids, is linked to a lower incidence of heart disease, various chronic diseases, and certain cancers (Aune, 2019).  
	In recent years, plant chemicals such as flavonoids, terpenes, alkaloids, anthraquinones, saponins, tannins, steroids, lactones, and volatile oils have gained significant attention for their diverse pharmacological actions, which include cytotoxicity and chemoprevention (Kundishora et al., 2020). These compounds have been extracted and used in different forms such as infusions, syrups, decoctions, infused oils, essential oils and creams (Wasiullah et al., 2023).
	Antioxidants are substances that neutralize free radicals or their actions. Antioxidants are the compounds that inhibit or delay the oxidation of other molecules by inhibiting the initiation or propagation of oxidizing chain reactions (Tumilaar et al., 2024). The oxidation induced by ROS can result in cell membrane disintegration, membrane protein damage and DNA mutation, which can further initiate or propagate the development of many diseases, such as cancer, autoimmune disorders, rheumatoid arthritis, cataract, aging, cardiovascular and neurodegenerative disease (Böhm et., 2023). Antioxidants from plant sources act as free radical scavengers by preventing and repairing damages caused by ROS, and therefore can enhance the immune protection and lower the risk of cancer and degenerative diseases (Pham-Huy et al., 2008).
	Multidrug resistance is a worrying cause of treatment failure in bacterial infections (Pusparajah et al., 2020). The expression of mutated genes, coding for resistance to a single drug (e.g. mutation in a target) or a specific resistance mechanism (e.g. enzymatic barrier), in association with the modulation of multidrug efflux pump or porin expression involved in transport, are the most common processes described in multidrug-resistant (MDR) bacteria (Nikaido, 2009). A number of chemicals, such as phenylalanineF arginine -naphthylamide (PAβN) and 1-(1-naphthylmethyl)-piperazine, quinoline derivatives, (Pages and Amaral, 2008) as well as natural products have been found to inhibit bacterial efflux pumps. Natural compounds and integral components belonging to the usual pharmaceutical library have been tested to combat resistant bacteria (Aware, 2022).
	Natural products from medicinal plants play a considerable role for various biological properties which may leads to discovery and development of new drugs. All over the world 65–80% of people in developing countries depends essentially on plants for primary health care. Moreover, there are 25% of drugs contain phytochemical components obtained from higher plants (Safari & Ahmady-Asbchin, 2019). Strychnos lenticellata belongs to the family of Loganiaceae The tribals used the Leaves and roots of Strychnos Sp. are boiled in oil and applied to rheumatic swellings and also poisonous bites, predominantly snake bites. There are totally 200 Strychnos Sp were identified, among them Strychnos nux-vomica and Strychno spotatorum distributing around the tropical areas. Strychnos lenticellata were widely distributed in South India regions such as Andhra Pradesh, Tamil Nadu, Kerala and Karnataka. However, there is no extensive phytochemical and biological study has been reported in S. lenticellata. Therefore, the present study was carried out to explore the phytochemical constituents and biological properties of S. lenticellata.
2. MATERIAL AND METHODS
2.1. Chemicals
Analytical grade chemicals supplied by Loba, Hi-Media, S.D. Fine Chemicals, E. Merck, Qualigens and Sigma chemicals (U.S.A.) were used.
2.2. Plant Collection
The plants Strychnos lenticellata was collected from the forest of Thiruvallur, Thiruvallur district, Tamil Nadu, India and identified with the help of local floras (Gamble, 1936; Mathew, 1983).  
2.3. Preparation of Extracts 
	Extracts were prepared by soaking 100 g of dried leaves of S. lenticellata powder in 300 mL of methanol for 72 h and filtering through Whatman filter Paper No. 1. The preparation was constant thrice and all the extracts were pooled together, solvent were evaporated at 45º C using rotary evaporator, Super- fit, ROTAVAP, PBU–6. The crude extract obtained Ethanol Extract (ES), Ethyl acetate (EAS) and petroleum ether (PES) was dried separately and stored at 4º C. 
2.4. Preliminary Phytochemical analysis
The concentrated plant extract was subjected to phytochemical tests such as alkaloids, flavonoids, carbohydrate, glycosides, saponins, phytosterols, phenols for the detection of phytochemicals presence (Raaman, 2006).
2.5. Total Phenol Content (TPC)
Total phenolic content of S. lenticellata leaf extract was examined by Folin-Ciocalteu method. Singleton's description of (TPC) and the several solvent extracts. Briefly, 0.5mL of different solvent leaf extract was dropped in test tube. Then 1.5 mL of 10% Folin-Ciocalteu reagentwas added in the test tube and neutralized with 3 mL of 7.5% sodium carbonate solution. In dark condition, the above mixture was shaking periodically for enhancing the colour at room temperature. After 30 min. of incubation the resulting blue colour solution was read at 765 nm using UV-Vis spectrophotometer. Elico, India. Gallic acid was used as standard and the total phenolic content was expressed as mg gallic acid equivalent per gram of extract (Mahendrakumar et al., 2017). 
2.6. Total Flavonoid Content (TFC)
	The total flavonoid content of different solvent leaf extracts of S. lenticellata was determined by aluminium chloride reagent method. A test tube contains 0.1 mL of plant extract was combined with 0.2 mL of aluminium chloride (10%), 0.2 mL of potassium acetate (1M) and made the volume to 3 mL by adding of distilled water. Then the mixture was kept at 37ºC for 30 min. and the absorbance was measured at 415 nm against a blank without aluminium chloride using UV-Vis spectrophotometer. Elico, India.The calibration curve was generated using quercetin as a standard, and the total flavonoid concentration was expressed as milligrams of quercetin equivalents per gram of extract (Bharath et al., 2020).
2.7. Antibacterial activity 
	Antibacterial activity of S. lenticellata different solvent leaf extract was carried out by the agar well diffusion method (Perera et al., 2024). Agar well diffusion assay was performing with Mueller Hinton Agar (MHA) medium for bacteria. Totally 6 pathogens used for the study Gram Negative bacterium Klebsiella pneumoniae (MTCC109), Salmonella typhi (MTCC 733), Shigella flexneri (MTCC1457), Gram Positive Bacterium Bacillus subtilis (MTCC441), Staphylococcus aureus (MTCC96), Streptococcus mutans (MTCC497). The culture media was poured into sterile petri dish and standardized bacterial culture was swabbed on the medium. Agar well was prepared by using sterilized (9 mm) cork borer and different concentrations (250,500, and 1000 μg/mL) of plant extracts was distributed into each well and 100% DMSO as a control. Kanamycin (30 μg) were used as positive control, respectively. Zone of inhibition was expressed as mm in diameter.                             
2.8. In vitro antioxidant activity 
2.8.1. DPPH radical scavenging assay 
	DPPH (1, 1–Diphenyl–2–picryl hydrazyl) radical scavenging capability of plant extracts was estimated by according to the method of Chaves et al. (2020). The plant extracts at different concentrations (100, 200, 400, 600 and 800 µg/mL) was added with 3mL of (0.1 mM) DPPH ethanol Solution. The reactant mixture was kept in dark condition for 30 min. at room temperature. The reduction in colour of the mixture was measured at 517 nm using UV-Vis spectrophotometer. Elico, India and the blank was prepared without extracts. Quercetin at various concentrations was used as the standard and the scavenging capability of the samples against the DPPH radicals was calculated by the formula, 
Scavenging activity (%) = [(Control - sample)/Control] × 100
2.8.2. Superoxide radical scavenging activity 
	Nitro–Blue Tetrazolium (NBT) reagent was used to determine the Superoxide radical scavenging activity. In this method, superoxide radical (O2-) is spontaneously produced by auto oxidation of hydroxylamine hydrochloride in the presence of NBT, which gets reduced to nitrite. Measurement of superoxide anion scavenging activity was based on the method of (Bharath et al., 2021). Various concentrations (100, 200, 400, 600 and 800 µg/mL) of different solvent leaf extracts were added to the 3 mL of reaction cocktail, 2 mM riboflavin, 75 mM NBT, 100 mM EDTA, 0.13 M methionine was prepared in 0.5 M phosphate buffer saline (pH 7.8).  The reaction mixture was illuminated for 30 min and the absorbance was measured at 560 nm. Ascorbic acid was used as reference. The percentage inhibition was calculated by the formula,  
Scavenging activity (%) = [(Control OD - Sample OD)/Control OD] ×100.
2.8.3. Hydroxyl radical scavenging activity
	The hydroxyl radical scavenging activity of the extract was investigated by according to the method of Loganayaki et al (2011). Briefly, in different test tube contains various concentrations (100, 200, 400, 600 and 800 μg/mL) of extract added with 1.0 mL of iron‐EDTA solution (0.13% ferrous ammonium sulphate and 0.26% EDTA), 0.5 ml of EDTA solution (0.018% w/v), 1.0 mL of dimethyl sulphoxide (0.85% v/v in 0.1M phosphate buffer, pH 7.4) and 0.5 mL of 0.22% ascorbic acid, accordingly. The reaction was incubated at 80–90°C for 15 min in a water bath and terminated by the addition of 1.0 mL of ice‐cold TCA (17.5%; w/v). Consequently, add 3.0 mL of Nash reagent (75.0 g of ammonium acetate, 3.0 mL of glacial acetic acid, 2 mL of acetyl acetone and the made volume to 1L by adding distilled water and kept in room temperature for 15 min. The absorbance of the coloured solution was read at 412 nm using UV-Vis spectrophotometer. Elico, India and percentage of inhibition was calculated. 
2.9. Statistical analysis 
The obtained results were calculated using Graph Pad prism 5.0. Non-linear regression analysis and One-Way ANOVA following Dunnett’s test. The mean and SD with P < 0.05.
3. RESULTS AND DISCUSSION
3.1. Qualitative phytochemical analysis
	Qualitative phytochemical analysis explored the presence of following phytochemicals in PES, EAS and ES extracts of S. lenticellata. All the extracts showed positive results for flavonoids, and phenols, whereas alkaloids, phytosterols and carbohydrates were absent in petroleum ether (Table 1.). Glycosides were not found in ethanol extract, at the same time ethyl acetate represents the absence of saponins and phytosterols, respectively. 
Table 1. Qualitative phytochemical analysis of different solvent extracts of S. lenticellata.  
	Phytochemical test
	PES
	EAS
	ES

	Alkaloids
	-
	+
	+

	Flavonoids
	+
	+
	+

	Carbohydrate
	-
	+
	+

	Glycosides
	+
	+
	-

	Saponin
	+
	-
	+

	Phytosterols
	-
	-
	+

	Phenols
	+
	+
	+


*+present, -Absent
3.2. Total Phenol Content (TPC)
	The polar and non-polar components of plants were dissolves in appropriate solvents and selection of extraction technique. Phenolic substances contain a hydroxyl group that makes them more soluble in most polar organic solvents (Aryal et al., 2019). Henceforth, in this study three different solvents were used to extract and quantifying the total phenol content in S. lenticellata leaves. The results shown in Fig 1. represents that ES extract shows highest total phenol content when compared to other two solvents. Based on the previous report of Babbar et al. (2014) the high polar solvents have better ability to soluble phenolic compounds of plant sources. In this study, the total phenol content of S. lenticellata was lower in low polar solvents, it was similar to found that aerial parts of Artemisia biennis shows the phenol content in hierarchy of low polar solvents to high polar solvents in order (Hatami et al., 2014). Phenolic compounds can act as antioxidants, and their effectiveness depends on the groups attached to their structure. Antioxidants help living organisms by neutralizing harmful radicals and reducing oxidative stress. Plant-derived compounds, especially polyphenols, are significant in this role (Mathew et al., 2015; Kyada et al., 2023).

 
Fig 1. Total Phenol Content of S. lenticellata leaf extracts. 
The values are expressed as the means ± standard deviations (n = 3)
3.3. Total Flavonoid Content (TFC)
Flavonoids are good for health as they fight free radicals, prevent from cancer, reduce inflammation and gives bright colours to fruits, vegetables, and flowers of plants (Belew et al., 2025). The total flavonoid content is expressed as mg of quercetin equivalents per g of extract and the results were presented in Fig 2. The TFC was higher in ES extract followed by PES whereas, EAS contains lower TFC. This result was comparable with results verified in the literatures for other extracts produced (Esmaeili et al., 2015)


Fig 2. Total Flavonoid Content of S. lenticellata leaf extracts. 
The values are expressed as the means ± standard deviations (n = 3)
3.3. Antibacterial activity 
	Antibacterial activity of different solvent leaf extracts of S. lenticellata against various pathogens was determined by well diffusion method. The effectiveness of the agar well diffusion technique over the disc diffusion method has been attributed to the fact that the free hydroxyl groups in the disc can block the propagation and transport of positively charged polar substances (Valgas et al., 2017). The investigation revealed that various plant extracts were found to possess varying degrees of resistance to different types of pathogens were shown in Table 1. The inhibitory effect of all the extracts was varied in dose dependent manner. All the solvent extract shows maximum zone of inhibition in higher concentration and not effective in lower concentrations (Jeyaseelan et al., 2012).  The vulnerability of pathogens towards ES extract was S. mutans>S. aureus>S. typhi>B. subtilis>S. flexneri>K. pneumoniae. It suggests that the ES extract possesses a wide spectrum of antibacterial properties and witnessed with previous report of Ratananikom & Srikacha (2020). The EAS extract shows highest zone of inhibition in S. mutans followed by B. subtilis, K. pneumoniae and lowest in other pathogens. PES extract was highly susceptibility toward S. mutans when compared to other microorganisms. The major supporter of the oral microbiota in ancient times was S mutans, which facilitates the formation of biofilms by adhering to other oral bacteria and causes dental plaque (Kanwal et al., 2025). The study reveals that all the three extracts showed great inhibition potential against S. mutans, the results are corresponding to various plant extracts such as Emblica officinalis, Allium sativum, Azadirachta indica, Zingiber officinale of previous studies (Chavan et al., 2010; Potdar et al., 2014; Jain et al., 2015). This study also synchronizes with previous study done by Mehdipour et al. (2022) extracts of Carum copticum, Marsupium parviflorum and Phlomis bruguieri inhibits Streptococcus mutans on dose dependent manner.  


Table 2.   Antibacterial activity of S. lenticellata leaf extracts against human pathogens by well diffusion method.
	Human
Pathogen
	Conc. 
(µg/mL)
	Zone of inhibition in mm

	
	
	PES
	EAS
	ES
	Kanamycin

	Klebsiella pneumoniae
	250
	ND
	ND
	ND
	30.67±1.52


	
	500
	ND
	ND
	ND
	

	
	1000
	13±0.91
	16.67±1.17
	15±1.05
	

	Salmonella typhi
	250
	ND
	ND
	ND
	28.33±0.57

	
	500
	ND
	ND
	ND
	

	
	1000
	16±1.12
	14.44±1.01
	17.78±1.24
	

	Shigella flexneri
	250
	ND
	ND
	ND
	28.33±0.57


	
	500
	ND
	ND
	ND
	

	
	1000
	15±1.05
	14.10±0.57

	16.67±1.17
	

	Bacillus subtilis
	250
	ND
	ND
	ND
	26.33±0.57


	
	500
	ND
	ND
	ND
	

	
	1000
	16±1.12
	17.78±1.24
	17±1.19
	

	Staphylococcus aureus
	250
	ND
	ND
	ND
	26.00±1.00


	
	500
	ND
	ND
	ND
	

	
	1000
	13±0.91
	14.44±1.01
	18.89±1.32
	

	Streptococcus mutans
	250
	ND
	ND
	ND
	31.00±1.00


	
	500
	ND
	ND
	ND
	

	
	1000
	19±1.33
	21.11±1.48
	23.44±0.60
	


ND- Not Detected, Values are mean of triplicates ± standard deviation
[image: ]
Fig. 3. 	Antibacterial activity of different solvent extracts of S. lenticellata leaves against human pathogenic bacteria.
a. Klebsiella pneumoniae, b. Salmonella typhi, c. Shigella flexneri, d. Bacillus subtilis, e. Staphylococcus aureus, f. Streptococcus mutans PES- Petroleum ether, EAS- Ethyl acetate, ES- Ethanol, PC- Control (Kanamycin), NC- DMSO
3.4. Antioxidant activity 
3.4.1. DPPH radical scavenging activity 
	DPPH is a dark-coloured crystalline substance that consists of stable free radical particles. Researchers are widely using DPPH to rapidly evaluate the antioxidant capacity of natural products. When the DPPH radical is reduced the dark purple solutionwas transformed into colourless or light-yellow colour (Baliyan et al., 2022). The effect of different concentration of leaf extracts was noticed and the inhibition percentage of DPPH radicals was shown in Fig 4. The results revealed that ES extract has greatest IC50 value of 87.12 µg/mL followed by EAS and PES extracts 158.42µg/mL, 375.09 µg/mL, respectively.  The different concentration of various solvent leaf extract shows potential radical scavenging activity in dose dependent manner. This could be attributed to presence of polyphenols higher in ethanolic extracts and the results are correlated with previous reports (Albishi et al., 2013; Lim et al., 2024). The results of our study support previous research showing that high-polarity solvents like ethanol, water, acetone, and methanol are commonly used to extract antioxidant compounds such as phenolic and flavonoid compounds (Tourabi et al., 2023). Therefore, the present study clearly reveals that high polar solvents are superior to extract antioxidant rich phenolic compounds. 


Fig 4. DPPH radical scavenging activity different solvent leaf extracts of S. lenticellata.
Values are presented as means ± standard deviations (n= 3). Significant different among means (*P < 0.05)
3.4.2. Superoxide radical scavenging activity 
[bookmark: OLE_LINK1]	Superoxide radicals are stable but can create harmful hydroxyl radicals through damaging important cell molecules and contributing to various diseases. Removing these radicals are the solution to treat these diseases (Panigrahy et al., 2017). In this study, the scavenging activity was observed in a dose dependent manner. Accordingly, the order of superoxide radical scavenging was ES> EAS> PES (Fig 5). The order of superoxide radical scavenging ability was similar to the antioxidant potential of different fractions of ethanol extract of Mentha spicata (L.) established previously (Arumugam, 2010). The inhibitory concentration of the three extracts PES, EAS and ES was (414.93 µg/ mL), (177.21 µg/mL) and (76.66 µg/ mL), respectively. ES extract shows better super oxide anion radical scavenging than that of ascorbic acid with IC50 value of 145.15 μg/mL). The similar result was found earlier in stem and leaf extracts of Aerva lanata and Terminalia bellirica, both plant extracts showed better inhibitory concentration value compared with standard (Moteriya et al., 2017).



[bookmark: _Hlk214084113]Fig 5. Superoxide radical scavenging activity different solvent leaf extracts of S. lenticellata. 
Values are presented as means ± standard deviations (n= 3). Significant different among means (*P < 0.05)
3.4.3. Hydroxyl radical scavenging activity 
	Oxygen-based molecules, especially the hydroxyl radical, are very reactive and can harm to flanking biomolecules. The radical scavenging activity was studied by generating themselves using ascorbic acid- iron EDTA along reaction with DMSO (dimethyl sulfoxide) to form formaldehyde. This method is useful for detecting hydroxyl radicals when using Nash reagent (Pavithra & Vadivukkarasi, 2015). The results of present study showed potential hydroxyl radical scavenging activity by the following order ES>EAS>PES (Fig 6). From the analysis of IC50 value was lower in ES 76.20 µg/ mL EAS 87.03 µg/ mL and PES 529.84 µg/ mL, respectively. The standard ascorbic acid shows lowest scavenging activity when compared to ES and EAS. This may be attributed to the presence of higher phenol and flavonoid content present in the plant extracts. The Phenolic compounds are primarily capture hydroxyl (OH) radicals by (HAT) transferring hydrogen atoms. The –OH group in the benzene ring is especially effective in scavenging these radicals. Solvent fractions like EAF and DMF, as well as methanol crude extracts of Calotropis procera root bark, may protect biomolecules and disrupt processes related to chronic diseases (Kyada et al., 2023).


Fig 6. Hydroxyl radical scavenging activity different solvent leaf extracts of S. lenticellata. 
Values are presented as means ± standard deviations (n= 3). Significant different among means (*P < 0.05)
4. CONCLUSION
	In this study, we reported for the first time the phytochemical constituents present in the different solvent leaf extract of S. lenticellata. Among all the three extracts ethanol extract contains higher phenolic and flavonoid content. On the tested extracts, ethanol extract shows maximum zone of inhibition against oral bacteria S. mutans which causes dental plaque. The results of ethanolic leaf extract exhibited significant radical scavenging activity in dose dependent manner. The results clearly indicates that phenolic substances present in the extracts were responsible for the potential antimicrobial and antioxidant activity. The study suggests that S. lenticellata inhibits the oral pathogen that could be added as ingredient in the formulation of toothpaste. However, further studies are desirable to isolate and characterize the novel molecule present in the plant. In addition, the toxicity study and In vivo validation is desirable to examine the safety and efficacy of component and alsoto explore the therapeutic effects of various health issues. 
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