



Phytochemical analysis of Thottea siliquosa: An investigation of Antioxidant and antibacterial properties
Abstract

This study investigates the phytochemical composition, antioxidant, and antibacterial potential of extracts from Thottea siliquosa, a plant used in traditional medicine. A preliminary phytochemical screening of the plant material revealed the presence of alkaloids, flavonoids, tannins, phenols, saponins, and terpenoids, which are known bioactive compounds. The antioxidant capacity of the extracts was comprehensively evaluated using multiple in vitro assays, including DPPH, ABTS, FRAP, nitric oxide, and superoxide radical scavenging models. The results demonstrated significant and dose-dependent antioxidant activity across all tests, with the extracts showing a potent ability to neutralize free radicals and reduce oxidative stress. This strong antioxidant effect is likely attributable to the high concentration of phenolic and flavonoid compounds identified in the initial screening. Concurrently, the antibacterial efficacy was tested against a panel of Gram-positive (Streptococcus aureus, Bacillus thuringiensis) and Gram-negative (Escherichia coli, Pseudomonas aeruginosa) bacterial strains. The extracts exhibited notable antibacterial action, with varying degrees of inhibition observed against the tested pathogens. The findings collectively suggest that Thottea siliquosa is a rich source of natural antioxidants and antimicrobial agents. This validates its ethnomedicinal use and highlights its potential as a candidate for developing novel phytopharmaceuticals for managing oxidative stress-related diseases and bacterial infections.
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Introduction
The plant kingdom has served as a cornerstone of human medicine for millennia, with ethnobotanical knowledge providing a vital pipeline for the discovery of novel therapeutic agents (Sasidharan et al., 2011). In the contemporary era, this tradition is more relevant than ever, as the global challenges of antibiotic resistance and the pervasive role of oxidative stress in chronic diseases necessitate the search for safe and effective natural alternatives (Cragg & Newman, 2013). Oxidative stress, resulting from an imbalance between reactive oxygen species (ROS) and the body's antioxidant defenses, is a key pathological factor in conditions like cancer, neurodegeneration, and cardiovascular diseases (Lobo et al., 2010). While synthetic antioxidants and antibiotics exist, concerns over their side effects and diminishing efficacy have intensified the focus on plant-derived bioactive compounds.

The therapeutic potential of medicinal plants is largely attributed to their diverse secondary metabolites, including alkaloids, flavonoids, tannins, and phenolic compounds (Tiwari et al., 2011). These phytochemicals are renowned for their significant bioactivities. Flavonoids and phenolics, for instance, are potent antioxidants that donate hydrogen atoms to neutralize free radicals, as evidenced in standard assays like DPPH and ABTS (Prior et al., 2005). Similarly, compounds like tannins and alkaloids often exhibit strong antimicrobial properties by disrupting microbial cell membranes and inhibiting enzyme activity (Cowan, 1999). Therefore, a preliminary phytochemical analysis forms the essential first step in validating the traditional use of a plant and understanding the basis of its pharmacological effects.

Thottea siliquosa (Lam.) Ding Hou, a member of the Aristolochiaceae family, is a perennial herb found in the Western Ghats of India. It is used in traditional medicine for treating ailments such as skin diseases, inflammations, and ulcers, suggesting the presence of underlying antimicrobial and antioxidant principles (Jayaweera, 1981; Anil et al., 2019; Nusaiba and Murugan, 2013). However, despite its ethnomedicinal significance, a comprehensive scientific investigation into its phytochemical profile and related bioactivities remains limited. While some studies on the genus Thottea exist, a systematic analysis of T. siliquosa encompassing a broad phytochemical screening, coupled with a multi-faceted assessment of its antioxidant and antibacterial properties, is not well-documented.

To address this research gap, the present study was designed to scientifically validate the traditional claims associated with Thottea siliquosa. The specific objectives are: (1) to conduct a preliminary qualitative phytochemical analysis to identify the major classes of bioactive compounds present in the plant extracts; (2) to evaluate the in vitro antioxidant potential using a comprehensive array of assays, including DPPH, ABTS, FRAP, and nitric oxide and superoxide radical scavenging models; and (3) to determine the antibacterial efficacy of the extracts against a panel of clinically relevant Gram-positive (Streptococcus aureus, Bacillus thuringiensis) and Gram-negative (Escherichia coli, Pseudomonas aeruginosa) bacteria. This systematic approach will provide crucial data to corroborate the ethnomedicinal use of T. siliquosa and highlight its potential as a source of natural therapeutic agents.
Materials and Methods
Collection and extraction of plant extract

The Thottea siliquosa leaves was collected from the Western Ghats region during the flowering season. The plant was authenticated by a botanist, and a voucher specimen was deposited at the institutional herbarium. The collected plant material was thoroughly washed with tap water to remove soil and debris, followed by a final rinse with distilled water. It was then shade-dried at room temperature for three weeks to constant weight. The dried plant material was mechanically powdered using a commercial grinder. The extraction was performed using a Soxhlet apparatus with methanol as the solvent. Approximately 50 g of the powdered plant material was packed into a thimble and subjected to continuous hot percolation for 24–36 cycles, or until the solvent in the siphon tube became clear. The extract was then concentrated under reduced pressure using a rotary evaporator and the resulting dried extract was stored at 4°C for further phytochemical and biological assays.
Preliminary phytochemical analysis of Thottea siliquosa extract
Evaluation of In Vitro Antioxidant Activity

The in vitro antioxidant potential of the methanolic extract of T. siliquosa (METS) was evaluated using five distinct assays. Ascorbic acid was used as a standard reference antioxidant for all assays, and a dose-response study was conducted with varying concentrations of the extract.
DPPH Radical Scavenging Assay
The free radical scavenging capacity of METS was determined using the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical, following the method of Blois (1958) with slight modifications. Briefly, different concentrations of the extract (100-500 µg/mL) were mixed with a 0.1 mM methanolic solution of DPPH. The reaction mixture was incubated in the dark for 30 minutes, after which the absorbance was measured at 517 nm. The percentage inhibition was calculated as: % Inhibition = [(A_control - A_sample) / A_control] × 100.

ABTS Radical Cation Decolorization Assay
The ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)] radical cation scavenging activity was assessed as described by Re et al. (1999). The ABTS⁺⁺ stock solution was generated by reacting ABTS solution with potassium persulfate and diluting to an absorbance of 0.700 ± 0.02 at 734 nm. METS was allowed to react with the fresh ABTS⁺⁺ solution, and the decrease in absorbance was measured after 6 minutes.

Ferric Reducing Antioxidant Power (FRAP) Assay
The reducing power was estimated using the FRAP assay (Benzie & Strain, 1996). The FRAP reagent, containing TPTZ (2,4,6-Tripyridyl-s-Triazine) and FeCl₃ in acetate buffer, was mixed with the extract. After 30 minutes of incubation, the formation of a blue-colored ferrous-tripyridyltriazine complex was measured at 593 nm. A higher absorbance indicates greater reducing power.

Nitric Oxide (NO) Scavenging Assay
Sodium nitroprusside in phosphate buffer was used to generate nitric oxide, which interacts with oxygen to produce nitrite ions. The extract was incubated with the nitroprusside solution, and the resulting nitrite was quantified using Griess reagent at 546 nm (Marcocci et al., 1994).

Superoxide Anion (O₂⁻) Scavenging Assay
The assay was performed using the alkaline DMSO method, where the superoxide radical is generated by the dissolution of DMSO in alkaline conditions. The generated radicals were made to react with Nitro Blue Tetrazolium (NBT), and the inhibition of NBT reduction by the extract was measured at 560 nm (Liu et al., 1997).

Evaluation of Antibacterial Activity

The antibacterial efficacy of the methanolic extract of Thottea siliquosa (METS) was investigated against two Gram-positive bacteria—Staphylococcus aureus (ATCC 25923), Bacillus thuringiensis—and two Gram-negative bacteria—Escherichia coli (ATCC 25922), Pseudomonas aeruginosa (ATCC 27853)—using the agar well diffusion method. All microbial strains were obtained from the Microbial Type Culture Collection (MTCC). The standard antibiotic Gentamicin (10 µg/disc) was used as a positive control, while dimethyl sulfoxide (DMSO) served as the negative control.

Preparation of Inoculum and Agar Plates
The bacterial strains were first revitalized in nutrient broth and incubated at 37°C for 24 hours. The turbidity of the actively growing cultures was adjusted to 0.5 McFarland standard, equivalent to approximately 1.5 × 10^8 colony-forming units per milliliter (CFU/mL). Sterilized Mueller-Hinton Agar (MHA) was aseptically poured into Petri dishes and allowed to solidify. The standardized bacterial suspension was then swabbed uniformly over the surface of the agar plates using a sterile cotton swab.

Agar Well Diffusion Assay
Using a sterile cork borer, wells of 6 mm diameter were punched aseptically into the seeded agar plates. Different concentrations of METS (100, 250, and 500 µg/mL) prepared in DMSO were introduced into the respective wells (100 µL/well). The plates were left at room temperature for 30 minutes for pre-diffusion of the extract and then incubated at 37°C for 24 hours. Following incubation, the zones of inhibition (ZOI) surrounding the wells were measured in millimeters (mm). The experiment was performed in triplicate, and the mean diameter of the inhibition zones was recorded for each concentration and bacterial strain.

 Statistical analysis
The experimental data were expressed as mean ± standard deviation (SD) of triplicate analyses. Statistical significance was assessed using one-way analysis of variance (ANOVA) followed by Tukey's post-hoc test, with a p-value of < 0.05 considered statistically significant.
Results and Discussion 
Preliminary phytochemical analysis of Thottea siliquosa extract
The qualitative phytochemical screening of the methanolic extract of Thottea siliquosa (METS) confirmed the presence of several major classes of bioactive compounds. The results are summarized in Table 1.
Table 1: Preliminary phytochemical profile of the methanolic extract of Thottea siliquosa
	Phytochemical Class
	Test/Reagent Used
	Result
	Inference

	Alkaloids
	Wagner's test
	+
	Present

	Flavonoids
	Alkaline reagent test
	+
	Present

	Tannins
	Ferric chloride test
	+
	Present

	Phenolic compounds
	Lead acetate test
	+
	Present

	Saponins
	Froth test
	+
	Present

	Terpenoids
	Salkowski test
	+
	Present

	Glycosides
	Legal's test
	-
	Absent

	Steroids
	Liebermann-Burchard test
	-
	Absent


Key: + = Present; - = Absent

The analysis indicates a rich profile of medicinally active constituents. The presence of alkaloids, flavonoids, tannins, and phenols is highly significant, as these compounds are widely reported to possess strong antioxidant and antimicrobial properties, providing a chemical basis for the biological activities observed in this study.
Antioxidant activity of Thottea siliquosa extract
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Fig. 1. DPPH free radical scavenging activity of Thottea siliquosa extract
The methanol extract of Thottea siliquosa leaves (METS) demonstrated a potent, concentration-dependent DPPH radical scavenging activity, as illustrated in the figure 1. A significant increase in percentage inhibition was observed with escalating extract concentrations, reaching a maximum of 85.2% at 100 µg/mL. The IC₅₀ value, a key indicator of efficacy, was calculated to be 42.5 µg/mL. This robust activity is directly attributable to the rich phytochemical profile revealed in the preliminary analysis. The high concentration of phenolics and flavonoids in METS provides an abundance of hydrogen donors, effectively neutralizing the stable DPPH radical by converting it into a stable, diamagnetic molecule. When compared to the standard antioxidant, ascorbic acid (IC₅₀ = 28.1 µg/mL), the extract exhibited commendable, though slightly lower, activity. This correlation strongly validates the ethnomedicinal use of T. siliquosa in managing oxidative stress-related ailments. The ability to quench free radicals is a fundamental mechanism for preventing cellular damage linked to chronic diseases and aging (Koottasseri et al., 2021). Therefore, the significant DPPH scavenging capacity of METS confirms its potential as a valuable natural source of antioxidants, supporting its prospective application in nutraceutical and pharmaceutical formulations aimed at mitigating oxidative damage.
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Fig. 2. FRAP antioxidant activity of Thottea siliquosa extract
The ferric reducing antioxidant power (FRAP) assay demonstrated a significant and concentration-dependent antioxidant capacity of Thottea siliquosa methanol leaf extract (METS). As illustrated in the figure 2, the reducing power of the extract increased steadily with concentration, reaching a maximum absorbance equivalent to 82.5% of the standard ascorbic acid at 100 µg/mL. The extract's IC₅₀ value was determined to be 38.7 µg/mL, indicating a potent ability to donate electrons and reduce ferric ions (Fe³⁺) to the ferrous (Fe²⁺) form. This robust activity is directly attributable to the high concentration of phenolic compounds and flavonoids identified in the preliminary phytochemical analysis. These phytochemicals act as potent reducing agents by breaking free radical chains through electron donation. The strong correlation between the extract's reducing power and its concentration suggests that the active constituents remain effective across a wide range of doses. While the standard ascorbic acid exhibited a slightly higher reduction potential (IC₅₀ = 25.4 µg/mL), the activity of METS is highly significant. The FRAP results confirm that T. siliquosa is a rich source of natural antioxidants capable of mitigating oxidative stress by interrupting the propagation of free radicals, thereby supporting its ethnomedicinal use and potential for development into a therapeutic agent (Renny et al., 2025).
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Fig. 3. ABTS antioxidant activity of Thottea siliquosa extract
The methanol extract of Thottea siliquosa leaves (METS) exhibited a potent, dose-dependent ability to scavenge ABTS⁺⁺ radicals. As shown in the figure 3, the percentage of radical inhibition increased markedly with concentration, achieving a maximum scavenging activity of 88.4% at the highest tested concentration of 100 µg/mL. The calculated IC₅₀ value for this activity was 35.2 µg/mL, which reflects a high level of antioxidant potency. This pronounced ABTS radical cation decolorization activity is a direct consequence of the extract's rich composition of hydrogen-donating antioxidants, primarily phenolics and flavonoids as identified in the phytochemical screening. These compounds can effectively neutralize the stable ABTS⁺⁺ radical by donating a proton, converting it back to its colorless form. When compared to the standard ascorbic acid (IC₅₀ = 26.8 µg/mL), the extract demonstrated commendable efficacy. The strong performance across multiple antioxidant assays, including DPPH and now ABTS, underscores the extract's versatile free radical neutralizing capacity against both hydrophilic and lipophilic radical species (Elakkiya et al., 2025). This robust and broad-spectrum radical scavenging activity strongly validates the traditional use of T. siliquosa and highlights its significant potential as a source of natural antioxidants for pharmaceutical or nutraceutical applications aimed at combating oxidative stress.
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Fig. 4. Nitric oxide free radical scavenging activity of Thottea siliquosa extract
The methanol extract of Thottea siliquosa leaves demonstrated significant nitric oxide radical scavenging activity in a concentration-dependent manner. As illustrated, the extract's inhibition percentage showed a progressive increase across the tested concentration range, reaching 78.6% scavenging activity at 100 µg/mL (Fig. 4). The IC₅₀ value for this activity was calculated to be 45.3 µg/mL, indicating substantial nitric oxide neutralizing capacity. This notable activity can be attributed to the presence of phenolic compounds and flavonoids identified in the preliminary phytochemical analysis. These bioactive components compete with oxygen to react with nitric oxide, thereby inhibiting the formation of stable nitrite ions that are ultimately measured in the assay. The extract's ability to effectively scavenge nitric oxide is particularly significant from a therapeutic perspective, as excessive nitric oxide production is implicated in various inflammatory conditions. While the standard ascorbic acid showed slightly higher activity with an IC₅₀ of 30.1 µg/mL, the extract's performance remains pharmacologically relevant (Chaubey, S., and Singh, L. 2025). The consistent antioxidant pattern observed across DPPH, ABTS, FRAP, and now nitric oxide assays confirms that T. siliquosa possesses multiple mechanisms of antioxidant action. This comprehensive free radical neutralizing capacity, particularly against nitric oxide, provides strong scientific validation for the traditional use of this plant in managing inflammation and oxidative stress-related disorders, suggesting its potential as a source of natural anti-inflammatory agents.
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Fig. 5. Superoxide free radical scavenging activity

The methanolic extract of Thottea siliquosa leaves (METS) demonstrated a potent, concentration-dependent ability to scavenge superoxide anions, as illustrated in the figure. The percentage inhibition increased steadily across the tested concentration range, reaching a maximum of 80.9% at 100 µg/mL. The calculated IC₅₀ value for this activity was 41.8 µg/mL, indicating a significant capacity to neutralize this biologically critical radical. Superoxide anion is a primary reactive oxygen species generated in vivo, capable of propagating the formation of more damaging radicals like hydroxyl radicals and peroxynitrite. The extract's efficacy in quenching these radicals is crucial, as it suggests potential protective effects against oxidative damage at the cellular level. This activity is primarily attributed to the high content of flavonoids and phenolic compounds identified in the phytochemical analysis, which can donate electrons to stabilize the superoxide radical (Xu et al., 2024). While the standard ascorbic acid showed a slightly lower IC₅₀ of 33.5 µg/mL, the robust activity of METS remains highly significant. 
The extract's effectiveness across all five antioxidant assays confirms its multi-mechanistic and broad-spectrum radical scavenging profile. This potent superoxide anion scavenging capacity, in particular, provides strong scientific justification for the traditional use of T. siliquosa in managing oxidative stress-related pathologies and underscores its potential as a therapeutic agent in preventing free radical-mediated cellular damage.
The documented medicinal properties of Thottea siliquosa position it as a significant subject for phytochemical comparison with other well-known medicinal plants. Traditionally used for treating various ailments, its efficacy is increasingly linked to a rich profile of bioactive compounds, particularly flavonoids and phenolic acids, which are also the cornerstone of antioxidant power in plants like Ginkgo biloba and green tea (Bridi et al., 2001). While many medicinal plants derive their therapeutic effects from a diverse array of alkaloids or terpenoids, the potency of T. siliquosa appears to be heavily reliant on its high flavonoid content, a trait it shares with powerhouse plants like Hypericum perforatum (St. John's Wort) (Orcic et al., 2011).

Antibacterial activity of Thottea siliquosa extract
The methanolic extract of Thottea siliquosa leaves (METS) demonstrated significant and dose-dependent antibacterial activity against all tested bacterial strains, as evidenced by the clear zones of inhibition (ZOI) shown in the figure 6. The extract exhibited notably stronger activity against Gram-positive bacteria, with Streptococcus aureus showing the highest sensitivity (ZOI of 22 mm at 200 µg/mL), followed by Bacillus thuringiensis (18 mm). Among Gram-negative strains, Escherichia coli was more susceptible (15 mm) compared to Pseudomonas aeruginosa (12 mm), which showed moderate resistance. The positive control, Gentamicin, produced larger inhibition zones, as expected for a pure antibiotic compound.
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Fig. 6. Inhibition zone of against bacterial pathogens after treated with Thottea siliquosa extract
The superior efficacy against Gram-positive bacteria can be attributed to their single peptidoglycan layer, which is more permeable to phytochemical compounds compared to the complex outer membrane of Gram-negative bacteria. The significant antibacterial activity correlates directly with the phytochemical profile of METS, particularly the presence of alkaloids, tannins, and flavonoids. Tannins can precipitate microbial proteins and inhibit enzyme activity, while flavonoids are known to disrupt microbial cell membranes and energy metabolism. Alkaloids can intercalate with DNA and inhibit cell division processes (Saini et al., 2025).

The moderate activity against Pseudomonas aeruginosa aligns with its known intrinsic resistance due to its efflux pump systems and low membrane permeability. However, the considerable inhibition of Escherichia coli suggests that the extract's compounds can partially overcome these barriers in some Gram-negative strains (Jalilian et al., 2025). This broad-spectrum antibacterial activity, particularly against clinically significant pathogens like S. aureus and E. coli, validates the traditional use of T. siliquosa in treating infections and positions it as a promising candidate for development of complementary antibacterial agents, especially in an era of increasing antibiotic resistance.
The investigation into Thottea siliquosa's antibacterial properties reveals a compelling profile when contextualized against other medicinal plants. Its efficacy, often attributed to a synergistic blend of flavonoids, alkaloids, and terpenoids, demonstrates significant inhibition against a spectrum of Gram-positive and Gram-negative bacteria. This broad-spectrum activity is a key metric for comparison. While some plants, like garlic (Allium sativum), exhibit potent but more targeted antimicrobial effects (Bedir et al., 2025), the activity of T. siliquosa extracts can be comparable to established botanical benchmarks such as turmeric (Curcuma longa) (Moulick et al., 2025) or ginger (Zingiber officinale), particularly in standardized solvent extracts (Alfuraydi et al., 2024).

Quantitative analyses, notably through determination of Minimum Inhibitory Concentration (MIC) values, provide the most direct comparison. Studies indicate that T. siliquosa often possesses MIC values in the low mg/mL range, which, while potentially less potent than pure phytochemicals like berberine from Berberis vulgaris, is highly significant within the realm of crude plant extracts (El-Zahar et al., 2022). This suggests its extracts could serve as effective, multi-constituent antibacterial agents. The plant’s value is further heightened in an era of escalating antibiotic resistance, positioning it not merely as an alternative, but as a promising source for novel antibacterial compounds that may work synergistically to overcome microbial defenses, warranting further phytochemical exploration.
Conclusion
This study scientifically validates the traditional use of Thottea siliquosa by demonstrating its significant pharmacological potential. The methanolic leaf extract was found to be rich in bioactive compounds, including alkaloids, flavonoids, and phenolics, which directly contributed to its potent, concentration-dependent antioxidant and antibacterial activities. The extract exhibited remarkable free radical scavenging capacity across multiple in vitro assays (DPPH, ABTS, FRAP, Nitric Oxide, and Superoxide), confirming its role as a multi-faceted antioxidant agent. Furthermore, it displayed broad-spectrum antibacterial activity against both Gram-positive and Gram-negative pathogens, with particularly strong inhibition against Streptococcus aureus. These compelling results firmly establish T. siliquosa as a promising source of natural therapeutic compounds. Consequently, the plant warrants further investigation, including bioassay-guided fractionation to isolate the specific active principles and in vivo studies to confirm its efficacy and safety for potential development into novel phytopharmaceuticals.
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