Antibacterial, anti-inflammatory and antioxidant activities of Senna alata and Commelina benghalensis leaf extracts.


ABSTRACT
Background: Bacteria affecting the cutaneous-digestive and oral spheres, causing pain, inflammation and sometimes serious complications such as septicemia, are exacerbated by the emergence of new antibiotic-resistant strains. The World Health Organization (WHO) encourages the use of medicinal plants to treat diseases caused by antibiotic-resistant pathogens; however, this practice should be supported by a proper scientific valaidation. Objective: This study sought to evaluate in vitro antibacterial, anti-inflammatory and antioxidant activities of extracts from Commelina benghalensis (Commelinaceae) and Senna alata (Fabaceae). The crude extracts from C. benghalensis and S. alata by maceration in ethanol. This was followed by a liquid-liquid partitioning of the extracts using hexane, ethylacetate and n-butanol to yield respective fractions. The as prepared extracts and fractions were evaluated for antibacterial activity against a panel of bacteria, such as Escherichia coli (reference strain) and S. aureus cpc, E. coli cpc, E. faecalis and S. mutans (3 clinical isolates) using a both microdilution method. The phytochemical screening of C. benghalensis and S. alata extracts were determined using standard protocols. Antioxidant and anti-inflammatory effects of extracts were assessed using standard methods. The acute toxicity of the most promising antibacterial extract was performed according to OECD guideline protocole number 423. Results: The yields of extraction for the ethanol extracts from C. benghalensis and S. alata were found to be 4.94% and 10.25%, respectively. The plant extracts were found to be rich in flavonoids, terpenoids and steroids, and phenolics. The plant extracts exhibited antibacterial activity with minimum inhibitory concentrations (MICs) ranging from 0.3125 to 2.5 mg/mL. Also, the extracts displayed significant antioxidant activity with median radical scavenging concentrations (SC50s) ranging from 30.09 to 500 µg/mL, 30.84 to 500 µg/mL and 124.5 to 500 µg/mL for ABTS, DPPH and FRAP assays, respectively. The plant extracts revealed anti-inflammatory activity with IC50 values ranging from 24.9 µg/mL to 113.1 µg/mL. Upon acute toxicity study, the median lethal dose (LD50) of the most promising antibacterial extract was found to be greater than 2000 mg/kg. Conclusion: This study demonstrates antibacterial, anti-inflammatory and antioxidant activity of extracts C. benghalensis and S. alata, thus validating the traditional use of these plants in treating infectious diseases. 
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1. INTRODUCTION
Infectious diseases remain a leading cause of death around the world, despite significant advancements in treatment and prevention (Rana et al., 2023). These diseases account for over 52 million (33%) annual deaths worldwide, while half of the world’s population remains at risk (Rana et al., 2023). Antibiotics were one of the most important medical breakthroughs in the fight against bacterial illnesses. Penicillin was the first antibiotic to have a significant impact on human and animal health (Suroowan et al., 2019). Hundreds of antibiotics have been found so far and used as treatments for a variety of diseases caused by microorganisms (Idris et al., 2023). The misuse and overuse of antibiotics are the main drivers in the development of drug-resistant pathogens (WHO, 2025). It is estimated that bacterial resistance to antibiotics was directly responsible for over 1.27 million global deaths in 2019 and contributed to 4.95 million deaths (ARC, 2022). Indeed, the rise in antibiotic resistance poses a significant threat, thus reducing the efficacy of commonly use of antibiotics against the majority of bacterial infections (WHO, 2025). Although several new agents based on existing antibiotics are being developed, there has been tiny progress in the exclusive discovery of novel agents (Dryden et al., 2018). Therefore, there is an urgent need to search for effective treatments against bacterial infections. Reactive oxygen species (ROS) have intricately been involved in the pathogenesis of several diseases, including bacterial infections (Li et al., 2021 ; Pooja et al., 2025). ROS can damage cellular components and disrupt normal cellular function, thus contributing to disease progression (Singh et al., 2019 ; Vona et al., 2021 ; Dash et al., 2025). They are also involved in signaling pathways, including NF-κB (nuclear factor kappa B), JAK-STAT (Janus kinases-signal transducers and activators of transcription), TLR (toll-like receptors), and MAPK (mitogen-activated protein kinase) pathways, that can lead to inflammation and tissue damage (Charras et al., 2019 ; Lee et al., 2020). As free radical scavengers, antioxidants help treat a variety of illnesses that produce reactive oxygen species (ROS) and harm cells by converting oxidants into their less harmful forms (Liu et al., 2018 ; Mukherjee et al., 2024a). On the other hand, when bacteria enter the body, the immune system activates, sending white blood cells and other immune mediators to the affected area to fight the infection. This immune response triggers a cascade of reactions, causing inflammation. Oxidative stress and chronic inflammation are linked to the pathogenesis of numerous diseases, including bacterial infections (Chen et al., 2017 ; Jomova et al., 2025). Antioxidants and anti-inflammatory compounds can promote antibacterial effects by scavenging free radicals, inhibiting inflammatory pathways, and potentially modulating gut bacteria. Indeed, antioxidants and anti-inflammatory compounds play a synergistic role in combating cellular damage caused by bacterial infections, thus contributing to their antibacterial activity (Silla et al., 2025). 
Thus, the identification of plant secondary metabolites with antioxidant, anti-inflammatory and antimicrobial activities might contribute to the development of new treatments for drug resistant bacterial infections (Vaou et al., 2021). 
Medicinal plants are believed to be safer, affordable and accessible alternative therapy for microbial infections (Goyal and Suleria, 2019). Herbs remain the origin of most of the presently used orthodox drugs, while studies have confirmed their prospects in the development of several therapeutic agents (Agidew, 2022).
Senna alata and Commelina benghalensis are among the plants that have been used traditionnally to overcome a number of diseases. For example, leaves, roots, flowers, and seeds of Senna alata are used in traditional medicine to treat typhoid, diabetes, malaria, skin infections, and digestive issues (Oladeji et al., 2020 ; Oladeji et al., 2021). 
In traditional medicine, Commelina benghalensis has been used for a variety of ailments, including dysentery, rashes, leprosy, and infant thrush (Doolabh et al., 2021). Specifically, the mucilage from the flowering plants is used to treat infant thrush (Fibrich and Lall, 2020). The plant is also used as a poultice and remedy for hypertension, according to the Zulu culture (Fibrich and Lall, 2020). In some cultures, Commelina benghalensis is used to treat infertility in women, sore throats, and burns (Orni et al., 2018).  In the Indian traditional system of Medicine, Commelina benghalensis is employed to cure jaundice, headache, constipation, leprosy, fever, snakebite, mouth thrush, insanity, epilepsy, mental illness, emollient (Sivakumar, 2024). In China, this plant is used to treat diuretic, febrifuge, antiepilepsy, antifungal for mouth thrush, and as antipyretic and anti-inflammatory medicines (Khan et al., 2011). In Eastern Africa, C. benghalensis sap is used to relieve ophthalmia, sore throats and burens (Ibrahim et al., 2010).  In Cameroon, stems of are C. benghalensis used for wound healing, whereas in Ghana, the plant is used to treat sore feet, sore throat, burns, eye complaints, and leprosy (Dagne et al., 2023).
Moreover, Senna alata is reported to contain secondary metabolites, such as alkaloids, flavonoids, phenols, tannins, saponins, and anthraquinones (Keng et al., 2024), whereas the phytochemical screening of Commelina benghalensis revealed the presence of phlobatannins, carbohydrates, tannins, glycosides, volatile oils, resins, flavonoids and saponins (Ibrahim et al., 2010). 
Based on the foregoing, the validation of the ethnopharmacological use of Senna alata and Commelina benghalensis is valuable. This study aims to evaluate the antibacterial, activity of extracts from Senna alata and Commelina benghalensis. Antioxidant and anti-inflammatory activities of S. alata and C. benghalensis extracts are also evaluated.
2. MATERIAL AND METHODS
2.1. Materials
2.1.1. Chemicals and reagents
1,1-Diphenyl-2-picrylhydrazyl (DPPH), Folin-Ciocalteu, reagent, Ferrous chloride, 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), ascorbic acid, and ciprofloxacin were purchased from Sigma, USA. All the other chemicals used including the solvents were of analytical grade.
2.1.2. Plant material
Various organs of Commelina benghalensis (leaves and stems) and Senna alata (leaves) (Caesalpiniaceae) were collected on 18th October 2024 at 7 a.m. in Dschang (village Fonakeukeu, Menoua Subdivision; DMS: 5°24'60N, 10°4'52E), and at Mendong (Yaounde VI district, Mfoundi Division, DMS: 3°51'00 "N, 11°27'00 "E), respectively. The plants were botanically identified at the National Herbarium of Cameroon by Mr. Nana Victor (Botanist) and voucher specimens were deposited under reference numbers 613219/SRFCAM for Commelina benghalensis and 99215/HNC for Senna alata.
2.2. Extraction of the plants 
The different plant organs were pre-treated (to remove impurities), shade dried at room temperature and ground into fine powder. After that, crude extracts were prepared by maceration using pure ethanol (95oC). Briefly, 2 kg of each powder were macerated in 15 L of pure ethanol and then stirred. Next, the mixture was macerated during 72 hours at room temperature, then filtered using Wattman N°1 paper. The filtrates were concentrated using a Rotavapor® R-100 rotary evaporator at 50°C under reduced pressure and then ventilated at room temperature to remove the remaining solvent. After drying, the crude extracts were weighed using a mechanical balance (triple beam balance, 2610), and the yield of extraction was calculated according to the following formula:
Yield (%)=(Mass of ethanol extract )/(Mass of plant powder)×100	
After that, the resulting extracts were stored at 4°C until further use. 
2.3. Fractionation of the ethanol extracts
Ethanol extracts from Commelina benghalensis (64.2 g) and Senna alata (88.11 g) were suspended in 400 mL of distilled water and introduced separately into a 1000 mL separating funnel. Next, partitioning of different plant constituents was performed using solvents of increasing polarity, such as hexane, ethyl acetate and n-butanol. After addition of hexane to each solution, the mixture was shaken vigorously and left to stand alone, so as to separate the organic phase from the aqueous phase. Then, the organic phase was dried using a rotary evaporator to remove the solvent in order to obtain the hexane extract of each plant. The same process was repeated for ethylacetate and n-butanol (Pone Kamdem et al., 2015). In fact, the aqueous phase of each plant solution was successively extracted with ethylacetate and n-butanol to afford ethylacetate and n-butanol fractions, respectively (Figure 1). 




Figure 1 : Fractionation of the ethanolic extracts from Commelina benghalensis and Senna alata.
2.4. Phytochemical screening
A qualitative analysis of the ethanol extract was conducted to identify different constituents, such as steroids, triterpenes, flavonoids, and phenolic compounds (Evans and Evans, 1989), sugars (Odebiyi and Sofowora, 1979), alkaloids and tannins (Harborne, 1984), which could be responsible for the antibacterial activity.
a. Liebermann-Burchard test
In this assay, 1 mg of extract was dissolved in chloroform, followed by an addition of acetic anhydride and concentrated sulphuric acid. After stirring, the presence of triterpenes was indicated by a purplish-red colour, whereas the presence of steroids was indicated by a greenish-blue colour (Evans and Evans, 1989).
b. Molisch assay
To identify the presence or absence of sugars in the test sample, 1 mg of extract was dissolved in ethanol, followed by an addition of 1% ethanol solution of α-naphthol, then a few drops of concentrated sulfuric acid. Next, the presence of sugars was indicated by the appearance of a purplish-red ring at the interface of the solution (Odebiyi and Sofowora, 1979).
c. Ferric chloride (FeCl3) test
To identify the presence of phenolic compounds, 1 mg of extract was dissolved in ethanol, followed by an addition of FeCl3 solution. The occurrence of phenolic compounds resulted in the development of blue or violet complexes (Evans and Evans, 1989).
d. Shinoda test
To a solution of ethanol extract of Commelina benghalensis or Senna alata, a few drops of concentrated hydrochloric acid and magnesium sheets. The presence of flavonoids was revealed by the appearance of a purple colour (Evans and Evans, 1989).
e. Dragendorff test
In this experiment, 10 mg of the ethanol extract of Commelina benghalensis or Senna alata were added to 1% ethanolic solution of HCl, followed by the addition of the Dragendorff reagent. The generation of an orange precipitate revealed the presence of alkaloids (Harborne, 1984).
f. Tannins test
Briefly, 15 mg of extract from Commelina benghalensis or Senna alata, was dissolved in 1 mL of ethanol, followed by an addition of a ferric chloride solution. The appearance of a dark brownish-green or blue-black colour revealed the presence of tannins in the extract (Harborne, 1984).
2.5. Determination of minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs)
2.5.1. Microbiological material
The antibacterial activity was carried out against the reference strain   Escherichia coli supplied by BEI Ressources (Biodefense and Emerging Infections Research Resources Repository) (BEI Ressource, 2025), and four clinical isolates, including S. aureus cpc, E. coli cpc, E. faecalis and S. mutans, obtained from the Centre Pasteur of Cameroon (CPC). Prior to each assay, these bacterial strains were sub-cultured in Muller Hinton Agar (MHA) at 37°C for 24 hrs in the Laboratory for Phytobiochemistry and Medicinal Plants Studies. 
2.5.2. Preparation of stock solutions of extracts and antibiotic of reference 
The stock solutions were prepared at a concentration of 100 mg/mL by dissolving 100 mg of each extract in 1 mL of 100% (v/v) dimethyl sulfoxide (DMSO) and stored at 4°C. Ciprofloxacin, which was used as the reference antibiotic, was prepared under the same conditions at 1 mg/mL in acidified distilled water (HCl, 0.05 N) (Dzotam et al., 2016).
2.5.3. Preparation of bacterial inocula
Bacterial inocula were prepared was prepared at 0.5 MacFarland (1.5x108 CFU/mL) (McFarland, 1907) into 10 mL of NaCl 0.9% and then diluted at 106 Colony Forming Unit/mL for the assay. To this end, a few colonies from 24-hour cultures on Mueller Hinton (MH) agar were collected using a platinum loop and transferred to a test tube containing 10 mL of NaCl 0.9%. The suspension was then adjusted to a density of 0.5 McFarland by comparing turbidity, resulting in an inoculum with a bacterial load of 1.5x108 CFU/mL, and then diluted at 106 Colony Forming Unit/mL for each test. 
2.5.4. Determination of the minimum inhibitory concentration 
The minimum inhibitory concentration of each plant extract was determined using broth microdilution method according to the Clinical and laboratory Standards Institute guidelines (CLSI, 2012), protocol number M09-A7 (Weinstein and Patel, 2018). Briefly, 196 µL of Muller Hinton Broth (MHB) were introduced into the first wells of the microtiter plate and 100 µL into the remaining wells. After that, 4 µL of sterile solution of extracts, which were prepared at 100 mg/mL were added to the corresponding first wells followed by five serial two-fold dilutions. Then, 100 µL of bacterial suspension (106 CFU/mL) were dispensed in wells excluding those of sterility control. The concentrations of ciprofloxacin and extracts into the wells ranged from 0.25 to 0.0078 μg/mL, and from 1000 to 31.25 μg/mL, respectively to achieve a final volume of 200 µL. The as-prepared plates were covered and incubated for 24 hrs at 37°C. At the end of the incubation period, 20 µL of freshly prepared resazurin (0.15 mg/mL) were added to all wells, followed by an additional incubation for 30 min at the same conditions. The test was carried out in triplicate in sterile 96 wells microtiter plate. The minimum inhibitory concentration was considered to be the lowest concentration at which there was no change of color from blue to pink, consistent to a lack of visible growth of bacteria. 
2.5.5. Bacterial growth kinetics 
This assay was performed according to a previously described protocol by Klepser et al. (1998) with minor changes, such as the use of opacimeter based on turbidity of cell suspensions as a function of charge instead of colony counting on agar. Briefly, a serial dilution was performed for each sample to obtain final concentrations ranging from 4 MIC to 1 MIC. Afterwards, 100 µL of bacterial suspension (106 UFC/mL) were added to the wells excepted for those of sterility control. The reference antibiotic ciprofloxacin was used as a positive control. The plates were incubated at 37°C for 0, 1, 2, 4, 6, 8, 10, 12 and 24 hrs and for each time period, the optical densities were measured at 620 nm using a microplate reader TECAN Infinite M200 against the blank (extract with culture media). A graph was plotted using the values of optical densities, versus incubation time and the obtained curves were used to determine the dose-response activity. Therefore, the minimum time required for the start of bacterial inhibition and growth re-emergence, and the bactericidal effect of the extracts were determined.
The concentrations that induced a continuous decrease of the bacterial population were considered to be the minimum bactericidal concentrations. The assay performed in triplicate in sterile 96 well microplates.
2.6. Antioxidant activity
2.6.1. DPPH• radical scavenging assay
The free radical scavenging assay of the most promising extracts was tested using the 1,1-diphenyl-2-picryl hydrazyl (DPPH) method. In brief, 25 μL of each extract at different concentrations (2000 to 31.25 µg/mL) were added to 75 μL of DPPH solution (0.02%) to achieve final concentrations ranging from 500 to 3.90625 μg/mL. The reaction mixtures were stored in the dark at room temperature for 30 min, and then the absorbance was measured using microplate reader TECAN Infinite M200 at 517 nm against the blank (solution of DPPH in methanol only). Ascorbic acid, which was used as a positive control was also treated with DPPH (0.02%) solution to achieve final concentrations ranging from 25 to 0.195 μg/mL. The inhibition percentages, which were calculated from the optical densities were used to express the scavenging concentrations 50 (SC50s) using GraphPad Prism 8.0.1. software. The test was performed in triplicate. 
  ;     
2.6.2. ABTS radical scavenging assay
[bookmark: OLE_LINK1]For ABTS assay, the radical scavenging activity of extracts was assessed using the discoloration method (Re et al., 1999). In short, 25 μL of extract at various concentrations (from 2000 to 31.25 µg/mL) were added to 75 μL of the ABTS+ solution (0.175 mM) and incubated for 30 min in the dark at room temperature. After incubation, the optical densities of the solutions were measured at 734 nm using the TECAN Infinite M200 plate reader. ABTS reagent and ascorbic acid, which were prepared at final concentrations ranging from 25 to 0.390 μg/mL, were used as negative and positive controls, respectively. The tests were carried out in triplicate in 96 well microplates. The reduction of ABTS leads to a discoloration of the blue ABTS solution measured after 30 min of incubation at 734 nm.
2.6.3. Ferric reducing antioxidant power assay (FRAP)
The protocol described by Moffatt et al. (1994) was used for the evaluation of ferric iron reducing activity. In short, 25 μL of extract at different concentrations (from 2000 to 31.25 µg/mL) were mixed to 25 μL of a solution of Fe3+ (1.2 mg/mL). The plates were pre-incubated for 15 mins at room temperature, then 50 μL of orthophenanthroline (0.2%) were added and the obtained solution was again incubated for 20 min at the same temperature. Next, the absorbance of the solution was measured at 505 nm against the blank (25 μL of methanol + 25 μL Fe3+ + 50 μL of ortho-phenanthroline). Ascorbic acid, which was used as a positive control was prepared in methanol to yield final concentrations ranging from 25 to 0.390 μg/mL.
2.7. Anti-inflammatory activity
The anti-inflammatory activity in vitro was performed using the protein (bovine serum albumin, BSA) denaturation method as described by Chandra et al. (2012) and Prasad et al. (2013) with minor modifications.
2.7.1. Preparation of solutions
a. Stock solutions of extracts
The extract stock solutions were prepared at the concentration of 250 µg/mL. To this end, 5 mg of each extract was dissolved in 20 mL of phosphate buffer saline (PBS). The diclofenac sodium, which was used as positive control was prepared by dissolving 0.1 mg of diclofenac sodium in 1 mL of PBS buffer solution to achieve a final concentration of 100 µg/mL. This was followed by successive serial dilutions of a geometric order 2 to obtain final test concentrations in the wells.
b. Preparation of the BSA
The BSA solution was prepared at 0.1% w/v in a phosphate buffer solution (PBS) with a pH of 7.4. Briefly, 0.1 g of the BSA powder was dissolved in 100 mL of PBS to obtain a BSA solution of 0.1% w/v.
2.7.2. Anti-inflammatory assay
Sodium diclofenac (FAES FARMA), in its injectable form, was used as the standard. Briefly, 10 µL of the as-prepared BSA solution was added to 140 µL of PBS (pH, 7.4) and 100 µL of the extract solution or sodium diclofenac to achieve a final volume of 2.5 mL. A separate tube that was used as a blank contained 100 µL of vehicle solution used for the extract’s preparation. The extracts and sodium diclofenac were tested at final concentrations of 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.5625 and 0.78125 µg/mL. Thereafter, the test tubes were incubated at 37°C for 30 minutes and vortexed. After that, the tubes were heated at 70°C in a water bath for 15 minutes. After cooling to room temperature, the optical densities were measured at 660 nm using a microplate reader TECAN Infinite M200. The tests were performed in triplicate.
The percentages of inhibition of the BSA denaturation were determined using the obtained optical densities through the following formula :
                           Percentage of inhibition (%)= [(Vt/Vc) −1] × 100
 Where : Vt = Optical density of the test ; Vc = Optical density of the blank.
The IC50 values were determined using Graph Pad Prism 5.0 software. The tests were performed in triplicate.
2.8. Acute oral toxicity 
The acute toxicity experiment was carried out according to the OECD (Organisation for Economic Co-operation and Development) guidelines, test number 423 (OECD, 2001). To this end, 6 adult female mice were randomly divided into 2 groups of 3 animals each. The animals in group 1 were administered with distilled water (10 mL/kg) (negative control mice), whereas the second group of mice received a single oral dose (2000 mg/kg) of the most active antibacterial extract (ethyl acetate extract of Senna alata). Twelve hours prior to the experiment, the animals were subjected to fasting. After treatment, mice were observed during 4 hours and thereafter monitored daily for 14 days. Signs of toxicity, such as aggressiveness, mobility, tremors, skin changes, convulsions, etc. were recorded during the experiment. 
2.9. Data analysis
The results were expressed as means affected by the standard deviation (Mean±SD), and they were presented in the form of tables or figures. Control and test group means were compared by one-way analysis of variance (ANOVA), followed by the Dunnett's test with a 95% confidence level (p ≤ 0.05) using GraphPad Prism 8.0.1 software.
3. RESULTS AND DISCUSSION
3.1. Results
3.1.1. Yields of plant extraction
The yields of extraction were found to be 4.95% and 10.25% for the ethanol extracts of Commelinna benghalensis and Senna alata, respectively. The fractionation of 64.2 g of the ethanol extract of Commelinna benghalensis yielded 13.8, 2.5 and 7.5 g of hexane, ethylacetate and butanol extracts, respectively. Upon partitioning of 88.1 g of the ethanolic extract of Senna alata, 14.2, 7.3 and 14.8 g of hexane, ethylacetate and butanol extracts, respectively.     
3.1.2. Phytochemical analysis
Table 1 summarizes the phytochemical composition of extracts from Senna alata and Commelinna benghalensis. Hexane (FH-SA) and ethylacetate (FA-SA) extracts from Senna alata reealed the presence of steroids, phenols and flavonoids. The n-butanol extract of S. alata (Fnb-SA) and C. benghalensis (FnB-CB) showed the presence triterpenes, phenols and flavonoids. The phytochemical analysis of C. benghalensis also revealed the presence of steroids, phenols and flavonoids in the hexane (FH-CB) extract, whereas the ethylacetate (FA-CB) extract was dominated by steroids, triterpenes, phenols and flavonoids. The water residue of S. alata was found to be rich in phenolic compounds, whereas that of C. benghalensis revealed the presence of phenolics and flavonoids (Table 1). 
Table 1: Phytochemical composition of extracts from Senna alata and Commelinna benghalensis
	
	
	
	Senna	alata
	
	

	  Samples
	Steroids
	Triterpenes
	Phenols
	Flavonoids
	Alcaloids

	FH-SA
	+
	-
	+
	+
	-

	FA-SA
	+
	-
	+
	+
	-

	Fnb-SA
	-
	+
	+
	+
	-

	Aqueous residue 1
	-
	-
	+
	-
	-

	
	
	Commelina                   
	Benghalensis
	
	

	  Samples
	Steroids
	Triterpenes
	Phenols
	Flavonoids
	Alcaloids

	FH-CB
	+
	-
	+
	+
	-

	FA-CB 
	+
	+
	+
	+
	--

	FnB-CB
	-
	+
	+
	+
	-

	Aqueous residue 2
	-
	-
	+
	+
	-



3.1.2. Antibacterial activity 
The antibacterial activity of extracts and fractions from Senna alata and Commelina benghalensis was evaluated against one reference bacterial strain (Escherichia coli) and 3 clinical isolates (S. aureus cpc, E. coli cpc, E. faecalis and S. mutans). The minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs) of Senna alata and Commelina benghalensis extracts are summarized in table 1. 










Table 1: Minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs)
	Samples
	S. mutans
	E. faecalis
	E. coli cpc
	S. aureus cpc
	E. coli ATCC 25922

	Code 1
	Code 2
	CMI
	CMB
	CMB/
CMI
	CMI
	CMB
	CMB/
CMI
	CMI
	CMB
	CMB/
CMI
	CMI
	CMB
	CMB/
CMI
	CMI
	CMB

	1
	EB -CA
	1.25
	1.25
	1.0
	/
	/
	/
	2.5
	/
	nd
	/
	/
	/
	/
	/

	2
	FnB- CB
	/
	/
	/
	2.5
	2.5
	1.0
	/
	/
	/
	2.5
	/
	nd
	/
	/

	3
	FH-CB
	/
	/
	/
	1.25
	/
	nd
	1.25
	1.25
	1.0
	2.5
	2.5
	1.0
	/
	/

	4
	FA-SA
	0.3125
	0.625
	1.9936
	/
	/
	/
	/
	/
	/
	0.625
	1.25
	2.0
	/
	/

	5
	EB – CB
	/
	/
	/
	2.5
	/
	nd
	/
	/
	/
	/
	/
	/
	/
	/

	6
	FH-CA
	1.25
	2.5
	2.0
	/
	/
	/
	/
	/
	/
	1.25
	2.5
	2.0
	/
	/

	7
	FA-CB 
	1.25
	1.25
	1.0
	/
	/
	/
	0.625
	/
	nd
	/
	/
	/
	/
	

	8
	Fnb - CA
	1.25
	1.25
	1.0
	0.625
	2.5
	4.0
	/
	/
	/
	0.3125
	/
	nd
	/
	/

	Ciprofloxacin (µg/mL)
	0.625
	0.625
	1.0
	0.625
	2.5
	4.0
	2.5
	2.5
	1.0
	/
	/
	/
	/
	/



MIC : Minimum Inhibitory Concentration ; MBC : Minimum Bactericidal Concentration ; Staphylococcus mutans, Enterococcus faecalis, Escherichia coli, Staphylococcus aureus, EB -CA : Crude ethanol extract of Senna alata, FnB-CB : n-butanol fraction of Commelina benghalensis ; FH-CB : hexane fraction of Commelina benghalensis ; FA-SA : ethyl acetate fraction of Senna alata; EB-CB : crude ethanol extract of Commelina benghalensis ; FH-CA : hexane fraction of Senna alata ; FA-CB : ethyl acetate fraction of Commelina benghalensis ; Fnb-CA : n-butanol fraction from Senna alata. ; nd : Not determined.
[bookmark: OLE_LINK20]The ethanol extract from S. alata inhibited the growth of S. mutans and E. coli cpc with MIC values of 1.25 and 2.5 mg/mL, respectively. The ethanol extract from C. benghalensis inhibited the growth of E. faecalis with MIC value of 2.5 mg/mL. Hexane, ethylacetate and n-butanol extracts from S. alata and C. benghalensis showed growth inhibition against the test bacteria with MIC values ranging from 0.3125 and 2.5 mg/mL. According to the CMB/CMI ratios (≤ 4), S. alata and C. benghalensis extracts revealed a bactericidal effect against S. mutans, E. coli cpc, E. faecalis, and S. aureus cpc. Referring to the classification criteria by Tamokou et al. (2017), an extract is considered highly active when its MIC value < 100 µg/mL; significantly active when 100 ≤ MIC ≤ 512 µg/mL; moderately active when 512 ≤ MIC ≤ 2048 µg/mL; weakly active when MIC ˃ 2048 µg/mL; and inactive in case MIC ˃ 10 mg/mL. Thus, the ethanol extract of Senna alata was found to be moderately active, whereas the ethanol extract of C. benghalensis showed weak inhibitory effects on E. faecalis. The ethyl acetate fraction of S. alata was significantly active on S. mutans and moderately active on S. aureus cpc, whereas the n-butanol fraction from Senna alata showed significant inhibition on S. aureus cpc and moderate inhibition on E. faecalis (Table 1). Ciprofloxacin, the reference antibiotic, showed growth inhibition against all the strains tested with MIC values ranging from 0.625 mg/mL to 2.5 mg/mL.
3.1.3. Bacterial growth kinetics
Upon incubation of the most active extract FA-SA (MIC/4, MIC/2, MIC, 2MIC, and 4MIC) with the most susceptible bacteria (S. mutans and S. aureus CPC), and follow-up of the optical density at different time intervals (0, 2, 4, 6, 8, 10, 12, and 24), the bactericidal or bacteriostatic effect was evaluated by plotting optical density as a function of incubation time using GraphPad Prism 8.0.1 software (Figure 2). Thus, the minimal time elapsed for the extract to inhibit the baxcterial growth was also recorded. 






                                     (A)                                                                  (B)

Figure 2. Effects of FA-SA extract on the growth of Streptococcus mutans and Staphylococcus aureus CPC. 
MIC: Minimum inhibitory concentration; Cipro: ciprofloxacin; NC: Negative control ; S. aureus : Staphylococcus aureus, E. coli : Escherichia coli ; FA-SA: ethyl acetate extract of Senna alata.

Figure 2A illustrates the growth kinetics of Streptococcus mutans when incubated with the ethyl acetate extract of Senna alata (FA-SA), whereas Figure 2B depicts the evolution of the growth of Staphylococcus aureus CPC with this extract. The results are compared with positive (ciprofloxacin) and negative controls. At higher concentrations of extract (4 MIC and 2 MIC), there was significant reduction of the bacterial population after 4 hours of incubation time. After 24 hours of incubation of the extract at 4 MIC, there was no growth of Streptococcus mutans as evidenced by the trend of the bacterial growth curve that overlapped with the x axis. The observation of a bacterial growth curve overlapping the x-axis after incubation at 4 MIC of the extract FA-SA indicates that this extract effectively eliminated Streptococcus mutans at that concentration, preventing any bacterial growth over the 24-hour period. This suggests that 4 MIC is a bactericidal concentration for Streptococcus mutans. After 12 hours of incubation of Staphylococcus aureus CPC with the extract FA-SA (4MIC), the bacterial growth curve that overlaps the x-axis (or shows no growth/turbidity), indicating a bactericidal orientation, since the extract eliminated the bacteria at 4MIC. Lower concentrations (MIC and MIC/2) of the extract FA-SA show a gradual decrease of the bacterial population ; however, the bacterial curves did not overlap with the x-axis, indicating that the bacterial population was not nullified even after 24 hours of incubation. After 6 hours of incubation time, ciprofloxacin showed a bactericidal inclination Streptococcus mutans and Staphylococcus aureus CPC. 
3.1.5. Acute toxicity 
3.1.5.1. Effects of the bioactive extract in mice
Table 1 summarizes the effects of a single oral administration (2000 mg/kg) of the ethylacetate extract of Senna alata to Swiss albino mice. There was no mortality recorded in treated mice, thus revealing that the no observed adverse effect level (NOAEL) is more than 2000 mg/kg. The lethal dose (LD50) is considered to be greater than 2000 mg/kg. Moreover, there were no signs of morbidity (locomotion, aggressiveness, sensitivity to touch, etc.) observed in the treated mice, compared to the untreated control group of mice. These results suggest that the ethylacetate extract of Senna alata is free of in vivo toxicty at the dose tested (2000 mg/kg).
Table 1 : Effects of a single oral dose of the ethyl acetate extract of Senna alata in mice
	Parameters
	Vehicle control
	Extract FA-SA (2000 mg/kg) 

	
	0.4 hour
	4 hours
	14 days
	0.4 hour
	4 hours
	14 days

	Number of deaths
	0/3
	0/3
	0/3
	0/3
	0/3
	0/3

	Shivering
	0/3
	0/3
	0/3
	0/3
	0/3
	0/3

	Agressiveness
	0/3
	0/3
	0/3
	0/3
	0/3
	0/3

	Mobility
	3/3
	3/3
	3/3
	3/3
	3/3
	3/3

	Appearance of faeces
	N
	N
	N
	N
	N
	N

	Horripilation
	0/3
	0/3
	0/3
	0/3
	0/3
	0/3

	Sensitivity to touch
	3/3
	3/3
	3/3
	3/3
	3/3
	3/3

	Sensitivity to noice
	3/3
	3/3
	3/3
	3/3
	3/3
	3/3


Vehicle control : Group of healthy mice treated with distilled water ; FA-SA (2000 mg/kg) : mice treated with a single dose of 2000 mg/kg extract ; N : Normal.
3.1.5.2. Antioxidant acitivity of extracts from Commelina benghalensis and Senna alata
Concentrations of extracts that scavenged 50% of different radicals were measured using standard methods. Tables 2 and 3 summarizes the concentrations of extracts that scavenged 50% of DPPH and ABTS, respectively, whereeas table 4 resumes the concentrations that reduced 50% of Fe³⁺ to Fe2⁺. 
a. Radical scavenging activity of plant extracts upon ABTS test 
Ethanol and hexane extracts from S. alata exhibited antioxidant activity upon ABTS assay with 50% radical scavenging concentrations (SC50) of 50.46 and 98.27 µg/mL, respectively. The n-butanol extracts from Commelina benghalensis and Senna alata revealed antioxidant activity upon ABTS assay with 50% radical scavenging concentrations of 96.42 and 30.09 µg/mL, respectively. Gallic acid, which was used as a positive control showed antioxidant activity with SC50 value of 0.31 µg/mL. 
Table 2 : Mean scavenging concentrations of extracts following the ABTS assay 
	Samples’
codes
	SC501 (µg/mL)
	SC502 
(µg/mL)
	SD
	Mean (µg/mL)

	EB-CA
	50.46
	50.46
	0
	50.46

	EB-CB
	> 500
	> 500
	ND
	ND

	FH-CA
	98.27
	98.27
	0
	98.27

	FH-CB  
	> 500
	> 500
	ND
	ND

	CB-FAE
	> 500
	> 500
	ND
	ND

	CA-FAE
	> 500
	> 500
	ND
	ND

	CA-Fnb
	96.42
	96.72
	0.21
	96.57

	CB-Fnb
	30.09
	30.09
	0
	30.09

	Gallic acid
	0.32
	0.31
	0.009
	0.31


SC50 : Mean radical scavenging concentration 50 ; PC : Positive control ; ND : Not determined ; SD : Standrad deviation ; >500 : No activity. EB-CA : Crude ethanol extract of Senna alata ; EB-CB : crude ethanol extract of Commelina benghalensis ; FH-CA : hexane fraction of Senna alata ; FH-CB : hexane fraction of Commelina benghalensis ; FA-SA : ethyl acetate fraction of Senna alata; FA-CB : ethyl acetate fraction of Commelina benghalensis ; Fnb-CA : n-butanol fraction from Senna alata; FnB-CB : n-butanol fraction of Commelina benghalensis.
b. Antioxidant activity following DPPH assay
Ethanol, hexane, ethylacetate and n-butanol extracts of S. alata and C. benghalensis scavenged the free radicals of DPPH with mean radical scavenging concentrations varying from 26.29 (n-butanol extract of S. alata, CAFn-b) to 219.95 (ethanol extract of Commelina benghalensis ; CB-EB). Among the extracts from S. alata, the n-butanol extract was the most active (26.29 µg/mL), followed by the ethylacetate extract (49.36 µg/mL), then ethanol (78.04 µg/mL) and hexane (124.15 µg/mL) extracts. Among the extracts from Commelina benghalensis, the ethylacetate extract (30.84 µg/mL) was the most active extract, followed by n-butanol (64.06 µg/mL) and ethanol (219.95 µg/mL) extracts. Gallic acid, the standard antioxidant compound showed SC50 value of 2.42 µg/mL (Table 3). 
Table 3 : Mean radical scavenging concentrations of extracts upon DPPH screening
	Samples
	SC501
(µg/mL)
	SC502
 (µg/mL)
	Mean
(µg/mL)
	SD

	CA-EB
	78.74
	77.35
	78.04
	0.98

	CB-EB
	221.50
	218.40
	219.95
	2.19

	CA-FH
	124.10
	124.20
	124.15
	0.07

	CB-FH
	> 500
	> 500
	ND
	ND

	FA-SA
	48.84
	49.89
	49.36
	0.74

	CB-FAE
	30.84
	30.84
	30.84
	0.0

	CA-Fnb
	26.07
	26.52
	26.29
	0.31

	CB-Fnb
	64.37
	63.75
	64.06
	0.43

	Gallic acid
	2.42
	2.42
	2.42
	0.003


 
SC50 : Mean radical scavenging concentration 50 ; ND : Not determined ; SD : Standrad deviation ; >500 : No activity ; EB-CA : Crude ethanol extract of Senna alata ; EB-CB : crude ethanol extract of Commelina benghalensis ; FH-CA : hexane fraction of Senna alata ; FH-CB : hexane fraction of Commelina benghalensis ; FA-SA : ethyl acetate fraction of Senna alata; FA-CB : ethyl acetate fraction of Commelina benghalensis ; Fnb-CA : n-butanol fraction from Senna alata; FnB-CB : n-butanol fraction of Commelina benghalensis.
c. Antioxidant effect by reduction of Fe³⁺ to Fe²⁺ ions (FRAP)
Among the extracts tested, the ethylacetate extracts of S. alata and C. benghalensis revealed antioxidant activity by reducing Fe³⁺ to Fe²⁺ with radical scavenging concentrations of 226.35 µg/mL and 124.65 µg/mL, respectively. Moreover, the n-butanol extract of C. benghalensis revealed SC50 value of 165.00 µg/mL (Table 4). Gallic acid, a standard antioxidant compound showed an SC50 value of 8.76 µg/mL. 
Table 4 : Mean radical scavenging concentrations of extracts following the FRAP assay 
	Samples
	SC501 (µg/mL)
	SC502 (µg/mL)
	Mean (µg/mL)
	SD

	CA-EB
	> 500
	> 500
	ND
	ND

	CB-EB
	> 500
	> 500
	ND
	ND

	CA-FH
	> 500
	> 500
	ND
	ND

	CB-FH
	> 500
	> 500
	ND
	ND

	FA-SA
	227.50
	225.20
	226.35
	1.62

	CB-FAE
	124.50
	124.80
	124.65
	0.21

	CA-Fnb
	> 500
	> 500
	ND
	ND

	CB-Fnb
	166.90
	163.10
	165.00
	2.68

	Gallic acid
	8.70
	8.82
	8.76
	0.08



SC50 : Mean radical scavenging concentration 50 ; ND : Not determined ; SD : Standrad deviation ; >500 : No activity ; EB-CA : Crude ethanol extract of Senna alata ; EB-CB : crude ethanol extract of Commelina benghalensis ; FH-CA : hexane fraction of Senna alata ; FH-CB : hexane fraction of Commelina benghalensis ; FA-SA : ethyl acetate fraction of Senna alata; FA-CB : ethyl acetate fraction of Commelina benghalensis ; Fnb-CA : n-butanol fraction from Senna alata; FnB-CB : n-butanol fraction of Commelina benghalensis.

3.1.5.3. Anti-inflammatory activity 
Table 5 summarizes the mean inhibition concentrations (IC50s) of the extracts following the BSA assay. Crude extracts from S. alata and C. benghalensis showed anti-inflammatory activity with IC50 values of 31.52 and 42.24 µg/mL, respectively. In addition, hexane (26.37 µg/mL and 28.45 µg/mL for S. alata and C. benghalensis, respectively) and ethylacetate (24.9 µg/mL and 14.46 µg/mL for S. alata and C. benghalensis, respectively) extracts also demonstrated significant anti-inflammatory effects. The n-butanol extracts showed moderate anti-inflammatory effects with higher IC50 values (105.8 µg/mL and 113.1 µg/mL for S. alata and C. benghalensis, respectively). Dichlofenac, which was used as a reference drug revealed an IC50 value of 4.942 µg/mL.
Table 5 : Mean inhibitory concentrations (µg/mL) of S. alata and C. benghalensis extracts upon BSA assay 
	Samples
	IC50 (µg/mL)
	SD

	CA-EB
	31.52
	1.49

	CB-EB
	42.24
	1.63

	CA-FH
	26.37
	1.42

	CB-FH
	28.45
	1.45

	CA-FAE
	24.90
	1.39

	CB-FAE
	14.46
	1.16

	CA-Fn-b
	105.80
	2.02

	CBFn-b
	113.10
	2.05

	Diclofenac
	4.94
	0.69



IC50 : Mean inhibitory concentrations 50 (µg/mL); ND : Not determined ; SD : Standrad deviation ; >200 : No activity ; EB-CA : Crude ethanol extract of Senna alata ; EB-CB : crude ethanol extract of Commelina benghalensis ; FH-CA : hexane fraction of Senna alata ; FH-CB : hexane fraction of Commelina benghalensis ; FA-SA : ethyl acetate fraction of Senna alata; FA-CB : ethyl acetate fraction of Commelina benghalensis ; Fnb-CA : n-butanol fraction from Senna alata; FnB-CB : n-butanol fraction of Commelina benghalensis.


3.2. Discussion
Plants have been a foundation for both traditional and modern medicine, with their secondary metabolites serving as the basis for numerous essential drugs like atropine, codeine, quinine and vincristine and digoxin etc (Dzobo, 2022 ; Nasim et al., 2022 ; Elshafie et al., 2023). The increasing interest in natural therapies and plant-based products is driven by concerns about the side effects of synthetic medicines, a desire for preventive care, and a growing belief that natural options can be effective and are often less expensive (Mahato et al., 2024). Noteworthy, the choice of solvent for plant extraction is crucial because different phytomolecules have varying polarities, and a solvent's polarity determines its ability to dissolve specific compounds (Palaiogiannis et al., 2023 ; Lee et al., 2024). Water is a polar solvent and a safer option for pharmaceutical and food applications, is typically used to extract polar compounds such as phenolic components, glycosidic derivatives, and saponins (Plaskova et al., 2023 ; Lee et al., 2024). Methanol often extracts a higher total phenolic content from plants because it is a highly polar solvent, which effectively dissolves these polar compounds (Dai and Mumper, 2010 ; Hapsari et al., 2022 ; Xiang et al., 2024). With an intermediate polarity, ethyl acetate is effective for extracting a range of bioactive compounds like flavonoids and phenolics (Akullo et al., 2023). Petroleum ether is a non-polar solvent used to extract non-polar compounds like fatty acids and steroids from a mixture. Its non-polar nature allows it to dissolve lipids and other hydrophobic substances, such as oils, fats, and certain plant-derived compound (Norazlina et al., 2021). Therefore, the selection of appropriate solvents and extraction techniques is crucial for enhancing the biological properties of phytoconstituents.
In this study, various solvents were used to extract compounds from Commelina benghalensis and Senna alata. The as-prepared extracts were evaluated for antibacterial activity against a panel of bacteria including Escherichia coli, Streptococcus mutans, Enterococcus faecalis and Staphylococcus aureus. The anti-inflammatory effects of the plant extracts were evaluated following the BSA inhibition protocol. The antioxidant activity of the extracts was also determined through DPPH and ABTS tests, and by reduction of Fe³⁺ to Fe²⁺ ions. To evaluate the toxicity of the antibacterial extract, acute toxicity was performed in Swiss albino mice. 
Irrespective of the extract tested, there was a significant antibacterial activity against E. coli, E. faecalis, S. mutans and S. aureus. The most sensitive bacteria were Streptococcus mutans and Staphylococcus aureus, followed by Escherichia coli and Enterococcus faecalis. The minimum inhibitory concentrations (MICs) ranged from 0.3125 to 2.5 µg/mL for S. alata extracts, and from 0.625 µg/mL to 2.5 µg/mL for C. benghalensis extracts. The ethyl acetate and n-butanol fraction of S. alata were the most effective extracts on S. mutans and S. aureus. These results are in line with reported research work by Khan et al. (2011) on S. alata, and by Jerin et al. (2019) on C. benghalensis. Further incubation of the ethylacetate extract and follow-up at different intervals of time with the most sensitive bacteria (Streptococcus mutans and Staphylococcus aureus) revealed a rapid bactericidal trend at 4 MIC and 2 MIC. These results are consitent with the work reported by Adedayo et al. (2020). The phytochemical analysis of S. alata and C. benghalensis revealed the presence of terpenoids and steroids, flavonoids, and phenolic compounds. Accumulated evidence has shown that steroids and terpenoids exhibit antibacterial activity by disrupting cell membranes, inhibiting protein and DNA synthesis, and blocking cell wall formation (Zhao et al., 2024 ; Maltseva et al., 2024). Flavonoids and phenolic compounds have antibacterial activity by damaging bacterial cell membranes, inhibiting essential metabolic processes like energy production, and interfering with nucleic acid synthesis. They also reduce bacterial adhesion and the formation of biofilms, disrupt cell wall synthesis, and can inactivate bacterial efflux pumps, which helps combat antibiotic resistance (Takó et al., 2020 ; Shamsudin et al., 2022). The antibacterial activity of S. alata and C. benghalensis might be attributed to at least one of these antibacterial mechanisms of action. 
Further, the single oral administration of the most active extract (ethylacetate extract of S. alata) at 2000 mg/kg to Swiss albino mice did not induce any motality or signs of toxicity. This observation indicates that the mean lethal dose (LD50) is greater than 2000 mg/kg.
Extracts from S. alata and C. benghalensis exhibited antioxidant activity by scavenging the free radicals of DPPH and ABTS and by reducing Fe3+ to Fe2+. Oxidative stress is intricately involved in the pathology of infectious diseases caused by bacteria and other pathogens. This occurs when there is an imbalance between the production of reactive oxygen species (ROS) and the body's ability to neutralize them with antioxidants. Bacterial infections can trigger excessive ROS production, leading to cellular damage like lipid peroxidation, protein damage, and DNA damage, which contributes to tissue injury (Tvrdá et al., 2022 ; Mukherjee et al., 2024b). Therefore, plant products with antioxidant properties can contribute to antibacterial action by disrupting bacterial cell envelopes, interfering with their communication, and suppressing metabolic activities. These antioxidants often work by scavenging free radicals and binding to metal ions, which inhibits bacterial growth and reduces pathogenicity (Panda et al., 2025 ; Sağlam and Mzoughi, 2026). The concentration of these antioxidant compounds, such as phenolic compounds, is frequently linked to the effectiveness of the antibacterial activity as recently published by Ispiryan and collaborators (2024). Extracts from S. alata and C. benghalensis also revealed anti-inflammatory activity upon BSA inhibition test. Ethylacetate extracts of S. alata (IC50 : 24.9 µg/mL) and C. benghalensis (IC50 : 14.46 µg/mL) were found to be the most active extracts. As already discussed, S. alata and C. benghalensis extracts were found to be rich in terpenoids and steroids, flavonoids, and phenolics that are well known for their anti-inflammatory effects. Terpenoids reduce inflammation by inhibiting various inflammatory pathways, such as suppressing cytokines like TNF-α and IL-6, and blocking the NF-κB pathway, whereas steroids reduces the immune system's inflammatory response (Ikuta et al., 2022 ; Devi et al., 2024). On the other hand, flavonoids and phenolic compounds have anti-inflammatory effects by reducing oxidative stress and inhibiting pro-inflammatory pathways (Al-Khayri et al., 2022 ; Liu et al., 2023).
Overall, this study demonstrates the antibacterial, antioxidant and anti-inflammatory activities of extracts from Senna alata and Commelina benghalensis. However, in-dept toxicity and antibacterial mechanistic studies, and pharmacokinetics are desired to prospect S. alata and C. benghalensis as effective antibacterial plants.

4. CONCLUSION
In this study, extracts from Senna alata and Commelina benghalensis were obtained using a variety of solvents, including ethanol, hexane, ethylacetate, n-butanol and water. The as- prepared extracts were screened for antibacterial and antioxidant activities. As a result, the plant extracts revealed various degrees of antibacterial activites (range of MIC values : 0.3125 µg/mL to 2.5 µg/mL), which ethylacetate extract of S. alata being the most active antibacterial extract. Further incubation of different concentrations (MCI/4, MIC/2, MIC, 2MIC, 4MIC) of the ethylacetate extract with the most sensitive bacteria (Streptococcus mutans and Staphylococcus aureus) revealed a fast acting and bactericidal orientation at 2MCI and 4MIC. Extracts from S. alata and C. benghalensis demonstrated antioxidant activity by scavenging free radicals of DPPH and ABTS and by reducing Fe3+ to Fe2+. Moreover, the oral administration of the most active antibacterial extract (ethylacetate extract of S. alata) at 2000 mg/kg to Swiss albino mice did not induce any motality or signs of toxicity, thus indicating a mean lethal dose (LD50) greater than 2000 mg/kg.
        This study demonstrates the antibacterial, antixoxidant and anti-inflammatory activities of S. alata and C. benghalensis extracts, thus validating the ethnopharmacological use of these plants in treating numerous infectious diseases. However, in-dept toxicity and mechanistic studies, and pharmacokinetics are desired to support the safe use of these plants in ethnomedicine.  
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