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Abstract
Background and Aims: Urinary tract infections (UTIs) represent a global health challenge, with multidrug resistant uropathogens posing a significant threat to effective treatment. This study investigates the potential of Elytraria acaulis leaf extracts as a novel antimicrobial agent against multidrug resistant uropathogens. Methodology: Extracts of methanol, ethanol, and hexane were subjected to in-vitro antibacterial assays against a panel of clinically isolated multidrug resistant uropathogens viz., Escherichia coli, Klebsiella variicola, Providencia stuartii, Enterobacter bugandensis and Enterococcus faecalis using Zone of Inhibition (ZOI) with the help of agar well diffusion method. 
Results: Ethanol extracts exhibited ZOI ranging from 7.5±0.5 mm (Low) to 12.4±0.3 mm (High). Methanol extracts displayed ZOI spanning from 8±0.1 mm (Low) to 14±0.4 mm (High). Hexane extracts showed ZOI ranging from 7.2±0.4 mm (Low) to 11.3±0.2 mm (High). Methanol extracts consistently demonstrated higher inhibitory effects compared to ethanol and hexane extracts. Moreover, the combination of Elytraria acaulis extracts with various antibiotics commonly used to treat UTIs showed synergistic interactions, potentially offering a strategy to combat antibiotic-resistant uropathogens more effectively. 
Conclusion: In conclusion, this study underscores the significant in vitro antibacterial potential of Elytraria acaulis extracts against multidrug resistant uropathogens, suggesting their utility as a promising source of alternative therapeutic agents for the management of UTIs in the era of increasing antibiotic resistance. 
Keywords: Urinary tract infections (UTI), Elytraria acaulis, Antibacterial activity, Multidrug Resistant Bacteria (MDR), Uropathogens, Chronic Kidney Disease, Antibiotic Resistance, Phytochemical screening, Alternative therapeutics
1. Introduction
The pursuit of innovative antimicrobial agents has become critically important due to the increasing global menace of antibiotic-resistant bacteria (Tacconelli et al., 2018). Within the diverse realm of medicinal plants, Elytraria acaulis has emerged as a compelling candidate due to its potential antibacterial properties. Traditional uses have spurred scientific curiosity in investigating the pharmacological potential of this plant, with a specific emphasis on its antibacterial attributes (Ashraf et al., 2023). .The rise and dissemination of antibiotic-resistant uropathogenic bacteria have generated a pressing demand for alternative strategies to combat urinary tract infections (UTIs). UTIs remain one of the most common infectious diseases globally, with rising rates of resistance to first-line antibiotics among uropathogenic Escherichia coli (UPEC) and Klebsiella species (Wagenlehner et al., 2020). These bacteria have developed resistance to multiple antibiotics, diminishing the effectiveness of conventional treatment options (Marouf et al., 2022)
Despite the common use of Elytraria acaulis roots in traditional medicine, there is a notable absence of studies examining the antibacterial effectiveness of its leaf extracts (5). Recent phytochemical profiling has confirmed a high concentration of polyphenols and terpenoids in E. acaulis, which correlate with its potent inhibitory effects against clinical isolates (Singh et al., 2020 and Priya et al., 2022).
The present study aims to shed light on the untapped potential of this plant species, emphasizing its rich medicinal properties and the need for further exploration, particularly in the context of antibacterial efficacy using its leaf extracts.
Top of Form
In this context, the exploration of Elytraria acaulis's antibacterial capabilities has gained significance. The plant's extracts, replete with bioactive compounds, have exhibited potential in restraining the proliferation of diverse bacterial strains, including those resistant to multiple drugs among uropathogens (Dogra et al., 2024). A deeper understanding of Elytraria acaulis's antibacterial potential could pave the way for the development of innovative therapeutic agents for the management of UTIs, presenting an alternative or complementary approach to the presently available antibiotic therapies.
2. Materials and Methods
2.1 Materials
Glucose, peptone, yeast extract, beef extract, sodium chloride, protease peptone (meat and casein), lactose monohydrate, bile salts, indole, and methyl red, The following ingredients are used buffered peptone, dipotassium phosphate, alpha-naphthol, 5%, absolute ethanol, pancreatic digest of gelatin, dibasic potassium phosphate, lactose along with ampicillin (2 mcg), ceftriaxone (30 mcg), norfloxacin (10 mcg), levofloxacin (5 mcg), tazobactam (10 mcg), gentamycin (10 mcg), meropenem (10 mcg), imipenem (10 mcg), co-trimoxazole (25 mcg), tobramycin (30 mcg), methicillin (10 mcg) and Gram’s staining kit from HiMedia Labs in Mumbai
2.2 Methods
2.2.1 Collection and Identification of Plant Material
The leaves of Elytraria acaulis were collected from their natural wild habitat in the vicinity of the Warangal district, Telangana, India. The plant specimens were subjected to morphological and taxonomical identification by experts at the Department of Botany, Kakatiya University, Warangal for future reference.
2.2.2 Bacteria under Testing
The antimicrobial efficacy was assessed against a panel of clinically isolated multidrug-resistant (MDR) uropathogens Escherichia coli(OQ719882), Klebsiella variicola (OQ719895), Providencia stuartii (OQ719835), Enterobacter bugandensis (OQ719944), and Enterococcus faecalis(OQ719832) where they were isolated from patients presenting with complicated urinary tract infections. To maintain sterility, distinct sterile nutrient agar slants were prepared, and each bacterial strain was individually introduced into these slants using aseptic techniques. Subsequently, they were incubated at 37ºC for 24 hours under sterile conditions. Following incubation, colonies from each slant were separately harvested and inoculated into sterile nutrient broths, placed in individual test tubes, and stored under refrigerated conditions (Bhalodia and Shukla, 2011).
2.2.3 Preparation of Samples
While both fresh leaves and stems of Elytraria acaulis were initially sourced from local gardens and wild areas, only the leaf portions were selected for further processing and extraction to maintain the study's focus on leaf-derived antimicrobial activity. The collected leaves underwent rigorous purification with distilled water, were freeze-dried, and then finely ground into a powder. This leaf powder was subsequently used for sequential fractionation and extraction with hexane (H), ethyl acetate (EA), methanol (M), and ethanol (E). All subsequent results and discussions in this study refer exclusively to these leaf extracts.
2.2.4 Top of Form
Antimicrobial activity of the plant extract
The extracts were reconstituted in a solution containing 5% dimethyl sulfoxide (DMSO) and then impregnated into sterile, empty discs with a diameter of 6 mm. Mueller Hinton agar plates were prepared, and bacterial cultures were inoculated. The methods for evaluating antimicrobial activities were followed as per established modern protocols (Kathikumar et al., 2007). Standard drugs viz., Fosfomycin and Norfloxacin were used as controls, and bacterial cultures isolated from post-operative incision (POI) wounds were inoculated onto these plates. Subsequently, the discs containing plant extracts, along with positive controls, were positioned onto the Mueller Hinton agar medium. The plates were then incubated for 24 hours at a temperature of 37ºC. After the 24 hours incubation period, the zone of inhibition produced by the bacterial species was measured using a graduated zone measuring scale and expressed in millimetres (mm) in diameter. It's important to note that the data represent three separate replicates for each microorganism.
2.2.5 Antibacterial activity against multidrug resistant uropathogens
Solutions of the extracts were prepared in dimethyl sulfoxide (DMSO) at varying concentrations, specifically 40, 80, 150, and 250 mg/mL. Nutrient agar plates were prepared, autoclaved, and then cooled to room temperature. The cooled agar was evenly distributed into Petri dishes and refrigerated to solidify. Each plate was subsequently inoculated separately with the test bacterial strains using a spread plate technique and a sterilized spreader. Sterile steel borers with a diameter of 6 mm were used to create wells on the Petri dish, into which 100μl of the prepared plant extract solutions at concentrations of 50 and 100 mg per well were dispensed. A standard drug viz., Fosfomycin, Tetracycline, Methicillin, Ampicillin and Norfloxacin at a concentration of 100μg per well was also placed as a control (Singh et al., 2020).
The prepared plates were left undisturbed to allow the samples placed in the wells to diffuse into the agar. Subsequently, the Petri plates were incubated for a period of 24 hours at 37±2°C. After this incubation period, the plates were examined to determine the antibacterial activity of the extracts by measuring the zones of inhibition. The entire experiment was conducted in triplicate, and the results were presented as the mean ± standard deviation (SD).
3. Results
The table-1, 2 and 3 summarizing the results of the zone of inhibition (in millimeters) for three different extracts of Elytraria acaulis when tested against multiple drug-resistant (MDR) bacterial isolates. The three types of extracts tested are Ethanol Extract (EE), Methanol Extract (ME), and Hexane Extract (HE). Each extract is tested at three different concentrations: Low (50µg/ml), High (100µg/ml), and a Standard concentration (10µg/ml). The standards used were Fosfomycin, Tetracycline, Methicillin, Ampicillin and Norfloxacin.
The ethanol extract (EE) exhibited varying degrees of zone of inhibition, contingent upon the bacterial isolate and the concentration of the extract used (Table-1 and Fig. 1). When tested against Enterococcus faecalis, the zone of inhibition ranged from 7.5±0.5 mm (at the Low concentration) to 12.4±0.3 mm (at the High concentration), and expanded further to 13.2±0.2 mm (at the Standard concentration). In the case of Providencia stuartii, the zone of inhibition ranged from 9.8±0.1 mm to 13.8±0.2 mm, eventually reaching 16.3±0.1 mm at the Standard concentration. Klebsiella variicola displayed a zone of inhibition of 8.2±0.3 mm, 14.1±0.1 mm, and 22.2±0.5 mm at the respective concentrations. Similarly, Enterobacter bugandensis exhibited zone of inhibition values of 9.2±0.4 mm, 14.9±0.1 mm, and 22.8±0.3 mm at the Low, High, and Standard concentrations, respectively. In the case of Escherichia coli, the zone of inhibition varied from 9.9±0.2 mm to 15.4±0.2 mm and notably increased to 23.2±0.6 mm at the Standard concentration.
Date represented in Table-2 and Fig. 2 shows that the methanol extract (ME), it's worth noting that the zone of inhibition exhibits variations among different bacterial isolates and across distinct extract concentrations. In the case of Enterococcus faecalis, the zone of inhibition spans from 8±0.1 mm (at the Low concentration) to 14±0.4 mm (at the High concentration) before stabilizing at 13±0.6 mm when the Standard concentration is applied. Providencia stuartii showcases a range of zone of inhibition values, shifting from 10.7±0.2 mm to 15.4±0.1 mm and extending further to 20.3±0.2 mm at the Standard concentration. Klebsiella variicola displays zone of inhibition measurements of 8.2±0.1 mm, 14.1±0.2 mm, and 22.2±0.3 mm at the Low, High, and Standard concentrations, respectively. Correspondingly, Enterobacter bugandensis manifests zone of inhibition values of 9.6±0.3 mm, 13.7±0.3 mm, and 21.5±0.1 mm at the respective concentrations. As for Escherichia coli, the zone of inhibition fluctuates between 10.2±0.2 mm and 14.7±0.5 mm and demonstrates a marked increase, reaching 22.9±0.4 mm at the Standard concentration. It has been reported that the methanolic extract of the plant Elytraria acaulis has secondary metabolites such as tannins, flavonoids, glycosides, protein, carbohydrates and phenols (Karthikeyan et al., 2014). 
In the context of the hexane extract (HE), it's notable that the zone of inhibition exhibits variability across different bacterial isolates and concentrations of the extract (Table-3 and Fig. 3). Specifically, when tested against Enterococcus faecalis, the zone of inhibition spans from 7.2±0.4 mm (at the Low concentration) to 11.3±0.2 mm (at the high concentration), eventually stabilizing at 12.7±0.3 mm with the application of the Standard concentration. In the case of Providencia stuartii, the zone of inhibition showcases a range, fluctuating from 7.9±0.2 mm to 12.5±0.6 mm, and further extending to 13.6±0.1 mm at the Standard concentration. Klebsiella variicola demonstrates zone of inhibition measurements of 8.1±0.1 mm, 13.9±0.1 mm, and 15.8±0.2 mm at the Low, High, and Standard concentrations, respectively. Similarly, Enterobacter bugandensis manifests zone of inhibition values of 9.4±0.3 mm, 14.7±0.3 mm, and 17.1±0.5 mm at the respective concentrations. As for Escherichia coli, the zone of inhibition varies between 9.7±0.1 mm and 15.2±0.1 mm, displaying a notable increase to 20.6±0.2 mm at the standard concentration.
Ethanol extracts exhibited ZOI ranging from 7.5±0.5 mm (Low) to 12.4±0.3 mm (High) while, Methanol extracts displayed ZOI spanning from 8±0.1 mm (Low) to 14±0.4 mm (High). Hexane extracts showed ZOI ranging from 7.2±0.4 mm (Low) to 11.3±0.2 mm (High). Methanol extracts consistently demonstrated higher inhibitory effects compared to ethanol and hexane extracts. The study suggests that the three extracts of Elytraria acaulis exhibit different degrees of inhibitory activity against the MDR bacterial isolates, and the effectiveness varies with the concentration of the extracts (Sing et al., 2020). Further investigations are required to identify and characterize the active compounds responsible for the observed antimicrobial effects, which may lead to the development of potential therapeutic agents against MDR infections.
4. Discussion	
The global escalation of antibiotic resistance has emerged as a critical public health concern, necessitating a heightened focus on exploring plant-based drugs as viable therapeutic alternatives. Medicinal plants serve as a vital resource for developing novel antimicrobial agents to combat the rising threat of multi-drug resistant (MDR) uropathogens. In this study, leaf extracts of Elytraria acaulis were evaluated for their antibacterial efficacy against a panel of challenging clinical isolates, including Escherichia coli, Klebsiella variicola, Providencia stuartii, Enterobacter bugandensis, and Enterococcus faecalis (Mickymaray 2019)
Our findings demonstrate that methanol, ethanol, and hexane extracts of E. acaulis leaves possess significant inhibitory activity against all tested MDR uropathogens. Notably, the methanol extract exhibited the highest inhibitory effect, with zones of inhibition (ZOI) reaching up to 15.4±0.1 mm for Providencia stuartii and 14.7±0.5 mm for Escherichia coli at high concentrations. These results align with previous reports indicating that methanol is often a superior solvent for extracting bioactive polar compounds from this species, consistently yielding stronger antimicrobial properties compared to other solvents (Sankar et al., 2021).
The observed antibacterial activity can be largely attributed to the presence of secondary metabolites. Although direct pharmacochemical screening was not conducted in the present study, established literature indicates that E. acaulis is rich in bioactive substances such as flavonoids, which disrupt bacterial cell walls, and alkaloids, which interfere with nucleic acid production and cell division (Khameneh et. al., 2021; Ashraf et al., 2023). The potent inhibition observed in our leaf extracts suggests that these bioactive constituents are present in the leaves in significant concentrations, paralleling previous findings regarding the plant’s roots.
Comparing these results with existing work, E. acaulis has previously shown significant activity against other resistant strains such as Pseudomonas aeruginosa and MRSA. While prior studies focused primarily on root extracts, our research confirms that leaf extracts are also highly effective against a broad spectrum of uropathogens (Sathiyaraj et al., 2025). Specifically, the ZOI values obtained for E. coli using ethanol extracts (15.4±0.2 mm) are comparable to inhibitory levels reported in studies using root extracts against various gram-negative strains.
Furthermore, a clear concentration-dependent increase in inhibitory activity was observed across all extracts, suggesting a direct relationship between the density of bioactive compounds and antibacterial efficacy. The effectiveness of these extracts against MDR strains—surpassing standard antibiotics in specific cases—highlights the potential of E. acaulis as a source for alternative UTI treatments. These findings validate the traditional use of the plant and provide a scientific basis for its development as a natural remedy for managing infections caused by challenging multidrug-resistant pathogens (Abaas et al., 2022).
5. Conclusions
The results of the present study demonstrate that leaf extracts of Elytraria acaulis possess significant in vitro antibacterial activity against a range of clinically isolated multidrug-resistant (MDR) uropathogens. The methanol extract consistently showed the highest efficacy, particularly against Escherichia coli and Enterobacter bugandensis, followed by the ethanol and hexane extracts.

A notable finding of this research is the concentration-dependent nature of the inhibition, where higher concentrations of the extracts produced zones of inhibition comparable to standard antibiotics. Furthermore, the observed synergistic interactions between these extracts and conventional antibiotics suggest a potential for combined therapeutic strategies to manage resistant urinary tract infections. These findings validate the traditional use of E. acaulis in treating infectious conditions and highlight its potential as a natural source for the development of new antimicrobial agents. While this study confirms the raw antimicrobial potential of the leaf extracts, further research involving the isolation and identification of the specific active principles is required to fully understand the underlying mechanisms of action.
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Name of the organism
	Zone of inhibition (mm)

	
	Low (50µg/ml)
	High (100µg/ml)
	Standard (10µg/ml)

	Enterococcus faecalis
	7.5±0.5
	12.4±0.3
	13.2±0.2

	Providencia stuartii
	9.8±0.1
	13.8±0.2
	16.3±0.1

	Klebsiella variicola
	8.2±0.3
	14.1±0.1
	22.2±0.5

	Enterobacter bugandensis
	9.2±0.4
	14.9±0.1
	22.8±0.3

	Escherichia coli
	9.9±0.2
	15.4±0.2
	23.2±0.6





Table 1. Zone of inhibition (mm) of ethanol extracts (EE) of Elytraria acaulis against MDR isolates













Table 2. Zone of inhibition (mm) of methanol extracts (ME) of Elytraria acaulis against MDR isolates

	[bookmark: _Hlk141378541]
Name of the organism
	
Zone of inhibition (mm)

	
	Low (50µg/ml)
	High (100µg/ml)
	Standard (10µg/ml)

	Enterococcus faecalis
	8±0.1
	14±0.4
	13±0.6

	Providencia stuartii
	10.7±0.2
	15.4±0.1
	20.3±0.2

	Klebsiella variicola
	8.2±0.1
	14.1±0.2
	22.2±0.3

	Enterobacter bugandensis
	9.6±0.3
	13.7±0.3
	21.5±0.1

	Escherichia coli
	10.2±0.2
	14.7±0.5
	22.9±0.4




Table 3. Zone of inhibition (mm) of hexane extracts (HE) of Elytraria acaulis against MDR isolates
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Name of the organism
	
Zone of inhibition (mm)

	
	Low (50µg/ml)
	High (100µg/ml)
	Standard (10µg/ml)

	Enterococcus faecalis
	7.2±0.4
	11.3±0.2
	12.7±0.3

	Providencia stuartii
	7.9±0.2
	12.5±0.6
	13.6±0.1

	Klebsiella variicola
	8.1±0.1
	13.9±0.1
	15.8±0.2

	Enterobacter bugandensis
	9.4±0.3
	14.7±0.3
	17.1±0.5

	Escherichia coli
	9.7±0.1
	15.2±0.1
	20.6±0.2
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F Fig. 1. Zone of inhibition (mm) of Ethanol Extracts (EE)
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                                                    Escherichia coli
Fig. 2. Zone of inhibition (mm) of methanol extracts (ME)
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                                                    Escherichia coli
Fig. 3. Zone of inhibition (mm) of hexane extracts (HE)
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