


Evaluation of the Antimicrobial Activity of Leaf Extract of Ageratum conyzoides against Multidrug-resistant Gram-negative Bacterial Isolates from Infected Surgical Wounds


ABSTRACT
[bookmark: _GoBack]Multidrug-resistant (MDR) Gram-negative bacteria are a major cause of post-surgical wound infections and present a growing challenge to effective treatment. The search for alternative therapies, including medicinal plants, has therefore become essential. This study investigated the antimicrobial effect of leaf extract of Ageratum conyzoides against MDR Gram-negative bacterial isolates obtained from infected surgical wounds. Eleven bacterial isolates were characterized using biochemical and sugar fermentation tests to determine their physiological traits, while antibiotic sensitivity testing was performed on commonly used drugs with a view to identify resistance patterns and select MDR strains. The methanolic leaf extract of Ageratum conyzoides was evaluated for antimicrobial activity against MDR isolates using the agar well diffusion method, and its minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) was assessed. The isolates were predominantly Enterobacteriaceae (Escherichia sp., Klebsiella sp. Pseudomonas sp. and so on) with diverse metabolic profiles. Antibiotic sensitivity testing revealed widespread resistance to ampicillin, penicillin, tetracycline, and streptomycin, while partial susceptibility remained to levofloxacin, ofloxacin, and gentamicin. The selected MDR strains (Klebsiella sp., Pseudomonas sp., and Proteus sp.)  exhibited resistance to nearly all tested antibiotics. A. conyzoides leaf extract showed no zones of inhibition and no measurable MIC or MBC values against the MDR strains but, demonstrated significant antimicrobial activity against the susceptible (non-clinical) control strains used; Escherichia coli (1.44 mm), Pseudomonas aeruginosa (1.3mm), and Klebsiella pneumonia (0.9mm).   These findings emphasize the urgent need for prudent antibiotic use, continuous monitoring of resistance, and further exploration of plant-derived compounds through improved extraction methods or synergistic applications with conventional antibiotics.
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INTRODUCTION
Multidrug resistance is a leading concern in public health which describes a complex phenotype whose predominant feature is resistance to a wide range of structurally unrelated cytotoxic compounds like antibiotics (Catalano et al., 2022). The evolution of resistance to antimicrobial agents in Gram-negative bacteria which leads to longer hospital stays, higher medical costs, and increased mortality, is one of the biggest threats to public health and has challenged the role of the clinical microbiology laboratory to implement new methods for their timely detection (Endimiani et al., 2020). Gram-negative bacteria, characterized by their complex cell wall structures and intrinsic resistance mechanisms, are particularly concerning. Pathogens such as Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae have demonstrated increasing resistance to multiple antibiotics, leading to treatment failures and heightened mortality rates (Dong et al., 2022).​ In addition to their intrinsic (inherent) resistance, Gram-negative bacteria can develop or acquire drug resistance with mechanisms including antibiotic inactivation by enzymatic hydrolysis or modification, overproduction of the antibiotic target through gene amplification, decreased influx or penetration of the drug into the cell wall with changes in cell wall structure, and increased efflux of the antibiotic out of the bacteria cell through porins and efflux pumps (Dong et al., 2022).The increasing incidence of drug- resistant pathogens raises an urgent need to identify and isolate new bioactive compounds from medicinal plants using standardized modern analytical procedures (Vaou et al., 2021).
Medicinal plants, long utilized in traditional medicine systems provides an important and unexplored resource for the discovery and development of potential new medicines against microbial infections to decrease the emergence of resistance and adverse drug reactions and they also provide opportunities for developing countries as they may be more affordable, accessible and available (Nigussie et al., 2021). They are very rich in phytochemicals which can be structurally optimized and processed into new drugs (Ugboko et al., 2020). Medicinal plant-derived compounds could provide novel straightforward approaches against pathogenic bacteria (Vaou et al., 2021). Studies on some Nigerian plants have shown that they contain alkaloids, polyphenols, terpenes, glycosides, and others with possible therapeutic potentials (Ugboko et al., 2020). Phytochemicals including terpenoid, sterol, flavonoid, chromene, pyrrolizidine alkaloid, coumarin, pyrrolon, and lignan are found in Ageratum conyzoides L. Kaempferol, rhamnoside, quercetin, scutellarein, chromene, stigma-7-en-3-ol, sitosterol, stigmasterol, fumaric acid, caffeic acid, saponin, pyrro-lidine alkaloid, ageratochromene derivatives, and alkane are among the phyto-constituents of its essential oil that have been described in other investigations. β-sitosterol, stigmasterol, and lycopsamine are the primary elements, lycopsamine belongs to the pyrrolizidine alkaloid class, whereas β-sitosterol and stigmasterol are sterols (Kotta et al., 2020). 

In this study, the antimicrobial activity of the leaf extract of Ageratum conyzoides was tested against clinical Gram-negative bacterial isolates that are resistant to at least 3 different classes of antibiotics, as Ageratum conyzoides has emerged as promising source of bioactive compounds with potential antimicrobial properties.

MATERIALS AND METHODS
Study area and Bacterial Isolates
The study was carried out in the laboratory of the Department of Microbiology and Biotechnology, Abiola Ajimobi Technical University, Ibadan, Oyo state, Nigeria. Eleven (11) already isolated Gram- negative bacterial strains from infected surgical wounds were collected from this same laboratory and re-characterized before use, for microbiological analysis. 

Identification and Characterization of Bacterial isolates from infected surgical wounds
Identification of bacterial isolates was performed using Bergey’s Manual of Determinative Bacteriology (Holt et al., 1994). The bacterial isolates were identified based on their colonial, morphological and physiological characteristics, Gram’s staining reaction, and through biochemical reactions or tests. The biochemical reactions or tests included: oxidase test, indole test, urease test, citrate utilization, catalase test, Methyl red –Voges Proskauer (MR-VP) test, motility test, hydrogen sulphide production and fermentation of sugars (Glucose, lactose, maltose, mannitol and sucrose).
Antibiotic susceptibility testing (AST)
[bookmark: _Hlk139630835]Antibiotic susceptibility testing was performed using the Kirby-Bauer disk diffusion method on Mueller-Hinton agar (Bauer et al., 1966). The antibiotics tested included penicillin 10µg, and Ampiclox 30µg (beta lactams family); cefuroxime 30µg, (cephalosporin); gentamicin 10µg and streptomycin 10µg (Aminoglycoside); levofloxacin 5µg, ciprofluxacin 30µg, and ofloxacin 5µg, (fluoroquinolones), tetracycline 30µg (tetracycline) and chloramphenicol 30µg (Amphenicol). Diameters of zones of inhibition of each antibiotic on the bacterial isolates were measured with a transparent ruler to the nearest millimetre after 16 to 18 hours of incubation. Measured zones of inhibitions were compared with clinical and laboratory standard institute (CLSI, 2024) chart of interpretative zone as sensitive, resistance and intermediate resistance. Isolate(s) that showed resistance to ≥ three different classes of antibiotics were considered as multidrug-resistant (MDR) isolates.

Biofilm Formation by Selected Multidrug-resistant Gram-negative Bacterial isolates
Biofilm formation by the selected multidrug-resistant clinical Gram-negative bacterial strains was assessed using Congo Red Agar (CRA). Susceptible non-clinical bacterial isolates: Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Klebsiella pneumonia served as control strains. The medium was prepared by adding Congo red dye to nutrient agar containing sucrose. The plates were inoculated and incubated at 37°C for 24 hours. The formation of black colonies with a dry crystalline appearance was interpreted as positive for biofilm production (Peng et al., 2022).

Selection, Harvesting, Identification and authentication of plant 
A mild herbarium survey was conducted at Iganna town, Iwajowa Local Government area, Oyo state where ten different herb workers were engaged. After getting the names of wound-treating medicinal plants from the herb workers, the ethnobotanical, ethnopharmacological and toxicity of the plants were checked and Ageratum conyzoides was chosen and harvested at Arapaja-olooda, odo-ona kekere, Ibadan, Oyo state. The plant (Ageratum conzoides) was identified and authenticated at the herbarium of the University of Ibadan (UIH) with voucher code, UIH-23643.
Methanolic extraction of Ageratum conyzoides leaves
Green leaves of A. conyzoides were collected and washed gently with distill water to remove any dirt and dried in shade for a week. The leaves were powdered through grinder and 20 g of powder was mixed with 200 ml of methanol in a 500ml beaker and allowed to stand overnight and this process was repeated twice. Next morning, the beaker contents were filtered through whatman filter paper and filtrate was allowed to dry in crystallization bowls at 25°C for 24 h - 36 h, till the entire methanol got evaporated and contents were weighed (Sigh et al., 2017). 
Antimicrobial activity of the plant extract
A stock solution containing 200mg/ml of the extract was prepared by weighing 2g of the concentrated extract into a solvent containing 70% of sterile distilled water and 30% dimethylsulfoside (DMSO). The antimicrobial effect of the plant extract was tested against the selected multidrug- resistant isolates and four (4) susceptible non-clinical isolates of Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoni, and Staphylococcus aureus (as control isolates) using Kirby-Bauer agar-well Diffusion Method. A 24-hour broth culture was toned down with sterile distilled water until it assumed the turbidity of 0.5 MacFarland standard. Using sterile swabs, the organisms were spread on the surface of Mueller Hinton agar plates to achieve uniform distribution of the bacterial cells. Using 8 mm sterile cork borer, 5 wells were aseptically dug in the inoculated media. Hundred (100 µl) of each concentration of the extract (200 µg/ml, 100 µg/ml, 50 µg/ml, 25 µg/ml and the solvent) was then measured into each well with the aid of sterile micropipette and tips and the plates were then incubated. After incubation, the plates were observed for the presence or absence of zone of inhibition of bacteria growth and the diameter of inhibition zones were then measured in millimetre using a calibrated transparent ruler (Biemer, 1973).

Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of the plant extract
The minimum inhibitory concentration of the extracts was determined by using the broth dilution technique (Wiegand et al., 2008). Serial dilutions of the extract in liquid medium were prepared. These were then inoculated with 100 µg of the standardized inoculums of an overnight broth culture of the test organisms. It was then incubated at 37°c for 24 hours. The smallest concentration that inhibits the growth was taken as the MIC. The determination of the value of minimum bactericidal concentration (MBC) follows the determination of MIC by the broth dilution technique. The MBC is the lowest concentration of the antibacterial agent that kills at least 99.9% of the test organism (Geo et al., 2001). 


RESULTS
Identification and Characterization of Bacterial isolates from infected surgical wounds
The isolated bacteria were predominantly Enterobacteriaceae identified as: Escherichia coli. (9.09%), Klebsiella sp. (9.09%), Pseudomonas sp. (18.18%), Citrobacter sp. (18.18%), Proteus sp. (27.27%), Enterobacter sp. (9.09%), and Aeromonas sp. (9.09) with diverse metabolic profiles
Antibiotic susceptibility testing (AST)
Klebsiella sp., Pseudomonas sp. and Proteus sp. showed broad resistance profiles, being resistant to multiple antibiotics across different classes. In contrast, Enterobacter sp., Escherichia coli, Citrobacter sp.,   and Aeromonas sp. showed mixed responses, with susceptibility to levofloxacin, ofloxacin, or gentamicin, suggesting these antibiotics retain some therapeutic potential. Isolate 1and 3 showed resistance to most drugs (8 out of 10 drugs), but 3 of them are susceptible to levofloxacin.

Table 1 Antibiotic Profile of the Gram-negative Bacterial isolate from Infected Surgical Wounds.
	Isolates
	APX
	LEV
	CEF
	CPX
	CHL
	PEN
	TET
	GEN
	STR
	OFR

	Klebsiella sp
	R
	I
	R
	R
	R
	R
	R
	I
	R
	R

	Citrobacter sp
	R
	I
	R
	R
	R
	R
	I
	I
	R
	I

	Pseudomonas sp
	R
	I
	R
	I
	R
	R
	R
	R
	R
	R

	Proteus sp
	R
	I
	I
	I
	R
	R
	I
	I
	I
	I

	Proteus sp
	R
	S
	R
	I
	I
	R
	I
	I
	R
	S

	Enterobacter sp
	R
	S
	I
	I
	I
	R
	I
	S
	R
	S

	Escherichia sp
	R
	S
	S
	S
	R
	R
	R
	I
	R
	I

	Citrobacter sp
	R
	S
	S
	S
	I
	R
	I
	I
	I
	S

	Pseudomonas sp
	R
	I
	R
	R
	R
	R
	R
	R
	R
	I

	Aeromonas sp
	R
	S
	S
	S
	R
	R
	I
	I
	I
	S

	Proteus sp
	R
	S
	R
	R
	R
	R
	R
	I
	I
	R


Note: APX= Ampiclox, LEV= Levoflaxin, CEF= Cefuroxime, CPX= Ciprofluxacin, CHL= Chloramphenicol, PEN= Penicillin, TET= Tetracycline, GEN= Gentamycin, STR= Streptomycin, OFR= Ofloxacin, R= Resistance, I= Intermediate, S= Susceptible.

Biofilm Formation
The selected multidrug-resistant (MDR) Gram-negative bacterial isolates (Klebsiella sp., Pseudomonas sp. and Proteus sp.) exhibited biofilm formation while susceptible non-clinical bacterial isolates: Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus and Klebsiella pneumonia (control strains) showed negative result for biofilm. Biofilms confer a survival advantage, protecting bacteria from environmental stressors and contributing to antibiotic resistance.

Antimicrobial Activity of Ageratum conyzoides against Multidrug-resistant Gram-negative bacterial Isolates
The antimicrobial activity of methanolic Ageratum conyzoides leaves extract was evaluated against the selected multidrug-resistant bacterial strains (Klebsiella sp., Pseudomonas sp. and Proteus sp.) using the agar well diffusion method. The results showed no observable zones of inhibition around the wells. The determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) was attempted. Both assays revealed no inhibitory or bactericidal effect of the extract against the multidrug-resistant isolates within the concentration range tested. However, the extract demonstrated significant antimicrobial activity against tested susceptible non-clinical bacterial isolates; Escherichia coli, Pseudomonas aeruginosa, and Klebsiella pneumonia which served as control strains with values of zones of inhibition 1.44 ,1.3 and 0.9 mm respectively.


Discussion
The results of this study shed light on the complex relationship between bacterial physiology, antibiotic resistance, and the potential role of plant-based antimicrobials in combating multidrug-resistant infections. Biochemical tests and sugar fermentation profiles demonstrated that the majority of the isolates belong to the Enterobacteriaceae family, belonging to the genera such as Escherichia coli, Proteus sp., Klebsiella sp., Citrobacter sp., Enterobacter sp., Aeromonas sp. and Pseudomonas sp. The universal ability to ferment glucose and the high prevalence of catalase and oxidase activity highlight their adaptive metabolism, which enables survival in diverse environments, including clinical settings.
The antibiotic sensitivity results revealed widespread resistance to commonly used antibiotics such as ampicillin, penicillin, tetracycline, and streptomycin. This finding presents global reports of increasing resistance among Gram-negative bacteria due to prolonged and misuse of these antibiotics in clinical and agricultural settings. Of particular concern was the emergence of multidrug-resistant (MDR) isolates, notably isolates Klebsiella sp, Pseudomonas sp, and Proteus sp, which showed resistance to almost all tested antibiotics. However, partial susceptibility to fluoroquinolones (levofloxacin and ofloxacin) and aminoglycosides (gentamicin) indicates that while treatment options are narrowing, some drugs still retain clinical relevance. These findings emphasize the urgent need for antibiotic management and the development of novel antimicrobial strategies.
Biofilm formation is a critical factor in the persistence of pathogens on surfaces. Biofilms protect bacteria from environmental stress, including antibiotic exposure, which explains the observed multidrug resistance. Biofilms formed by these bacteria are significant because they contribute to antibiotic resistance and can cause persistent infections.
The methanolic leaf extract exhibited no zones of inhibition in agar well diffusion assays and no detectable MIC or MBC values against the MDR isolates. This suggests that the phytochemicals in the extract were ineffective against highly and multidrug resistant strains tested. Taken together, the findings highlight the resilience and adaptability of Gram-negative bacteria in resisting conventional antibiotics and their limited susceptibility to crude plant extracts. This highlights the necessity of integrating alternative therapeutic approaches with conventional medicine. Plant extracts like A. conyzoides may still hold promise, particularly if explored through advanced extraction, formulation, or synergistic combination with antibiotics, but their crude use alone may not provide sufficient efficacy against MDR pathogens.



Conclusion
This study revealed three critical points. First, multidrug resistance was widespread among the Gram-negative isolates, limiting the effectiveness of many conventional antibiotics. Second, while some antibiotics such as levofloxacin, ofloxacin, and gentamicin showed partial activity, options for treatment remain narrow. Third, the methanolic extract of Ageratum conyzoides showed no inhibitory or bactericidal effect against the MDR isolates, indicating that crude preparations of this plant are not effective against highly resistant pathogens.
In conclusion, the persistence of Multidrug-resistant, Gram-negative, clinical bacterial strains highlights the urgent need for responsible antibiotic use and the search for new antimicrobial agents. Although the plant demonstrate activity only on non-clinicalthis study, further research into its phytochemicals and alternative formulations may still uncover therapeutic potential. Combating multidrug- resistant pathogens will require innovative strategies that combine effective drug discovery with strict antibiotic management.
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