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SUSCEPTIBILITY PATTERN OF ESBL PRODUCING UROPATHOGENIC ESCHERICHIA COLI AGAINST THE METHANOLIC EXTRACT OF BITTER KOLA


ABSTRACT
Aim: To evaluate the susceptibility pattern of Extended-Spectrum Beta-Lactamase (ESBL)-producing uropathogenic Escherichia coli (UPEC) against methanolic extracts of bitter kola (Garcinia kola).
Study design: A cross-sectional laboratory-based study.
Place and Duration of Study: ESUT Teaching Hospital, Enugu, Nigeria, between August and October 2024.
Methodology: 100 urine samples were collected from suspected urinary tract infection (UTI) patients, which yielded 88 bacterial isolates. E. coli was identified via biochemical testing, and ESBL production was confirmed using the Double Disk Synergy Test (DDST). Phytochemical analysis of G. kola was performed to identify bioactive compounds. Antibacterial activity was assessed using the agar well diffusion method at concentrations ranging from neat to 1:50.
Results: Out of 34 (39%) identified E. coli strains, 10 (29%) were confirmed as ESBL producers. Phytochemical screening revealed the presence of saponins, tannins, flavonoids, and alkaloids. The neat extract demonstrated significant inhibitory activity, with zones of inhibition (ZOI) ranging from 10 mm to 20 mm. Antibacterial efficacy followed a clear dose-response relationship, with potency decreasing significantly at lower concentrations.
Conclusion: Methanolic extracts of G. kola exhibit potent in vitro antibacterial activity against multi-drug resistant ESBL-producing UPEC. These findings suggests that bitter kola holds potential as a natural therapeutic alternative or adjunct for managing resistant UTIs. Further research is required to establish in vivo efficacy and safety profiles.
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INTRODUCTION
[bookmark: _Hlk179187585]Urinary tract infections (UTIs) represent a critical global health concern, affecting millions of individuals across both community and hospital settings annually. Escherichia coli is identified as one of the most common pathogens responsible for these infections (Mancini et al., 2021). While often existing as a harmless commensal, the emergence and rapid dissemination of Extended-Spectrum Beta-Lactamase (ESBL)-producing E. coli have significantly compromised current treatment protocols. ESBLs are plasmid-mediated enzymes that confer resistance to a broad range of beta-lactam antibiotics, including penicillin, cephalosporins, and carbapenems (Husna et al., 2023). These enzymes enable the production of resistance enzymes that hydrolyze the beta-lactam ring of antibiotics, making infections caused by these strains increasingly difficult to manage (Ghenea et al., 2022). This clinical challenge results in a limited number of effective treatment options, thereby heightening the risk of treatment failure and severe complications (Halabi et al., 2021). The escalation of antimicrobial resistance is primarily driven by the overuse and misuse of antibiotics. Indiscriminate drug use in both human and animal health, coupled with poor adherence to prescribed dosages, promotes the selection and spread of these resistant bacteria (Akpaka et al., 2021). Recent years have seen a marked increase in the prevalence of ESBL-producing E. coli, which is linked to increased morbidity and mortality, prolonged hospital stays, and a substantial surge in healthcare expenditures (Ibrahim et al., 2023). Furthermore, the widespread emergence of these strains has been documented in various environmental and clinical settings globally (Rebecca et al., 2023), reflecting a concerning trend in both hospital-acquired and community-acquired infections (Bezabih et al., 2021). Given that traditional antibacterial agents are increasingly ineffective against these resistant strains, there is an urgent need for alternative antimicrobial strategies (Dogara et al., 2022). Natural products derived from plants offer a promising frontier for the discovery of new therapeutic agents, as they often possess unique chemical structures and diverse modes of action capable of overcoming established bacterial resistance mechanisms (Badger-Emeka et al., 2018). 
Garcinia kola, commonly known as bitter kola, is a tropical evergreen tree native to West and Central Africa and a cornerstone of traditional African medicine. It belongs to the Clusiaceae family and is highly valued for its perceived antimicrobial properties (Manourová et al., 2019). The plant's therapeutic potential is attributed to a rich phytochemical profile, including saponins, tannins, flavonoids, alkaloids, phenols, and steroids (Rabiu et al., 2024; Onwuliri et al., 2021). These bioactive compounds are believed to work synergistically to disrupt microbial cell membranes and inhibit enzymatic activity (Ali & Ibekwe, 2021; Ibedu et al., 2018). While studies have demonstrated that bitter kola extracts can inhibit the growth of various microorganisms, including both bacteria and fungi (Amala et al., 2021), its specific efficacy against ESBL-producing uropathogenic E. coli remains largely unexplored (Ohalete et al., 2016). In regions like Enugu State, Nigeria, where the prevalence of multidrug-resistant pathogens is a rising threat, evaluating local natural resources is critical for public health (Nwobodo et al., 2021). Therefore, this study aims to evaluate the in vitro susceptibility pattern of ESBL-producing UPEC against methanolic extracts of bitter kola. By characterizing the bioactive constituents and determining the inhibitory potential of these extracts, this research seeks to establish whether G. kola can serve as a viable natural therapeutic agent or adjunct in the management of resistant urinary tract infections.

METHODOLOGY
Study Area: The study was conducted at ESUT teaching hospital G.R.A Enugu Urban, the capital city of Enugu state, Nigeria.
Study Design: A cross-sectional study of the susceptibility pattern of ESBL-producing Uropathogenic E. coli isolates against the methanolic extract of bitter kola.
Study Population: Patients suspected to have Urinary tract infection attending ESUT teaching hospital G.R.A, Enugu state.
[bookmark: _Hlk185497379]Inclusion Criteria: Out-Patients attending Enugu State University Teaching Hospital with clinically suspected or confirmed urinary tract infection (UTI); Patients who provide informed consent.
Exclusion criteria: Non urine samples, Patients urine samples that did not yield Escherichia coli, Patients who did not give their consent to participate in the study.
Sample Size Determination: Sample size was calculated using the Cochran’s formula
n = Z2pq / d2 
Where:
n (minimum sample size/desired sample size) = ?
p (the percentage of target population estimated to have a particular characteristic) = 50% (0.5) 
Z (standard normal deviation) = 1.96 (corresponding to 95% confidence interval)
d (margin of error) = 10% (0.1)                   
q = 1 – p =1 – 0.5 = 0.5
Therefore, n = (1.962 * 0.5 * 0.5) / 0.12 = 97
sample size = 100
Sample Collection: The participants were advised on how to collect a ‘Clean catch’ mid-stream urine. The specimens were coded to ensure anonymity and confidentiality before being transported to Arbo virus research Centre, Enugu, Enugu State for further processing.
Sample Analysis: The urine samples were processed and tested at arbovirus research center. Specimens were immediately cultured upon arrival in the laboratory. The culture media used were Blood agar, Nutrient agar and MacConkey agar. Culture media were made by reconstituting the commercial powder in distilled water and sterilizing at 121°C for 15 minutes in an autoclave as per manufacturer’s instructions. 
Culture Procedure: Using a sterilized wire loop the urine samples were inoculated on the agar surface of both MacConkey and Blood agar. Then using the sterile wire loop, the specimen was spread on the agar surface using the streaking method. The plates were then incubated aerobically at 37°C for 24-48 hours.
Identification Of Test Organisms: After 24 hours of incubation, the plates were observed for bacterial growth. Colonies were examined with naked eye, colony characters like size, shape, surface, edge, colour, opacity, consistency and haemolysis on blood agar were noted. From these cultures, lactose fermenting colonies were selected. The identity of the isolated bacteria was confirmed as being Escherichia coli species by subculturing the test isolate onto fresh agar plates, to obtain pure culture. Further confirmation of the test isolate was done by carrying out Gram staining and some biochemical test such as indole test, catalase test, and oxidase test as described by Chessbrough (Cheesbrough, 2006).
Gram Staining: This reaction is done to identify organisms that are Gram positive (+ve) and Gram negative (-ve). Procedure- A smear of the isolate was made on a clean grease free slide, air dried and heat fixed. The slide was flooded with 0.5% solution of crystal violet and allowed for 30 seconds. The stain was washed off with water and flooded again with iodine solution(mordant) and allowed for 10 seconds, after which it was washed off. The slide was counter stained with sarfarain for 30 seconds, rinsed with water and air dried. The stained glase slide was viewed under the microscope using immersion oil under x100 objectives (cheese bough, 2006). E. coli was identified as gram -ve, non-capsulated, bacilli measuring 1-3 μm in size and motile with peritrichous flagella
Indole Test: This test was used for the identification of Escherichia coli which breakdown the amino acid tryptophan with the release of indole. Procedure- The test organism (isolate) was inoculated in a test tube containing 3ml of sterile tryptone water. Incubation was done at 370C for 24hours. 0.5ml of Kovac’s reagent was added and shaked gently. The examination of a red ring like colour on the surface of the layer within 10 minutes was done (cheesbrough, 2006).
Oxidase Test: This test was used in the confirmation of Escherichia coli, which is oxidase test negative. Procedure- The test organism was smeared on a filter paper containing 2 drops of freshly prepared oxidase reagent, in a clean petri dish. The examination of the none development of a blue-purple colour within few seconds was done (cheesbrough, 2006).
Antimicrobial Susceptibility Testing: Antibiotic susceptibility testing of all isolates was performed by Kirby-Bauer’s single disc diffusion method and interpretation of the results was done as described in CLSI 2013. Isolates were characterized for ESBL production using Single Disk method in which cefotaxime (30 μg) and ceftazidime (30 μg) were placed aseptically at a distance of 30 mm apart on Mueller-Hinton agar plate previously inoculated with standardized inoculum of the test bacterium (CLSI, 2011). ESBL production was confirmed in the isolates by the double disk synergy test (DDST) method (Nwobodo et al., 2021).
[bookmark: _Hlk179187101]Collection, Identification and Processing of The Plant Materials: Bitter kola was bought at collected at ugwo odogu farm land in Enugu North L.G.A. Enugu State. It was then taken to the phytochemistry Laboratory, National Arbovirus and Vector Research Centre Enugu state, Nigeria. Where it was identified by a Taxonomist as Garcinia kola. 
Plant Preparation: The collected bitter kola seeds were conveyed by a polyethene bag to the laboratory. The bitter kola seeds were properly washed in tap water and then rinsed in distilled water and then rinsed in distilled water. The rinsed bitter kola seeds were sun dried for seven days so as to reduce the moisture content. The dried bitter kola seeds were grounded into powdery form using a grinding mill and were stored in air tight plastic containers until ready for extraction.
Extraction Technique / Procedure: One hundred grams of dried seed samples were weighed, wrapped in filter paper, and placed in the Soxhlet apparatus. The condenser and heating mantle were connected, and 500 ml of methanol (solvent) was added through the apparatus into the round-bottom flask.. Inlet and outlet of the condenser were connected to a hose respectively, for the recycling of the cold water during the extraction. Thereafter the heat source was switched on about 5cm from the flask finally, the crude extract was concentrated using water bath,
Determination Of Phytochemical Constituents: The extracts were screened for the qualitative presence of carbohydrates, anthraquinones, alkaloids, saponins, flavonoids, cardiac glycosides, tannins and steroids using the methods described by Evan (1996).
Preparation of stock solution: Two grams (2g) of the methanol extract of Bitter kola was weighed on a balance. Using a sterile syringe, 10ml of sterile distilled water was added to it and mixed. This formed the stock solution for Bitter kola aqueous extract (200mg/ml) and was stored at -20ᵒC for subsequent analysis.
Preparation of Different Concentrations: The stock solution was serially diluted with the distilled water, in sterile test tubes labelled and arranged from the highest to lowest concentration of extract desired. Double dilution series ranging from 1/5µl, to 1/50µl.were prepared from stock solution. The different dilutions were labelled and kept in sterile bottles for subsequent use.
[bookmark: _Hlk179187587][bookmark: _Hlk179187333]Determination of the antibacterial activity of garcinia kola extract against the test organism: The antibacterial activity of bitter kola against Escherichia coli was tested in vitro using agar well diffusion method (Kirby bauer’s method). The test materials were prepared by diluting the bitter kola extract in sterilized distilled water at different concentration 2ml(neat), 1/5µl, 1/10µl, 1/15µl, 1/20µl, 1/30µl, 1/40µl, and 1/50µl. Mueller hilton agar plates were prepared and each plate was properly inoculated with each test organism using streaking method with the help of a sterile wire loop. Wells were made made using a sterile cork borer and each well was filled with different concentrations of the bitter kola extract. The plates were incubated at 37ºC for 24hours. At the end of incubation, the plates were examined for clear area around the wells, indicating the zone of inhibition. These areas were measured in diameter for each isolate. This in vitro experiment was compared with the use of a standard sensitivity disc (Ciprofloxacin) which served as a positive control.
Data Analysis: All the collected data were statistically analyzed using Microsoft Excel 2016.

RESULT
This chapter contains the results of this research. The study was carried out in ESUTH park lane located in Enugu metropolis for a period of 3 months, from August to October 2024. A total of 100 patients were involved in this study of which 29% of the E. coli isolated from their urine samples were positive for ESBL production.
Table 1 shows the gram staining and biochemical tests results which were used to confirm the identity of the test organism as Escherichia coli. The negative Gram stain, positive indole test, and negative oxidase test are characteristic biochemical reactions of E. coli.
Table 2 presents the percentage occurrence of ESBL Escherichia coli of the entire bacteria isolated. This table shows the distribution of E. coli and ESBL-producing E. coli among the isolated bacteria. A total of 100 urine samples were collected and analyzed, of which 88 yielded bacterial isolates, representing 88% of the samples. Out of these, 34 (39%) isolates were confirmed as E. coli.  54 isolates (61) were non E. coli species suggesting a diverse microbial population with other bacterial species dominating. Within the 34 E. coli isolates, 10 isolates (29%) were identified as ESBL producing E .coli while 24 isolates (71) were non ESBL E. coli.
Table 3 Table 3 shows the zone of inhibition of E. coli isolates to third generation cephalosporins; ceftazidime and cefotaxime. The Zone of inhibition of E. coli isolates to the ceftazidime is 17mm while that of cefotaxime is 20mm This can indicate potential ESBL production.
Table 4 shows the result for the double synergy test used in the identification of ESBL producing enterobactereacea. The zone of inhibition around the ceftazidime-clavulanic acid disk (25) is significantly larger than the zone around the ceftazidime disk alone (17mm). When the zone of inhibition around the ceftazidime-clavulanic acid disk is significantly larger than the zone around the ceftazidime disk alone, it indicates the presence of ESBL. This is because the clavulanic acid inhibits the ESBL enzyme, allowing the antibiotic to be more effective
Table 5 presents the quantitative phytochemical analysis of bitter kola, a plant known for its medicinal properties. This analysis quantifies the concentration of various bioactive compounds present in the plant which includes: Saponin (4.56 mg/100g), Alkaloid (3.37 mg/100g), Tannin (12.6 mg/100g), Phenol (2.684 mg/100g), Flavonoid (4.78 mg/100g), Glycoside (2.987 mg/100g), Steroid (12.05 mg/100g). with tannin being the highest bioactive compound, followed by steroid. While, phenol remains the smallest bioactive compounds. These compounds work synergistically to provide various health benefits attributed to the consumption bitter kola seeds.
Table 6 presents data on the antimicrobial strength of bitter kola extract against various ESBL producing E.coli bacterial isolates, represented as Org 1 to Org 10. The efficacy of the extract is measured by the zone of inhibition (in millimeters) around the well impregnated with the extract. 
The sensitivity of different ESBL producing Escherichia coli isolates to the bitter kola extract varied. Some organisms, exhibited significant sensitivity, as evidenced by the large zones of inhibition, even at lower extract concentrations. In contrast, other organisms, were less susceptible, requiring higher concentrations to achieve similar levels of inhibition. The zone of inhibition generally increases with increasing concentrations of bitter kola extract. This indicates that the antimicrobial potency of the extract is concentration-dependent. At higher concentrations (neat and 1:5 dilutions), the extract exhibits significant inhibitory activity against most of the bacterial isolates. As the extract is diluted further (1:10, 1:15, and so on), the zone of inhibition decreases, suggesting a decline in antimicrobial activity

Table 1: The result of the biochemical test carried out in order to identify the test organism.
	Test organism
	Gram stain
	Indole Test
	Oxidase Test

	E. coli
	             -
	              +
	          -


 Key: + = positive, - = Negative E =Escherichia coli
Table 1 confirms the identity of the test organism as Escherichia coli. The negative Gram stain, positive indole test, and negative oxidase test are characteristic biochemical reactions of E. coli.

Table 2: Percentage count of bacteria isolated
Sample size = 100
Table 2.a: percentage count of E. coli and non E.coli isolates
	[bookmark: _Hlk182922069]Organism isolated
	Number 
	Percentage 

	Total number of E.coli isolates
	34
	39%

	Total number of non E.coli isolates
	54
	61%

	Total number of isolates
	88
	100%



from a sample of 100, 88 bacterial isolates were identified, with 34 (39% of the identified isolates) being E. coli and 54 (61% of the identified isolates) being other bacterial species.

Table 2.b Percentage count of ESBL and non ESBL producing Escherichia coli
	[bookmark: _Hlk185520032]Organism isolated
	Number 
	Percentage 

	Total number of ESBL E.coli
	10
	29%

	Total number of non ESBL E.coli
	24
	71%

	Total 
	34
	100%



Table 2 presents the percentage occurence of ESBL Escherichia coli of the entire bacteria isolated. A total of 100 urine samples were collected and analyzed, 88% of the samples yielded growth while 12% yielded no significant bacteria growth. Out of the 88%, 39% yielded E. coli isolates, of which 29% of the E, coli isolates were ESBL-positive. This table shows the distribution of E. coli and ESBL-producing E. coli among the isolated bacteria. The high percentage of ESBL-producing E. coli is a significant concern, as these strains are resistant to multiple antibiotics, making infections difficult to treat.

Table 3: Kirby bauer disc diffusion test results with third generation cephalosporins antibiotics 
	Antibiotic
	Zone of Inhibition (mm)
	Interpretation

	Ceftazidime
	17 mm
	Resistant

	Cefotaxime
	20 mm
	Resistant


[bookmark: _Hlk185523778][bookmark: _Hlk185520201]
Table 3 shows the zone of inhibition of E. coli isolates to third generation cephalosporins; ceftazidime and cefotaxime. Zone of inhibition < 18mm for the antibiotic ceftazidime and < 22mm for cefotaxime, shows that the organism is resistant to both antibiotics. 
Resistance to third-generation cephalosporins (ceftazidime, cefotaxime) can indicate potential ESBL production. However, to definitively confirm ESBL production, more confirmatory tests like the double-disk synergy test or molecular methods are necessary.
Table 4 presentation of Double Disk Synergy Test (DDST) Results
	Organism
	Ceftazidime Zone of Inhibition (mm)
	Ceftazidime-Clavulanic Acid Zone of Inhibition (mm)
	ESBL Production

	E. coli
	17
	25
	Positive



[bookmark: _Hlk185520515][bookmark: _Hlk185523720]Table 4 shows the result for the double synergy test used in the identification of ESBL producing enterobactereacea. The zone of inhibition around the ceftazidime-clavulanic acid disk (25) is significantly larger than the zone around the ceftazidime disk alone (17mm). When the zone of inhibition around the ceftazidime-clavulanic acid disk is significantly larger than the zone around the ceftazidime disk alone, it indicates the presence of ESBL. This is because the clavulanic acid inhibits the ESBL enzyme, allowing the antibiotic to be more effective. But If there is no significant difference in the zone of inhibition between the two disks, it suggests that the organism does not produce ESBL
Table 5: Phytochemical Constituents of Extracts of Bitter Kola
	Results of Quantitative Phytochemical Analysis

	Saponin
	4.56mg/100g

	Alkaloid
	3.37mg/100g

	Tannin
	12.6mg/100g

	Phenol
	2.684mg/100g

	Flavonoid
	4.78mg/100g

	Glycoside
	2.987mg/100g

	Steroid
	12.05mg/100g



[bookmark: _Hlk185520831]Table 5 presents the quantitative phytochemical analysis of bitter kola, a plant known for its medicinal properties. This analysis quantifies the concentration of various bioactive compounds present in the plant which includes: Saponin (4.56 mg/100g), Alkaloid (3.37 mg/100g), Tannin (12.6 mg/100g), Phenol (2.684 mg/100g), Flavonoid (4.78 mg/100g), Glycoside (2.987 mg/100g), Steroid (12.05 mg/100g).
In essence, this table highlights the rich phytochemical profile of bitter kola, which contributes to its diverse medicinal properties.
Table 6: Zone of inhibition (mm) and Bitter kola extract concentration.
	DILU
TION
	ORG 1
	ORG 2
	ORG
3
	ORG 4
	ORG 5
	ORG 6
	ORG 7
	ORG 8
	ORG 9
	ORG 10

	NEAT
	10mm
	20mm
	15mm
	13mm
	10mm
	20mm
	11mm
	10mm
	12mm
	13mm

	1:5
	5mm
	7mm
	5mm
	4mm
	2mm
	6mm
	4mm
	4mm
	2mm
	4mm

	1:10
	3mm
	3mm
	4mm
	3mm
	4mm
	2mm
	4mm
	3mm
	2mm
	3mm

	1:15
	3mm
	2mm
	4mm
	2mm
	2mm
	4mm
	3mm
	2mm
	2mm
	2mm

	1:20
	2mm
	1mm
	2mm
	0mm
	2mm
	1mm
	2mm
	0mm
	2mm
	2mm

	1:30
	2mm
	0mm
	1mm
	1mm
	1mm
	2mm
	2mm
	0mm
	1mm
	1mm

	1:40
	1mm
	0mm
	0mm
	1mm
	1mm
	0mm
	0mm
	0mm
	1mm
	1mm

	1:50
	0mm
	0mm
	0mm
	0mm
	1mm
	0mm
	0mm
	0mm
	1mm
	0mm


Key: Definition of susceptibility is zone of inhibition greater than or equal to 5mm
Table 6 highlights the mean of the different concentration of bitter kola extract and the potency of bitter kola extract for the different ESBL – producing E.coli isolate at different concentration levels. At NEAT concentration, Bitter kola extract was effective on the ESBL E. coli isolates and ineffective at all other concentration.	

[bookmark: _Hlk185367383]DISCUSSION
Extended-spectrum beta-lactamases (ESBLs) are enzymes produced by certain bacteria that cause resistance to most beta-lactam antibiotics, such as penicillins and cephalosporins (Husna et al., 2023). E. coli is a frequent cause of urinary tract infections (UTIs), and the rise of ESBL-producing E. coli makes these infections harder to treat (Halabi et al., 2021). The recovery of 88 bacterial isolates from 100 urine samples (88%) shows a high prevalence of bacteriuria among patients at ESUTH Teaching Hospital, with uropathogenic Escherichia coli (UPEC) accounting for 39% of these isolates. This significant presence of E. coli as the primary etiologic agent in urinary tract infections is in line with the findings of Mancini et al. (2021), who identified it as the most common pathogen in both community and hospital settings.
The detection of a 29% ESBL-production rate among the E. coli isolates (Table 2.b) presents a serious clinical challenge. This aligns with Pantha et al. (2024), where similar resistance patterns to third-generation cephalosporins were observed in urinary isolates. Additionally, this prevalence highlights a concerning global trend of increasing resistance reported by Bezabih et al. (2021) regarding the trend of human intestinal carriage of ESBL-producing strains. However, contrary to the findings of Isegohi et al. (2021), who reported a 25% prevalence rate for ESBL-producing E. coli, this study observed a slightly higher rate of 29%. This discrepancy could be attributed to variations in sample size and the specific clinical environment of the study area.
The diagnostic accuracy of the Double Disk Synergy Test (DDST) used in this study (Table 4) was pivotal. The significant expansion of the zone of inhibition from 17 mm (Ceftazidime alone) to 25 mm (Ceftazidime-Clavulanic acid) confirmed the presence of ESBL enzymes. This is in line with Iqbal et al. (2017), who advocated for the reliability of DDST as a diagnostic tool for detecting ESBL-producing uropathogens in resource-limited settings. Such resistance to third-generation cephalosporins aligns with reports from Rebecca et al. (2023), indicating the widespread emergence of these strains in various environmental and clinical settings in Nigeria. The phytochemical profiling of Garcinia kola (Table 5) revealed a complex array of bioactive compounds, notably tannins (12.6 mg/100g) and steroids (12.05 mg/100g) as the most abundant constituents. This aligns with Rabiu et al. (2024) and Onwuliri et al. (2021), who reported that the medicinal value of bitter kola is directly linked to its rich phytochemical composition. Interestingly, contrary to the findings of Ibedu et al. (2018) and Bilar and Akudo (2021), who found flavonoids to be the most prevalent compound (9.78 and 10.20 respectively), this study found flavonoids at a lower concentration of 4.78 mg/100g. Such differences in relative abundance are likely due to variations in geographical sourcing and extraction techniques. The antimicrobial evaluation (Table 6) demonstrated that the methanolic extract of G. kola possesses significant inhibitory activity against ESBL-producing UPEC, with the "neat" extract producing zones of inhibition between 10 mm and 20 mm. This is in line with Ohalete et al. (2016), who noted the potential of bitter kola in targeting resistant bacterial strains. Furthermore, the observation that antibacterial efficacy is strictly concentration-dependent aligns with Nwadike et al. (2024), where zones of inhibition decreased significantly as the extract was diluted. The mechanism of action is likely tied to the high flavonoid and saponin content, which as noted by Ali and Ibekwe (2021), can disrupt microbial cell membranes and inhibit essential enzymatic activities
CONCLUSION
[bookmark: _Hlk224724497]This study provides compelling evidence that the methanolic extract of Garcinia kola (bitter kola) possesses significant in vitro antibacterial activity against Extended-Spectrum Beta-Lactamase (ESBL)-producing uropathogenic Escherichia coli. The findings demonstrate that the antimicrobial potency of the extract is strictly concentration-dependent, with the undiluted (neat) extract producing substantial zones of inhibition ranging from 10 mm to 20 mm. This efficacy could be largely attributed to a rich phytochemical profile, particularly high concentrations of tannins and steroids, which likely work synergistically to disrupt resistant bacterial mechanisms. The high prevalence of ESBL-producing E. coli (29%) identified among clinical isolates at the ESUT Teaching Hospital underscores the escalating public health threat of antimicrobial resistance in Nigeria. As traditional beta-lactam antibiotics become increasingly ineffective, the results of this research suggest that G. kola may serve as a valuable natural therapeutic adjunct in managing resistant urinary tract infections. Despite these promising results, the significant reduction in antibacterial activity at lower concentrations highlights the need for standardization and formulation optimization. Hence, comprehensive animal studies are required to evaluate the safety, pharmacokinetics, and optimal therapeutic dosage of bitter kola extracts to bridge the gap between in vitro results and clinical use. Also, further investigation into the specific molecular mechanisms by which bitter kola phytochemicals inhibit ESBL enzymes is essential for targeted drug development.
CONSENT
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