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Abstract  

Persistent and recurrent urinary tract infections (UTIs) have been attributed to uropathogens developing resistance to 

multiple antibiotics. This has led to a rise in morbidity and mortality, treatment costs, hospital stays, and hospital 

visits, and has made the quest for more potent plant-derived antimicrobials unavoidable. The purpose of this study 

was to assess the susceptibility of various antibiotic-resistant uropathogens to eleagnine isolated from the seed 

cotyledon of Chryophyllum albidum. Using standard microbiological techniques, 100 uropathogens were isolated 

from urine samples of patients presented with UTIs at a Teaching Hospital Complex of a tertiary university in 

southwestern Nigeria. The isolates were identified using chromogenic agar and authenticated using conventional 

biochemical tests.  Susceptibility profiles of the isolates to 12 selected commonly used antibiotics were determined 

using the Kirby-Bauer disk diffusion method. Susceptibility profiles of the multiple antibiotic-resistant uropathogens 

to eleagnine were determined using the broth microdilution technique. The results revealed Staphylococcus aureus as 

the predominant isolate with 72% occurrence. Susceptibility was highest for Levofloxacin (98%), and resistance was 

highest for meropenem. Also, the majority (81%) of the uropathogens have a multiple antibiotic resistance (MAR) 

index ≥ 0.2. All the multiple antibiotic-resistant uropathogens tested were susceptible to eleagnine with MIC50 of 0.625 

mg/mL and MIC90 of 2.5 mg/mL. The study concluded that eleagnine exhibits antibacterial activity against multiple 

antibiotic-resistant uropathogens and may be effective in the management of recurrent and persistent urinary tract 

infections. 
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         Introduction  

 

Urinary tract infection has been regarded as an 

important bacterial disease and contributes to 

significant morbidity in both outpatients and 

inpatients (Baral et al., 2012; Khan et al., 2014). UTIs 

are the second most common form of infection, 

accounting for nearly 25% of all infections (Foxman, 

2003). It has been reported that the annual health 

expenditure on UTI in the United States of America 

amounts to 1.6 billion dollars (Vasquez and Hands, 

2004; Sulham and Hammelman, 2021). UTI affects 

both males and females, but it is more prevalent in 

women (Czajkowski et al., 2021). Infants, pregnant 

women, the elderly, patients with spinal cord injuries 

and/or catheters, patients with diabetes or multiple 

sclerosis, patients with acquired immunodeficiency 

syndrome/human immunodeficiency virus, and 

patients with underlying urologic abnormalities are 

among the specific subpopulations at higher risk of 

UTI (Foxman, 2003). However, recurrent and 

persistent urinary tract infections have been attributed 

to multiple antibiotic-resistant uropathogens. This has 

led to an increase in the treatment cost, an increase in 

mortality and morbidity, an increase length of hospital 

stays and an increase in the number of hospital visits 

(Sharma et al., 2024).  

 

A promising solution to uropathogens developing 

resistance to multiple antibiotics remains the use of 

more efficacious and effective antimicrobials, usually 

from natural source including medicinal plants. One of 

such promising plants is Chryophyllum albidum.  

Chryophyllum albidum, popularly known as African 

star apple, is one of the medicinal plants with many 

ethobotanical uses. Its various uses include its use in 

the treatment of malaria, yellow fever, diarrhea, skin 

conditions, stomach aches, hypertension, and asthma. 

It has also been used as a cough suppressant aside from 

its use in the treatment of hemorrhoids, wounds and 

urinary-related infections. However, several 

pharmacological activities attributed to C. albidum 

have been reported. These include: antioxidant, 

antimicrobial, anti-inflammatory, antimalarial, 

antidiabetic, hepatoprotective, and cognitive 

enhancement (Ajayi et al., 2020; Ogunleye et al., 

2020). Some of these activities have been attributed to 

the presence of phytochemical constituents such as 

tannins, flavonoids, saponins, terpenoids, alkaloids, 

reducing sugar, and cardiac glycosides (Cyril et al., 

2023). Among these phytoconstituents, alkaloids 

remain the most widely and extensively studied 

(Heinrich et al., 2021), from which an active 

compound, eleagnine, a β-carboline alkaloid, has been 

isolated.  

Idowu et al. (2016) reported the isolation of eleagnine, 

among other compounds, from the seed cotyledons of 

C. albidum and attributed the antimicrobial activity of 

the plant to eleagnine. According to Medu et al. 

(2016), eleagnine had no activity against Trichophyton 

but demonstrated greater bacteriostatic effect against 

Gram-positive organisms and Candida spp. than 

Gram-negative bacteria. Although the antimicrobial 

activity of eleagnine has been reported (Usifoh et al., 

2019), there is no information about the susceptibility 

profiles of clinical bacterial isolates associated with 

urinary tract infections to this carboline compound, let 

alone the multiple antibiotic-resistant ones. Therefore, 

the purpose of this study was to assess the 

effectiveness of eleagnine compound isolated from the 

cotyledons of C. albidum against various antibiotic-

resistant uropathogens. 

 

Materials and Methods 

 

Study area 

 

The study was carried out at the Department of 

Pharmaceutical Microbiology, Faculty of Pharmacy, 

Obafemi Awolowo University, Ile-Ife, Osun State, 

Nigeria.  

 

Ethical clearance 

 

Ethical clearance with approval number 

IPH/OAU/12/2904 was sought and obtained from the 

Health Research Ethics Committee of the Institute of 

Public Health, Obafemi Awolowo University, Ile-Ife, 

Nigeria, prior to the commencement of the study.  

 

Sample collections 

 

Urine samples were collected from one hundred (100) 

patients presenting with urinary tract infections at the 

Obafemi Awolowo University Teaching Hospital 

Complex, Ile-Ife, Nigeria. The consents of these 

patients were sought and obtained prior to the 

collection of urine samples. Volunteers were taught 

how to properly collect the midstream urine to avoid 

contamination. Sterile universal bottles were used for 

this purpose. The urine samples were processed within 

2 h of collection.  

 

Isolation and characterization of uropathogens 

 

The urine samples were vortex-mixed to ensure 

uniform distribution of the content, and a loopful of 

each was plated on Cystine-Lactose-Electrolyte 

Deficient (CLED) agar, MacConkey agar, Manitol salt 

agar, and blood agar medium. The inoculated plates 

were incubated aerobically at 37∘C for 24 h, after 

which they were examined for the presence of growth 

as exemplified by the presence of colonies. The 

estimated number of bacterial colonies was used to 

determine the UTI status of the patients. Each urine 
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sample with significant bacterial growth (≥105 

cfu/mL) was sub-cultured to obtain pure isolates.  The 

pure isolates were characterized using Chromogenic 

agar, and results were authenticated using 

conventional biochemical tests. 

 

Antibiotic susceptibility profiles of the uropathogens 

 

 The antibiotic susceptibility profiles of the isolates 

were determined using the Kirby-Bauer disk diffusion 

method on Mueller-Hinton (MH) agar. The bacterial 

suspension was standardized to a 0.5 McFarland 

turbidity standard (≈10⁸ CFU/mL) and spread on the 

surface of an MH agar plate with the aid of a sterile 

swab stick. Each antibiotic disc containing the 

following antibiotics: azithromycin 15 µg, 

Meropenem 10 µg, ceftriaxone 30 µg, erythromycin 5 

µg, co-trimoxazole 25 µg, levofloxacin 5 µg, 

gentamicin 10 µg, ciprofloxacin 5 µg, Augmentin 30 

µg, vancomycin 30 µg, chloramphenicol 10 µg, and 

cephalexin 30 µg was aseptically picked with a sterile 

forceps and firmly pressed to the MH agar surface. 

Inhibition zone diameters were determined in 

millimeters after plates were incubated for 24 hours at 

37 °C. 

Escherichia coli ATCC 25922 was used as a positive 

test strain. Results were interpreted in accordance with 

Clinical and Laboratory Standards Institute (CLSI) 

guidelines (CLSI, 2020). Isolates resistant to three or 

more antibiotic classes were classified as multidrug-

resistant (MDR). 

 

Susceptibility profiles of multiple antibiotic-resistant 

uropathogens to eleagnine 

  

The minimum inhibitory concentration (MIC) of 

eleagnine against the selected multiple antibiotic-

resistant uropathogens was determined. MICs were 

determined by the broth microdilution technique. 

Serial concentrations (5 – 0.0098 mg/mL) were 

prepared in Mueller –Hinton broth. Test organisms 

were appropriately diluted and inoculated to a final 

inoculum size of approximately 105 cfu/mL after being 

adjusted to the 0.5 McFarland standard (≈108 cfu/mL). 

 After incubation at 37oC for 24 h under aerobic 

conditions, 10 µL of 0.2% resazurin dye was added 

and incubated further for another hour to assess 

bacterial growth. The lowest concentration with no 

visible growth, as exemplified by lack of change in 

resazurin colour, was recorded as the minimum 

inhibitory concentration (MIC). 

Statistical analysis: The association between the 

minimum inhibitory concentration (MIC) and the 

multiple antibiotic resistance index (MARI) was 

determined by calculating the spearman’s rank 

correlation coefficient using the GraphPad Prism. 

 

Results 

  

Distribution of the bacterial isolates 

 

Among the bacterial isolates, Staphylococcus 

aureus (72%) exhibited the highest occurrence, while 

Enterobacter cloacae (1%) had the least occurrence. 

Others include: Proteus mirabilis, Pseudomonas 

aeruginosa, Enterococcus feacalis, Escherichia coli, 

Klebsiella pneumoniae, Staphylococcus saprophyticus 

and Serratia marcescens in varying proportions (Table 

1).  

 

Susceptibility profiles of the uropathogens 

   

Susceptibility profiles of the isolated uropathogens to 

12 commonly used antibiotics as well as their multiple 

antibiotic resistance index, calculated as the ratio of 

the antibiotics to which the isolate is resistant to the 

number of antibiotics tested are shown in Table 2.  

Susceptibility was highest for Levofloxacin (98%), 

and resistance was highest for meropenem. Also, the 

majority (81%) of the uropathogens have multiple 

antibiotic resistance (MAR) index ≥ 0.2, an indication 

that they originated from environments where the use 

of multiple antibiotics is endemic (Table 2).
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Table 1: Percentage distribution of the isolates associated with urine samples of symptomatic urinary tract infection patients 

Bacteria Isolates Number of Organisms Percentage Distribution (%) 

Staphylococcus aureus  72 72 

Proteus mirabilis  6 6 

Pseudomonas aeruginosa  6 6 

Enterococcus faecalis  4 4 

Escherichia coli  3 3 

Klebsiella pneumoniae  3 3 

Staphylococcus saprophyticus  3 3 

Serratia marcescens  2 2 

Enterobacter cloacae  1 1 

Total 100 100 
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Table 2: Susceptibility profiles of isolated uropathogens to commonly used antibiotics 

 

CODE Isolate NIT COT GEN AUG LBC CTR CPM CIP AMK VAN AT MEM MAR 

Index 

U5 Enterobacter cloacae R S S S S S I S S S R R 0.25 

U13 Enterococcus faecalis S S S S S S S S S S S S 0 

U18 Enterococcus faecalis R S S I S I R S S R R R 0.42 

U28 Enterococcus faecalis R I S S S S R S S R R R 0.45 

U98 Enterococcus faecalis S S S S S S R S S S S I 0.08 

U20 Escherichia coli R S S R S S R S S R R R 0.5 

U30 Escherichia coli R R S I S I I S S S I R 0.25 

U33 Escherichia coli R S S R S S R S S R I R 0.42 

U2 Klebsiella pneumoniae S S S S S S R S S S S R 0.17 

U24 Klebsiella pneumoniae R I S I S S R S S R R R 0.42 

U37 Klebsiella pneumoniae R S S R S S R S S R R R 0.5 

U1 Proteus mirabilis R S S S S S S S S R R R 0.33 

U11 Proteus mirabilis R S S I I S I S R R S R 0.33 

U22 Proteus mirabilis S S S S S S S S S R S R 0.17 

U40 Proteus mirabilis S S I S S S I S S R S R 0.17 

U41 Proteus mirabilis I S S S S S R S S S I R 0.17 

U51 Proteus mirabilis R S S S S S R S S R R R 0.42 

U7 Pseudomonas aeruginosa R I S S S S R S S R R R 0.42 

U62 Pseudomonas aeruginosa S S S S S S R S S S R R 0.25 

U87 Pseudomonas aeruginosa R S S I S S R S S R R R 0.42 

U89 Pseudomonas aeruginosa R R S I S S R R S R R R 0.58 

U91 Pseudomonas aeruginosa R I S I S S R R S R S R 0.42 

U95 Pseudomonas aeruginosa R R S R S R R S S R R R 0.67 

U4 Serratia marcescens  R S S S S S R S S R S R 0.33 

U23 Serratia marcescens  R S R S S S R S S R S R 0.42 

U3 Staphylococcus aureus I R S S S S R S S R R R 0.42 

U6 Staphylococcus aureus R S S S S S S S S S R R 0.25 

U8 Staphylococcus aureus R I R I S S I S S R S R 0.33 
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U9 Staphylococcus aureus R S S I S S R S S R I R 0.33 

U10 Staphylococcus aureus R R S R S R R S S R R R 0.67 

U12 Staphylococcus aureus R R S R S I R S S R I R 0.5 

U14 Staphylococcus aureus I I S R S S R R S R R R 0.5 

U15 Staphylococcus aureus R S S I S S R S S R I R 0.33 

U16 Staphylococcus aureus R S S S S S R S S R R R 0.42 

U17 Staphylococcus aureus R R S R S R R S R R I R 0.67 

U19 Staphylococcus aureus I S S I S S R S S R R R 0.33 

U21 Staphylococcus aureus R S S I S S S R S R I R 0.33 

U25 Staphylococcus aureus S S S S S S S S S S S R 0.08 

U26 Staphylococcus aureus I R S R S S R S S R R R 0.5 

U27 Staphylococcus aureus R S S I S S R S S R S R 0.33 

U29 Staphylococcus aureus R R S I S S R S S R R R 0.5 

U31 Staphylococcus aureus R R S R S S R S S S I R 0.42 

U32 Staphylococcus aureus R R S I S S R S S R S R 0.42 

U34 Staphylococcus aureus R S S I S S S S S S S R 0.17 

U35 Staphylococcus aureus R R S R S S S S S R S R 0.42 

U38 Staphylococcus aureus R S S I S S S S S R S R 0.25 

U39 Staphylococcus aureus S S S S S S S S S S S S 0 

U42 Staphylococcus aureus R I S S S S R S S R R R 0.42 

U43 Staphylococcus aureus R R S I S S R S S S S R 0.33 

U44 Staphylococcus aureus S S S R S S R S S R R R 0.42 

U45 staphylococcus aureus S S S I S S R S S R S R 0.25 

U46 staphylococcus aureus I R S I S S R S S R R R 0.42 

U47 staphylococcus aureus S S S S S S S S S S S R 0.08 

U48 staphylococcus aureus S S S S S S S S S S I R 0.08 

U49 staphylococcus aureus S S S S S I S S S S R R 0.17 

U50 staphylococcus aureus S S S R S S S S S S S R 0.17 

U52 Staphylococcus aureus R S I S S R R R S R R R 0.58 

U53 Staphylococcus aureus R R S R S I R S S R R R 0.58 

U54 Staphylococcus aureus R R R R S I R S R R R R 0.75 
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U55 Staphylococcus aureus S R R R R I R S R S S R 0.58 

U57 Staphylococcus aureus S S R S S S S S S S S R 0.17 

U58 Staphylococcus aureus S S S S S S S S S S S R 0.08 

U59 Staphylococcus aureus S S S I S I R R S S R R 0.33 

U60 Staphylococcus aureus S S S S S S R S S S S R 0.17 

U61 Staphylococcus aureus R S S S S S R S S R R S 0.33 

U63 Staphylococcus aureus S R S R S S R S S S R R 0.42 

U64 Staphylococcus aureus R R S S S I S S S R R S 0.33 

U65 Staphylococcus aureus R R S R S R R S S R R R 0.67 

U66 Staphylococcus aureus R S S S S S R S S R I R 0.33 

U67 Staphylococcus aureus R I S I S S R S S R R R 0.42 

U68 Staphylococcus aureus R S S I S S R S S R R R 0.42 

U69 Staphylococcus aureus S S R S S S R S S S R R 0.33 

U70 Staphylococcus aureus R R S S S S R S S R I R 0.42 

U71 Staphylococcus aureus S S S S S S R S S R R R 0.33 

U72 Staphylococcus aureus R R S R S I R S S R R R 0.58 

U73 Staphylococcus aureus R R S R S R R S S R R R 0.67 

U74 Staphylococcus aureus R S S S S S R S S R R R 0.42 

U75 Staphylococcus aureus R S S I S S R S S R R R 0.42 

U76 Staphylococcus aureus R S S S S S R S S R S R 0.33 

U77 Staphylococcus aureus R S S S S S S S S R R R 0.33 

U78 Staphylococcus aureus R S S S S S R S S R R R 0.42 

U79 Staphylococcus aureus R R S I S S R S S R R R 0.5 

U80 Staphylococcus aureus R R S S S S R S S R R R 0.5 

U81 Staphylococcus aureus R S S S S S R S S R R R 0.42 

U82 Staphylococcus aureus R S S I S S R S S R R R 0.42 

U83 Staphylococcus aureus R R S R S S R S S R I R 0.5 

U84 Staphylococcus aureus S S S S S S S S S S I S 0 

U85 Staphylococcus aureus S S R I S S R S S S R R 0.33 

U86 Staphylococcus aureus R S S S S S R S S R R R 0.42 

U88 Staphylococcus aureus R R S R S I R R S R R R 0.67 
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U90 Staphylococcus aureus R I S S S S R S S R S I 0.25 

U92 Staphylococcus aureus S R S S S S S S S S S S 0.08 

U94 Staphylococcus aureus R I S I S S R S S R R R 0.42 

U96 Staphylococcus aureus R I S I S S R S S R R R 0.42 

U97 Staphylococcus aureus R S S S S S R S S R S R 0.42 

U99 Staphylococcus aureus R R S I S S R S S R I R 0.42 

U100 Staphylococcus aureus R S R I S I R I S R R R 0.5 

U36 Staphylococcus saprophyticus R S S S S S S S S R R R 0.33 

U56 Staphylococcus saprophyticus S S S S S S S S S S S S 0 

U93 Staphylococcus saprophyticus S I R S S R R S S S I R 0.33 
 

E. coli ATCC 25922  S S S S S S S S S S S S 0 

 

S: Sensitive; R: Resistant; I: Intermediate 

Key: MEM: Meropenem; VAN: Vancomycin; AUG: Augmentin; CPM: Cefepime; AT: Aztreonam; NIT: Nitrofurantoin; AMK: Amikacin; COT: Cotrimoxazole; CTR: 

Ceftriaxone; CIP: Ciprofloxacin; GEN: Gentamicin; LBC: Levofloxacin 
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Minimum Inhibitory Concentration (MIC) of eleagnine 

Eleagnine displayed antibacterial activity against the isolated 

uropathogens irrespective of their MAR index. However, the 

MIC of eleagnine against all Serratia marcescens species was 

2.5 mg/mL, all Escherichia coli species, 2.5 mg/mL, and  

 

 

 

 

Klebsiella pneumoniae species, 1.25 mg/mL.  Other species 

displayed varying susceptibility to eleagnine, with 

Staphylococcus aureus having a range of MIC between 5 and 

0.15625 mg/mL (Table 3). Statistical analysis revealed a weak 

association between the MIC and MARI with Spearman’s 

coefficient of -0.06988, an indication that MARI has no effect 

on the antibacterial activity displayed by eleagnine. 

 

Table 3: Minimum Inhibitory Concentration (MIC) of eleagnine against isolated uropathogens 

 

CODE Isolate MIC (mg/mL) MAR 

Index 

U5 Enterobacter cloacae 2.5 0.25 

U13 Enterococcus faecalis 1.25 0 

U18 Enterococcus faecalis 1.25 0.42 

U28 Enterococcus faecalis 2.5 0.45 

U98 Enterococcus faecalis 1.25 0.08 

U20 Escherichia coli 2.5 0.5 

U30 Escherichia coli 2.5 0.25 

U33 Escherichia coli 2.5 0.42 

U2 Klebsiella pneumoniae 1.25 0.17 

U24 Klebsiella pneumoniae 1.25 0.42 

U37 Klebsiella pneumoniae 1.25 0.5 

U1 Proteus mirabilis 2.5 0.33 

U11 Proteus mirabilis 2.5 0.33 

U22 Proteus mirabilis 0.625 0.17 

U40 Proteus mirabilis 2.5 0.17 

U41 Proteus mirabilis 2.5 0.17 

U51 Proteus mirabilis 0.625 0.42 

U7 Pseudomonas aeruginosa 1.25 0.42 

U62 Pseudomonas aeruginosa 0.15625 0.25 

U87 Pseudomonas aeruginosa 0.625 0.42 

U89 Pseudomonas aeruginosa 0.625 0.58 

U91 Pseudomonas aeruginosa 0.625 0.42 

U95 Pseudomonas aeruginosa 1.25 0.67 

U4 Serratia marcescens  2.5 0.33 

U23 Serratia marcescens  2.5 0.42 
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U3 Staphylococcus aureus 1.25 0.42 

U6 Staphylococcus aureus 0.625 0.25 

U8 Staphylococcus aureus 2.5 0.33 

U9 Staphylococcus aureus 2.5 0.33 

U10 Staphylococcus aureus 0.625 0.67 

U12 Staphylococcus aureus 0.3125 0.5 

U14 Staphylococcus aureus 0.625 0.5 

U15 Staphylococcus aureus 0.625 0.33 

U16 Staphylococcus aureus 0.625 0.42 

U17 Staphylococcus aureus 0.3125 0.67 

U19 Staphylococcus aureus 0.15625 0.33 

U21 Staphylococcus aureus 2.5 0.33 

U25 Staphylococcus aureus 0.625 0.08 

U26 Staphylococcus aureus 0.625 0.5 

U27 Staphylococcus aureus 0.3125 0.33 

U29 Staphylococcus aureus 1.25 0.5 

U31 Staphylococcus aureus 1.25 0.42 

U32 Staphylococcus aureus 0.625 0.42 

U34 Staphylococcus aureus 1.25 0.17 

U35 Staphylococcus aureus 0.15625 0.42 

U38 Staphylococcus aureus 0.3125 0.25 

U39 Staphylococcus aureus 1.25 0 

U42 Staphylococcus aureus 0.15625 0.42 

U43 Staphylococcus aureus 0.3125 0.33 

U44 Staphylococcus aureus 0.3125 0.42 

U45 Staphylococcus aureus 0.625 0.25 

U46 Staphylococcus aureus 0.3125 0.42 

U47 Staphylococcus aureus 0.625 0.08 

U48 Staphylococcus aureus 0.15625 0.08 

U49 Staphylococcus aureus 0.625 0.17 

U50 Staphylococcus aureus 0.15625 0.17 

U52 Staphylococcus aureus 0.625 0.58 

U53 Staphylococcus aureus 0.3125 0.58 

U54 Staphylococcus aureus 0.625 0.75 
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U55 Staphylococcus aureus 0.3125 0.58 

U57 Staphylococcus aureus 0.15625 0.17 

U58 Staphylococcus aureus 0.625 0.08 

U59 Staphylococcus aureus 0.625 0.33 

U60 Staphylococcus aureus 0.15625 0.17 

U61 Staphylococcus aureus 0.625 0.33 

U63 Staphylococcus aureus 0.3125 0.42 

U64 Staphylococcus aureus 0.3125 0.33 

U65 Staphylococcus aureus 0.3125 0.67 

U66 Staphylococcus aureus 0.625 0.33 

U67 Staphylococcus aureus 0.3125 0.42 

U68 Staphylococcus aureus 0.3125 0.42 

U69 Staphylococcus aureus 0.625 0.33 

U70 Staphylococcus aureus 0.3125 0.42 

U71 Staphylococcus aureus 0.625 0.33 

U72 Staphylococcus aureus 0.3125 0.58 

U73 Staphylococcus aureus 0.625 0.67 

U74 Staphylococcus aureus 0.625 0.42 

U75 Staphylococcus aureus 0.3125 0.42 

U76 Staphylococcus aureus 0.3125 0.33 

U77 Staphylococcus aureus 5.00 0.33 

U78 Staphylococcus aureus 0.15625 0.42 

U79 Staphylococcus aureus 0.625 0.5 

U80 Staphylococcus aureus 0.625 0.5 

U81 Staphylococcus aureus 0.15625 0.42 

U82 Staphylococcus aureus 0.3125 0.42 

U83 Staphylococcus aureus 0.625 0.5 

U84 Staphylococcus aureus 0.3125 0 

U85 Staphylococcus aureus 0.15625 0.33 

U86 Staphylococcus aureus 1.25 0.42 

U88 Staphylococcus aureus 1.25 0.67 

U90 Staphylococcus aureus 0.15625 0.25 

U92 Staphylococcus aureus 0.625 0.08 

U94 Staphylococcus aureus 1.25 0.42 
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U96 Staphylococcus aureus 0.15625 0.42 

U97 Staphylococcus aureus 0.625 0.42 

U99 Staphylococcus aureus 0.625 0.42 

U100 Staphylococcus aureus 0.625 0.5 

U36 Staphylococcus saprophyticus 2.5 0.33 

U56 Staphylococcus saprophyticus 1.25 0 

U93 Staphylococcus saprophyticus 2.5 0.33 

Spearman, r = -0.06988; 95% confidence interval = -0.2682 to 0.1341; P value (two-tailed) = 0.4896 

Quantitative analysis  

 

Discussion 

  

The contribution of urinary tract infections (UTIs) to the 

worldwide increase in morbidity and mortality cannot be 

underestimated (Bavanandan et al., 2023).  Globally, UTIs 

have been associated with a significant number of deaths and 

a reduced quality of life of affected patients (Ozturk and Murt, 

2020; Yang et al., 2022). Urinary tract infections (UTIs) can 

be caused by various pathogens, with bacteria being the 

primary culprits in approximately 95% of instances (Farajnia 

et al., 2009). Within the group of bacterial pathogens, the 

Enterobacteriaceae family plays a significant role in UTIs, 

particularly Escherichia coli, which is responsible for 70-

80% of cases (Farajnia et al., 2009; Khan et al., 2014). Other 

bacterial organisms that can lead to UTIs include Klebsiella 

pneumoniae, Pseudomonas aeruginosa, Proteus species, and 

Enterococcus species (Hooton et al., 2004; Khan et al., 2014; 

Shahzad et al., 2013). 

In this study, nine different bacterial species were found, with 

S. aureus as the most prevalent. All the bacterial species found 

in this study have been previously reported (Anjum et al., 

2016; Thangavelu et al., 2022; Alain et al., 2024).  The 

finding of S. aureus as the most prevalent in this study agrees 

with the reports of other researchers (Priyadharsini et al., 

2014; Alshomrani et al., 2023; Ehiagbe and Osaro, 2025).  

However, other researchers have reported E. coli (Kibret and 

Abera, 2014; Anjum et al., 2016; Abdullahi and Oranekwulu, 

2025), and Klebsiella pneumoniae (Omonigho et al., 2001; 

Osazuwa et al., 2010; Otajevwo, 2013) as the most prevalent 

isolates.  

Uropathogens differ in their pathogenesis, virulence and 

antibiotic susceptibilities. It has been reported that 

uropathogens are developing resistance to commonly 

prescribed antibiotics at alarming rates (Gupta, 2002). This 

can be attributed to wrong diagnosis or self-medication as a 

result of a lack of routine diagnostic and culture facilities 

(Hammer et al., 2007; Baral et al., 2012). In this study, the 

majority of the uropathogens isolated were susceptible to 

levofloxacin, a fluoroquinolone antibiotic, and highly 

resistant to imipenem, a broad-spectrum carbapenem 

antibiotic.     

 

 

Resistance to carbapenem antibiotics, such as imipenem, can 

be through decreased permeability, over-expression of efflux 

pumps, modification of antibiotic target sites, and enzymatic 

inactivation (Aurilio et al., 2022). The evolution of 

carbapenem-resistant uropathogens as found in this study 

poses a threat to public health as they are difficult to treat and 

their association with high mortality (WHO, 2017).  

The presence of multiple antibiotic resistance among 

uropathogens has been reported (Dasgupta et al., 2020; Khan 

et al., 2024; Tuhamize et al., 2025). The association of 

multiple antibiotic resistance with uropathogens has been 

responsible for most therapeutic failures in the treatment of 

urinary tract infections. The multiple antibiotic resistance 

(MAR) index, which is defined as the ratio of the number of 

antibiotics to which a bacterium is resistant to the total 

number of antibiotics tested, is frequently used to quantify 

multiple antibiotic resistance. The MAR Index can be low 

(≤0.2), moderate (0.21–0.59), or high (≥0.6) (Puspita et al., 

2021). Multiple antibiotic resistance has been attributed to the 

presence of genes that code for multiple resistance, such as 

plasmids, transposons, and/or integron (Nustrat et al., 2025). 

In this study, the majority of the isolated uropathogens had 

between high and moderate MAR with index ≥ 0.2. This 

implies that they originated from sources where the use of 

multiple antibiotics is indiscriminate and endemic.  

The search for more potent and effective antimicrobials from 

natural sources, including medicinal plants, has become 

necessary due to uropathogens' multiple antibiotic resistance. 

Screening of various medicinal plants has led to the discovery 

of many potent bioactive compounds (El-Saadony et al., 

2025), including eleagnine, which was reportedly present in 

the seed cotyledons of C. albidum and is responsible for the 

antimicrobial activity of the plant’s part (Idowu et al., 2016).  

Notwithstanding the paucity of information about the 

mechanisms of antibacterial activity of eleagnine, Medu et al. 

(2016) reported its bactericidal activity with minimum 

cytotoxicity. Susceptibility of multiple antibiotic-resistant 

uropathogens (irrespective of their MARI) to eleagnine, as 
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found in this study, suggests that the mechanism of its 

antibacterial activity differs from those of antibiotics used for 

the study or that eleagnine possesses the capacity to 

antagonize some of the mechanisms through which 

uropathogens develop resistance to antibiotics. Wei et al. 

(2026) attributed the antibacterial activity of C-6 aminated β-

Carboline derivatives against methicillin-resistant 

Staphylococcus aureus (MRSA) to their ability to disrupt 

bacterial cell walls and membranes. Other possible 

mechanisms of antibacterial activity of eleagnine which 

remain to be explored in future studies may include inhibition 

of efflux pumps, or inhibition of enzymes responsible for 

inactivation of some antibiotics.  

Conclusion 

The study concluded that eleagnine has antibacterial activity 

against multiple antibiotic-resistant uropathogens and may be 

useful in the management of recurrent and persistent urinary 

tract infections.  

Declaration of Conflict of Interest 

The authors affirm that they have no conflicts of interest 

related to this study. 

References 

Abdullahi N, Oranekwulu UM (2025). Prevalence and 

Antibiotic Susceptibility Profile of Escherichia coli and 

Klebsiella spp. Isolates from Urine Samples of Suspected 

Urinary Tract Infection Patients Attending Nisa Premier 

Hospital, Abuja, Nigeria. Nigerian Journal of Medicine 

34(1):18-21. doi: 10.4103/NJM.NJM_43_24 

Ajayi AM, Chidebe EO, Ben-Azu B et al. 

(2020). Chrysophyllum albidum (African star apple) fruit-

supplemented diet enhances cognitive functions and 

attenuates lipopolysaccharide-induced memory impairment, 

oxidative stress, and release of proinflammatory 

cytokines. Nutrire: revista de Sociedade Brasileira de 

Alimentacao e Nutricao. Journal of the Brazilian Society of 

Food and Nutrition 45(2):20. https://doi.org/10.1186/s41110-

020-00123-3 

Alain PI, Donatien M, Tharcisse G et al. (2024). Isolation and 

Identification of Pathogenic Bacteria from Urinary Tract 

Infection in Patients Attending Rwanda Military Hospital. 

Journal of Drug Delivery and Therapeutics 14(11):73-78  

Alshomrani MK, Alharbi AA, Alshehri AA et al. (2023). 

Isolation of Staphylococcus aureus Urinary Tract Infections 

at a Community-Based Healthcare Center in 

Riyadh. Cureus 15(2): e35140. 

https://doi.org/10.7759/cureus.35140 

Anjum MU, Khan MS, Shahid AR et al. (2016). Urinary tract 

infections; etiological profile and antimicrobial susceptibility 

patterns of uropathogens. Professional Medical Journal 

23(1):010-014. doi: 10.17957/TPMJ/16.3044 

Aurilio C, Sansone P, Barbarisi M et al.  (2022). Mechanisms 

of Action of Carbapenem Resistance. Antibiotics 11(3):421. 

https://doi.org/10.3390/antibiotics11030421 

Baral P, Neupane S, Marasini BP et al. (2012). High 

prevalence of multidrug resistance in bacterial uropathogens 

from Kathmandu, Nepal. BMC Research Notes 5:38-46. 

Bavanandan S, Keita N (2023). Urinary Tract Infection 

Prevention and Treatment. Seminars in Nephrology 

43(5):151468. 

https://doi.org/10.1016/j.semnephrol.2023.151468. 

Clinical and Laboratory Standard Institute (2020). Methods 

for Dilution Antimicrobial Susceptibility Tests for Bacteria 

That Grow Aerobically, 12th Edition, M07  

Cyril A, Ibeabuchi A, Romanus O (2023). Phytochemical 

Screening and Antibacterial Activity of Chrysophyllum 

albidum Collected in Nsukka, South East Nigeria. European 

Journal of Medicinal Plants 34(6): 13–22. 

https://doi.org/10.9734/ejmp/2023/v34i61141 

Czajkowski K, Broś-Konopielko M, Teliga-Czajkowska J 

(2021). Urinary tract infection in women. Przeglad 

menopauzalny Menopause Review 20(1):40–47. 

https://doi.org/10.5114/pm.2021.105382  

Dasgupta C, Rafi MA, Salam MA (2020). High prevalence of 

multidrug resistant uropathogens: A recent audit of 

antimicrobial susceptibility testing from a tertiary care 

hospital in Bangladesh. Pakistan Journal of Medical 

Sciences 36(6):1297–1302. 

https://doi.org/10.12669/pjms.36.6.2943 

Ehiaghe IJ, Osaro BA (2025). Antimicrobial susceptibility 

pattern of bacteria isolated from urinary tract infection among 

undergraduate students at Benson Idahosa University. 

Scientia Africana 24(3):225-238 

El-Saadony MT, Saad AM, Mohammed DM et al. (2025). 

Medicinal plants: bioactive compounds, biological activities, 

combating multidrug-resistant microorganisms, and human 

health benefits - a comprehensive review. Frontiers in 

Immunology 16:1491777. 

https://doi.org/10.3389/fimmu.2025.1491777 

Farajnia S, Alikhani MY, Ghotaslou R et al. (2009). Causative 

agents and antimicrobial susceptibilities of urinary tract 

infections in the northwest of Iran. International Journal of 

Infectious Diseases 13(2):140-4. 

Foxman B (2003). Epidemiology of urinary tract infections: 

Incidence, morbidity, and economic costs. Disease-a-Month 

49(2):53-70. 

https://doi.org/10.1186/s41110-020-00123-3
https://doi.org/10.1186/s41110-020-00123-3
https://doi.org/10.7759/cureus.35140
https://doi.org/10.3390/antibiotics11030421
https://doi.org/10.9734/ejmp/2023/v34i61141
https://doi.org/10.12669/pjms.36.6.2943
https://doi.org/10.3389/fimmu.2025.1491777


Trends Nat. Prod. Res. 283-297, 2026   

296 
 

Gupta K (2002). Addressing antibiotic resistance. American 

Journal of Medicine 113(Suppl 1A): S29-S34. 

Hammer DA, Dongol S, Anderson TP et al. (2007). High 

prevalence of extended-spectrum beta-lactamase-producing 

Enterobacteriaceae in Nepal. International Journal of 

Antimicrobial Agents 30(5):471-2. 

Heinrich M, Mah J, Amirkia V (2021). Alkaloids Used as 

Medicines: Structural Phytochemistry Meets Biodiversity-An 

Update and Forward Look. Molecules (Basel, 

Switzerland) 26(7):1836. 

https://doi.org/10.3390/molecules26071836 

Hooton TM, Besser R, Foxman B, Fritsche TR, Nicolle LE 

(2004). Acute uncomplicated cystitis in an era of increasing 

antibiotic resistance: a proposed approach to empirical 

therapy. Clinical Infectious Diseases 39(1):75-80. 

Idowu TO, Ogundaini AO, Adesanya SA et al. (2016). 

Isolation and characterization of chemical constituents from 

Chrysophyllum albidum G. Don-Holl stem-bark extracts and 

their antioxidant and antibacterial properties. African Journal 

of Traditional, Complementary and Alternative Medicines 

13(5):182-189. 

Khan A, Saraf VS, Siddiqui F et al. (2024). Multidrug 

resistance among uropathogenic clonal group A E. 

coli isolates from Pakistani women with uncomplicated 

urinary tract infections. BMC Microbiology 24(1):74. 

https://doi.org/10.1186/s12866-024-03221-8 

Khan IU, Mirza IA, Ikram A et al. (2014). Antimicrobial 

susceptibility pattern of bacteria isolated from patients with 

urinary tract infection. Journal of the College of Physicians 

and Surgeons Pakistan 24(11):840-4. 

Kibret M, Abera B (2014). Prevalence and antibiogram of 

bacterial isolates from urinary tract infections at Dessie 

Health Research Laboratory, Ethiopia. Asian Pacific Journal 

of Tropical Biomedicine 4(2):164–168. 

https://doi.org/10.1016/S2221-1691(14)60226-4 

Medu EO, Idowu TO, Oyedele AO, Adesanya SA (2016). 

Antimicrobial activity of eleagnine isolated from 

Chrysophyllum albidum. Nigerian Journal of Natural 

Products and Medicine 20: 27-34. 

Nusrat S, Aliyu M, Zohora FT (2025). Mechanisms of 

antimicrobial resistance: From genetic evolution to clinical 

manifestations.  AIMS Microbiology 11(4):1007–1034. 

https://doi.org/10.3934/microbiol.2025045 

Ogunleye FA, Fapohunda O, Nwangwu S (2020). A Review 

on Medicinal Uses and Pharmacological Activities of African 

Star Apple (Chrysophyllum albidum). Acta Scientific 

Pharmacology 1(4): 1-8 

Omonigho SE, Obasi EE, Akukalia RN (2001). In Vitro 

Resistance of Urinary Isolates of Escherichia coli and 

Klebsiella species to Nalidixic Acid. Nigerian Journal of 

Microbiology 15:25-29 

Osazuwa F, Mordi RM, Osazuwa E et al. (2010). Klebsiella 

Has Taken Lead among Uropathogens in University of Benin 

Teaching Hospital, Benin City, Nigeria: An Observation. New 

York Science Journal 3: 61-64.  

Otajevwo FD (2013). Urinary Tract Infection Among 

Symptomatic Outpatients Visiting a Tertiary Hospital Based 

in Midwestern Nigeria. Global Journal of Health Science 

5:187-199. http://dx.doi.org/10.5539/gjhs.v5n2p187  

Ozturk R, Murt A (2020). Epidemiology of urological 

infections: a global burden. World Journal of Urology 

38:2669–79. 10.1007/s00345-019-03071-4  

Priyadharsini M, Bhardwaj S, Sheeba E (2014). Isolation, 

identification of microbial isolates from urinary tract 

infection patients and evaluation of antimicrobial activity 

using plant extracts. International Journal of Current 

Microbiology and Applied Sciences 3(4): 153-160  

Puspita M, Wasito EB, Alimsardjono L (2021). Association of 

blood isolate's multi antibiotic resistance-index on laboratory-

confirmed bloodstream infection: A cross-sectional 

study.  Annals of Medicine and Surgery 72:103086. 

https://doi.org/10.1016/j.amsu.2021.103086 

 

Shahzad KA, Ullah F, Muhammad K et al. (2013). Multiple 

drug resistance patterns in urinary tract infection patients in 

Peshawar, Khyber Pukhtunkhwa (KPK) Pakistan. Journal of 

Infection and Molecular Biology 1(4):67-70. 

Sharma S, Chauhan A, Ranjan A et al. (2024). Emerging 

challenges in antimicrobial resistance: inplications for 

pathogenic microorganisms, novel antibiotics, and their 

impact on sustainability. Frontiers in Microbiology 15: 

1403168. doi: 10.3389/fmicb.2024.1403168 

Sulham K, Hammelman E (2021). 1416. Medicare Spending 

on Urinary Tract Infections: A Retrospective Database 

Analysis. Open Forum Infectious Diseases 8(Suppl 1): S793. 

https://doi.org/10.1093/ofid/ofab466.1608 

Thangavelu S, Dhandapani R, Arulprakasam A et al. (2022). 

Isolation, Identification, Characterization, and Plasmid 

Profile of Urinary Tract Infectious Escherichia coli from 

Clinical Samples.  Evidence-Based Complementary and 

Alternative Medicine 2022:7234586. 

https://doi.org/10.1155/2022/7234586 

Tuhamize B, Tusubira D, Masembe C et al. (2025). High 

Prevalence of Multidrug-Resistant Enterobacteriaceae 

Uropathogens Among Outpatients in Rural Southwestern 

Uganda. Cureus 17(1): e78094. doi:10.7759/cureus.78094 

https://doi.org/10.3390/molecules26071836
https://doi.org/10.1186/s12866-024-03221-8
https://doi.org/10.1016/S2221-1691(14)60226-4
https://doi.org/10.3934/microbiol.2025045
https://doi.org/10.1155/2022/7234586


Trends Nat. Prod. Res. 283-297, 2026   

297 
 

Usifoh S, Babaiwa U, Eichie F et al. (2023). Investigation of 

antibacterial activities of Chrysophyllum albidum cotyledon 

and its topical cream formulation. West African Journal of 

Pharmacy 30(1):143-150. https://doi.org/10.60787/wapcp-

30-1-182 

Vasquez Y, Hands WL (2004). Antibiotic susceptibility 

patterns of community-acquired urinary tract infection 

isolates from female patients on the US (Texas)-Mexico 

border. Journal of Applied Research 4(2):321-326. 

Wei Q, Liang W, Qiu H et al. (2026). Synthesis, antibacterial 

activity, and aechanism of C-6 aminated β-Carboline 

derivatives against MRSA. Antibiotics 15(4):339. 

https://doi.org/10.3390/antibiotics15040339 

WHO (2017). Guidelines for the prevention and control of 

carbapenem-resistant Enterobacteriaceae, Acinetobacter 

baumannii and Pseudomonas aeruginosa in health care 

facilities. Available on: Guidelines for the prevention and 

control of carbapenem-resistant Enterobacteriaceae, 

Acinetobacter baumannii and Pseudomonas aeruginosa in 

health care facilities. 

Yang X, Chen H, Zheng Y et al.  (2022). Disease burden and 

long-term trends of urinary tract infections: A worldwide 

report.  Frontiers in Public Health 10: 888205. 

https://doi.org/10.3389/fpubh.2022.888205 

 

 

 

 

 

        This paper is published under Creative Common Licence BY 4.0  

        CITATION Osungunna MO, Idowu TO, Akinwumi FO, Onifade DI (2026) Susceptibility Profiles of Multiple Antibiotic-Resistant 

        Uropathogens to Eleagnine Compound Isolated from Chryophyllum albidum G. Don Holl (Sapotaceae) Seed Cotyledons. Trend Nat  

        Prod Res Vol 7(3): 283-297. https://doi.org/10.61594/tnpr.v7i3.2026.175 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.60787/wapcp-30-1-182
https://doi.org/10.60787/wapcp-30-1-182
https://doi.org/10.3390/antibiotics15040339
https://www.who.int/publications/i/item/guidelines-for-the-prevention-and-control-of-carbapenem-resistant-enterobacteriaceae-acinetobacter-baumannii-and-pseudomonas-aeruginosa-in-health-care-facilities
https://www.who.int/publications/i/item/guidelines-for-the-prevention-and-control-of-carbapenem-resistant-enterobacteriaceae-acinetobacter-baumannii-and-pseudomonas-aeruginosa-in-health-care-facilities
https://www.who.int/publications/i/item/guidelines-for-the-prevention-and-control-of-carbapenem-resistant-enterobacteriaceae-acinetobacter-baumannii-and-pseudomonas-aeruginosa-in-health-care-facilities
https://www.who.int/publications/i/item/guidelines-for-the-prevention-and-control-of-carbapenem-resistant-enterobacteriaceae-acinetobacter-baumannii-and-pseudomonas-aeruginosa-in-health-care-facilities
https://doi.org/10.3389/fpubh.2022.888205

