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Introduction 

Urinary tract infections (UTIs) represent bacterial incursion 

into various parts of the urinary tract including the kidney 

(pyelonephritis), ureter (ureteritis), urinary bladder (cystitis) and 

urethra (urethritis). They are now one of the commonest microbial 

infections globally constituting a significant burden in terms of 

morbidity and medical costs.
1
 While UTIs, complicated or 

uncomplicated, may be caused by a number of uropathogens which 

include (but not limited to) Escherichia coli (one of the predominant 

causative agent), Staphylococcus saprophyticus, Klebsiella species, 

Proteus mirabilis, Pseudomonas aeruginosa and Enterococcus 

species.
2
 However, with the emergence of resistant strains of 

uropathogens coupled with the high rate of recurrent UTIs, research  
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efforts are being directed towards alternative treatment options for 

UTIs.
3 

One of this alternative treatment options include the use of 

medicinal plants and herbal preparations, some of which act by direct 

antibacterial activity or antiadhesive activity.
4 

Medicinal plants – rich 

in bioactive principles - are used in ethnomedicine in different 

countries to treat different ailments including bacterial infections, pain 

management and as antiparasitic agents.
5
 Apart from their use as 

herbal preparations and extracts remedies, these plants are potential 

sources of new antibacterial agents.  

Nauclea diderrichii (De Wild.) Merrill (Rubiaceae) is a widely 

cultivated, tropical, evergreen tree grown in West and Central Africa. 

The plant is traditionally used as a tonic, as chewing stick and in 

treatments of toothaches, dental caries, septic mouth, fever, diarrhoea, 

dysentery, measles, stomach ache and indigestion. The root is credited 

with diuretic property and used for the treatment of anaemia. Bark 

infusions and decoctions are used to treat gonorrhoea, as a vermifuge, 

and against parasites and other tropical diseases.
6,7

 Phytochemical 

study of N. diderrichii showed that the stem bark and leaf contain 

alkaloids, flavonoids, terpenes, saponins and glycosides.
8
 The 

alkaloids include simple β-carbolines (desoxycordifolinic acid), simple 

pyridines, and indole-pyridines (naucledine, nauclederine).
9,10

 

While, there are sufficient documented ethnopharmacological 

information on the usage of herbal preparations and remedies from N. 

diderrichii against infectious diseases;
7
 however, scientific reports on 

the antimicrobial activity are very scanty and general, with a large 

number of ethnomedicinal claims remaining unverified. This study, 

therefore, investigated the potentials of N. diderrichii leaf extracts and 

fractions as antibacterial agent against some UTIs-causing pathogens.  
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Urinary tract infections (UTIs) constitute considerable health and economic burdens globally. 

The advent of resistant strains of uropathogens coupled with high rate of recurrent UTIs has 

heightened the precarious situation. Consequently, research efforts are being directed towards 

alternative treatment solutions. This study investigated the potential of Nauclea diderrichii leaf 

extracts and fractions as antibacterial agents against some clinical uropathogen isolates.  

Chloroform, acetone and methanol extracts of dried leaf of N. diderrichii, obtained by cold 

maceration, were evaluated for antibacterial activity against five different species (2 strains 

each) of clinical uropathogenic bacterial isolates from UTI; namely: Proteus mirabilis, 

Escherichia coli, Klebsiella pneumoniae, Enterobacter feacalis and Pseudomonas aeruginosa. 

The secondary metabolites present in these extracts were investigated by qualitative 

phytochemical screening. The most active extract was subjected to chromatographic 

fractionation, while the minimum inhibitory concentrations (MICs) of the fractions were 

determined.  

Chloroform extract exhibited activity against all the strains with inhibition zone diameters of 10 

mm – 19 mm, while methanol and acetone extracts showed some activity against some of the 

organisms with inhibition zone diameters of 10 mm – 18 mm and 12 mm  – 16 mm, 

respectively. Phytochemical screening revealed the presence of saponins, alkaloids, 

anthraquinones, terpenoids, cardiac glycosides, phenolics and flavonoids. Fractionation of the 

chloroform extract yielded three fractions, with MICs: 0.78125 – 25 mg/mL, fraction C; 1.5625 

– 12.5 mg/mL, fraction B; and 1.5625 – 25 mg/mL, fraction A.  

This study confirmed that N. diderrichii leaf contains bioactive compounds against UTI-causing 

uropathogens.  
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Materials and Methods 

Collection and Preparation of Plant Material 

Fresh N. diderrichii leaves were collected from Botanical Garden, 

University of Ibadan, South-West, Nigeria. The plant was identified, 

and Herbarium specimen was deposited at Forestry Research Institute 

of Nigeria, Ibadan (Voucher No.: FHI 111889). The leaves were air-

dried at room temperature over two weeks, and milled into powder 

using laboratory blender (Elgento-125, China). 

 

Collection and Characterization of Test Bacteria Species 

Pure cultures of the bacterial organisms (5 different species) were 

obtained from urine samples of patients diagnosed as having UTIs at 

the Medical Laboratory, Microbiology Unit, University College 

Hospital, Ibadan, Nigeria. The bacterial species, which were assigned 

number codes for identification purpose, include: Escherichia coli 001 

and 007, Klebsiella pneumoniae 001 and 003, Pseudomonas 

aeruginosa 001 and 003, Enterococcus faecalis 005 and 010, and 

Proteus mirabilis 004 and 006 strains. The organisms were confirmed 

using various standard biochemical tests such as indole, sugar 

fermentation, catalase, oxidase, citrate utilization and urease test.
11 

 

Gradient Extraction of Plant Material 

The powdered plant materials (1.06 kg) were defatted with 3 L of n-

hexane for 24 h and dried. The marc was then extracted twice for 24 h 

by cold maceration using 3 L each of chloroform, acetone, and 

methanol successively. The extracts were filtered into clean 

containers, concentrated and evaporated to dryness in vacuo at 40ºC. 

The dried extracts were subjected to qualitative phytochemical 

analysis to determine the phytochemical constituents present in them 

following standard procedures.
12

  

 

Antibacterial evaluation of the extracts 

Two concentrations (100 mg/mL and 50 mg/mL) of each of the crude 

extracts were prepared by dissolving appropriate weights (1000 mg 

and 500 mg, respectively) in 10 mL methanol, and were evaluated for 

antibacterial activity by agar diffusion method using Mueller Hinton 

agar. Briefly, the agar was prepared according to the manufacturer’s 

procedure, sterilized in an autoclave at 121
o
C for 15 min and the cool 

molten agar (45
o
C) was then poured into sterile Petri-dishes to set. The 

surface of the already set Mueller Hinton agar plates were dried in an 

ethanol disinfected incubator at 45
o
C for 30 min and inoculated with 

0.1 mL McFarland standard of the suspension of each of the test 

microorganism (E. coli, K. pneumoniae, E. faecalis, P. aeruginosa, 

and P. mirabilis) separately by surface spreading using sterile cotton 

swabs. Wells were then made aseptically with an 8 mm sterile cork 

borer and 0.1 mL of each of the test extract concentrates (100 mg/mL 

and 50 mg/mL) were introduced into the wells. The extract solution 

was allowed to diffuse into the medium for 1 h before being incubated 

aerobically for 24 h at 37°C. The antimicrobial activity of the extracts 

was measured (in millimeters) as the mean diameter of the resulting 

growth inhibition zones, and compared with the growth inhibition 

zones of gentamicin, 100 mg/mL (positive control) and methanol 

(negative control). 

 

Chromatographic Fractionation of Chloroform Extract 

Based on the result obtained from the antibacterial evaluation of the 

extracts, the most active extract was subjected to chromatographic 

fractionation. Briefly, chloroform extract (0.5 g) was dissolved in 

chloroform (10 mL) and adsorbed with 2 g of silica gel 60 G (Merck, 

Germany). The air-dried, adsorbed silica gel was packed on to a 

sintered glass funnel already pre-packed with 8 g of silica gel. The set 

up was then eluted using negative pressure provided by a vacuum line 

with three different solvent systems (50 mL each) of increasing 

polarity [A: n-hexane /ethyl acetate (70:30); B: n-hexane /ethyl acetate 

(20/80); and C: ethyl acetate/methanol (50/50)]. Whenever a given 

solvent system was added, the packed silica gel was allowed to dry 

before the next solvent system was applied. The fractions (A, B, and 

C) were collected into separate, clean glass bottles. More samples of 

the extract were subjected to chromatographic fractionation following 

the procedure earlier outlined until a total of 10 g of the extract was 

fractionated. At the end, the fractions were concentrated by rotary 

evaporation, and then analyzed for their phytochemical constituents 

following standard procedures.
12

   

 

Determination of Minimum Inhibitory Concentration of Chloroform 

Fractions  

The minimum inhibitory concentrations (MIC) of the fractions 

obtained from chromatographic fractionation of the chloroform extract 

were determined by serial agar plate dilution method. Stock solutions 

of the fractions were prepared, each at a concentration of 25 mg/mL. 

This was achieved, for example, by dissolving 1.0 g of fraction A in 

chloroform (2 mL). 1 mL of this was transferred into a 19 mL molten 

nutrient agar to give a final concentration of 25 mg/mL. From the 

stock solutions, serial lower dilutions for the fractions were made as 

follows: 12.5, 6.25, 3.125, 1.5625, and 0.78125 mg/mL. Each bottle 

containing 18 mL of nutrient agar was melted and cooled to between 

45 – 50°C; and 2 mL of each of the concentration was added. The 

bottles were mixed properly, poured into Petri-dishes and the agar 

allowed to set. The set agar plates were divided into ten compartments 

with board marker and labeled. The bacteria were then streaked 

accordingly and the plates incubated at 37°C for 24 h. 
13 

 

 

Results and Discussion 

Globally, Urinary tract infections still constitute a substantial public 

health burden. The situation is being exacerbated with the advent of 

resistant organisms and high frequency of recurrent UTI infection.
3,14

 

One of the alternative strategies under intense consideration is 

exploration of medicinal plants for their potential anti-UTI activity. It 

is envisaged that secondary metabolites present in medicinal plants 

could provide prophylactic and curative treatments, as well as help to 

curtail or slow down resistance development.
15,16

 From the study, the 

chloroform extract gave a percentage yield of 3.28% w/w, while that 

of acetone and methanol were 5.22% w/w and 7.70% w/w, 

respectively. The gradient solvents extraction was used since it could 

afford the relative extraction of the varying secondary metabolites 

present in the powdered plant material based on their polarity and 

affinity for the individual solvent. The chromatographic fractionation 

of the chloroform extract resulted into three fractions. The percentage 

yields obtained were: fraction A - 52.86% w/w, fraction B - 22.18% 

w/w, and fraction C - 18.02% w/w. The result of the qualitative 

phytochemical analysis of the extracts and the fractions is shown in 

Table 1, indicating the presence of saponins, phenolics, flavonoids, 

cardiac glycosides, terpenoids, alkaloids, and anthraquinones as 

secondary metabolites in the powdered leaf material.   

The results of the antibacterial evaluation are presented in Table 2. 

Chloroform extract at 100 mg/mL exhibited highest activity against all 

the bacterial strains with inhibition zone diameter of (10 mm     19 

mm), while with methanol (10 mm     18 mm), and acetone (12 mm     

16 mm) extracts some of the bacterial were resistant. Chloroform 

extract showed maximum zone of inhibition (19 mm) against P. 

mirabilis 004 and minimum inhibition (10 mm) against E. coli 001 

and K. pneumoniae 001. Methanol extract showed maximum 

inhibition (18 mm) against P. mirabilis 004 and minimum inhibition 

(10 mm) against E. faecalis 010 and K. pneumoniae 001. Acetone 

extract showed maximum inhibition (14 mm) against E. coli 007 and 

P. aeruginosa 001 and minimum inhibition (12 mm) against K. 

pneumoniae 001. The results of the MIC determination of the fractions 

(A, B and C) are shown in the Table 3. Fraction C gave an MIC range 

of 0.78125 – 25 mg/mL, fraction B gave MIC range of 1.5625 – 12.5 

mg/mL, and fraction A gave MIC range of 1.5625 – 25 mg/mL. 
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Table 1: Qualitative phytochemical evaluation of the Nauclea diderrichii leaf extracts and chloroform fractions (A, B, and C) 

indicating the various secondary metabolites present. 

Phytochemical 

constituents 

Methanol 

extract 

Acetone 

extract 

Chloroform 

extract 

Fraction 

A 

Fraction  

B 

Fraction  

C 

Saponins + - + - + + 

Phenolics + + - - - - 

Flavonoids + + + + + + 

Cardiac glycosides - - + + + + 

Terpenoids + + + + + + 

Alkaloids + + + + + + 

Anthraquinones + + + + + + 

            +, Present;  −, Absent.  

 

 

Table 2: Antibacterial activity of the solvent extracts of Nauclea diderrichii leaf against clinical uropathogenic bacterial isolates 

Note: ME, Methanol extract; AE, Acetone extract; CE, Chloroform extract; NG, No Growth. 

 

 

Table 3: Minimum inhibitory concentration (MIC) for 

chloroform fractions A, B and C 

 

 

From this study, the antibacterial evaluation of the solvent extracts 

revealed chloroform extract as showing the highest activity among the 

three extracts. The chloroform extract exhibited antibacterial activity 

against all the uropathogenic strains used in this study unlike acetone 

and methanol extracts where some level of resistance was observed. 

Determination of the MICs of chloroform fractions showed fractions C 

to be the most active against P. mirabilis 004 and 006, E. faecalis 010 

MIC of 0.78125 mg/mL, and E. coli 001 with MIC of 1.5625 mg/mL; 

while fraction B and A were most active against P. mirabilis 006 with 

MIC of 1.5625 mg/mL. This observed activity can be attributed to the 

various secondary metabolites present in these fractions. Studies have 

shown this kind of compounds as possessing antimicrobial properties, 

eliciting their activity through different mechanisms including biofilm 

inhibitory activity and efflux inhibitory activity.
17,18

   

There are a few reports on the antimicrobial effects of N. diderrichii in 

literature. Khan et. al (2017), reported that chloroform fraction 

obtained from a methanol soluble extract of the plant stem-bark gave 

the best antimicrobial activity with an MIC of 1.25 µg/mL,
19

 while 

Akunne et. al (2017) showed an ethyl acetate fraction, obtained from 

methanol-dichloromethane (1:1) root-bark extract, having the least 

MIC of 0.63 mg/mL against S. aureus and Aspergillus flavus.
20

 In an 

investigation of plants consumed by chimpanzees, Ahoua et. al (2015) 

reported the least MICs of 0.094 mg/mL (Staphylococcus aureus CIP 

4.83), 0.188 mg/mL (Staphylococcus aureus sensitive); and 0.375 

mg/mL (Staphylococcus aureus sensitive and P. aeruginosa CIP 

103467) for methanol and dichloromethane leaf extracts of N. 

diderrichii, respectively, with no activity against E. coli (E. coli CIP 

54127AF and E. coli ATCC 25925).
21

 In the current study, however, 

the chloroform extract and fractions thereof showed activity against 

the E. coli strains used. This disparity may be due to different strains 

of E. coli used in the studies.  

 

 

Conclusion 

This study represents the first report on the activity of N. diderrichii 

leaf extracts against uropathogenic bacterial isolates. The result 

 

Bacteria strains 

Inhibition Zone Diameters (mm) 

ME AE CE Controls 

100 mg/mL 50 mg/mL 100   mg/mL 50 mg/mL 100 mg/mL 50 mg/mL Positive Negative 

E. coli 001 NG NG NG NG 10 10 14 13 

E. coli 007 13 13 16 14 17 15 17 NG 

P. aeruginosa 001 NG NG NG NG 11 10 11 11 

P. aeruginosa 003 13 13 14 14 15 14 14 15 

E. faecalis 005 NG NG NG NG 13 12 15 NG 

E. faecalis 010 10 10 NG NG 11 11 20 14 

K. pneumoniae 001 10 10 13 12 14 10 13 13 

K. pneumoniae 003 NG NG NG NG 11 10 11 NG 

P. mirabilis 004 18 18 NG NG 19 15 NG 18 

P. mirabilis 006 15 13 NG NG 15 14 14 NG 

Bacteria strains 
MIC (mg/mL) 

Fraction A Fraction B Fraction C 

E. coli 001 6.25 6.25 1.5625 

E. coli 007 25 12.5 12.5 

P. aeruginosa 001 6.25 6.25 12.5 

P. aeruginosa 003 25 12.5 25 

E. faecalis 005 12.5 12.5 12.5 

E. faecalis 010 6.25 6.25 0.78125 

K. pneumoniae 001 12.5 12.5 25 

K. pneumoniae 003 25 12.5 25 

P. mirabilis 004 6.25 6.25 0.78125 

P. mirabilis 006 1.5625 1.5625 0.78125 



                                                   Trop J Nat Prod Res, July 2019; 3(7):231-234                ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

234 

© 2019 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

suggests that the leaf of N. diderrichii contains bioactive secondary 

metabolites against UTI-causing pathogens, and could find application 

in development of plant-based remedies to treat UTIs. Further efforts 

would be targeted at isolating these bioactive secondary metabolites.  
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