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Introduction  

A group of highly resistant pathogens with acronym 

‘ESKAPE’ have been implicated in the surging hospital infections 

with the tendency to ‘escape’ the effect of commercial antimicrobial 

agents.1, 2, 3 ESKAPE stands for Enterococcus faecium, 

Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter 

baumannii, Pseudomonas aeruginosa and Enterobacter spp. Their 

involvements in nosocomial infections present new paradigm of 

pathogenesis, transmission and resistance.4, 2 The evolution of 

multidrug-resistance (MDR) among these isolates has remained a 

global threat to humanity with significantly high mortality and 

morbidity rates. 5, 6 Different classes of antibiotics, including 

cephalosporins, aminoglycosides, glycopeptides, and quinolones have 

been extensively used in treatment of different diseases.7 

Unfortunately, their overuse and misuse have birthed antibiotic 

resistant strains.8 
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In a bid to overcome these challenges, the use of plant extracts and 

combination therapy have been adopted.9, 10 Apart from their 

pharmacologically important phytochemical contents, each specie of 

plant has its own nutrient compositions which are essential for 

improved body physiological functions.11The use of natural medicines 

have remained a fundamental part of history and culture, particularly 

in Africa, and are gradually increasing in developed countries due to 

their varying degrees of antimicrobial activity and other beneficial 

effects.12, 13, 14Medicinal plants have been very useful in primary health 

care services globally.15, 11 Thus, World Health Organization came up 

with the slogan, “save the plants which save life”, to underscore the 

importance of medicinal plants.16  Studies reveal that about 80% of the 

world population now depends on herbal medicine owing to their 

relative safety, affordability, availability and tolerance.11, 16Newbouldi 

laevis, atropical Africa plant has been reportedly used in the treatment 

such as malaria, sexual transmitted disease, worms, dental caries and 

also as a formula in dysentery and diarrhea, eye problems and wounds 

infection, sore feet, convulsion, skin ulcer, epilepsy, peptic ulcer, 

constipation, hemorrhoids, pelvic pain in women, snake bite and 

impotence and infertility.17, 18, 19, 20, 21 
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The continued resistance of pathogens to a wide range of antibiotics has necessitated the search 

for herbal alternatives. This research investigates the antibacterial potential and antibiotic 

potentiation activity of Newbouldia laevis on some members of ESKAPE pathogens 

(Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter 

baumannii, Pseudomonas aeruginosa and Enterobacter spp). Three stock ‘ESKAPE’ organisms 

isolated from hospital environment were tested for multidrug resistance using standard 

procedure. Leaves of Newbouldia laevis were extracted with methanol using standard method. 

Antibacterial activity of different concentrations of the methanol plant extracts was carried out 

using agar well diffusion method. Antibiotic potentiation activity of the extract was tested by 

comparing the Minimum Inhibitory Concentrations (MICs) of the antibiotics with the fractions 

of MICs of both antibiotics and extracts. Fractional inhibition concentration was measured as 

ratio of the two MICs while the strength of the synergism was measured using combination 

index (CI). Data were analyzed using one-way analysis of variance (ANOVA). There were 

reductions in the MICs of the antibiotics: ceftriaxone, erythromycin, ceftazidime, cefuroxime 

and ampicillin across all the isolates. The reductions in the MICs varied among the organisms 

and the antibiotics with ceftazidine showing lowest MIC to P. aeruginosa. However, significant 

(P < 0.05) reduction in the MICs was achieved only in ceftazidine and erythromycin at a 

combination ratio of 50:50. Combination index values were less than 0.1, signifying strong 

synergism between the extract and the antibiotics. Newbouldia laevis potentiates the activities of 

these antibiotics against the bacterial species. The potentiations were however MIC-dependent.  
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Combination ofantibiotics and plant bioactive extracts is a relatively 

new and novel concept in the treatment of antibiotic resistant 

pathogens.9 The effects of combined therapy can however be 

complicated as different interactions can occur among the individual 

components. Potentiation is a process where two drugs are used in the 

same prescription. One of them serves as the principal drug while the 

other is seen as an adjunct or auxiliary drug. The latter helps to 

strengthen the effect of the former. Thus, developing synergistic 

antimicrobial activity could be an alternative to monotherapy for 

patients with severe infections.22 Synergistic effect may be as a result 

cell wall inhibition by a formed complex or by cell lysis or death.  

Synergism can be contributed by sequential blockage of metabolic 

pathways, facilitation of the entry of drug into microorganism by the 

other drug or when one drug prevents the inactivation of the second 

drug by microbial enzymes.22 Thus, this study is aimed at evaluating 

the antibacterial activities of Newbouldia laevis against some 

multidrug resistant ESKAPE pathogens isolated from hospital 

environments as well as its potentiation of antibiotics against the 

pathogens. 

 

Materials and Methods  

Stock organisms 

Organisms used were Staphylococcus aureus, Pseudomonas 

aeruginosa and Klebsiella pneumoniae previously isolated from 

hospital environment. 

 

Antibiotic Sensitivity Testing  

Mueller Hinton Agar (MHA) was prepared following manufacturer’s 

instruction, autoclaved and dispensed into sterile Petri dishes, where 

they were allowed to gel. Standardized inoculums were spread evenly 

on the media surfaces, in duplicates using a sterile glass rod and 

allowed to stand for 15min with the lids in place. Gram positive and 

Gram negative antibiotic discs (Rapid Labs, Colchester, United 

Kingdom) were then placed and pressed down aseptically using 

forceps to make contacts with the surfaces of the inoculated plates. 

The plates were incubated at 37⁰C for 24 h. The inhibition zone 

diameters which show the degree of susceptibility of the test 

organisms) were measured in milliliter and recorded. The isolates 

were classified into resistant, intermediate or susceptible according to 

Clinical Laboratory Standard Institute (CLSI) 2024 guideline.23 

 

Plant Collection and Identification 

Fresh leaves of Newbouldia laevis was collected in June 2020 in 

Umakashi in Nsukka, Enugu State, Nigeria (6.9 N, 7.4E). The plant 

was identified in the Department of Plant Science and Biotechnology, 

University of Nigeria, Nsukka (UNN) and deposited at the University 

of Nigeria (UNN) Herbarium with the following collection details: 

Newbouldia laevis (P. Beau v.) Seem. Ex, Voucher No: UNN/11765. 

 

Extraction of plant materials 

The Newbouldia laevisleaves were washed and air dried at room 

temperature for 14days.  The dried leaves were grinded to obtain fine 

particles and stored in a polythene bag until use. Extraction was 

carried out by soaking 500g of the plant powder in 1.5L of methanol 

and kept under room temperature for 72h with intermittent shaking to 

achieve proper extraction.24 The extract was filtered using Whatman 

filter paper (No.1). The filtrates was allowed to cool and subsequently 

concentrated under vacuum with the aid of a rotary evaporator. The 

filtrate was weighed and stored in air-tight container and refrigerated 

at 4oC until needed for analysis.   

 

Plant Extracts Sensitivity Testing  

Plant extract sensitivity test was carried out as described elsewhere.14 

Preparation was further diluted to yield 200mg/ml, 100mg/ml, 

50mg/ml and 25mg/ml. Mueller Hinton Agar (MHA) was prepared 

according to the manufacturer’s prescription (38g of MHA in 

1000mLof distilled water). Spread plate method was used to inoculate, 

in triplicates, the standardized inoculums on Mueller Hinton agar. The 

plates were allowed to stand for 15min with the lids in place.  Well-

spaced holes were then made on the plates using sterile cork borer.  A 

0.1ml concentration of the plant extract was injected into the wells and 

allowed to stand for 45mins for proper diffusion before incubation for 

24h at 37⁰C. The plates were later examined for inhibition zones.  

 

Antibiotic Potentiation Assay. 

The synergistic effect of the combination of the herbal extract and the 

antibiotics was determined using Chekerboard method as described 

elsewhere. 25 Newbouldia laevis was used in association with the 

antibiotics. The different concentrations of the combination 

(antibiotics and plant extract) were prepared by using the plant extract 

at concentrations lower than the MIC (MIC/2 and MIC/4) with the 

different antibiotics in different ratios. Mueller Hinton Broth (MHB) 

were prepared according to manufacturers’ standard (21g of Mueller 

Hinton Broth powder in 1000ml of distilled water), autoclaved at 

121⁰C for 15min at 15 lbs and used for the preparation of the different 

concentrations of the antibiotics. The plant extract at MIC/2 and 

MIC/4 in different ratios were added to the test tubes containing 

different concentrations of antibiotics. A 0.1ml of standardized 

inoculums were added to the test tubes and incubated for 24h at 37⁰C. 

The test tubes were later examined for growth which is indicative of 

MIC of the combination. The MIC was recorded. Fractional Inhibition 

Concentration was calculated as the ratio of MIC antibiotics in combination/ 

MIC antibiotics alone which is used to express the antibiotic potentiation 

effect of the plant extract and antibiotics. The results were described 

as synergy (≤ 0.5), indifferent (> 0.5 to 4), or antagonism (>4).  All 

assays were performed in triplicates. 

 

Statistical Analysis 

The data obtained were analyzed with one-way-ANOVA using IBM 

SPSS version 21  

 

Results and Discussion 

Antibacterial effects of some selected antibiotics on the isolates 

The inhibition zone diameters of five antibiotics selected for the 

purpose of this potentiation study were extracted and presented in 

Table 1. Different isolates of each of the organisms were inhibited at 

varying degrees with S. aureus showing the highest level of 

susceptibility to the three antibiotics applied. Ceftazidine exerted the 

lowest antibacterial effect of 2 on against P. aeruginosa isolates. 

Analysis of MICs of antibiotics used against the isolates (S. aureus, P. 

aeruginosa and K. pneumonia) shows that ceftriaxone, erythromycin 

and ceftazidime had an MIC range of 128 to 256µg/mg for 

Staphylococcus aureus; cefuroxime had an MIC range of 128 to 

256µg/mg, ampicillin had 32 to 256µg/mg and ceftazidime had 2 to 

64µg/mg for P. aeruginosa while cefuroxime and ampicillin showed 

an MIC range of 128 to 256µg/mg and ceftazidine had 64 to 

256µg/mg for ceftazidime for K. pneumoniae (Table 1). The inhibitory 

effects of these antibiotics varied across the different isolates of the 

same specie. This may be due to extrinsic resistance acquired by these 

isolates in the course of various exposures to antiobitics. 

 

Antibacterial effects of methanolic extract of Newbouldia laevis leaves 

on the isolates 

Newbouldia laevis methanolic extract was found to inhibit the growths 

of S. aureus, P. aeruginosa and K. pneumonia. The minimum 

inhibitory concentration (MIC) varied among different isolates of the 

same species but no marked difference between different species. 

Generally concentration as low as 50mg/mL inhibited growth across 

the species (Table 2). Newbouldia laevis methanol extract inhibited S. 

aureus, P. aeruginosa and K. pneumonia at varying degrees with 

MICs of the extract varying across the isolates of the same 

specieNewdouldia laevis methanolic extract, on the other hand, 

showed reasonable activities against the three isolates. Its activities 

were however varied among the isolates of both same and different 

species. Recall that there were several isolates of each of the species 

which were all subjected to antibacterial testing of both the extract and 

the selected antibiotics. The varied susceptibilities suggest acquisitions 



Galley  proof  

                               Trop J Nat Prod Res, April 2025; 9(4): 1868 - 1877                ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

1870 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

of independent resistance by the isolates which resulted in the 

response to different concentrations of the same extract. The reason 

for this is not clear but, may, again, be due to some extrinsic factors 

relating to absorption of the extract. Although some MICs were small 

enough to suggest great potential of the extract, the inhibition zone 

diameter of most of them were not enough to rely on, in achieving 

therapeutic results. 

 

Table 1: Minimum Inhibitory Concentrations (MICs) (Mg/Ml) of Selected Antibiotics on the Isolates 

Organisms ABs Is1 Is2 Is3 Is4 Is5 Is6 Is7 Is8 

S.  aureus CTR 256 256 128 256 128 256 128 256 

ERY 256 128 256 128 256 256 128 128 

CAZ 256 128 256 128 256 256 128 128 

P. aeruginosa CAZ 2 32 16 64 8 32 16 - 

CRX 256 256 128 128 128 256 256 - 

AMP 64 32 64 128 64 256 128 - 

K. pneumonia CAZ 128 64 256 64 128 256 - - 

CRX 256 128 256 256 128 256 - - 

AMP 128 256 128 256 256 128 - - 

Key:Abs= Antibiotics; CTR= Ceftriaxone; ERY= Erythromycin; CAZ= Ceftazidime;  CRX= Cefuroxime; AMP= Ampicillin; Is = Isolates 

 

Table 2: MICs of Methanolic Extracts of Newbouldia laevis on the Susceptible Isolates 

S. aureus Isolates Is1 Is2 Is3 Is4 Is5 Is6 Is7 Is8 

MIC of extract (mg/mL) 200 50 100 50 50 50 100 50 

P. aeruginosa Isolates Is1 Is2 Is3 Is4 Is5 Is6 Is7 - 

MIC of extract (mg/mL) 50 50 100 50 50 100 200 - 

K. pneumoniae Isolates Is1 Is2 Is3 Is4 Is5 Is6 - - 

MIC of extract (mg/mL) 100 100 200 100 50 50 - - 

Key: Is = Isolate 

 

Antibacteria Potentiation Activities of Newbouldia laevis 

Three antibiotics were combined with N. laevis leaves extract on each 

of the bacterial strains. Potentiation effects were obtained with the 

tested extract and antibiotics on at least one of the selected bacterial 

strains at different ratios. The synergistic tests of the antibiotic-extract 

combination shows that the best percentage synergy (100%) is at MIC 

/2 with N. laevis leaf extract in combination with Erythromycin and 

Ceftazidime in the ratio 50:50 (Table 3) as well as N. laevis leaf 

extract in association with Ceftazidine in the ratio 70:30 (Table 4). 

The least effect of the combinations was observed in the ratios of 

80:20. However, certain isolates responded well to ceftazidine-extract 

combination (Table5). The dose effect curve depicts the relationship 

between a given dose and the effect (inhibition) produced. While fa is 

fraction of cells killed, fu is fraction of cells unaffected. As shown in 

the dose-effect curve, 50, 100 and 300 mg/ml of ERYExt, NlExt and 

ERY respectively, inhibited 50% of the S. aureus cells; hence, 

ERYExt is more potent (Figure 1). Result in Figure 2 shows that N. 

laevis and ERY at ratio 50:50 are strongly synergistic with CI values; 

0.406 to 0.218 for fa=0.22 to 0.88. The output also shows favourable 

dose reduction index (DRI>1). The isobologram indicate synergism at 

fa=0.5 to 0.9 (Figure 3). The result of CI and isobologram are 

experimental proof of synergism for ERY and N. laevis extract at 

fa=0.5 to 0.9. The best percentage synergistic effect was observed in 

P. aeruginosa at MIC/2 of N. laevis leaves extract in combination with 

cefdazidime (100%) in the ratio 50:50 (Table 6) and cefuroxime and 

N. laevis leaves extract (71.42%) in the ratio 70:30 (Table 7). For 

ceftazidme (CAZ) and N. laevis extract, Dm ranged from 3.21 to 

447.19 mg/ml, with the combination, CAZNlExt having the lowest 

Dm value, hence, the highest potency (Figure 3). Combination index 

(CI) data in Figure 4 shows how much synergism, antagonism or 

additive effect results from the interaction. If CI=1 (additive), less than 

1= synergism, greater than 1= antagonism. Combination index for all 

the actual data points (i.e. the experimental values) were synergistic. 

Isobologram (Figure 5) depicts very strong synergism between CAZ 

and NlEx (CI < 0.1). The best percentage synergistic effect on K. 

pneumoniae was at MIC/2 of N. laevis leaves extract in combination 

with ceftazidime and cefuroxime (100%) in the ratio 50:50 (Table 9) 

and cefuroxime and N. laevis leaves extract (83.33%) in the ratio 

70:30 (Table 10). The dose effect values curves in Figure 7 showed 

that, CAZExt had the highest potency against K. pneumonia 

Combination index values obtained were <0.1, implying a very strong 

synergism between CAZ and N. laevis extract as shown in Figures 8 

and 9. 
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Figure 1:  Dose-effect curve from compuSyn, for erythromycin and N. laevis combination against S. aureus 

 

Table 3: MIC of Antibiotics-Newbouldia laevis Combination at MIC/2 and MIC/4 against Selected S. aureus at Ratio of 50:50 (v/v) 

ABS Extract 

Concentration  

Is1 Is2 Is3 Is4 Is5 Is6 Is7 Is8 BSS (%)  

 

CTR 

 

0 

 

 

256 

 

256 

 

128 

 

256 

 

128 

 

256 

 

128 

 

256 

 

MIC/2 

 

64(0.25) 64(0.25) 32(0.25) 64(0.25) 64(0.5) 32(0.125) 128(1) 64(0.25) 7/8 

(87.5) 

MIC/4 128(0.5) 128(0.5) 64(0.5) 64(0.25) 128(1) 64(0.25) 128(1) 128(0.5) 6/8 (75) 

ERY 

 

0 

 

256 128 256 128 256 256 128 128  

MIC/2 

 

32(0.125) 64(0.5) 128(0.5) 64(0.5) 32(0.125) 128(0.5) 32(0.25) 64(0.5) 8/8 (100) 

MIC/4 128(0.5) 128(1) 128(0.5) 128(1) 128(0.5) 256(1) 64(0.5) 128(1) 4/8 (50) 

CAZ 0 

 

256 128 256 128 256 256 128 128  

MIC/2 

 

64(0.25) 64(0.5) 64(0.25) 64(0.5) 32(0.125) 128(0.5) 32(0.25) 64(0.5) 8/8 (100) 

MIC/4 128(0.5) 128(1) 128(0.5) 128(1) 256(1) 256(1) 64(0.5) 128(1) 3/8(37.5) 

Key:Abs= Antibiotics; CTR= Ceftriaxone; ERY= Erythromycin; CAZ= Ceftazidime; 0= No extract (antibiotics alone), Is = Isolate, BSS = Bacterial 

strains on which synergy occurred.  

 

Table 4: MIC of Antibiotics-Newbouldia laevis Combination at MIC/2 and MIC/4 against Selected S. aureus at Ratio of 70:30 (v/v) 

ABS Extract 

Concentration  

Is1 Is2 Is3 Is4 Is5 Is6 Is7 Is8 BSS (%)  

CTR 0 256 256 128 256 128 256 128 256  

MIC/2 

 

64(0.25) 

 

128(0.5)s 

 

128(1) 

 

128(0.5) s 

 

64(0.5) s 

 

128(0.5) s 

 

64(0.5) s 

 

128(0.5) s 

 

7/8(87.5) 

 

MIC/4 

 

128(0.5) s 128(0.5) s 128(1) 128(0.5) s 

 

64(0.5) s 128(0.5) s 128(1) 256(1) 5/8(62.5) 

ERY 0 256 128 256 128 256 256 128 128  

MIC/2 64(0.25 64(0.25) 128(0.5) 64(0.25 128(0.5 128(0.5) 64(0.25 64(0.25 8/8(100) 

MIC/4 128(0.5) 128(1) 256(1) 128(1) 128(0.5) 256(1) 128(1) 128(1) 2/8(25) 

CAZ 0 256 128 256 128 256 256 128 128  

MIC/2 32(0.125) 128(1) 32(0.125) 

 

64(0.5) 64(0.25) 128(0.5) s 

 

64(0.5) s 

 

64(0.5) s 

 

7/8(87.5) 

 

MIC/4 128(0.5) 256(2) 64(0.25) 128(1) 256(1) 256(1) 64(0.5) s 256(2) 3/8(37.5) 
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Key:Abs= Antibiotics; CTR= Ceftriaxone; ERY= Erythromycin; CAZ= Ceftazidime; 0= No extract (antibiotics alone), Is = Isolate, BSS = Bacterial 

strains on which synergy occurred; S = Significant. 

 

 
Figure 2: Combination index plot from compusyn, for erythromycin and N. laevis combination against S. aureus 

Table 5: MIC of Antibiotics-Newbouldia laevis Combination at MIC/2 and MIC/4 against Selected S. aureus at Ratio 80:20 

ABS Extract 

Concentration  

Is1 Is2 Is3 Is4 Is5 Is6 Is7 Is8 BSS (%)  

CTR 0 256 256 128 256 128 256 128 256  

MIC/2 128(0.5)s 256(1) 128(1) 128(0.5)s 64(0.5)s 128(0.5)s 128(1) 256(1)  4/8 (50 

MIC/4 256(1) 256(1) 128(1) 256(1) 128(1) 256(1) 128(1) 256(1)  5/8 (62.5) 

ERY 0 256 128 256 128 256 256 128 128  

MIC/2 128(0.5)s 64(0.5)s 128(0.5)s 64(0.5)s 64(0.25)s 128(0.5)s 64(0.5)s 128(1) 7/8 (87.6) 

MIC/4 256(1) 128(1) 128(0.5)s 256(2) 128(0.5)s 256(1) 64(0.5)s 128(1) 3/8 (37.5) 

CAZ 0 256 128 256 128 256 256 128 128  

MIC/2 3/8 (37.5) 128(1) 64(0.25)s 64(0.5)s 128(0.5)s 128(0.5)s 128(1) 64(0.5)s 6/8 (75) 

MIC/4 128(0.5)s 256(2) 128(0.5)s 128(1) 256(1) 500(1.95) 128(1) 256(2) 2/8 (25) 

Key:Abs= Antibiotics; CTR= Ceftriaxone; ERY= Erythromycin; CAZ= Ceftazidime; 0= No extract (antibiotics alone), Is = Isolate, BSS = Bacterial 

strains on which synergy occurred; S = Significant 

 

Table 6: MIC of Antibiotics-Newbouldia laevis Combination at MIC/2 and MIC/4 against Selected P. aeruginosa at Ratio 50:50 

ABS Extract 

Concentration  

Is1 Is2 Is3 Is4 Is5 Is6 Is7 BSS (%) 

CAZ 0 2 32 16 64 8 32 16  

MIC/2 0.5(0.25)s 16(0.5) s 8(0.5) s 32(0.5)s 4(0.5) s 8(0.25) 8(0.5) /7(100) 

MIC/4 1(0.5)s 32(1) 8(0.5)s 32(0.5)s 8(1) 32(1) 16(1) 3/7(42.85 

CRX 0 256 256 128 128 128 256 256  

MIC/2 64(0.25)s 128(0.5)s 64(0.5)s 128(1) 64(0.5)s 128(0.5)s 64(0.25)s 6/7(85.71) 

MIC/4 128(0.5)s 256(1) 128(1) 256(2) 64(0.5)s 256(1) 128(0.5)s 3/7(42.85) 

AMP 0 64 32 64 128 64 256 128  

MIC/2 64(1) 64(2) 32(0.5)s 64(0.5)s 32(0.5)s 128(0.5)s 128(1) 4/7(57.14) 

MIC/4 128(2) 64(2) 64(1) 256(2) 128(2) 500(1.95) 64(0.5)s 1/7(14.28) 

Key: ABS = Antibiotics; CAZ= Ceftazidime; CRX= Cefuroxime; AMP= Ampicillin; 0= No extract (antibiotics alone), Is = Isolate, BSS = Bacterial 

strains on which synergy occurred; S = Significant. 

 

Table 7: MIC of Antibiotics-Newbouldia laevis Combination at MIC/2 and MIC/4 against Selected P. aeruginosa at Ratio 70:30 

ABS Extract 

Concentration  

Is1 Is2 Is3 Is4 Is5 Is6 Is7 BSS (%) 

CAZ 0 2 32 16 64 8 32 16  

 MIC/2 1(0.5)s 16(0.5) s 16(1) 32(0.5)s 4(0.5) s 32(1) 16(1) 4/7(57.14) 

 MIC/4 2(1) 32(1) 32(2) 32(0.5)s 8(1) 32(1) 16(1) 1/7(14.28) 

CRX 0 256 256 128 128 128 256 256  

 MIC/2 128(0.5)s 128(0.5)s 128(1) 128(1) 64(0.5)s 128(0.5)s 128(0.5)s 5/7(71.42) 

 MIC/4 128(0.5)s 256(1) 128(1) 256(2) 64(0.5)s 256(1) 256(1) 2/7(28.57) 
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AMP 0 64 32 64 128 64 256 128  

 MIC/2 64(1) 64(2) 32(0.5)s 64(0.5)s 32(0.5)s 128(0.5)s 128(1) 4/7(57.14) 

 MIC/4 128(2) 64(2) 64(1) 256(2) 128(2) 500(1.95) 64(0.5)s 1/7(14.28) 

Key: ABS = Antibiotics; CAZ= Ceftazidime; CRX= Cefuroxime; AMP= Ampicillin; 0= No extract (antibiotics alone), Is = Isolate, BSS = Bacterial 

strains on which synergy occurred; S = Significant. 

. 

Figure 3: Isobologram obtained from compuSyn, for erythromycin and N. laeviscombination against S. aureus. 
In view of the individual limitations of both antibiotics and the extract, 

an attempt to establish synergy between them to achieve bacteriocidal 

effect became imperative.Newbouldia laevis methanolic crude extract 

potentiated the activity of Ceftriaxone, Erythromycin, Ceftazidime, 

Cefuroxime, Ampicillin at sub inhibitory concentration (MIC/2 and 

MIC/4) against the isolates, with the degree of potentiation increasing 

with increase in concentration of the extract (Tables 3-11).  This 

finding is in line with the report of other authors on the potentiation 

activities of Beilschmiedia acuta, Clausena anisata, Newbouldia 

laevis and Polyscias fulva against resistant bacteria.25 Combination of 

the individual inhibitory effects of both the extracts and the antibiotics 

results in microbial death. These synergistic effects however were 

dependent on the isolates, as different isolates were observed to 

respond in different in degrees.  Erythromycin in combination with 

Newbouldia laevis showed strong synergism with combination index 

values of 0.406 to 0.218 (Figures 1 & 2) and isobologram values at 0.5 

to 0.9 (Figure 3), for S. aureus at ratio 50:50. Ceftazidme-N. laevis 

extract also showed high synergism on P. aeruginosa, with 

combination index and isoblogram values at less than 0.1(Figures 4, 5 

& 6), while ceftazidime-N. laevis extract on K. pneumoniae also 

showed synergism  with combination index and isoblogram values at 

less than 0.1 (Figures 7, 8 & 9). The high synergistic effect obtained in 

ERY and CAZ suggests that the combination could improve activities 

resistant bacteria.  The presence of some plant metabolites especially 

flavonoids could improve the activity of antibiotics against resistant 

bacterial strains.26 

The mechanisms of these potentiation activities are thought to be as a 

result of synergistic effects of the individual antibacterial agents. 

Recall that medicinal plants contain several structurally diverse 

bioactive compounds which uses various mechanisms to exert 

bacteriostatic or bacteriocidal effects. Antibacterial activities of plant 

extracts may be due to complex formation, inhibition of cell wall 

synthesis, sequential blockage of metabolic pathways, facilitation of 

entry of drug into microorganism by the other drug and prevention of 

inactivation of the second drug by microbial enzymes.22 In general, 

our findings on combination therapy shows that plant antimicrobial 

enhances bioactivity and suggest that the combination could improve 

fight against multidrug resistant bacterial infection.27 

 

Table 8: MIC of antibiotics-Newbouldia laevis combination at MIC/2 and MIC/4 against selected P. aeruginosa at ratio 80:20 

ABS Extract 

Concentration  

Is1 Is2 Is3 Is4 Is5 Is6 Is7 BSS (%) 

CAZ 0 2 32 16 64 8 32 16  

 MIC/2 1(0.5)s 16(0.5) s 16(1) 32(0.5)s 4(0.5) s 32(1) 16(1) 4/7(57.14) 

 MIC/4 2(1) 32(1) 32(2) 32(0.5)s 8(1) 32(1) 16(1) 1/7(14.28) 

CRX 0 256 256 128 128 128 256 256  

 MIC/2 128(0.5)s 128(0.5)s 128(1) 128(1) 64(0.5)s 128(0.5)s 128(0.5)s 5/7(71.42) 

 MIC/4 128(0.5)s 256(1) 128(1) 256(2) 64(0.5)s 256(1) 256(1) 2/7(28.57) 

AMP 0 64 32 64 128 64 256 128  

 MIC/2 64(1) 64(2) 32(0.5)s 64(0.5)s 128(1) 128(0.5)s 128(1) 3/7(42.85) 

 MIC/4 128(2) 64(2) 64(1) 256(2) 128(1) 500(1.95) 128(1) 0/7(0.00) 

Key: ABS = Antibiotics; CAZ= Ceftazidime; CRX= Cefuroxime; AMP= Ampicillin; 0= No extract (antibiotics alone), Is = Isolate, BSS = Bacterial 

strains on which synergy occurred; S = Significant. 

 

Table 9: MIC of antibiotics-Newbouldia laevis combination at MIC/2 and MIC/4 against selected K. pneumoniae at ratio 50:50 

ABS Extract 

Concentration  

Is1 Is2 Is3 Is4 Is5 Is6 BSS (%) 

CAZ 0 128 64 256 64 128 256  

 MIC/2 64(0.5)s 16(0.25)s 64(0.25) 32(0.5) s 64(0.5) s 128(0.5)s 6/6(100) 

 MIC/4 64(0.5)s 32(0.5)s 128(0.5)s 64(1) 128(1) 256(1) 3/6(50) 

CRX 0 256 128 256 256 128 256  

 MIC/2 64(0.25)s 32(0.25)s 64(0.25)s 128(0.5)s 32(0.25)s 64(0.25)s 6/6(100) 

 MIC/4 128(0.5)s 128(1) 256(1) 128(0.5)s 128(1) 128(0.5)s 3/6(50) 
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AMP 0 128 256 128 256 256 128  

 MIC/2 128(1) 128(0.5)s 32(0.25)s 128(0.5) 256(1) 64(0.5)s 4/6(66.66) 

 MIC/4 128(1) 128(0.5)s 64(0.5)s 256(1) 256(1) 128(1) 2/6(33.33) 

Key: Abs= Antibiotics; CAZ= Ceftazidime; CRX= Cefuroxime; AMP=Ampicillin; 0= No extract (antibiotics alone), ), Is = Isolate, BSS = Bacterial 

strains on which synergy occurred; S = Significant 

 

Table 10: MIC of antibiotics-Newbouldia laeviscombination at MIC/2 and MIC/4 against selected K. pneumoniae at ratio 70:30 

ABS Extract 

Concentration  

Is1 Is2 Is3 Is4 Is5 Is6 BSS (%) 

CAZ 0 128 64 256 64 128 256  

 MIC/2 64(0.5)s 32(0.5)s 128(0.5) 64(1) 64(0.5)s 256(1) 4/6(66.66) 

 MIC/4 128(1) 32(0.5)s 256(1) 64(1) 128(1) 256(1) 1/6(16.67) 

CRX 0 256 128 256 256 128 256  

 MIC/2 128(0.5)s 64(0.5)s 128(0.5)s 256(1) 64(0.5)s 128(0.5)s 5/6(83.33) 

 MIC/4 256(1) 128(1) 128(0.5)s 256(1) 64(0.5)s 128(0.5)s 3/6(50) 

AMP 0 128 256 128 256 256 128  

 MIC/2 128(1) 128(0.5)s 64(0.5)s 256(1) 256(1) 64(0.5)s 3/6(50) 

 MIC/4 128(1) 256(1) 64(0.5)s 256(1) 500(2) 128(1) 1/6(16.67) 

Key: Abs= Antibiotics; CAZ= Ceftazidime; CRX= Cefuroxime; AMP=Ampicillin; 0= No extract (antibiotics alone), ), Is = Isolate, BSS = Bacterial 

strains on which synergy occurred; S = Significant 

 

Table 11: MIC of antibiotics-Newbouldia laevis combination at MIC/2 and MIC/4 against selected K. pneumoniae at ratio 80:20 

ABS Extract 

Concentration  

Is1 Is2 Is3 Is4 Is5 Is6 BSS (%) 

CAZ 0 128 64 256 64 128 256  

 MIC/2 64(0.5)s 32(0.5)s 128(0.5 64(1) 128(1) 256(1) 3/6(50) 

 MIC/4 128(1) 32(0.5)s 256(1) 64(1) 128(1) 256(1) 1/6(16.67) 

CRX 0 256 128 256 256 128 256  

 MIC/2 128(0.5)s 64(0.5)s 128(0.5) 256(1) 128(1) 256(1) 3/6(50) 

 MIC/4 256(1) 64(0.5)s 256(1) 256(1) 128(1) 256(1) 1/6(16.67) 

AMP 0 128 256 128 256 256 128  

 MIC/2 128(1) 128(0.5)s 64(0.5)s 256(1) 256(1) 128(1) 2/6(33.33) 

 MIC/4 256(2) 256(1) 128(1) 256(1) 500(2) 128(1) 0/6(0) 

Key: Abs= Antibiotics; CAZ= Ceftazidime; CRX= Cefuroxime; AMP=Ampicillin; 0= No extract (antibiotics alone), ), Is = Isolate, BSS = Bacterial 

strains on which synergy occurred; S = Significant 

 

Statistical analysis 

The one-way analysis of variance showed the resulting MICs from 

association between the test antibiotics; CAZ, ERY, CRX, CTR and 

AMP, with Newbouldia laevis leaf extracts at ratios; 70:30, 50:50 and 

80:20 (Table 12). All the test ratios exhibited statistically significant 

inhibition on the pathogens; S. aureus, P. aeruginosa and 

K.pneumoniae. However, result of Turkey test post-hoc analysis 

revealed that, ERY- Newbouldia laevis extract at ratio 50:50 was the 

most effective against S. aureus, hence its low MIC of 10 ± 4 mg/ml,  

P. aeruginosa, CAZ- Newbouldia laevis extract at ratio 50:50 was 

most effective (MIC = 10 ± 4 mg/ml) while for K.pneumoniae, at 

CAZ- Newbouldia laevis extract ratio of 50:50, the lowest MIC value 

of 89 ± 19 mg/ml was obtained, in contrast to associations with other 

test antibiotics at other ratios. Significant differences in the MICs (p < 

0.05) were observed at 50:50 combinations of ceftazidine and 

erythromycin in all the isolates. There were, however no significant 

difference in the effects on MICs at 70:30 and 80:20 combinations in 

most cases. 

 

 
Figure 4: Dose-effect curve obtained from compuSyn, for CAZ and 

N. laevis combination against P. aeruginosa.  
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 Figure 5: Combination index plot from compuSyn, for CAZ 

and N. laevis combination against P. aeruginosa. 
 

 

 
Figure 6: Isobologram obtained from compuSyn, for CAZ and 

N. laevis combination against P. aeruginosa. 
 

 

 

 

 

 
Figure 7: Dose-effect curve obtained from compuSyn, for 

CAZ and N. laeviscombination against K. pneumoniae. 
 

 

 
Figure 8: Combination index plot obtained from compusyn, 

for CAZ and N. laevis combination against K. pneumoniae 
 

 
Figure 9: Isobologram from compuSyn, for CAZ and N. laevis 

combination against K. pneumoniae 

 

Table 12: One-way ANOVA of the potentiation activities of plant extracton to the antibiotics 

antibiotics MIC (in mg/ml) of antibiotics-Newbouldia laevis extract ratio 

S. aureus P. aeruginosa K. pneumoniae 

70:30 50:50 80:20 70:30 50:50 80:20 70:30 50:50 80:20 

CAZ 96 ± 18b 85 ±11c 117 ±15b 19 ± 4d 16 ± 4d 19 ± 4d 123 ± 25a 89 ± 19c 128 ±25a 

ERY 19 ± 3a 10 ± 4b 18 ± 3a NA NA NA NA NA NA 

CTR 180 ± 18a 84 ± 9b 180 ± 18a NA NA NA NA NA NA 
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AMP NA NA NA 144 ± 21c 106 ± 18d 181 ± 23b 181 ± 34b 141±22c 207 ±34a 

CRX NA NA NA 155 ± 19a 132 ± 20b 155 ± 19a 122 ± 32a 96 ± 20c 134 ±23b 

Results are presented as mean ± SE. Values in bold represent most significant MICs. Means with the same letters are not significantly different from 

each other by Tukey test at p < 0.05.  

CAZ: Ceftazidime, ERY: Erythromycin, CTR: Ceftriaxone, AMP: Ampicillin, CRX: Cefuroxime, NA: Not applicable 

 

Conclusion 

The results have shown that Newbouldia laevis leaf extracts can be 

used in the treatment of wound infections, urinary tract infections and 

other bacterial infections caused by ESKAPE pathogens (P. 

aeruginosa, K. pneumonie, and S. aureus). The ability of the extract to 

inhibit the growth of investigated pathogens further validates the 

folkloric uses of this plant against infectious diseases. N. laevis, 

therefore may be source of antimicrobial agent for the development of 

drugs against infections caused by P. aeruginosa, K. pneumonie and S. 

aureus. Its ability to lower the MICs of these antibiotics puts it 

forward as a good candidate for combination therapy in antibiotic 

treatment especially with those with failed efficacy. Being a natural 

product, this potentiation effect further raises hope of drastic reduction 

in side effects associated with high dose of antibiotics. More research 

into herbal medicine is therefore a veritable step in combating the 

persistent antibiotic resistance and its public health and economic 

implications.  

 

Conflict of Interest 

The authors declare no conflict of interest. 

 

Authors’ Declaration 

The authors hereby declare that this work is original and that any 

liability for claims relating to the content of this article will be borne 

by them.” 

 

Acknowledgement 

The authors acknowledge the Department of Microbiology, University 

of Nigeria, Nsukka, for provision of some materials needed for the 

study. We also acknowledge Dr Felix Nwafor of Department of Plant 

Science and Biotechnology, UNN for helping in the plant 

identification.  

 

References 

1. Aloke C, Achilonu I. Coping with the ESKAPE Pathogens: 

Evolving Strategies, Challenges and Future Prospects. 

Microb path. 2023; 175: 105963. Doi: 

10.1016/micpath.2022.105963. 

2. Mihalov P, Hodosy J, Koscalova A, Caprnda M, 

Kachlikova M, Jurenka J, Bendzala M, Sabaka P. 

Antimicrobial Therapy as a Risk Factor of Multidrug-

resistant Acinetobacter Infection in COVID-19 patients 

Admitted to the Intensive Care Unit. Canadian J. Inf Dis 

Med Microbiol. 2023; 2023(1): 4951273. Doi: 

10.1155/2023/4951273. 

3. Karlowsky JA, Hoban DJ, Hackel MA, Lob SH, Sahm DF. 

Antimicrobial Susceptibility of Gram-Negative ESKAPE 

Pathogens Isolated from Hospitalized Patients with Intra-

abdominal and Urinary Tract Infections in Asia–Pacific 

Countries: SMART 2013–2015. J.  Med Microbiol. 2017; 

66: 61–69. 

4. Miller WR, Arias CA. ESKAPE Pathogens: Antimicrobial 

Resistance, Epidemiology, Clinical Impact and 

Therapeutics. Nat Rev Microbiol. 2024; 22: 598-616. 

5. Davies J, Davies D. Origin and Evolution of Antibiotic 

Resistance. Microbiol. Mol Biol Rev.2010; 74:417-433. 

6. Pulingam T, ParumasivamT, Gazzali AM, Sulaiman AM, 

Chee JY, Lakshmanan M, Chin CF, Sudesh K. 

Antimicrobial Resistance: Prevalence, Economic Burden, 

Mecchanism of Resistance and Strategies to Overcome. 

Europ J. Pharm Sci. 2022; 170(2022): 106103. 

7. Bingyun L, Webster T. Bacteria Antibiotic Resistance: New 

Challenges and Opportunities for Implant-associated 

Orthopaedic Infections. J. ortho Res. 2017; 36(1): 22-32. 

8. Zhen X, Lundborg CS, Sun X, Hu X, Dong H. (20I9). 

Economic Burden of Antibiotic Resistance in ESKAPE 

Organisms: A Systematic Review. Antimicro Resist Infect 

Contr. 2019; 8(137): 1-23. 

9. Ranjutha V, Chen Y, Ai-Keridis LA, Patel M, Aishammari 

N, Adnan M, Sahreen S, Gopinath SC, Sasidharan S. 

Synergistic Antimicrobial Activity of Ceftriaxone and 

Polylthhia longifolia Methanol (MEPL) Leaf Extract 

against Methicillin-resistant Staphylococcus aureus and 

Modulation of mecA Gene Presence. Antibiotics 2023; 

12(3): 477. 

10. Harlina H, Prajitno E, Nursyam HR. Potential Study of 

Kopasanda (Chromolaena Odorata L.) Leaves as 

Antibacterial against Vibrio Harveyi, Disease Causative 

Agent of Tiger Shrimp (Penaeus Monodon Fabricius) Post 

Larvae. J. Aquacult Res Dev. 2015; 6(10): 1-5. 

11. Ezeigbo OR, Awomukwu DA, Ezeigbo IC. The 

Antimicrobial and Phytochemical Analysis of Leaves of 

Apilia africana on Clinical Isolates. European J. Med 

Plants. 2016; 15(2): 1-6. 

12. Noites A, Borges I, Araujo B, Esteves da Silva JC, De 

Oliveira NM, Machodo J, Pinto E. Antimicrobial Activity 

of Some Medicinal Herbs to the Treatment of Cutaneous 

and Mucocutaneous infections: Preliminary Research. 

Microorg. 2023; 11(2): 272.  

13. Huma MS, Yamin B, Iqra R, Muhmmad AS, Fatima B, 

Muhammadi B, Mubashir H, Sidra S. Pharmacological 

Aptitude and Profiling of Active Constituent from 

Otostegia Limbata- Comprehensive Review. Asian Pacific 

J. Trop Dis. 2016; 6(11): 918-924. 

14. Ugwoke HU, Ezema JN, Chinaka CB, Imanyikwa OE, 

Ukhureigbe OM, Ezugwu IA, Chukwuma ST, Eze EA. 

Evaluation of Antibacterial Effects of Newbouldia laevis 

and Dracaena arborea Methanol Extracts against Some 

Multidrug Resistant ‘ESKAPE’ Pathogens Isolated from 

Hospital Environments. Trop J. Nat Prod Res. 2024; 8(7): 

7778-7785. 

15. Marquardt P, Vissiennon C, Schubert A, Birkemeyer C, 

Ahyi V, Fester K. Phytochemical Analysis, In-vitro Anti-

inflammatory and Antimicrobial  Activity of Piliostigma 

thonningii Leaf Extract from Benin. Plat Med. 2020; 

86(17): 1269-1277. 

16. Balkrishna A, Sharma N, Srivastava D, Kukreti A, 

Srivastava S, Arya V. Exploring the Safety, Efficacy and 

Bioactivity of Herbal Medicines: Bridging Traditional 

Wisdom and modern Science in Healthcare. Futr Int med. 

2024; 3(1): 35-49. 

17. Asogwa FK, Ugwu OC, Ali IB. Anticonvulsant Activity of 

Some Medicinal Plants: A Review. Int Neuropsych Dis J. 

2022; 18(3): 36-52. 

18. Ohiagu FO, Chikezie PC, Chikezie CM, Enyol C. 

Anticancer Activity of Nigerian Medicinal Plants: A 

Review. Futr J. Pharm Sci. 2021; 7: 70 

19. Chelgham A, Borges A, Calhelha RC, Merouane A, Noui 

A, SaadiA. Anti-proliferative, Anti-inflammatory, In-vitro 

Wound Healing Potentials and Phenolic Content of 

phlomismCav. Extract. Trop J. Nat Prod Res. 2025; 9(3): 

985-991. 



Galley  proof  

                               Trop J Nat Prod Res, April 2025; 9(4): 1868 - 1877                ISSN 2616-0684 (Print) 

                                                                                                                                                  ISSN 2616-0692 (Electronic)  
 

1877 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

20. Bosha JA, Anaga AO, Asuzu IU. Chemical Composition of 

Newbouldia laevis (P. Beauv) Used in the Treatment of 

Diabetes Mellitus in Nigeria. J. Nutr Obes. 2016;1:105. 

21. Fatunla OA, Ogundare AO,  Achimugu II, Akindele PO. 

Effects of Newbouldia laevis Leaf Extract on Vancomycin- 

and Methicillin-resistant Bacteria Isolates from Federal 

Medical Center, Owo. J. Adv Microbiol. 2016; 1(3):1-11. 

22. Ahamed MJ, Ibrahim FB, Srinivasan H. Synergistic 

Interaction of Antimicrobials to Counteract the Drug-

resistant Microorganisms. Biointerf Res Appl Chem. 2022; 

12(1): 861-872. 

23. Barbara LZ. Clinical Laboratory Standard Institute, CLSI: 

Performance Standards for Antimicrobial Disc 

Susceptibility Test. Fifteenth Informational Supplement, 

CLSI Document. 2024; M100-Ed14, 96. 

24. Abubakar AR, Haque M. Preparation of Medicinal Plants: 

Basic Extraction and Fractionation Procedures for 

Experimental Purposes. J. Pharm Bioallied Sci. 2020; 12(1): 

1-10. 

25. Tankeo SB, Tane P, Kuete V. In-vitro Antibacterial and 

Antibiotic Potentiation Activities of the Methanol Extracts 

from Beilschmiedia acuta, Clausenaanisata, Newbouldia 

laevis and Polyscias fulva against Multidrug-resistant Gram 

Negative Bacteria. BMC Compl Alt Med. 2015; 15: 412. 

26. Mishra R, Rathinasapapathi P. Antibiotic Susceptibility 

profile and Synergistic Effects of Flavonoids with 

antibiotics against Resistant Staphylococcus aureus from 

asymptomaticIndividuals. J. Pure Appl Microbiol. 2020; 

14(4): 2669-2676.S 

27. Jazo Z, Glumac M, Pastar V, Bektic S, Radan M, Carev I. 

Chemical Composition and Biological Activity of Salvia 

officinalis L. Essential oil. Plants; 2023; 12: 1794. 

 

 


