
Ekamgue et al. Investigational Medicinal Chemistry and Pharmacology 2023 6(2):84                                                         Page 1 of 8 
 

        Investigational 
Medicinal Chemistry & Pharmacology 

 

Research Article                                                                                Open Access 

 

 

Exploring Mangifera indica (Anacardiaceae) leaf and bark methanol 

extracts as potential adjuvant therapy in the management of 

multidrug-resistant Staphylococcus aureus 
 

Boris Ekamgue1, Armelle T. Mbaveng1*, Armel J. Seukep2*, Valaire Y. Matieta1, Jenifer R. N. 

Kuete3, Junior F. Megaptche1, Michel-Gael F. Guefack 1, Paul Nayim1 and Victor Kuete1*   

 
 

Abstract  

Background: After several decades of antibiotic use, pathogenic bacteria have reached alarming levels of resistance. Staphylococcus aureus is 

the most common cause of nosocomial infections, and treatment is difficult owing to the advent of multidrug-resistant (MDR) strains. This 

motivates the search for more potent drugs. Foremost, adjuvant compounds that increase the effectiveness of conventional antibiotics are also 

being researched extensively. The current study examined the anti-staphylococcal and antibiotic-resistance reversal effects of the methanol 

extracts of Mangifera indica (leaves and bark). 

Methods: Botanicals were tested alone, in the presence of reserpine (efflux pump inhibitor), and in association with commonly prescribed 

antibiotics, using a 96-well broth microdilution method against a panel of seventeen MDR strains and clinical isolates of S. aureus, including 

methicillin-resistant strains (MRSA). The ability of the leaf extract to inhibit H+-ATPase-mediated proton pumping was determined by controlling 

the acidification of the bacterial solution, whereas the influence on bacterial kinetic growth was determined by measuring absorbance (OD600 

nm) after exposure to various concentrations of the test extract. 

Results: M. indica leaf and bark extracts exhibited exceptional anti-staphylococcal capabilities, inhibiting 100% of the S. aureus strains tested. 

The minimal inhibitory concentrations (MICs) recorded varied from 256 to 2048 µg/mL; the effects were bactericidal (MBC/MIC ≤ 4) in most 

cases. The bark extract demonstrated an outstanding potential to improve the efficacy of conventional antibiotics. The activity of 

chloramphenicol, doxycycline, tetracycline, levofloxacin, and ampicillin was enhanced against 100% of studied MDR S. aureus in association 

with the bark extract at sub-inhibitory concentrations of MIC/2 and MIC/4. The leaf extract of M. indica induced a concentration-dependent 

inhibition of S. aureus MRSA4 growth over 20 hours of exposure at 0.5×MIC, MIC, and 2×MIC. The latent phase has been extended up to 6 

hours after treatment with the extract. Similarly, M. indica leaf extract significantly reduced the acidity of the bacterial solution in a concentration-

dependent manner, indicating a possible target of its antibacterial effect.  

Conclusion: The present study revealed the remarkable activity of M. indica leaf and bark extracts against MDR strains and clinical isolates of 

S. aureus, including MRSA. The bark extract might be used as an adjuvant to antibiotic therapy, as indicated by its notable potentiation activity 

when combined with conventional antibiotics. 
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Background 
 

The current antibiotic resistance crisis is a serious threat to public 

health [1, 2]. Resistance reduces the effectiveness of traditional 

treatments, preventing their clinical usage and leaving a major void 

in the therapeutic arsenal [3]. ESKAPE pathogens (Enterococcus 

faecium, Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa, and 

Enterobacter species) refer to common pathogens exhibiting high 

resistance rates and providing the biggest obstacles in clinical 

practice [4]. S. aureus is the most common cause of hospital-

acquired infections in this group. Exploration of new antibiotic 

sources, particularly for S. aureus management, is required. 

Furthermore, discovering resistance-breaking chemicals, which 

would allow the re-use of existing antibiotics that have lost their 

potency, would be a reasonably appealing option. Given the wide 

range of bioactive secondary metabolites generated by medicinal 

plants, they are the focus of several studies aimed at developing 

novel and efficient antibacterial agents against resistant 

microorganisms. Many botanicals and phytochemicals from the 

flora of Africa have been shown to have antibacterial properties [5-

26], with a focus on edible plants as a possible adjuvant to 

conventional antibiotics [27-31]. Mangifera indica (Anacardiaceae), 

commonly known as mango, is one of many edible plants which 

possesses many pharmacological effects. Several uses are 

attributed to the plant in traditional medicine. The different parts of 

the plant (leaves, bark, roots) are exploited in the treatment of 

syphilis, parasitic diseases, worms, inflammation, cough, hiccups, 

hyperdipsia, burning sensation, hemorrhage, hemoptysis, 

hemorrhoids, diarrhea, dysentery, wounds, ulcers, anorexia, and 

dyspepsia [32]. The main compounds identified in the plant include 

carotenoids (provitamin A, beta-carotene, lutein, and alpha-

carotene), polyphenols such as quercetin, kaempferol, gallic acid, 

caffeic acid, catechins, tannins, and mangiferin [33, 34]. Many 

studies have also correlated the presence of these bioactive 

constituents to biological activities, as well as their uses in 

traditional medicine. Mangiferin was revealed as an excellent 

antimalarial [35]. Methanolic, ethanolic, aqueous, and benzene 

extracts have shown significant antimicrobial effects [36, 37]. The 

antibacterial effects on MDR bacteria over-expressing efflux pumps 

have also been revealed [38]. Other biological effects include anti-

amoebic and anticancer [39].  Although M. indica has been shown 

to have antibacterial action in prior studies, few have specifically 

targeted MDR S. aureus. As a result, the current study investigated 

M. indica leaf and bark extracts' anti-staphylococcal potential as 

well as their capacity to re-sensitize routinely used antibiotics 

against MDR strains and clinical isolates of S. aureus, including 

MRSA.  

 

Methods 
 

Plant material  

 

The leaves and stem barks of Mangifera indica (Anacardiaceae) 

were harvested in September 2020, in Dschang (West Region, 

Cameroon, 5.4459° N, 10.0472° E). The identification of the plant 

material was done at the National Herbarium of Cameroon (HNC) 

and a reference number was provided (18646/HNC). 

 

Plant extraction procedure  

 

Methanol was employed as the extraction solvent. Air-dried plant 

powder (200 g) of each sample was macerated for 48 hours in 

methanol 95°C (1:3 w/v) with constant stirring. The filtration of the 

mixture followed, using Whatman paper grade 1. This procedure 

was repeated with the filtering residue, and crude extracts were 

produced following the concentration of all filtrates with a rotary 

evaporator (BÜCHI R-200) set at 40°C. For future tests, the crude 

extracts were dried to eliminate residual solvent and kept in dark 

sterile vials at 4°C.  

 

Chemicals  

 

para-Iodonitrotetrazolium chloride ≥ 97% (INT) was used as the 

bacterial growth indicator. Dimethyl sulfoxide (DMSO) served to 

solubilize plant extracts. The plant alkaloid Reserpine (RES) was 

used as the efflux pump inhibitor (EPI). The antibiotics selected are 

commonly prescribed comprising Ceftriaxone (CRO), Tetracycline 

(TET), Chloramphenicol (CHL), Ciprofloxacin (CIP), Doxycycline 

(DOX), Imipenem (IPM), Ampicillin (AMP), Penicillin (PCN), 

Augmentin (AUG), and Levofloxacin (LVX). All chemicals were 

purchased from Sigma-Aldrich (St. Quentin Fallavier, France).  

 

Staphylococcus aureus strain and isolates 

 

Seventeen bacteria were used, all expressing multi-drug resistance 

phenotypes, among which the reference strain from American Type 

Culture Collection (ATCC 25923), seven methicillin-resistant S. 

aureus isolates (MRSA3, MRSA4, MRSA6, MRSA8, MRSA9, 

MRSA11, and MRSA12) and nine clinical laboratory collection 

(ST20, ST39, ST50, ST52, ST76, ST132, ST135, ST218, and 

ST674). Their features were previously described [40-42]. Culture 

media used included Chapman (Mannitol Salt Agar) for the 

identification of strains/isolates of S. aureus, Mueller Hinton agar 

(MHA) for the activation of S. aureus strain and isolates, and 

Mueller Hinton broth (MHB) for microdilution assays which involved 

the determination of the minimal inhibitory concentration (MIC) and 

minimal bactericidal concentrations (MBC) of test herbals, as well 

as the combination between test extracts and antibiotics. All media 

were purchased from Titan Biotech Ltd (Rajasthan, India) and their 

preparation followed the instructions of the manufacturer. 

 

Anti-staphylococcal activities 

 

The bacterial inoculum was prepared as previously described [43-

46]  in comparison to the turbidity of a standard McFarland 0.5 

(1.5x108 CFU/mL). The various plant extracts and the reference 

drug (CIP) were dissolved in DMSO-MHB. Leaf and stem bark 

extracts of M. indica were prepared at 8192 µg/mL, and antibiotics 

at 1024 µg/mL. Reserpine was prepared at the concentration of 

100 µg/mL. Botanicals were tested alone, then in the presence of 

reserpine (EPI). The combination of plant extracts with reserpine 

was intended to evaluate the function of efflux pumps in bacterial 

resistance to the test extracts [47-49]. The minimal inhibitory (MIC) 

and bactericidal (MBC) concentrations of test extracts alone were 

determined using a 96-well broth microdilution method, with INT 

serving as a bacterial growth indicator [50]. The full description of 

the experimental procedure was as reported in our previous 

investigations [49, 51, 52]. The reference drug used was CIP for 

positive control, whereas DMSO 2.5%+MHB and MHB alone were 

used as negative controls. MIC was considered the smallest 

concentration of plant extract which produced complete inhibition of 

bacterial growth (the least concentration for which no color change 

is observed) after 18 to 24 hours of incubation at 37°C, whereas 
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MBC was considered the lowest concentration of a sample that did 

not induce a color change with the addition of INT [50]. Each 

experiment was repeated three times in triplicate. 

 

Combination assay of M. indica extracts with conventional 

antibiotics 

 

The effects of the association of test herbals with antibiotics were 

assessed against the most resistant microorganisms. Extracts 

were used at the sub-inhibitory concentrations of MIC/2, MIC/4, 

MIC/8, and MIC/16 for a preliminary assay on ATCC25923, which 

then allowed the selection of appropriate sub-inhibitory 

concentrations for further combination testing on extended MDR S. 

aureus isolates. As a result, MIC/2 and MIC/4 values of extracts 

were then utilized on a larger number of bacteria in association 

with antibiotics [53-55]. Antibioc-resistance modulating factor 

(AMF) was calculated as the ratio of the MIC of the antibiotic alone 

versus MIC in combination with the plant extract. The potentiation 

effect was considered for AMF ≥ 2 [56]. 

 

Modes of action of M. indica extracts 

 

The effects of leaf methanol extract of M. indica were assessed on 

the kinetic growth and H+-ATPase-mediated proton pumping of S. 

aureus MRSA4, at 0.5×MIC, MIC, and 2×MIC. The same 

concentrations were used for the positive control CIP. The action 

on kinetic growth consisted of measuring the absorbance (600 nm) 

of the bacterial solution treated with extracts at various 

concentrations over 20 hours, whereas the action on H+-ATPase-

mediated proton pumping was done by controlling the acidification 

of the bacterial growth medium over 60 min. Elaborated 

procedures were previously described [57, 58]. 

 

 

Results 
 

Anti-staphylococcal activity 

 

The results following MIC and MBC determination of M. indica leaf 

and bark methanol extracts are presented in Table 1. Both extracts 

exhibited inhibitory activities against all studied microorganisms 

with MIC values ranging from 256 to 2048 µg/mL. Except for the 

MIC value of 2048 µg/mL recorded with both extracts on S. aureus 

ST132, MICs ≤ 1024 µg/mL were registered against all tested MDR 

strains and isolates of S. aureus. The lowest MIC (best activity) of 

256 µg/mL was obtained with the leaf extract on MRSA4 and 

MRSA11, as well as the bark extract on MRSA8. The MBC/MIC 

ratio was ≤ 4 in twelve and fifteen strains and isolates, respectively 

with leaf and bark extracts. The MIC was equal to MBC with the 

leaf extract on MRSA3, ST76, ST135, and ST218. Likewise, similar 

values were obtained with the bark extract on six strains including 

MRSA3, ATCC25923, ST52, ST96, ST132, ST135, and ST128. 

 

Influence of reserpine on the anti-staphylococcal activity of test 

herbals 

 

The bark methanol extract of M. indica was tested in the presence 

of reserpine, an efflux pump inhibitor, against selected strains over-

expressing MDR phenotypes. The results are shown in Table 2. 

Significant reduction (improved activity) of the MIC of the test 

extract was recorded once associated with reserpine. Up to a 32-

fold reduction of the initial MIC of bark extract was obtained against 

the reference strain ATCC25923.  

 

Combination assay 

 

An evaluation of the effects of conventional antibiotics in 

association with the bark extract was performed against strains and 

isolates over-expressing MDR. A preliminary test on ATCC25923 

was done at sub-inhibitory concentrations of the extracts (MIC/2, 

MIC/4, MIC/8, and MIC/16). Best synergistic effects were recorded 

at MIC/2 and MIC/4 (data not shown), which were then used for 

further testing on seven MDR strains (Table 3). The bark methanol 

extract demonstrated an outstanding potential to improve the 

efficacy of conventional antibiotics, with AMF ranging from 2 to 

128-fold.  The activity of CHL, DOX, TET, LVX, and AMP was 

enhanced against all studied MDR microorganisms at sub-

inhibitory concentrations of MIC/2 and MIC/4 of the extract. 

However, some cases of AMF = 1 were recorded in association 

with CIP at MIC/4 on MRSA4, PEN at MIC/2 and MIC/4 on 

MRSA11, and CRO at the two sub-inhibitory concentrations on 

MRSA8 and MIC/4 on MRSA11.  

Modes of action 

The leaf extract of M. indica induced a concentration-dependent 

inhibition of MRSA4 growth over 20 hours of exposure at 0.5×MIC, 

MIC, and 2×MIC (Figure 1). The latent phase has been extended 

up to 4 hours after treatment with both the test extract and the 

positive control (CIP). Likewise, M. indica leaf extract also 

produced a significant and concentration-dependent reduction of 

the acidification of the bacterial solution at various concentrations 

tested, as compared with negative control (Figure 2). 

 

 

Discussion 
 

 

Plants and their derivatives [59]possess a wide variety of bioactive 

ingredients with large applications in the management of several 

diseases such cancer, microbial and parasitic infections, viral 

infections amongst others [60-75]. Indeed, several established 

antibacterial compounds have been unveiled from medicinal plants, 

with the majority showing noteworthy efficacy against MDR strains 

[76]. S. aureus appears as one of the worrisome bacterial species 

in hospital settings and the community [77], and management 

remains challenging due to the emergence of MDR strains. The 

present work investigated the effects of M. indica leaf and bark 

methanol extracts on the sensitivity of S. aureus strains and clinical 

isolates, including MRSA. More so, the effects of the association of 

extracts with conventional antibiotics were performed, followed by 

the possible modes of action. The inhibitory effects of test extracts 

were recorded on all the seventeen strains and isolates used.  

Based on the established interpretation criteria for the antibacterial 

activity of food plants [78], the MICs obtained (ranging from 256 to 

2048 µg/mL) indicate significantly to moderately active anti-

staphylococcal activity. However, the updated cutoff-points for the 

classification of antibacterial agents from plants in various species 

of bacteria have been previously established [79-82]. In Gram-

positive bacteria, these thresholds values for botanicals were 

defined as follows: Outstanding activity: minimal inhibitory 

concentration  (MIC) ≤ 8 µg/mL; Excellent activity: 8 < MIC ≤40 

µg/mL; Very good activity: 40 < MIC ≤128 µg/mL; Good activity: 

128 < MIC ≤ 320 µg/mL; Average activity: 320 < MIC ≤ 625 µg/mL; 

Weak activity: 625 < MIC ≤ 1024 µg/mL; Not active: MIC values > 

1024 µg/mL [82]. Consequently, the obtained anti-staphylococcal 

activities of botanicals from Mangifera indica were ranged from 

good activity to not active effects. Because of the MDR 
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characteristics of the microorganisms examined, these findings are 

noteworthy. Interestingly, the MBC/MIC ratio was ≤ 4 in the 

majority of MDR strains and isolates, among which MBC = MIC 

was recorded with the test extracts on several MDR strains (Table 

1). These results suggest bactericidal effects [83] of leaf and bark 

extracts of M. indica. Previous studies reported on the antimicrobial 

and particularly the anti-staphylococcal potential of M. indica and 

derived phytochemicals. For instance, the compounds isolated 

from the bark part of the plant including 1,2-benzenedicarboxylic 

acid mono(2-ethylhexyl) ester, 9,12-tetradecadien-1-ol-acetate, 

and 3-chloro-N-(2-phenylethyl) propanamide exhibited remarkable 

antimicrobial activity [84].  Similarly, the mango leaf extract was 

reported as an effective, non-mutagenic anti-staphylococcal agent 

containing phytochemicals such as tannins, saponins, flavonoids, 

phenols, and coumarins [85]. The findings highlight the need for 

more research into the development of phytopharmaceuticals 

based on M. indica extracts for the treatment of S. aureus 

infections. Furthermore, the activity of mango extracts reported in 

this study supports the plant's usage in traditional medicine to treat 

a variety of diseases, including S. aureus-related infections. 

Because of the decreased effectiveness of traditional antibiotics, 

many researchers are looking for novel compounds as well as 

molecules capable of increasing or restoring the efficacy of existing 

antibiotics against resistant bacteria. Microorganisms have evolved 

several strategies to diminish the efficiency of antibiotics, one of 

which is the overexpression of active pumps, which expels all 

harmful substances (including antibiotics) from the cytoplasm, 

preventing them from reaching their intracellular destinations [86]. 

The medication combination can then aid to avoid the formation of 

resistant mutations and restore antibiotic activity against resistant 

organisms. The activity of test extracts was significantly improved 

in the presence of reserpine, an efflux pump inhibitor.  The anti-

staphylococcal activity of mango extracts ranged from 2 to 64 

μg/mL in the presence of reserpine against 256 to 2048 μg/mL in 

the absence of the inhibitor. This suggests the role of efflux pumps 

expressed by studied bacteria. Indeed, it’s known that reserpine 

reverses NorA-mediated resistance in S. aureus [87]. The 

combination assay revealed noteworthy potentiation activity 

between the selected conventional antibiotics and M. indica bark 

extract with AMF ranging from 2 to 128-fold (Table 3). These 

suggest the presence of antibiotic-resistance reversal agents in the 

test extract and therefore could be recommended as potential 

adjuvant therapy in the management of MDR S. aureus infections. 

Moreover, the percentage of potentiation was obtained on more 

than 70% in all cases, suggesting the possible presence of efflux 

pump inhibitors in the extracts [88]. These effects would be caused 

by the simultaneous action of the extract's active ingredient(s) and 

the antibiotic at distinct locations. Previous reports highlighted the 

remarkable ability of food plants to improve the activity of 

commonly used antibiotics [89-96]. The current study, therefore, 

contributes to the field with additional data on antibiotic-resistance 

modifying properties of edible plants. Phytochemicals act via 

several mechanisms targeting major structural components and 

functions in bacteria. The present study revealed the 

concentration-dependent inhibition of S. aureus growth at 0.5×MIC, 

MIC, and 2×MIC (Figure 1). The latent phase has been extended 

to up to 6 h following exposure to the extract, possibly due to the 

inhibition of key bacterial enzymes used to degrade nutrients 

necessary for their growth. The kinetic curve also validated the 

bacteriostatic action (MBC/MIC = 8) of the leaf extract against S. 

aureus MRSA4, since it showed no complete killing of the 

bacterium. The leaf extract also showed a concentration-

dependent significant reduction of the acidification of the bacterial 

solution at 0.5×MIC, MIC, and 2×MIC in H+-ATPase-mediated 

proton pumps. This implies that the proton pump has been 

inhibited, preventing the bacteria from producing energy for 

development [57].  

 

 
Figure 1. Effects of Mangifera indica leaf methanol extract on the 

kinetic growth of S. aureus MRSA4. 

 

 
Figure 2. Ability of Mangifera indica leaf methanol extract to inhibit 

the H+-ATPase-mediated proton pumps of S. aureus MRSA4. 
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Table 1. Anti-staphylococcal activity (MIC and MBC in µg/mL) of Mangifera indica leaf and bark methanol extracts. 

MIC: minimal inhibitory concentration (in µg/mL); MBC: minimal bactericidal concentration (in µg/mL); R: MBC/MIC ratio; nd: not determined. 

 

Table 2. The influence of the addition of reserpine in the anti-staphylococcal activity of M. indica barks  

MIC: minimal inhibitory concentration (in µg/mL); RES: Reserpine; +RES: MIC in the presence of reserpine (in µg/mL); R: MIC/ +RES ratio. 

 
Table 3. Effects of the association of M. indica back extract at MIC/2 and MIC/4 with standard antibiotics against selected multidrug resistant S. 

aureus strains 

Bacterial strains MIC (µg/mL) M. indica methanol bark extract, MIC (µg/mL), and AMF (in brackets) 

0 MIC/2 MIC/4 

Chloramphenicol  

MRSA 4 64 4(16) 4(16) 

MRSA 8 64 4(16) 4(16) 

MRSA 11 64 8(8) 4(16) 

ST 20 128 8(16) 4(32) 

ST 39 128 8(16) 4(32) 

ST 135 64 8(8) 8(8) 

ST 218 32 8(4) 8(4) 

Doxycycline  

MRSA 4 8 1(8) 4(2) 

MRSA 8 16 4(4) 4(4) 

MRSA 11 32 1(32) 16(2) 

ST 20 32 0.25(128) 0.25(128) 

ST 39 16 0.25(4) 0.5(32) 

ST 135 8 0.25(32) 0.25(32) 

ST 218 8 0.5(16) 2(4) 

Tetracycline  

MRSA 4 16 0.25(64) 0.25(64) 

MRSA 8 8 2(4) 2(4) 

MRSA 11 4 0.5(8) 2(2) 

ST 20 8 0.25(32) 0.5 (16) 

ST 39 8 0.5 (16) 0.25(32) 

ST 135 8 0.25(32) 0.25(32) 

ST 218 4 0.25(16) 0.25(16) 

Levofloxacin  

MRSA 4 16 2(8) 2(8) 

MRSA 8 32 8(4) 8(4) 

MRSA 11 32 1(32) 1(32) 

ST 20 16 8(2) 8(2) 

ST 39 32 2(16) 2(16) 

ST 135 16 2(8) 4(4) 

ST 218 16 0.5(32) 0.5(32) 

MIC: minimal inhibitory concentration (in µg/mL); AMF: Antibiotic-resistance modulating factor. 

Bacterial 

strains/isolates 

Mangifera indica Ciprofloxacin 

Leaves Barks 

MIC MBC R MIC MBC R MIC MBC R 

MRSA3 1024 1024 1 1024 1024 1 32 64 2 

MRSA4 256 2048 8 1024 2048 2 1 32 32 

MRSA6 512 2048 4 512 1024 2 32 64 2 

MRSA 8 1024 2048 2 256 1024 4 32 64 2 

MRSA 11 256 2048 8 512 1024 2 32 32 1 

MRSA 12 1024 2048 2 1024 2048 2 16 32 2 

ATCC25923 512 2048 4 1024 1024 1 16 32 2 

ST20 512 2048 4 512 1024 2 16 32 2 

ST30 1024 2048 2 1024 2048 2 16 32 2 

ST39 1024 >2048 nd 1024 >2048 nd 32 64 2 

ST52 512 1024 2 1024 1024 1 32 64 2 

ST76 1024 1024 1 1024 2048 2 32 64 2 

ST96 1024 >2048 nd 1024 1024 1 1 32 32 

ST132 2048 >2048 nd 2048 2048 1 16 32 2 

ST135 512 512 1 512 512 1 16 32 2 

ST218 1024 1024 1 1024 1024 1 16 32 2 

ST674 512 2048 4 512 >2048 nd 8 32 4 

Bacterial strains/isolates M. indica barks Ciprofloxacin 

+RES MIC R +RES MIC R 

MRSA 3 64 1024 16 0.25 32 128 

MRSA8 256 1024 4 0.5 32 64 

MRSA 11 64 256 4 <0.25 32 >128 

ST 218 256 1024 4 <0.25 32 >128 

ATCC 25923 16 512 32 <0.25 32 >128 
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Table 3. continued and end. 

Bacterial strains MIC (µg/mL) M. indica methanol bark extract. MIC (µg/mL). and AMF (in brackets) 

0 MIC/2 MIC/4 

Ciprofloxacin 

MRSA 4 8 1(8) 8(1) 

MRSA 8 32 2(16) 4(8) 

MRSA 11 8 2(4) 4(8) 

ST 20 4 0.25(16) 0.25(16) 

ST 39 4 0.25(16) 0.25(16) 

ST 135 16 0.25(64) 0.25(64) 

ST 218 8 0.25(32) 0.25(32) 

Ampicillin 

MRSA 4 64 8(8) 16(4) 

MRSA 8 128 16(8) 32(4) 

MRSA 11 256 8(32) 32(8) 

ST 20 128 8(16) 4(32) 

ST 39 128 8(16) 4(32) 

ST 135 128 2(64) 2(64) 

ST 218 32 2(16) 2(16) 

Penicillin 

MRSA 4 64 16(4) 16(4) 

MRSA 8 256 4(64) 4(64) 

MRSA 11 256 256(1) 256(1) 

ST 20 128 8(32) 16(8) 

ST 39 32 8(4) 16(2) 

ST 135 8 4(2) 4(2) 

ST 218 32 4(8) 4(8) 

Ceftriaxone 

MRSA 4 32 4(8) 4(8) 

MRSA 8 128 128(1) 128(1) 

MRSA 11 4 2(2) 4(1) 

ST 20 16 8(2) 4(4) 

ST 39 16 4(4) 8(2) 

ST 135 16 4(4) 4(4) 

ST 218 32 4(8) 4(8) 

MIC: minimal inhibitory concentration (in µg/mL); AMF: Antibiotic-resistance modulating factor. 

 

 

Conclusion 
 

The present study revealed the remarkable activity of M. indica leaf 

and bark extracts against MDR strains and clinical isolates of S. 

aureus, including MRSA. In general, the effects were bactericidal in 

most cases and could, therefore, inform the development of potent 

phytopharmaceuticals to fight S. aureus infections. Interestingly, M. 

indica could also be exploited as an adjuvant to antibiotic therapy 

as evidenced by its noteworthy potentiation property obtained once 

in association with standard antibiotics. Further exploration of the 

exact mechanisms of the combined agents should be considered 

for future investigations. 
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