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Abstract  

Background: S. aureus is a multidrug-resistant (MDR) bacterium that poses a significant public health threat globally. In response, plants have 

emerged as promising alternatives in combatting infections caused by this pathogen. This study aims to evaluate the efficacy of two medicinal 

plants against MDR Gram-positive Staphylococcus aureus. 

Methods: The antibacterial activity of various plant extracts was assessed both individually and in combination with conventional antibiotics 

using the microdilution assay. Additionally, qualitative phytochemical screening was conducted following established experimental protocols. 

Results: The extracts from the evaluated plants demonstrated antibacterial properties, with Minimum Inhibitory Concentrations (MICs) ranging 

from 32 to 1024 µg/mL. The methanolic extract from the leaves of Terminalia laxiflora exhibited strong activity against the S. aureus ATCC 25923 

strain, achieving a MIC of 32 µg/mL. Likewise, the extract from the fruits of Azadirachta indica showed excellent activity against both the S. 

aureus MRSA A9 isolate and the ATCC 25923 strain, also with a MIC of 32 µg/mL. The different extracts, at concentrations of MIC/2 and MIC/4, 

demonstrated an antibiotic-enhancing effect, with Activity Enhancement Factors (AEF) ranging from 2 to 128. Extracts from the leaves of T. 

laxiflora and the fruits of A. indica enhanced the effectiveness of antibiotics against at least 62.5% of the tested isolates. The antibiotics that 

exhibited improved efficacy included cefixime, ceftriaxone, ciprofloxacin, doxycycline, levofloxacin, penicillin, and tetracycline. Qualitative 

phytochemical screening revealed the presence of alkaloids, phenols, and flavonoids in the leaves of T. laxiflora, while phenols and flavonoids 

were identified in the fruits of A. indica. 

Conclusion: Extracts from T. laxiflora and A. indica contain antibacterial compounds that hold potential for addressing infections caused by 

MDR S. aureus. 
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Background 
The advent of antibiotics in clinical practice brought a significant 

transformation in the management of bacterial infections [1]. 

Nonetheless, their misuse resulted in the emergence of bacterial 

resistance, which presents a significant global health threat [2]. In 

2014, bacterial resistance accounted for approximately 700,000 

deaths, while in 2019, this figure rose to 1.27 million worldwide, 

highlighting the alarming growth of this trend [3,39]. If no measures 

are implemented by 2050, bacterial resistance could peak, leading 

to 10 million fatalities annually, thus becoming the second leading 

cause of death globally after cardiovascular diseases [4]. Bacterial 

resistance to antibiotics is indeed a multifaceted issue 

characterized by various biochemical mechanisms, including 

enzymatic inactivation, alteration of antibiotic targets, decrease in 

membrane permeability to antibiotics, efflux pumps, and biofilm 

formation [5]. Bacteria are deemed multidrug resistant (MDR) as 

they withstand at least three antibiotics from different families. The 

World Health Organization identified most of these bacteria as 

high-priority resistant pathogens, including MDR Staphylococcus 

aureus [40]. In 2018, this bacterium was implicated in 100,000 

deaths worldwide [8]. This pathogen requires in-depth attention, 

particularly within vulnerable populations such as children and the 

elderly. The multi-resistance exhibited by S. aureus hampers 

effective treatment of infections, underscoring its considerable 

health impact [40]. In response to this worldwide health crisis, 

various alternatives, including the research and development of 

new antibacterial substances, need to be considered. Plant 

extracts have been demonstrated to be the source of 

phytochemicals, which present promising antibacterial potential. 

The effectiveness of botanicals against MDR pathogens alone or in 

association with conventional antibacterial agents has been 

previously reported [10-11]. Most of these plants are found in the 

African flora [6,9,12,17,36]. Terminalia laxiflora Engl. & Diels 

(Combretaceae) is a tree traditionally utilized in the form of 

macerations, ointments, decoctions, liniments, fumigations, and 

infusions for treating back pains, coughs, malaria, skin ailments, 

eye diseases, hemostatic hemorrhoids, rheumatism, and 

inflammations. Extracts from the stem wood and bark of T. laxiflora 

were evaluated against Gram-positive bacteria, particularly those in 

the Staphylococcus genus, using the micro-dilution assay [35]. The 

present work has also focused on Azadirachta indica A. Juss. 

(Meliaceae), which is a tree growing up to 30 m high and 2.5 m in 

girth, with an attractive evergreen broadleaf. Often referred to as 

neem, A. indica is used in folk medicine for addressing numerous 

ailments. Their leaves are used in the form of decoctions or 

poultices in the treatment of malaria, warts, boils, eczema, 

smallpox, ulcers, and chicken pox. The neem oil is applied for 

addressing indolent ulcers, ringworm, and scrofula. Due to their 

antiseptic potential, the twigs of this species are used as a 

toothbrush in preventing periodontal disease [29]. Its 

pharmacological attributes, including anti-inflammatory, 

nematicidal, anti-leishmanial, and antimicrobial effects, have been 

reported [13]. Its antibacterial activity has been assessed using the 

disk diffusion method on agar medium and the macro-dilution 

technique against Actinobacillus actinomycetemcomitans, 

Porphyromonas gingivalis, Fusobacterium nucleatum [14]. 

However, the antibacterial activity of the methanol extracts from the 

leaves of T. laxiflora and the fruits of A. indica, either alone or in 

combination with usual antibiotics against MDR S. aureus has not 

been a focus of previous research. This study aims to explore 

these dimensions.  

 

 

Methods 
 

Plant material and extraction 

 

The plant material was harvested in the Tandjilé-Est region of 

Chad, specifically in the town of Laï. The collection included the 

leaves of T. laxiflora and the fruits of A. indica, which were 

assigned the identification numbers 7896/SRF/Cam and 

19223/SRF/Cam at the Cameroon National Herbarium (HNC) by 

botanist Mr. Tchatchouang Ngansop Eric. The collected specimens 

were dried in a shaded area, then crushed and macerated with 

constant stirring in a 1:3 (m/v) ratio using methanol for 48 hours. 

The resulting macerates were filtered through Whatman paper No. 

1. The filtered solutions were concentrated using a rotary 

evaporator at 65°C and dried in an oven at 45°C to remove any 

residual extraction solvent. The crude extracts from the different 

samples were collected and stored at 4°C for future use. 

 

Chemicals and culture media 

 

In this study, various chemicals were used, including para-

iodonitrotetrazolium chloride (INT) with a purity of ≥ 97%, which 

acts as an indicator for bacterial growth. The antibiotics employed 

consisted of β-lactams such as ampicillin (AMP), imipenem (IMI), 

cefixime (CFX), penicillin (PEN), and ceftriaxone (CTX). 

Additionally, the study included quinolones like ciprofloxacin (CIP) 

and levofloxacin (LEV), as well as tetracyclines such as 

tetracycline (TET) and doxycycline (DOX). Mueller Hinton Agar 

(MHA) and Mueller Hinton Broth (MHB) were used as culture 

media for the experiments. Mannitol Salt Agar (MSA) was utilized 

to verify the purity of S. aureus isolates. The strain, along with the 

purified isolates, was subsequently cultured on MHA, while MHB 

was employed for micro-dilution, extracts, and antibiotic 

preparation. All chemicals used in this study were purchased from 

Sigma Aldrich (Saint Quentin Fallavier, France). 

 

Studied bacteria 

 

The study evaluated 15 isolates of S. aureus and a reference 

strain. Table 1 illustrates their resistance profiles. The 

characteristics of these isolates, along with the reference strain, 

were documented in previous studies [26-27]. 

 

Determination of minimal inhibitory and bactericidal concentrations 

 

Minimum Inhibitory Concentrations (MICs) and Minimum 

Bactericidal Concentrations (MBCs) were assessed using the liquid 

micro-dilution technique, which required 96-well microplates as 

previously documented [37], with slight modifications [38]. The 

reference antibiotic, imipenem, and extracts from various plant 

species were initially prepared at concentrations of 512 and 8192 

μg/mL, respectively. These were dissolved in DMSO before to 

combining with MHB to achieve the required volumes. The 

bacterial inoculum was prepared according to McFarland's 0.5 

standard scale, which corresponds to a bacterial concentration of 

1.5×10^8 CFU/mL. Following an incubation period of 18 to 24 hours 

at 37°C, MICs and MBCs were assessed by incorporating the para-

iodonitrotetrazolium chloride (INT) as a colorimetric indicator. The 

MIC was defined as the lowest concentration of the extract that 

successfully inhibits all bacterial growth after 18 to 24 hours of 

incubation, while the MBC was the minimum concentration 

eliminating the tested bacterial species after 48 hours of incubation 

at 37°C [13-14]. The positive control included imipenem and MHB, 
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whereas the negative control comprised 2.5% DMSO, MHB, and 

the bacterial inoculum. In contrast, the neutral control consisted 

solely of MHB.  

 

Evaluation of the antibiotic-potentiating effects of extracts  

 

The potentiating effect of extracts in combination with antibiotics 

was assessed following the previously outlined procedure. A 

preliminary assessment was conducted to identify sub-inhibitory 

concentrations for the extract-antibiotic combinations. Extracts 

were prepared at concentrations of MIC/2, MIC/4, MIC/8, and 

MIC/16 and tested against the S. aureus DO 74SA isolate (data not 

shown), which was the most resistant isolate found in the 

sensitivity testing. For further experiments on the potentiating 

effects of the various extracts on antibiotics, the MIC/2 and MIC/4 

concentrations were chosen. The Activity Enhancement Factor 

(AEF), which is the ratio of the MIC of the antibiotic alone to the 

MIC of the antibiotic combined with the plant extract, was 

employed to evaluate the potentiating effect of the extracts on the 

antibiotics tested. Extracts were considered to have a potentiating 

effect when the AEF was greater than or equal to 2 [15]. 

 

Botanicals phytochemical screening 

 

The qualitative phytochemical screening was conducted using 

established methodologies for alkaloids, flavonoids (Shinoda test), 

phenols, saponins, triterpenes (Liebermann-Burchard test), and 

anthocyanins [16]. 

 

Antibacterial data interpretation 

 

The established classification scale for antibacterial activity of 

botanicals against Gram-positive bacteria was used in this study. 

Based on this classification criteria, the antibacterial potential of 

extracts is considered outstanding when MIC ≤ 8 μg/mL, excellent 

when 8<MIC ≤ 40 μg/mL, very good when 40<MIC ≤ 128 μg/mL, 

good when 128<MIC ≤ 320 μg/mL, average when 320 <MIC ≤ 625 

μg/mL, weak when 625 <MIC ≤ 1024 μg/mL, and deemed not 

active when MIC > 1024 μg/mL [18]. 

 

Results 
 

Antibacterial activity 

 

The data presented in Table 2 indicated that the methanol extracts 

from the leaves of T. laxiflora and the fruits of A. indica exhibit 

antibacterial activities. Botanical from T. laxiflora exhibited an 

inhibition spectrum of 62.5% against the strain and all the tested 

bacterial isolates, with MIC values ranging from 32 to 1024 µg/mL. 

This extract demonstrated excellent activity, with a MIC value of 32 

µg/mL against the S. aureus ATCC 25923 strain, very good 

activity, presenting a MIC value of 128 µg/mL against the S. aureus 

MRSA A9 isolate, and good activity against the S. aureus MRSA 

A11, DO 31SA, and DO 58SA isolates, recording a MIC of 256 

µg/mL. The same plant extract showed an average activity (MIC 

value of 512 µg/mL) against the S. aureus MRSA A6, DO 21SA 

isolates, while demonstrating a weak activity (MIC value of 1024 

µg/mL) against the S. aureus MRSA A4, DO 49SA, and DO 94SA 

isolates. Regarding the methanol extract from the fruits of A. indica, 

an antibacterial activity with an inhibition spectrum of 68,75% 

against the strain/isolates was observed. This extract exhibited 

excellent activity, with a MIC value of 32 µg/mL against the S. 

aureus MRSA A9 isolate and the S. aureus ATCC 25923 strain. It 

also demonstrated very good activity, achieving MIC values of 64, 

128, and 128 µg/mL against the S. aureus DO 49SA, MRSA A4, 

and MRSA A11 isolates, respectively. This extract further displayed 

good (MIC value of 256 µg/mL) activity against the S. aureus DO 

31SA, DO 58SA, and DO 96SA isolates, and an average activity, 

with a MIC value of 512 µg/mL against the S. aureus MSSA A1 

and S. aureus MRSA A12 isolates. However, it exhibited a weak 

activity against the S. aureus DO 09SA isolate, recording a MIC 

value of 1024 µg/mL. Both extracts demonstrated bactericidal 

effects (BMC/MIC≤ 4), with an inhibition spectrum of 62,5% for T. 

laxiflora and 50% for A. indica. 

 

Antibiotic-modulating effects of extract from the leaves of T. 

laxiflora and from the fruits of A. indica 

 

Table 3 indicates the potentiating effect of the botanical from the 

leaves of T. laxiflora at sub-inhibitory concentrations (MIC/2 and 

MIC/4). This extract enhanced the activity of antibiotics, with 

Activity Enhancement Factor (AEF) ranging from 2 to 128. The 

activity of ciprofloxacin, levofloxacin, and doxycycline was 

enhanced by 4-fold against the S. aureus MSSA A1 isolate. 

Penicillin and tetracycline demonstrated at least a 32-fold increase 

in activity against the S. aureus MSSAA4 and S. aureus MSSAA11 

isolates when combined with this extract prepared at MIC/2 and 

MIC/4. The same extract demonstrated synergistic effects at MIC/2 

against 62.5% of all strains when combined with levofloxacin. 

Furthermore, synergistic effects were observed against 50% of the 

tested isolates at MIC/2 and MIC/4 for tetracycline and cefixime, 

whereas a modulation in activity of penicillin and doxycycline was 

recorded at the same concentrations against 37.5% of the tested 

isolates. Additionally, the activity of ciprofloxacin, ceftriaxone, and 

imipenem was enhanced at MIC/2 and MIC/4 against 25% of the 

same bacterial isolates. 

Table 4 highlights the enhancing effects of the extract 

from the fruits of A. indica, which elevated the effectiveness of 

conventional antibiotics, achieving AEF levels from 2 to 128. The 

botanical from the fruits of A. indica increased the activity of 

levofloxacin by 8-fold at MIC/2 and MIC/4 against the S. aureus 

MSSAA4 isolate and by 4-fold against the S. aureus DO57SA 

isolate. Penicillin, ceftriaxone, tetracycline, cefixime, and 

doxycycline, when tested alongside this extract, showed up to 4 

times greater antibacterial efficacy against the S. aureus DO96SA, 

S. aureus MSSA A1, S. aureus MSSAA11, S. aureus DO96SA, S. 

aureus MSSA A1, and DO57SA isolates. This extract improved the 

activity of antibiotics against 25 to 62.5% at MIC/2 and 12.5 to 50% 

at MIC/4 against the various bacterial isolates. The extract also 

enhanced the activity of levofloxacin and doxycycline against 

62.5% of bacterial isolates at MIC/2 and against 50% at MIC/4. 

Furthermore, the extract improved the effectiveness of tetracycline, 

ceftriaxone, and cefixime against 50% and 37.5% of various 

isolates at MIC/2 and MIC/4, respectively. Additionally, the activity 

of ciprofloxacin was amplified when combined with the extract at 

MIC/2 and MIC/4 against 37.5% of the tested isolates. Similarly, 

imipenem experienced the same enhancement in association with 

the extract at MIC/2 and against 25% of the S. aureus isolates at 

MIC/4. Moreover, the extract amplified the activity of penicillin 

against 25% of bacterial isolates at MIC/2 and at MIC/4 against 

12.5%. 

 

Phytochemical screening  

 

The methanol extract from the leaves of T. laxiflora revealed the 

presence of alkaloids, phenols, and flavonoids, while botanicals 
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from the fruits of A. indica showed phenols and flavonoids as 

recorded in Table 1.  

 

Discussion 
 

Even though effective antibacterial substances have been 

discovered, bacterial infections continue to feature amongst the 

first leading cause of mortality globally [7,34]. The growing issue of 

bacterial resistance to antibiotics is fast becoming one of the 

significant challenges of this century. There is an urgent need to 

develop effective strategies to combat this concerning trend. 

Numerous studies have reported plants from the African flora to 

exhibit promising antibacterial effects, both alone and in 

combination with conventional antibiotics, against MDR strains 

[19,20,36]. To this end, the present study assessed the 

antibacterial activity and explored the potentiating effect of extracts 

from the leaves of T. laxiflora and from the fruits of A. indica on 

usual antibiotics against MDR S. aureus. In accordance with the 

classification scale for antibacterial activities of plant extracts 

against MDR Gram-positive bacteria, including S. aureus, an 

extract is classified as having excellent activity when 8 < MIC ≤ 40 

μg/mL, very good activity when 40 < MIC≤128 μg/mL, and good 

activity when 128 < MIC ≤ 320 μg/mL [18]. The findings indicate 

that the methanol extract from the leaves of T. laxiflora was active 

against 62.5% of the tested S. aureus isolates and strain, with MIC 

values ranging from 32 to 1024 µg/mL. This extract showed an 

excellent activity against the S. aureus ATCC 2592 strain, 

achieving a MIC value of 32 µg/mL, a very good activity towards 

the S. aureus MRSA A9 isolate presenting a MIC value of 128 

µg/mL, and a good activity against the S. aureus MRSA A11, DO 

31SA, and DO 58SA isolates each with a MIC value of 256 µg/mL. 

Likewise, botanical from the fruits of A. indica was effective against 

68.75% of the tested S. aureus strain and isolates, with MIC values 

ranging from 32 to 1024 µg/mL. This extract demonstrated an 

excellent activity against the S. aureus MRSA A9 isolate and ATCC 

25923 stain, achieving a MIC of 32 µg/mL. The same extract 

presented a very good activity against the S. aureus DO 49SA, 

MRSA A4, and MRSA A11 isolates, with MIC values ranging from 

64 to 128 µg/mL. A good antibacterial activity from this extract was 

observed against the S. aureus DO 49SA, MRSA A4, and MRSA 

A11 isolates, presenting a MIC value of 256 µg/mL.  

These results underscore the effectiveness of botanicals 

from the leaves of T. laxiflora and those from the fruits of A. indica 

demonstrating antibacterial capabilities at very low concentrations 

(≤256 µg/mL) against the MDR S. aureus. The antibacterial effects 

of the various extracts are attributed to their alkaloid, phenol, and 

flavonoid content (T. laxiflora) and alkaloids and flavonoids (A. 

indica), which may interact with the studied bacterial species 

through various mechanisms [42-45]. However, the present studies 

were not conducted in vivo to obtain conclusive data. These results 

are not like those obtained from the previously documented report. 

Recent research by Boulis et al. (2025) in Egypt reported the 

antibacterial properties of the hydromethanolic extract of T. laxiflora 

leaves against S. aureus, utilizing the macro-dilution method, 

yielding a MIC value of 16 mg/mL [21]. Additionally, N'do and 

collaborators in Burkina Faso demonstrated the effectiveness of 

the ethanol extracts against the S. aureus ATCC43800 strain, with 

a MIC value of 3.125 mg/mL [22]. Nonetheless, the methanol 

extract from species within the genus Terminalia exhibited 

outstanding activity against S. aureus, with MIC values ranging 

from 3 to 14 µg/mL which is like those obtained in the present 

study [23]. The antibacterial effect of the methanol extract from the 

fruits of A. indica aligns with findings from Akinduti and colleagues, 

who showed via the macro-dilution method that the aqueous 

extract from the leaves of A. indica collected in Ota, Nigeria, 

exhibited anti-Staphylococcus activity, with a MIC value of 100 

mg/mL [24]. The remarkable antibacterial activity of botanical from 

the leaves of T. laxiflora observed in this study, along with previous 

research, can likely be attributed to variations in extraction solvents 

and pedoclimatic conditions which might affect the qualitative 

phytochemical composition of the extracts. Moreover, the methanol 

extract of T. laxiflora in our study contains alkaloids, unlike the 

other extracts. Regarding the A. indica extract, the differences in 

antibacterial activity between our findings and those of previous 

studies may be attributed not only to the variety of extraction 

solvents used but also to the distinct harvesting locations [30-33].   

Given the challenge of bacterial resistance to antibiotics, 

investigating new antibacterial compounds derived from plants, 

alongside the modulation of the antibacterial activity of antibiotics 

whose effectiveness has diminished, serves as an alternative 

strategy to address bacterial resistance [46]. Numerous reports 

documented the potential of botanicals to potentiate at sub-

inhibitory concentrations the activity of usual antibiotics [47-51]. In 

this study, the methanol extracts from the leaves of T. laxiflora and 

from the fruits of A. indica was combined with conventional 

antibiotics (Table 3 and Table 4). The leaves extract from T. 

laxiflora and the fruit extract from A. indica at sub-inhibitory 

concentrations (MIC/2 and MIC/4), enhanced the effectiveness of 

various antibiotics against the S. aureus isolates, with Activity 

Enhancement Factors (AEF) ranging from 2 to 128. Specifically, 

botanical from T. laxiflora at sub-inhibitory concentrations in 

association with ciprofloxacin, levofloxacin, and doxycycline 

showed a potentiating factor of 4 against the S. aureus MSSA A1 

isolate. Penicillin and tetracycline exhibited at least a 32-fold 

increase in activity against the S. aureus MSSAA4 and S. aureus 

MSSAA11 isolates when combined with this extract prepared at 

MIC/2 and MIC/4. The extract from this species modulates the 

activity of these antibiotics by 25 to 62.5% against the tested 

isolates. In the same manner, the methanol extract from the fruits 

of A. indica, increase the activity of levofloxacin by 8-fold at MIC/2 

and MIC/4 against the S. aureus MSSAA4 isolate and by 4-fold 

increase against the S. aureus DO57SA isolate. Penicillin, 

tetracycline, ceftriaxone, cefixime, and doxycycline, when tested 

alongside this extract, showed up to 4 times greater antibacterial 

efficacy against the S. aureus DO96SA, MSSA A1, MSSAA11, 

DO96SA, and DO57SA isolates. Extract from the fruits of A. indica 

increased the activity of the antibiotics by 12.5 to 62.5% against the 

tested isolates. Although the number of antibiotic families utilized 

was limited, the results from these combinations indicate a 

significant restoration of antibacterial activity for several antibiotics 

that had previously shown reduced effectiveness against the 

various tested S. aureus isolates. The potentiating effects 

attributed to the different extracts are related to the presence of 

bioactive compounds such as phenolic compounds, which have 

demonstrated synergistic effects when associated with nalidixic 

acid, ciprofloxacin, norfloxacin, levofloxacin, oxacillin, tetracycline, 

and chloramphenicol against the S. aureus ATCC 6538 strain [41]. 

Mabhiza et al. (2016) indicated in their research that alkaloids can 

disrupt certain bacterial resistance mechanisms, such as active 

efflux, thereby allowing antibiotics to effectively reach and target 

their intended sites [25]. The antibacterial properties observed in 

this research further support the significance and medicinal 

benefits of African medicinal plants [52-74]. These data affirm the 

potential of African botanicals and phytochemicals as sources of 

drugs to address various human ailments [75-91]. 
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Table 1. Characteristics of bacteria strain and isolates tested. 

OFXAr  OR OFXʳ, KANr, IM/CSr, CHLr, GENr, IMPr, FLXʳ, ERMr OR ERYʳ, AMPr, AMKr, NISr, AMXʳ, CAZʳ, FOXʳ, AMCʳ, CXMʳ, COTʳ, CYPʳ, FUSʳ, TETʳ, OXAʳ, VANʳ, 
NITʳ resistance to Ofloxacin, Kanamycin, Imipenem/Cilastatin sodium, Chloramphenicol, Gentamicin, Imipenem, Flomoxef, Erythromycin, Ampicillin, Amikacin, Nisin, 
Amoxicillin, Ceftazidime, Cefoxitin, Amoxicillin-clavulanic acid, Cefuroxime, Trimethoprim-sulfamethoxazole, Ciprofloxacin, Fusidic acid, Tetracycline, Oxacillin, 
Vancomycin, Nitrofurantoin respectively.  METS: sensible to Methicillin. 

 
 

 

Table 2. Minimum inhibitory concentration and minimum bactericidal concentration of plants extracts. 

MIC: Minimum inhibitory concentration, MBC: Minimum bactericidal concentration, nd: not determined, R: Ratio of MBC/MIC  

 

 

 

 

 

 

 

 

 

 

 

 

Bacteria strains Features References 

ATCC 25923 Reference strain  

S.aureus MRSA A1 Clinical isolate: METs; NISʳ, CHLʳ [26, 28] 

S.aureus MRSA A4 Clinical isolate: OFXAʳ, FLXʳ, KANʳ, CYPʳ, CHLʳ, GENʳ, NISʳ, AMPʳ [26, 28] 

S.aureus MRSA A6 Clinical isolate: OFXAʳ, KANʳ, CYPʳ, CHLʳ, GENʳ, NISʳ, AMPʳ [26, 28] 

S.aureus MRSA A9 Clinical isolate: OFXAr, FLXr, TETr, ERMr, CYPr, IM/CSr, CHLr, GENr, NISr, AMPr  [26, 28] 

S.aureus MRSA A11 Clinical isolate: OFXAr, KANr, ERMr, CYPr, IM/CSr, CHLr, NISr, AMPr  [26, 28] 

S.aureus MRSA A12 Clinical isolate : OFXAr, FLXr, KANr, ERMr, IM/CSr, CHLr, GENr, NISr, AMPr  [26, 28] 
DO 21SA Clinical isolate  METs, AMXʳ, CAZʳ, FOXʳ, OXAʳ, VANʳ [27] 

DO 31SA Clinical isolate  METs, IMPʳ, FOXʳ, AMCʳ, CXMʳ, COTʳ, ERYʳ, TETʳ, OXAʳ, VANʳ [27] 

DO 49SA Clinical isolate  METs, CAZʳ, FOXʳ, AMCʳ, CXMʳ, COTʳ, ERYʳ, AMK, CYPʳ, OFXʳ, TETʳ, 
OXAʳ, VANʳ, NITʳ 

[27] 

DO 57SA Clinical isolate: METs, IMPʳ, AMXʳ, FOXʳ, CXMʳ, ERYʳ, CYP
ͥ
, OFXʳ, VANʳ [27] 

DO 58SA Clinical isolate: METs, AMXʳ, CAZʳ, CXMʳ, ERYʳ, TETʳ, OXAʳ, VANʳ [27] 

DO 74SA Clinical isolate: METs, AMXʳ, CAZʳ, FOXʳ, CXMʳ, COTʳ, ERYʳ, AMKʳ, GENʳ, FUSʳ, TETʳ [27] 

DO 94SA Clinical isolate: METs, AMXʳ, CAZʳ, FOXʳ, AMCʳ, CXMʳ, COTʳ, ERYʳ, CYPʳ, OFXʳ, FUSʳ, 
TETʳ, OXAʳ, VANʳ, NITʳ 

[27] 

DO 96SA Clinical isolate: METs, AMXʳ, CAZʳ, FOXʳ, AMCʳ, CXMʳ, COTʳ, ERYʳ, CYPʳ, OFXʳ, FUSʳ, 
TETʳ, OXAʳ, VANʳ, NITʳ 

[27] 

DO 09SA Clinical isolate: AMXʳ, ERYʳ, VANʳ, NIT
ͥ
ʳ [27] 

Strain and isolates  Plant extracts Antibiotic  

T. laxiflora A. indica Imipenem 

MIC   MBC  R  MIC   MBC  R  MIC  MBC  R  

S. aureus MSSA A1 >2048   512 512 1 8 nd nd 
S. aureus MRSA A4 1024 2048 2 128 512 4 128 512 4 
S. aureus MRSA A6 512 2048 4 2048 2048 1 16 512 32 
S. aureus MRSA A9 128 128 1 32 2048 64 128 512 4 
S. aureus MRSA A11 256 1024 4 128 1024 8 >128 512 4 
S. aureus MRSA A12 >2048 nd nd 512 512 1 128 256 2 
ATCC 25923 32 256 4 32 256 8 <1/2 32 64 
DO 21SA 512 1024 2 >2048 nd nd 64 256 4 
DO 31SA 256 1024 4 256 1024 4 16 nd nd 
DO 49SA 1024 1024 1 64 128 2 64 nd nd 
DO 57SA >2048 nd nd >2048 nd nd 2 128 64 
DO 58SA 256 256 1 256 256 1 32 32 1 
DO 74SA >2048 nd nd >2048 nd nd 2 64 32 
DO 94SA 1024 1024 1 >2048 2048 1 16 nd nd 
DO 96SA >2048 nd nd 256 2048 8 2 64 32 
DO 09SA >2048 nd nd 1024 1024 1 2 nd nd 
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Table 3. Results of the association test between usual antibiotics and the extract from the leaves of T. laxiflora against bacteria isolates. 

MIC: Minimal inhibitory concentration; (): activity modulation factor; ATB: Antibiotics, PBS: Percentage of bacteria where Potentiation is observed. 

 

 
Table 4. Results of the association test between common antibiotics and the extract from the fruits of A. indica against bacteria strains. 

 
MIC: Minimal inhibitory concentration; (): activity modulation factor; ATB: Antibiotics, PBS: Percentage of Bacteria where Potentiation is observed. 

 
 
Table 5. Phytochemical screening of methanol extracts from the roots of T. laxiflora and the leaves of A. indica. 

+: Present, -: Absent 

 

 

 

ATB Extracts MIC of antibiotics in the presence of extracts from the leaves of T. laxiflora at sub-inhibitory concentrations and AEF PBP 

  S. aureus  

MSSA A1 MSSAA4 MSSAA11 MSSAA12 DO96SA DO09SA DO57SA  

CIP 
 

0 4 1 1 1 <1/2 <1/2 <1/2  
MIC/2 <1/2(8) 2(0.5) <1/2(2) <1(1) <1/2(1) <1/2(1) <1/2(1) 25 
MIC/4 <1/2(8) 16(0.06) <1/2(2) <1(1) <1/2(1) <1/2(1) <1/2(1) 25 

LEV 
 

0 2 4 1 1 <1/2 1 2 - 
MIC/2 <1/2(4) 2(2) <1/2(2) <1/2(2) <1/2(1) <1/2(2) 2(1) 62.5 
MIC/4 <1/2(4) 2(2) 2(0.5) <1/2(2) <1/2(1) 1(1) 2(1) 37.5 

PEN 0 128() 256 1024 64 128 128 1024 - 
MIC/2 128(1) <8(32) <8(128) 512(0.125) <8(16) 1024(0.125) 1024(1) 37.5 
MIC/4 256(0.5) <8(32) <8(128) 512(0.125) 32(4) 1024(0.125) 1024(1) 37.5 

TET 0 2 64 64 1 <1/2 1 1 - 
MIC/2 128(0.016) 32(2) <1/2(128) 64(0.016) <1/2(1) <1/2(2) <1/2(2) 50 
MIC/4 128(0.016) 64(1) <1/2(128) 64(0.016) <1/2(1) <1/2(2) <1/2(2) 50 

CTX 0 32 16 64 32 <8 <8 16 - 
MIC/2 32(1) <8(2) 64(1) <8(4) <8(1) <8(1) 16(1) 25 

MIC/4 32(1) <8(2) 64(1) <8(4) <8(1) 32(0.25) 16(1) 25 
CFX 0 64 256 32 16 32 32 <8  

MIC/2 128(0.5) 512(0.5) <8(4) <8(4) <8(4) <8(4) <8(1) 50 
MIC/4 128(0.5) 512(0.5) <8(4) <8(4) 16(2) <8(4) <8(1) 50 

DOX 0 2 1 1 1 <1/2 4 4 - 
MIC/2 <1/2(4) 16(0.07) <1/2(2) <1/2(2) <1/2(1) 4(1) 8(0.5) 37.5 
MIC/4 <1/2(4) 32(0.04) <1/2(2) <1/2(2) <1/2(1) 8(0.5) 16(0.25) 37.5 

IMI 0 8 128 >128 128 2 2 2 - 
MIC/2 16(0.5) 128(1) >128(1) 128(1) <1(2) <1(2) 4(0.5) 25 
MIC/4 16(0.5) 128(1) >128(1) 128(1) <1(2) 2(1) 8(0.25) 25 

ATB Extracts MIC of antibiotics in the presence of extract from the fruits of A. indica at sub-inhibitory concentrations and AEF PBP 

  S. aureus 

MSSA A1 MSSAA4 MSSAA11 MSSAA12 DO96SA DO09SA DO57SA  

CIP 
 

0 4 1 1 1 <1/2 <1/2 <1/2  
MIC/2 <1/2(8) 16(0.07) <1/2(2) <1/2(2) <1/2(1) <1/2(1) <1/2(1) 37.5 
MIC/4 2(2) 32(0.04) <1/2(2) <1/2(2) <1/2(1) <1/2(1) <1/2(1) 37.5 

LEV 
 

0 2 4 1 1 <1/2 1 2  
MIC/2 2(1) <1/2(8) <1/2(2) <1/2(2) <1/2(1) <1/2(2) <1/2(4) 62.5 
MIC/4 2(1) <1/2(8) <1/2(2) <1/2(2) <1/2(1) 1(1) <1/2(4) 50 

PEN 0 128 256 1024 64 128 128 1024  
MIC/2 256(0.5) 128(2) 1024(1) 64(1) 32(4) 512(0.25) <8(128) 25 
MIC/4 256(0.5) 256(1) 1024(1) 128(0.5) 32(4) 512(0.25) 16(64) 12.5 

TET 
 

0 2 64 64 1 <1/2 1 1  
MIC/2 <1/2(4) 64(1) 64(1) <1/2(2) <1/2(1) <1/2(2) <1/2(2) 50 
MIC/4 <1/2(4) 64(1) 64(1) <1/2(2) <1/2(1) 1(1) <1/2(2) 37.5 

CTX 0 32 16 64 32 <8 <8 16  
MIC/2 32(1) <8(2) 16(4) 16(2) <8(1) <8(1) <8(2) 50 
MIC/4 32(1) 16(1) 16(4) 16(2) <8(1) <8(1) <8(2) 37.5 

CFX 0 64 256 32 16 32 32 <8  
MIC/2 64(1) 128(2) 128(0.25) <8(2) <8(4) 16(2) <8(1) 50 
MIC/4 64(1) 256(1) 128(0.25) <8(2) <8(4) 16(2) <8(1) 37.5 

DOX 0 2 1 1 1 <1/2 4 4  
MIC/2 <1/2(4) 2(0.5) <1/2(2) <1/2(2) <1/2(1) <1/2(8) 1(4) 62.5 
MIC/4 <1/2(4) 2(0.5) <1/2(2) <1/2(2) <1/2(1) 4(1) 1(4) 50 

IMI 0 8 128 >128 128 2 2 2  
MIC/2 8(1) 128(1) >128(1) 128(1) <1(2) <1(2) <1(2) 37.5 

MIC/4 8(1) 128(1) >128(1) 128(1) <1(2) 2(1) <1(2) 25 

Secondary metabolites  T. laxiflora (leaves )                              A. indica (fruits) 

Alkaloids + - 
Phenols + + 
Flavonoids + + 
Terpenoids - - 
Saponins - - 
Anthocyanins - - 
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Conclusion 
 

The current research highlighted the antibacterial potential of 

botanicals derived from the leaves of T. laxiflora and from the fruits 

of A. indica. The results indicated that both extracts are rich in 

phytochemicals with considerable efficacy in combating infections 

caused by MDR Staphylococcus aureus. The purification of these 

phytochemicals together with the assessment of their safety will be 

the focus of our next study.  
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