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Abstract  

Anadenanthera colubrina var. cebil (Griseb.) Altschul, a plant often found in areas of the Caatinga in northeastern 

Brazil, is widely used in unconventional medicine for the treatment of infections and inflammations. Thus, the aim of 

the present study was to evaluate the antibacterial activity of A. colubrina bark extracts against methicillin-resistant 

Staphylococcus aureus (MRSA) clinical isolates, to investigate if intact and regenerated bark extracts have the same 

effect against MRSA and to determine the interaction between these extracts and antibiotics. The antibacterial activity 

was performed by the determination of the minimum inhibitory concentration (MIC) according to the Clinical and 

Laboratory Standards Institute (CLSI) and the interaction assay was performed by the checkerboard method. A. 

colubrina extracts showed bacteriostatic activity (MIC = 8-32 mg/L) against MRSA clinical strains and no difference 

was found in antibacterial activity between intact and regenerated barks, suggesting that even after regeneration, the 

barks of this species have the same antibacterial activity. Moreover, the in vitro interaction of A. colubrina extracts with 

ciprofloxacin or erythromycin was additive (FICI = 0.52). Thus, the bark extracts of Anadenanthera colubrina exhibit 

antibacterial activity and can be used alone or in combination with antibiotics against MRSA clinical isolates. 

Keywords: Fabaceae; Staphylococcus aureus; Angico; Caatinga; MRSA. 

 

Resumo  

Anadenanthera colubrina var. cebil (Griseb.) A Altschul, planta frequentemente encontrada em áreas da Caatinga, no 

Nordeste do Brasil, é amplamente utilizada em medicamentos não convencionais para o tratamento de infecções e 

inflamações. Assim, o objetivo do presente estudo foi avaliar a atividade antibacteriana dos extratos de casca de A. 

colubrina contra isolados clínicos Staphylococcus aureus resistentes à meticilina (MRSA), investigar se extratos de 

casca intactos e regenerados têm o mesmo efeito contra o MRSA e determinar a interação entre esses extratos e 
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antibióticos. A atividade antibacteriana foi realizada pela determinação da concentração inibitória mínima (MIC) de 

acordo com o Instituto de Normas Clínicas e Laboratoriais (CLSI) e o ensaio de interação foi realizado pelo método de 

tabuleiro de xadrez. Os extratos de A. colubrina mostraram atividade bacteriostática (MIC = 8-32 mg/L) contra cepas 

clínicas MRSA e nenhuma diferença foi encontrada na atividade antibacteriana entre cascas intactas e regeneradas, 

sugerindo que mesmo após a regeneração, as cascas desta espécie têm a mesma atividade antibacteriana. Além disso, a 

interação in vitro de extratos de A. colubrina com ciprofloxacina ou eritromicina foi aditiva (FICI = 0,52). Assim, os 

extratos de casca de Anadenanthera colubrina apresentam atividade antibacteriana e podem ser usados sozinhos ou em 

combinação com antibióticos contra isolados clínicos MRSA. 

Palavras-chave: Fabaceae; Staphylococcus aureus; Angico; Caatinga; MRSA. 

 

Resumen  

Anadenanthera colubrina var. cebil (Griseb.) Altschul, una planta que a menudo se encuentra en areas de la Caatinga 

en el noreste de Brasil, es ampliamente utilizada en medicina no convencional para el tratamiento de infecciones e 

inflamaciones. Así, el objetivo del presente estudio era evaluar la actividad antibacteriana de los extractos de corteza de 

A. colubrina contra aislados clínicos Staphylococcus aureus (MRSA) resistentes a la meticilina, investigar si los 

extractos de corteza intactos y regenerados tienen el mismo efecto contra el SARM y determinar la interacción entre 

estos extractos y antibióticos. La actividad antibacteriana se realizó mediante la determinación de la concentración 

inhibitoria mínima (MIC) según el Instituto de Normas Clínicas y de Laboratorio (CLSI) y el ensayo de interacción fue 

realizado por el método de tablero de ajedrez. Los extractos de A. colubrina mostraron actividad bacteriostática (MIC 

= 8-32 mg/L) contra cepas clínicas MRSA y no se encontró ninguna diferencia en la actividad antibacteriana entre 

cortezas intactas y regeneradas, lo que sugiere que incluso después de la regeneración, las cortezas de esta especie tienen 

la misma actividad antibacteriana. Además, la interacción in vitro de extractos de A. colubrina con ciprofloxacino o 

eritromicina fue aditiva (FICI = 0,52). Por lo tanto, los extractos de corteza de Anadenanthera colubrina exhiben 

actividad antibacteriana y se pueden utilizar solos o en combinación con antibióticos contra aislados clínicos MRSA. 

Palabras clave: Fabaceae; Staphylococcus aureus; Angico; Caatinga; MRSA. 

 

1. Introduction  

Staphylococcus aureus is a microorganism of great interest in studies assessing antibacterial activity given this 

bacterium is one of the main etiological agents of hospital-acquired infections. Also, the ability of S. aureus to develop resistance 

to antibiotics is a major concern in the community((Faria et al., 2005; Mairi, Touati, & Lavigne, 2020) and has prompted 

researchers in the search for novel therapeutic options such as natural products. 

Anadenanthera colubrina var. cebil (Griseb.) Altschul, (synonymous: Mimosa colubrina Vell.; Piptadenia colubrina 

(Vell.) Benth; Piptadenia macrocarpa Benth.) popularly known as “angico” and “angico de caroço” is a plant that is part of the 

Fabaceae family. This species is found in areas of the Caatinga, in Northeast region of Brazil. Its bark is very sought after for 

use in leather tannery. In addition, it is one of the botanical species most cited by the local population due to its medicinal 

properties (Agra, Baracho, Nurit, Basílio, & Coelho, 2007; A. R. N. Lima et al., 2020; Weber et al., 2011). 

The literature reports the medicinal use of A. colubrina bark extracts for inflammation of the throat, rheumatic pain, 

skin inflammations, external ulcers, bronchitis, asthma, among other therapeutic applications (A. R. N. Lima et al., 2020; Pessoa 

et al., 2015; Santos et al., 2013; Weber et al., 2011). Additionally, the A. colubrina bark is used as folk medicine for infections 

and inflammation and there are scientific evidence showing its potential for fighting microorganisms (A. R. N. Lima et al., 2020; 

R. D. F. Lima et al., 2014; S. W. C. Silva et al., 2019; Weber et al., 2011). Typically, A. colubrina bark extracts are prepared 

from their cooking or macerated with "cachaça" (T. A. de S. Araújo, Alencar, Amorim, & Albuquerque, 2008; R. D. F. Lima et 

al., 2014; Vieira Pereira, Santana, Góis, & Sant ’ana, 2015). 

 Phenolic compounds are the vast majority of substances extracted from the bark of A. colubrina (A. R. N. Lima et al., 

2020). These compounds are responsible for conferring their antimicrobial and antibiofilm properties (T. A. de S. Araújo et al., 

2008; Katalinic et al., 2013; Kluczynik et al., 2010; R. D. F. Lima et al., 2014; Palmeira et al., 2010). However, there is a lack 

of studies that are able to evaluate the antibacterial activity of these extracts against antibiotic-resistant microorganisms, such as 

methicillin-resistant Staphylococcus aureus (MRSA). 

http://dx.doi.org/10.33448/rsd-v10i6.15469
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Furthermore, there are studies that explore the potential of intact and regenerated A. colubrina bark for the 

bioprospection of medicines, since natural compounds have been proposed as promising strategies for the treatment of infections 

(Hiramatsu, 2001; Holetz et al., 2002; Jandú, Silva, Silva, & Correia, 2015; Marques et al., 2018; S. W. C. Silva et al., 2019), 

especially because it contains three large phenolic compounds (epigallocatechin gallate, tohiperina and gallate) (T. A. de S. 

Araújo et al., 2015). Additionally, the association of substances with antimicrobial properties represents another important tool 

for infection treatment caused by resistant bacteria, such as MRSA, since combination therapy can help prevent the selection of 

resistant isolates and broaden the spectrum of action of antimicrobial agents (Cavalcanti et al., 2018; Jackson, Agboke, & Nwoke, 

2009; J. L. da Silva, Mesquita, & Ximenes, 2009).  

Thus, the aim of the present study was to ascertain the antibacterial activity of A. colubrina bark extracts against MRSA clinical 

isolates, to verify if intact and regenerated bark extracts have the same effect against MRSA and to determine the interaction 

between these extracts and antibiotics. 

 

2. Methodology  

2.1 Plant material and extract preparation 

The plant material was collected from the rural area of the city of Altinho, Northeast Brazil (08°35’13.5” S and 

36°05’34.6” W). This location is characterized by Caatinga scrub land, highly irregular rainfall, a hot, semi-arid climate (Bsh) 

and an average temperature exceeding 26 °C (R. M. S. De Araújo et al., 2012). A voucher specimen (48633) was deposited in 

Herbário Geraldo Mariz, Universidade Federal de Pernambuco (UFPE) and the plant was identified by Dra. Viviany Teixeira do 

Nascimento, Universidade do Estado da Bahia (UNEB). 

Intact and regenerated bark was collected from the same tree specimens, giving a total of 12 samples in order to rule 

out genetic interference. The bark was also taken from a similar region of the trunk so as to reduce environmental effects such 

as sunlight exposure and mechanical impact. 

The material was dried at an ambient temperature of 25 ± 2 ºC and ground in a Wiley cutting mill to obtain a 

granulometry of 20 Mesh. The powder was submitted to extraction using 80% methanol at the proportion of 1:20 (w/v) for 72 

hours and then filtered. The liquid extracts were evaporated in a rotary evaporator at 40 ± 2 °C under reduced pressure to obtain 

a dry solid extract.  

 

2.2 Antimicrobial activity 

2.2.1 Bacterial clinical strains 

The antibacterial activity of the Anadenanthera colubrina extracts was assessed against 10 methicillin-resistant 

Staphylococcus aureus (MRSA) clinical strains obtained from Clinical Hospital of Federal University of Pernambuco and 

preserved at the Laboratory of the Microbiology and Immunology (LMB) of the Academic Center of Vitória of the Federal 

University of Pernambuco (CAV/UFPE). These strains were previously identified as MRSA by the disc diffusion method with 

cefoxitin and oxacillin as drug reference, as well as by screening using MHA supplemented with 4% NaCl and 6 µg/mL of 

oxacillin according to Clinical and Laboratory Standards Institute guidelines (2020) (CLINICAL AND LABORATORY 

STANDARDS INSTITUTE (CLSI)., 2020) (LMB 01, LMB 02, LMB 03, LMB 04, LMB 05, LMB 06, LMB 07, LMB 08, LMB 

09 and LMB 10). Methicillin-resistant Staphylococcus aureus ATCC 33591 (MRSA) and methicillin-sensitive Staphylococcus 

aureus ATCC 29213 (MSSA) were used as controls. 

Antibacterial activity can be classified by MIC as: inactive (MIC > 1000 mg/L); weak activity (500 < MIC < 1000 

mg/L); moderate activity (100 < MIC < 500 mg/L) and good activity (MIC < 100 mg/L) (Akio Tanaka et al., 2005). 

 

http://dx.doi.org/10.33448/rsd-v10i6.15469
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2.2.2 Antibacterial activity 

The antibacterial activity of intact and regenerated bark extracts of A. colubrina and the antibiotics, ciprofloxacin (CIP) 

and erythromycin (ERY), was performed by the broth microdilution method according to Clinical and Laboratory Standards 

Institute guidelines (CLINICAL AND LABORATORY STANDARDS INSTITUTE (CLSI)., 2020). Initially, 96-well 

microlitres plates were filled with Müeller-Hinton broth (MHB) and then each extract or antibiotic were added to obtain different 

extract and CIP concentrations ranging from 0.5 to 250 mg/L and ERY concentrations ranging from 2 to 1024 mg/L. 

Subsequently, a bacterial suspension, suitably diluted to achieve a final concentration of 105 CFU/mL in each well, was added. 

The microplates were then incubated at 35 ± 2°C for 24 h. The minimum inhibitory concentration (MIC) was defined as the 

lowest concentration of the drug that causes complete inhibition by spectrophotometry (Ultrospec® 3000 pro – Amersham 

pharmacial biotech) at 630 nm. Minimum bactericidal concentration (MBC) was determined from the well where MIC results 

showed no bacterial growth, which was then seeded in Müeller-Hinton agar and incubated at 35 ± 2°C for 24 h. MBC was 

defined as the lowest concentration of the drug that resulted in > 99.9% decrease in the initial bacterial inoculum. All the 

experiments were performed in triplicate. 

 

2.2.3 In vitro interaction assay  

The in vitro interaction between A. colubrina extracts and antibiotics was performed by the checkerboard method 

(Sopirala et al., 2010). The clinical isolates used in this study were the five most resistant to ERY and CIP. Initially, the 96-well 

microplates were seeded by dispersing MHB into each well. Next, it was dispensed in the X-axis of the 96-well microdilution 

plates the serially diluted antibiotics (ERY or CIP) and in the Y-axis the testing extracts to obtain a final concentration equal to 

the MIC or dilutions lower than the MIC of the respective drugs. Finally, each plate received the adjusted bacterial suspension 

(105 CFU/mL) and they were then incubated at 35 ± 2°C for 24 h.  

The fractional inhibitory concentration index (FICI) was used to evaluate the interaction effect. FICI = (MIC A + B/MIC 

A) + (MIC B +A/MIC B), where: MIC A + B represents the MIC of drug A when combined with drug B. MIC B + A represents 

the MIC of drug B when combined with drug A. MIC A and MIC B represent the MICs of drugs A and B when tested alone, 

respectively. The interaction is considered synergic for FICI ≤ 0.5; additive (0.5 < FICI ≤ 1), indifferent (1 < FICI ≤ 2) and 

antagonistic (FICI > 2) (Cavalcanti et al., 2018). 

 

3. Results and Discussion  

3.1 Antibacterial activity 

All the A. colubrina extracts exhibited a bacteriostatic effect (MIC = 8 - 32 mg/L), but none showed bactericidal effect 

(MBC > 250 mg/L) against MRSA clinical strains (Table 1). The MIC values of A. colubrina extracts against MSSA ATCC 

29213 and MRSA ATCC 33591 were 8 and 32 mg/L, respectively. Based on the classification of antibacterial activity, the A. 

colubrina extracts exhibited good activity against MRSA. In addition, no difference in MIC values was found between extracts 

derived from intact or regenerated barks, suggesting that even after regeneration, the barks of this species have the same 

antibacterial activity (Table 1). Study of intact and regenerated bark about antibacterial activity can be valuable for the local 

population and the pharmaceutical industry by demonstrating whether regenerated bark has the same pharmacological effects, 

given that its metabolic composition may change following regrowth. If similar action of the bark is observed, this will confirm 

the species as a renewable resource for use in the manufacture of antibacterial medications. 

In studies with extracts of traditional medicinal plants from the Brazilian flora against MRSA strains, it was found that 

ethanol extracts of Punica granatum (Romãzeira) and Handroanthus impetiginosus (Ipê-roxo) exhibit MICs ranging from 125 

to 250 mg/L (Machado et al., 2003). Sousa (2019) studied the effect of A. colubrina gum and its derivatives against bacteria of 

http://dx.doi.org/10.33448/rsd-v10i6.15469
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the genus Staphylococcus. The best results were found for the derivate GAQ-B that exhibit bactericidal effect against S. 

epidermidis ATCC 12228, S. aureus ATCC 29213 and S. aureus MRSA 43300 (MIC = 62.5 mg/L, 250 mg/L and 250 mg/L, 

respectively). Thus, A. colubrina is a promising extract against MRSA strains due to the low dose presented (SOUSA, 2019). 

The literature reports the antimicrobial activity of Anadenanthera colubrina extracts against other microorganisms. The 

MIC of A. colubrina against Streptococcus mutans, Streptococcus oralis and Streptococcus parasanguis, was 50, 25 and 12.5 

mg/L, respectively (Rocha et al., 2013). These values proved to be similar to those found for MRSA, showing very promising 

antimicrobial potential of A. colubrina against a variety of microorganisms. 

Regarding the susceptibility of these isolates to erythromycin and ciprofloxacin, MIC values ranged from 64 to 1024 

mg/L for ERY and 4 to 32 mg/L for CIP. These same values were also found in the others studies (Macêdo et al., 2013; Segatore 

et al., 2012). 

It is important mention that, despite the proven antibacterial activity of A. colubrine, its effect against the MRSA was 

only bacteriostatic limiting its use in the treatment of infections caused by this microorganism. Thus, the interaction studies with 

antibacterial agents are an option to propose the use of this extract in therapy.  

http://dx.doi.org/10.33448/rsd-v10i6.15469
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Table 1. Antibacterial activity of Anadenanthera colubrina intact or regenerated bark extracts against MRSA clinical strains. 

MRSA 

clinical 

strains 

 Anadenanthera colubrina intact and regenerated bark extracts  

MIC/MBC (mg/L) 

ERY CIP A01 AR01 A03 AR03 A04 AR04 A06 AR06 A09 AR09 A11 AR11 

LMB 01 1024/˃1024 32/˃256 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 

LMB 02 1024/˃1024 32/˃256 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 

LMB 03 256/˃1024 4/8 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 

LMB 04 1024/˃1024 32/˃256 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 

LMB 05 256/˃1024 4/64 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 

LMB 06 128/˃1024 4/8 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 

LMB 07 1024/˃1024 32/˃256 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 8 / >250 

LMB 08 1024/˃1024 32/˃256 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 16 / >250 

LMB 09 64/˃1024 4/8 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 

LMB 10 128/˃1024 4/8 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 32 / >250 

   

 MIC: Minimal Inhibitory Concentration; MBC: Minimal Bactericidal Concentration; MRSA: methicillin-resistant Staphylococcus aureus; LMB: Laboratory of Microbiology and 

Immunology; ERY: erythromycin; CIP: ciprofloxacin; A: Anadenanthera colubrina intact extracts; AR: Anadenanthera colubrina regenerated extracts (Nascimento et al., 2021).

http://dx.doi.org/10.33448/rsd-v10i6.15469
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3.2 In vitro interaction assay 

The combination of the intact and regenerated A. colubrina bark extracts with ERY or CIP resulted in an additive effect 

for most of the isolates (FICI = 0.52), except for the combination of A03 and AR03 extracts with ERY and CIP, which produced 

a synergic effect against most of the MRSA isolates (FICI = 0.27) (Table 2), allowing that previously ineffective antibiotics can 

acting against these bacteria. 

Antibacterial therapy based on a combination of drugs has shown positive results in preventing the emergence of 

bacterial resistance and producing beneficial effects in the treatment of infections caused by bacteria. The interaction between 

antibiotics and bioactive plant extracts is a relatively recent concept and one which can yield beneficial effects such as synergistic 

or additive interaction (Albano et al., 2016; Gibbons, 2004; Manekeng et al., 2018). This strategy, utilization of plants and drugs 

in a technique that combines mono- or multi-extracts, is known as “herbal shotgun” or “synergistic multi-effect targeting”. This 

method is capable of interact with not only a single target but various targets, in which the different therapeutic components act 

together in a synergistic way (Matias et al., 2015). Comparatively, natural products can vary and have an antibacterial activity 

or resistance-modifying activity, when considering the existence of variabilities in polarity and secondary metabolites, which are 

related to affinities for biological action (Matias et al., 2015). The mechanisms by which the natural compounds can interfere 

with the growth of microorganisms are diverse and can be related to the chemical nature of some components. In consequence, 

phytochemicals can demonstrate a greater interaction with the lipid bilayer of the cell membrane, acting on the respiratory chain 

and energy production, or even make the cell more permeable to antibiotics, leading to the interruption of vital cellular activity 

(Menezes et al., 2015). Thus, the combination of antibiotics with A. colubrina bark extract can be an alternative to minimize the 

side effects of these antibiotics, since the association leads to a synergistic effect, significantly reducing the MIC of these drugs, 

decreasing the dose needed for therapeutic usage (Fernando G. Figueredo et al., 2013). 

Braga et al. (2005) assessed the interaction between Punica granatum and the antibiotics chloramphenicol, gentamicin, 

ampicillin, tetracycline and oxacillin against MSSA and MRSA clinical isolates. The combinations showed synergistic and 

indifferent effects (Braga et al., 2005). Silva et al. (2019) studied the antibacterial activity of the dichloromethane fraction 

(DCMF) from the stem bark of Mimosa caesalpiniifolia and its effect on the activity of conventional antibiotics against 

Staphylococcus aureus strains overexpressing specific efflux pump genes. They concluded that such compounds could be used 

as adjuvants of norfloxacin, ciprofloxacin or tetracycline for treatment of infections caused by S. aureus strains overexpressing 

efflux pumps (S. W. C. Silva et al., 2019).  

A possible action mechanism for natural compounds in antibiotic-resistant microorganisms is the interaction with efflux 

pumps, which are energy-dependent proteins that promote the elimination of antimicrobial agents into the extracellular 

environment faster than plasma membrane diffusion to aid bacterial resistance. In S. aureus, NorA, NorB, NorC and Tet38 are 

chromosome-encoded efflux pumps of which the overexpression can confer resistance to multiple drugs (MDR), quinolones and 

other compounds (Nor pumps) or tetracyclines (Tet38). Natural products such as silybin, terpinene, tannic acid, or polyphenols 

such as gallic and caffeic acids have been shown to inhibit NorA efflux in S. aureus and, thereby, restore sensitivity to antibiotics 

in MRSA (Fernando Gomes Figueredo et al., 2020). 

Thus, in our study, the combination of A. colubrina extracts with the antibiotics ERY and CIP substantially reduced 

the MIC of these drugs, increased their activity and also reduced the toxic effects of the antibiotics given that lower doses can 

be used. 

http://dx.doi.org/10.33448/rsd-v10i6.15469
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Table 2. In vitro interaction between Anadenanthera colubrina intact or regenerated extracts and antibiotics against MRSA clinical strains. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MIC: Minimal Inhibitory Concentration; FICI: fractional inhibitory concentration index; MRSA: methicillin-resistant Staphylococcus aureus; LMB: Laboratory of Microbiology and Immunology; ERY: 

erythromycin; CIP: ciprofloxacin; A: Anadenanthera colubrina intact extracts; AR: Anadenanthera colubrina regenerated extracts (Nascimento et al., 2021).

Antimicrobial 

agents/ 

Extract 

MRSA 

clinical 

strains 

MIC (mg/L) FICI Antimicrobial 

agents/ 

Extract 

MRSA 

clinical 

strains 

MIC (mg/L) FICI 

Combination 

Antibiotic/Extract 

Mean Interaction Combination 

Antibiotic/Extract 

Mean Interaction 

 

 

CIP/A03 

LMB 01 8/0.125 0.266 Synergistic  

 

ERY/A03 

LMB 01 256/0.125 0.266 Synergistic 

LMB 02 8/0.125 0.266 Synergistic LMB 02 512/0.125 0.516 Additive 

LMB 04 8/0.125 0.266 Synergistic LMB 04 256/0.125 0.266 Synergistic 

LMB 07 8/0.125 0.266 Synergistic LMB 07 256/0.125 0.266 Synergistic 

LMB 08 8/0.125 0.266 Synergistic LMB 08 256/0.125 0.266 Synergistic 

           

 

 

CIP/AR03 

LMB 01 16/0.125 0.516 Additive  

 

ERY/AR03 

LMB 01 512/0.125 0.516 Additive 
LMB 02 16/0.125 0.516 Additive LMB 02 512/0.125 0.516 Additive 
LMB 04 16/0.125 0.516 Additive LMB 04 512/0.125 0.516 Additive 
LMB 07 16/0.125 0.516 Additive LMB 07 512/0.125 0.516 Additive 
LMB 08 16/0.125 0.516 Additive LMB 08 512/0.125 0.516 Additive 

           

 

 

CIP/A04 

LMB 01 4/0.125 0.144 Synergistic  

 

ERY/A04 

LMB 01 256/0.125 0.266 Synergistic 

LMB 02 16/0.125 0.516 Additive LMB 02 512/0.125 0.516 Additive 
LMB 04 16/0.125 0.516 Additive LMB 04 512/0.125 0.516 Additive 
LMB 07 16/0.125 0.516 Additive LMB 07 512/0.125 0.516 Additive 
LMB 08 16/0.125 0.516 Additive LMB 08 512/0.125 0.516 Additive 

           

 

 

CIP/AR04 

LMB 01 16/0.125 0.516 Additive  

 

ERY/AR04 

LMB 01 512/0.125 0.516 Additive 
LMB 02 16/0.125 0.516 Additive LMB 02 512/0.125 0.516 Additive 
LMB 04 16/0.125 0.516 Additive LMB 04 512/0.125 0.516 Additive 
LMB 07 16/0.125 0.516 Additive LMB 07 512/0.125 0.516 Additive 
LMB 08 16/0.125 0.516 Additive LMB 08 512/0.125 0.516 Additive 
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4. Conclusion  

A. colubrina bark extracts exhibited bacteriostatic activity and a highly effective therapeutic option against MRSA. The 

intact and regenerated bark showed the same affect against MRSA reiterating that the process of bark regeneration of this plant 

had no negative impact on the antibacterial activity of the extract against MRSA. A. colubrina bark extracts potentiated the 

antibacterial activity of antibiotics against MRSA clinical isolates. Thus, the results suggest that A. colubrina intact and 

regenerated bark extracts offer potential as an antibacterial agent and may, in the future, be used alone or in combination with 

antibiotics for the treatment of infections caused by resistant microorganisms, especially MRSA. 

 

Acknowledgments  

The authors thank the Pernambuco Science and Technology Support Foundation (Fundação de Amparo a Ciência e 

Tecnologia de Pernambuco - FACEPE) (APQ-0814-4.03/17) for part of the financial support of this work. 

 

References  

Agra, M. F., Baracho, G. S., Nurit, K., Basílio, I. J. L. D., & Coelho, V. P. M. (2007). Medicinal and poisonous diversity of the flora of “Cariri Paraibano”, 

Brazil. Journal of Ethnopharmacology, 111(2), 383–395. 
 

Akio Tanaka, J. C., Da Silva, C. C., Dias Filho, B. P., Nakamura, C. V., De Carvalho, J. E., & Foglio, M. A. (2005). Constituintes químicos de Luehea divaricata 

Mart. (Tiliaceae). Quimica Nova, 28(5), 834–837. 
 

Albano, M., Alves, F. C. B., Andrade, B. F. M. T., Barbosa, L. N., Pereira, A. F. M., de Souza, M. de L. R., Rall, V. L. M., et al. (2016). Antibacterial and anti-

staphylococcal enterotoxin activities of phenolic compounds. Innovative Food Science & Emerging Technologies, 38, 83–90. Elsevier. 
 

Araújo, R. M. S. De, Ferreira, R. D. S., Napoleão, T. H., Carneiro-da-Cunha, M. D. G., Coelho, L. C. B. B., Correia, M. T. dos S., Oliva, M. L. V., et al. (2012). 

Crataeva tapia bark lectin is an affinity adsorbent and insecticidal agent. Plant Science, 183, 20–26. 
 

Araújo, T. A. de S., Alencar, N. L., Amorim, E. L. C. de, & Albuquerque, U. P. de. (2008). A new approach to study medicinal plants with tannins and flavonoids 

contents from the local knowledge. Journal of Ethnopharmacology, 120(1), 72–80. 
 

Araújo, T. A. de S., Almeida e Castro, V. T. N. de, Solon, L. G. da S., Silva, G. A. da, Almeida, M. G., Costa, J. G. M. da, Amorim, E. L. C. de, et al. (2015). 

Does rainfall affect the antioxidant capacity and production of phenolic compounds of an important medicinal species? Industrial Crops and Products, 76, 550–
556. 

 
Braga, L. C., Leite, A. A. M., Xavier, K. G. S., Takahashi, J. A., Bemquerer, M. P., Chartone-Souza, E., & Nascimento, A. M. A. (2005). Synergic interaction 

between pomegranate extract and antibiotics against Staphylococcus aureus. Canadian Journal of Microbiology, 51(7), 541–547. 

 
Cavalcanti, I. M. F., Menezes, T. G. C., Campos, L. A. de A., Ferraz, M. S., Maciel, M. A. V., Caetano, M. N. P., & Santos-Magalhães, N. S. (2018). Interaction 

study between vancomycin and liposomes containing natural compounds against methicillin-resistant staphylococcus aureus clinical isolates. Brazilian Journal 

of Pharmaceutical Sciences, 54(2). 
 

Clinical And Laboratory Standards Institute (CLSI). (2020). Performance Standards for Antimicrobial Susceptibility Testing. Clinical And Laboratory Standards 

Institute (CLSI). (30th ed.). Wayne, PA. 
 

Faria, N. A., Oliveira, D. C., Westh, H., Monnet, D. L., Larsen, A. R., Skov, R., & de Lencastre, H. (2005). Epidemiology of emerging methicillin-resistant 

Staphylococcus aureus (MRSA) in Denmark: a nationwide study in a country with low prevalence of MRSA infection. Journal of Clinical Microbiology, 43(4), 
1836–1842. Am Soc Microbiol. 

 

Figueredo, Fernando G., Ferreira, E. O., Lucena, B. F. F., Torres, C. M. G., Lucetti, D. L., Lucetti, E. C. P., Silva, J. M. F. L., et al. (2013). Modulation of the 
antibiotic activity by extracts from amburana cearensis A. C. Smith and anadenanthera macrocarpa (Benth.) Brenan. BioMed Research International, 2013. 

 

Figueredo, Fernando Gomes, Ramos, I. T. L., Paz, J. A., Silva, T. M. S., Câmara, C. A., de Morais Oliveira-Tintino, C. D., Tintino, S. R., et al. (2020). Effect 
of hydroxyamines derived from lapachol and norlachol against Staphylococcus aureus strains carrying the NorA efflux pump. Infection, Genetics and Evolution, 

84, 104370. Elsevier B.V. Retrieved from https://doi.org/10.1016/j.meegid.2020.104370 

 
Gibbons, S. (2004). Anti-staphylococcal plant natural products. Natural Product Reports, 21(2), 263–277. 

 

Hiramatsu, K. (2001). Vancomycin-resistant Staphylococcus aureus: A new model of antibiotic resistance. Lancet Infectious Diseases, 1(3), 147–155. 
 

Holetz, F. B., Pessini, G. L., Sanches, N. R., Cortez, A. G., Nakamura, C. V., Prado, B., & Filho, D. (2002). Screening of Some Plants Used in the Brazilian 

Folk Medicine for the Treatment of Infectious Diseases. Mem Inst Oswaldo Cruz, 97(October), 1027–1031. 
 

Jackson, C., Agboke, A., & Nwoke, V. (2009). In vitro evaluation of antimicrobial activity of combinations of nystatin and Euphorbia hirta leaf extract against 

Candida albicans by the checkerboard method. Journal of Medicinal Plants Research, 3(9), 666–669. 
 

Jandú, J. J. B., Silva, L. C. N., Silva, M. V, & Correia, M. T. S. (2015). Antimicrobial activity and synergistic effects of an ethyl acetate fraction from methanol 

http://dx.doi.org/10.33448/rsd-v10i6.15469


Research, Society and Development, v. 10, n. 6, e14210615469, 2021 

(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i6.15469 
 

 

10 

extract of Myracrodruon urundeuva bark. J of Medicinal Plants Research, 9, 641–646. 

 
Katalinic, V., Mozina, S. S., Generalic, I., Skroza, D., Ljubenkov, I., & Klancnik, A. (2013). Phenolic profile, antioxidant capacity, and antimicrobial activity of 

leaf extracts from six vitis vinifera L. Varieties. International Journal of Food Properties, 16(1), 45–60. 

 
Kluczynik, C. E. N., Souza, J. H. de, Palmeira, J. D., Ferreira, S. B., Antunes, R. M. P., Arruda, T. A. de, Morais, M. R., et al. (2010). Perfil de sensibilidade de 

Salmonella sp. de ambiente aquático a antimicrobianos comerciais e a extratos hidroalcoólicos de plantas medicinais. Rev. bras. anal. clin, 42(2), 141–144. 

 
Lima, A. R. N., Macedo, R. G., Batista, G. G., Câmara, G. B., Lima, R. de F., & Oliveira, T. K. B. de. (2020). Atividade antimicrobiana e anti-inflamatória da 

Anadenanthera colubrina (Vell.) Brenan. Research, Society and Development, 9(1), e121911770. Retrieved from http://dx.doi.org/10.33448/rsd-v9i1.1770 

 
Lima, R. D. F., Alves, É. P., Rosalen, P. L., Ruiz, A. L. T. G., Teixeira Duarte, M. C., Góes, V. F. F., De Medeiros, A. C. D., et al. (2014). Antimicrobial and 

antiproliferative potential of anadenanthera colubrina (Vell.) brenan. Evidence-based Complementary and Alternative Medicine, 2014. 

 
Macêdo, L., Fernandes, T., Silveira, L., Mesquita, A., Franchitti, A. A., & Ximenes, E. A. (2013). β-Lapachone activity in synergy with conventional 

antimicrobials against methicillin resistant Staphylococcus aureus strains. Phytomedicine, 21(1), 25–29. Elsevier GmbH. Retrieved from 

http://dx.doi.org/10.1016/j.phymed.2013.08.010 
 

Machado, T. B., Pinto, A. V., Pinto, M. C. F. R., Leal, I. C. R., Silva, M. G., Amaral, A. C. F., Kuster, R. M., et al. (2003). In vitro activity of Brazilian medicinal 

plants, naturally occurring naphthoquinones and their analogues, against methicillin-resistant Staphylococcus aureus. International Journal of Antimicrobial 
Agents, 21(3), 279–284. 

 

Mairi, A., Touati, A., & Lavigne, J. P. (2020). Methicillin-Resistant Staphylococcus aureus ST80 Clone: A systematic review. Toxins, 12(2), 119. 
Multidisciplinary Digital Publishing Institute. 

 

Manekeng, H. T., Mbaveng, A. T., Nguenang, G. S., Seukep, J. A., Wamba, B. E. N., Nayim, P., Yinkfu, N. R., et al. (2018). Anti-staphylococcal and antibiotic-
potentiating activities of seven Cameroonian edible plants against resistant phenotypes. Investigational Medicinal Chemistry and Pharmacology, 1(1). 

 

Marques, D. N., Almeida, A. S. de, Sousa, A. R. de O., Pereira, R., Andrade, A. L., Chaves, R. P., Carneiro, R. F., et al. (2018). Antibacterial activity of a new 
lectin isolated from the marine sponge Chondrilla caribensis. International Journal of Biological Macromolecules, 109, 1292–1301. Elsevier B.V. Retrieved 

from http://dx.doi.org/10.1016/j.ijbiomac.2017.11.140 

 
Matias, E. F. F., Alves, E. F., Silva, M. K. do N., Carvalho, V. R. de A., Medeiros, C. R., dos Santos, F. A. V., Bitu, V. de C. N., et al. (2015). Phytochemical 

characterization by HPLC and evaluation of antibacterial and aminoglycoside resistance-modifying activity of chloroform fractions of Cordia verbenacea DC 

leaf extracts. European Journal of Integrative Medicine, 7(3), 251–257. Elsevier GmbH. Retrieved from http://dx.doi.org/10.1016/j.eujim.2015.03.007 
 

Menezes, I. R. A., Santana, T. I., Varela, V. J. C., Saraiva, R. A., Matias, E. F. F., Boligon, A. A., Athayde, M. L., et al.  (2015). Chemical composition and 

evaluation of acute toxicological, antimicrobial and modulatory resistance of the extract of Murraya paniculata. Pharmaceutical Biology, 53(2), 185–191. 

 

Palmeira, J., Ferreira, S., Souza, J., Almeida, J., Pequeno, A., Figueiredo, M., Arruda, T., et al. (2010). Evaluation of the antimicrobial activity in vitro and 

determination of minimum the inhibitory concentration (MIC) of hidroalcoholicoc extracts of angico in strains Staphylococcus aureus. Brazilian Journal of 
Clinical Analyses, 42, 33–37. 

 
Pessoa, W. S., Estevão, L. R. de M., Simões, R. S., Mendonça, F. de S., Evêncio-Luz, L., Baratella-Evêncio, L., Florencio-Silva, R., et al. (2015). Fibrogenesis 

and epithelial coating of skin wounds in rats treated with angico extract (Anadenanthera colubrina var. cebil). Acta cirurgica brasileira, 30(5), 353–358. SciELO 

Brasil. 
 

Rocha, E. A. L. de S. S., de Carvalho, A. V. O. R., de Andrade, S. R. A., de Medeiros, A. C. D., Trovão, D. M. de B. M., & Costa, E. M. M. de B. (2013). 

Potencial antimicrobiano de seis plantas do semiárido paraibano contra bactérias relacionadas à infecção endodôntica. Revista de Ciencias Farmaceuticas Basica 
e Aplicada, 34(3), 351–355. 

 

Santos, J. S., Marinho, R. R., Ekundi-Valentim, E., Rodrigues, L., Yamamoto, M. H., Teixeira, S. A., Muscara, M. N., et al. (2013). Beneficial effects of 
Anadenanthera colubrina (Vell.) Brenan extract on the inflammatory and nociceptive responses in rodent models. Journal of ethnopharmacology, 148(1), 218–

222. Elsevier. 

 
Segatore, B., Bellio, P., Setacci, D., Brisdelli, F., Piovano, M., Garbarino, J. A., Nicoletti, M., et al. (2012). In vitro interaction of usnic acid in combination with 

antimicrobial agents against methicillin-resistant Staphylococcus aureus clinical isolates determined by FICI and Δe model methods. Phytomedicine, 19(3–4), 

341–347. Elsevier GmbH. Retrieved from http://dx.doi.org/10.1016/j.phymed.2011.10.012 
 

Silva, J. L. da, Mesquita, A. R. C., & Ximenes, E. A. (2009). In vitro synergic effect of β-lapachone and isoniazid on the growth of Mycobacterium fortuitum 

and Mycobacterium smegmatis. Memorias do Instituto Oswaldo Cruz, 104(4), 580–582. 
 

Silva, S. W. C., Monção, N. B. N., Araújo, B. Q., Arcanjo, D. D. R., Ferreira, J. H. L., Lima Neto, J. S., Citó, A. M. G. L., et al. (2019). Antimicrobial activity 

of Mimosa caesalpiniifolia Benth and its interaction with antibiotics against Staphylococcus aureus strains overexpressing efflux pump genes. Letters in Applied 
Microbiology, 69(1), 57–63. 

 

SOUSA, A. K. A. de. (2019). Quaternização Da Goma Do Angico (Anadenanthera Colubrina Var. Cebil (GRISEB.) ALTSCHUL: avaliação da atividade 
antimicrobiana. 

 

Vieira Pereira, A., Santana, G. M., Góis, M. B., & Sant ’ana, D. M. G. (2015). Tannins obtained from medicinal plants extracts against pathogens: antimicrobial 
potential. Formatex, 1(December), 228–235. 

 

Weber, C. R., Soares, C. M. L., Lopes, A. B. . D., Silva, T. S., Nascimento, M. S., & Ximenes, E. C. P. A. (2011). Anadenanthera colubrina : A therapeutic 
potential study. Rev. Bras. Farm., 92(4), 235–244. 

 

http://dx.doi.org/10.33448/rsd-v10i6.15469

