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SHORT COMMUNICATION

Enhancement of the antibiotic activity of aminoglycosides by extracts from
Anadenanthera colubrine (Vell.) Brenan var. cebil against multi-drug
resistant bacteria

Humberto M. Barreto?, Kivia M.R.N. Coelho?, Josie H.L. Ferreira®, Bernadete H.C. dos Santos®,
Aislan P.L. de Abreu®, Henrique D.M. Coutinho®*, Romezio A.C. da Silva®,
Taciana O. de Sousa®, Antonia M. das G.L. Cit6° and José A.D. Lopes®

“Laboratory of Research in Microbiology, Federal University of Piaui, Teresina, PI, Brazil; "Laboratory of
Clinical Microbiology, Federal University of Paraiba, Jodo Pessoa, PB, Brazil; “Laboratory of
Microbiology, Faculty of Higher Education of Floriano, Floriano, Pl, Brazil; “Laboratory of Microbiology
and Molecular Biology, Department of Biological Chemistry, Regional University of Cariri, Crato, CE,
Brazil; ‘Laboratory of Natural Products, Federal University of Piaui, Teresina, PI, Brazil
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The aim of this work was to evaluate the antimicrobial activity of ethanol (EEAC) and
hexane (HFAC) extracts from the stem bark of Anadenanthera colubrina (Vell.)
Brenan var. cebil alone or in combination with aminoglycosides against multi-drug
resistant (MDR) bacteria. Minimal inhibitory concentrations (MICs) of the extracts
were determined by using microdilution assay. For the evaluation of extracts as
modulators of antibiotic resistance, MICs of neomycin and amikacin were determined
in presence or absence of each compound at sub-inhibitory concentrations. Both EEAC
and HFAC did not show antimicrobial activity against MDR strains tested. However,
the addition of EEAC and HFAC enhanced the activity of neomycin and amikacin
against Staphylococcus aureus SA10 strain. When the natural products were replaced
by chlorpromazine, the same effect was observed. Anadenanthera colubrine var. cebil
may be a source of phytochemicals able to potentiate the aminoglycoside activity
against MDR S. aureus by the inhibition of efflux pump.

Keywords: Anadenanthera colubrina var. cebil; Staphylococcus aureus; Escherichia
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1. Introduction

Infectious diseases caused by multi-drug resistant (MDR)bacteria remains as an important
problem of public health worldwide (Kali et al. 2013). Because of this troubling scenario, several
researches have been performed aiming to obtain new compounds actives against MDR strains
(Kumar & Chopra 2013). Alternatively, synthetic or natural compounds have been tested for its
ability to reverse the bacterial resistance to traditionally used antibiotics (Kristiansen et al.
2010).

Anadenanthera colubrina (Vell.) Brenan var. cebil (Fabaceae) is a tree known locally as
‘angico’, which is common in semi-arid regions of Brazil and other countries, including
Argentina, Bolivia and Paraguay. In northeastern Brazil, the stem bark from this plant has been
used for preparation of teas, infusions, decocts, dyeing and syrups for treatment of various
diseases, including coughs and bronquitis (Pessoa et al. 2012).

Aminoglycosides are bactericide antibiotics which bind in the ribosomal subunit 308,
causing the synthesis of anomalous proteins, which insert on plasma membrane increasing its
permeability (Mingeot-Leclercq et al. 1999). Resistance to aminoglycosides mediated by
membrane proteins able to pump antibiotic molecules from cytoplasm to extracellular medium
has been verified (Tintino et al. 2013). The aim of this study was to investigate antimicrobial
activity of the ethanol (EEAC) and hexane (HFAC) extracts obtained from stem bark of
A. colubrina, as well as investigate the modulatory activity on aminoglycoside resistance against
MDR strains.

2. Results and discussion

The antibacterial activity of the EEAC and HFAC extracts was tested by micro-dilution method
against Staphylococcus aureus and Escherichia coli strains. The MICs for these extracts tested
against both Gram-positive and Gram-negative strains were = 1024 pg/mL. These results show
that the natural products did not have direct inhibitory activity at clinically relevant
concentrations tested (Tanaka et al. 2005).

A reduction in the MIC for neomycin (from 625 to 312.5 pg/mL) was verified against the
strain SA10 when EEAC or HFAC were added to the growth medium at sub-inhibitory
concentration (Figures S1 and S2). For amikacin, the MIC was decreased from 442 to 98.4 ng/
mL. Decrease in the MICs of aminoglycosides tested were also verified when the natural
products were replaced by chlorpromazine (CPZ) (Figures S1 and S2).

Aminoglycosides are often used in association with antibiotic inhibitors of peptidoglycan
synthesis in treatment of Gram-positive infections, once these agents are able to increase uptake
of aminoglycosides into the bacterial cell (Bliziotis et al. 2005). Modulation of aminoglycoside
resistance has already verified for other medicinal plants (Coutinho et al. 2009; Matias et al.
2011; Veras et al. 2012). However, this is the first time that natural products obtained from
Anadenanthera colubrine var. cebil stem bark is described as enhancers of aminoglycoside
activity against a methicillin resistant S. aureus strain. Bactericide effect of aminoglycosides is
dependent of an effective transport through the plasma membrane, once its molecular targets are
located in the bacterial cytoplasm (Gries et al. 2013).

Through phytochemical prospecting of the HFAC it was possible to determine the presence
of diverse classes of secondary metabolites, as described in Pessoa et al. (2012).
Pentacyclictriterpenes are amphiphilic compounds, able to form complex with proteins and
phospholipids of the plasma membrane, changing its permeability or leading to its disruption.
The combined use of pentacyclictriterpenoids which damage the cell membrane with antibiotics
inhibitors of peptidoglycan biosynthesis (vancomycin and methicillin) have resulted in a
synergistic effect against S. aureus (Chung et al. 2011). With regard to the modulatory effect
found in this study, it could be attributed to an interaction of the lipophilic components of HFAC
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with the plasma membrane, increasing the uptake of neomycin and amikacin molecules.
Furthermore, this interaction could inhibit efflux systems dependent of proton-motive force, as
S. aureus LmrS protein (Floyd et al. 2010), increasing the intracellular concentration of
aminoglycosides, as verified when EEAC and HFAC were replaced by CPZ, an inhibitor of
bacterial efflux systems (Schindler et al. 2013). This result suggests the presence of
aminoglycoside resistance mediated by efflux pump in the SA10 strain, which may be inhibited
by phytochemicals present in the natural products tested.

The extracts were not able to reduce the MICs for neomycin and amikacin against the MDR
strain E. coli EC13. Gram-negative bacteria as E. coli have a lipopolysaccharide rich outer
membrane, which confer a hydrophilic character to its surface, acting to a very effective barrier
for spontaneous diffusion of lipophilic compounds (Nikaido 2003).

3. Conclusion

A. colubrine var. cebil extracts EEAC and its nonpolar fraction HFAC were able to potentiate the
activity of neomycin and amikacin against MDRs strains of S. aureus in vitro. This plant could
be a source of secondary metabolites for use in association with neomycin and amikacin in the
antibiotic chemotherapy of infections caused by MDR strains of S. aureus.

Supplementary material

Supplementary material relating to this paper is available online at http://dx.doi.org/10.1080/
14786419.2015.1049177.

Disclosure statement
No potential conflict of interest was reported by the authors.

References

Bliziotis IA, Samonis G, Vardakas KZ, Chrysanthopoulou S, Falagas ME. 2005. Effect of aminoglycoside and 3-lactam
combination therapy versus 3-lactam monotherapy on the emergence of antimicrobial resistance: a meta-analysis
of randomized, controlled trials. Clin Infect Dis. 41:149—158. doi:10.1086/430912.

Chung PY, Navaratnam P, Chung LY. 2011. Synergistic antimicrobial activity between pentacyclic triterpenoids and
antibiotics against Staphylococcus aureus strains. Ann Clin Microbiol Antimicrob. 10:1-6. doi:10.1186/1476-
0711-10-25.

Coutinho HDM, Vasconcellos A, Lima MA, Almeida-Filho GG, Alves RRN. 2009. Termite usage associated with
antibiotic therapy: enhancement of aminoglycoside antibiotic activity by natural products of Nasutitermes
corniger (Motschulsky, 1855). BMC CAM. 9:1-4.

Floyd JL, Smith KP, Kumar SH, Floyd JT, Varela MF. 2010. LmrS is a multidrug efflux pump of the major facilitator
superfamily from Staphylococcus aureus. Antimicrob Agents Chemother. 54:5406—5412. doi:10.1128/AAC.
00580-10.

Gries CM, Bose JL, Nuxoll AS, Fey PD, Bayles KW. 2013. The Ktr potassium transport system in Staphylococcus aureus
and its role in cell physiology, antimicrobial resistance and pathogenesis. Mol Microbiol. 89:760—773. doi:10.
1111/mmi.12312.

Kali A, Stephen S, Umadevi S, Kumar S, Joseph NM, Srirangaraj S. 2013. Changing trends in resistance pattern of
methicillin resistant Staphylococcus aureus. J Clin Diagn Res. 7:1979-1982.

Kristiansen JE, Thomsen VF, Martins A, Viveiros M, Amaral L. 2010. Non-antibiotics reverse resistance of bacteria to
antibiotics. In Vivo. 24:751-754.

Kumar K, Chopra S. 2013. New drugs for methicillin-resistant Staphylococcus aureus: an update. J Antimicrob
Chemother. 68:1465—-1470. doi:10.1093/jac/dkt045.

Matias EFF, Santos KKA, Almeida TS, Costa JGM, Coutinho HDM. 2011. Phytochemical prospection and modulation
of aminoglycoside antibiotic activity by Croton campestris A. Chemotherapy. 57:305-309. doi:10.1159/
000328975.


http://dx.doi.org/10.1080/14786419.2015.1049177
http://dx.doi.org/10.1080/14786419.2015.1049177
http://dx.doi.org/10.1086/430912
http://dx.doi.org/10.1186/1476-0711-10-25
http://dx.doi.org/10.1186/1476-0711-10-25
http://dx.doi.org/10.1128/AAC.00580-10
http://dx.doi.org/10.1128/AAC.00580-10
http://dx.doi.org/10.1111/mmi.12312
http://dx.doi.org/10.1111/mmi.12312
http://dx.doi.org/10.1093/jac/dkt045
http://dx.doi.org/10.1159/000328975
http://dx.doi.org/10.1159/000328975

Downloaded by [Henrique D.M. Coutinho] at 20:29 07 May 2016

1292 H.M. Barreto et al.

Mingeot-Leclercq MP, Glupczynsky Y, Tulkens PM. 1999. Aminoglycosides: activity and resistance. Antimicrob
Agents Chemother. 43:727-737.

Nikaido H. 2003. Molecular basis of bacterial outer membrane permeability revisited. Microbiol Mol Biol Rev.
67:593-656. doi:10.1128/MMBR.67.4.593-656.2003.

Pessoa WS, Estevao LRM, Simdes RS, Barros ME, Mendonga Fde S, Baratella-Evéncio L, Evéncio-Neto J. 2012. Effects
of angico extract (Anadenanthera colubrina var. cebil) in cutaneous wound healing in rats. Acta Cir Bras.
27:655-670. doi:10.1590/S0102-86502012001000001.

Schindler BD, Jacinto P, Kaatz GW. 2013. Inhibition of drug efflux pumps in Staphylococcus aureus: current status of
potentiating existing antibiotics. Future Microbiol. 8:491-507. doi:10.2217/fmb.13.16.

Tanaka JCA, Silva CC, Dias Filho BP, Nakamura CV, Carvalho JE, Foglio MA. 2005. Constituintes quimicos de Luehea
divaricata Mart. (Tiliaceae). Quim Nova. 28:834-837. doi:10.1590/S0100-40422005000500020.

Tintino SR, Da Cunha FAB, Dos Santos KKA, Guedes GMM, Sobral-Souza CE, Matias EFF, Morais-Braga MFB,
Andrade JC, Costa JGM, Freitas MA, Coutinho HDM. 2013. Atividade moduladora de extratos etanolico e
hexanico de raiz de Costus cf. arabicus sobre drogas antimicrobianas. R Bras Bioci. 11:157-162.

Veras HNH, Rodrigues FFG, Colares AV, Menezes IRA, Coutinho HDM, Botelho MA, Costa JGM. 2012. Synergistic
antibiotic activity of volatile compounds from the essential oil of Lippia sidoides and thymol. Fitoterapia.
83:508-512. doi:10.1016/j.fitote.2011.12.024.


http://dx.doi.org/10.1128/MMBR.67.4.593-656.2003
http://dx.doi.org/10.1590/S0102-86502012001000001
http://dx.doi.org/10.2217/fmb.13.16
http://dx.doi.org/10.1590/S0100-40422005000500020
http://dx.doi.org/10.1016/j.fitote.2011.12.024

	Abstract
	Abstract
	1. Introduction
	2. Results and discussion
	3. Conclusion
	Supplementary material
	Disclosure statement
	References



