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Abstract

potential to work in synergy with existing antibiotics.

The emergence of multidrug resistance among bacteria is a burning issue nowadays, and demanded for the
discovery of the potential chemicals to deal with that resistance problem. Among several mechanisms of acquiring
resistance, the over-expression of efflux pumps is very important. Efflux pumps can efflux out a large number of
structurally unrelated drugs making them ineffective, which illustrates the importance of efflux pump inhibitors. Here
we review the literature on efflux pump inhibitors (EPIs) from the plant sources, which will help to regain the activity
of the existing antibiotics. The discovery of the new classes of natural EPls demands further studies to explore their

Keywords: Sa/monella typhi Efflux pump; EPIs; Multidrug
resistance
Introduction

On the global scale, infections that are caused by Salmonella are
gaining importance due to their significant socio-economic impact. It
has been reported that each year 3 billion human infections are caused
by Salmonella worldwide. Salmonella Typhi and Paratyphi, are
causative agents of enteric fever [1]. According to the survey of World
Health Organization (WHO), 21.7 million illnesses are due to typhoid
fever annually and it is the fourth largest cause of deaths in Pakistan
[2]. Salmonella Typhi and Paratyphi are transmitted by fecal-oral
route in humans and do not have any environmental or animal
adaptation [3].

We have been fortunate enough to be living through "The Golden
Age of Antibiotics” from the mid 1940's until relatively recently.
During this period, we were capable of controlling the causative agents
of major infections, a period which revolutionized the history of
medicine and saved countless lives. But due to the emergence of
antibiotic resistance, now there is an end of this golden age [4].
Antibiotic resistance emerged soon after the introduction of first
antibiotic by Sir Alexander Fleming in 1945 [5]. The first antibiotic
resistant strain of Salmonella Typhi was emerged in 1950’s while
multidrug resistance isolates were emerged in the 1980’s which were
resistant to all first line antibiotics [6,7].

There are several means by which bacteria become resistance to
antibiotics. They can take foreign genes for resistance by conjugation,
transformation or transduction (Figure 1). They can also become
resistant by induced or spontaneous genetic mutations. Many resistant
genes are present on the plasmids so they can easily transfer between
and across the species. When organisms are exposed to antibiotics, the
resistant ones are naturally selected, so in this way resistant spread
readily through a bacterial ecosystem [8].
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Figure 1: Mechanisms of acquiring resistance, Modified from [9].

Antibiotic resistant bacteria are becoming problematic as they are
more fatal than wild type and have less prognostic and predictive
value. Use of antibiotics for a prolonged time also kill the normal
microflora of the body due to which severity of infection is enhanced
[10].

Microorganisms resist to microorganisms by various ways which
include: 1- Modification or inactivation of drugs, 2- alteration of drug
target site, 3- alteration of metabolic path and efflux of antibiotic from
the bacterial cells (Figure 2) [11].

With the advent of unique resistant patterns, drug resistant bacteria
continue to worsen globally and existing antibiotics are now not so
effective and we are moving towards the "pre-antibiotic era". To cope
with the current situation of antimicrobials resistance, new and novel
approaches and strategies need to be worked out.
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Antibiotic efflux in bacteria was reported first time in the late
1970's. There are approximately 350 transporter proteins that are
identified in Sa/monella [12]. Efflux pumps consist of proteins that
acquire different conformations in order to expel foreign killers from
the cells. These pumps located in the cytoplasm and span from outer
cell membrane to the cytoplasm in Gram-positive bacteria while in
Gram-negative bacteria they have to pass an additional layer of
periplasm [13].

Drug efflux pumps of bacteria have been characterized into five
classes as: resistance nodulation division superfamily (RND) [14], ATP
binding cassette superfamily (ABC) [15], major facilitator superfamily
(MFS) [16], Multidrug and toxic extrusion family (MATE) [17] and
Small multidrug resistance family (SMR) [18].

Existing literature suggest that efflux pumps have significant role in
development of antimicrobials resistance in bacteria, so there is a need
to understand their physiology to reveal the interesting perspectives
for the development of their inhibitors that can be used in
combination therapy along with existing antibiotics.

Herbal medicines continue to play a key role to solve health
problems worldwide, especially in the developing countries where
medicinal plants have long and unceasing history of use [19]. The use
of medicinal plants for health care management is very attractive

because they are cheap, locally available and effective. The bacteria
required at least a decade to acquire resistance against them [20].

A wide variety of secondary metabolites of therapeutic value have
been produced by plants. In the world, only 5-10% of all known plants
species have been investigated chemically. By adequately exploring this
vastly untapped resource, the probability of novel chemotherapeutic
compounds could be increased [21].

While the plant extracts are routinely used as direct antibacterial
compounds, using these compounds in synergy with existing
antibiotics is more promising as it recycles old and cheaper antibiotics
that are not in use due to resistance [22]. These compounds play with
the mechanisms of resistance rendering these strategies of bacteria
ineffective.

One approach to deal with resistance is to block the efflux pumps by
efflux pump inhibitors (EPIs) derived from plant source. The EPI
strategy is aimed to block the efflux pumps so that concentration of
antibiotics increased in the bacterial cells and they can easily access to
their target site [23]. This approach increases the therapeutic effect of
conventional drugs even at low concentration. As the EPIs exert no
pressure directly on the bacterial cells, this could reduce the emergence
and spread of resistance [24].
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A number of researchers have found that indeed plant metabolites
can enhance the activity of antibiotics (Table 1) [25-27]. The
compounds that have activity against resistant bacteria are variably
been termed as modulating, resistance modifying or reversal agents.

To enhance the activity of antibiotics, different medicinal plants
have been used in synergy with antibiotics. For example when
fluoroquinolones are administered in combination with oregano
essential oil, the activity of drugs against extended-spectrum beta-
lactamase producing E. coli is enhanced [37]. Similarly, synergistic
action of terpenoids derived from plants and antibiotics have been
reported [38,39]. In another combinational strategy, flavonoids
derived from plants and antibiotics were applied against multidrug
resistant isolates of Klebsiella pneumonia [40]. Moreover, it has been

found that action of cefotaxime can be enhanced by the aqueous
extract of Terminalia chebula [41] and gallotannin extracted from
Terminalia chebula has potential to inhibit efflux pumps of multidrug
resistance Escherichia coli [42].

Such studies are very important to combat the problem of
multidrug resistance developed by infectious pathogens, and for the
re-introduction of existing antibiotics into clinical utility. There are
only a limited number of research groups working on identifying
inhibitors of efflux pumps from natural sources. Time and cost for
identifying EPI is another issue, however, chemical diversity of plants
have make them attractive option as a source of efflux pump
inhibitors.

Efflux pump Plant name Structure Reference
inhibitor
Reserpine Rauwolfia vomitoria [28]
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Table 1: List of efflux pump inhibitors from plant sources

Conclusion

Multidrug resistance due to the over-expression of efflux pumps is 1.
an upcoming clinical issue, rendering many of the existing antibiotics
ineffective. To combat this MDR problem there is an urgent need for 2.
new antibiotics with novel modes of action. One promising approach
is to explore phytochemicals that can interfere with the bacterial efflux 3.
pumps. Currently, no EPI from natural sources is in the clinical utility

that can act effectively in synergy with antibiotics; however, extensive 4
research is on-going to identify these useful chemicals. s
Acknowledgements 6.

We are thankful to the National Institute for Biotechnology and
Genetic Engineering for the technical support.

References

Tran T (2008) Antimicrobial Drug Resistance of Salmonella Typhi in
Asia. Int ] Infect Dis 12: €120.

Harish BN, Menezes GA (2011) Antimicrobial resistance in typhoidal
salmonellae. Indian ] Med Microbiol 29: 223-229.

Crump JA, Mintz ED (2010) Global trends in typhoid and paratyphoid
Fever. Clin Infect Dis 50: 241-246.

Wainwright M (1990) Miracle cure: The story of penicillin and the
golden age of antibiotics (1stedn.) Blackwell Oxford, UK.

Alanis AJ (2005) Resistance to antibiotics: are we in the post-antibiotic
era? Arch Med Res 36: 697-705.

Wain J, Kidgell C (2004) The emergence of multidrug resistance to
antimicrobial agents for the treatment of typhoid fever. Trans R Soc Trop
Med Hyg 98: 423-430.

J Infect Dis Ther
ISSN:2332-0877 JIDT, an open access journal

Volume 3 « Issue 2 « 1000213


http://www.ncbi.nlm.nih.gov/pubmed/21860101
http://www.ncbi.nlm.nih.gov/pubmed/21860101
http://www.ncbi.nlm.nih.gov/pubmed/20014951
http://www.ncbi.nlm.nih.gov/pubmed/20014951
http://www.ncbi.nlm.nih.gov/pubmed/16216651
http://www.ncbi.nlm.nih.gov/pubmed/16216651
http://www.ncbi.nlm.nih.gov/pubmed/15138079
http://www.ncbi.nlm.nih.gov/pubmed/15138079
http://www.ncbi.nlm.nih.gov/pubmed/15138079

Citation:

213. doi:10.4172/2332-0877.1000213

Sana M, Jameel H, Rahman M (2015) Miracle Remedy: Inhibition of Bacterial Efflux Pumps by Natural Products. J Infect Dis Ther 3:

Page 6 of 6

7. Chau TT, et al. (2007) Antimicrobial drug resistance of Salmonella ~ 28. poisson J, Le Hir A, Goutarel R, Janot MM (1954) Isolation of reserpine
enterica serovar Typhi in Asia and molecular mechanism of reduced from roots of Rauwolfia vomitoria Afz. C R Hebd Seances Acad Sci 238:
susceptibility to the fluoroquinolones. Antimicrob Agents Chemother 51: 1607-1609.

4315-4323. 29. Lee YS, Jang KA, Cha JD (2012) Synergistic antibacterial effect between

8. Zainuddin ZF, Dale JW (1990) Does Mycobacterium tuberculosis have silibinin and antibiotics in oral bacteria. ] Biomed Biotechnol 2012:
plasmids? Tubercle 71: 43-49. 618081.

9. Alekshun MN, Levy SB (2007) Molecular mechanisms of antibacterial ~30. Liu KC, Yang SL, Roberts MF, Elford BC, Phillipson JD (1992)
multidrug resistance. Cell 128: 1037-1050. Antimalarial activity of Artemisia annua flavonoids from whole plants

10. Helms M, Simonsen J, Molbak K (2004) Quinolone resistance is and cell cultures. Plant Cell Rep 11: 637-640.
associated with increased risk of invasive illness or death during infection =~ 31. Dey D, Debnath S, Hazra S, Ghosh S, Ray R, Hazra B (2012)
with Salmonella serotype Typhimurium. ] Infect Dis 190: 1652-1654. Pomegranate pericarp extract enhances the antibacterial activity of

11. Levy SB, Marshall B (2004) Antibacterial resistance worldwide: causes, ciprofloxacin against extended-spectrum 8- lactamase (ESBL) and
challenges and responses. Nat Med 10: $122-129. metallo-f3-lactamase  (MBL) producing Gram-negative bacilli. Food

12. Nishino K, Latifi T, Groisman EA (2006) Virulence and drug resistance Chem. Toxicol. 50: 4302-4309.
roles of multidrug efflux systems of Salmonella enterica serovar 32. Belofsky G, Carreno R, Lewis K, Ball A, Casadei G, et al. (2006)
Typhimurium. Mol Microbiol 59: 126-141. Metabolites of the “smoke tree”, Dalea spinosa, potentiate antibiotic

13. Borges-Walmsley MI, McKeegan KS, Walmsley AR (2003) Structure and activity against multidrug-resistant Staphylococcus aureus. ] Nat Prod 69:
function of efflux pumps that confer resistance to drugs. Biochem J 376: 261-264.

313-338. 33. Pereda-Miranda R, Kaatz G W, Gibbons S (2006) Polyacylated

14. Nikaido H, Takatsuka Y (2009) Mechanisms of RND multidrug efflux oligosaccharides from medicinal mexican morning glory species as
pumps. Biochim Biophys Acta 1794: 769-781. antibacterials and inhibitors of multidrug resistance in Staphylococcus

15. Lubelski J, Konings WN, Driessen AJ (2007) Distribution and physiology aul.‘.eus. J Nat l?rod 69: 406-409. )
of ABC-type transporters contributing to multidrug resistance in 34. Fujita M, Shiota _S’ Kuroda T, .Hata.mo T, YOShldVT’ et al. .(200_5 )
bacteria. Microbiol Mol Biol Rev 71: 463-476. Remarkable synergies between .bfll?alem.and tetracycline, and baicalein

16. Pao SS, Paulsen IT, Saier MH Jr (1998) Major facilitator superfamily. and f$-lactams against methicillin-resistant Staphylococcus aureus.

) Microb)iol Mol Biol i{ev 62: 134 Microbiol Immunol 49: 391-396.

17. Kuroda T, Tsuchiya T (2009) Multidrug efflux transporters in the MATE 35. Khan I4, M1rza M, Kumar A, Yerma v, Qam GI.\I (2006) Piperine, a

family. Biochim Biophys Acta 1794: 763768 phytochemical potentiator of ciprofloxacin against Staphylococcus
i I};-L Yane NM S}', MH (2'001) Th .d /metabolite ¢ . aureus. Antimicrob Agents Chemother 50: 810-812.

18. Eli)erfar;lil;nl;gur I éio?:l}zm 26E§I'r3620—3639e rugfmetabotiie transporter 36. Ahmad A, Khan KA, Ahmad VU, Qazi S (1986) Antibacterial activity of

19. Koduru S, Grierson D, Afolayan A (2007) Ethnobotanical information of juliflorine isolated from Prosopis juliflora. Planta Med : 285-288.

: - . 37. Si H, Hu J, Liu Z, Zeng Z L (2008) Antibacterial effect of oregano
medicinal plants used for treatment of cancer in the Eastern Cape L ) L . . .

Province. South Africa. Curr Sci 92: 906 essential oil alone and in combination with antibiotics against extended-

> T U o o spectrum beta-lactamase-producing Escherichia coli. FEMS Immunol

20. Voravuthikunchai S, Kitpipit L (2005) Activity of medicinal plant Med Microbiol 53: 190-194
extracts agalnsF hospltal isolates of methicillin-resistant Staphylococcus 38, Alimirzace P, Gohari A, Hajiaghaee R, Mirzace S, Jamalifar H, et al.
aureus. Clin Microbiol Infec 11: 510-512. J1ag

] ) . . . (2009) 1-methyl malate from Berberis integerrima fruits enhances the

21. ;g%‘ég;‘nsgu JNj Chlffurllffe.ra K, Kzf_n%mll(}’ IR) tW;Ight ¢D> K";‘_lgl Gl\g antibacterial activity of ampicillin against Staphylococcus aureus.

creening o rican medicinal plants for antimicrobial an Phytother Res 23: 797-800.
inhibi ivity. ] Ethnoph 1 80: 25-35.
;nzymzms 1b1t0‘ry ;clt{lv;y J knop Snfaa,) ?? 20032 Multid 39. Shahverdi AR, Rafii F, Tavassoli F, Bagheri M, Attar F, et al. (2004)

22. : e}%%i » Stermitz FR, omolzsbfya ’t iWIS f( ) )t u ttl. rug PI;J_H;P Piperitone from Mentha longifolia var. chorodictya Rech F. reduces the
gl tl 1ors b chozerchremi}rl a 42 3?; ;V;I)ZH ob plant  antimicrobials. nitrofurantoin resistance of strains of enterobacteriaceae. Phytother Res

ntimicrob Agents Chemother 46: - . 18:911-914.

23. L;)n;gvskaya O’, B}?t}an K,A (1120016,) P ractl;a'l apf l1cat101r.15dand fegmb}l‘hty 40. Ozcelik B, Orhan D D, Ozgen S, and Ergun F (2008) Antimicrobial

;he ux p1u;r11p91i10 19 itsors in the clinic--a vision for applied use. Biochem activity of flavonoids against extended-spectrum f3-lactamase (ESL)-
armacol 71: 910-918. . . .
. ) producing Klebsiella pneumoniae. Trop ] Pharm Res 7(4): 1151-1157.

24. Kaaté GW (200,2) Inhlt,)ltl,on %f liacterlal efﬂux pum%s: 2 nevc\; s.tratggy o 4. Deepak S, Kamat S, and Kamat D (2010) Effect of aqueous extract of
combat increasing antimicrobial agent resistance. Expert Opin Emerg Terminalia chebula on metallo beta lactamase. Int ] Pharm Pharm Sci
Drugs 7: 2.23_233. . . . . 2(4): 172-175.

25. Olugat}lyl M, I.<a.atz G\fN’RG lbbogs S (Zoﬁﬁ).Ari_nbacl;[inal a}?d ljesmtance. 42. Bag A, and Chattopadhyay R R (2014) Efflux-pump inhibitory activity of
modifying activity of Rosmarinus officinalis. ytochemistry  65: a gallotannin from Terminalia chebula fruit against multidrug-resistant

2% 3242}_13é? willi EM, Wareham N, Kaatz GW, Gibbons § (2007) uropathogenic Escherichia coli. Nat Prod Res 28(16): 1280-1283.

. Smi , Williamson EM, Wareham N, Kaatz , Gibbons
Antibacterials and modulators of bacterial resistance from the immature
cones of Chamaecyparis lawsoniana. Phytochemistry 68: 210-217.

27. Stapleton PD, Shah S, Anderson JC, Hara Y, Hamilton-Miller JM, et al.
(2004) Modulation of beta-lactam resistance in Staphylococcus aureus by
catechins and gallates. Int ] Antimicrob Agents 23: 462-467.

J Infect Dis Ther

ISSN:2332-0877 JIDT, an open access journal

Volume 3 « Issue 2 « 1000213


http://aac.asm.org/content/51/12/4315.short
http://aac.asm.org/content/51/12/4315.short
http://aac.asm.org/content/51/12/4315.short
http://aac.asm.org/content/51/12/4315.short
http://www.ncbi.nlm.nih.gov/pubmed/2115217
http://www.ncbi.nlm.nih.gov/pubmed/2115217
http://www.ncbi.nlm.nih.gov/pubmed/17382878
http://www.ncbi.nlm.nih.gov/pubmed/17382878
http://www.ncbi.nlm.nih.gov/pubmed/15478071
http://www.ncbi.nlm.nih.gov/pubmed/15478071
http://www.ncbi.nlm.nih.gov/pubmed/15478071
http://www.ncbi.nlm.nih.gov/pubmed/15577930
http://www.ncbi.nlm.nih.gov/pubmed/15577930
http://www.ncbi.nlm.nih.gov/pubmed/16359323
http://www.ncbi.nlm.nih.gov/pubmed/16359323
http://www.ncbi.nlm.nih.gov/pubmed/16359323
http://www.ncbi.nlm.nih.gov/pubmed/13678421
http://www.ncbi.nlm.nih.gov/pubmed/13678421
http://www.ncbi.nlm.nih.gov/pubmed/13678421
http://www.ncbi.nlm.nih.gov/pubmed/19026770
http://www.ncbi.nlm.nih.gov/pubmed/19026770
http://www.ncbi.nlm.nih.gov/pubmed/17804667
http://www.ncbi.nlm.nih.gov/pubmed/17804667
http://www.ncbi.nlm.nih.gov/pubmed/17804667
http://www.ncbi.nlm.nih.gov/pubmed/9529885
http://www.ncbi.nlm.nih.gov/pubmed/9529885
http://www.ncbi.nlm.nih.gov/pubmed/19100867
http://www.ncbi.nlm.nih.gov/pubmed/19100867
http://www.ncbi.nlm.nih.gov/pubmed/11432728
http://www.ncbi.nlm.nih.gov/pubmed/11432728
http://www.researchgate.net/publication/228343304_Ethnobotanical_information_of_medicinal_plants_used_for_treatment_of_cancer_in_Eastern_Cape_Province_South_Africa
http://www.researchgate.net/publication/228343304_Ethnobotanical_information_of_medicinal_plants_used_for_treatment_of_cancer_in_Eastern_Cape_Province_South_Africa
http://www.researchgate.net/publication/228343304_Ethnobotanical_information_of_medicinal_plants_used_for_treatment_of_cancer_in_Eastern_Cape_Province_South_Africa
http://www.ncbi.nlm.nih.gov/pubmed/15882206
http://www.ncbi.nlm.nih.gov/pubmed/15882206
http://www.ncbi.nlm.nih.gov/pubmed/15882206
http://www.ncbi.nlm.nih.gov/pubmed/11891084
http://www.ncbi.nlm.nih.gov/pubmed/11891084
http://www.ncbi.nlm.nih.gov/pubmed/11891084
http://www.ncbi.nlm.nih.gov/pubmed/12234835
http://www.ncbi.nlm.nih.gov/pubmed/12234835
http://www.ncbi.nlm.nih.gov/pubmed/12234835
http://www.ncbi.nlm.nih.gov/pubmed/16427026
http://www.ncbi.nlm.nih.gov/pubmed/16427026
http://www.ncbi.nlm.nih.gov/pubmed/16427026
http://www.ncbi.nlm.nih.gov/pubmed/15989546
http://www.ncbi.nlm.nih.gov/pubmed/15989546
http://www.ncbi.nlm.nih.gov/pubmed/15989546
http://www.ncbi.nlm.nih.gov/pubmed/15561190
http://www.ncbi.nlm.nih.gov/pubmed/15561190
http://www.ncbi.nlm.nih.gov/pubmed/15561190
http://www.ncbi.nlm.nih.gov/pubmed/17109904
http://www.ncbi.nlm.nih.gov/pubmed/17109904
http://www.ncbi.nlm.nih.gov/pubmed/17109904
http://www.ncbi.nlm.nih.gov/pubmed/15120724
http://www.ncbi.nlm.nih.gov/pubmed/15120724
http://www.ncbi.nlm.nih.gov/pubmed/15120724
http://www.ncbi.nlm.nih.gov/pubmed/13161231
http://www.ncbi.nlm.nih.gov/pubmed/13161231
http://www.ncbi.nlm.nih.gov/pubmed/13161231
http://www.ncbi.nlm.nih.gov/pubmed/21941436
http://www.ncbi.nlm.nih.gov/pubmed/21941436
http://www.ncbi.nlm.nih.gov/pubmed/21941436
http://www.ncbi.nlm.nih.gov/pubmed/24213368
http://www.ncbi.nlm.nih.gov/pubmed/24213368
http://www.ncbi.nlm.nih.gov/pubmed/24213368
https://www.docphin.com/research/article-detail/4167866/PubMedID-22982804/Pomegranate-pericarp-extract-enhances-the-antibacterial-activity-of-ciprofloxacin-against-extended-spectrum-%C3%9F-lactamase-ESBL-and-metallo-%C3%9F-lactamase-MBL-producing-Gram-negative-bacilli
https://www.docphin.com/research/article-detail/4167866/PubMedID-22982804/Pomegranate-pericarp-extract-enhances-the-antibacterial-activity-of-ciprofloxacin-against-extended-spectrum-%C3%9F-lactamase-ESBL-and-metallo-%C3%9F-lactamase-MBL-producing-Gram-negative-bacilli
https://www.docphin.com/research/article-detail/4167866/PubMedID-22982804/Pomegranate-pericarp-extract-enhances-the-antibacterial-activity-of-ciprofloxacin-against-extended-spectrum-%C3%9F-lactamase-ESBL-and-metallo-%C3%9F-lactamase-MBL-producing-Gram-negative-bacilli
https://www.docphin.com/research/article-detail/4167866/PubMedID-22982804/Pomegranate-pericarp-extract-enhances-the-antibacterial-activity-of-ciprofloxacin-against-extended-spectrum-%C3%9F-lactamase-ESBL-and-metallo-%C3%9F-lactamase-MBL-producing-Gram-negative-bacilli
https://www.docphin.com/research/article-detail/4167866/PubMedID-22982804/Pomegranate-pericarp-extract-enhances-the-antibacterial-activity-of-ciprofloxacin-against-extended-spectrum-%C3%9F-lactamase-ESBL-and-metallo-%C3%9F-lactamase-MBL-producing-Gram-negative-bacilli
http://www.ncbi.nlm.nih.gov/pubmed/16499327
http://www.ncbi.nlm.nih.gov/pubmed/16499327
http://www.ncbi.nlm.nih.gov/pubmed/16499327
http://www.ncbi.nlm.nih.gov/pubmed/16499327
http://www.ncbi.nlm.nih.gov/pubmed/16562846
http://www.ncbi.nlm.nih.gov/pubmed/16562846
http://www.ncbi.nlm.nih.gov/pubmed/16562846
http://www.ncbi.nlm.nih.gov/pubmed/16562846
http://www.ncbi.nlm.nih.gov/pubmed/15840965
http://www.ncbi.nlm.nih.gov/pubmed/15840965
http://www.ncbi.nlm.nih.gov/pubmed/15840965
http://www.ncbi.nlm.nih.gov/pubmed/15840965
http://www.ncbi.nlm.nih.gov/pubmed/16436753
http://www.ncbi.nlm.nih.gov/pubmed/16436753
http://www.ncbi.nlm.nih.gov/pubmed/16436753
http://www.ncbi.nlm.nih.gov/pubmed/3763718
http://www.ncbi.nlm.nih.gov/pubmed/3763718
http://www.ncbi.nlm.nih.gov/pubmed/18435748
http://www.ncbi.nlm.nih.gov/pubmed/18435748
http://www.ncbi.nlm.nih.gov/pubmed/18435748
http://www.ncbi.nlm.nih.gov/pubmed/18435748
http://www.ncbi.nlm.nih.gov/pubmed/19172582
http://www.ncbi.nlm.nih.gov/pubmed/19172582
http://www.ncbi.nlm.nih.gov/pubmed/19172582
http://www.ncbi.nlm.nih.gov/pubmed/19172582
http://www.ncbi.nlm.nih.gov/pubmed/15597306
http://www.ncbi.nlm.nih.gov/pubmed/15597306
http://www.ncbi.nlm.nih.gov/pubmed/15597306
http://www.ncbi.nlm.nih.gov/pubmed/15597306
http://www.bioline.org.br/pdf?pr08038
http://www.bioline.org.br/pdf?pr08038
http://www.bioline.org.br/pdf?pr08038
http://www.ijppsjournal.com/Vol2Suppl4/880.pdf
http://www.ijppsjournal.com/Vol2Suppl4/880.pdf
http://www.ijppsjournal.com/Vol2Suppl4/880.pdf

	Contents
	Miracle Remedy: Inhibition of Bacterial Efflux Pumps by Natural Products
	Abstract
	Keywords:
	Introduction
	Conclusion
	Acknowledgements
	References




