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ABSTRACT
Objective: Recent studies showed that multidrug resistant (MDR) efflux mechanism is most common. The prevalence of active drug efflux pump was
investigated in clinical isolates of Klebsiella pneumoniae (K. pneumoniae) exhibiting a multidrug-resistant phenotype in tertiary care hospital.
Materials and Methods: The effects of efflux pumps inhibitors (EPI’s) Reserpine 25 µg/ml and MC207-110 (Phe-Arg-beta-naphthylamide (PaβN),
Sigma) 25 µg/ml, was studied on MDR clinical isolates of K. pneumoniae. The minimal inhibitory concentration(MIC) was performed for all the
collected Clinical Isolates during the period of two years forfluoroquinolone in presence and in the absence of inhibitors as per the CLSI broth
dilution method. Results: 10% of the isolates have shown reduction in MIC in the presence of PaβN and Reserpine.
Conclusions: The study indicates the necessity for the detection of overexpressing efflux pumps at diagnostic level at least in tertiary care hospitals.
Keywords:Efflux Pump, K. pneumoniae, Reserpine, PaβN, fluoroquinolone.
INTRODUCTION
Antibiotic efflux in bacteria was first reported in the late 1970s for
tetracyclines, although drug efflux, mediated by P-glycoprotein, was
originally discovered in mammalian cancer cells even earlier. Since
then, efflux-mediated resistance to a wide range of antibacterial
agents has been reported in a variety of bacterial species, and a
number of efflux determinants have been identified [1]. Effluxmediated tetracycline resistance was first characterized in E. coli
and attributed to the plasmid-encoded Tet protein [2]. If the drug is
pumped out faster than it can diffuse in, intra-bacterial
concentrations of the antibiotic are kept low and ineffectual.
Therefore, the bacterial protein synthesis proceeds at largely
unimpeded rates. These pumps are variants of membrane pumps
that all bacteria possess in order to move lipophilic and amphipathic
molecules in and out of the cell. This acts as a protective mechanism
for the microorganism and prevents it from being killed by its own
chemical weapons [3]. Disruption of genes for multidrug efflux
pumps resulted in a great decrease in the resistance against multiple
antimicrobial agents in E. coli and P. aeruginosa. These results
support the idea that multidrug efflux pumps are very important for
the bacterial escape from the toxicity of many antimicrobial agents
[4].

AcrB connects with TolC, an outer membrane protein that belongs to
a family of envelope proteins found in all gram-negative bacteria and
that is essential for the expulsion of a plethora of compounds [14].
However, little is known about the specific and direct role of the
AcrAB multidrug efflux pump in the resistance of
K. pneumoniae.
The K. pneumoniae strains showed signiﬁcant decrease in MICs of
quinolones, chloramphenicol, and/or tetracycline was obtained with
an efﬂux pump inhibitor PAβN [15].

Multidrug RND (Resistance nodulation division) transporters are
most frequently found in gram-negative bacteria, and are known to
export a variety of clinically-relevant antimicrobial agents [5, 6].
RND protein situated within the inner membrane and function in
complex with two other proteins, an outer membrane channel and a
periplasmic adaptor protein, to form a tripartite efflux pump
spanning both the inner and outer membrane. These multi-protein
complexes transport a wide variety of substrates including
antibiotics, dyes, detergents and host derived molecules from the
periplasm to the extra-cellular space [7].

An antimicrobial susceptibility test was done by Kirby Bauer disk
diffusion method [18]. Isolates resistant to at least three classes of
antimicrobial agents were considered as multidrug resistant [19].
Totally 20 strains were isolated. All isolates were tested for
reduction in MIC of ciprofloxacin, in presences and in absence of
efflux pump inhibitors 25µg/ml (Reserpine and PAβN) in triplicate
[13, 20, 21, 22, 23, 24, 25].

Overexpression of RND systems in clinical isolates is also associated
with MDR [8]. Enhanced efflux is also implicated in rapidly emerging
clinical resistance to new antimicrobials such as tigecycline, for
which overexpression of AcrAB was detected in E. coli [9]. Efflux by
RND pumps is driven by the proton motive force [10, 11, 12]. The
efflux systems involved in K. pneumoniae resistance phenotype is
AcrAB multidrug efflux system that is encoded by the acrRABoperon
[13].

The antibiogram results of K. pneumoniae showed that, all the 20
isolates were resistant to gentamicin, amikacin, ciprofloxacin,
nalidixic acid, cefotoxime, piperacillin/ tazobactum, 19 isolates were
resistant to tetracycline, 18 isolates were resistant to cefaperazone/
sulbactum, 16 isolates were resistant to co-trimoxazole, 9 isolates
were resistant to nitrofurantoin, and 3 isolates were resistant to
meropenem (Table:1.1).

By the Inhibition of activity of efflux pumps will thus have clear
benefits for therapy since this will increase the susceptibility of gram
negative bacilli, thus increasing the therapeutic efficacy of antibiotics
used for treating such infections by these pathogens [16].
In the present study multidrug resistance (MDR) clinical isolates of
K. pneumoniaewere collected from the cultures of urine, catheter tip,
and sputum etc., Isolates were tested for species conformation,
sensitivity, and MIC was performed as per the guidelines of CLSI
broth dilution method [17] for ciprofloxacin in presence and in
absence of efflux pump inhibitor (Reserpine, and PAβN).
METHODS

RESULTS
Kirby Bauer disk diffusion
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Table: 1.1. Antibiotic resistance pattern of 20 K. pneumoniae
isolates.
Resistant ( % )
No.
%
Ct
16
80
GM
20
100
AK
20
100
NA
20
100
CI
20
100
MR
03
5
CS
18
90
PT
20
100
T
19
95
CX
20
100
Nf *
09
90
* % based on total number of urinary isolates.
Antibiotics

Ct: Co-trimoxazole, Gm: Gentamicin, Ak: Amikacin, Na: Nalidixic Acid,
Ci: Ciprofoxacin, Mr: Meropenem, Cs: Cefaperazone/ Sulbactum, Pt:
Piperacilin/ Tazobactum, T: Tetracycline, Cx: Cefotoxime, Nf:
Nitrofurantoin, R: Resistance, S: Sensitive.
Minimum Inhibitory Concentration (MIC)
The minimum inhibitory concentration results of 20 multidrug
resistance clinical isolates of K. pneumoniae for ciprofloxacin in
presence and in absence of efflux pump inhibitors PAβN and
reserpine were tested. In the presence of PAβN following changes in
MIC for ciprofloxacin was noted: 2 (10%) isolate have showed
reduction in MIC, isolate (L13) shown 4 fold reduction in the
presence of PAβN and reserpine. Isolate (L14) has shown 2 fold
reduction in MIC in the presence of PAβN and reserpine. Remaining
18 isolates have shown no change in MIC in the presence of both the
inhibitors.
DISCUSSION
Epidemiological evidence supports the concern regarding the
emergence of gram-negative bacteria and their role in serious
healthcare associated infections. Recent reports reveal an increase
in the incidence of nosocomial infections caused by gram-negative
bacteria, such as E. coli, Klebsiella spp, Acinetobacter, and P.
aeruginosaspp, which are branded as the "Bad Bugs, No Drugs" [26].
Effective antibiotic transport has now been observed for many
classes of drug efflux pumps. Most drug efflux pumps confer a
multidrug resistance phenotype, corresponding to the large variety
of substrates they may recognize, including several classes of
antibiotics as well as non-antibiotic drugs [27]. More recent studies
have revealed that the AcrAB-TolC system is actually inducible by
certain fatty acids and bile salts, consequently leading to the export
of multiple detergents, dyes and antimicrobial agents [28].
The MIC analysis in the current study has shown that in the presence
of PAβN has shown reduction in 2 clinical isolates of K. pneumoniae.
These results clearly indicate the presence of over expressing
Resistance Nodulation cell-Division (RND) efflux pumps [29, 30].
Reduction in MIC in presence of reserpine was observed in two
clinical isolates of K. pneumoniae L13 and L14.The reduction of MIC
in presence of reserpine reveals that the monocomponent efflux
pump might be in operation. Reserpine is an effective inhibitor of
monocomponent efflux pump system like SMR, MFS, MATE, ABC
family commonly found in gram positive bacteria and in few gram
negative bacteria in which the mechanism is plasmid mediated [31,
32, 33, 34,35].
One of the efflux systems commonly involved in resistant K.
pneumoniae phenotype is the AcrAB multidrug efflux system that is
homologous to the AcrAB described in E. coli. Schneiderset al.,[36]
found that increased AcrAB efflux pump expression in resistant
K. pneumoniae strains was caused by mutations in the acrR
repressor of acrAB, where mutations in the repressor led to a
marked increase in resistance to quinolones due to overexpression
of AcrAB [36, 37].In the present study the two isolates of K.
pneumoniae L13 and L14 showed reduction in MIC in the presence
of inhibitors reserpine and PAβN which may due to the inhibition of

overexpressing efflux pump. In other isolates which has not shown
reduction in MIC to ciprofloxacin in presence of efflux pump
inhibitors may be due to mechanisms other than efflux mechanism
like target modification[1, 38].
CONCLUSION
Efflux pump inhibitors (EPIs) are promising therapeutic agents, as
they should restore the activity of standard antibiotics. The efflux
pump inhibitor-antibiotic combination is expected to increase the
intracellular concentration of antibiotics that are expelled by efflux
pumps, decrease the intrinsic bacterial resistance to antibiotics,
reverse the acquired resistance associated with efflux pumps
overexpression, and reduce the frequency of the emergence of
resistant mutant strains. The EPIs hold promise for the development
of a new class of antibiotic-potentiating agents that may extend the
clinical utility of both existing and future antibiotics. However, the
available data support the contention that the development of EPIs
for use in combination with antibiotics.
REFERENCE
1.

Li, X.Z., and Nikaido, H. Efflux-mediated drug resistance in
bacteria. Drugs. 2004; 64: 159-204.
2.
Ball, P.R., Shales, S.W., and Chopra, I. Plasmid-mediated
tetracycline resistance in Escherichia coli involves increased
efflux of the antibiotic. BiochemBiophys Res Commun. 1980;
93: 74-81.
3.
Walsh, C. Molecular mechanisms that confer antibacterial
drug resistance. Nature. 2000; 406: 775-781.
4.
Wakano Ogawa, MotohiroKoterasawa, Teruo Kuroda, And
Tomofusa Tsuchiya, KmrA Multidrug Efflux Pump from
Klebsiella pneumoniae. Biol. Pharm. Bull. 2006; 29 (3): 550553.
5.
Elkins, C.A., and Nikaido, H. Substrate specificity of the RNDtype multidrug efflux pumps AcrB and AcrD of Escherichia
coli is determined predominantly by two large periplasmic
loops. J Bacteriol. 2002; 184: 6490-6498.
6.
Mao, W., Warren, M.S., Black, D.S., Satou, T., Murata, T.,
Nishino, T., Gotoh, N., and Lomovskaya, O. On the mechanism
of substrate specificity by resistance nodulation division
(RND)-type multidrug resistance pumps: the large
periplasmic loops of MexD from Pseudomonas aeruginosa
are involved in substrate recognition. MolMicrobiol. 2002;
46: 889-901.
7.
Jessica MA Blair and Laura JV Piddock., Structure, function
and inhibition of RND efflux pumps in Gram-negative
bacteria: an update. Current Opinion in Microbiology. 2009;
12: 512-519.
8.
Laura J. V. Piddock. Clinically relevant chromosomally
encoded multidrug resistance efflux pumps in bacteria.
Clinical microbiology review. 2006 b; Vol. 19 (2): 382-402.
9.
Keeney D, Ruzin A, McAleese F, Murphy E, Bradford PA:
MarA mediated overexpression of the AcrAB efflux pump
results in decreased susceptibility to tigecycline in
Escherichia coli. J AntimicrobChemother. 2008; 61: 46-53.
10. Murakami S, Nakashima R, Yamashita E, Matsumoto T,
Yamaguchi A: Crystal structures of a multidrug transporter
reveal a functionally rotating mechanism. Nature. 2006; 443:
173-179.
11. Takatsuka Y, Nikaido H: Threonine-978 in the
transmembrane segment of the multidrug efflux pump AcrB
of Escherichia coli is crucial for drug transport as a probable
component of the proton relay network. J Bacteriol. 2006;
188: 7284-7289.
12. Seeger MA, von Ballmoos C, Verrey F, Pos KM: Crucial role of
Asp408 in the proton translocation pathway of multidrug
transporter AcrB: evidence from site-directed mutagenesis

81

Surendranathet al.
Asian J Pharm Clin Res, Vol 7, Issue 1, 2014, 80-82

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

and carbodiimide labeling. Biochemistry. 2009; 48: 58015812.
Doi Y, Arakawa Y. 16S ribosomal RNA methylation: emerging
resistance mechanism against aminoglycosides. Clin Infect
Dis. 2007; 45: 88-94.
Eswaran, J., C. Hughes, and V. Koronakis. Locking TolC
entrance helices to prevent protein translocation by the
bacterial type I export apparatus. J. Mol. Biol. 2003; 21: 309315.
Ufuk Over Hasdemir,JacquelineChevalier,PatriceNordmann,
and Jean-Marie Pages. Detection and Prevalence of Active
Drug Efﬂux Mechanism in Various Multidrug-Resistant
Klebsiella pneumoniae Strains from Turkey. Journal of
Clinical Microbiology. 2004; 2701-2706.
Paterson DL, Ko WC, Von Gottberg A, et al. International
prospective study of Klebsiella pneumoniae bacteremia:
implications
of
extended-spectrum
beta-lactamase
production in nosocomial Infections. Ann Intern Med. 2004;
140: 26-32.
Methods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically; Approved standard. Seventh
edition. Clinical and Laboratory Standard Institute
Document. Clinical and Laboratory Standards Institute.
Wayne, Pennsylvania. M7-A7. 2006.
Sader HS, Fritsche TR, Jones RN. In vitro activity of
garenoxacin tested against a worldwide collection of
ciprofloxacin-susceptible
and
ciprofloxacin-resistant
Enterobacteriaceae strains (1999–2004). DiagnMicrobiol
Infect Dis. 2007; 58: 27-32.
Gobernado M, Valdes L, Alos JI, Garcia-Rey C, Dal-Re R,
Garciade- Lomas J. Quinolone resistance in female outpatient
urinary tract isolates of Escherichia coli: age-related
differences. Rev EspQuimioter. 2007; 20: 206-210.
Bratu S, Mooty M, Nichani S, et al. Emergence of KPCpossessing Klebsiella pneumoniae in Brooklyn, New York:
epidemiology and recommendations for detection.
Antimicrobial Agents and Chemotherapy. 2005; 49: 30183020.
Nordmann P, Poirel L. Emerging carbapenemases in Gram
negative aerobes. ClinMicrobiol Infect. 2002; 8: 321-331.
Carson C, Naber KG. Role of fluoroquinolones in the
treatment of serious bacterial urinary tract infections. Drugs.
2004; 64: 1359-1373.
Lautenbach E, Strom BL, Bilker WB, Patel JB, Edelstein PH,
Fishman
NO.
Epidemiological
investigation
of
fluoroquinolone resistance in infections due to extendedspectrum beta-lactamase producing Escherichia coli and
Klebsiella pneumoniae. Clin Infect Dis. 2001; 33: 1288-1294.
G.L. French. Clinical impact and relevance of antibiotic
resistance. Advanced Drug Delivery Reviews. 2005; 57:
1514-1527.
Kazuhiko Yoneda , Hiroki Chikumi , Takeshi Murata b,
NaomasaGotoh, Hiroyuki Yamamoto, Hiromitsu Fujiwara,
Takeshi Nishino, Eiji Shimizu. Measurement of Pseudomonas
aeruginosa multidrug efflux pumps by quantitative real-time
polymerase chain reaction. FEMS Microbiology Letters.
2005; 243: 125-131.

26. Ebbing Lautenbach and Ron E. Polk. Resistant gram-negative
bacilli: A neglected healthcare crisis? Am J Health-Syst
Pharm. 2007; 64 (S14): S3-21.
27. Van Bambeke, F., Balsi, E., Tulkens, P. M. Antibiotic efflux
pumps. Biochemical Pharmacology. 2000; 60: 457-470.
28. Rosenberg, E.Y., Bertenthal, D., Nilles, M.L., Bertrand, K.P.,
and Nikaido, H. Bile salts and fatty acids induce the
expression of Escherichia coliAcrAB multidrug efflux pump
through their interaction with Rob regulatory protein.
MolMicrobiol. 2003; 48: 1609-1619.
29. Lomovskaya, O., and W. Watkins. Inhibition of efflux pumps
as a novel approach to combat drug resistance in bacteria. J.
Mol. Microbiol. Biotechnol. 2001; 3: 225-236.
30. AbolghasemTohidpour
,ShahinNajarPeerayeh,Jalil
F.
Mehrabadi , HadiRezaeiYazdi, Determination of the Efflux
Pump-Mediated Resistance Prevalence in Pseudomonas
aeruginosa, Using an Efflux Pump Inhibitor. CurrMicrobiol.
2009; 59: 352-355.
31. Joaquim Ruiz, Anna Ribera, Angels Jurado, Francesc Marco
and Jordi Vila. Evidence for a reserpine-affected mechanism
of resistance to tetracycline in Neisseria gonorrhoeae.
ActaPathologica,
MicrobiologicaetImmunologicaScandinavica (APMIS). 2005;
113: 670-674.
32. AbdallahMahamoud, Jacqueline Chevalier, Sandrine AlibertFranco, Winfried V. Kern and Jean-Marie Pages. Antibiotic
efflux pumps in Gram-negative bacteria: the inhibitor
response
strategy.
Journal
of
Antimicrobial
Chemotherapy.2007; Volume59; Issue 6: 1223-1229.
33. Mark I. Garvey and Laura J. V. Piddock. The efflux pump
inhibitor
Reserpine
selects
Multidrug-Resistant
Streptococcus pneumoniae Strains that overexpress the ABC
transporters PatA and PatB. Antimicrobial Agents and
Chemotherapy. 2008; 1677–1685.
34. Denice C. Bay, Kenton L. Rommens, Raymond J. Turner. Small
multidrug resistance proteins: A multidrug transporter
family that continues to grow. BiochimicaetBiophysicaActa.
2008; 1778: 1814-1838.
35. Lin-Li Chang, Hui-Feng Chen, Chung-Yu Chang, Tsong-Ming
Lee and Wen-Jeng Wu. Contribution of integrons, and
SmeABC and SmeDEF efflux pumps to multidrug resistance
in clinical isolates of Stenotrophomonasmaltophilia. Journal
of Antimicrobial Chemotherapy. 2004; 53: 518-521.
36. Schneiders, T., S. G. Amyes, and S. B. Levy. Role of AcrR and
ramA in fluoroquinolone resistance in clinical Klebsiella
pneumoniae isolates from Singapore. Antimicrobial Agents
and Chemotherapy 2003; 47: 2831-2837.
37. Emma Padilla, Enrique Llobet, Antonio Domenech-Sanchez,
Luis Martinez-Martínez, Jose Antonio Bengoechea, and
Sebastian Albert. Klebsiella pneumoniaeAcrAB Efflux Pump
Contributes to Antimicrobial Resistance and Virulence.
Antimicrobial Agents and Chemotherapy. 2010; 177-183.
38. 38Robert E.W. Hancock, David P. Speert, Antibiotic
resistance in Pseudomonas aeruginosa: mechanisms and
impact on treatment. Drug Resistance Updates. 2000; 3: 247255.

82

