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ABSTRACT

The AcrAB efflux pump of E.coli is comprises of an RND- type transporter AcrB and a accessory
protein AcrA. Efflux pump inhibitors are captivating compounds which helps in reversing
multidrug resistance in bacterial pathogens. In the present study we tested the ability of rutin a
flavonoid to inhibit AcrAB efflux pump of E.coli. A ethidium bromide accumulation assay and
berberine assay study suggest that rutin is capable of inhibiting the AcrAB efflux pump. Rutin
inhibits the pump at a concentration of 1000pug/ml. only ciprofloxacin and tetracycline MICs were
reduced to two fold in presence of rutin at a concentration of 1000pug/ml. Since rutin considerably
enhances accumulation of ethidium bromide in ethidium bromide accumulation assay. From the
previous reports we suggest that ability of efflux pump inhibitors to restore the susceptibility to
different antibiotics is highly substrate specific.
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INTRODUCTION:

The discovery of AcrAB efflux pump has
completely changed the views that resistance
in gram — negative bacteria is completely
explained because of the presence of outer
membrane permeability barriers [1]. The

AcrAB efflux pump of E. coli comprises of a

transporter, a periplasmic protein AcrA and
the gene AcrAB formed the operon. The outer
membrane protein Tol C worked in
combination with AcrAB [2]. The Acr B
multidrug efflux pump of Escherichia coli

which is a membrane protein that helps in
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identification of  different  chemically
misrelated compounds such as dyes and
different antibiotics and throw out them in
association with the membrane fusion protein
AcrA and TolC which is a outer membrane
protein and both of these proteins are require
for completing the action. The AcrAB efflux
pump existing in E.coli belongs to resistance-
nodulation- division ( RND ) family of efflux
pumps which is a more usual in Gram —
negative bacteria. AcrAB — TolC is specified
as one of the best efflux pump in case of E.coli
[3-13]. AcrAB efflux pump is the only single
efflux pump of RND family in case of E.coli
which plays an important role in antibiotic
resistance against different antibiotics
because of its prenominal expression. The
efflux mediated resistance is further more
increased due to the occurrence of AcrR OR
Mar R gene which leads to the up regulation
of efflux pump [14]. Due to the large substrate
spectrum of AcrAB-TolC, initiation of
multidrug resistance because of the efflux of
antimicrobial compounds is a actual
imminence to treatment options in the
hospitals. Plants are vital source of natural
products which are rich in secondary
metabolites such as flavonoids, tannins,
terpenoids and alkaloids. These secondary
antimicrobial

metabolites possesses

properties [14-24]. Rutin which is a flavonoid

isolated from garlic shows efflux pump
inhibitory activity against AcrAB efflux pump
of E.coli. Rutin shows efflux pump inhibitory
activity along with tetracycline. By screening
of more psychotropic drugs we discovered
that rutin is also a model efflux pump
inhibitor.

MATERIAL AND METHODS
Microorganisms used in the study

The strains of Escherichia coli used in the
present study were procured from Sabine
Schuster and Winfried V. Kern, Center for
Infectious Diseases and Travel Medicine,
University Hospital, and Department of
Medicine, Albert-Ludwigs-University,
Freiburg, Germany and from MTCC and
NCTC. The E.coli strains used were one
knock out strain 1- DC14, wild type strain K-
12 AG100 and two standard strains with
NCTC number 12923 and MTCC number
1302.

Chemicals and reagents: Nutrient agar,
Nutrient broth, DMSO, Methanol, CCCp,
Ethidium bromide, Berberine and Mercuric
chloride were purchased from Hi- media Pvt.
Ltd.

Berberine potentiating assay (Belofsky et
al., 2006): This assay was used to detect the
presence of efflux pump inhibitory activity in
the plant extracts. Berberine is a well

classified antimicrobial agent and it also acts
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as substrate for efflux pumps and it can be
effluxed out by resistant bacteria with the help
of efflux pumps. When berberine is combined
with plant extracts in which efflux pump
inhibitors are present, the efflux pump
inhibitor presents in the extract inhibits the
activity of multidrug resistance bacteria and
highly increases the concentration of
berberine inside which leads to the death of
bacterial cells because of the antimicrobial
activity of berberine.

(a) Culture preparation: Cultures of E.coli
were incubated at 37°C for 24 hours. Then
culture was centrifuged for 2 min at 12,000
rpm, further 0.5 ml, glucose was added in to
the culture and was used for the assay.

(b) Berberine Assay: This assay was
performed in 96 well micro-titre plate and two
different concentrations of plant extracts i.e.
100pg/ml and 1000pug/ml, was taken to
perform the assay. 170 ul of nutrient broth and
5 ul of E.coli culture was loaded in to each
well followed by addition of 20pul berberine
(30 pg berberine dissolved in 1 ml Dmso) and
Sul of plant extract(15 pg plant extract
dissolved in one ml DMSO). DMSO (5ul) was
used as negative control along with the
addition of berberine and culture. CCCP was
used as a positive control along with

berberine. Plates were incubated at 37°¢ for 24

hours. Then OD was taken on 595nm in Elisa

plate reader (BioTek). An OD less than 0.04
considered to reveal no bacterial growth. No
bacterial growth in the presence of berberine
indicates the presence of an MDR inhibitor in
plant extract.
¢) Ethidium Bromide Efflux Inhibition
Assay (Kamicker et al., 2008):
Ethidium bromide is easily effluxed out by
the resistant bacteria and will only accumulate
in cells in the presence of an efflux pump
inhibitor and emits strong fluorescence. Assay
was performed in 96 well ELISA plate in
duplicate. In each well of the 96 well plate,
170ul nutrient broth, Syl of inoculums, 20ul
Etbr and 5pl plant extract was added. CCCP
(5pl) which is an efflux pump inhibitor was
used as a positive control. Sul of DMSO was
used as negative control. Then fluorescence
was measured for 30 minutes with 5 minute
interval at excitation wavelength of 530 nm
and emission wavelength of 600 nm. Readings
were taken in the fluorescent ELISA reader.
Minimum inhibitory concentration

Firstly MIC of antibiotics and plant
extract was determined. To determine the
combined effect of antibiotic & plant extract,
combinations of different concentrations
ranging from 1/2 x MIC to 8 x MIC of each
was used. This assay was performed in 96 well
ELISA plate. By this assay a fixed

concentration of active compound was

IJBPAS, May, 2024, 13(5)

2369



Kumar R,

Research Article

determined which was decreasing the MIC of

antibiotic.

RESULTS:

Berberine uptake assay: (Figure 1)

(Figure 2)

Minimum

Ethidium bromide accumulation assay:

inhibitory concentration of

active compound alone and in combination

with antibiotics (Table 3).
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Figure 1: Absorbance shown by rutin at concentration of 1000 pg/ml against E. coli strains
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Figure 2: Effect of rutin on accumulation of Ethidium bromide at a concentration of 1000ug/ml against E. coli strains
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Table 1: Minimum inhibitory concentration of active compound alone and in combination with antibiotics

S. Name MIC of rutin (1000 MIC of MIC of rutin MIC of MIC of rutin MIC of
No. of pg/ml ciprofloxacin (1000pg/ml) Tetracycline (1000pg/ml) Erythromycin
strain
Without With Without With Without With Witho With Without With Witho With
ciprofloxa ciprofloxaci plant plant tetracycl | tetracycli ut rutin erythrom Erythro ut rutin
cin n extract extract ine ne rutin ycin mycin rutin
1 1-DC14 0.06 0.03 1 0.5 1 0.003 2 0.125 1 0.5 2 0.5
2 K12- 64 32 64 16 4 2 2 0.5 2 1 4 1
AG100
3 MTCC1 0.003 0.003 0.5 0.5 1 1 0.125 | 0.125 0.003 0.003 0.06 0.06
302
4 NCTC 0.5 0.125 1 1 1 0.5 0.003 | 0.003 1 1 0.5 0.5
DISCUSSION: AcrAB efflux pump of Escherichia

In the berberine uptake assay and
ethidium bromide accumulation assay rutin
behaved as an efflux pump inhibitors as
compare to Phe- Arg-B-naphthylamine only in
case of ciprofloxacin and tetracycline two fold
reduction in MIC was observed. Rutin inhibits
the pump at a concentration of 1000pg/ml.
rutin enhances

Since considerably

accumulation of ethidium bromide in
ethidium bromide accumulation assay. From
the previous reports we suggest that ability of
efflux pump inhibitors to restore the
susceptibility to different antibiotics is highly
substrate specific.
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