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ABSTRACT

Aim: The aim of this study is to investigate the occurrence of potential efflux pump inhibitor (EPI) against
AcrAB-TolC efflux pump in the methanol extract of Hibiscus sabdariffa. Materials and Methods: Calyces of
H. sabdariffa were purchased from the local market in April 2014, used in methanol extraction. The methanol
extract of H. sabdariffawas subjected to agar plate diffusion against Escherichia coliTG1 and its AacrB-AtolC
followed by a thin layer chromatography (TLC) bioassay. The fraction corresponding to EPI fraction was eluted
from the silica gel by methanol. The synergistic effect of antimicrobials and EPI fraction was measured by
minimum inhibitory concentration (MIC) determination for E. coliand Erwinia amylovora strains. The ability of
EPI fraction to enhance ethidium bromide (EtBr) accumulation was conducted. Results: £. co/iTG1 was more
sensitive to the methanol extracts of H. sabdariffa than E. coli AacrB-AtolC. Inhibition zone corresponding to
flavones on TLC bioassay plate has been formed which might be related to the fraction of potential EPI. The
MIC values revealed that EPI fraction enhanced the activity of the used antimicrobials by 4-8 folds in E. coli
TG1 and by 4-10folds in E. amylovora 1189. Addition of EPI fraction in a dose-dependent manner increased the
intercellular accumulation of EtBr in the wild type stains of £. coliTG1 and E. amylovora 1189. Conclusion: An
EPI fraction behaves like a multidrug EPI, and further investigation should be conducted for determination the
structure of chemical constituents in EPI fraction.
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of E. amylovora plays an important role in resistance toward
phytoalexins, as virulence and fitness factors that are required

Resistance-nodulation-cell division (RND) multidrug efflux
transport proteins deserve special attention; they are the
most dominant system and span the entire Gram-negative
cell envelope [1,2]. The well-studied RND system is AcrAB-
TolC of Escherichia coli composed of three proteins; an
inner membrane protein (AcrB) located in the cytoplasmic
membrane, a membrane fusion protein (AcrA) in the
periplasmic space and outer membrane factor (TolC) in the
outer membrane [3,4].

L. coli and Erwinia amylovora are Gram-negative bacteria, belong
to the Enterobacteriaccac family. E. coli species include both
harmless strains that commonly found in human and animal
intestines, and pathogenic strains causing various infections,
while E. amylovora is a plant pathogen causing fire blight
disease on Rosaceae. In E. coli, AcrAB-TolC mediate resistance
toward metabolic byproducts such as bile salt, environmental
antimicrobials, toxins, dyes, and detergents [5]. AcrAB-TolC
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for successful colonization of a host plant [6,7].

Due to the emergence of multidrug resistance (MDR)
phenotypes, a new approach to overcome the efflux-mediated
drug resistance is blocking the activity of drug efflux pumps via
so-called EPI [8,9]. Combination of EPIs with an antibiotic is
a promising therapeutic agent, which is expected to increase
intracellular accumulation of antibiotics [8].

Few compounds were identified as EPIs for AcrAB-TolC, for
example: Arylpiperazines were suggested as MDR reversal
agent for RND efflux pumps [10], quinolone derivatives were
promising EPIs for AcrAB-TolC in Enterobacter aerogenes [11],
artesunate enhances the activity of f-lactam antibiotics through
inhibition of AcrAB-TolC of E. coli [12], pimozide inhibits the
AcrAB-TolC of E. coli [13], and benzothiazoles were identified
as potential AcrAB-TolC efflux pump inhibitors (EPIs) in
E. coli [14].
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Very few plant-borne EPIs were identified such as
5’-methoxyhydnocarpin, Staphylococcus aureus NorA inhibitor,
which was extracted from Berberis species [12,15,16],
2,6-dimethyl-4-phenyl-pyridine-3,5-dicarboxylic acid diethyl
ester which was extracted from Jatropha elliptica was a
resistance-modifying agent for MsrA and NorA S. aureus [17].

Hibiscus sabdariffa has been used in traditional medicine in
treatment for several discases such as hypertension, hepatic disease,
cardiovascular disease, atherosclerosis, and diabetes [18-22].

The antimicrobial efficiency of H. sabdariffa L. against E. coli and
some other Gram-negative bacteria has been demonstrated [23-25].
Combination of methanol extracts of H. sabdariffa L. with
antibiotics enhances the activity of some antibiotics against
resistant strain and standard strain of E. coli [26].

Many antioxidant compounds have been reported in
H. sabdariffa such as cyanidin 3-rutinoside, delphinidin
3-sambubioside, cyanidin 3-sambubioside, cyanidin 3-glucoside,
and delphinidin 3-glucoside [18,19,27,28].

Therefore, the question of this research is there a potential
compound(s) with EPI activity for AcrAB-TolC of E. coli and
L. amylovora in H. sabdariffa L, calyces extract.

MATERIALS AND METHODS

Bacterial Strains and Growth Conditions

Bacterial strains used in this study are listed in Table 1,
routinely maintained on Luria-Bertani (LB) medium at 37°C
or 28°C for E. coli and E. amylovora, respectively. Medium
was supplemented with 50 pug/ml ampicillin (Ap), 25 ug/ml
chloramphenicol (Cm), 2 pug/ml gentamycin, and 25 ug/ml
kanamycin when necessary (Sigma-Aldrich).

Plant Material and Extraction

Calyces of H. sabdariffa were purchased from the local market in
April 2014 and compared with the collected voucher specimen

Table 1: Bacterial strains used in this study

number 1018 at the Biological Sciences Department at The
University of Jordan. Finely powdered and extracted in a Soxhlet
with 2 L of methanol for 48 h. The methanol was evaporated
by vacuum pressure, the X 10 concentrated extract 10 mg/ml
was used in further experiments [23,25,31].

Agar Plate Diffusion Assay

In screening for the presence of inhibitory compound(s) for
the multidrug efflux pump AcrAB-TolC system. E. coli TGI
and its AacrB-AtolC mutant were used in agar plate diffusion
assay. Where 100 ul of OD; ~1.0 (~10” CFU/ml) bacterial
suspension were inoculated separately on LB medium and LB
medium supplemented with sub-lethal concentration of crystal
violet (CV), as known substrate for AcrAB-TolC efflux pump
to trigger assembly of the tripartite system for recruitment
in the efflux function, at concentration of 0.78 ug/ml and
0.078 ug/ml for the TG1 and AacrB-AtolC mutant, respectively.
10 wl of the x10 concentrated extracts were applied in wells;
10 ul of 12.5 mg/ml of Cm and 10 ul of 80% methanol were
used for positive and negative control, respectively. The plates
were incubated at 37°C for 24 h and monitored for formation
of inhibition zone.

Thin Layer Chromatography (TLC) - Bioassay and
Elution of EPI Fraction

The x10 concentrated extract was subjected to separation
by TLC, 50 ul were loaded on 20 c¢cm width TLC plates
(Macherey-Nagel, Germany), separation was conducted
by ethyl acetate/acetic acid/formic acid/water mixture
(100:11:11:26) [32]. After drying, two plates were overlaid,
separately; one with E. coli TG1-LB suspension (500 ul of
OD,,, ~1.0 in 50 ml LB - 7.5% agar) supplemented with a
sub-lethal concentration of CV (.78 ug/ml, the other plate was
overlaid with E. coli TGI-LB. The plates were incubated at
37°C for 24 h. Visualization inhibition zones were conducted
by spraying the plates with a p-iodonitrotetrazolium
solution (2 mg/ml) (Sigma-Aldrich). Formation of pinkish
color indicates bacterial growth while clear zone indicates

inhibition of bacterial growth [33,34].

Strain Relevant characteristics Source

E. coli
TG1 subE hsdA5 thi Allac-proAB) F (traD36 proAB* lacl® lacZ AM15) [29]
KAM3 (AacrB) acrB mutant of TG1 [30]
TG1-1 (AtolC) Gm’, to/C mutant of TG1 [5]1
KAM3-1 (AacrB- AtolC) Gm’, tolC mutant of KAM3 [5]1
KAM3-1 (pBBR-Ec tolC) Cm", complemented acrB mutant carrying pNK18 [5]
TG1-1-1 (pBBR-Ec acrAB) Gm", Cm" complemented to/C mutant carrying pNK17 [5]

E. amylovora
1189 Ap', wild type GSPB?
1189-3 (AacrB) Km', acrB mutant carrying Kmr cassette in the acrB gene [6]
1189-25 (AtolC) Gm", tolC mutant carrying GFP-Gm" cassette in the to/C gene [7]
1189-3-3 (AacrB-AtolC) Km", Gm", acrB/tolC mutant carrying GFP-Gm" cassette in the to/C gene and Km" cassette in acrB gene [71
1189-25-1 (pBBR-Ea to/C) Gm’, Cm’, complemented to/C mutant carrying pNK7 [71
1189-3-1 (pBBR-Ea acrAB) Km", Cm’, complemented acrB mutant carrying pNK8 [71

aGSPB: Gottinger Sammlung phytopathogener Bakterien, Gottingen, Germany, E. coli: Escherichia coli, E. amylovora: Erwinia amylovora,

Ap: Ampicillin, Cm: Chloramphenicol, Gm: Gentamycin, Km: Kanamycin
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The fraction corresponding to the inhibitory compound
was eluted from the silica gel, concentrated to 1mg/ml and
subjected to antagonistic assay against . coli TG1 and its

AacrB-AtolC.

Determination of Minimum Inhibitory Concentration
(MIC) for Antimicrobials = EPI Fraction

The MIC of different antimicrobial compounds, listed in Tables 2
and 3, were determined in the absence and presence of EPI fraction
by a two-fold dilution assay in Mueller-Hinton broth (MHB)
medium (Mast Group Ltd., UK). All tests were done in triplicate
in accordance with the National Center for Clinical Laboratory
Standards recommendations [35]. In the synergetic wells, the
final concentration of EPI fraction was 25 ug/ml E. coli strains
were incubated at 37°C and E. amylovora strains were incubated
at 28°C. MHB was used as a blank and MHB inoculated with test
strains was used as a growth control. Bacterial growth was examined
visually after 24 h of incubation. In general, differences in MIC
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values were only considered significant if they were at least four-
fold. This cutoff is consistent with the previous publications [7,12].

Intercellular Accumulation of Ethidium Bromide (EtBr)

E. coli TGl and its AacrB-AtolC mutant, E. amylovora and
its AacrB-AtolC mutant were used in intercellular EtBr
accumulation assay according to Coldham et al. [36]. Bacterial
strains were grown in LB medium, 250 rpm until it reaches to
an OD,, of 1, and centrifuged at 4000 rpm for 30min. The
bacterial pellets were re-suspended in phosphate buffer saline
(PBS) supplemented with 0.4% glucose (pH 7.4), and the optical
density was re-adjusted to OD, of 1. The EPI fraction was
added at increasing concentrations. Samples were placed into
a 96-well plate (flat-bottomed, black supplied by Santa Cruz
Biotechnology, Inc.). EtBr was added at a final concentration of
1.0 pg/ml. Fluorescence was measured from the top of the wells
in Synergy HTX Multi-mode Reader, BioTeK at excitation and
emission filters of 528/2 and 590/2 nm, respectively.

Table 2: Synergetic effect of EPI fraction from H. sabdariffa with selected antimicrobial compounds in E. coli strains

Compounds MIC? (ug/ml)
TGl AacrB AtolC AacrB/AtolC AacrB (acrAB) AtolC (tolC)
No EPI+EPI No EPI+EPI No EPI+EPI No EPI+EPI No EPI+EPI No EPI+EPI
fraction fraction fraction fraction fraction fraction
Bile salt 1000250 31.25+31.25 31.25+15.62 31.25+31.25 1000*=125 1000*=125
Phloretin 1000*=125 250+250 250+125 250+125 1000250 1000=*=125
Berberine 1000%=125 31.25+31.25 62.50+31.25 31.25+31.25 1000*=125 1000*125
Acriflavine 31.25+6.25 3.13+3.13 3.13+1.56 3.13+1.56 31.25+3.16 31.25+6.25
Novobiocin 500£62.5 50+25 50+25 50+50 500+62.5 500*62.5
Ampicillin 15.62+3.13 1.57+0.78 1.56+1.56 1.56+1.56 15.62+1.56 15.62+3.13
Tetracycline 12.5+1.56 0.31+0.17 0.31+0.31 0.31+0.31 6.25+1.56 12.5+1.56
Nalidixic acid 10+2.5 0.5*+0.5 0.5+0.25 0.5*+0.25 10+£2.5 5+1.25
Ciprofloxacin 0.16+0.03 0.06=*=0.06 0.06=*0.06 0.06+0.06 0.16%+0.03 0.16+0.03
SDS 500+62.5 50=*25 50+50 50*+25 500+31.25 500+62.5
Ethidium bromide 125+15.62 25+12.5 50+50 50*=25 125+7.81 125+15.62
Crystal violet 25+3.13 1.25+1.25 1.25+1.25 1.25+1.25 25+3.13 25+3.13

aMIC determination in MHB medium by the dilution assay was repeated 3 times in each case thereby confirming consistencies of MIC values.
Differences in MIC values were only considered significant if they were at least four-fold. SDS: Sodium dodecyl sulfate, H. sabdariffa: Hibiscus
sabdariffa, E. coli: Escherichia coli, MIC: Minimum inhibitory concentration, MHB: Mueller-Hinton broth, EPI: Efflux pump inhibitor

Table 3: Synergetic effect of EPI fraction from H. sabdariffa with selected antimicrobial compounds in E. amylovora strains

Compounds MIC? (ug/ml)
1189 AacrB AtolC AacrB/AtolC AacrB (acrAB) AtolC (tolC)
No EPI+EPI No EPI+EPI No EPI+EPI No EPI+EPI No EPI+EPI No EPI+EPI
fraction fraction fraction fraction fraction fraction
Bile salt 1000250 125+125 125+125 125+125 1000*125 1000*=125
Phloretin 1000=*=125 125+125 125+125 125+125 1000=*=125 1000*62.5
Berberine 1000*=125 62.5+62.5 62.5+62.5 62.5+62.5 1000=*125 1000*125
Acriflavine 15.6+3.125 1.56+1.56 3.12+3.12 3.12+3.12 31.2+3.125 31.2+3.125
Novobiocin 62.5+6.25 12.5+12.5 12.5+12.5 6.25+6.25 62.5+6.25 31.2+12.5
Ampicillin 62.5+15.63 6.25+6.25 6.25+6.25 12.5+6.25 62.5+7.81 62.5+15.63
Tetracycline 6.25+1.25 0.63+0.63 0.63+0.63 0.63+0.63 6.25+1.25 12.5+1.25
Nalidixic acid 0.63+0.16 0.13+0.13 0.13+0.13 0.13+0.13 1.25+0.16 0.63+0.08
Ciprofloxacin 0.63+0.08 0.06+0.06 0.06+0.06 0.06+0.06 0.63+0.16 1.25+0.16
SDS 1000£125 100+100 100+100 100*+100 1000£125 1000£125
Ethidium bromide 31.25+3.13 3.13+3.13 3.13+3.13 3.13+3.13 62.5+6.25 62.5+£6.25
Crystal violet 3.13+0.78 0.63+£0.63 0.63+0.63 0.63+0.63 3.13+0.78 6.25*+1.56

aMIC determination in MHB medium by the dilution assay was repeated 3 times in each case thereby confirming consistencies of MIC values.
Differences in MIC values were only considered significant if they were at least four-fold, H. sabdariffa: Hibiscus sabdariffa, E. coli: Escherichia coli,
MIC: Minimum inhibitory concentration, SDS: Sodium dodecyl sulfate, MHB: Mueller-Hinton broth, EPI: Efflux pump inhibitor
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Table 4: Susceptibility of E. coli strains to H. sabdariffa
methanol extract

Inhibition zones (mm in diameter)

Bacterial strains H. sabdariffa Cm 80% methanol
E. coliTG1 10.9+0.5* 12.3+0.5° 0.0
E. coli AacrB-AtolC 8.3+0.5 16.3+0.5% 0.0

Diameter of measured inhibition zones resulted from 10 ul of X10

H. sabdariffa methanol extracts loaded in 5 mm in diameters well, 10 ul
of 12.5 mg/ml of Cm and 10 ul of 80% methanol were used as a positive
and negative control, respectively. Assay was repeated 3 times, and the
average of three replicates was recorded=+standard errors of means.
Similar experiments were conducted with E. amylovora 1189 and its
AacrB-AtolC, (data not shown), *Analysis of ANOVA and Fisher’s least
significant differences at P=0.05 with a significant value of 2.0 have
been conducted by IBM SPSS Statistics 24.. Cm: Chloramphenicol,

H. sabdariffa: Hibiscus sabdariffa, E. coli: Escherichia coli

RESULTS

Inhibition zones have been formed on plates inoculated
separately with E. coli TG1 and E. coli AacrB-AtolC mutant
[Table 4]. The inhibition zone on agar plate inoculated with
E. coli TG1 (~11 mm in diameter), was slightly larger than
those of E. coli AacrB-AtolC mutant (~8 mm in diameter). In
contrary, to the used antibiotic as a positive control, the L. coli
AacrB-AtolC was more sensitive than E. coli TG1 to Cm.

Separation of H. sabdariffa extract on TLC showed similar profile to
that been reported by Sarr et al., which was interpreted as following;
blue zone: Phenolic acids, yellow-orange: Flavonols, and yellow-
green: Flavones [32]. TLC-bioassay plate overlaid with bacterial
medium agar suspension only one inhibition zone, corresponding
to phenolic acids, was formed which is related to the antimicrobial
compound. While on plate overlaid with bacterial medium agar
suspension supplemented with a sub-lethal concentration of CV
resulted in formation of two inhibition zones, one corresponding
to flavones and the other corresponding to phenolic acids. These
results indicate that the inhibition zone corresponding to flavones
might be related to the fraction of potential EPL.

To confirm the ability of the flavones fraction to enhance the
activity of AcrAB-TolC, the flavones fraction has been eluted
from the silica gel, and antagonistic assay was conducted
against E. coli TG1 and its AacrB-AtolC mutant on LB medium
supplemented with a sub-lethal concentration of CV. The result
showed that the flavones eluted fraction formed inhibition
zone on plate inoculated with the E. coli TGI but not on plate
inoculated with the mutants [Figure 1].

Determination of MIC values of different antimicrobial
compounds alone and in a combination of EPI fraction was used
to examine the susceptibility of E. coli strains, and E. amylovora
strains in MHB medium [Tables 2 and 3]. In E. coli TGI, the
synergetic effect between the antimicrobials and EPI fraction
decreased MIC values by four-fold for bile salt and nalidixic
acid, five-fold for Ap, acriflavine and ciprofloxacin, and eight-
fold for other antimicrobials; phloretin, berberine, novobiocin,
tetracycline, SDS, EtBr, and CV. While in E. amylovora 1189 the
synergetic effect between the antimicrobials and EPI fraction
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decreased MIC values by four-fold for bile salt, Ap, nalidixic
acid, and CV, five-fold for acriflavine and tetracycline, eight-fold
for phloretin, berberine, ciprofloxacin, and SDS, and 10-fold for
novobiocin and EtBr.

These results revealed that EPI fraction has an inhibitory
effect on AcrAB-TolC efflux system in both tested organisms.
A comparison between the MIC values for antimicrobials
alone and the synergetic effect with EPI fraction shows that
there was no significant influence for the combination of
antimicrobials and EPI fraction on the MIC values of AacrB and
AtolC single mutant nor AacrB-AtolC double mutant in both
tested organisms. It is remarkable to mention that there were no
significant differences between the complemented mutants and
the mother cells of I. coli TGI and E. amylovora 1189 in MIC
values for both cases antimicrobials alone and combination of
antimicrobials with EPI fraction [Tables 2 and 3].

In addition to the EPI fraction, in a dose-dependent, increases
the relative fluorescence intensity, which indicates the increase
in EtBr intercellular accumulation in E. coli and E. amylovora
cells [Figure 2].

DISCUSSION

Formation of inhibition zone on plate inoculated with E. coli
AacrB-AtolC indicates accumulation of antimicrobial compound
in the mutant cells which are most likely transported by AcrAB-
TolC efflux system. The antimicrobial activity of H. sabdariffa
has been reported against foodborne and food spoilage
microorganisms, like E. coli O157:H7, is a major foodborne
pathogen [23,37], also against Gram-negative bacteria such
as Pseudomonas aeruginosa, Klebsiella pneumonia, Proteus
vulgaris, Salmonella enterica and some multidrug resistant
Salmonella strains, in addition to some Gram-positive bacteria
such as Bacillus subtilis, S. aureus, Staphylococcus epidermis,

and Staphylococcus cereus [24,25,37,38].

Although the AcrAB-TolC efflux system in E. coli TG1 was
recruited in efflux of the CV, the methanol extract of H. sabdariffa
was able to inhibit E. coli TG1 growth more than the E. coli
AacrB-AtolC mutant, which might indicate the occurrence
of another microbial compound in the extract, or occurrence
of a certain compound that increases accumulation of the
antimicrobial compound, that is found in the methanol extract
of H. sabdariffa, in E. coli TG1 cells due to blocking of the AcrAB-
TolC efflux system. Formation of inhibition zone by the eluted
fraction on agar plate inoculated with the E. coli TG1 but not on
plate inoculated with the mutants demonstrates that the cluted
fraction has no antimicrobial activity alone, but it enhances the
accumulation of CV in E. coli TG1. These observations fulfill the
main characteristics of EPI suggested by Lomovskaya et al. [39],
where EPI fraction enhances activities of CV in E. coli TGI
that containing functioning pump, and does not potentiate the
activities of CV in AacrB-AtolC mutants that lack efflux pump.

There was no significant influence for the combination of
antimicrobials and EPI fraction on the MIC values of AacrB
e 2017 e Vol6 e
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Figure 1: Antagonistic assay against Escherichia coli TG1 by the putative efflux pump inhibitor (EPI) (eluted fraction); (a) E. coli TG1, (b) E. coli

its AacrB-AtolC. Bacterial suspension (100 pl of OD,

~1.0) was spread on Luria-Bertani medium, after drying, 10 pl of 25 pg/ml putative EPI

fraction was loaded in 5 mm in diameters well (right wells), 10 pl of 12.5 mg/ml of chloramphenicol was used as positive control (upper wells),
and 10 pl of 80% methanol was used as negative control (left wells). The arrow in part A shows the inhibition zone formed by the putative EPI
fraction. Similar experiments were conducted with Erwinia amylovora 1189 and its AacrB-AtolC (data not shown)

and AtolC single mutant nor AacrB-AtolC double mutant in
both tested organisms. No significant differences between the
complemented mutants and the mother cells of E. coli TG
and L. amylovora 1189 were observed in MIC values for both
cases; antimicrobials alone and combination of antimicrobials
with EPI fraction. These results are suggesting that both
proteins AcrB and TolC should be assembled in both tested
organisms to enable the EPI fraction to accomplish its activity.
These results might explain former results of Darwish and
Aburjai [26], where combinations of H. sabdariffa extract with
nalidixic acid reduced the growth percentage of E. coli by 20%,
combinations of H. sabdariffa extract with nalidixic acid, and
tetracycline reduced the growth percentage of P aeruginosa

J Intercult Ethnopharmacol e 2017 e Vol6 e Issue4

by 17% and 55%, respectively [40], which might be related
to inhibition of MexAB-OprM, AcrAB-TolC homolog, and
P aeruginosa [9].

Increase the EtBr intercellular accumulation in E. coli and
L. amylovora cells fulfill another characteristic of EPI suggested by
Lomovskaya et al. [39], where EPI fraction increased the level of
accumulation and decreased the level of extrusion of efflux pump
specific substrate. These observations suggest that EPI faction may
act as multidrug EPI primarily through inhibition of AcrAB-TolC.

It can be concluded that the eluted fraction act as an EPI,
it triggered the activity of a wide range of antimicrobial
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Figure 2: Effect of addition increasing concentrations of efflux pump
inhibitor (EPI) fraction on ethidium bromide (EtBr) accumulation in
Escherichia coliTG1 (a); effect of addition of increasing concentrations
of EPI fraction on EtBr accumulation in Erwinia amylovora 1189 (b).

Cells grown in Luria-Bertani until reaches to OD, 1, centrifuged at
4000 rpm for 30 min, re-suspended in PBS supplemented with 0.4%
glucose, and EPI fraction was added at increasing concentrations. EtBr
was added (1.0 pg/ml) at time point 0, and fluorescence was measured
with 10 min interval for 1 h by fluorospectrometer. E. coli AacrAB-AtolC
and E. amylovora AacrAB-AtolC were used for comparison

compounds and reduced the MIC values, and increase
accumulation of EtBr in the tested organisms cells. Further
investigation will be conducted to determine the chemical
structure of the putative EPIL.

ACKNOWLEDGMENTS

The authors would like to thank the Deanship of Academic
Science/The University of Jordan, Amman-Jordan, for financial
support (grant nr. 1493) and Scientific Research Support
Fund- the Ministry of Higher Education and Scientific
Research-Jordan, for instruments support. Special thanks to
Ms. Thsan Mutlak for her technical help.

REFERENCES

1. Vargiu AV, Pos KM, Poole K, Nikaido H. Editorial: Bad bugs in the
XXIst century: Resistance mediated by multi-drug efflux pumps in
Gram-negative bacteria. Front Microbiol 2016;7:833.

2. Blanco P Hernando-Amado S, Reales-Calderon JA, Corona F, Lira F,
Alcalde-Rico M, et al. Bacterial multidrug efflux pumps: Much more
than antibiotic resistance determinants. Microorganisms 2016;4:14.

3. Tikhonova EB, Yamada Y, Zgurskaya HI. Sequential mechanism
of assembly of multidrug efflux pump AcrAB-TolC. Chem Biol
2011;18:454-63.

4. Ruggerone P Murakami S, Pos KM, Vargiu AV. RND efflux pumps:
Structural information translated into function and inhibition
mechanisms. Curr Top Med Chem 2013;13:3079-100.

5. Al-Karablieh N, Weingart H, Ullrich MS. Genetic exchange of multidrug
efflux pumps among two enterobacterial species with distinctive
ecological niches. Int J Mol Sci 2009;10:629-45.

6. BurseA, Weingart H, Ullrich MS. The phytoalexin-inducible multidrug
efflux pump AcrAB contributes to virulence in the fire blight pathogen,
Erwinia amylovora. Mol Plant Microbe Interact 2004;17:43-54.

7. Al-Karablieh N, Weingart H, Ullrich MS. The outer membrane protein
TolC is required for phytoalexin resistance and virulence of the fire
blight pathogen Erwinia amylovora. Microb Biotechnol 2009;2:465-
75.

8.  Wang Y, Venter H, Ma S. Efflux pump inhibitors: A novel approach
to combat efflux-mediated drug resistance in bacteria. Curr Drug
Targets 2016;17:702-19.

9.  Pages JM, Masi M, Barbe J. Inhibitors of efflux pumps in Gram-
negative bacteria. Trends Mol Med 2005;11:382-9.

362

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Bohnert JA, Kern WV. Selected arylpiperazines are capable of
reversing multidrug resistance in Escherichia coli overexpressing
RND efflux pumps. Antimicrob Agents Chemother 2005;49:849-52.
Mahamoud A, Chevalier J, Davin-Regli A, Barbe J. Quinoline
derivatives as promising inhibitors of antibiotic efflux pump in
multidrug resistant Enterobacter aerogenes isolates. Curr Drug
Targets 2006;7:843-7.

Stermitz FR, Lorenz P, Tawara JN, Zenewicz LA, Lewis K. Synergy in
a medicinal plant: Antimicrobial action of berberine potentiated by
5-methoxyhydnocarpin, a multidrug pump inhibitor. Proc Natl Acad
Sci 2000;97:1433-7.

Bohnert A Jr, Schuster S, Kern WV. Pimozide inhibits the AcrAB-TolC
efflux pump in Escherichia coli. Open Microbiol J 2013;7:83-6.
Yilmaz S, Altinkanat-Gelmez G, Bolelli K, Guneser-Merdan D, Ufuk
Over-Hasdemir M, Aki-Yalcin E, et al. Binding site feature description
of 2-substituted benzothiazoles as potential AcrAB-TolC efflux pump
inhibitors in E. coli. SAR QSAR Environ Res 2015;26:853-71.
Stermitz FR, Tawara-Matsuda J, Lorenz P Mueller P Zenewicz L,
Lewis K, et al. 5-methoxyhydnocarpin-D and pheophorbide A: Berberis
species components that potentiate Berberine growth inhibition of
resistant Staphylococcus aureus. J Nat Prod 2000;63:1146-9.

Chan KF, Zhao Y, Chow LM, Chan TH. Synthesis of
(+)-56'-methoxyhydnocarpin-D, an inhibitor of the Staphylococcus
aureus multidrug resistance pump. Tetrahedron 2005;61:4149-56.
Marquez B, Neuville L, Moreau NJ, Genet JP, dos Santos AF, Cafo de
Andrade MC, et al. Multidrug resistance reversal agent from Jatropha
elliptica. Phytochemistry 2005;66:1804-11.

Ali BH, Wabel NA, Blunden G. Phytochemical, pharmacological and
toxicological aspects of Hibiscus sabdariffa .. A review. Phytother
Res 2005;19:369-75.

Maganha EG, da Costa Halmenschlager R, Rosa RM, Henriques JA,
de Paula Ramos AL. Pharmacological evidences for the extracts and
secondary metabolites from plants of the genus Hibiscus. Food Chem
2010;118:1-10.

McKay DL, Chen CO, Saltzman E, Blumberg JB. Hibiscus sabdariffa L.
tea (tisane) lowers blood pressure in prehypertensive and mildly
hypertensive adults. J Nutr 2010;140:298-303.

Chen CC, Chou FP, Ho YC, Lin WL, Wang CP, Kao ES, et al. Inhibitory
effects of Hibiscus sabdariffa L extract on low—density lipoprotein
oxidation and anti-hyperlipidemia in fructose-fed and cholesterol-fed
rats. J Sci Food Agric 2004;84:1989-996.

Agoreyo F, Agoreyo B, Onuorah M. Effect of aqueous extracts of
Hibiscus sabdariffa and Zingiber officinale on blood cholesterol and
glucose levels of rats. Afr J Biotechnol 2008;7:3949-51.

Fullerton M, Khatiwada J, Johnson JU, Davis S, Davis S, Williams LL,
et al. Determination of antimicrobial activity of sorrel (Hibiscus
sabdariffa) on Esherichia coliO157: H7 isolated from food, veterinary,
and clinical samples. J Med Food 2011;14:950-6.

Jung E, Kim Y, Joo N. Physicochemical properties and antimicrobial
activity of roselle (Hibiscus sabdariffa L.). J Sci Food Agric
2013;93:3769-76.

Abdallah EM. Antibacterial efficiency of the sudanese roselle
(Hibiscus sabdariffa L.), a famous beverage from sudanese folk
medicine. J Intercult Ethnopharmacol 2016;5:186.

Darwish RM, Aburjai TA. Effect of ethnomedicinal plants used in
folklore medicine in Jordan as antibiotic resistant inhibitors on
Escherichia coli. BMC Complement Altern Med 2010;10:9.
Gradinaru G, Biliaderis C, Kallithraka S, Kefalas P Garcia-Viguera C.
Thermal stability of Hibiscus sabdariffa L. Anthocyanins in solution
and in solid state: Effects of copigmentation and glass transition.
Food Chem 2003;83:423-36.

Sindi HA, Marshall LJ, Morgan MR. Comparative chemical and
biochemical analysis of extracts of Hibiscus sabdariffa. Food Chem
2014;164:23-9.

Maniatis T, Fritsch EF, Sambrook J. Molecular cloning: A laboratory
manual. Cold Spring Harbor. New York: Cold Spring Harbor Laboratory
Press; 1982.

Morita Y, Kodama K, Shiota S, Mine T, Kataoka A, Mizushima T, et al.
NorM, a putative multidrug efflux protein, of Vibrio parahaemolyticus
and its homolog in Escherichia coli. Antimicrob Agents Chemother
1998;42:1778-82.

Tolulope M. Cytotoxicity and antibacterial activity of methanolic
extract of Hibiscus sabdariffa. J Med Plant Res 2007;1:9-13.

Sarr M, Ngom S, Kane MO, Wele A, Diop D, Sarr B, et al. In vitro

J Intercult Ethnopharmacol e 2017 e Vol6 e Issue4



33.

34.

35.

36.

37.

38.

J Intercult Ethnopharmacol e

vasorelaxation mechanisms of bioactive compounds extracted from
Hibiscus sabdariffa on rat thoracic aorta. Nutr Metab 2009;6:45.
Balouiri M, Sadiki M, Ibnsouda SK. Methods for in vitro evaluating
antimicrobial activity: A review. J Pharm Anal 2016;6:71-9.

Valgas C, Souza SM, Smania EF, Smania A Jr. Screening methods to
determine antibacterial activity of natural products. Braz J Microbiol
2007;38:369-80.

Ferraro MJ. Methods for Dilution Antimicrobial Susceptibility Tests
for Bacteria that Grow Aerobically. Wayne, PA: CLSI, NCCLS; 2000.
Coldham NG, Webber M, Woodward MJ, Piddock LJ. A 96-well plate
fluorescence assay for assessment of cellular permeability and active
efflux in Salmonella enterica serovar Typhimurium and Escherichia
coli. J Antimicrob Chemother 2010;65:1655-63.

Higginbotham KL, Burris KR, Zivanovic S, Davidson PM, Stewart CN.
Antimicrobial activity of Hibiscus sabdariffa aqueous extracts
against Escherichia coli O157: H7 and Staphylococcus aureus in
a microbiological medium and milk of various fat concentrations.
J Food Prot 2014;77:262-8.

Gutiérrez-Alcéntara EJ, Gomez-Aldapa CA, Roman-Gutiérrez AD,
Rangel-Vargas E, Gémez-Aldapa CA, Falfan-Cortes RN, et al.
Antimicrobial activity of roselle Hibiscus Sabdariffa calyx extracts

2017 e Vol6 e Issue4d

39.

40.

Al-Karablieh, et al.: Detection of potential AcrAB-TolC multidrug efflux

on culture media and carrots against multidrug-resistant Salmonella
strains isolated from raw carrots. J Food Saf 2016;1:450-458.
Lomovskaya O, Warren MS, Lee A, Galazzo J, Fronko R, Lee M,
et al. Identification and characterization of inhibitors of multidrug
resistance efflux pumps in Pseudomonas aeruginosa: Novel
agents for combination therapy. Antimicrob Agents Chemother
2001;45:105-16.

Aburjai T, Darwish RM, Al-Khalil S, Mahafzah A, Al-Abbadi A. Screening
of antibiotic resistant inhibitors from local plant materials against
two different strains of Pseudomonas aeruginosa. J Ethnopharmacol
2001;76:39-44.

© EJManager. This is an open access article licensed under the terms
of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted,
noncommercial use, distribution and reproduction in any medium, provided

the work is properly cited.

Source of Support: Nil, Conflict of Interest: None declared.

363


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/

	_GoBack
	_ENREF_2
	_ENREF_41
	OLE_LINK1
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_42
	TOP
	_ENREF_39
	_ENREF_40

