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Abstract

In this study, the ethanol extract of Momordica charantia L. (EEMC) (Cucurbitaceae) was tested for its anti-
microbial activity against strains of Escherichia coli. The growth of two E. coli strains tested was not inhibited
by the extract. The MIC and MBC values were =1 mg/mL for both strains of E. coli used. A synergistic effect
between this extract and aminoglycosides was demonstrated. Similarly, a synergistic effect was observed
of chlorpromazine on kanamycin and amikacin, indicating the involvement of an efflux system in the
resistance to these aminoglycosides. The checkerboard method with combinations of aminoglycosides
and EEMC demonstrated synergism with kanamycin and an additive effect with amikacin and neomycin.
It is therefore suggested that extracts from M. charantia could be used as a source of plant-derived natural
products with resistance-modifying activity. This is the first report about the modifying antibiotic activ-
ity of Momordica charantia, constituting a new weapon against bacterial resistance to antibiotics, as with

chlorpromazine.

Keywords: Aminoglycosides; chlorpromazine; ethanol extract; modifying antibiotic activity; Momordica

charantia

Introduction

With a growing incidence of infections resistant to anti-
biotics, natural products from plants could be interest-
ing alternatives (Lu et al., 2007; Mbwambo et al., 2007).
Some plant extracts and phytochemicals are known to
have antimicrobial properties, and can be of great sig-
nificance in therapeutic treatments. In the last few years,
a number of studies have been conducted in different
countries to demonstrate such efficacy (Gibbons, 2004;
Gurib-Fakim, 2006).

Many plant extracts or products have been evalu-
ated not only for direct antimicrobial activity, but also
as resistance-modifying agents (Lugman et al., 2007).

Several chemical compounds, synthetic or from natural
sources, such as the phenothiazines and natural products,
show an indirect effect against many species of bacteria,
by enhancing the activity of a specific antibiotic, revers-
ing the natural resistance of specific bacteria to given
antibiotics, promoting the elimination of plasmids from
bacteria such as Escherichia coli, and inhibiting transport
functions of the plasma membrane in regard to given anti-
biotics. The inhibition of plasma membrane-based efflux
pumps has been observed as well (Jana & Deb, 2006; Smith
et al.,, 2007). The enhancement of antibiotic activity or the
reversal of antibiotic resistance by natural or synthetic
non-conventional antibiotics affords the classification of
these compounds as modifiers of antibiotic activity.
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Momordica charantia L. (Cucurbitaceae) is a climber
known as bitter melon, which grows worldwide. Several
flavonoids with pharmacological and biological activi-
ties have been identified in M. charantia (Grover &
Yadav, 2004; Ansari et al., 2005; Das et al., 2006; Reyes
et al., 2006). Additionally, the triterpenoid cucurbitan
and the protein MAP30 have shown anti-human immu-
nodeficiency virus (HIV) and insecticidal activities,
respectively (Bourinbaiar & Lee-Huang, 1995; Mekuria
etal., 2005).

Aminoglycosides are potent bactericidal antibiotics
targeting the bacterial ribosome, and the increase in
cases of bacterial resistance to aminoglycosides is widely
recognized as a serious health threat (Jana & Deb, 2006).
In Escherichia coli, the main mechanisms of resistance
to aminoglycosides are active drug efflux and enzymatic
inactivation (Smith et al., 2007).

In this work, we tested an ethanol extract of
Momordica charantia and chlorpromazine as
resistance-modifying agents in an aminoglycoside-
resistant strain of E. coli.

Materials and methods

Strains

The experiments were performed with the clinical
Escherichia coli isolate EC27, which is resistant to neo-
mycin and gentamicin (low level) and to amikacin and
kanamycin [see the complete resistance profile given
by Coutinho et al. (2005)]. The EC-ATCC 8539 strain of
Escherichia coliwas used as a positive control. All strains
were maintained on heart infusion agar slants (HIA;
Difco), and prior to assays, the cells were grown over-
night at 37°C in brain heart infusion (BHI; Difco).

Plant material

Leaves of Momordica charantia were collected in the
county of Crato, Ceard State, Brazil. The plant material
was identified by the botanist Dr. Arlene Pessoa and a
voucher specimen, number 703, was deposited at the
Herbarium “Dardano de Andrade Lima” of Universidade
Regional do Cariri - URCA.

Preparation of the ethanol extract of Momordica
charantia (EEMC)

A quantity of 200g of aerial parts was dried at room
temperature and powdered. The powdered material
was extracted by maceration using 1L of 95% ethanol
as solvent at room temperature, and the homogenate
was allowed to stand for 72h at room temperature. The
extract was then filtered, and the filtrate concentrated
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under vacuum in a rotary evaporator (Brasileiro et al.,
2006). For the tests, the dry extract residue was dissolved
in dimethylsulfoxide (DMSO).

Drugs

Chlorpromazine, gentamicin, kanamycin, amikacin,
and neomycin were obtained from Sigma Chemical Co.
All drugs were dissolved in sterile water.

Drug susceptibility test

The minimum inhibitory concentration (MIC) of EEMA,
antibiotics, and chlorpromazine (CPZ)was determinedin
BHI by the microdilution assay, using suspensions of 10°
CFU/mL and a drug concentration range of 1024-1 pg/
mL (two-fold serial dilutions) (Javadpour et al., 1996).
MIC was defined as the lowest concentration at which no
growth was observed. For the evaluation of EEMA as a
modulator of antibiotic resistance, MICs of the antibiotics
were determined in the presence of EEMA (128 pg/mL)
and CPZ (16 pg/mL) at sub-inhibitory concentrations,
and the plates were incubated for 24 h at 37°C. CPZ was
used as a positive control for efflux pump inhibition.

Checkerboard method

The EC27 strain was tested by the microdilution check-
erboard technique (Eliopoulos & Moellering, 1991).
Suspensions of 10° CFU/mL of bacterial culture were
prepared and distributed into microtiter plates con-
taining various concentrations of the different drugs.
The inoculated plates were incubated at 37°C for 24 h,
and then evaluated for bacterial growth. In order to
determine the activity of drug combinations, fractional
inhibitory concentration (FIC) indices were calculated
as FIC? + FICP, where FIC* and FIC® represent the mini-
mum concentrations that inhibited bacterial growth for
drugs A and B, respectively: FIC*=MIC* combination/
MIC* alone and FIC®*=MIC® combination/MICP alone.
A mean FIC index was calculated based on the following
equation: FIC index=FIC* + FIC?, and the interpretation
made as follows: synergistic (<0.5), additive (0.5-1.0),
indifferent (> 1), or antagonistic (>4.0).

Results and discussion

The EEMC did not show a substantial antibacte-
rial activity against either E. coli strain at 1024 pg/ml
(MIC>1024 pg/mL), which is consistent with other
reports (Martinez et al., 1996; Rodriguez et al., 2006).
However, many authors claim that M. charantia has
antibacterial activity against other bacterial species
(Grover & Yadav, 2004; Lans, 2007).
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Although EEMC did not show appreciable antibacte-
rial activity (Gibbons, 2004; Houghton et al., 2007), the
addition of EEMA to the growth medium at 128 pg/mL
(21/16 MIC) produced a dramatic reduction in the MIC
for all aminoglycosides in the strain E. coli 27 (but not
with ATCC 8539, possibly due the absence of any resist-
ance mechanisms to aminoglycosides), demonstrat-
ing a synergistic effect of EEMC with aminoglycosides
(Table 1).

Studies on interactions of natural products from
Momordica charantia have been conducted for anti-
diabetic (Tongia et al., 2004) and anti-HIV drugs
(Bourinbaiar & Lee-Huang, 1995), but as far as we know,
natural products of Momordica charantia having a syn-
ergistic effect with aminoglycosides have not been pre-
viously reported.

An MIC reduction for kanamycin, neomycin, and
amikacin was also observed when CPZ was added to the
growth medium at 16 pg/mL (1/4 MIC), which indicates
the involvement of an efflux pump in the resistance to
these antibiotics (Table 1). The effect was also observed
when EEMC was added to the medium, suggesting that
EEMC is a putative inhibitor of an efflux pump (Table 1),
but additional experiments are needed to confirm such
mechanisms.

Phenothiazines, such as chlorpromazine, prob-
ably act on the plasma membrane of bacteria, affect-
ing the efflux pumps (Salih et al., 1991; Reddy et al.,
1992; Kristiansen & Amaral, 1997). This modifica-
tion of drug permeability could enhance the activ-
ity of antibiotics that act within the cell, such as the
aminoglycosides.

Efflux pumps have been known as resistance mecha-
nisms of E. coli since the 1980s; they belong to the
resistance-nodulation-cell division (RND) family of
transporters and represent an important mechanism of
multidrug resistance (MDR) that accounts for the resist-
ance to aminoglycosides (McMurry et al., 1980; Van
Bambeke et al., 2003).

A synergistic effect of CPZ with gentamicin or
neomycin was not observed, which suggests the
occurrence of other resistance mechanisms or of a
CPZ-insensitive efflux pump that can be blocked by
EEMC (Table 1).

Table 2 shows the results for the combinations of
antibiotics and EEMC, at or below their MIC. EEMC
itself had no inhibitory activity against the E. coli strain
tested. Synergism was observed with the combination
of EEMC and kanamycin. The combinations of EEMC
and amikacin, gentamicin, and neomycin gave varied
responses. Amikacin and neomycin demonstrated
an additive effect, but the effect was indifferent with
gentamicin.

The results obtained indicate that Momordica cha-
rantia could serve as a source of plant-derived natural

Table 1. MIC* values (pg/mL) of aminoglycosides in the absence
and presence of EEMC' and CPZ* in Escherichia coli 27.

EC27
Combined MIC
Antibiotic MIC alone EEMC (128pug/mL)  CPZ (16 pg/mL)
Amikacin 64 <1 16
Gentamicin 4 <1 4
Kanamycin 256 8 16
Neomycin 8 <1 8
Chlorpromazine 64 — —

*MIC, minimal inhibitory concentration; 'TEEMC, ethanolic extract of
Momordica charantia; *CPZ, chlorpromazine.

Table 2. MIC* of antibiotics and the effect of combinations with
EEMC' against Escherichia coli 27.

FIC* index
Antibiotic + EEMC MIC (pg/mL) (type of interaction)
EEMC 512
Amikacin 64
Kanamycin 128
Gentamicin 4
Neomycin 32
EEMC/amikacin 32/32 0.5625 (additive)
EEMC/kanamycin 64/32 0.375 (synergistic)
EEMC/gentamicin 32/4 1.0625 (indifferent)
EEMC/neomycin 128/16 0.75 (additive)

*MIC, minimal inhibitory concentration; 'TEEMC, ethanolic extract of
Momordica charantia; *FIC, fractional inhibitory concentration.

products with antibiotic resistance-modifying activity
to be used against multidrug-resistant bacteria, as with
chlorpromazine.

Declaration of interest: The authors report no conflicts
of interest.

References

Ansari NM, Houlihan L, Hussain B, Pieroni A (2005): Antioxidant
activity of five vegetables traditionally consumed by South-
Asian migrants in Bradford, Yorkshire, UK. Phytother Res 19:
907-911.

Bourinbaiar A, Lee-Huang S (1995): Potentiation of anti-HIV activ-
ity of anti-inflammatory drugs dexamethasone and indometh-
acin, by MAP30, the antiviral agent from bitter melon. Biochem
Biophys Res Commun 208: 779-785.

Brasileiro BG, Pizziolo VR, Raslan DS, Jamal CM, Silveira D (2006):
Antimicrobial and cytotoxic activities screening of some
Brazilian medicinal plants used in Governador Valadares dis-
trict. Rev Bras Cienc Farm 42: 195-202.

Coutinho HDM, Cordeiro LN, Bringel KP (2005): Antibiotic resistance
of pathogenic bacteria isolated from the population of Juazeiro
do Norte-Ceara. R Bras Ci Satide 9: 127-138.

Das P, Sinhababu SP, Dam T (2006): Screening of antihelminthic
effects of Indian plant extracts: A preliminary report. J Altern
Complement Med 12: 299-301.

Eliopoulos GM, Moellering RC (1991): Antimicrobial combinations.
In: Lorian V, ed., Antibiotics in Laboratory Medicine. Baltimore,
MD, Williams & Wilkins, pp. 434-441.



Gibbons S (2004): Anti-staphylococcal plant natural products. Nat
Prod Rep 21: 263-277.

Grover JK, Yadav SP (2004): Pharmacological actions and potential
uses of Momordica charantia: a review. ] Ethnopharmacol 93:
123-132.

Gurib-Fakim A (2006): Medicinal plants: traditions of yesterday and
drugs of tomorrow. Mol Aspects Med 27: 1-93.

Houghton PJ, Howes MJ, Lee CC, Steventon G (2007): Uses and abuses
of in vitro tests in ethnopharmacology: Visualizing an elephant.
J Ethnopharmacol 110: 391-400.

Jana S, Deb JK (2006): Molecular understanding of aminoglycoside
action and resistance. Appl Microbiol Biotechnol 70: 140-150.

Javadpour MM, Juban MM, Lo WC, Bishop SM, Alberty JB, Cowell SM,
Becker CL, McLaughlin ML (1996): De novo antimicrobial
peptides with low mammalian cell toxicity. ] Med Chem 39:
3107-3113.

Kristiansen JE, Amaral L (1997): The potential management of resist-
ant infections with non-antibiotics. J Antimicrob Chemother 40:
319-327.

Lans C (2007): Comparison of plants used for skin and stomach
problems in Trinidad and Tobago with Asian ethnomedicine.
J Ethnobiol Ethnomed 3: 3.

Lu Y, Zhao YP, Wang ZC, Chen SY, Fu CX (2007): Composition and
antimicrobial activity of the essential oil of Actinidia macros-
perma from China. Nat Prod Res 21: 227-233.

Lugman S, Dwivedi GR, Darokar MP, Kalra A, Khanuja SP (2007):
Potential of rosemary oil to be used in drug-resistant infections.
Altern Ther Health Med 13(5): 54-59.

Martinez MJ, Betancourt ], Alonso-Gonzalez N, Jauregui A (1996):
Screening of some Cuban medicinal plants for antimicrobial
activity. ] Ethnopharmacol 52: 171-174.

Mbwambo ZH, Moshi MJ, Masimba PJ, Kapingu MC, Nondo RS
(2007): Antimicrobial activity and brine shrimp toxicity of
extracts of Terminalia brownii roots and stem. BMC Complement
Altern Med 7: 9.

Interference with aminoglycosides 1059

McMurry L, Petrucci RE, Levy SB (1980): Active efflux of tetracycline
encoded by four genetically different tetracycline resistance
determinants in Escherichia coli. Proc Natl Acad Sci USA 77:
3974-3977.

Mekuria DB, Kashiwagi T, Tebayashi S, Kim CS (2005): Cucurbitane
triterpenoid oviposition deterrent from Momordica charantia
to the leafminer, Liriomyza trifolii. Biosci Biotechnol Biochem 69:
1706-1710.

Reddy PH, Burra SS, Murphy PS (1992): Correlation between
calmodulin-like protein, phospholipids and growth in glucose-
grown Mycobacterium phlei. Can ] Microbiol 38: 339-342.

Reyes BA, Bautista ND, Tanquilut NC, Anunciado RV, Leung AB,
Sanchez GC, Magtoto RL, Castronuevo P, Tsukamura H, Maeda KI
(2006): Anti-diabetic potentials of Momordica charantia and
Andrographis paniculata and their effects on estrous cyclicity of
alloxan-induced diabetic rats. J Ethnopharmacol 105: 196-200.

Rodriguez FFG, Angélico EC, Mota ML, Silva MR, Caldas GFR,
Santos NKA, Freire CKB, Sousa EO, Lemos TLG, Costa JGM (2006):
Evaluation of the antimicrobial activities of and cytotoxicity from
Momordica charantia L. Cucurbitaceae. Cult Sci Per 1: 63-67.

Salih FA, Kaushik NK, Sharma P, Choudary GV, Murphy PS,
Venkitasubramanian TA (1991): Calmoduliln-like activity in
mycobacteria. Indian ] Biochem 28: 491-495.

Smith E, Williamson M, Wareham N, Kaatz G, Gibbons S (2007):
Antibacterial and modulators of bacterial resistance from the
immature cones of Chamaecyparis lawsoniana. Phytochemistry
68:210-217.

Tongia A, Tongia SK, Dave M (2004): Phytochemical determination
and extraction of Momordica charantia fruit and its hypoglyc-
emic potentiation of oral hypoglycemic drugs in diabetes mel-
litus (NIDDM). Indian J Physiol Pharmacol 48: 241-244.

Van Bambeke F Glupczynski Y, Plesiat P, Pechere JC, Tulkens PM
(2003): Antibiotic efflux pumps in prokaryotic cells: occurrence,
impact on resistance and strategies for the future of antimicro-
bial therapy. ] Antimicrob Chemother 51: 1055-1065.



