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bstract

A simple TLC bioautographic method was developed for detection of antibiotic resistance reversal agents. In this study, the retention factor values
f the components of some essential oils not previously shown to have any antibacterial activity were evaluated on nitrofurantoin supplemented agar

edia. The active component of Artemisia annua, Artemisia dracunculus and Eucalyptus globulus essential oils was piperitone which increased

he antibacterial activity of nitrofurantoin against Enterobacter cloacae. Piperitone was not detected in the essential oil of Humulus lupulus and
e could not observe any clear areas in this bioautographic method.
2006 Elsevier B.V. All rights reserved.
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. Introduction

Resistance to antimicrobial agents by pathogenic bacteria
as emerged in recent years and is a major health problem.
onsequently, there has been increasing interest in the use
f inhibitors of antibiotic resistance for combination therapy
1,2]. These types of compounds have potential in decreas-
ng the effective dose of antimicrobial drugs for therapy. In
itro experiments have shown that natural products and some
f their components decrease the minimum inhibitory con-
entration (MIC) of antibiotics for different microorganisms
3–8]. The use of antibiotic resistance reversal agents for the
egradation of bacterial resistance is going to be an issue of con-
iderable importance, thus a chromatographic method should be
eveloped and tested for detection of this group of compounds
n complex plant matrices. Also such assays are particularly
mportant to avoid the time consuming isolation of known sub-

tances or inactive ones. TLC bioautographic methods combine
hromatographic separation and in situ activity determination
acilitating the localization and target-directed isolation of active
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onstituents in a mixture. Traditionally, bioautographic tech-
ique has used growth inhibition of microorganisms to detect
nti-microbial components of extracts chromatographed on a
LC layer. This methodology has been considered as the most
fficacious assay for the detection of anti-microbial compounds.
he objective of this paper was to develop a simple TLC bioau-

ographic method for detection of antibiotic resistance reversal
gents. In this method, the Rf value of components which
ave not previously shown any antibacterial activity is detected
gainst the resistant strain on antibiotic supplemented agar
edia.
Recently, piperitone, a volatile component of Mentha longi-

olia var. chorodictya, has been reported to increase the
ntibacterial activity of nitrofurans drugs [7]. M. longifolia var.
horodictya named commonly in Iran as Poneh Sorkhabadi, and
rown in north part of Iran and Afghanistan. In this investi-
ation, the synergistic activity of the essential oils from four
ommon plants wormwood, tarragon, hops and Tasmanian blue
um was tested using agar dilution method and compared with
he essential oil of M. longifolia against Enterobacter cloacae.

sing this bioautographic method the active compounds of the

amples which increased the antibacterial effect of nitrofuran-
oin was localized on a chromatogram and identified by GC–MS
nalysis.
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Table 1
Enhancement of bactericidal activity of nitrofurantoin for Enterobacter cloacae
by various essential oilsa,b

Selected essential oils Synergistic MICs
(�g/ml)

MIC
reduction

Mentha longifolia 25 11×
Artemisia annua 70 3.9×
Artemisia dracunculus 50 5.5×
Eucalyptus globules 30 6.1×
H
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. Experimental

.1. Materials

Natural product essential oils, including Artemisia annua,
rtemisia dracunculus, Eucalyptus globulus, Humulus lupu-

us and M. longifolia were obtained from Prof. Farsam of the
epartment of Medicinal Chemistry at our Faculty and Dr.
. Bagheri from Azarbaijan Medicinal Plant Center, Ardabil,

ran. dl-piperitone(3-methyl-6-(1-methylethyl)-2-cyclohexen-
-one) was provided by Charabot Grasse (France).

.2. MIC determination

The MICs of nitrofurantoin in the presence and absence
f essential oils (1 �l/ml) were studied by conventional agar
ilution methods using E. cloacae. Different concentrations
f nitrofurantoin were included in Muller-Hinton agar plates.
he MIC was defined as the lowest concentration of antibiotic
here bacterial growth was not detected. The test strain used

n this study was obtained from Shariati University Hospital,
ehran (Iran). The identity of this strain was confirmed using
onventional methods. Polyethylene glycol (PEG) 4000 at a con-
entration of 1% (w/v) was used to facilitate oil diffusion in all
f the media used in this study.

.3. Detection method

A TLC bioautographic method was used to detect active com-
onents. Piperitone and M. longifolia essential oil were used
s positive controls in all experiments. After application of
he sub-inhibitory content of essential oils (10 �l) and piperi-

one (3 �l) on a silica gel 60 F254 plate (Merck, Darmstadt,
ermany), thin layer chromatography (TLC) was developed
sing toluene-ethyl acetate (93:7) as the eluent system [9] and
ried for complete removal of solvents. The plates were either

H
1
t
p

ig. 1. Detection of active compounds of some essential oils involved in augmentati
ethods. TLC plates, composed of Merk Silica gel 60 F254, received 10 �l of the fo

racunculus (3), Eucalyptus globulus (4), Humulus lupulus (5). Piperitone (3 �l) was
resence (with drug) and absence (without drug) of nitrofurantoin.
umulus lupulus 125 2.2×
a Tested at a sub-inhibitory concentrations of 1 �l/ml.
b Nitrofurantoin MIC for Enterobacter cloacae was 275 �g/ml.

isualized using sulfuric vanillin [9] or biologically (bioauto-
raphy) to evaluate the activity of the different essential oils.
n inoculum of E. cloacae in the 0.1% triphenyl-tetrazolium

hloride containing Muller-Hinton agar media (with or without
0 �g/ml nitrofurantoin) was distributed over TLC plates, and
he plates were incubated at 35 ◦C for 24 h. Triphenyl- tetra-
olium chloride was supplied by Aldrich Chemical Co., UK.
nhibition zones were observed as clear areas against a red
olored background. Preparative TLC plates with a thickness
f 1 mm were prepared using the same stationary and mobile
hases as above, with the objective of isolating the components
f essential oils that enhanced the antibacterial activity of nitro-
urantoin against the test strain. These areas were scraped from
he plates, and the substance eluted from the silica with ethanol.
luted samples were further purified using the above preparative
hromatography method. Finally, the components were identi-
ed by gas chromatography–mass spectrometry (GC/MS) on
ThermoFinnigan ThermoQuest instrument (Applied Science
k) using a DB-1 capillary column 30 m × 250 �m × 0.1 �m).

elium was used as carrier gas at a constant flow rate of
.5 ml/min. Electron impact mass spectra were obtained at 70 eV,
he instrument scanning from 40–300 amu. Scan rate was 2.5
er second. The oven temperature was initially 50 ◦C (isother-

on of nitrofurantoin activity by bioautography and thin layer chromatography
llowing essential oils: Mentha longifolia (1), Artemisia annua (2), Artemisia
applied as reference control (line 6). The panels demonstrate the result in the
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[10] Eight Peak Index of Mass Spectra, third ed., Mass Spectrometry Data
Fig. 2. The structure of piperitone (CAS Number 89-81-6).

al, 5 min) and then was increased to 250 ◦C at 2.5 ◦C/min.
he injector temperature was 250 ◦C. Identification of the com-
onents was made by comparison of their retention times and
ass spectra with standards [7,10,11].

. Results and discussions

The effects of essential oils on the bactericidal activity of
itrofurantoin were studied using the agar dilution method
Table 1). The results of these experiments showed that all sam-
les reduced the MICs of nitrofurantoin against the test strain
2–11 times). Essential oils of M. longifolia and E. globules were
ost effective in increasing the antibacterial activity of nitrofu-

antoin against resistant Enterobacteria. The active components
f essential oils involved in this process were detected using a
ioautographic method. No selected essential oils showed any
ntrinsic antibacterial activity in absence of the drug (Fig. 1).
y contrast, analysis of these volatile oils in nitrofurantoin con-

aining agar media (30 �g/ml) allowed detection of components

Rf = 0.35) which were effective in enhancing nitrofurantoin
ctivity (Fig. 1).These active components had Rf = 0.35 on TLC
nd UV λmax = 232.5. They had the same Rf and λmax values
s the piperitone standard (Fig. 2). Piperitone was not detected

[

ogr. B 850 (2007) 528–530

n the essential oil of H. lupulus oil (data was not shown) and
e could not observe any clear zone of inhibition against test

train in the presence of drug. The identification of the fractions
s piperitone was further confirmed by GC/MS analysis. The
ass spectroscopic data of the active fractions are as follow:
S (EI) m/z (%) 152 (M+, C10H16O, 43), 153 (4), 69(15), 137

53), 95(60), 82 (94), 110 (100).
To the best of our knowledge, based on a literature search, no

tudies have been conducted on the detection of antibiotic rever-
al agents using bioautographic technique. This bioautographic
ethod can be conducted for screening of these agents in other

lant or microbial extracts.
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