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ABSTRACT

Actinetobacteispecies have gained importance in recent yearsodireir involvement in serious infections and amdtirobial
resistance. New products with antibacterial agtivihve been studied including the essential oil)(BOCitrus limon The
present study aimed to evaluate the effect of Hsemtial oil ofC. limonagainst multidrug resistant strainsAxinetobacter
spp. isolated from clinical material. The Minimumhlbitory Concentration (MIC) and Minimum Bactedal Concentration
(MBC) were determined by the microplate bioassay] a time kill study ofAcinetobacterspp treated with EO, was
performed.The oil caused the growth inhibition in 16 (67%)24f strains tested, showing a MIC of 625 pg/mL RHRIC of
1250 pg/mL. In a time kill study, the oil displayadconcentration-dependent antibacterial activiityese results suggest that
EO ofC. limon may suppress the growth A€inetobactespecies.
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RESUMO

Espécies do génerctinetobacteganharam importancia nos ultimos anos devido ae@sealvimento em infecgdes graves e
sua resisténcia antimicrobiana. Novos produtos atvidade antibacteriana foram estudados, inclumddeo essencial (OE)
de Citrus limon. O presente estudo teve como objetivo avaliar oteefdd 6leo essencial d€. limon contra cepas
multirresistentes deéAcinetobacter sppisoladas a partir de material clinicd concentragdo inibitéria minima (CIM) e
Concentracdo Bactericida Minima (CBM) foram deteradias pelo bioensaio com microplacas, e um estadrdpo de
morte Acinetobacter sppratado com OE, foi realizado. O 6leo causou agaido crescimento em 16 (67%) de 24 linhagens
testadas, demonstrando uma CIM de 625 ug / mL e @BM250 ug / ml. Em um estudo de tempo de mortéleo
apresentou uma atividade antibacteriana dependientmncentracdo. Estes resultados sugerem queoegéencial de€.
limon pode suprimir o crescimento das espécieAaeetobacter.

Palavras-chave Resisténcias as drogas, bactérasnetobacter e Citrus limon

INTRODUTION

Lemon has been valued as an important parthelithy compounds are, for example, essential oils maisgdilas
diet. It is well established that lemon fruit arg by- food flavoring, perfumes and pharmaceutical forriokes
products constitute an interesting source of phenol due to their functional properties (Gonzakgsal 2010).
compounds (mainly flavonoids) and other nutrientsl a The essential oil ofCitrus limon (Rutaceae) is rich in
non-nutrient compounds (vitamins, minerals, dief#vgr, biologically active compounds, which are resporesitar
essential oils, organic acids and carotenoids)chvlre its antibacterial, antifungal, antiparasitic andtiaral
necessary for normal growth and the correct funatig of activities (Prabuseenivasahal, 2006).

human physiological systems. Some of these known The volatile constituents are a mixture obnwterpene
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(limonene) and sesquiterpene hydrocarbons and their
oxygenated derivatives including: aldehydes (gitral
ketones, acids, alcohols (linalool) and estersh@fis&
Phillips, 2008)

Recent clinical attention has focused on theeasing
frequency ofAcinetobacterspecies pathogens responsible
for hospital-acquired infections and as emerginh@gens
that frequently cause infections in patients iemsive care
units. These microorganisms can survive for longopls
on dry surfaces and have the ability to toleratadation,
as well as showing resistance to several drugs;hwimay
contribute to their persistence in the hospitaliemment
(Bergogne-Bérézin & Towner, 1996; Roberts et A01).

The mechanisms of multidrug resistance in
Acinetobacterspecies, mainly expressed Ay baumannii
include the production of pB-lactamases and
aminoglycoside-modifying enzymes, diminished
expression of outer membrane proteins, mutations in
topoisomerases, and upregulation of efflux pumpy pin
important part in antibiotic resistance (Bonomo &aBo,
2006).

With the increase of resistance to antibioticatural
products could be an interesting alternative tal firew
substances with antimicrobial properties in comizathis
microorganism (Oliveirat al, 2007; Silveet al, 2007).

Therefore, many studies on biological activigvé been
performed with essential oils obtained from meditin
plants, such a€. limon attempting to help overcome this
problem. The present study aimed to evaluate tteetedf
the essential oil ofC. limon against multidrug resistant
strains of Acinetobacter spp. isolated from clinical
material.

MATERIAL AND METHODS

Essential oil
The product tested was the essential oiCiifus limon
(lemon), acquired from FERQUIMA Industry/S&o Paulo.

Essential oil analysis

The essential oil constituents were analyzedgusa
Shimadzu GC17-A gas chromatographer coupled to mass
spectrometer operated by electron ionization. Hel{d.6
mL/min) was used as carrier gas and the splitioziahip
was adjusted to 1:5. Chromatographic separation was
performed using a DB-5 capillary column (30 m x%.2
mm (I.D.) x 0.25 pm (@ ). The temperature of the
chromatographer oven was programmed from 60°C to
105°C (@ 5°C/min), 105°C to 190°C (10°C/min), 190°C
to 280°C (20°C/min). The temperature of injectord an
detector were 260°C and 280 °C, respectively. Thal t
time was 22 minutes and the injection volume wasul.
Identification of individual components was basedtioeir
mass spectral fragmentation based on two compbtery
MS searches (Wiley 229), retention indices, and
comparison with published data (Adams, 2007; Alemta
al., 1990).

The percentage compositions were obtained from
electronic integration measurements using flameation
detection (FID) also set at 250°C. n-Alkanes weseduas
reference points in the calculation of relativeention
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indices. The concentration of the identified comuisi
was computed from the GC peak area without any
correction factor. GC analyses were performed aas
chromatographer Hewlett-Packard 5890 SERIES I
equipped with a flame ionization detector (FID) and &

W Scientific DB-5 fused silica capillary column (30 x
0.25 mm x 0.25um). GC oven temperature. Injector and
detector temperatures were 270°C and 290°C, regphct
Hydrogen was used as carrier gas at a flow raté.®f
mL/min; split mode (1:10).

Microorganisms

Acinetobacterspp. strains used as test microorganisms
were isolated from clinical material of differerdtents at
different times (Table 1), using standard proceslure
(Koneman, 2008). An antibiotic resistance study was
carried out according to CLSI 2011. Stock cultunesse
maintained on Muller-Hinton agar slants at 4 °C1(3C).
Overnight cultures inoculated on Muller-Hinton agéants
at 37 °C were used to prepare the bacterial inocutube
used in the antimicrobial assays.

Inoculum

The inoculum consisted of 4 6olony forming units per
mL (CFU/mL) prepared in sterile saline solution8&%)
and standardized according to the 0.5 tube of the
McFarland turbidity scale and adjusted to the eesir
bacterial density (Baueat al, 1966; Cleeland & Squires,
1991).

Determination of minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC)
The MIC was determined by the microplate biopska
a 96-well microplate was added Mueller Hinton broth
(MHB) with bacterial inoculum prior to the assayq¥/v)
and the essential oil o€. limon concentrations from
10.0000 pg/mL to 20 pg/mL. The microplates were
incubated at 35-37°C for 24 hours. Antibacteriativéty
was detected using a colorimetric method by addingn
aqueous solution of resazurin stain (0,01%) to eeshat
the end of the incubation period. The plates wer¢hér
incubated for 24 hours at 35-37 °C. The MIC was
determined as the lowest oil concentration thatbitgd
visible growth of microorganisms, as also indicagdhe
resazurin stain. To determine the MBC, 10uL of eath
the wells without bacterial growth was placed ostexile
microplate containing MHB, the microplate was inatdul
at 37°C for 24 hours. Afterwards, resazurin waseadaind
the microplate incubated for 24 hours. The MBC was
determined as the lowest oil concentration thavisible
microbial growth occurred, as also indicated by the
resazurin method. These tests were performed ilicdig
Was performed the sterility control of medium (nibga
control) and the strain viability (positive confrdEloff,
1998; Mann & Markham, 1998; Palomiebal, 2002).

Time Kill

Time-kill was performed according to Klepser adt
(1998), with some modifications. Before testinge th
microorganism was cultivated in Mueller Hinton Agar
(MHA). Colonies derived from culture were suspendted
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0.85% NaCl and turbidity adjusted to the range & 0
McFarland (1-5 x 1b CFU/mL). Concentrations of
essential oil ofC. limontested were 0.5, 1, 2, times the
MIC. These cultures were incubated at 37°C anc&abus
time periods (0, 2, 4, 8, and 24 hours). An aliqoiuL

of each dilution was removed and plated on MHA. The
plates were incubated at 37°C for 24-48 hours dned t
numbers of colony forming units (CFU) were countElde
experiment was performed in duplicate. The minimum
detection limit of this method is 1000 CFU/mL. Tlbg10
CFU/mL was plotted on a graph as function of timnel a
used to compare the rate and extent of antibatseriiity

in various concentrations of essential oil. It wagssidered
bactericidal activity when there was a decreasetgre
than or equal to 3 logl0 CFU/mL of the initial indam,
resulting in reduction of 99.9% or more CFU/mL ia 2
hours compared with the initial inoculum. Activitgwer
than that described was considered bacteriostdtapger

et al, 1998).

RESULTS and DISCUSSION

For more than 50 years, natural products hame=deus
well in combating infectious bacteria and fungi.ckibial
and plant secondary metabolites helped to douhldifeu
span during the 20th century, reduced pain andcesoff,
and revolutionized medicine. Essential oils areolned in
many important processes related to plant survplaling
prominent role in its defense against microorgasism
(Demain, 2009).

Phytochemicals and their relative percentages ia th
essential oil composition and retention times &@As in
Table 1. As shown in Table 1, the GC-MS analysis
resulted in the identification of ten componentsnakg
phytochemicals, the neral was the major essential
component of oil inC. limon fruit representing 29,4% of
total constituents followed by limonene (21,5 ¥granial
(19,9%), trans - nerolidol (7,7%) and citral (6,4%)
descending order of percentage.

Moufida & Marzouk, 2003 has been shown that the
limonene is one of the major phytochemicals of eisake
oil of citrus fruits with relative concentration tiieen 45—
75%. The citral has been also shown to be pregetie
form of stereoisomers neral and geranial in esskoili of
lemon (Gonzalest al., 2010). Citral and linalool have
been highlighted as active compounds in citrust foils
(Caccioniet al, 1998).

These variations in the composition of the etsgkails
have been occurred, because it can be influenced by
climatic conditions, geographical position of thewing
region, agro-technology of cultivation, extraction
technique applied and the stage of plant matutibhaavest
also depend on genetic factors (Castro, 2006).

Table 2 shows the sensitivity dfcinetobacterspp.
strains to different antimicrobials and the essg il of C.
limon. The oil showed growth inhibition in 16 out of 24
strains used in antibiotic sensitivity testing626 pg/mL.
The minimum bactericidal concentration (MBC) wa$02
pa/mL for 16 (67%) of 24 strains.

Table 2 Origin and resistance profile @&cinetobacter
strains and inhibitory activity dEitrus limonessential oil.

The results of the present study show that #ssertial
oil of C. limon at 625 pg/mL inhibitsAcinetobacter
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growth.

Products fromC. limon have been studied for their
pharmacological activities, including antibacteriahd
antifungal activities (Limaet al, 2006; Burt, 2004), but
assessment of EO @f. limonagainst multidrug resistance
Acinetobactespecies are not reported.

The results obtained in this work have been show
consistent with the results observed byesal. (1996) in
which the essential oil dE. limoninhibited the growth of
strains tested. And it has been superior to thegerted by
Araujo (2003) wherein the reported essential o wetive
on only 40% of the microorganisms tested. In theeot
hand, Prabuseenivasaet al. (2006) observed the
antibacterial activity oC. limonessential oil against some
bacteria, whose results were better than thosaneattan
the present study with (MIC of 31&@)/mL).
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Figure 1. Time kill curves of the essential oil &f limon
againstAcinetobactespp., strain 004

Figure 1 shows the time kill of the essentidl afi C.
limon. It is noted that 625 pg/mL (MIC) up to 8 hourglan
MIC/2 up to 24 hours showed bacteriostatic actjsipce
there was a decrease of less than @gJU/mL compared
to initial inoculation. However, bactericidal adtiv was
observed in 24 hours at MIC x 2, since there was a
decrease greater than or equal to 3¢0§U/mL compared
to initial inoculation.

Time Kill curve showed that the higher the etistwil
concentration, the greater the antibacterial agtifrom a
bacteriostatic to bactericidal effect. Th@, limon had a
concentration-dependent antibacterial activity. dihg et
al. (2000) in a comparative study of several quinotone
against Acinetobacter strains found similar results for
standard antibiotics.

The experiment conducted by Owetnal. (2007) using
colistin againstA. baumanniistrains showed an extremely
rapid concentration-dependent bactericidal actiaiainst
them. Other essential oils such as thatippia javanicae
andMelaleuca alternifoliadelso displayed concentration-
dependent against the respective microorganisimedtes
(Viljoen et al, 2005; Mayet a.| 2000).

The time Kkill characterization is very importdrgcause
it has valuable therapeutic implications, such @djsisiing
the dose to make treatment more effective (Baetoal,
2009). Thus, agents whose activity increases with
increasing concentration can be optimized by the
administration of large doses (Erredtal, 1996). As has
been demonstrate in this work, the concentration of
essential oil oC. limonimplies the increase of its antimi-
crobial activity.
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Table 1 Chemical composition (%) of the essential oiCoflimon

Retention time

Components (min) RI® sam. RP lit. Relative percentage
o-Pinene 3,58 939 932 2,4
B-Pinene 4,23 981 974 4,8
Limonene 5,21 1031 1036 215

Carenol 8,09 1188 1190 4,2
Myrtenal 9,19 1193 1193 1,7
Myrtenol 9,51 1194 1196 2,0
Neral 10,13 1235 1235 29,4
Citral 10,39 1245 1240 6,4
Geranial 10,72 1270 1320 19,9
Trans - Nerolidol 13,08 1564 1565 7,7

a Calculated retention indices: n-alkanes were asecference points in the calculation of relatetention indices.
b: Literature retention indices (literature valuddams, 2007)

Table 2 Origin and resistance profile cinetobactestrains and inhibitory activity d€itrus limonessential oil

Strain Origin PRP (ul\gllriL) (uMg|/3n(1:L) Positive control  Negative control**
002 Tracheal aspirate 4 625 1250 + -
003 Tracheal aspirate 1 625 1250 + -
004 Urine 1 1250 2500 + -
005 Tracheal aspirate 1 1250 2500 + -
006 Tracheal aspirate 5 625 1250 + -
008 Penile secretion 1 625 1250 + -
010 Wound secretion 1 625 1250 + -
011 Urethral secretion 1 625 1250 + -
013 Urine 1 625 1250 + -
015 Tracheal aspirate 2 625 1250 + -
019 Tracheal aspirate 2 625 1250 + -
020 Tracheal aspirate 2 625 1250 + -
021 Wound secretion 2 625 1250 + -
022 Tracheal aspirate 2 625 1250 + -
023 Tracheal aspirate 2 1250 2500 + -
024 Tracheal aspirate 2 1250 2500 + -
025 Tracheal aspirate 3 625 1250 + -
026 Catheter tip 2 625 1250 + -
030 Catheter tip 3 625 1250 + -
032 Tracheal aspirate 3 625 1250 + -
034 Tracheal aspirate 3 1250 2500 + -
036 Tracheal aspirate 3 1250 2500 + -
038 Tracheal aspirate 3 1250 2500 + -
044 Tracheal aspirate 3 1250 2500 + -

A: Phenotypic resistance profile:1: CAM; CIP; LEV; CEP; CTZ; IMI; MER; PTZ2: AMI, CAM; CIP; LEV; CEP; CTZ;
IMI; MER; PTZ, TIG. 3: CAM; CIP; LEV; CEP; CTZ; IMI; MER; PTZ, TIG4: CIP; LEV; CEP; CTZ; IMI; MER; PTZ5:

AMI, CAM; CIP; LEV; CEP; CTZ; PTZ.Abbreviations: Amikacin (AMI); Ampicillin - Clavulanate (CAM); Girofloxacin
(CIP); Levofloxacin (LEV); Cefepime (CEP); Ceftamitk (CTZ); Polymyxin B (POL); Imipenem (IMI); Mer@mem (MER);
Piperacillin - Tazobactam (PTZ); Tigecycline (TIG)Microbial growth in broth without essential @tlded. ** No microbial
growth in broth.
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CONCLUSIONS
The results obtained in this study have shovenhigh
biological potential of essential oil o€itrus limon

particularly, the anti- Acinetobacter spp. multidrug
resistant.
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