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ABSTRACT

Opportunistic infections are common and in the sasfecancer patients, they are very harmful. Baatsuch as
Staphylococcus aureus, Streptococcus pneumoniadmoBella typhi, Escherichia coli, Pseudomonas
aeruginosa,Shigella dysenteriae, and Proteus miisaisolated from cancer and other immunosuppregsgéents
were tested for their sensitivity to compoundssskeatial oils such as Citral, Limonene, Menthond &hymol. In
agar well diffusion method the selected essential were effective against both gram positive adl & gram
negative organisms. For e.g, Citral was highly aetagainst S.pneumoniae and least against S. aukémenene
was highly active against S.typhi and least agafisaureus. Menthone was highly active against ralitis and
least against P.aeruginosa. The results for Thymele moderate, when compared with the referencey dru
ciprofloxacin. The results for minimal bactericidabncentration (MBC) were similar to minimal inttiuiy
concentration (MIC) results. As no organism wasnfbtio be resistant to the tested essential oil aamgs, the
results indicated that they could be used in déffitforms for the prevention, control and treatmanbpportunistic
bacterial infections caused by those organismsti@aarly in cancer patients.
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INTRODUCTION

Most opportunistic infections occur during poorlpntrolled malignancy in the setting of cytotoxic dan
immunosuppressive therapy (Shannon Smiley,et 85R0nfections are a major cause of morbidity amaftality
in cancer patients undergoing antineoplastic treatm(Hughes et al. 2002),An increased rate of dppistic
infections was observed with chronic imatinib treaft in animal studies(Sinai et al.,2007). Plarda cesist
parasitic attacks using several defense mechani@mes of such is the synthesis of antimicrobial coomgs which
elicit defense substances called phytoalexins.tPlafense substances belong to a wide range @féiff chemical
classes including flavonoids, terpenoids, alkalogteroidal saponins, tannins, phenolic acidsoles, quinones
essential oil, and polyphenols (Cowan, 1999). Heahd alternative medicines are popular in the garpopulation
worldwide. A great number of modern drugs are stdfived from herbs (Cooper, 2005).In recent y¢laese has
been an increasing interest in the use of natutadtances, and some questions concerning the sdfsgnthetic
compounds have encouraged more detailed studiplamf resources. Essential oils, odors and volatitelucts of
plant secondary metabolism, have a wide applicatidiolk medicine as well as in fragrance industriessential
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oils are complex natural mixtures of volatile sedary metabolites, isolated from plants by hydro-steam-
distillation. The main constituents of essentials,oifor example, monoterpenes and sesquiterpenes an
phenylpropanoids including carbohydrates, alcohetlsers, aldehydes and ketones, are responsibteddragrant
and biological properties of aromatic and medicipknts (Reichling, 1999). Various essential oifl gheir
components possess pharmacological effects, dematingt antiinflammatory, antioxidant and anticamgEnic
properties (Golab et al., 2005; Naser et al., 20@5et al., 2008). Burt, 2004) have demonstrated oxygenated
monoterpenes had a higher antimicrobial activigntdid hydrocarbons. Among oxygenated monoterpeetsted

in mandarin EO, carvone and limonene oxide werwaegainst a wide spectrum of pathogenic fungi laacteria
tested (Aggarwal et al., 2002).

In addition to inducing resistance, antibiotics asemetimes associated with opposing effects such as
hypersensitivity, immunosuppression and allergiactiens (Ahmad et al., 1998). Therefore, there isead to
develop alternative antimicrobial drugs for theatmeent of infectious diseases (Berahou et al., 288lbmao et al.,
2008). Many plant materials have been investigébedheir antimicrobial activity. The addition oéisins to the
formulation of beef jerky had a marked inhibitorffeet on pathogenic bacteria (Bower et al., 200&)semary
extract has demonstrated antimicrobial activityilmgtaa number of food borne pathogenic bacteriani@aet al.,
2000).

EXPERIMENTAL SECTION

Essential oil compounds

Four essential oil components such as Citral, Liemen Menthone, Thymol were obtained from commeércia
producers of plant essential oils(****) and arongatiubstances were used in this study. Quality efdits were
ascertained to be more than 98% pure by Gas Chogmagthy. The oil is stored at 4°C under dark caonlitintil
further use.

Test bacteria

Microorganisms (Clinical bacterial isolates) suck &aureus, S.pneumoniae, S.typhi, E.coli, P. aeosgin
S.dysenteriaeand P.mirabilis were obtained from the Microlabs Institute of reshaand technology, India. The
cultures were maintained in their appropriate afgamts (slant names) at 4°C throughout the studyuaed as stock
used as test bacteria in the appropriate medium.

Antibacterial Assay

Agar well diffusion method

In this study standard agar well diffusion methagsvfollowed (Perez, et al.,(1999); Bagamboula, 42@demoglu

et al.,2003; Perez, et al., 1990). Each bactextdhie was suspended in Brain Heart Infusion (RHInedia, India)
broth and diluted to approximately *.€olony forming unit (CFU) per mL. They were “floddoculated” onto the
surface of BHI agar and then dried. Five-millimede&ameter wells were cut from the agar using dlsteork-borer,
and 10Ql of the samples solutions were delivered into wedls. The plates were incubated for 18 h at 37°C.
Antibacterial activity was evaluated by measurihg zone of inhibition against the test microorgansis Ethanol
was used as solvent control. Ciprofloxacin was @serkference antibacterial agent.

Minimal Inhibitory Concentration (MIC) and Minimal Bactericidal

Concentration (MBC)

The estimation of the Minimal Inhibitory Concentoat (MIC) and Minimal Bactericidal Concentration BQ)
were carried out by the broth dilution method (\t&m Berghe, and Vlietinck,1991). Dilutions of essa oil from
2.0 to 0.075 mg/ml were used. Test bacteria culivae used at the concentration of OFU/ml. MIC values were
taken as the lowest essential oil concentrationghevents visible bacterial growth after 24 hrafubation at 37°C,
and MBC as the lowest concentration that completehibited bacterial growth. Ciprofloxacin was used
reference and appropriate controls with no esdepitizere used. Each experiment was done in trghé.

Statistical analysis

Data were analyzed using Least Significant DiffesghSD) test following — (***)way analysis of vanae
(ANOVA) using SPSS 10.0 computer software pack&iiference on statistical analysis of data weresidered
significant at p<0.05.
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RESULTS

Agar well diffusion method

In agar well diffusion method the selected esskntla were found to be effective against both grpositive as
well as gram negative organisms. Citral was higtave agains8. typhiand least again&. aureusLimonene was
highly active agains.typhiand least againg. aureusMenthone was highly active agairi&mirabilis and least
againstP. aeruginosa Thymol was highly active againt.mirabilis and least againss. aureus None of the
organisms were found to be resistant to the téstDie results are interpreted in table-1 andrégli

Results for minimum inhibitory concentration (MIC) and

Minimumbactericidal concentration (MBC) of essential oil compounds

The results are shown in table no.3 and figuredr2nThe results of MIC of Citral, Limonene, Mbahe,were
found to be effective when compared with the refeeedrug Chloramphenicol (0.25 mg/ml). The resoftMIC of
Thymol against all test organisms was similar (2r0¢/ml) and it was very high dose when comparedhto
reference drug. The results for Minimum Bacteriti@ancentration (MBC) were similar to Minimum Inftidry
Concentration (MIC) results, but in MBC confirmatiovas made by the presence and absence of cufhee.
results are shown in table no.2.

Table1l. Antibacterial activity of essential oil compounds against clinical bacterial isolates

Organisms (Zone of Inhibition (mm)?)
Essential oil compounds S. S. S. E. P. S. Pr.
aureus pneumoniae typhi coli aeruginosa dysenteriae mirabilis

Citral 9.98+0.5F | 11.30£0.90 | 12.85+0.56 | 11.58+0.6Y | 7.98+0.4%5 12.24+0.81 | 13.16+1.00
Limonene 11.28+0.87 | 12.96+0.5P | 14.160.84 | 11.95:0.3¢ | 11.54+054 | 12.92+0.36 | 11.98+0.45
Menthone 10.12+0.36 | 10.11+0.56° | 13.03+0.64" | 11.12+0.37 | 8.21+0.44 | 11.08+0.59 | 14.06+0.47"
Thymol 7.83+0.76 | 13.43+0.94 | 10.11+0.67 | 8.26+1.6" | 11.84+0.7% | 13.53+0.58 | 16.94+0.9C¢
Ciprofloxacin© 20.27#1.1™ | 20.30+0.9" | 18.65+0.79° | 16.43+0.5° | 12.51+0.5%® | 18.08+0.59 | 17.050.6™

© - control antibiotic disc in 100 pg concentration
Different superscripts in the same column are digemtly different at P<0.05 level (Least Significz Difference) mean followed by +S.D.

Fig 1. Antibacterial activity of essential oil compounds against clinical bacterial isolates
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Table2. MIC and MBC of essential oil compounds against clinical bacterial isolates

Organisms Citral | Limonene| Menthone Thymqgl Ciprofloxacin ©

S. aureus 1.00 0.50 0.75 2.00 0.25
S. pneumoniae 1.00 0.50 0.75 2.00 0.25
S. typhi 2.0C 1.5C 1.0C 2.0C 0.2t

Escherichiacoli | 2.00 1.50 1.00 2.00 0.25
P.aeruginosa 2.00 2.00 1.50 2.00 0.25
S. dysenteriae 2.00 2.00 2.00 2.00 0.25
P. mirabilis 2.00 1.50 1.00 2.00 0.25

© - control antibiotic disc in 100 pg concentratidiC- Minimum Inhibitory Concentration MBC- MinimuBactericidal Concentration
DISCUSSION

All the selected essential oils compounds were dotinbe active against both gram positive and gnaigative
bacterial isolates. Citral, Limonene, Menthone wienend to be more than the moderate range. Theotweh as
geranium were found to be moderate in activity. fAs as the chemical analysis, and antibacterialystthe
following studies were comparable to the resulthwie present study. Onawunmi, and Ogunlana, ,1fféd
lemongrass effective agairstcoli andBacillus subtilisin both broth dilution and agar diffusion testsmangrass
essential oil had an activity comparable to thaed&ad antibiotic disks in the study, thus indicgtthat lemongrass
is a viable option against certain pathogens (Ra#aa, 1989). Gachkar, et al., 2007 reported thenicial
composition, antibacterial, antioxidative and ratlscavenging properties of the essential oilsRddfficinalis
obtained by steam distillation. Santoyo, et alQ®0attributed the antimicrobial property of thesetial oil ofR.
officinalis to the presence of -pinene, 1,8-cineole, camphenhirone and borneol with borneol being the most
potent followed by camphor and verbinone. The dtiaatof these compounds were very high in our. dilse
volatile oils of R. officinaliswere screened against two Gram-positi8ea(ireus and B.subtilig and two Gram-
negative E.coliandK. pneumoniagbacteria strains. However, there is evidencedhaéntial oils are more strongly
antimicrobial than is accounted for by the additigffect of their major antimicrobial components; nioi
components appear, therefore, to play a signifioalet(Lataoui and Tantaoui-Elaraki, 1994).

Many naturally occurring extracts like essentids diom edible and medicinal plants, herbs andespitave been
shown to possess antimicrobial functions and cealde as a source for antimicrobial agents ag&oost spoilage
and pathogens (Bagamboula, et al., 2003; Conned;1@8nner and Beuchat, 1984; Dorman,and Deans);200
Zaika,1988). More particularly, essential oils @aheir components are known to be active againsta wariety of
microorganisms, including Gram negative bacterialéHder, et al., 1998; Sivropoulou, et al., 199&awunmi,
and Ogunlana, 1986, found lemongrass effectivenag&.coli and B. subtilisin both broth dilution and agar
diffusion tests. Lemongrass essential oil had &iriaccomparable to the standard antibiotic digkshe study, thus
indicating that lemongrass is a viable option agfaicertain pathogens (Dellacassa 1989). The fisdioigthe
chemical analysis of the present study were conipeta the results of the following. Citral is thejor component
of lemongrass oil which was extracted from its Esgvpresent at levels of, approximately, 65-85%alC(3, 7-
dimethyl-2,6-octadienal) is the name given to auretmixture of two isomeric acyclic monoterpendedlydes:
geranial (trans-citral, citral A) and neural (cig<, citral B). In addition to citral, the lemorags oil consists of
small quantities of geranial, geranylacetate andaterpene olefins, such as myrcene (Ferreira ateles, 1989).
Citral and its epoxide can act as bactericidal famgicidal agents (Cristiane et al., 2008). The parson between
citral and lemongrass oil showed similar effect biital epoxide showed more inhibitory effect, tlian be
explained on the basis that lemongrass oil containstral as the major component, small quantitégeranial,
geranylacetate and monoterpene olefins, such asemgr(Ferreira and Fonteles, 1989), which indicatguificant
association between their effects and the preseincieral in lemongrass oil (Onawunmi, 1989).

Thymol is an essential oil which is also used asma@uth rinse and was tested for its effect in irtilgi the
development of plaque and gingivitis. Citral haerberoved to be one of the most effective antiflicganponents
of lemon and orange EOs (Caccioni, Ruberto et 1#95).Citral (3,7- dimethyl-2,6-octadienal) is theajor
constituent ofCymbopogon citratusind has been used in perfumery, cosmetic and pltautical industries for
controlling pathogens (Guynot et al., 2003).In jgatar, the antimicrobial properties of plant eg&@roils (EOSs)
and their constituents have been widely demonstréBakkali, Averbeck, Averbeck, & Idaomar, 2008)heT
volatile constituents are a mixture of monoterpésiech as limonene) and sesquiterpene hydrocarbwhgheir
oxygenated derivatives, including aldehydes (sixltitral), ketones, acids, alcohols (such as lmialand esters
(Flamini, Tebano, & Cioni, 2007). Limonene is thajor chemical component of citrus EOs, ranging fré2nto
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98% (Svoboda & Greenaway, 2003). The complexitthefcomposition of citrus essential oils inducedd€oni et
al.,1998) to propose a holistic approach to expldie antimicrobial capabilities of essential oilshose
performances could be the result of a certain duaine balance of various components.The antintiiaioactivity
of this oil was confirmed in vitro and in fruit sals (Belletti et al., 2008), and was related totigen concentration
of citral, whose antimicrobial potential is knowas reported by other authors (Rivera-Carriles et 2005).
However, the overall bioactivity of an essentidlisithe result of the bioactivity of the singlenstituents, whose
effects can be additive, synergistic or antaganisBantiesteban-L6pez et al., 2007).

CONCLUSION

The essential oil compounds as antimicrobial agprmtsent two main characters: the first is thebured origin
which means more safety to the people and the@mwient, the second is that they have been conslid¢tew risk
for resistance development by pathogenic microdsgas The results of this study revealed that, tiet
compounds of essential oil can be prepared inrdiffieforms such as topical agents, suppositoriessgries, mouth
washes, nebulizer and other therapeutic agent®eétessential oil compounds may be suggestedeas potential
source of natural antimicrobial for the preventitnegatment and control of bacterial diseases iouarpatients,
particularly, immunosuppressed patients such asecgratients.
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