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Abstract

Objectives: Candida albicans as important opportunistic dimorphic fungi can cause the life threatening infections in humans. In this study, we evaluated the anti-
candidal activities of six samples of Pelargonium graveolens essential oils against 31 clinical isolates of C. albicans.
Materials and methods: The anti-candidal activity was performed by disc diffusion and micro-broth dilution assays. The chemical compositions of essential oils

were analyzed by Gas Chromatography (GC) apparatus.

Results: P graveolens essential oil samples with citronellol (7.7-43.7%) and geraniol (19.3-48.5%) showed the same anti-candidal activity in two different methods.
There is no significant difference between the inhibition zone diameters (19.3-24.1 mm), and the MIC and MFC values (1.06-1.48 and 1.5-1.72 pl/ml) of essential oil

samples with different percent of citronellol and geraniol.

Conclusion: Therefore, P graveolens essential oils can be used as anti-candidal agent for further studies.
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La actividad anti-Candida Pelargonium graveolens de aceites esenciales contra aislados clinicos de Candida albicans

Resumen

Objetivos: Candida albicans es un importante hongo dimoérfico oportunista que puede llegar a amenazar la vida de pacientes con inmunosupresion. En este estudio
se evaluaron las actividades anti-Candida de seis muestras de aceites esenciales de Pelargonium graveolens contra 31 aislamientos clinicos de C. albicans.
Materiales y métodos: La actividad anti-Candida se realizd por difusion en disco y ensayos de dilucién micro-caldo. La composicion quimica de los aceites esen-

ciales se analiz6 mediante cromatografia de gases.

Resultados: Las muestras de aceite esencial de P. graveolens con citronelol (7,7 a 43,7%) y geraniol (19,3 a 48,5%) mostraron la actividad anti-Candida en dos
métodos diferentes. No hubo ninguna diferencia significativa entre los didmetros de la zona de inhibicién (19,3-24,1 mm), y valores de MFC (1,06 a 1,48y de 1,5a
1,721 / ml) de muestras de aceites esenciales con diferentes porcentajes de citronelol y geraniol.

Conclusion: Los aceites esenciales de P graveolens se pueden utilizar como agentes anti-Candida para estudios adicionales.
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Introduction

C. albicans is the major cause of superficial and life-threatening
systemic infections like oral candidiasis, vulvovaginal candidia-
sis and so on in humans'. C. albicans is able to cause infection
in different host niches? and forms microbial biofilms on cathe-
ters, dentures and mucosal cell surfaces that makes C. albicans
resistance to antimicrobial agents and host immune factors®.

Essential oils as secondary metabolites of plants have been
the subject of many investigations in recent years*®.

Geranium essential oil is extracted from Pelargonium gra-
veolens leaves which grow in dry rocky slopes. Geranium es-
sential oils have many applications in cosmetic and food in-
dustries’. Citronellol and geraniol are two main components
of these essential oils that are criteria for standardization of
geranium essential oil®. Geranium essential oil has been ge-
nerally recognized as safe for use at 1.6 to 200 ppm in food
industry by American Food and Drug Administration.

The biological activities of geranium essential oils such as an-
tifungal activity against Malassezia sp® and Candida sp'",
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anti-inflammatory'?, hypoglycemic', and spasmolytic effects
have been confirmed™.

Although, there are some investigations on geranium essen-
tial oil, but for the first time, we compared the anti-candidal
activities of six different samples of geranium essential oils
with different content of geraniol and citronellol against 31
isolates of C. albicans.

Materials and method

Essential oils and chemical analysis

Six samples of geranium essential oils were prepared from
Barij Essence Pharmaceutical Comopany, Kashan, Iran. The
essential oils were analyzed by GC-FID. The GC apparatus
was Agilent technology (HP) 6890 system, capillary column
of HP-5MS (60 m x 0.25 mm, film thickness 0.25 pum). The
oven temperature program was initiated at 40 °C, held for 1
min then raised up to 230 °C at a rate of 3 °C /min held for
10 min. Helium was used as the carrier gas at a flow rate of
1.0 ml/min. The detector and injector temperatures were 250
and 230 °C, respectively™.

Candida albicans strains

This study was conducted on 29 clinical isolates of C. albicans
isolated from vaginal or oral cavities of infected patients. C.
albicans strains were cultured on Sabauraud dextrose agar
with chloramphenicol and incubated at 25 °C. The isolates
were identified on the basis of positive germ tube test, chla-
mydospore formation, glucose, galactose, maltose, and su-
crose absorption, glucose, galactose fermentation and nega-
tive absorption of urea, nitrate. Candida albicans ATCC 10231
and ATCC 66506 were used as control strains.

Antifungal activity of geranium essential oils
against clinical isolates of C. albicans

Micro-broth dilution and disc diffusion assays were used for
antifungal screenings.

The turbidity of each clinical isolate was adjusted to 10° CFU/
ml (0.5 McFarland) by Spectrophotometer instrument after
inoculating one colony of yeast in normal saline. The micro-
bial suspensions were cultured on Sabouraud dextrose agar.
Subsequently, paper discs (Padtan Teb Co, Tehran, Iran) were
saturated with 15 pl of diluted geranium oils in DMSO. The
concentration of stock solution was 256 ul/ml (4 pl/disc). Am-
photericin B (10 U) and clotrimazole (10 ug) (Rosco, Diagnos-
tica 140 A/S, Taastrupgaardsvej 30 DK-2630 Taastrup) were
used as controls. C. parapsilosis ATCC 22019 were used as
quality control strain in disc diffusion method. The plates
were incubated at 20-25 °C for 48 h. The inhibition zone dia-
meters were measured by dial caliper and were recorded in
millimeter +Standard Deviation (mm+SD).

The minimum inhibitory concentration (MIC) and minimum

fungicidal concentration (MFC) values of geranium essen-
tial oils were determined by micro-broth dilution assay. 100
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pL of diluted essential oil (16-0.125 pl/ml) was prepared in
two-fold serially pattern in 96-well micro-titer plates. MOPS-
buffered RPMI 1640 was the broth media. The above micro-
bial suspensions was diluted to 10* CFU/mL, then 100 uL of
microbial suspension was added to each well and incubated
at 20-25 °C. MICs were defined as the lowest concentration
of essential dilution that inhibits yeast growth after 48 h. MFC
values were the first well showing no growth on Sabouraud
dextrose agar'.

Statistical analysis

All experiments were performed in triplicate and means of
them were used for analysis by SPSS software (version 17,
Chicago, IL, USA). ONE-Way ANOVA test was used to compa-
re the difference between compounds and the p values were
calculated. The results were significant at level 0.05.

Results

Analysis of geranium essential oils by GC exhibited the
amount of citronellol and geraniol in the ranges of 7.7-67.6%
and 19.3-42.2%, respectively. Low citronellol was in geranium
PG5 (7.7%), followed by geranium PG6 (20.9%), PG1 (35.5%)
and PG3 (38.3%). Geranium PG4 (40.6%), PG2 (43.7%) had the
high amounts of citronellol.

The amount of geraniol was between 19.3-48.5% in gera-
nium essential oils. Geranium PG5 had the high amount of
geraniol (48.5%), followed by PG6 (42.2%). Other geranium
essential oils (PG1, PG2, PG3, and PG4) had the same amou-
nts of geraniol (19.3, 23.9, 23.8 and 22.2%). Therefore, citro-
nellol and geraniol constituted 67.6% of total oil composition
of Geranium essential oil PG2, followed by PG3, PG4 and PG6
(~62-63%), and PG1 and PG5 (54.8-56.2%) (Figure 1).

Anti-candidal activity evaluations of geranium essential oils
against clinical isolates of C. albicans by disc diffusion assay
showed, geranium essential oils had inhibition zone diameters
between 19.3-24.1 mm. The means of inhibition zone diame-
ters of Geranium PG6 against clinical isolates were 24.1 mm,
followed by PG4 (23 mm) and PG2 (20.7 mm). Geranium PG3,
PG5 and PG1 had the low inhibition zone diameter 19.3, 19.6
and 19.7 mm, respectively. Statistical analysis the inhibition
zone diameters exhibited there is no significant difference
between the inhibition zone diameters of geranium essential
oils against clinical isolates of C. albicans (P>0.05) (Table 1).
On the base of criteria for susceptibility testing of ampho-
tericin B (Resistant>15, intermediate 10-14, resistant<9) and
clotrimazole (Resistant>20, intermediate 12-19, resistant<11),
All strain were sensitive to clotrimazole and amphotericin B.

The MIC and MFC values of geranium essential oils against C.
albicans were 1.06-1.48 and 1.5-1.72 pl/ml, respectively. Ge-
ranium PG5 had the lowest MIC and MFC values 1.06 and 1.5
pl/ml. There is no significant statistically difference between
the MIC and MFC values of geranium essential oils (P>0.05)
(Table 1).
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Figure 1. The percent of geraniol and citronellol in six samples of geranium essential oils

Discussion

The emergence of antibiotic resistant C. albicans'™ along
with the essential role of C. albicans in high incidence of in-
fections?®?' have been persuaded the scientist to find the new
antifungal agents especially among the medicinal plants.

Geranium essential oil is a popular essential oil for fighting
against C. albicans infections'?>% but the chemical composi-
tion of essential oil takes effects by environmental factors and
many other condition* and changing in chemical composi-
tion of essential oil may affect on its antimicrobial activities®.

There is this concern about the variation in chemical compo-
sition of geranium essential oils and its anti-candidal activity.
In this study we replied to this question whether the variation
in chemical composition of geranium essential oils affects on
anti-candidal activities or no?

As our results have shown geraniol and citronellol as the main
components of geranium essential oils had varied amounts
in different essential oil samples. It has been confirmed the
antifungal activity of geranium is related to geraniol and ci-
tronellol as the main components??7.

It has been reported, geraniol and citronellol act on cell wall
and cell membrane via interfering with ergosterol biosynthe-
sis?® while Leite et al (2014) stated geraniol does not inhibit
ergostrol biosynthesis, while it alters the bilayer properties
of fungal membranes?. In despite of the machanism of ac-
tion, geraniol and citronellol participate in anticandidal ac-
tivity of geranium essential oil. The geranium essential oil
with low amount of citronellol (7.7%) and high amount of
geraniol (48.5%) acts like geranium with 40.5% geraniol and
22.5% citronellol. Therefore, the total composition of citro-
nellol and geraniol play essential role in anticandidal activity
of geranium essential oils. If total composition of citronellol
and geraniol had critical role in anticandidal activity, so, ge-
ranium essential oil PG2 with 67.6% geraniol and citronellol
should have the higher anticandidal activity, while our results
showed that there is no significant difference between the
essential oil with high amounts of citronellol and geraniol

(PG2) and geranium essential oils with lower amounts of
them (PG1).

Therefore, geraniol, citronellol and other minor components
of geranium essential oil play essential role in anticandidal
activity of it.

Table 1. The anti-candidal activity of P graveolens essential oils

Clinical isolates of C. albicans

1Z (mm) MIC (pl/ml) MFC (pl/ml)

Geranium PG1 19.7+0.61 1.27+0.79 1.68+1.1
Geranium PG2 20.7+0.61 1.27+£0.94 1.72+£1.07
Geranium PG3 19.3+0.49 1.48+1.1 1.68+1.06
Geranium PG4 23.0+0.8 1.32+0.9 1.71£1.07
Geranium PG5 19.6+0.73 1.06+0.76 1.5+£1.05
Geranium PG6 24.1+0.79 1.22+0.78 1.5+1.01
Clotrimazole 38.3+£0.23 - -

Amphotericin B 24.1+£0.54 = =

IZ= inhibition Zone, MIC=Minimal Inhibitory Concentration; MFC= Minimal
Fungicidal Concentration. The inhibition Zone diameters for C. parapsilosis
ATCC 22019 were 30, 19 mm for clotrimazole and amphotericin B,
respectively

Conclusion

Six samples of commercial geranium essential oils were analy-
zed. The results of chemical investigation showed the presen-
ce of geraniol and citronellol in different amounts. Although
geranium essential oils had varied geraniol and citronellol but
they exhibited the same anti-candidal activity against clinical
isolates of C. albicans. Therefore, whole components in gera-
nium essential oil acts as anti-candidal agents. In conclusion,
the use of geranium essential oil with the amounts of geraniol
and citronellol higher than that of 50% is recommended for
further clinical studies as anticandidal agent.

Ethical responsibilities

Protection of human and animal subjects. This research do
not use animal nor human material or data.

Confidentiality of data: Not applicable

1



12

M. Mahboubi, et al

REVISTA INFECTIO

Right to privacy and informed consent: No applicable

Funding. The authors are grateful to Medicinal Plant, Re-
search Center of Barij, Kashan, Iran for financially supporting
this study, Project No. 6188.

Conflicts of interest

The authors declare no conflict of interest.

References

1.

10.

11.

Mayer FL, Wilson D, Hube B. Candida albicans pathogenicity mechanisms.
Virulence. 2013;4(2):119-28.

Tsai PW, Chen YT, Hsu PC, Lan CY. Study of Candida albicans and its
interactions with the host: A mini review. BioMedicine. 2013;3(1):51-64.
Nobile CJ, Schneider HA, Nett JE, et al. Complementary adhesin function
in C. albicans biofilm formation. CurBiol. 2008;18(14):1017-24.

Merghni A, Marzouki H, Hentati H, Aouni M, Mastouri M. Antibacterial
and antibiofilm activities of Laurus nobilis L. essential oil against
Staphylococcus aureus strains associated with oral infections. Pathol Biol.
2015; 64 (1):29-34.

Chemsa AE, Erol E, Ozturk M, et al. Chemical constituents of essential oil
of endemic Rhanterium suaveolens Desf. growing in Algerian Sahara with
antibiofilm, antioxidant and anticholinesterase activities. Nat Prod Res.
2015:1-5.

Marinas IC, Oprea E, Chifiriuc MC, Badea IA, Buleandra M, Lazar V.
Chemical Composition and Antipathogenic Activity of Artemisia annua
Essential Oil from Romania. Chem & Biodivers. 2015;12(10):1554-64.
Lis-Balchin M. Aromatherapy science: a guide for healthcare professionals:
Pharmaceutical press; 2006.

Peterson A, Machmudah S, Roy BC, Goto M, Sasaki M, Hirose T. Extraction
of essential oil from geranium (Pelargonium graveolens) with supercritical
carbon dioxide. J Chem Technol Biotechnol. 2006;81(2):167-72.

Naeini A, Nazeri M, Shokri H. Antifungal activity of Zataria multiflora,
Pelargonium graveolens and Cuminum cyminum essential oils towards
three species of Malassezia isolated from patients with pityriasis
versicolor. Med Mycol J. 2011;21(2):87-91.

Rosato A, Vitali C, Gallo D, Balenzano L, Mallamaci R. The inhibition
of Candida species by selected essential oils and their synergism with
amphotericin B. Phytomedicine. 2008;15(8):635-8.

Mahboubi M, Feizabadi M, Safara M. Antifungal activity of essential
oils from Zataria multiflora, Rosmarinus officinalis, Lavandula stoechas,
Artemisia sieberi Besser and Pelargonium graveolens against clinical
isolates of Candida albicans. Pharmacog Mag. 2008;4(15):15-8.

ASOCIACION COLOMBIANA DE INFECTOLOGIA |

12.

13.

20.

21.

22.

23.

24.

25.

26.

27.

Maruyama N, Ishibashi H, Hu W, et al. Suppression of carrageenan-and
collagen ll-induced inflammation in mice by geranium oil. Mediators
Inflamm. 2006; 2006(3): 62537.

Boukhris M, Bouaziz M, Feki |, Jemai H, El Feki A, Sayadi S. Hypoglycemic
and antioxidant effects of leaf essential oil of Pelargonium graveolens
L'Hér. in alloxan induced diabetic rats. Lipids Health Dis. 2012;11:81.
Lis-Balchin M, Hart S, Roth G. The spasmolytic activity of the essential oils
of scented Pelargoniums (Geraniaceae). Phytother Res. 1997;11(8):583-4.
Adams R. Identification of Essential Oil Components by Gas
chromatography/Mass Spectroscopy. Journal of the American Society for
Mass Spectrometry. 1997;6(8):671-2.

NCCLS. Reference method for broth dilution antifungal susceptibility
testing of filamentous fungi: approved standard. CLSI document M38-A2.
2008.

NCCLS. Method for antifungal disk diffusion susceptibility testing
of yeasts; approved guideline. M44-A2 edn, Clinical and Laboratory
Standards Institute; 2009.

Cannon RD, Lamping E, Holmes AR, Niimi K, Tanabe K, Niimi M, et al.
Candida albicans drug resistance another way to cope with stress.
Microbiol. 2007;153(Pt 10):3211-7.

Mishra NN, Prasad T, Sharma N, et al. Pathogenicity and drug resistance
in Candida albicans and other yeast species. A review. Acta Microbiol
Immunol Hung. 2007;54(3):201-35.

Pfaller MA, Diekema DJ. Epidemiology of invasive candidiasis: a persistent
public health problem. Clin Microbiol Rev. 2007;20(1):133-63.

Achkar JM, Fries BC. Candida infections of the genitourinary tract. Clin
Microbiol Rev. 2010;23(2):253-73.

Sabzghabaee AM, Shirdare Z, Ebadian B, Aslani A, Ghannadi A. Clinical
evaluation of the essential oil of Pelargonium graveolens for the treatment
of denture stomatitis. Dent Res J. 2011;8(Suppl 1):5105-8.

Maruyama N, Takizawa T, Ishibashi H, et al. Protective activity of geranium
oil and its component, geraniol, in combination with vaginal washing
against vaginal candidiasis in mice. Biol Pharm Bull. 2008;31(8):1501-6.
Nejad Ebrahimi S, Hadian J, Ranjbar H. Essential oil compositions of
different accessions of Coriandrum sativum L. from Iran. Nat Prod Res.
2010;24(14):1287-94.

Saharkhiz MJ, Kamyab AA, Kazerani NK, Zomorodian K, Pakshir K, Rahimi
MJ. Chemical Compositions and Antimicrobial Activities of Ocimum
sanctum L. Essential Oils at Different Harvest Stages. Jundishapur J
Microbiol. 2015;8(1):e13720.

Pereira Fde O, Mendes JM, Lima 10, Mota KS, Oliveira WA, Lima Ede
O. Antifungal activity of geraniol and citronellol, two monoterpenes
alcohols, against Trichophyton rubrum involves inhibition of ergosterol
biosynthesis. Pharm Biol. 2015;53(2):228-34.

Leite MC, de Brito Bezerra AP, de Sousa JP, de Oliveira Lima E. Investigating
the antifungal activity and mechanism(s) of geraniol against Candida
albicans strains. Med Mycol. 2015;53(3):275-84.



