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Abstract 

Opportunistic yeasts especially belonging to Candida sp. have been recognized 
lately as major fungal pathogens. Treatment of fungal infections, particularly nosocomial 
ones, has lagged behind bacterial chemotherapy and there are substantially fewer antifungal 
than antibacterial drugs due to the toxic side effects (fungi being eukaryotic cells similar in 
structure with the host cells) and to limited solutions for the development of new classes of 
antifungal agents. On the other hand, the lack of standardization and laborious available 
techniques led to an increasing interest for developing new rapid techniques for assessing 
the antifungal activity of different compounds. Our aim was to optimize a flow cytometry 
based method to test the antifungal susceptibility to essential oils, counting as a rapid 
method able to indications about presumptive action mechanism of essential oil from 
Eugenia caryophyllata dried buds (cloves).   

 Rezumat 
Speciile de levuri aparţinând în special genului Candida sunt recunoscute ca 

patogeni oportunişti importanţi. În contextul soluţiilor terapeutice limitate pentru 
tratamentul infecţiilor fungice şi al absenţei standardizării metodelor de testare a 
sensibilităţii la substanţe antimicrobiene, scopul studiului de faţă a fost de a optimiza un 
protocol rapid şi reproductibil pentru determinarea activităţii antifungice a unor uleiuri 
volatile, utilizând tehnica citometriei în flux comparativ cu metodele microbiologice 
clasice. Rezultatele obţinute au demonstrat ca citometria în flux este o metodă rapidă pentru 
testarea sensibilităţii uleiurilor volatile la fungi şi poate oferi indicaţii cu privire la 
mecanismul de actiune prezumtiv al uleiului volatil din muguri uscaţi de Eugenia 
caryophyllata. 

Keywords: flow cytometry, Eugenia caryophyllata, Candida albicans, 
antifungal activity. 
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Introduction 
It is estimated that the human organism has approximately 103 

cells, but carries approximately 1014 microbial cells (comprising the 
endogenous microbiota) and a series of relationships and interactions have 
been established between host and its microbiota, as well as between 
different microbial species, either beneficial or detrimental, from symbiotic 
relationships to activation of virulence genes in pathogenic bacteria and 
fungi[1]. However, fungi are opportunistic microorganisms, and from 
approximately 105 species, only 50 (75 or 100 among other authors) have 
been recognized as human pathogens and identified in clinical specimens.    

Candida species are ubiquitous yeasts, that cause a wide spectrum 
of diseases, including hospital-acquired and device-associated infections 
(reduced biocid sensibility)[2, 3]. It is also known that the extensive use of 
the antimicrobial substances led to the emergence of multiresistant strains, 
increasing the number of nosocomial infections and complicating their 
clinical picture[4]. In addition, there are far fewer classes of antifungal 
agents  than antibacterial drugs, limiting therapeutic options [5]. The 
resistance genes occurred in the microbial strains isolated from the hospital 
environment are originating in the external medium, evolving as non-
specific defense mechanisms against the toxic compounds existing in the 
environment, such as plant metabolites and soil microbiota[3]. Still, it is 
estimated that are 1062-1063 bioactive compounds in organisms belonging to 
the three domains of living world and the antimicrobial compouns from the 
plant material samples are widely studied [6].  

The recent interest for medium broght the green chemistry in a 
strategic position in research fild. The antimicrobial assay methods are 
classified into three main groups, i.e. diffusion, dilution and bioautographic 
methods. It should be emphazised that many research groups have modified 
these methods for specific samples such as essential oils and non-polar 
extracts and this small modifications make it almost impossible to directly 
compare the results. Validation and selection of primarily screening assays 
are pivotal to guarantee sound selection of extracts or molecules with 
relevant pharmacological action and worthy following-up. Primary assay are 
generally designed for rapid screening [7].  

Flow cytometry is a real-time method often used as differential 
diagnostic tool in oncology-haematology, but in microbiological research 
too. Essential oils antimicrobial activity testing raises problems related to 
their volatility and poor solubility in aqueous media and the use of a rapid 
bioassay is a must. In this context, our aim was to optimize a rapid, 
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reproducible method based on flow cytometry in order to test the fungal 
susceptibility to essential oils, exhibiting the advantage of a rapid method 
that could also provide indications about the presumptive mechanism of 
action of the essential oil extracted from Eugenia caryophyllata dried buds.   

Materials and Methods 
Plant material and extraction  
E. carryophyllata dried buds were purchased from a local supplier 

and subjected to essential oil extraction. A Neo Clevenger type apparatus 
according to European Pharmacopoeia 6 was used for performing two 
microwave assisted extractions from 225g plant material [8]. 

 
GC-MS analysis of essential oil 

Chemical composition was settled by GC-MS analysis. Gas 
chromatographic analysis was performed using an Agilent 6890 Series GS 
System gas chromatograph Detection was carried out with a 5973 mass-
selective single quadrupole detector (Agilent technologies). The mass 
spectrometer was calibrated before use with perfluorotributylamine 
(PFTBA) as a calibration standard. GC-MS parameters were described in a 
previous study[9].The essential oil proved to be rich in eugenol and α-
cariophylene (92.42% and 5.44% from the total aria). 

 
Fungal strains 
The antifungal activity of the E. carryophyllata buds essential oil 

was tested against fungal strains recently isolated from clinical specimens, 
i.e. Candida albicans 173 and Candida albicans 172 (urinary tract 
infection), , Candida albicans 2026, Candida albicans 131 and Candida 
albicans 177 (bronchotracheal secretions), (Bronchotracheal secretions), . 

 
Qualitative screening of the antimicrobial activity 
The qualitative screening of the susceptibility spectra of different 

Candida strains to the essential oils was performed by the kill-time curve 
[10], i.e. the microbial strains were kept in contact with the essential oil for 
1’, 3’, 5,’ 15’ and 30’, viable cell counts being thereafter performed in order 
to appreciate the fungistatic or fungicidal effect, as well as the remanence of 
the antimicrobial activity.  
 

Quantitative assay of the antimicrobial activity 
Minimum inhibitory concentrations (MIC) assay was performed by 

twofold micro-dilution technique in 96 multiwell plates [11] for each tested 
fungal strain. Simultaneously, there were achieved serial dilutions for 
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DMSO (dimethylsulfoxide) in the same volume, in order to obtain the 
negative control. An amount of 20 µL of bacterial suspension with the 
standard density of 0.5 Mc Farland was added in each well. The plates were 
incubated for 24 h at 37°C, and MICs were read as the lowest essential oils 
concentration that inhibited the microbial growth. 

 
Assay of the antifungal activity of the essential oil by flow 

cytometry 
Two fold macro-dilution in YPG medium were obtained using a 

stock solution of the essential oil in DMSO 1:1, working concentrations 
ranging from 0.05 to 3.125x10-3µL/mL. Three incubation time working 
variants for each sample were achieved: 5, 30 min and 24h. The dead cells 
stained with propidium iodide (50µg/mL) were assessed by flow cytometry. 
Staining procedure was applied at room temperature 10 min before data 
acquisition with a FACSCalibur flow cytometer. CellQuest Pro software 
was used for statistical analysis.  

 
Results and Discussion 

Essential oils composition 
The average yields of the essential oil (v/w %, normalized to the part 

of the plant mass dried weight) extracted from E. caryophyllata was 2.25%. 
The essential oil from dried buds of E. caryophyllata proved to be rich in 
eugenol and α-cariophylene (92.42% and 5.44% from the total aria) are 
presented in Table I as projection structures and perspective representations, 
with a color gradient charge distribution and the value of the partial charge 
displayed  at each atom. These results were obtained using the MINDO method 
[12] and optimization by the conjugate gradients method. 

Table I 
The main compounds and their percentage in E. caryophyllata essential oil 

  
Eugenol α-cariophylene 
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Antimicrobial activity of essential oil from E. carriophylata buds 

Qualitative assay 
The kill time assay revealed an early microbicidal and vapor phase 

effect for the essential oil stock solution (Figure 1).  

 
 

Figure 1.  
Assessment of the antifungal activity of the essential oil  

by the kill time qualitative assay 
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Quantitative assay 
The microdilution technique proved to be ineffective for MIC assay, 

probably due to the vapor phase effect which determined a constant and 
microbicidal effect of volatile compounds in all wells, independently to the 
achieved concentration. The flow cytometry assay revealed the same early 
microbicidal effect of the essential oil as already proven by the kill time curve, 
but having the major advantage of avoiding the vapour phase effect interference 
and thus making possible the MIC assay. All tested strains exhibited the same 
MIC value, i.e. 6.250x 10-3µL/mL after 30min of contact with the essential oil. 
A late microbicidal effect was noticed after 24 h of contact for C. albicans 2026 
and C. albicans 177 strains, exhibited at a lower concentration of the essential 
oil (3.125x10-3µL/mL).  

 
Figure 2 

Assessment of MIC value of the essential oil by flow cytometry 
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Figure 3. 

Separation of viable/killed fungal cells population by flow cytometry  
after propidium iodide staining 

 

Conclusions 
Although some guidelines for performing antifungal susceptibility 

testing are presently available, the proposed methods are labor intensive, 
requiring 48-72h for the incubation time.  

Essential oils complex composition and the volatility of their 
constituents raise specific problems in susceptibility testing, due to their 
poor solubility, unknown diffusion pattern in solid media and vapor phase 
effect.  

The microdilution technique proved to be ineffective for MIC assay, 
versus flow cytometry which revealed the same early microbicidal effect of 
the essential oil as the kill time qualitative assay, having the major 
advantage of avoiding the vapour phase effect interference and thus making 
possible the MIC determination.  

In this context flow cytometry technique could be considered a 
reliable tool for evaluating the antifungal activity of this type of complex 
mixtures. 
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