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Abstract  

 In this study, we aimed to assess the antimicrobial activity of some essential oils (EOs) from Nigella sativa, 

Syzygium aromaticum and Thymus vulgaris mixture (M-ST) and Origanum vulgare commercial oils on Candida 

albicans clinical strains. The resistance and adherence mechanisms of the strains were characterized by 

phenotypic and genotypic methods. The most frequently adhesins encoding genes C. albicans were: ALS3 

(56.25% of the investigated isolates), ALS6 (50%), SAP7 (50%), and SAP8 (56.25%). Well diffusion method 

was used in order to determine the minimum inhibitory concentration (MIC) and the ranges were: 6.1 - 48.8 mg/ 

mL for N. sativa, 0.35 – 5.56 mg/ mL for the M-ST, and 0.63 – 2.5 mg/ mL for O. vulgare. Our results revealed 

that the investigated oils are valuable alternatives for the development of novel anti-pathogenic strategies.  

1. Introduction 

Candida is the most common yeasts that cause worldwide fungal infections 

(MANOLAKAKI & al., [1]). The dimorphic fungus Candida sp. can respond rapidly to 

environmental changes, and this flexibility could allow Candida to use advantage of 

weakness of immunity and facilitate establishment of disease. Although Candida sp. is 

normal microbiota of skin and mucous membranes of healthy people, they cause infections 

that range from superficial infections to lethal systemic infections in immune-suppressed and 

immune-compromised patients. Various virulence factors are contributing to the colonization 

and pathogenicity of Candida infection, including the expression of adhesions and invasions 

on the cell surface, yeast-hyphae morphogenetic transformation, biofilms formation, 

phenotypic switching and the secretion of hydrolytic enzymes (FRANCOIS & al., [2]). 

  The most of hydrolytic enzymes virulence factors are extracellular secreted by the 

fungus. The most discussed hydrolytic enzymes produced by C. albicans are secreted aspartic 

proteinases (Saps), play a major role in over growth of the Candida sp. since these enzymes 

mailto:IRYNA_84@yahoo.com


pave way to adhere, penetrate and for tissue invasion (SCHALLER & al., [3]). Recent 

evidence suggests that the majority of infections produced by this pathogen are associated 

with biofilm growth (SARDI & al., [4]). 

Nowadays, an increased the number of yeasts resistant to antifungal drugs is recognized 

worldwide (INGHAM & al., [5]); therefore, there is a need to look for substances from other 

sources with proven antifungal activity as alternative therapeutic agent source. Essential oils 

(EOs) are founded in different parts of plants including leaves, seeds, flowers, roots and 

barks. EOs containing compounds those help to fight parasites and infections containing anti-

bacterial, anti-fungal, and anti-parasitic properties (ABDURAHMAN & al., [6]).  Herbal 

drugs would promise a greater viable solution for effective treatment of diseases caused by 

microorganisms (Rahman & Hossain, [7]).We aimed to reveal the antifungal and antibiofilm 

activities for selected essential against nosocomial C. albicans strains.  

 

2. Material and methods  

2.1. Clinical strains: A total number of 16 nosocomial C. albicans 

isolated from patients admitted for surgery in the Institute of 

Cardiovascular Diseases Prof. C.C. Iliescu, Bucharest, Romania, aged 

from 20–85 years from different sites [i.e. respiratory tract (n=5), sputum 

(n=3), secretion (n=5), secretion thrash (n=1) and urinary tract infections 

(n=2) belonged to C. albicans species according Vitek II system. Strains 

identification was performed by using automatic identification system 

Vitek II. 

2.2. The commercial extracts used: Nigella sativa (from Iraq, Alcaptin company). 

                                         Thymus vulgaris and Syzygium aromaticum mixture (M-TS), 

(Fares). 

                             Origanum vulgare , (from Canada , Provita company). 

 The antifungal activity of the commercial extracts was assessed by using the binary serial 

dilution method, the concentrations ranges being oil specific. Other technique was used, the 

crystal violet staining for the anti-biofilm activity (PAPARELLA & al., [8]).  

 

2.3.Quantitative assay of the antimicrobial activity of vegetal extracts 

 



The quantitative assay of the antifungal activity was performed by two fold micro-dilution 

technique in 96 multi well plates for each tested strain (SAVIUC & al., [9]).  Simultaneously, 

there were achieved serial dilutions for DMSO (dimethylsulfoxide) in the same volume, in 

order to obtain the negative control. An amount of 20 μL of 0.5 Mc Farland bacterial 

suspension 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 C. albicans growth. 

 

2.4. Genotypic characterization of adherence genes of the tested strains 

 

The genetic support of the adherence  genes was investigated by simplex and multiplex  PCR 

(SARDI & al., [10]),  using a reaction mix of 20 or 25 µl (PCR Master Mix 2x, Thermo 

Scientific) containing 1 µl of Candida’s DNA extracted using the protocol of small scale 

isolation of DNA from yeast cells from Invitrogen by life technologies. All PCR reactions 

were performed using the Thermal Cycler machine Corbet. The amplification products were 

visualized by 1% agarose gel electrophoresis  stained with the specific weight marker (100pb, 

Ladder Bench Top, Promega, USA). Simplex and multiplex PCR were performed on 

genomic DNA in order to establish: the ALS1, 2, 3, 4, 5, 6, 7, 8, 9, EAP1 and SAP 1, 2, 3, 4, 

5, 6, 7, 8, 9, 10 genes. For ALS1; ALS3; ALS9; SAP4; SAP8; and SAP10; the amplification 

program, reaction components and primer sequences were performed as followed in table 

no.1, 2 and 3. 

Table 1. Condition of amplification in the PCR reactions. 

 

Genes Condition of amplification 

denaturation annealing final extension cycles 

ALS2;ALS4;ALS5;ALS6;ALS7;ALS8;SAP6; EAP1 94° 5min 60° 30 sec 72° 30sec 35x 

SAP5; SAP7; SAP9 94° 5min 57° 30 sec 72° 30sec 35x 

SAP1; SAP2; SAP3 94° 5min 62° 30 sec 72° 30sec 35x 

 

 

Table.2. Reaction components used in the PCR reactions. 

 Concentration  Final volume 

primer MgCl2 dNTP DNA 

Taq-pol 

Reaction buffer DNA 



 

 

0,5µM 

 

 

1,2mM 

 

 

2µM 

 

 

0,2U 

 

 

1x 

 

 

10x 

 

 

20µl 

 

 

Table 3. Primer sequence, conditions of amplicon,and primer size of adherence genes in C. albicans.  

The gene primer 

Primer 

size 

 

Primer sequence 

 

ALS1 

ALS1 F 
183 bp F:CCTATCTGACTAAGACTGCACC 

 

ALS1 R 

R:ACAGTTGGATTTGGCAGTGGA 

 

ALS2 

ALS2 F 
362 bp F:GCTGGCACCAACACAGTTAC 

 

ALS2 R R:CGATAACCAGCGGGGACATT 

ALS3 

ALS3F 167bp F:ACCTGACTAAAACTGCACCAA 

 

ALS3R R:GCAGTGGAACTTGCACAACG 

 

ALS4 

ALS4F 190 bp F:GTGCTGGTGACACATTCACG 

ALS4R R:ATGGCTTTGGTGTCAGCAGT 

ALS5 

ALS5F 826 bp F:TGCTGTGTTGGGTTGGTCAT 

ALS5R R:ACCGTTAGATGCGGCATCAC 

ALS6 

ALS6F 224 bp F:AGCTTGGACGGAACACTAGC 

ALS6R R:GTGACGTACCAAACGCTCT 

ALS7 

ALS7 F 880 bp F:CTATTGCCAGTCCCGGTGAT 

ALS7 R R:TGGAGTCGGGAAATGAAGGG 

ALS8 

ALS8 F 475 bp 

 

F:TTACAAACCCTGAGTCCGCC 

ALS8 R R:TGGGGTTCCTGGTCCCTTAT 

ALS9 

ALS9 F  F:TGACTCATTGACATGGACTAGAT 

ALS9 R R:GAATTTGCACAATAACAGTGTCTATG 

SAP1 

SAP1 F 161 bp F:TCAATCAATTTACTCTTCCATTTCTAACA 

SAP1 R R:CCAGTAGCATTAACAGGAGTTTTAATGACA 

SAP2 

SAP2 F 81 bp F:TCCTGATGTTAATGTTGATTGTCAAG 

SAP2 R R:TGACCATTAGTAACTGGGAATGCTTTAGGA 

SAP3 

SAP3 F 231 bp 

 

F:CCTTCTCTAAAATTATGGATTGGAAC 

SAP3 R R:TTGATTTCACCTTGGGGACCAGTAACATTT 

SAP4 

SAP4 F 171 bp F: TTATTTTTAGATATTGAGCCCACAGAAA 

SAP4 R R:GCCAGTGTCAACAATAACGCTAAGTT 

SAP5 

SAP5 F 277 bp FF:AGAATTTCCCGTCGATGAGACTGG 

SAP5 R R:TGACCATTAGTAACTGGGAATGCTTTAGGA 

SAP6 

SAP6 F 187 bp 

 

F:CCCGTTTTGAAATTAAATATGCTGATGG 

SAP6 R R:ACCAATACCAAGGGTATC 

SAP7 

SAP7 F 196 bp F:TCTCAAGAAATTATCCCCCAAAATA 

SAP7 R R:TCGGTTCCATTATCAGAATTTGTTC 

SAP8 

SAP8 F 256 bp 

 

F:TCTCAAGAAATTATCCCCAAAATA 

SAP8 R R:TCGGTTCCATTATCAGAATTTGTTC 

SAP9 

SAP9 F 80 bp 

 

F:ATTACTCCACAGTTTATATCACTGAAGGT 

SAP9 R R:CCACCAGAACCACCTCAGTT 

SAP10 

SAP10 F 80 bp F:CCCGGTATCCAATAGAATCGA 

SAP10 R R:TCAGTGAATGTGACGAATTTGAAGA 

EAP1 

EAP1 F 848 bp 

 

F:GTTCCTAACAGGTCCACACCA 

EAP1 R R:TCGCCACTTGCAGTAACAAC 

 

 

3. Results and Conclusion 

Quantitative assay of the antifungal activity of vegetal extracts 



        The increasing resistance of C. albicans towards, the existent antifungal compounds and 

the reduced number of available drugs led to the search of new therapeutic alternatives 

among plants and their essential oils, empirically used due to their antifungal proprieties. 

Plant oils traditionally used for domestic and therapeutic purposes are increasingly claimed to 

have broad spectrum antimicrobial properties. Some essential oils have been suggested to 

have potent antimicrobial activity, including anthelmintic, skin infections and insect bites, 

chicken pox, colds, flu and measles sinus congestion, asthma, bronchitis, pneumonia, 

tuberculosis, and cholera properties, due to their phenolic, alcoholic, and terpenoid 

constituents (CHIFIRIUC & al., [11]).   

        In the present study, data indicates that C. albicans affected by the plant extracts tested. 

The inhibitory effect of some commercial extracts was supported by statistical data (fig.1). 

We considered extracts to be bioactive if a clear broth in the well has a fungicidal or 

fungistatic effect. The MIC ranges were: 6.1 - 48.8 mg/ mL for N. sativa, 0.35 – 5.56 mg/ mL 

for the M-ST and 0.63 – 2.5 mg/ mL for O. vulgare. The most effective EOs were: M-ST and 

O. vulgare according to obtained results. The MIC and other used concentrations were below 

5% extract in the medium; these concentrations of tested oils were efficient on all strains.  

           N. sativa seed oil consists of oleoresins and essential oil components, including 

thymoquinone, dithymoquinone, thymohydroquinone, p-cymene, carvacrol, 4-terpineol, α-

thujene, t-anethol, longifolene, thymol, and pinene (SINGH & al., [12]).  Thymoquinone (30–

52.6%) and p-cymene (7–25.8%) were reported as its major components (Singh & al., [12]; 

SHAABAN & al., [13]).  Antimicrobial activity of N. sativa oil is attributed mainly to its 

phenolic constituents of the essential oil compartment. Thus, thymoquinone followed by its 

related compounds such as thymohydroquinone, dithymoquinone, and thymol along with 

carvacrol plays major role in antimicrobial activity (HALAWANI, [14]).  Other constituents, 

oleoresins, linoleic acid, and oleic acid, may also have minor antimicrobial activity (Singh & 

al., [12]).  Bakathir and Abbas previously  reported in 2011, that  the  MIC  value  of  12.5  

mg/mL  of  the  N.sativa seed extract was the lowest concentration at which the tested 

C.albicans   inhibited. 

The main compounds present in oregano essential oil are phenolic monoterpenes, carvacrol 

and thymol (BAKKALI & al., [15]).  The main compounds present in oregano essential oil 

are carvacrol (64.5%) is the dominant component (SOKOVIĆ & al, [16]).   



T. vulgaris is an important source of phenolic compounds, and the result of the 

present study showed that the extract of this plant contains a high amount of flavonoids, 

exhibited a great antioxidant and antibacterial activity (ZEGHAD and MERGHEM, [17]).  

The most dominant of all identified compounds of thyme EO were thymol (50.48%), 

followed by p-cymene (24.79%), linalool (4.69%), γterpinene (4.14%) and 1,8-cineole 

(4.35%). Similar results were obtained by (NIKOLIĆ & al., [18]). Clove (Syzygium 

aromaticum) its consider as remedy because it has antimicrobial activity, antimicrobial 

potential was established when its essential oil extracts killed many Gram positive and Gram 

negative microorganisms including some fungi. The antimicrobial activity of clove is 

attributable to eugenol, oleic acids and lipids found in its essential oils (EL-ABED & al., 

[19]). Our study revealed broad spectrum inhibitory activity from essential oils of T. vulgaris, 

Syzygium aromaticum and Origanum vulgare against C.albicans strains. The M-ST oil and 

oregano essential oil inhibited all strains in very small concentrations. 

 

 

 

Fig.1. The results of MIC distribution in C. albicans populations for N.sativa , Thymus vulgaris and Eugenia 

aromaticum Eos. (M-TS) and Origanum vulgare  EOs. 
 

Biofilms formed by fungal organisms are associated with drastically enhanced resistance 

against most antimicrobial agents, contributing to the persistence of the fungi despite 

antifungal therapy (CHIFIRIUC & al., [11]).  The minimum inhibitory biofilm concentrations 

(MIBCs) ranges were: 0.38 – 24.4 mg/ mL for N. sativa, 0.09 – 2.78 mg/ mL for the M-ST 

and 0.16– 1.25 mg/ mL for O. vulgare. The: M-ST and O. vulgare essential oils were more 

potential than N.sativa oil to inhibit the biofilm formation in C. albicans strains (fig. 2). 
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Fig.2. The results of MIBCs distribution in C. albicans populations for N.sativa , Thymus vulgaris and Eugenia 

aromaticum Eos. (M-TS) and Origanum vulgare  EOs. 

 
 

 

The most frequently encountered  adherence genes were ALS3, SAP8, ALS6 and SAP7, 

suggesting that they significantly contribute to the overall virulence of C. albicans strains 

isolated from symptomatic infections, presumably by facilitating the adherence to cellular 

and inert substrata. 

Several genes are involved in the biofilm formation by Candida sp. (YU & al., [20]; LIN & 

al., [21]; SRIKANTHA & al., [22]). The agglutinin-like sequence (ALS) proteins which form 

a family (ALS1-ALS9), the ALS genes encode glycosylphosphatidylinositol (GPI)-linked 

cell surface glycoproteins. Of the ALS proteins, the hypha associated adhesin ALS3 revealed 

important role in adhesion (ZORDAN and CORMACK [23]; MURCIANO & al., [24]). It 

was also demonstrated that the expression of several ALS genes is up regulated during 

biofilm formation; furthermore, the Als proteins have long been considered excellent 

candidates for biofilm adhesins (BLAKENSHIP and MITCHELL, [25]). It was analyzed the 

association between biofilm production and polymorphisms in the ALS3 central domain. 

Bruder-Nascimento & al., [26] were revealed the polymorphism of the ALS3 central domain 

in C. albicans, detected by the different numbers of tandem-repeat copies, appears not to be 

directly related to biofilm production (BRUDER-NASCIMENTO & al., [26]).  

The PCR results concerning ALS genes revealed as followed: ALS3 (in the case of 56.25% 

of the screened isolates), ALS6 (50% of the strains), ALS4 (37,5% of the investigated  C. 

albicans strains); ALS2 (in the case of 12,5% of the isolates) and only 6,25% of the 
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nosocomial strains revealed ALS8 gene (fig. 2 and table 4), opposite to results of SHALAL 

& al., [27]). 

 Concerning SAP (secreted aspartyl protease) genes the presence has been revealed 

that is associated with a number of putative virulence attributes of C. albicans including 

hyphal formation, adhesion and phenotypic switching, which highlights the complexity of 

SAP involvement in C. albicans pathogenicity (NAGLIK & al., [28]). The proteolytic 

activity of the Sap proteins is involved in the degradation of the host’s barriers during 

infection (SCHALLER & al., [29]), immune response evasion (BORG-VON ZEPELIN & al., 

[30]), and adhesion to the host’s cells (BORG-VON ZEPELIN & al., [31]).  

Our results demonstrates the following secreted aspartyl protease in decreased 

percentages: SAP8 gene (56,25% of the isolates), SAP7 gene (50% of the investigated 

strains) and  SAP2 gene (only in 6,25% of the isolates) (fig. 5 and tab. 4), while (MONROY-

PÉREZ & al., [32]) demonstrated highest percentages of this SAP genes in clinical isolates of 

C. albicans collected from women visited gynecologic services at public hospitals located in 

the State of Mexico, Mexico.  

 

 

Fig.3. Genotypic characterization of adherence genes in C. albicans isolates. 
 

Morphology-independent proteins (Eap1) can also contribute to adhesion, these 

include GPI-linked proteins (NAGLIK & al., [33]), our results suggested that 6, 25% of the 
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clinical isolates presented EAP1gene (fig. 2 and tab. 4) and closed percentage to the finding 

of (SHALAL & al., [27]) for this gene. 

 

Table.4. The isolation sources and genotypycal results in the investigated strains. 
 

Strain code  Laboratory 
code 

Isolation source  Adherence genes    

Candida albicans 58 1 sputum  SAP7 SAP8 ALS8 ALS4 ALS3 

Candida albicans 81 2 sputum  SAP8     

Candida albicans 600 3 trachea  ALS1     

Candida albicans 175 4 sputum  ALS1 SAP8 SAP2 ALS3 SAP6 

Candida albicans 438 5 secretion  SAP7 SAP8 ALS4 SAP6  

Candida albicans 1458 6 secretion thrash ALS1 SAP7 SAP8 ALS3 SAP6 

Candida albicans 128 7 secretion bronchitis ALS4 ALS3 SAP6   

Candida albicans 1617 8 secretion  ALS1 ALS3 SAP6   

Candida albicans 904 9 urine  SAP7 SAP8 ALS3 SAP6  

Candida albicans 527 10 secretion  ALS1 SAP7 ALS3 SAP6  

Candida albicans 324 11 urine  ALS3 EAP1    

Candida albicans 1726 12 trachea  SAP7 SAP8 ALS4 ALS3  

Candida albicans 373 13 secretion bronchitis SAP7 SAP8    

Candida albicans 381 14 trachea       

Candida albicans 131A 15 secretion  SAP6     

Candida albicans 131B 16 secretion  SAP7 SAP8 ALS4   

 

 

            

The obtained results demonstrated that Thymus vulgaris & Syzygium aromaticum mixture and 

Origanum vulgare essential oils are exhibited very good antifungal activity against C. 

albicans strains and also exhibited antibiofilm activity in sub inhibitory concentrations 

against all tested C. albicans isolates. Future tests will be made for comparative analysis of 

the effect exhibited by commercial versus freshly extracted fatty and essential oils. 
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