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Abstract: The objective of this study was to evaluate the antifungal activity of eugenol against the 
genomic DNA of Candida albicans. A quantitative experimental study was conducted with the C. 
albicans INCQS 40006 strain. Eugenol was tested in concentrations of 12.5%, 25%, 50%, 75% and 
100%. The test substance remained in contact with the fungus for 24 hours in a BHI medium in a 
microbiological greenhouse, then the DNA extraction was performed and part of the sample 
obtained was washed with TE to remove the Eugenol. The fungus was placed in BHI again and 
placed for 24 hours in a microbiological greenhouse. At the end, the samples with 100% eugenol 
went through seeds in Sabouraud Dextrose for confirmatory tests. Thus, from the electrophoresis, 
which admits evaluating the quality of the extracted material, preserving its characteristics and 
integrity, it was observed in the eugenol concentration test (test 1), in which the eugenol was in 
direct contact with the pathogen, that in concentrations of equal to or greater than 75% of the test 
substance the pathogen had no proliferative power. In which the fungus's ability to recover is 
evaluated (test 2), eugenol was removed from the sample, noting that in 100% of the test substance 
the fungus did not have the ability to recover, resulting in definitive cell death. 
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1. Introduction 

The speed that microorganisms acquire resistance, both to the immune system and to 
commercial drugs, is increasing [1]. Candida albicans stands out among them as a species that belongs 
to the human microbiota [2], but which is also capable of promoving invasive infections, leading to 
blood and systemic contagions after tissue rupture [3]. 

This species has a vast resistance to known antifungals drugs due to its strong virulence factors, 
emphasizing the secretion of hydrolytic enzymes and adhesins, phenotypic switching, dimorphisms 
and rapid adaptation to temperature [4] and being capable of associating with biofilms [5]. 

Genetic factors also strongly contribute to the proliferation of this microorganism. The ALS gene 
family stands out for being directly linked to the polymorphism of biofilms [6]. Meanwhile the 
expression of HWP1, ALS1, ALS3 genes is associated with the adhesion of this fungus [7]. 

Some studies demonstrate that natural products obtained from plants can interact with the 
genetic material of some microorganisms and lead to antimicrobial effects. Isolated from clove, the 
eugenol compound has been described for showing antifungal activity [8]. 

This is a phenolic and volatile substance known for its antimicrobial activity [9]. It is found 
among family Myrtaceae species [10] and it is native to the Moluccas, Indonesia [11]. 

Studies show that the compound has multiple applications, from a rapid anesthetic induction of 
Nile tilapia [12] to antibacterial [13], used as antiseptic mouthwash [14], antioxidant [15] and 
antiparasitic [16]. 
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Eugenol has also been described as a potential antifungal agent that acts directly on the 
pathogen's plasma membrane, changing the pH and causing cell inactivation through H+ATPase, a 
dominant protein that performs most of the physiological functions of the pathogen and it’s essential 
in maintaining the electrolyte balance of the fungus [17]. 

In addition, it can also act directly on fungal transporters, especially in the active sites of two 
amino acid permeases, Tat1p and Gap1p, located in the cytoplasmic membrane of yeasts, modifying 
its permeability, causing changes in its compliance and leading to cellular extravasation [18]. 

Activities against Candida sp. showed that it was able to modify the morphogenesis of the yeast 
cell envelope, interfering with enzymes that catalyze polysaccharides, harming cell wall development 
[19]. 

In this sense, the objective of this report was to evaluate the antifungal activity of eugenol against 
the Candida albicans genomic DNA. 

2. Materials and Methods 

2.1. Research 

This is an experimental quantitative research whose activities were performed at the Molecular 
Biology Laboratory of the Leão Sampaio University Center (UNILEÃO), Juazeiro do Norte – CE, from 
September to November 2019. 

2.2. Microorganisms 

The strain Candida albicans INCQS 40006 was used for this test. To obtain a fungal sample, 1mL 
of fungal culture in a Sabouraud dextrose liquid medium with chloramphenicol was placed in 
separate 1.5mL tubes. 

2.3. Obtaining the Test Solution 

For antifungal activity tests, the compound was used in its pure concentration (100%) and also 
prepared in four concentrations: 12.5%, 25%, 50% and 75%. To prepare these solutions, the compound 
was dissolved in Dimethylsulfoxide (DMSO) and diluted in sterile water. Control samples were 
performed using only DMSO to avoid any possible interferences in the interpretation that could affect 
the results. 

2.4. Extraction of Fungal Genomic DNA 

1 - The microorganism was collected and added to a microtube containing 500µL of cell lysis 
buffer (0.15M NaCl; 50M Tris – HCl; 10mM EDTA; 2% SDS; pH 8) and it was incubated at 65°C for 
one hour. 

2 - 500µL of phenol/chloroform (1:1) were added in the microtube and vortexed for 15 minutes. 
Then it was centrifuged for 15 minutes at 13000rpm and the aqueous suspension was removed and 
added to a new microtube. 

3 - 400µL of phenol was added in this suspension containing DNA, vortexed for 5 minutes and 
centrifuged for 15 minutes at 13000rpm. The aqueous suspension was exposed to another extraction 
method with 400µl of phenol. 

4 - 1mL of pure ethanol was added to the supernatant and this microtube was stored for 1 hour 
at -20°C. After a 15-minute centrifugation at 13000rpm, the pellet was washed with ice-cold 70% 
ethanol, dried at room temperature and resuspended by adding 80µL of DNase-free ultrapure water 
on the microtube. 

5 - The material was treated with 3µl of RNAse (Invitrogen, Carlsbad, CA) at a concentration of 
50µg/mL for 30 minutes at 37ºC. 

6 - The quality of the DNA was visually verified under UV light using 0.8% agarose gel 
electrophoresis and stained using 0.5µg/mL of Blue Green Loading Dye. The microtubes containing 
the DNA were stored at -20ºC [20]. 
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7 - After obtaining the DNA samples, each concentration of the eugenol compound was placed 
in contact with this sample for about 24 hours to verify if there was any kind of interaction with the 
fungal DNA. As a control, a DNA sample without eugenol was used and the DNA ladder pattern 
was used to compare the concentrations. 

2.5. Preparation of Agarose Gel and Electrophoresis 

Analysis in agarose gel electrophoresis: The preparation of the agarose gel and the 
electrophoresis procedure followed the criteria presented by Borda et al. [21]. 

2.6. Microbiological Tests 

For the confirmatory cell death test, the fungal strains were grown in Brain Heart Infusion (BHI), 
incubated at 37°C for 24 hours. The inoculum concentration was standardized according to the 
McFarland scale to adjust the turbidity of bacterial suspensions by comparing inoculum turbidity 
using a value of 0.5 on the scale. 100uL of eugenol was added to one of the two inoculums and the 
other one remained only with the medium, being used as a positive control for fungal growth. The 
inoculums were used for plating on Sabouraud Dextrose Agar (SDA – KASVI), to confirm if there 
was cell death at a concentration of 100mL of Eugenol, the test was performed in duplicate. 

After the first plating, Candida albicans was washed with TE buffer solution (Tris - EDTA) to 
remove the eugenol and inoculated again in BHI medium, for another 24 hours at 37°C, to evaluate 
its recovery capacity. 

3. Results 

As shown in Figure 1, it is possible to observe the DNA of Candida albicans after a period of 50 
minutes in agarose gel, on the sides there are two types of DNA ladder, which emission of light seen 
under UV light allows estimating (in nanograms per microliter) the amount of DNA present in that 
band. 

The positive control is shown in the upper part, with 9ug/uL of DNA. In sequence there are 
concentrations of 12.5%, 25%, 50%, 75% and 100% eugenol. In test 1, Eugenol was evaluated in 
different concentrations, as shown in Figure 1, in concentrations equal to or bigger than 75% of the 
substance, the pathogen had no replicative activity. 

 

Figure 1. Fungal DNA applied to the agarose gel containing the inoculum in direct contact with 
different concentrations of eugenol. M= 1 Kb Plus DNA ladder (Fisher Scientific International Inc); 
1=Positive Control; 2= 12,5% Eugenol; 3= 25% Eugenol; 4= 50% Eugenol; 5= 75% Eugenol; 6= 100% 
Eugenol. 
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In test 2, the ability of the fungus to recover after the effect of eugenol was evaluated. After test 
1, the DNA was washed with TE buffer solution to remove the substance and then placed in 1mL of 
BHI and incubated again for 24 hours at 36 – 37°C. Figure 2 shows different contractions of genomic 
DNA observed through under UV light, where the positive control is located on the upper left side 
as strongly positive band, followed by concentrations 12.5%, 25%, 50%, 75% and 100 % eugenol, 
showing that at the biggest concentration, no DNA was obtained. 

 
Figure 2. Test 2 in agarose gel in the electrophoresis process. M= 1 Kb Plus DNA ladder (Fisher 
Scientific International Inc); 1=Positive Control; 2= 12,5% Eugenol; 3= 25% Eugenol; 4= 50% Eugenol; 
5= 75% Eugenol; 6= 100% Eugenol. 

In the confirmatory tests of cell death, for test 1, which evaluates different concentrations of 
eugenol in direct contact with the inoculum, it can be observed in Figure 3, there was no fungal 
growth on agar confirming what was seen in electrophoresis, where at a concentration of 100% the 
substance was fungistatic, showing that eugenol has the ability to interrupt the progression of fungal 
growth. 

A) 

 

B) 

 

Figure 3. A) Confirmatory Candida albicans culture in direct contact with 100% eugenol. B) 
Confirmatory Candida albicans culture after washing with TE buffer and added to BHI for 24 hours. 

For test 2, performed in duplicate, the inoculums were centrifuged, and the yeast cells were 
settled to the bottom of the eppendorf where they were washed with TE buffer solution to remove 
eugenol, as it shows in Figure 3B, Candida albicans was not able to recover what can demonstrate 
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that 100% eugenol is fungicidal and its pure concentration killed completely this pathogen, with no 
ability to recover. 

4. Discussion 

Eugenol concentrations equal to or less than 50%, showed a reduction in its growth, but not 
enough to completely inhibit its proliferation. The presence of fungal DNA is observed in 
concentrations equal to or less than 50%, since Candida albicans has different genetic mechanisms 
that are still unclear, but it contributes to make this species resistant. Its rapid adaptation to the 
environment is directly proportional to its transcription program, making it more stable [22]. 

Several microbiological studies carried out with eugenol show its ability to inhibit the growth of 
Candida albicans [23] and these results are consistent with the present research which observed that in 
agarose gel at concentrations equal to or bigger than 75% there was no DNA left, demonstrating that 
there was an interruption in fungal development. 

Eugenol performs an anti-candida effect by promoting serious damage to its envelope and 
modifying its morphogenesis and cell development [24]. The same result was observed for other 
authors, demonstrating that eugenol has anticandida activity, but in contrast they believe that the 
destruction of the pathogen is not associated with its cell wall, but the inactivation of ergosterol 
synthesis and increase in the production of free radicals [25]. 

It is noteworthy that, when tested against 100% eugenol, this fungus was unable to recover, even 
after being given adequate nutrients and temperature for its development. The performance of 
eugenol in adherent cells and consequently in the biofilm formed by Candida albicans depends 
directly on its concentration, which was observed in the results of the present study [26]. 

Eugenol acts against the development of biofilms, when added before fungal cultivation, it acts 
before it is formed, and when added after biofilm formation, this substance was able to interrupt its 
progression, through electromicrography, they observed the reception of the cell membranes of the 
sessile cells (cells with low levels of sterol), still being reported its synergism with fluconazole 
(antimycotic drug) [27]. 

Phenolic compounds have antifungal action through non-competitive enzymatic inhibition, 
interrupting the production of mycotoxins, such as aflatoxin (toxin present in food) that is capable of 
causing damage to human health and lipid peroxidases by blocking oxidative stress through the non-
formation of peroxides, thus hindering their biosynthesis [28]. 

In infections caused by Candida sp, the most used methodology is the cultivation in different 
medium, but this leads to a delay in acquiring the results and it can easily suffer interference from 
the environment, such as contamination, for example, due to the waiting time. Therefore, science has 
evolved towards faster methods with lower risks of contamination, such as PCR or qPCR, which is 
real-time PCR with quantitative and qualitative results that can be obtained within three hours [29]. 

5. Conclusions 

Through the results, the analyzes demonstrated that Eugenol has fungostatic and fungicidal 
effects on the DNA of Candida albicans in different concentrations, emphasizes the 100% Eugenol 
concentration that had a fungicidal action, making the fungus unable to recover even after removing 
the substance and giving this microorganism good conditions for its proliferation. 

At lower concentrations, only a delay in fungal proliferation was observed, it can be due several 
resistance mechanisms produced by Candida albicans, whether to drug substances, herbal medicines 
or the immune system. Thus, this research presents to the scientific community more information 
about the antifungal potential of Eugenol, and further studies are needed so this might be considered 
as a commercial drug for the treatment of Candida albicans infections. 
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