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Carvacrol (2-methyl-5-[1-methylethyl]phenol), a phenolic monoterpenoid, is a 

constituent of essential oils produced by numerous aromatic plants and spices. To date, several 

reports indicate that this monoterpenoid exhibits a broad spectrum of activities against bacteria, 

yeast and fungi. Notably, the fungicidal activity of carvacrol is attributed to the formation of 

extensive membrane lesions and the reduction of ergosterol content of C. albicans leading to 

cell death. 

In the present study, the direct-coupled codrug strategy has been used for generating 

novel effective carvacrol derivatives with improved antifungal properties. Thus, we synthesized 

a series of carvacrol derivatives obtained by linking the carvacrol hydroxyl group to the 

carboxyl moiety of cysteine amino acids via an ester bond. Cysteine amino acids were chosen 

since N-Acetyl-cysteine (NAC) neutralizes toxins produced by C. albicans, such as the 

gliotoxin which causes extensive damage to the immune system by killing various kinds of 

white blood cells.  

Results showed that Ac-Met(Se)-CAR, containing seleno-methionine as sulphur amino 

acid, had a good antifungal activity (MIC 0.15 mg/mL, MFC 0.6 mg/mL) against C. albicans 

ATCC 19231 respect to carvacrol (MIC 0.3 mg/mL and MFC 0.6 mg/mL) alone. The MIC 

values of NAC-CAR (MIC and MFC 0.3 mg/mL) were comparable to those of the natural 

monoterpenoid. Moreover, ultrastructural analysis by transmission electron microscopy 

showed that the Ac-Met(Se)-CAR is able to induce morphological changes characteristic of 

apoptosis, necrosis and alteration of the plasma membrane of C. albicans. The antifungal 

activities of these compounds were positively correlated to their hydrophobicity properties 

(cLogP higher than 3.5) that allow them to penetrate into the cell thought interfering with the 

ergosterol biosynthesis pathway. Since these compounds had negligible actions to bacteria, they 

could be considered promising selective antifungal agents. 
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