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Summary 

Interactions of fluconazole and citrus essential oils in in vitro tests for Aspergillus niger 

and Aspergillus fumigatus - an isobolographic analysis. 

 

Mycoses are diseases caused by pathogenic fungi. In recent years, there has been an 

increase in the incidence of fungal infections due to the widespread use of broad-spectrum 

antibiotics, which eliminate non-pathogenic microorganisms competing with pathogenic 

fungi. Among the genus of fungi causing human disease, the genus Aspergillus should be 

mentioned. These molds are especially responsible for lung and respiratory truct infections. 

Both species Aspergillus fumigatus and Aspergillus niger are responsible for diseases, 

e.g., aspergillosis, allergic asthma, allergic bronchopulmonary mycosis and allergic 

rhinosinusitis. Pharmacotherapy of fungal infections is extremely important, but often one 

observes variability of effects exerted by the drugs. The variability of response to the drug is 

an important problem in clinical practice due to the possibility of unexpected side effects or 

shortcomings effects of pharmacotherapy. 

Currently, there is an increasing phenomenon of drug resistance of microorganisms, 

also among Aspergillus species. This is the reason that new antifungal drugs, including those 

of natural origin, are being sought for. The use of herbs and plants as medicines and 

nutraceuticals has been known for a long time. Plants and their metabolites have been used in 

herbal medicine. Currently, the search for natural medicines is an important stream of 

research. The use of natural substances can help to reduce the number of side effects caused 

by conventional drugs. In the control of drug-resistant microorganisms the effective 

alternative to antibiotic drugs may comprise essential oils, because of its potent antimicrobial 

properties. Essential oils from citrus, due to their composition (including: limonene, linalool, 

citral or citronellol), display antifungal properties by reducing or completely inhibiting fungal 

growth in a dose-dependent manner.  

Anti-inflammatory and immunostimulatory properties of essential oils are their 

additional values increasing their therapeutic properties. 

The aim of the study was to evaluate the effect of fluconazole and essential oils: 

orange, mandarin, lemon and grapefruit added to the culture medium on growth of Aspergillus 

niger and Aspergillus fumigatus. In addition, this in vitro study evaluated the interaction 



between fluconazole and the tested essential oils against Aspergillus niger and Aspergillus 

fumigatus, by using isobolographic analysis. 

The results presented in this study indicate that citrus essential oils have fungicidal 

properties against Aspergillus genus. Lemon essential oil was the most active, and mandarin 

was the least active against Aspergillus niger and Aspergillus fumigatus. Isobolographic 

analysis of interaction for the combination of antifungal drug - fluconazole with essential oils: 

orange, mandarin, lemon and grapefruit, used in a fixed drug dose ratio of 1:1, showed the 

additivity and additivity with a tendency to synergism in the antifungal activity in culture tests 

against Aspergillus niger and Aspergillus fumigatus. The use of the isobolographic analysis 

method to assess the interaction between a standard antifungal drug with a natural substance 

in in vitro tests is an innovative procedure. Application of isobolographic analysis can 

contribute to the introduction of essential oils into pharmacotherapy. 

 


