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The frequency of fungal infections is increasing every year, which is a worldwide 

significant medical and social problem. Fungal endophthalmitis is a serious vision-threatening 

infection. Intravitreal administration of antifungal agents is one of the dominant therapeutic 

approaches in this ocular disease. For the treatment of mycoses, drugs different by origin, 

mechanism of action, indications for use and methods of administration are used, which lead to 

various negative side effects on the whole body. Antifungal drugs act on blood cells changing 

their functional properties. Atomic force microscopy (AFM) is used to study various properties 

of the cell surface at nano- and microscale levels, including the parameters of surface 

topography, distribution of friction forces, adhesion, and elasticity. The purpose of the study is to 

reveal the changes in the structure and mechanical properties of the surface of peripheral blood 

erythrocytes after intravitreal (IV) administration of two antifungal agents, micafungin and 

voriconazole, in an animal model. Experiments were conducted on New Zealand White Rabbits. 
Solutions of micafungin, voriconazole or balanced salt solution were injected into the mid-

vitreous of the rabbits’ eyes (study groups and control group, correspondingly). Blood sampling 

was performed after 10 days from the last IV injection. Erythrocytes were fixed with 1% 

glutaraldehyde (37 °C, 15 min) and dried. Scanning was performed using a Bruker BioScope 

Resolve AFM in a contact mode in air (DNP-10 probe). We recorded images of the whole cells 

and small surface areas of 2.5 µm × 2.5 µm, 256×256 pixels.  

Administration of antifungal drugs to a rabbit led to a significant change in the 

distribution of erythrocyte shapes in the blood: for double administration of micafungin 

spherocytosis up to 10-32% and for sequential administration of micafungin and voriconazole 

echinocytosis up to 12-97% were revealed .When analyzing AFM images of small areas of the 

erythrocyte surface of animals after antifungal drug administration, qualitative and quantitative 

changes in the parameters of the distribution of sliding friction forces between the tip of the 

AFM probe and the cell surface were detected. On the surface of many cells, the presence of 

membrane defects such as holes or small areas with frictional properties sharply distinguished 

compared to ones of surrounding was observed. The size of the defects was about 150 nm. 

Quantitative comparison of the parameters of friction forces for microscale areas of the cell 

surface of the control sample and study samples showed significant differences in average values 

of friction forces and roughness of the maps of friction forces. The roughness of friction force 

maps for discocytes and echinocytes of both study samples was significantly higher than the 

corresponding parameter for discocytes of the control sample. The average values of friction 

forces for spherocytes and discocytes of both study samples and echinocytes of the sample using 

voriconazole were significantly reduced in comparison with friction forces typical for control 

discocytes. These data indicate significant changes of the structure and properties of the 

membrane skeleton and the mechanical behavior of erythrocytes when using such antifungal 

agents as micafungin and voriconazole, which occurs in the long-term period after administration 

of the drugs and represents a potential possibility for violation of tissue blood supply.  




