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Red blood cells (RBCs) constitute the major cellular part of blood and are mainly responsible for the transport of oxygen. 
They have a biconcave shape with a membrane consisting of a lipid bilayer with an attached cytoskeleton formed by a 
network of the spectrin proteins. The RBC membrane encloses a viscous cytosol (hemoglobin solution), so that RBCs 
possess no bulk cytoskeleton and organelles. Despite this simple structure in comparison to many other cells, RBCs exhi-
bit fascinating properties and behavior in flow. One such example is membrane flickering, which can be easily observed 
under optical microscopy. This phenomenon has been initially attributed to pure thermal fluctuations of the cell membra-
ne, and later followed by several suggestions about the possible involvement of non-equilibrium processes, without defi-
nitively ruling out equilibrium interpretations. Our recent study has rigorously shown the involvement of non-equilibrium 
processes through a violation of the fluctuation-dissipation relation, which is a direct demonstration of the non-equilibri-
um nature of flickering. Another interesting example is the behavior of RBCs in flow, which show complex deformation 
and dynamics. Current simplified understanding of RBC behavior in shear flow is that they tumble or roll at low shear ra-
tes and tank-tread at high shear rates. This view has been mainly formed by a number of experiments performed on RBCs 
dispersed in a viscous solution, which is several times more viscous than blood plasma. However, under physiological 
conditions with increasing shear rates, RBCs successively tumble, roll, deform into rolling stomatocytes, and finally adopt 
highly-deformed poly-lobed shapes. This behavior is governed by RBC elastic and viscous properties and it is important to 
consider it under relevant physiological conditions.
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