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Deformation of red blood cells stretching by optical tweezers based on fluid-structure interaction

WANG Dailing, TAN Jianping, CHENG Lizhi, YU Zheqin
College of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China

Abstract: Objective To obtain the shear modulus and other mechanical parameters of red blood cells, and to explore the
deformation rule by using the fluid-structure interaction method to simulate the deformation of red blood cells in the optical
tweezers stretching process. Methods The three-dimensional double concave ellipsoid model of the blood cells was established
by using PRO/E, and was transferred into ABAQUS software. With the use of hyperelastic material, fluid-structure interaction
was conducted based on fluid cavity model. Finite element calculation was performed for the model of red blood cells stretched
by optical tweezers. The whole process of red blood cells deformation was reproduced in the simulation. The shear modulus of
red blood cells was obtained by fitting the experimental data from Suresh. The relationship among cytoplasm, the size and shape
of the cell, and the deformation ability was analyzed. Results The simulation showed that the shear modulus of normal red blood
cells was 5-9 uN/m. The cell shape and diameter had some influence on the deformation ability. The larger the diameter was,
the worse the deformation ability became, and double concave cells showed better deformation ability than spherical cells.
Conclusion The fluid cavity model is effective in achieving the fluid-structure interaction and simulating the deformation of red
blood cells in the optical tweezers stretching process. The relationship among cytoplasm, the size and shape of cells, and
deformation is revealed, which provides a new way and reference for the study of other shell liquid.
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Fig.2 Structure of cell membrane
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Fig.3 Principle of stretching red blood cell with optical tweezers
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a: Red blood cell model b: Finite element model
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Fig.4 Geometry model and finite element model of red blood cell
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Fig.6 Process of red blood cell deformation
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Fig.10 Comparison of simulated and experimental results
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Fig.11 Relationship between cell size and deformation
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Fig.12 Relationship between cell shape and deformation
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