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Stress analysis and biocompatibility research on a cell carrier with
silicone rubber membrane

MA Xin-long', LI Shuang®*, FU Xin', SUN Xiao-Lei', LI Xiu-lan', ZHANG Yang',
GUO Yue', LI Zhi-jun®(1. Department of Orthopaedics, Tianjin Hospital, Tianjin 300211, China;
2. Department of Orthopeadics, General Hospital of Tianjin Medical University, Tianjin 300052, China)

Abstract; Objective To report a self-developed cell carrier made of silicone rubber membrane, and to calculate
the strain distributions on the membrane and analyze biocompatibility of the silicone rubber by three-dimensional
(3D) finite element method (FEM) so as to make a comprehensive evaluation on this silicon rubber membrane
and provide theoretical basis for cellular research under stress stimulation. Methods The silicon rubber was
made into a membrane with the thickness of 0. 1 cm. Based on elastic modulus and Poisson’ s ratio of the sili-
cone rubber membrane, 3D FEM was used to simulate the deformation of the membrane induced by the stretch
stress. MTT method was used to compare the growing situation of cells cultured on the silicone membranes and
in standard plastic plates, respectively. Embedding experiment was also conducted to find out whether the mate-
rial had biological toxicity or not. Results Under the loading of 0.5% ~20% strain, the area with effective strain
was in the center of the membrane, accounting for 90% of the total area. There still existed some differences in
biocompatibility between the silicon rubber membrane and standard plastic plate, but the material itself showed no
toxicity. Conclusions Stress distributions on the surface of this self-developed silicon rubber membrane and its
biocompatibility were generally acceptable for cell culture, but its surface should be further improved to fit for cell
stress experiment.
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Fig.1 Schematic diagram of the cell strain loading system
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Fig.2 Appliance and microscope photos of the silicon rubber cell carrier (a) Silicon rubber membrane and its chucking appliance, (b)
Fibroblasts growing on the silicon rubber membrane observed by a contrast phase microscope ( x100)
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Fig.3 Three-dimensional finite element analysis of the silicon rubber membrane loaded with strain of 1%

(a) Displacement profile, (b)

Strain profile, the largest green area was in range of the mirco-strain of 8 000 ~ 12 000 ( effective strain area) , (¢) Strain profile of y-axis,

the largest green area was in range of the mirco-strain of 8 000 ~12 000 ( effect strain area) , (d) Strain profile of x-axis.
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Fig. 4 Comparison of fibroblasts proliferation on
the silicon rubber membrane and standard plate
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