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Quantification of failure conditions of a single red blood cell by non-contact
mechanical tests using MEMS and chemiluminescene reactions

Nakamura, Masanori
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The present study attempted to determine the fracture strain of a single red
blood cell (RBC) using non-contact mechanical tests. A crossed microchannel with a width of 50 um
at the junction was fabricated. RBCs were introduced to the microchannel with expectations that RBCs

are instantaneously stretched at the junction by colliding flows. The deformation behavior was
observed with a microscope and recorded with a high speed camera. The amount of residual hemoglobin
was estimated from the collected red blood cells based on the Lambert- Beer®s law. Correlation
between the maximum amount of deformation of RBCs during flow and the amount of residual hemoglobin
was examined, and no correlation was found. On the other hand, a negative correlation was found
between the compressive deformation rate and the residual amount of hemoglobin. These results
suggested that RBSs are damaged more by compression than stretch.
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Fig. 1 (up) An experimental system to observe
deformation of red blood cells in the crossed
microchannel. (low) Design of the microchannel
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Fig. 2 A series of snapshots of an RBC that
entered the crosssection of the microchannel
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Fig. 3 (up) El and (B) the amount of hemoglobin
are plotted against flow rate. Symbols @ and
O in (low) represent data obtained from the
images taken during flowing and after collection,
respectively. Symbol A stands for control. *P <
0.05 (w.r.t. control)
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Fig. 4 The relationship between EIl and the
amount of remaining hemoglobin
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Fig. 5 RBC velocity vs flowrate
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Fig. 7 Chemiluminescence intensity depending
on concentration of hydrogen peroxide and
Luminol
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Fig. 8 Percentage of normocyte classified
depending on concentration of hydrogen
peroxide and Luminol
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Fig. 9 Oxygen gas generation depending on
concentrations of hydrogen peroxide
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