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Determination of Water Permeability Parameters and Optimal Freezing
Rates of Human Red Blood Cells by Differential Scanning Calorimeter
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China)

Abstract Optimization of human red blood cells (RBCs) cryopreservation protocols requires an understanding of the water
permeability characteristics. Volume shrinkage during freezing of RBCs can be obtained by using a shape-independent differential
scanning calorimeter (DSC) technique. By fitting the water transport model to the experimentally obtained DSC data, the best-
fit membrane permeability parameters (reference membrane permeability to water and the activation energy) in normal saline, 20
% dimethyl sulfoxide (Me,SO), 10% glycerol and 20% glycerol were determined. These parameters were then used to simulate
water transport of RBCs at constant cooling rates between 0.5~50°C/min. The simulation results showed “optimal cooling rate” for
erythrocytes were 5.2°C/min, 5.5°C/min and 4.6°C/min in 20 % Me,SO, 10% and 20% glycerol respectively.
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Fig.1 Superimposed heat flow thermograms measured in
the initial and the final steps of the DSC cooling protocol for
human erythrocytes are shown at a cooling rate of 5°C/min
in 0.9% NaCl solution.
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Fig. 2 Volumetric response of human erythrocytes as a
function of subzero temperatures in different media
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Tab. 1 Fitted membrane permeability parameters for
human RBCs in a given media

Lpg/Lpg[cpa] x10M ELP/ELp[cpa] )
/(m* (N-s)) / (kJ/mol)
0.9 % NaCl 1.69 345.72 0.936
20 % Me,SO 0.28 69.03 0.913
10 % HiH 0.18 83.68 0.960
20 % Him 0.30 96.36 0.987
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Tab.2 The percentage of trapped water at —30°C for human
RBCs at various cooling rates in a given media

PRI Wo!%

/(C/min)  20%Me,SO  10%Hith 20% il

0.5 0.25 0.16 0.26

1 0.70 0.45 0.66

2 1.59 1.03 1.48

473 3.76 6.15

10 20.83 30.29 3222

20 52.03 61.88 62.14

50 79.27 84.19 84.12
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