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Effects of Cooling Rate on Cryopreservation Conditions of  
Primary Rat Cortical Cells 
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Graduate School of Engineering, Hokkaido University, N13 W8 Kita-ku, Sapporo 060-8628, Japan 
 

     Developments of cryopreservation techniques on primary rat cortical cells were carried out 
to observe the effect of cooling rates. Primary rat cortical cells were dispersed in the 
cryopreserving medium including 5 vol% dimethylsulfoxide, and then they were frozen by 
various cooling rates ranged from -3 K/min to -150 K/min. The survival ratio was estimated 
qualitatively by using the phase-contrast microscope. The feasibility of the neural activity was 
verified by measuring its spontaneous action potential with a multi-electrode array system. 
Based on these characterizations, the lower cooling rate of the dispersed sample was more 
feasible for the cryopreservation of the primary rat cortical cells. 
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Table 1. Cooling rate and cryopreservation temperature 
for each freezing process 

Freezing procedures Cooling rates Storage 
temperatures 

 stored in the 
insulation box in the 
deep freezer 

3Υ/min 80Υ 

 stored in the deep 
freezer 

10Υ/min 80Υ 

 kept at just above 
liquid N2 pool 

30Υ/min 197Υ 

 kept in liquid N2 
pool 

150Υ/min 197Υ 
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Fig. 1. phase-contrast images of neurons at 9 days after 

culture. These images represent typical 
morphology of cells cryopreserved in the 
following 4 cooling rates; 3Υ/min, 
10Υ /min, 30Υ /min, 150Υ /min. 
Cells unable to adhere to substrate form cell 
aggregations (arrows in  and ). 
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Fig. 2. phase-contrast images of neuronal cells 

cultured on the multi-array electrode. The 
cells were cryopreserved in the condition of 

, and then were thawed. Dark 50 µm 
squares correspond to electrodes. Neurons 
show spherical cell shape with diameter of 
approximately 10 µm. Action potential 
measured by the electrode (marked by circle) 
is shown in Fig. 3. 
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Table 2. Summary of cryopreserved primary rat cortical 

neuronal cells in different cooling rates. 

 Microscopic 
observations 

Spontaneous 
action potential 

Υ  Same as control Same as control 
Υ  Same as control Fewer number 
Υ  Fewer number Sometimes 
Υ  Not recovered Not measured 
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Fig. 3. Spontaneous action potential of cryopreserved 

neuronal cells (freezing condition ) on the 
multi-array electrode at 16 days after culture. 
The action potential was measured by the 
electrode (marked by circle in Fig. 2). 
A: action potentials were generated at constant 

rate during 40 seconds. 
B: Higher magnification of one of these signals. 
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