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Effects of Cooling Rate on Cryopreservation Conditions of
Primary Rat Cortical Cells

Tsutomu UCHIDA, Jutaro MOTOMURA, Masafumi NAGAYAMA, and Kazutoshi GOHARA

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 —3°C/min —80°C

insulation box in the

deep freezer

@ stored in the deep —10°C/min —80°C

freezer

@ kept at just above —30°C/min —197°C

liquid N, pool

@ kept in liquid N,  —150°C/min —197°C

pool
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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; (D —3°C/min, @ —
10 °C /min, @ — 30 °C /min, @ — 150 °C /min.
Cells unable to adhere to substrate form cell
aggregations (arrows in @ and @).

O~@ DKL THAEIRAT LT23E D, fRRE 9
H B ORI A Fig. 1 1R, BHEHREE O/
T, REFEOHO & ATHEBUIZHE D T 720
i (Fig. 1IZHRWTHEIZHE 2 A < o TV 2 LV
) OBEIGNRLN LN STz, HESRITH AT
RRTHLHMILTS, AL - 7 7 & 2D H TH



0% R AE TE RN LR SN TV D 7w,
AW THW =7 a2 2280\ ThH, R
LMOREE KT LT bDEBZEZHND. Thbb,
COBEROE T EL L TH/AESLSTEHZERN, K
HROBEHITHD. TN DHEEETE R LI,
A% 1 EERRE CHRIC e REMIC2 5 (Fig. 1
@, @ RHAITRINTIREE) . EBRICHEE L TV D
RS, EFICEEL TOIUEMET 52, £5T
BROITERIROEETH D, LD X DA, BEER
B REEE LI MR O TEREBLII M &, WU PR AT
FEIZ X DM OfFE DR 2 EMERIC AR S - 7-.
FORER, BbERAEDOREREN G- T2 HHE H1EITO
TARD 2 2D TH - 7=, T 72 LRSI,
HHRSHEE DBV EmWEIG THAE LT Z L by
olz. FIREERFEOMBMOFREREIIT, MAER
D WG CHUE L 7o 5813 REERR © b 2 R
RO REEMICIHEFIZ LSBTz, ZoZ thn
5b, ROV X DR AL O E R
PEOEENIFIND.

72 B@Q O FFIETHAE R LT MIIZOWT, Biak
6 HEBICMHEMIEER Y /N7 E (microtuble
associated protein 2: MAP2) DA W Yefa 24772 - 1= 7.
ZORER, MRV & MIE L7 Miln o2 < 23 ik
MR TH D Z ERERINT-. ZofmoMialx, 7
U Tz SETERE DO S WA TH D L EZ BN D.

FIRFEEIZONTIE, —80CIZBWTHLH D
PR DRMIREBOKPIIFIEL, RERFT DA
EERER P> WHEFT L7720, BFENZBAK S
DLT, BMAERMEFTSE0nbhTng P K
WFFE CIEEE L HGTEIC L W RFRENR R - T
WDD, PRAFIIIDS 1 B MR & BN T2,
ZOX S AR REHI I Z DRSO EENRD D
NRWERE/N~SWEEZ LGNS, LrL, ZOEN
IZ K DERERA~DEBIZONWTIIASHORETH 5.

B 72 B B ERFE A & N 2 I L 72 akehic o
WU, 1FEACEET A MIBIEA LN - T
ZHE, BESRUROBER THRE L, SO ITaRE
LI T 2 BERIDBHL oo b e L
Bbhd. BEREFIZIE 10vol%FBS A& T
D W, ARAFGE D EERGAE O FEFAN TIE 10vol % i D
FBS [THREIREMEH 2 5 Lie o7z, SfmTE
%, MG OBFEEREMERIE, £V &IRE ORI
ERDMhE LaRan ',

WIZ, fkAE L 7= AR O RE O 1E F 1 & TR
D72, IFEEM OREZIT 7. —#l& LT Fig. 2
X EMmET R S FICER R LT, SRS R S iz
PR A DAL AH 22 BB R 2 7~ 3 (WS 7 EDIZ &
DHAE RGO, R EREE 16 HADORRT). =
DKW, HTxRLUZEMSCHE S - IGEiENMN %,
Fig. 3 2R3, 20 & THE I NIEEEMIT, F
Y45 LIEME 23.5+2.1 uv, #E23+05 ms TH Y,
HRURE AR OTE BN FEAL & ik L TR T/ & <
2o TV, — OB FE KB AT 600 [H]
fmin & FHPTERITTFB L CTWAH Z RSz, 72
BIAD DIEDE OB HFERAFI LD EENE I H
IZDW T, B8R HECOMIBRE B 72 & 03+l ©
ETHELT, B oM ENMIZ L D2HEDT-D
E MR EILTE TR,

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

neuronal cells in different cooling rates.

Microscopic Spontaneous

observations action potential

®—3°C/min Same as control Same as control
@—10°C/min Same as control Fewer number
®—30°C/min Fewer number Sometimes
@®—150°C/min Not recovered Not measured
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