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Ideal Freezing Curve Can Avoid the Damage by Latent Heat of
Fusion During Freezing

Han-Ki Park*, Young-Hwan Park*, Woong-Sub Yoon**, Taek-Soo Kim**, Chee-Soon Yoon***,
Shi-Ho Kim**** Sang-Hyun Lim*, Jong-Hoon Kim*, Yong-Tae Kwak*,
Dong-Wook Han*, Jong-Chul Park*, Bum-Koo Cho*

Background: Liquid nitrogen freezing techniques have already met with widespread success in biology and
medicine as a means of long-term storage for cells and tissues. The use of cryoprotectants such as glycerol and
dimethylsulphoxide to prevent ice crystal formation, with carefully controlled rates of freezing and thawing, allows
both structure and viability to be retained almost indefinitely. Cryopreservation of various tissues has various con-
trolled rates of freezing. Material and Method: To find the optimal freezing curve and the chamber temperature, we
approached the thermodynamic calculation of tissues in two ways. One is the direct calculation method. We should
know the thermophysical characteristics of all components, latent heat of fusion, area, density and volume, etc.
This kind of calculation is so sophisticated and some variables may not be determined. The other is the indirect calcu-
lation method. We performed the tissue freezing with already used freezing curve and we observed the actual
freezing curve of that tissue. And we modified the freezing curve with several steps of calculation, polynomial re-
gression analysis, time constant calculation, thermal response calculation and inverse calculation of chamber tempera-
ture. Result: We applied that freezing program on mesenchymal stem cell, chondrocyte, and osteoblast. The tissue
temperature decreased according to the ideal freezing curve without temperature rising. We did not find any differences
in survival. The reason is postulated to be that freezing material is too small and contains cellular components. We
expect the significant difference in cellular viability if the freezing curve is applied on a large scale of tissues.
Conclusion: This program would be helpful in finding the chamber temperature for the ideal freezing curve easily.

(Korean J Thorac Cardiovasc Surg 2003;36:219-228)
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Temperature

Time

Fig. 1. Freezing Curve of pure water {ABCDE) and agueous
solution (AB'CD'E"). Before the process of crystallization, tem-
perature drops below the freezing temperature (B, B'). Once
crystallization initiates (C, C'), the system rapidly progresses
to freezing process (CD, CD'). Freezing time (t) is the time
interval during which the system starts crystallization process
and releases the latent heat of the system.
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(1) Cooling (above freezing)

Forced convection, air :

(2) Freezing (phase change, freezing time)

(3) Cooling (below freezing)

ZzadeldE a9 A7HESH(1005)E 124 6000
SHlo] Z7he] kol ASHE Alkelsc).

— 221 —



=X

2003;36:219-228
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50 1 Experiment 50 Calculation
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Fig. 2. Result of direct calculation for 3.6 cc ampoule. Left graph shows actual experiment data and right graph is calculated.

180 cc saphenous vein (solution)
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Fig. 3. Result of direct calculation for 180 cc saphenous vein. Left graph shows actual experiment data and right graph is calculated.

Cooling process Foll= HAFEEFHoE A& 3l aU _ A, 4
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200 cc cardiac homograft (solution)
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Fig. 4. Result of direct calculation for 200 cc cardiac homograft. Left graph shows actual experiment data and right graph is calculated.
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Fig. 5. Inverse operation of the time constant by indirect calcu-
lation method. This graph shows that the time constants from
experimental data are different according to the size (volume)
and the thermal properties of the tissues.
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Analogy (Time constant)
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Fig. 6. Example graph for showing analogy by time constant. Temperature change in the chamber with this time constant makes
the temperature change of the sample tissue. So two graphes are same depending on time constant. In the left graph, the
freezing curve is the cardiac homograft freezing curve. If the chamber temperature profile is changed like right graph, the sample
temperature will follow as red line.

Inverse calculation of the chamber temperature
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Fig. 8. End results of freezing curve. The right chamber temperature

fluctuation of the crystal size with the temperature variation.
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(1) PLGA 75:25 with hMCS (PLGA 75:25 scaffolds
cultured with human mesenchymal stem cell)

(2) hBone Chip with OBCthuman bone chips cultured with
osteoblastic cell derived from mesenchymal stem cell)

(3) PLGA with Rb Chondrocyte (PLGA scaffolds cultured
with rabbit chondrocyte)
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atelocollagen+PLLA composites cultured with rat calvarial
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Fig. 9. After freezing of saphenous vein with cardiac homo-
graft freezing curve, the program found new ideal freezing
curve and this graph shows actual chamber and sample
temperature curve by new program. (black line is the cham-
ber temperature and blue line is the sample temperature.)
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Fig. 11. Viability of cells according to freezing methods. Me-
chanical freezing means freezing in —70°C deep freezer. In
rate-controlled freezing, each samples are freezed by each ideal
freezing curves. PLGA 75:25 with hMCS: PLGA 75:25 scaffolds
cultured with human mesenchymal stem cell, hBone Chip with
OBC: human bone chips cultured with osteoblastic cell derived
from mesenchymal stem cell, PLGA with Rb Chondrocyte: PLGA
scaffolds cultured with rabbit chondrocyte Cap_AtCol +PLLA with
RCO: Carbonate apatite-atelocollagen+ PLLA composites cultured
with rat calvarial osteoblast
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