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Effect of Temperature on the Destruction of PC-3 Cells by Deformation

Hiroshi TAKAMATSU, Norihiko KUMAGAE and Hiroshi HONDA

Recent studies show that during slow freezing of cells, in addition to damage by so-called
solution effect, the cells may be also injured by mechanical damage induced by ice crystal
compression. A new experimental procedure was employed to develop a quantitative understanding
of cell destruction by deformation with two parallel surfaces. The viability of deformed cells
(prostatic carcinoma cell line PC-3) was measured at 0 °C, 23 °C and 37 °C, and six different
nominal gaps between 32.3 um and 3.5 um. The relation between measured viability and gap size
for 0 °C and 23 °C are identical. This may suggest that deformation damage is not related to the
mechanical properties of the lipid membrane but the deformation of the cytoskelton.
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Fig. 1 Experimental apparatus
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Table 1 Normalized viability of deformed cells
@T=0C
Run No. #1 (3.5 pm) #2 (5.9 pm) #3 (8.8 pm) #4 (11.4 pm) #4 (16.2 pm)
n o Viability n viability n viability n viability n viability
1 1238 59% 1585 57.0 % 1406 69.7 % " 1816 882 % 1800 95.7 %
2 1338 103 1881 532 1717 809 1753 92.7 1908 97.4
3 601 15.2 963 524 1210 81.6 1175 88.3 1448 95.6
4 472 202 574 495 609 827 746 94.2 1062 - 101.6
5 583 10.4 495 46.7 647  80.5 743 . 882 897 96.2
6 807 232 503 49.1 517 804 552 85.1 810 95.2
Mean 14.2 51.3 79.3 89.4 96.9
SD 6.1 3.6 48 3.4 2.4
(b) T=23TC
Run No. #1 (3.5 um) #2 (5.9 pm) #3 (8.8 pm) #4 (11.4 pm) #4 (16.2 pm)
n viability n viability n viability n viability n viability
1 1843 8.8 % 1594 59.0 % 1665 79.6 % 1722 953 %
2 1438 9.0 1896 54.3 1306 703 2370 80.1 1341 90.9 %
3 1022 13.6 1038 55.3 1968  79.3 1061 80.9 1546 94.9
4 1077 15.6 1034 529 1371 795 1872 87.1 1658 98.7
5 1366 7.2 1462 36.9 1331  68.0 1533 87.0
6 242 108 249 435 328 605 322 76.4 317 91.9
7 322 240 196 55.5 529  66.1 581 81.4 512 93.9
8 409 19.1 404 432 426 773 596 90.9 600 91.8
9 405 16.1 606 50.3 436 771 408 81.8 531 99.4
Mean 13.8 50.4 73.1 84.5 94.4
SD 5.5 74 71 6.0 3.6
©T=37C
Run No. #1 (3.5 um) #2 (5.9 pm) #3 (8.8 pm) #4 (11.4 pm) #4 (16.2 um)
n viability n viability n viability n viability n viability
1 1072 1.6 % 1408 3.7 % 1423 61.0% 1822 833 %
2 1378 1.4 1470 17.4 1408 50.9 1380 78.5 1077 909 %
3 1096 0.1 1083 36.0 1173 570 1324 83.8
4 1057 12.3 1116 320 1789 633 2368 66.4 2371 89.3
5 1030 4.6 1905 132 2368 345 1507 76.9 1411 927
6 1754 104 1770 20.0 2784 534 1618 75.6 1943 924
7 380 209 380 38.0 340 742 385 81.5 500 85.8
8 1027 11.8 754 375 819 857 872 95.9 1249 95.7
9 644 9.8 616 30.7 746 48.6 825 71.7 757 88.3
Mean 8.1 254 58.7 79.3 90.7
SD 6.8 123 14.9 8.4 32
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Fig. 3 Effect of gap size on viability
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