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Table 1 Effect of cooling on the spindle configuration of MII mouse oocytes

Temperature (C) Time (h) Total oocytes Survival oocytes Number (%) of oocytes with spindle configuration
Normal Abnormal None
Control 0 62 62 49 (79.0) 9 (14.5) 4 (6.5)
1 35 35 8 (22.9) 17 (48.6) 10 (28.6)
2 28 27 2 (7.4)% 16 (59.3) 9 (33.3)
24 4 46 41 6 (14.6)* 17 (41.5) 18 (43.9)
24 49 31 0 (0.0)* 0 (0.0) 31 (100.0)
1 30 30 0 (0.0)* 0 (0.0) 30 (100.0)
4 2 40 40 0 (0.0)* 0 (0.0) 40 (100.0)
24 27 27 0 (0.0)* 0 (0.0) 27 (100.0)

The percentage of different spindle configuration compared with survival oocytes. The label * indicates significant difference compared

with control (P<0.05).
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) Table 2 Reestablishment of spindle of MII mouse oocytes after cooling-rewarming
Cooling (‘C/h) Rewarmtime (h)  Total oocytes Survival oocytes Number (%) of oocytes with spindle conformation
Normal Abnormal None
2412 1 48 48 27 (56.3)* 7 (14.6) 14 (29.2)
2 34 34 28 (82.4)** 4 (11.8) 2(5.9)
2474 1 37 30 19 (63.3)* 3 (10.0) 8 (26.7)
2 29 28 17 (60.7)* 4 (14.3) 7 (25.0)
24/24 1 59 26 4 (15.4)* 6 (23.1) 16 (61.5)
2 82 32 1 (3.1)* 4 (12.5) 27 (84.4)
a1 1 38 32 24 (75.0)* 6 (18.8) 2 (6.3)
2 38 35 27 (77.1)* 2(5.7) 6 (17.1)
a2 1 33 32 12 (37.5)* 2 (6.3) 18 (56.3)
2 25 25 17 (68.0)** 4 (16.0) 4 (16.0)
4/4 1 48 34 10 (29.4)* 8 (23.5) 16 (47.1)
2 35 34 23 (67.6)** 1.9 10 (29.4)
424 1 30 24 0 (0.0) 0 (0.0) 24 (100.0)
2 47 38 0 (0.0) 0 (0.0) 38 (100.0)

The percentage of different spindle conformation compared with survival. The label * indicates significant difference (P<0.05) between
before (Table 1) and after rewarming. The label # indicates significant difference (P<0.05) between rewarming for 2 h and 1 h.

Table 3 The early developmental potential of MII mouse oocytes after cooling and activating

Temperature ('C) Time (h) Total oocytes  Survival oocytes* Activated oocytes Number (%) of parthenogenetic embryos to

2-cell 4-cell Mol-Bla
Control 0 157 141 (89.8) 135 (95.7) 125 (88.7) 74 (52.5) 43 (30.5)
1 118 104 (88.1) 90 (86.>5) 78 (75.0)* 37 (35.6)* 17 (16.3)*
2 81 69 (85.2) 62 (89.9) 59 (85.5) 22 (31.9y* 12 (17.4)*
24 4 91 78 (85.1) 59 (75.6)* 56 (71.8)* 21 (26.9)* 12 (15.4)*
24 66 33 (50.0)* 29 (87.9) 23 (69.7)* 10 (30.3)* 1 (3.0)*
1 116 100 (86.2) 87 (87.0) 79 (79.0)* 34 (34.0)* 15 (15.0)*
121 112 (92.6) 75 (67.0)* 52 (46.4)* 25 (22.3)* 11 (9.8)*
4 75 71 (94.7) 48 (67.6)* 33 (46.5)* 12 (16.9)* 7 (9.9)*
24 72 71 (98.6) 9 (12.7)* 4 (5.6)* 0 (0.0)* 0 (0.0)*

The oocytes with shrunken, fragment or distorted were thought died during cooling or activating. The label * indicates significant difference

compared with control (P<0.05).

Table 4 The early development of cooled MII mouse oocytes after rewarming for 1 h and activating

Temperature (C) Time (h) Total cocytes  Survival oocytes

Activated oocytes Number (%) of parthenogenetic embryo to

2-cell 4-cell Mol-Bla
2 117 103 (88.0) 98 (95.1) . 82 (79.6) 45 (43.7) 19 (18.4)
24 4 104 74 (71.2) 66 (89.2) 63 (85.1) 28 (37.8) 16 (21.6)
24 125 47 (37.6) 29 (61.7) 20 (42.6) 7 (14.9) 0 (0.0)
1 100 73 (73.0) 66 (90.4) 56 (76.7) 28 (38.4) 15.(20.5)
2 67 41 (61.2) 34 (82.9) 29 (70.7) 10 (24.49) 5 (12.2)
4 4 102 62 (60.8) 46 (74.2) 36 (58.1) 12 (19.4) 7 (11.3)
24 83 66 (79.5) 7 (10.6) .2 (3.0) 1 (1.5) 0 (0.0)

A4- 20 P 2 0 - B AL R A B K MIT SR B1 40 il B
1 Xt B 4H (P<0.05), T 24 ‘CA4b¥E 4 8% 24 h j5 9K
BRI TR EBERCES KGR EER
FHH(P<0.05) (R 3). 4 CABAIE 1 h AR ZEmH

VOB 2- MM, H4- AR FHRE T BE K
(P<0.05), T4 BB 2 h M S BEEERMSE R E
I8 BAR T X B (P<0.05) (K 3).

DI A Rl S IZ R Y B 4 CAbEE 1~4 h
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Table 5 The early development of 17-18 h oocyte's age of MII mouse oocytes after cooling

Temperature ('C) Time (h) Total oocytes  Survival oocytes

Activated oocytes Number (%) of parthenogenetic embryo to

2-cell 4-cell Mol-Bla
1 73 63 (86.3) 50 (79.4) 43 (68.3) 18 (28.6) 8 (12.7)
24 2 88 74 (84.1) 63 (85.1) 59 (79.7) 21 (28.4) 10 (13.5)
4 66 58 (87.9) 51 (87.9) 45 (77.6) 15 (25.9) 6 (10.3)
24 85 38 (44.7) 33 (86.8) 26 (68.4) 13 (34.2) 4 (10.5)
1 100 78 (78.0) 62 (79.5) 59 (75.6) 22 (28.2) 9 (11.5)
2 87 78 (89.7) 55 (70.5) 38 (48.7) 22 (28.2) 7 (9.0)
4 4 69 63 (91.3) 39 (61.9) 29 (46.0) 12 (19.0) 7 (11.1)
24 © 73 66 (90.4) 4 (6.1) 3 (4.5) 0 (0.0) 0 (0.0)
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Effects of Cooling and Rewarming on the Meiotic Spindle and
the Developmental Potential of the Mouse Oocytes

Jun-Chao Zhang?, Rong Ye?, Liu-Jun Bao, Huan-Xiang Zhang, Zi-Yu Zhu*
(School of Medicine and Life Science, Medical College of Soochow University, Suzhou 215123, China)

Abstract In order to evaluate the effects of cooling on the meiotic spindles, development potential of
mouse oocytes and the reversibility of the spindle’s damage, the Metaphase-II mouse oocytes were exposed at room
temperature (24 “C) or 4 C for 1, 2, 4 or 24 h and part of the oocytes renew by culturing at 37 °C for 1 or 2 h. The
early developmental potential of these oocytes was analyzed by parthenogenetic activation and the dynamic of
damage and reconstruction of the spindles was detected by confocal microscopy. The results displayed that the
damage of the spindles after cooling relied obviously on the temperature and time of the treatment. The damage of
spindles after low temperature treatment for less than 4 h, in spite of 24 or 4 ‘C, was strongly reversible, and the
oocytes could reconstruct normal spindle configuration, but the early developmental potential of parthenogenetic
embryos derived form these oocytes was evidently decreased. The different oocyte’s age had no influence to the
injury of the oocytes by cooling. The results suggest that the operative time of cell engineering procedure using
oocytes should be shorten as much as possible.

Key words mouse; oocyte; cooling; spindle; parthenogenetic activation
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