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tion with the attendant advantages of light microscopic
examination, ability to use fixed material previously em-
bedded in paraffin, and permanent preparations. We have
demonstrated that neoplasia may result in the loss of
differentiated function. This is a variable but not uncom-
mon finding in tumors'®, We have also shown the lack of
ectopic production of amylase in transformed ductal cells.
Ductal cells are embryologically one step less differentiated
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than acinar cells. While some tissues that undergo malig-
nant degeneration begin to elaborate amylase (lung, ovary)
it is of interest that ductal cells of parotid gland do not.
Conclusion. We have demonstrated the ability to localize
amylase in normal human tissues. We utilized this techni-
que to study differentiation in parotid neoplasia. This
technique can be used in various developmental studies
and in the study of the evolution of neoplasia.
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Effects of the temperature of ice-seeding on survival of frozen-and-thawed mouse morulae

H. Miyamoto and T. Ishibashi

Department of Animal Science, College of Agriculture, Kyoto University, Kyoto 606 (Japan), 8 April 1980

Summary. Mouse morulae were frozen to — 196 °C in the presence of 1.2 M ethylene glycol or 1 M glycerol. After ice-
seeding in embryo samples at — 10 °C or below, the survival rates in vitro were lower than those obtained by ice-seeding
between —4° and —8°C. The proportion morulae developing into live young in vivo after ice-seeding at — 13°C and

freezing was lower than that of embryos seeded at —4 °C.

Since the first significant report by Whittingham et al.' on
the survival of mouse embryos after freezing and thawing,
inducing extracellular ice formation (ice-seeding) in em-
bryo samples before slow cooling has always been done?3.
The temperature of ice-seeding affected the survival of
8-cell mouse embryos’ and morulae and blastocysts of
sheep>* during freezing and thawing in the presence of
dimethyl sulphoxide (DMSO). In the present paper we
have examined the effects of the temperature of ice-seeding
on the survival of mouse morulae after freezing and
thawing in the presence of 1.2 M ethylene glycol or 1 M
glycerol as the cryoprotectant.

Materials and methods. Female ICR mice were induced to
superovulate, and mated!. Morula embryos were recovered
from the reproductive tracts with a modified Dulbecco’s
phosphate-buffered salt solution (PBS)' at 80-84 h after the
injection of HCG. The embryos were washed in several
changes of PBS and 14-22 embryos were transferred to
each test-tube containing 0.1 ml PBS. The tubes were
cooled to 0°C at 2°C/min in a Dewar flask containing
ethanol, and the cryoprotectant in PBS was added to
samples at 0°C in 2 increments of 0.05 ml at 10-min
intervals. The final concentration of ethylene glycol and
glycerol used as the cryoprotectant was 1.2 and 1 M,
respectively. The samples were equilibrated at 0°C for
10 min and cooled to the temperatures used for ice-seeding
at 0.5-1°C/min. They were seeded at between —4 and
—13°C by placing a cooled hypodermic needle in PBS.
They were held at the ice-seeding temperature for 5 min
and then cooled to —79°C at 0.5—1°C/min by adding dry
ice to ethanol in a Dewar flask. The Dewar flask containing
the frozen samples was placed in liquid nitrogen to be
cooled from —79°C to —120°C at 1—2°C/min, and then
samples were transferred directly to liquid nitrogen. After

being frozen at —196°C for 1-24 h, the frozen samples

were thawed at approximately 15°C/min in air at room

temperature.

After thawing, the embryos were cultured by the microdrop

method in a modified Krebs-Ringer bicarbonate medium!

under paraffin oil at 37°C for 36 h in 5% CO, in air. The

survival of frozen-and-thawed morula embryos was as-

sessed by their ability to develop into expanded blastocysts

during culture in vitro. Experiments were replicated 4-5

times and data were analyzed for statistical significance by
the x*-test. The further potential for survival of frozen-and-

thawed and unfrozen morulae was tested by transferring
the blastocysts, which had expanded after 36 h in culture, to
the uterine horns of females (5-10 blastocysts/horn) on
day 3 of pseudopregnancy (day 1 is the day on which the
copulating plug is found).

Results and discussion. As shown in table 1, the temperature

of ice-seeding in embryo samples was important for the
survival of frozen-and-thawed mouse morulae to the blas-
tocyst stage in vitro, regardless of the cryoprotectant used.
There were no apparent differences between the ice-seed-
ing temperatures of —4 to —8°C in the survival rate of
mouse morulae after freezing and thawing in the presence
of 1.2 M ethylene glycol or 1 M glycerol. After seeding at
—10°C or below, however, the survival rates of frozen-and-
thawed embryos were lower (p < 0.05) than those obtained
by ice-seeding at —4 to — 8 °C.

As shown in table 2, the developmental rate for morulae to
live young in vivo after ice-seeding at — 13 °C and freezing
to —196°C was lower (p <0.01) than that for morulae
seeded at —4°C.

The present results showed that the survival of mouse
morulae frozen in the presence of ethylene glycol or
glycerol was affected by the temperature of ice-seeding as
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Table 1. Effects of temperature of ice-seeding on survival of mouse morulae frozen to —196°C in the presence of ethylene glycol or

glycerol
Cryoprotective Temperature of No. of No. of No of embryos No. of expanded
agent (conc.) ice-seeding embryos embryos morphologically blastocysts
(&S] frozen recovered normal at recovery after culture
(h)* Chy*
Ethylene glycol (1.2 M) —4 97 92 78 (85) 72 (78)
-5 80 73 68 (93) 60 (82)
-6 91 88 70 (80) 67 (76)
-8 92 91 85 (93) 73 (80)
—10 97 92 63 (68) 56 (61)
—-12 91 85 65 (76) 51 (60)
-13 90 89 64 (72) 56 (63)
Glycerol (1 M) -4 90 88 75 (85) 65 (74)
-5 91 91 79 (87) 64 (70)
-6 93 86 72 (84) 62 (72)
-8 87 83 70 (84) 53 (64)
-10 87 83 50 (60) 39(47)
-11 95 95 62 (65) 43 (45)

The embryos recovered include normal, damaged and degenerate embryos. * Percentage of the number of embryos recovered.

Table 2. Effects of temperature of ice-seeding on development of frozen-and-thawed mouse morulae to live young after culturing for 36 h

and transferring to pseudopregnant females

Cryoprotective Temperature of No. of No. of No. of No. of No. of
agent (conc.) ice-seeding blastocysts recipients pregnant blastocysts live young
0 transferred recipients transferred %)
to pregnant
recipients
Control
(unfrozen)* 66 7 4 41 29 (44)
Ethylene glycol -4 58 6 2 20 14 (24)
(12 M) —-13 75 6 1 14 6(8)
Glycerol (1 M) —4 50 5 2 19 14 (28)
-13 48 4 0 0 0(0)

* Unfrozen morulae were cultured for 36 h before transfer to the recipient females.

in case of mouse? and sheep™* embryos frozen with DMSO,
and also indicated that ice-seeding should be done at
temperatures of —8°C or above under the present ex-
perimental conditions. The low survival of frozen-and-
thawed embryos after transfer to the recipient females may
be due to: a) Deficiencies in the transfer technique. b) The
fact that the embryos in this study were equivalent to 120 h
post injection of HCG after culture and at the time of
transfer to day 3 recipients. This may have had an adverse
effect on post-implantation survival. ¢) Ethylene glycol and
glycerol may afford less effective protection during freezing
of embryos than DMSO. If the procedures associated with
the freezing and fransfer techniques could be improved,
survival of frozen-and-thawed embryos would be en-
hanced.

Intracellular freezing generally causes great damage to
living cells and the cooling rate must be slow enough to
permit cellular dehydration during the extracellular hyper-
tonicity accompanying extracellular ice formation®. The
likelihood of intracellular freezing in unfertilized mouse
eggs increased with increasing cooling rate and the decrease
in survival of unfertilized mouse eggs was related to
intracellular ice formation®’. When samples of embryos
suspended in DMSO were cooled at the optimum rate in
the bath, the greater the degree of supercooling the higher
the cooling rate of the sample immediately after extracellu-
lar ice formation, i.e., the cooling rate became far higher
than that optimal for embryo survival>3,

By extracellular supercooling of sea urchin eggs, deforma-
tion was caused and their developing ability was lost, and it
has been suggested that a structural change may occur in
the protoplasm of the cortex in sea urchin eggs by super-

cooling®. Extracellular supercooling in human erythrocytes
reduced the extent of cellular dehydration even if the
normal cooling rates were unmodified, and thereby the
probability of intracellular freezing was increased'®. As in
the case of human erythrocytes!® and 8-cell mouse em-
bryos?, extracellular supercooling may produce configura-
tional changes in the cell membranes and inadequate
dehydration may be caused during the supercooling of
mouse morulae in the presence of ethylene glycol or
glycerol, and thereby the probability of intracellular ice
formation in mouse morulae may be increased during
freezing and thawing.
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