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ABSTRACT 

In the present study, a shape-independent differential scan­
ning calorimeter (DSC) technique was used to measure the de­
hydration response during freezing of sperm cells from diploid 
and tetraploid Pacific oysters, Crassostrea gigas. This represents 
the first application of the DSC technique to sperm cells from 
nonmammalian species. Volumetric shrinkage during freezing of 
oyster sperm cell suspensions was obtained at cooling rates of 5
and 20°(/min in the presence of extracellular ice and 8% (v/v) 
concentration of dimethyl sulfoxide (DMSO), a commonly used 
cryoprotective agent (CPA). Using previously published data, 
sperm cells from diploid oysters were modeled as a two-com­
partment "ball-on-stick" model with a "ball" 1.66 µm in di­
ameter and a "stick" 41 µm in length and 0.14 µm wide. Sim­
ilarly, sperm cells of tetraploid oysters were modeled with a 
"ball" 2.14 µm in diameter and a "stick" 53 µm in length and 
0.17 µm wide. Sperm cells of both ploidy levels were assumed 
to have an osmotically inactive cell volume, V

b, of 0.6 V
0

, where 
VO is the isotonic (or initial) cell volume. By fitting a model of 
water transport to the experimentally obtained volumetric 
shrinkage data, the best-fit membrane permeability parameters 
(LP8 

and E,p) were determined. The combined-best-fit membrane 
permeability parameters at 5 and 20°C/min for haploid sperm 
cells (or cells from diploid Pacific oysters) in the absence of 
CPAs were: LP8 

= 0.30 x 10- 15 m3/Ns (0.001 7 µm/min-atm) and 
E,P = 41.0 kJ/mole (9.8 kcal/mole). The corresponding param­
eters in the presence of 8% DMSO were: LP8

[cpa] = 0.27 x
10-15 m3/Ns (0.0015 µm/min-atm) and E,p[cpa] = 38.0 kJ/mole 
(9.1 kcal/mole). Similarly, the combined-best-fit membrane per­
meability parameters at 5 and 20°C/min for diploid sperm cells 
(or cells from tetraploid Pacific oysters) in the absence of CPAs 
were: LP == 0.34 x 10- 15 m3/Ns (0.0019 µm/min-atm) and E,P
= 29.7 kJ/mole (7.1 kcal/mole). The corresponding parameters 
in the presence of 8% DMSO were: LP8

[cpa) = 0.34 x 10- 15 

m3/Ns (0.0019 µm/min-atm) and E,P[cpa] = 37.6 kl/mole (9.0
kcal/mole). The parameters obtained in this study suggest that 
optimal rates of cooling for Pacific oyster sperm cells range from 
40 to 70°(/min. These theoretical cooling rates are in dose con-
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formity with empirically determined optimal rates of cooling 
sperm cells from Pacific oysters, C. gigas. 

gamete biology, sperm, sperm motility and transport 

INTRODUCTION 

During freezing of any cell suspension, ice nucleates ini­
tially in the extracellular space causing an osmotic gradient 
to be set up across the intracellular isotonic solution and 
the freeze-concentrated extracellular solution [I, 21- De­
pending on the cooling rate, the intracellular water per­
meates across the cell membrane and joins the extracellular 
ice phase or freezes and forms ice inside the cell. In most 
cases, cells undergoing ice formation inside the cells or 
intracellular ice formation (IlF) are rendered osmotically 
inactive (lysed) because of the loss of cell membrane in­
tegrity [3l Similarly cells that experience a severe loss of 
intracellular water and the associated long-term exposure 
to the highly concentrated extracellular salt solutions are 
also rendered osmotically inactive 14]. Both IIF and long 
exposures to high solute concentrations are lethal to cells. 
So cooling rates that are either too slow or too fast can kill 
cells; therefore, an optimal cooling rate should exist be­
tween slow and fast rates. This has been confirmed exper­
imentally for a variety of cells, and the curve of cell sur­
vival plotted as a function of the cooling rate has a char­
acteristic inverted U shape [5l Whether a prescribed cool­
ing rate is too slow or fast is a function of cell membrane 
permeability to water and the probability that any water 
remaining trapped within the cell at any given subzero tem­
perature will nucleate and turn to ice. Differences in mem­
brane permeability to water and the probability of IIF result 
in different optimal cooling rates for different cells. There­
fore, to optimize a cryopreservation protocol, it is important 
to measure the cell membrane permeability to water. 

Cryopreservation has been studied in aquatic species for 
more than 50 yr [ 6-8]; however. with some notable excep­
tions [e.g., 9-111, cryobiology has largely been neglected 
in these species. Most research in the 200 or so species that 
have been studied has addressed empirical development of 
basic cryopreservation procedures [12-14]. Similarly, with­
out firm cryobiology understanding, sperm cryopreserva­
tion of diploid oysters has been studied in several species, 
predominantly the Pacific oyster Crassostrea gigas [e.g., 
15-19 \, the eastern oyster, C. virginicu [20-22], and others
[231. Because reduced gonadal development is associated 
with improved meat quality and growth [24. 25], triploid 
oysters (with three sets of chromosomes), which are func­
tionally sterile, offer advantages over diploid oysters. Com-
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