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Respiration-dependent Calcium Transport in the
Cold-shocked Goat Spermatozoa

Eiji Oxmvasy, Kyozo UTSUMI and Masataka YUHARA
(Laboratory of Amimal Reproduction)

When spermatozoa are exposed directly to the cold temperature at about 0°C
without protective agent, they suffer irreversible and deleterious changes which lead
to a cell loss known as the cold shock. The study reported here was undertaken to
determine effectiveness of exogeneous calcium on the respiration of cold-shocked
goat spermatozoa and to estimate the degree of the sperm membrane defect caused
by the cold shock.

The cold shock to goat sperm was given by the direct immersion of sperm suspension
into the ice-water bath followed by incubation for 10 min. at 0°C. The respiratory
activity of the sperm was determined by Galvani oxygen electrode. The protective
action of egg-yolk against the cold shock was also investigated.

Exogeneous calcium did not stimulate the respiration both of the intact motile
sperm and of the 0.1M NaF-inhibited immotile sperm in calcium-free medium.
From these results, exogeneous calcium seems not to be permeable to the sperm
plasma membrane enough to stimulate the respiration, when the membrane is intact
or not disintegrated.

A gradual stoichemical increase was observed in the respiration rate of cold-shocked
spermatozoa by addition of calcium below ImM. This respiratory activity was slightly
inhibited by 2, 4-dinitrophenol. However, the activity was inhibited by calcium above
1mM. As shown by these results, exogeneous calcium might pass into the sperm
cell through the sperm membrane due to the loss of the selective permeability of the
cell membrane caused by the cold shock. It seems that these results show a possibility
of the respiration-dependent caicium transport in the mitochondria of the cold-shocked
spermatozoa.

The cold-shocked sperm with egg yolk did not increase respiratory activity by the
calcium. This suggests that the respiration-dependent calcium transport was not
induced by the protected cell surface by egg volk.
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Fig. 1 Respiration rate of goat sperm with succinate and/or pyruvate as substrate
measured by oxygen electrode. A) Effect of Ca2+ addition on the respiration
of immobilized sperm, which was incubated in the medium containing 0.1 M
sodium fluoride and rinsed. B) Effect of Ca?+ addition on the respiration of
intact sperm, and motility of the sperm was 30 percent.
The medium was 113mM KC1, 15mM KPi, 20mM Tris, pH 7.4 (A)., 150mM
NaCl, 20mM Tris, pH 7.4 (B). Figures in parentheses give resplratmn rates as
nMOsz/min.. 3X108 cells/ml.
Uncoupler DNP was added at the end of the experiment to give the maximal rate.
The point marked (0) indicates that the suspension has become anaerobic.
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Fig. 2 Stoichemical effect of Ca?+ addition on the respiration of sperm after cold shock.
The medium was 113mM KCl, 35mM Tris, pH7.4 with 10mM pyruvate and
10mM succinate as substrate, Figures in parentheses give respiration rates as
nMGs/min.e 3X108 cells/ml.
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Fig. 3 Effect of egg-yolk-citrate diluent (ECD) on the respiration of cold-shocked sperm.
A) Effect of Ca?+ addition on the sperm, which had been cold-shocked in the
presence of egg-yolk. B) Effect of Ca?+ addition on the sperm, which bad been
cold-shocked in the absence of egg-yolk.
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