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Summary. The upward migration of bull spermatozoa into a sperm-free
medium in a Tiselius type diffusion cell, was measured with a photo-
electric scanning device.

After about 30 min, upward diffusion ceased and the system reached a

steady state distribution of sperm concentrations.
Among the spermatozoa which `diluted' themselves by migrating into

the sperm-free medium, there was a high mortality rate. As a result, the
system reached a steady state in which the upward diffusion rate of the
motile spermatozoa and the downward sedimentation rate of the dead
cells were equal.

Excessive dilution of spermatozoa is known to cause a rapid and irreversible
loss of motility and metabolic activity (Mann, 1964). Spermatozoa migrating
into a sperm-free medium may be considered to have 'diluted' themselves
and hence there should be a high mortality rate among these spermatozoa.
Thus measurement of migration rates of spermatozoa may be complicated by
the dilution effect.

In the present work, the upward migration of bull spermatozoa and the
influence of the dilution effect on this migration was studied in a diffusion
apparatus of the Tiselius type.

A U-shaped diffusion cell of rectangular cross section was used, of the follow¬
ing dimensions: width 0-4 cm, depth 2-5 cm, length (maximum diffusion dis¬
tance) 8 cm. The cylindrical lens of the Schlieren system adapted for light
adsorption was removed and a photoelectric scanner was introduced at the
image plane instead of the usual photographic plate. Bull spermatozoa were

washed twice by centrifugation and resuspension in diluent, and finally re¬

suspended in fructose containing diluent to 5 times the volume of the original
semen. Addition of fructose was essential, not only to prolong motility but to
maintain it under the anaerobic conditions created by the spermatozoa's
respiration. Diluent was prepared as follows: 100 ml 0-154 M-NaCl (0-9%);
5 ml 0-155 m-KCI; 1 ml 0-155 M-MgS04; 5 mlM/15-phosphate buffer, pH = 7-2;
0-5 g fructose. The semen was of good quality, exhibiting rapid wave motion
and better than 90% progressive motility. The washed sperm suspension ex¬

hibited 70% progressive motility at the beginning of the diffusion experiment,
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about 1 hr after the semen was collected. Motility was estimated visually
under a microscope, between slide and cover glass on a heated stage.

The lower part of the diffusion cell was filled with the sperm suspension and
the top part with the sperm-free suspending medium. After temperature equili¬
bration (37° C), a sharp boundary was created and diffusion measurements
were performed by scanning the diffusion zone at intervals. Recording of trans¬
mitted light was accurate to 0-1% of light intensity, equivalent in terms ofsperm
concentration to 2  10s cells /ml.

The results ofone diffusion experiment, out of three performed, are presented
in Text-fig. 1. The diffusion curves 1 to 9 record the scanning of the optical
density through the boundary zone at different times. From curves 1 to 3
there is a gradual spreading of the boundary, representing the upward diffusion

O.D.

Text-fig. 1. Optical density versus distance in the boundary zone, scanned at intervals.
(a) Curves 1 to 4 superimposed. Curve 1, 0 min; curve 2, 11-4 min; curve 3, 25-4 min;
curve 4, 36-6 min; curve 5, 69 min; curve 6, 93-5 min; curve 7, 112 min; curve 8, 157
min; curve 9, 188 min.

of the motile spermatozoa. In curve 4, however, we observe a regression and
sharpening of the boundary, instead of further spreading, i.e. after a time inter¬
val of about 30 min, the spermatozoa ceased to diffuse further up. In Text-fig.
1 (a) these curves are superimposed for comparison. From 4 to 5 there is a further
slight regression ; the rest of the curves are practically identical, showing that
the system reached a steady state in which the distribution of the spermatozoa
remained constant for more than 2 hr, till the termination of the experiment.
Maximum diffusion distance was approximately 2-5 cm. It should be noted that
the shapes of the curves are not symmetrical. The lower part of the curves,
representing the dilute zone near the sperm-free medium, spreads out more than
the upper one which represents the zone of the higher sperm concentration.
The experiment was repeated twice with similar results.

At the end of the experiment, a sample from the diffusion zone and a sample
from the concentrated suspension were removed and observed between slide
and coverglass on a heated stage under the microscope. It was found that, in
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the concentrated suspension, the percentage of motile cells was about the same
as at the beginning of the experiment, i.e., 65% to 70%, while in the diffusion
zone it was only 10% to 15%. Since only progressively motile cells could have
moved upwards into the sperm-free medium, this means that there was a high
mortality rate among these spermatozoa, which may be designated as a 'dilu¬
tion effect', while the mortality rate of the spermatozoa in the concentrated
suspension was very small.

The steady state reached by the system can be explained on the basis of these
findings as follows: the distance which the upward migrating spermatozoa
can reach will depend on their diffusion rate and mortality rate. However, the
dead cells sediment downwards, so that after a while a steady state would be
established, in which the upward diffusion rate of the motile cells and the down¬
ward sedimentation rate of the dead cells are equal.

Is a similar dilution effect on spermatozoa, i.e., high mortality rate, to be
expected also in the female genital tract, in which the spermatozoa become
diluted many-fold by the time they reach the site of fertilization? As the precise
mechanism of the dilution effect is still unknown, we cannot extrapolate as yet
from conditions in vitro to those in vivo. The female genital tracts of many species
possess means, still mostly unknown, of preserving viability of spermatozoa for
long periods of time and may have means of preventing the dilution effect as
well.
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