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Undiluted semen was then stored in small amounts (0-4-0-6 ml) at room temperature for up to
192 h. In most ejaculates surprisingly high sperm motility (60-70%,) was observed after more than
48 h of storage. Some spermatozoa retained the ability to fuse with the zona-free hamster eggs after
192 h of storage (Table 4). However, almost all the spermatozoa from samples diluted 1:2 with the
culture medium (Table 3) became immotile within about 40 h.

The data shown in Table S indicate some of the effects of storage at room temperature on sperm
activation for fusion with zona-free hamster eggs. Control spermatozoa (not stored) started to fuse
with the eggs either immediately or after 2 h of sperm—egg incubation, whereas spermatozoa stored
in vitro (120 h) interacted immediately.

Table 5. Kinetics of zona-free hamster egg fusion with ram spermatozoa washed and preincubated for 4
or 6 h at 37-5°C

Fresh spermatozoa Spermatozoa stored for 120 h
Sperm-egg Total no. No. of No. of Total no. No. of No. of
incubation of eggs penetrating male of eggs penetrating male
(h) Ejaculate (% penetrated) sperm.f pronuclei} (% interacted) sperm.f pronuclei}
2 A —(—) — — 28 (71-4) 1-60 0-55
B 31 (80-6) 1-96 0-24 32(53-1)* 1-29 0-53*
3 A 25 (32-0) 1-00 0-12 28 (89-3) 1-48 0-60
B 28 (71-4) 1-65 095 32 (56-2)* 1-28 1-17*
4-5 A 26 (73-1) 1-15 0-37 — () — —
B 32(87:5) 196 1-25 —(—) — —
18 A 22 (90-9) 215 0-75 29 (89-6) 1-38 1-08
B 29 (89:7) 1-92 1-31 31 (45-2)* 1-07 0-79*

* In these experiments the time of sperm preincubation was shortened to 4 h because spermatozoa in the 6-h
preincubated sample were completely immotile.

t Mean number of all spermatozoa fused with one egg.

t Spermatozoa transformed into male pronuclei with visible nucleoli and a sperm tail in the cytoplasm.

Fusion ability of frozen spermatozoa from 6 different rams

To determine the effect of freezing on the fusion ability of ram spermatozoa, 6 ejaculates, each
from a different ram, were divided into two parts; one was diluted 1:2 (v/v) with the culture
medium, stored for 20 h at room temperature and evaluated by the penetration test described
earlier, while the other part was frozen, stored for 3 weeks and then tested with hamster zona-free
eggs. The results in Table 6 show wide differences in the fusion ability of individual ejaculates, even
when non-frozen spermatozoa were used. Freezing resulted in a decrease of fusion ability in all
sperm samples. Two ejaculates with very low ability before freezing failed to fuse with an egg after
freezing. The ability of frozen-thawed spermatozoa to fuse with zona-free hamster eggs seemed to
be positively correlated with sperm motility after preincubation. The fresh spermatozoa of Ram 9,
tested simultaneously with frozen samples, showed very good fusion ability.

Discussion

Due to technical limitations, we could not measure all the differences in the exchange of gaseous
substances (CO,, O,) in our system of interacting gametes when the experiments were being
prepared and at the time of mixture. Changes in the CO, and O, levels in the medium not only
depended on their concentration in the gas mixture but also on their production and consumption
by the gametes and their flow rate into and out of the system. Thus the amount and viscosity of the
paraffin oil covering the medium as well as the sperm concentration and the amount of medium
could change the conditions of fertilization and affect sperm—egg interaction, as shown in Exp. 1.
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Table 6. The ability of non-frozen and frozen spermatozoa of different rams to interact with zona-free
hamster eggs

Sperm fusion ability

% Motility of spermatozoa

Stored 20 h at 20°C, Frozen—-thawed,
Stored 20 h Frozen-thawed preincubated 5 h preincubated 6 h
at 20°C and and
preincubated preincubated Total no. Sperm no. Total no. Sperm no.
of eggs per penetrated of eggs per penetrated
Ram 5h 2h 6h (% penetrated) egg (% penetrated) egg
1 10 20 10 37 (100-0) 5-00 41 (61-0) 1-40
2 20 — 20 30 (100-0) 433 47 (36-2) 1-23
3 5 — 10 34 (100-0) 391 44 (43-2) 1-21
9 5 10 0 34 (79-4) 1-52 20 (55-0)t 236t
22 (0-0) 00
4 0 5 0 21 (14-5)% 1-67 42 (0-0) s
5 0 0 0 21 (4-8) 1-00 46 (0-0) —
10* 40 — — 45 (95-5) 2-07 — —

* Fresh control semen used for fertilization the same day as the frozen samples.
1 Preincubated 2 h.
t Preincubated 3-5 h.

The open culture system, i.e. without paraffin oil, with a higher pH at the onset (about 7-6-7-8),
seemed to be more suitable for fertilization but only when the spermatozoa were preincubated for a
longer time. In the subsequent experiments, the sperm—egg fusion rate in the gamete mixing system
with paraffin oil was therefore improved by exposing the watch glasses, at the beginning of the
interaction, to a CO,-free atmosphere for 70-90 min instead of for about 30 min. The amount of
medium used to study gamete interaction in vitro varies widely from 1 pl (Siddiquey & Cohen, 1982)
to 4 ml (Bousquet & Brackett, 1982). Siddiquey & Cohen (1982) found that very small volumes of
1-5 pl negatively affected the fertilization rate of mouse eggs in vitro. The metabolic activity of the
gametes in such small volumes of medium might change the conditions of fertilization obtaining in
larger volumes, i.e. mainly the pH. Reversible inhibition of sperm—egg fusion due to low pH was
reported for hamsters by Yanagimachi, Miyashiro & Yanagimachi (1980). According to our results
in Tables 2, 3, 4 and 5, the interaction rate of different sperm samples with zona-free hamster eggs
probably reflects the limited number of spermatozoa that are able to interact with zona-free eggs
within a given time interval. The effect of human sperm concentration in the zona-free hamster
ovum assay has been described by Martin & Taylor (1983). The inability of the majority of
spermatozoa from one semen sample to fuse with zona-free eggs during sperm—egg incubation
might be due to two main factors: (1) at the time of sperm—egg incubation, one part of the sperm
population is still viable but has not undergone the required membrane changes; and (2) the other
part of the sperm population, during the same time interval, has died or already undergone the
acrosome reaction.

The fusion ability of spermatozoa from the second ejaculates (Table 2) might be lower than that
of the first ejaculates or that of spermatozoa stored for 15-20 h before preincubation (Table 5)
because most spermatozoa still had intact membranes when incubated with the eggs. The opposite
situation might appear after long storage or preincubation (Tables 4, 5), resulting in the acrosome
reaction before the spermatozoa were incubated with the zona-free eggs. The differences between
stored and control spermatozoa in the kinetics of sperm—egg fusion indicate some capacitation
changes in the spermatozoa, probably before preincubation. The reason for the divergent rates of
sperm—egg fusion between individual control (freshly collected) sperm samples is undoubtedly
more complex (Table 6).
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The frequency of polyspermy seems to be related to the rate of egg penetration. Both criteria
have been used by Bousquet & Brackett (1982), Majerciak et al. (1982) and others for evaluating the
ability of spermatozoa to fuse. Some egg fusion was also noted in connection with penetration
rate and polyspermy (Pl. 1, Figs 1 & 2). This has been discussed in detail previously by Pavlok,
Travnik, Kopeény & Stastna (1982).

In most of the methods describing the zona-free hamster egg penetration assay, only a very
small proportion of the spermatozoa from tested semen samples ( <0-2%) fuse with the plasma
membrane of the oocytes. The fusion ability of the rest of the tested semen population is unknown.
The only exceptions are probably irreversibly immotile spermatozoa and those with morphological
defects which cause them to miss the chance to fuse with the oocyte plasma membrane or render
them completely ineffectual from the start. At present, nothing is known about which part of such a
sperm population is implicated in in-vivo fertilization. After copulation or insemination, very small
numbers of spermatozoa with an intact acrosome reach the fertilization site (Suarez, Katz &
Overstreet, 1983); in ewes such intact spermatozoa remain in the caudal isthmus of the oviduct for
about 26 h until the time of ovulation (Hunter & Nichol, 1983).

The sperm penetration assay is a less sensitive test for detecting the defects of the sperm motility
apparatus than treatments (cold shock: Harrison & Fléchon, 1980; deep-freezing: Healey, 1969)
that are likely to damage the plasma membrane and induce rupture of the acrosome in nearly all the
spermatozoa of tested semen samples. Fleming & Yanagimachi (1982) tested the fertilizing ability
of guinea-pig spermatozoa after induction of a synchronous acrosome reaction and observed that
they could still penetrate intact eggs after about 2 h but were able to interact with zona-free eggs up
to 11 h. At that time, motility was nearly zero. Williamson, Koehler, Smith & Karp (1984), by
testing the fusion ability of human spermatozoa with motility defects, illustrated that the factors
controlling sperm fusion with the oocyte plasma membrane are independent of those inducing
sperm hyperactivity. This may explain why some of our semen samples, stored for more than 1
week and containing only a few motile spermatozoa after preincubation (Table 4), retained their
ability to fuse with zona-free hamster eggs, while the freshly collected semen could not be used for
Al after 24 h. The epididymal secretion containing the sperm motility factor (Bavister, Rogers &
Yanagimachi, 1978) might be the main component protecting the sperm membranes of ram
ejaculates in vitro, because in-vitro storage of ram spermatozoa is prolonged by epididymal fluid
(Voglmayr et al., 1977).

The present experiments and data in the literature on the importance of sperm motility for in-
vivo fertilization (Gould ez al., 1983; Hunter & Nichol, 1983; Armstrong & Evans, 1984) have
shown why it is not logical to relate results from the sperm penetration assay with fertilizing ability
in vivo. The zona-free hamster egg penetration assay appears to be more important as a useful
method for the experimental study of the characteristics of gamete fusion and of the factors which
support or inhibit it.

We thank Dr J. Petelikova of the State Animal Enterprises Hradistko pod Mednikem, Mr J.
Holas and Mrs H. Kolafova of the Jevicko Breeding Station for providing fresh and frozen semen
samples; Mrs J. Novotna, Mrs M. Senfeldova and Miss L. Zemanova for valuable assistance; and
Mrs A. Daifuku and Dr F. Zavrel for editing the English text.
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