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The mechanisms for the prevention of polyspermy in mammalian eggs appear
to be associated with the development of the so-called `zona reaction' (Braden,
Austin & David, 1954) and with the development of a vitelline surface block to
polyspermy (Austin & Braden, 1956). The time required for the development of
the zona reaction has been estimated to be not less than 10 min and not more
than 1\m=1/2\to 2 hr (Braden et al., 1954).

Hamster eggs recovered from mated females show a low incidence (1\m=.\6%)
of polyspermy (Austin & Braden, 1956) while eggs fertilized in vitro show a high
incidence, often as high as 100% (Yanagimachi & Chang, 1964; Barros &
Austin, 1967; Barros, 1968b; Yanagimachi, 1969).

It has not been established whether the high incidence of polyspermy in vitro
is due to the penetration of several spermatozoa at the same time or to a con-
tinuous flow of spermatozoa into the eggs. This work was aimed at elucidating
the problem.

Spermatozoa preincubated for 4 hr at 37\s=deg\C in a mixture of tubal fluid,
cumulus masses and 0\m=.\15m-NaCl (buffered to pH 7\m=.\60)become fully capaci-
tated, so that when new, freshly induced, superovulated eggs are added to the
sperm suspension, sperm penetration starts almost immediately (Barros &
Austin, 1967; Barros, 1968a, b, c). In the present work, spermatozoa were

capacitated as described above and freshly ovulated eggs (recovered 14 hr
after the injection of hgg) were added to the sperm suspension and incubated
for periods of 1, 2 and 4 hr. In each experiment, eggs were removed from the
incubation medium at two different intervals, i.e. at 1 and 2, and 1 and 4, and
at 2 and 4 hr. At the end of the incubation period, the eggs were repeatedly
sucked in and out of a small bore pipette to remove spermatozoa attached to the
surface of the zona pellucida, then mounted between a slide and coverslip, and
examined with a phase-contrast microscope for penetration ofspermatozoa into
the vitellus.

The results show (Table 1 ) that while 50% of the eggs are monospermic 1 hr
after being exposed to the capacitated sperm suspension, only 10% of eggs are

monospermic 4 hr after entering the suspension. In the column labelled
'more than four sperm.', eggs examined at 1 or 2 hr contained between five
and ten spermatozoa whereas those examined at 4 hr contained numbers of
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spermatozoa that sometimes were almost impossible to count. These results
seem to indicate that under conditions in vitro, polyspermy can occur as a result
of a simultaneous penetration by several spermatozoa and also as a result of
a continuous flow of spermatozoa into the egg within a period of at least 4 hr.
The presence of male pronuclei in different stages of development within a

polyspermic egg also supports this conclusion. All penetrated eggs examined
showed signs of activation in the breakdown of the cortical granules and the
resumption of the second meiotic division. Moreover, the mode of fertilization
(sperm penetration and subsequent egg activation and formation of pronuclei)
in these polyspermic eggs did not differ from that in eggs recovered from mated
females described by Austin (1956) and Austin & Bishop (1958).

The zona reaction, which appears to be efficient in hamster eggs in vivo
(Austin, 1956), might have been affected by the conditions ofthe culture medium
(Barros & Austin, 1967). Bavister (1969) found a close correlation between

Table 1
number of eggs with different numbers of spermatozoa 1, 2 and 4 hr

after exposure to capacitated spermatozoa

Hours after
exposure to

spermatozoa

Total no. of
eggs

exposed
Total no. of
penetrated

eggs

No. ofpenetrated eggs with :

One
sperm.

No.

Two
sperm.

No.

Three
sperm.

No. %

Four
sperm.

No.

More than
four sperm.
No.

341
199
282

158
171
258

78 50
49 29
25 10

25 16
36 21
38 15

19 12
28 16
28 11

19 12
19 11
25 10

16
39

142

10
23
55

polyspermy and the pH of the culture medium. Higher incidences of poly¬
spermic eggs were found at higher pH values. However, it is also possible that
the reaction did occur but was insufficient to prevent the entry of more than
one spermatozoon owing to the large number of spermatozoa attaching to the
zona surface simultaneously. On the other hand, the fact that the vitelline
surface block to polyspermy seems to be rather slow in hamster eggs (Barros,
1968b) could well account for continuous sperm entry into the vitellus.

Eggs recovered from mated females are usually monospermic. Due to the lack
ofsynchrony in sperm penetration of eggs in vivo, the chances of recovering eggs
with spermatozoa penetrating the zona pellucida are very scarce. Thus, many
stages of the early events of fertilization, such as the changes of the sperm head
during and before its passage through the zona pellucida, can be easily missed.
On the other hand, the fertilization technique in vitro provides the means to
overcome this problem, not only because the eggs can be made polyspermic but
also because, as shown here, there is a continuous passage of spermatozoa into
the eggs and the chances to study the different stages of sperm entry are greatly
enhanced. These characteristics of the technique are the reasons why it has been
so useful in studies of the fine structure of the early events of mammalian
fertilization (Barros, Bedford, Franklin & Austin, 1967; Barros & Franklin,
1968; Yanagimachi & Noda, 1970a, b, c; Franklin, Barros & Fussell, 1970).
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A similar polyspermic system was used in the ultrastructural studies of fertiliza¬
tion of marine invertebrates (see Colwin & Colwin, 1967). Moreover, Longo &
Anderson (1970) have shown that differences in monospermic and polyspermic
fertilization in sea urchin are quantitative rather than qualitative.

There is no reason to believe that the ultrastructural changes observed in
mammalian spermatozoa before and during fertilization might be different in
monospermic and polyspermic fertilization. Hamster eggs fertilized in vitro
contain very few supplementary spermatozoa (Barros, 1968b), indicating that
once a spermatozoon has crossed the zona pellucida, it will probably enter the
egg cytoplasm.

The preceding evidence stands in opposition to arguments raised by Zam¬
boni (1971) that many of the ultrastructural studies which have taken advan¬
tage of the technique in vitro would not correspond to observations of the fertiliz¬
ing spermatozoon, but of supernumerary spermatozoa, i.e. spermatozoa which
are at, or in, the cumulus cells, the zona pellucida or the perivitelline space ofan
activated egg (Stefanini, Oura & Zamboni, 1969), or of dislocated or degenera¬
ted spermatozoa. We think that they might correspond to supernumerary
spermatozoa as defined by Austin & Walton (1960), i.e. spermatozoa found
within the egg cytoplasm of a polyspermic egg.

The loss of the acrosome as a prerequisite to sperm penetration of the
mammalian egg was first reported and illustrated by Austin & Bishop (1958).
Our observations are consistent with that report since in every egg examined we
never saw a spermatozoon in the thickness of the zona pellucida or in the
perivitelline space, with an intact acrosome. Thus, it is difficult to understand
the doubts raised by Zamboni (1971) with regard to the loss of the acrosome of
spermatozoa that are in, or about to enter, the zona pellucida. Although we

accept the possibility of species differences between the mouse on the one hand
and the hamster and rabbit on the other, we believe that the vesicles shown in
photograph No. 6 (Stefanini et al., 1969), on which Zamboni bases his main
argument, do not correspond to the vesicles of the acrosomal cap shown in the
works by Barros et al. (1967), Bedford (1967, 1968), Yanagimachi & Noda
(1970a) or Franklin et al. (1970). They might well correspond to the vesicula-
tion of part of the equatorial segment as was reported by Barros & Franklin
(1968) for hamster spermatozoa lying in the perivitelline space.
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