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In a study of the penetration of zona-free eggs by foreign spermatozoa in the mouse, rat and hamster,
it was concluded that the incorporation of eggs with foreign spermatozoa may depend on sperm
capacitation and the physiological affinity between the spermatozoa and the vitellus of different
species, and that the zona pellucida appears to be the major block for interspecific fertilization
(Hanada & Chang, 1972). Yanagimachi (1972) has reported that hamster zona-free eggs can be
penetrated readily by capacitated but not by uncapacitated guinea-pig spermatozoa. Based upon our
recent studies of sperm capacitation and fertilization of rat eggs in vitro (Toyoda & Chang, 1974;
Niwa & Chang, 1974, 1975), this paper describes the penetration of hamster and rabbit zona-free
eggs by mouse and rat spermatozoa as affected by the capacitation of spermatozoa.

The medium used for the manipulation of gametes was prepared according to the descriptions of
Toyoda & Chang (1974) for the fertilization of rat eggs. Spermatozoa were obtained from the cauda
epididymidis of mature, CD strain, Sprague-Dawley rats (weighing 530-610 g) and mature CD-I
Swiss albino mice (weighing 30-44 g) and were suspended in 0\m=.\5 ml medium. About 10 min later,
a small volume of this suspension was placed in 0\m=.\4 ml medium, covered with oil, to give a sperm
concentration of 0\m=.\05-1\m=.\36 \m=x\ 106/ml for the rat and 0\m=.\01-0\m=.\50 \m=x\ 106/ml for the mouse.

Superovulation was induced in mature female golden hamsters (Yanagimachi & Chang, 1964)
and mature female rabbits of mixed breeds (Pincus, 1940), and the animals were killed 14-16 hr after
injection of HCG. Hamster eggs were recovered by dissection of the ampulla and those of rabbits by
flushing the oviducts. The eggs were treated in medium without bovine serum albumin but containing
0-1 % polyvinylpyrrolidone (mol. wt 40,000: Sigma) and 0-1 % hyaluronidase (Sigma) to disperse
the cumulus oophorus. The denuded eggs were washed in the medium twice. To dissolve the zona

pellucida, the hamster eggs were treated with 001 % trypsin (pancreatic Type 2 : Sigma) for 4-6 min
and the rabbit eggs were treated with 0-1 % trypsin in the medium without bovine serum albumin for
15^10 min. Sometimes the zona pellucida of rabbit eggs was broken by sucking the eggs through a

fine glass pipette. The zona-free eggs were washed five times in the medium and then introduced into
a suspension of fresh or preincubated spermatozoa. At various times after exposure of the zona-free
eggs to different sperm suspensions, the eggs were picked up, washed in the medium, mounted in
toto, fixed, stained (Chang, 1952), and examined under a phase-contrast microscope. The presence
of an enlarged sperm head(s) in the vitellus with its corresponding sperm tail and the perforatorium
was taken as evidence of sperm penetration or the incorporation of eggs with foreign spermatozoa.
The number of activated eggs after sperm penetration, i.e. those eggs that had resumed their second
maturation division at various stages, was also recorded.

It can be seen from Table 1 that the number of penetrated hamster eggs increased gradually after
exposure to freshly prepared mouse sperm suspensions (PI. 1, Fig. 1). No egg was penetrated 5 hr
after incubation with freshly prepared rat sperm suspensions but eggs were penetrated after longer
periods of incubation (PI. 1, Fig. 2). Since capacitation of mouse spermatozoa takes about 1 hr in
vitro (Toyoda, Yokoyama & Hosi, 1971), while that of rat spermatozoa takes 5-7 hr (Toyoda &
Chang, 1974; Niwa & Chang, 1974), it is obvious that the penetration of zona-free eggs required the
capacitation of spermatozoa. By inspection of the average number of spermatozoa inside the vitellus
it was also shown that more spermatozoa were able to penetrate the zona-free eggs as the time of
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incubation increased, indicating that more spermatozoa were capacitated by a longer incubation.
It has been reported that only 0-9% of hamster zona-free eggs were penetrated by rat epididymal
spermatozoa but 26% of the hamster eggs were penetrated by uterine spermatozoa (Hanada &
Chang, 1972). From the results of the present study it appears that most of the hamster zona-free
eggs can be penetrated by properly capacitated rat spermatozoa, but that activation did not occur in
all the penetrated eggs (Table 1).

Table 1. Penetration of hamster zona-free eggs by mouse and rat spermatozoa (three to five tests for each time of
examination)

Sperm suspension
Examination time
(hr after exposure)

No. of eggs penetrated/
no. of eggs examined

(%)

No. of eggs activated/
no. of eggs penetrated

(%)

Average no.

of sperm, in
vitellus

Mouse, fresh 0-5
1
1-5
2
2-5

Total

0/66 (0)
26/65 (40)
39/60 (65)
58/68 (85)
62/68 (91)

185/327 (57)

0/26
26/39 (67)
49/58 (85)
48/62 (77)

123/185 (67)

1-9
4-8
5-8
8-6

Rat, fresh 1-5
6
7
8

0/415(0)
19/55 (35)
43/58 (74)
44/51 (86)

0/19 (0)
6/43 (14)
7/44 (16)

2-2
4-5
7-3

Rat, preincubated
for 5 hr

1
2
3
4

Total

22/62 (36)
39/62 (63)
55/60 (92)
57/59 (97)

19/22 (86)
23/69 (59)
20/55 (36)
19/57 (33)
94/279 (34)

1-5
2-8
3-6
5-2

More eggs were penetrated (PI. 1, Figs 3 and 4) when rabbit zona-free eggs were incubated with
preincubated mouse or rat spermatozoa than with the freshly prepared sperm suspensions (Table 2),
again suggesting the need for capacitation.

Table 2. Penetration of rabbit zona-free eggs by mouse and rat spermatozoa

Mouse spermatozoa

Time of
examination*

(hr)

No. of eggs penetrated/
no. of eggs examined

Fresh Preincubatedf

Time of
examination*

(hr)

Rat spermatozoa

No. of eggs penetrated/
no. of eggs examined

Fresh PreincubatedJ

0-5
1
1-5
4
7

11

Total (%)

3/8
2/8
9/10

14/26 (54)
71/88(81)

5/5
5/5

47/52

57/62 (92)

5
6
7
8
9

10
11
14
24

0/8
0/20
5/20
1/20
8/17

14/85 (16)
52/142 (37)

0/5
2/8
1/7
8/8
6/7
7/7

10/10
4/5

38/57 (67)

* Total time of incubation of spermatozoa alone and incubation with eggs,
t For 3 hr.
X For 5-5-5 hr.
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PLATE I

Zona-free eggs incubated with foreign spermatozoa, and photographed, after being stained with Lacmoid,
under a phase-contrast microscope.
Fig. 1. Hamster eggs incubated with mouse spermatozoa, showing several enlarged sperm heads (arrowed)
in the vitellus. x250.

Fig. 2. A hamster egg incubated with rat spermatozoa, showing an enlarged sperm head (large arrow)
and the split of the midpiece (small arrows). x488.

Fig. 3. A rabbit egg incubated with mouse spermatozoa, showing several enlarged sperm heads (arrowed).
X250.

Fig. 4. A rabbit egg incubated with rat spermatozoa, showing one enlarged sperm head (two arrows) and
another one starting to enlarge (single arrow). x250.

(Facing p. 240)
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It was noticed during this study that the number of spermatozoa attached to the vitellus and the
tightness of attachment were increased as the time of incubation increased, especially with the rat
spermatozoa, perhaps indicating an increased affinity of the vitellus according to the state of sperm
capacitation. The split of the midpiece of spermatozoa and the detachment of the perforatorium
soon after entry into the vitellus were often seen in the rat (PI. 1, Fig. 2) but not in the mouse sperma¬
tozoa. The enlargement of the sperm head in the vitellus of foreign eggs did not appear to be delayed
as it is in homologous fertilization, but the transformation of the enlarged sperm head into a male
pronucleus was frequent with the mouse spermatozoa in the rabbit vitellus and rare with the rat
spermatozoa in the hamster and rabbit vitellus. The enlarged rat sperm head in the rabbit vitellus
often became transformed into several nucleolus-like masses after prolonged culture. The resumption
of the second maturation division after sperm entry into the vitellus of foreign eggs failed, was slow,
and abnormal in many cases. These facts indicate that although penetration or incorporation of
foreign eggs with capacitated spermatozoa is possible, the normal physiological and biochemical
reactions during fertilization are lacking between the eggs and spermatozoa of different species.

This work was supported by a grant from the NICHD (HD 03003) and a grant from the Ford
Foundation.
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