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Summary. Ovulated eggs from mature rats and superovulated eggs
from immature rats were incubated with various concentrations of
epididymal spermatozoa from mature rats. Few eggs from mature rats
and only 16 to 20% of the superovulated eggs from immature rats
were fertilized when the sperm concentration was 1-8 to 3-7  IO6
spermatozoa/ml. At concentrations of 0-7 to 1-5  IO6 spermatozoa/ml,
2 to 8 % of the eggs from mature rats and 96 % of the eggs from immature
rats were fertilized. It appears that the eggs from the immature rats
are much easier to fertilize in vitro than those from the mature rats, but
the optimal concentration of spermatozoa also plays an important
rôle.

After the dissolution of the zona pellucida by chymotrypsin, rat eggs can be
penetrated in vitro by epididymal spermatozoa (Toyoda & Chang, 1968).
Successful fertilization in vitro of intact rat eggs with capacitated spermatozoa
recovered from the uterus (Miyamoto & Chang, 1973a, b) and ofsuperovulated
eggs from immature rats with epididymal spermatozoa (Toyoda & Chang,
1974a, b) has been achieved recently. The present study was designed to
determine the proportion of eggs fertilized in vitro when they were recovered
from mature or from immature rats and when the concentration of epididymal
spermatozoa was varied.

White rats of CD strain descended from Sprague-Dawley rats were kept in a

temperature-controlled room (23 to 25° C) under artificial light (07.00 to
19.00 hours). Spermatozoa were obtained by cutting the ducts of cauda
epididymidis of adult rats (200 to 360 days old) and the sperm mass was

placed in 0-5 ml medium (Toyoda & Chang, 1974a) covered with light paraffin
oil which was equilibrated with 5% C02 in air before use. At 5 to 10 min
after making this sperm suspension, 0-04 ml was placed in 0-4 ml of the same

medium covered with paraffin oil.
Eggs were obtained from 99 to 120 day (mature) and 24- to 28-day-old

rats (immature). Mature females were killed between 07.00 and 08.30 hours
in the morning following pro-oestrus and their eggs were considered to have
been recovered 3 to 4\ hr after ovulation. Immature rats were induced to
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superovulate by subcutaneous injection of 10 i.u. PMSG 40 to 50 hr before an

intraperitoneal injection of 10 i.u. HCG. Eggs were obtained 14 to 17 hr
after injection of HCG and were considered to have been recovered 2 to 5 hr
after ovulation. The oviducts were placed under light paraffin oil in the same
dish in which the sperm suspension had been prepared in advance. Eggs in the
cumulus clot were dissected from the ampullar portion of the oviducts and then
introduced into the droplet of sperm suspension for fertilization in a C02
incubator at 37° C.

After incubation for 8 to 36 hr, the eggs were removed, mounted in toto
(Chang, 1952), stained with 0-25% lacmoid, and examined for evidence of
fertilization. The eggs which had spermatozoa within their perivitelline space
were defined as penetrated eggs. Those which had an enlarged sperm head(s)
or a male pronucleus (ei), or had cleaved with a fertilizing sperm tail(s) in the
vitellus were considered to be undergoing fertilization or to be fertilized.

In Exp. 1, the eggs from mature and immature rats were incubated at the

Table 1. Fertilization in vitro of eggs from immature and mature rats
as affected by the concentration of spermatozoa

Exp. Females
used

No. of
females

Sperm cone.
(\Q6lml)

No. of eggs
examined

No. of eggs
penetrated (%)

No. of eggs
fertilized (%)

2
3

4

5

Total

Mature
Immature
Mature
Mature

Mature

Immature

Mature
Immature

9
19

3
3
3
3
3
3

24
25

1-8 to 30

2-3
3-7
1-5
3-4
0-7
2-1
0-7

0-7 to 3-7
0-7 to 30

111
713
42
37
49
37
45

104
122
321
939

1 (0-9)
135 (18-9)

0(0)
1 (2-7)
4 (8-2)
0(0)
2 (4-4)

29 (27-9)
117 (95-9)

8 (2-5)
281 (29-9)

0(0)
116 (16-3)

0(0)
0(0)
4 (8-2)
0(0)
1 (2-2)

21 (20-2)
117 (95-9)

5 (1-6)
254 (27-1)

same time with the same sperm preparations of the same concentration (1-8 to
3-0 106 spermatozoa/ml). As shown in Table 1, of 111 ovulated eggs recover¬
ed from mature rats, only one (0-9 %) was penetrated and none was fertilized.
By contrast, 135 (18-9%) eggs were penetrated and 116 (16-3%) were fertilized
among 713 superovulated eggs recovered from immature rats. This shows that
eggs from immature rats have a better chance of fertilization with epididymal
spermatozoa in vitro than eggs from mature rats.

In Exps 2, 3 and 4, high and low concentrations of epididymal spermatozoa
were prepared at the same time from the same male in each experiment for
fertilization in vitro of ovulated eggs from mature rats. Table 1 shows that, of 116
eggs incubated with high concentrations (2-3 to 3-7xl06/ml) of epididymal
spermatozoa, only one (0-9%) was penetrated and none was fertilized. By
comparison, six (6-4%) eggs were penetrated and five (5-2%) were fertilized
of ninety-four eggs incubated with low concentrations (0-7 to l-5xl06/ml)
of spermatozoa. These differences were highly significant when tested according
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to Fishers' exact probability test: for penetration rates,  = 0-029 and for
fertilization rates,  = 0-017. This result indicates that ovulated eggs from
mature rats can be penetrated in vitro by incubated epididymal spermatozoa
and that the eggs have a better chance of fertilization when low sperm con¬
centrations are used.

In Exp. 5, using different concentrations of epididymal spermatozoa from
the same male, fertilization in vitro of superovulated eggs from immature rats
was observed. As shown in Table 1, twenty-nine (27-9%) eggs were penetrated
and twenty-one (20-2%) were fertilized in 104 eggs incubated with a high
concentration (2-1  106/ml) of spermatozoa. By contrast, of 122 eggs
inseminated with a low concentration (0-7  106/ml) ofspermatozoa, 117 (95-9 %)
were penetrated and all of the penetrated eggs were fertilized.

A comparison of the fertilization rates of the total number of eggs in these
five experiments shows that only five (1 -6 %) of 321 ovulated eggs recovered from
mature rats were fertilized, while 254 (27-1 %) eggs were fertilized among 939
superovulated eggs recovered from the immature rats when sperm con¬
centrations were between 0-7 and 3-7  106 spermatozoa/ml. It appears that
ovulated eggs from mature rats are more difficult for incubated epididymal
spermatozoa to penetrate in vitro.

In view of the results obtained in this study, the failure of fertilization of rat
eggs in vitro with epididymal spermatozoa noted by Miyamoto & Chang
(1973a, b) may have been due to the fact that eggs from mature rats and relative¬
ly high concentrations (1 to 4xl06/ml) of spermatozoa were used. In fact,
using low concentrations (0-3 to l-4xl06/ml) of epididymal spermatozoa
and using superovulated eggs from immature rats, high proportions of eggs
were fertilized in vitro (Toyoda & Chang, 1974a, b). Since, however, the rates
of fertilization in the early trials were always lower than in later trials, the
experience of the researcher to conduct such an experiment must also be of
importance.

By inseminating capacitated spermatozoa recovered from the uterus, the
proportion of eggs fertilized in vitro was higher in the ovulated eggs from mature
rats than in superovulated eggs from mature rats (Miyamoto & Chang,
1973a, b). These results, however, are difficult to compare with those obtained
in the present experiment because the source of spermatozoa used and the age
of the rats induced to superovulate were different. The better chance of
fertilizing eggs from the immature rats and the requirement of a lower sperm
concentration for fertilization of rat eggs in vitro may be due to a difference in the
properties of the zonae pellucidae surrounding the eggs of the immature and
mature rats and the fact that the zona reaction can be induced to a certain
extent by a large number of spermatozoa. These possibilities can be resolved
only by further experimentation.
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