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It has been reported that rat eggs can be fertilized in vitro (Miyamoto & Chang,
1973; Toyoda & Chang, 1974). Further study has revealed that the eggs from
immature rats are easier to fertilize in vitro with a lower concentration of
spermatozoa (Niwa & Chang, 1973) and that the capacitation of rat spermato-
zoa can be better achieved in a lower concentration than in a higher concen-
tration of spermatozoa (Niwa & Chang, 1974). The present experiment was

designed to determine the optimal sperm concentration and the minimal
number of spermatozoa for the fertilization of rat eggs in vitro.

The medium for fertilization was prepared according to the description of
Toyoda & Chang (1974). The eggs recovered from naturally ovulating mature
rats or from immature rats which had been induced to superovulate were
inseminated with epididymal spermatozoa from mature rats, incubated and
examined as described by Niwa & Chang (1973). In order to control the sperm
concentration or the number of spermatozoa, various volumes of the first
sperm suspension of 0\m=.\5 to 1\m=.\0 ml were added to 0\m=.\4 or 0\m=.\6 ml of the medium
before introduction of the eggs. Usually five to twenty eggs were introduced
into each sperm suspension covered with oil. The number of spermatozoa was
counted from the sperm suspension before insemination by means of a haemo¬
cytometer.

From the results presented in Table 1, it can be seen that for fertilization
in vitro of eggs recovered either from mature or immature animals (Exp. 1),
the optimal sperm concentration was 0-5 to L5xl06/ml. The fertilization
rates were higher in the eggs from superovulated immature rats (69 to 81%)
than in the normally ovulated eggs from mature rats (22%). In a sperm
concentration below or above 0-5 to 1-5/ml, very few eggs (0 to 7%) from the
mature rats, but relatively higher proportions of those (23 to 37%) from imma¬
ture rats (Exp. 1), were fertilized. This confirms our previous finding that
eggs from immature rats are easier to fertilize in vitro than those from mature
rats (Niwa & Chang, 1973).

Since the data presented in Table 1 (Exp. 1) were obtained from early
experiments with relatively high concentrations of spermatozoa from different
males, the sperm concentration from the same sperm sample for fertilization
in vitro of eggs from immature rats was further reduced. The results of Exp. 2
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Table 1. Optimal sperm concentration for fertilization in vitro of eggs from

mature and immature rats

Source of eggs

Range of
sperm

concentration
(x 106/m/)

Mean
no. of

sperm./egg
(xlO3)

 ß. of eggs
undergoing

fertilization\no.
of eggs examined

(%)

No. ofeggs penetrated
by more than one sperm.
Total*
(%)

Polyspermic
(%)

Mature females
(natural ovulation)

0-2
0-5
1-4
1-8
2-3
3-3

to 0-4
to 0-8
to 1-5
to 2-0
to 2-6
to 4-3

8
19
43
62
79

116

0/ 49 (0)
37/170 (22)
24/113 (21)

0/100 (0)
8/117 (7)
0/140 (0)

9 (20)
3(10)
0 (0)
0 (0)

(3)
(7)

0 (0)
0 (0)

Immature females
(superovulation)
Exp. 1

Exp. 2t

0-2
0-5
0-9
1-4
1-8
2-4
3-7

to 0-4
to 0-8
to 1-3
to 1-5
to 2-1
to 3-0
to 6-3

0-04
008 to 0-09
0-12 to 0-13
0-16 to 0-17
0-49 to 0-51
4-90 to 5-10

6
18
30
22
29
46

129
1
2
3
3

12
86

45/194 (23)
266/386 (69)

76/105 (72)
270/332 (81)
135/467 (29)
116/503 (23)
52/140 (37)
0/ 53 (0)
7/ 52 (13)

25/ 66 (38)
55/ 60 (92)
46/ 50 (92)

1/ 65 (2)

6(11)
73 (26)
24 (30)
63 (23)
22 (14)
21 (17)
6(11)
0 (0)
1 (3)
6(11)

12 (26)
0 (0)

4 (8)
28 (10)

6 (7)
14 (5)
6 (4)
7 (6)
0 (0)
0 (0)
0 (0)
6(11)
2 (4)
0 (0)

Eggs were introduced to 0-4 ml sperm suspension prepared 10 to 30 min earlier and
examined 8 to 36 hr after insemination. Data published previously (Niwa & Chang, 1973)
are included.

* Including eggs with more than one perivitelline spermatozoon and polyspermic eggs.
t In Exp. 2, further reduction of sperm concentration from the same sperm sample was

performed. Eggs recovered 15 to 15} hr after injection of HCG were introduced to 0-4 ml
sperm suspension preincubated for 10 to 35 min and examined 7 hr 40 min to 8 hr 10 min
after insemination.

Table 2. Minimal number of spermatozoa in relation to the number
of eggs for fertilization of rat eggs in vitro

Range
of sperm

concentration
(xlO6¡ml)

Total no.

of sperm.
in the dish

(xlO3 /0-6 ml)

No. of
eggs

introduced

No. of
sperm. Iegg
(xlO3)

No. ofeggs undergoing
fertilization!total no.

of eggs examined
(°/o)

0-03 to 0-08
0-12

0-20 to 0-81

3-14 to 8-11

18 to 48
72

120 to 486

1860 to 4866

2 to 20
2
5
9

20
2
5

9 to 10
20

2 to 20

1 to 24
36
14
8
4

60 to 138
24 to 55
12 to 54

6
243 to 2433

(0)
(0)

(20)
(56)

0/111
0/ 2
1/ 5
5/ 9
8/ 20 (40)
4/ 4 (100)

10/ 10 (100)
28/ 28 (100)
19/ 20 (95)
0/ 44 (0)

Eggs in clot recovered from immature rats 14 to 16 hr after injection of HCG were

washed once in the medium and then a definite number of eggs was introduced to
0-6 ml sperm suspension. The eggs were examined 7\ to 8J hr after insemination.
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presented in Table 1 show that no penetration occurred in a sperm concentra¬
tion of 0-04  106/ml and only 2% of eggs were fertilized at a high sperm con¬
centration of 4-9 to 5-1  106/ml. At a sperm concentration of 0-16 to 0-51  IO6/
ml, 92% of eggs were fertilized. The sperm motility was not different in most
cases after incubation with eggs for 7 to 8 hr.

The results of Exp. 2 indicate that for fertilization in vitro of rat eggs from
immature animals, the optimal sperm concentration ranged from 0-16 to
0-51  106/ml. Below this concentration or above a sperm concentration of
2-4 to 5-1  106/ml, the penetration rates were relatively low (Table 1).

In order to determine the minimal number of spermatozoa required for
fertilization in vitro and whether presence of different numbers of eggs influence
the penetration rate, different sperm concentrations from the same male were

prepared in separate droplets but various numbers of eggs were introduced into
each droplet. The results presented in Table 2 revealed that at a sperm con¬
centration below 0-08  106/ml, with a total number of 18 to 48  10 sperma¬
tozoa in each droplet, no fertilization occurred whether two or twenty eggs were
introduced. When the total number of spermatozoa was increased to 72 x 103,
no fertilization occurred in the presence of two eggs but the fertilization rate
increased from 20 to 56% when the number of eggs was increased from five to
twenty, indicating that the presence of a certain number of eggs may facilitate
the capacitation of spermatozoa or the penetration of eggs. At a sperm con¬
centration of 3-14 to 8-11  106/ml, again no fertilization occurred. It seems
that although fertilization can occur in a suspension of 72 x 103 spermatozoa,
maximal fertilization rates can be obtained in a suspension of 120 to 486  103
spermatozoa. The minimal number of spermatozoa required for fertilization
in vitro of a rat egg would thus appear to be about 3000 to 6000 spermatozoa
under the present experimental conditions.

In the rat, the number of spermatozoa in each oviduct at the time of fertili¬
zation is about forty-five (Austin, 1948; Blandau & Odor, 1949), i.e. about ten
spermatozoa for each egg. We have found, however, that under conditions
in vitro it requires at least about 3000 to 6000 spermatozoa for each egg. This
emphasizes the importance of the rôle played by the female tract. Whether
the extraordinarily large number of spermatozoa required for fertilization
in vitro is due to the lack of sperm selection in vitro, the incompetency of certain
proportions of spermatozoa (Cohen, 1969), lack of successful collision (Roths¬
child, 1956) between spermatozoa and eggs in a droplet, or to some other
physiological reactions of, and between, spermatozoa and eggs is still to be
determined.

This work was supported by a grant, HD 03472, from the U.S. Public
Health Service and a grant from the Ford Foundation.
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