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Epididymal spermatozoa of the golden hamster can undergo the acrosome
reaction and subsequently penetrate eggs in vitro in a variety of heat-pretreated
blood sera (Yanagimachi, 1970; Barros & Garavagno, 1970).

This report describes the effect of varying sperm concentration on the
acrosome reaction and sperm penetration of eggs in vitro using heat-pretreated
(60\s=deg\Cfor 1 hr) blood sera. The relationship between sperm concentration and
occurrence of the acrosome reaction was examined in the blood sera of five
mammalian species, including baboon, chimpanzee, hamster, rhesus monkey
and rabbit (rabbit anti-hamster sperm-immune serum). Two additional experi-
ments examined the relationship between sperm concentration and capacit-
ation, i.e. the capacity, as classically defined, of spermatozoa to penetrate eggs
(Text-fig. 3).

Stock sperm suspensions were collected in normal saline from lacerated
cauda epididymidis. The sperm concentration of the stock suspension was

determined turbidimetrically from a previously prepared standard concentra-
tion curve. The calculated standard error for this procedure was \m=+-\2\m=.\5%.
Aliquots (0\m=.\05 ml) of sera placed under paraffin oil were inoculated with 5-\g=m\1
samples of sperm suspensions which had been serially diluted with normal
saline. In the egg-penetration experiments, a cumulus clot containing super-
ovulated eggs from one ovary was also present in the incubation aliquot. All
incubations were carried out in air at 37\s=deg\C for 4 hr.

The data in Text-fig. 1 show that each serum differed in its ability to support
the occurrence of the acrosome reaction; however, the percentage of sperm¬
atozoa which reacted when the sperm concentration was varied followed the
same pattern in all five sera. The highest percentage of acrosome reactions
occurred between sperm concentrations of 3  IO5 to 3  106/0 5 ml. To achieve
a better resolution of the optimal sperm concentration for occurrence of
acrosome reactions, baboon serum was diluted 1:1 with normal saline and was
used experimentally as described previously. The results shown in Text-fig. 2
indicate that the percentage of spermatozoa showing the reaction was highest
at 1  106/0-05 ml. Sperm activity and survival did not diminish during the
incubation periods except at concentrations exceeding 4xl06/0-05 ml. It
seems especially interesting that spermatozoa in rabbit anti-hamster sperm-
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Text-fig. 1. Percentage of golden hamster sperm acrosome reactions occurring at various
sperm concentrations in five different sera. ( , baboon serum;  , chimpanzee serum;
A, rabbit anti-hamster sperm serum; x, hamster serum; ·, rhesus monkey serum).
Each point is the mean of duplicate or triplicate observations ; fifty spermatozoa were
counted in each observation.
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Text-fig. 2. Typical curve showing percentage of golden hamster sperm acrosome
reactions as a function of sperm concentration using diluted baboon serum. Each point
represents the mean of duplicate trials.
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Acrosome reaction and sperm concentration
Table 1. Effect of sperm concentration, sperm
number, and incubation volume on the acrosome

reaction of golden hamster spermatozoa
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Actual incubation
sperm number/
volume ofserum

1 x 105/005 ml
1  106/0-05 ml
1  106/0-2 ml
4xl06/0-2 ml
1  106/0-5 ml
1  107/0-5 ml

Equivalent sperm
concentration
expressed per

0-05 ml

lxlO5
lx 106

2-5 xlO5
lxlO6
1 xlO5
lx 106

Percentage acro¬
some reactions

(duplicate trials)
A  Mean

4
36

8
68
4

42

4
46

6
52

0
60

4
41

7
60

2
51

immune serum were influenced by varying the sperm concentration in the
same manner as spermatozoa in other sera.

The results of the experiment recorded in Table 1 indicate that the sperm
concentration effect holds for different volumes of incubation medium and is a

function of sperm concentration, not of sperm number.
The data of Text-fig. 3 show that the relationship between sperm con¬

centration and sperm penetration of eggs is essentially the same as with the
acrosome reaction. Eggs in Exp. 1 were collected 18 hr after HCG injection
whereas those in Exp. 2 were collected 14 hr after injection. This age difference
may account for the difference in amplitude between the egg penetration
curves.
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Text-fig. 3. Percentage of golden hamster sperm acrosome reactions and penetrated eggs
at various sperm concentrations. Exp. 1:0, acrosome reactions; ·, egg penetrations.
Exp. 2:  , acrosome reactions; A, egg penetrations. The number of eggs examined for
each point is given in parentheses.
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Results from these experiments demonstrate for the in-vitro system described

that there exists an optimum sperm concentration for obtaining a maximum
percentage of acrosome reactions and that this optimum is independent of the
species source of serum used as the incubation medium. Furthermore, the
penetration of eggs varies as a function of the sperm concentration, and the
optimal sperm concentration for maximum percentage of egg penetrations and
acrosome reactions is the same.

The drop in percentage of acrosome reactions and eggs penetrated at sperm
concentrations above 1  106/0-05 ml could be due to exhaustion of some
metabolite or accumulation of some toxic product, especially at the highest
concentrations where survival and activity decreased. The decline in acrosome
reactions at concentrations below 1  106/0-05 ml was unexpected and was not
due to a decrease in sperm viability at the lower concentrations. The decrease
in percentage of penetrated eggs below 1  IO6 spermatozoa/0-05 ml was

perhaps due to the diminishing probability of an egg and capacitated sperm¬
atozoa colliding. Interestingly, the total number of spermatozoa present at the
site of fertilization in vivo has been reported to be 17 to 500 (Braden & Austin,
1954). In vitro, the presence of excessive numbers of spermatozoa showing an

acrosome reaction in the vicinity of eggs is not by itself sufficient to ensure high
percentages of penetrated eggs.

In summary, this study establishes that for experiments with hamster
gametes in vitro, using serum culture media, the acrosome reaction and egg
penetration are affected by sperm concentration. This may explain some
instances in the literature where egg penetration percentages have been low.

This work was supported by grant HD 07346 from the National Institutes of
Health, Department of Health, Education and Welfare. We are grateful to
Professor C. R. Austin for reading this manuscript.
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