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Fertilizing Capacity of Dog Salmon Spermatozoa in Ringer’s Solution,

with Special Reference to the Effect of Dilution
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Abstract Spermatozoa of the dog salmon, Oncorhynchus keta, when suspended in Ringer’s solution

lost their fertilizing capacity within 20 minutes.
when it was diluted with fresh Ringer’s solution.

However, such a suspension restored this capacity
For the fertilization of dog salmon eggs with

spermatozoa suspended in Ringer’s solution, it is therefore desirable that the sperm suspension
in which the eggs are immersed be diluted with fresh Ringer’s solution prior to removing the eggs
to tap water for the initiation of embryonic development. By this procedure, spermatozoa sus-
pended in Ringer’s solution still fertilized some 10 of eggs after 120 minutes. The mechanism
underlying the effect of dilution as increasing the fertilizing capacity of sperm suspension is dis-
cussed in relation to the inhibition of sperm movement.

The inactivation of the genetic materials of the
sperm nucleus is one of the methods for under-
standing the role of spermatozoa in fish develop-
ment. In order to inactivate the genetic ma-
terials, various agents have been used. For
example, Oppermann (1913 a and b) carried out
the inactivation by the irradiation of trout semen
with radium. Several chemicals are also useful
for this purpose (Uwa, 1965; Jones et al., 1975).
At the time of use, solutions of these chemicals,
dissolved at very low concentrations, are usually
mixed with semen. As is well known, sper-
matozoa of freshwater fishes suspended in water
die within a short time. If the suspension is
made with isotonic salt solution, however, they
survive for a certain time (Schlenk and Kahmann,
1938; Ellis and Jones, 1939). For this reason,
the chemicals used for the inactivation of sperm
nuclei should be dissolved in Ringer’s solution
(Uwa, 1965). On the fertilizing capacity of
salmonid spermatozoa suspended in Ringer’s
solution, there is a conspicuous difference be-
tween the experimental results of Kusa (1950)
and Ginsburg (1963). The former author
described a gradual reduction of the fertilizing
capacity of dog salmon spermatozoa in Ringer’s
solution. According to his data, the fertilizing
capacity of a suspension is completely lost after
90 minutes. On the other hand, Ginsburg re-
ported that lake trout spermatozoa suspended in
Ringer’s solution rapidly lost their fertilizing
capacity within 10 minutes but the capacity was

gradually restored. To perform the inactivation
of sperm nuclei with chemicals, an exact know-
ledge of the fertile life of spermatozoa in Ringer’s
solution is required. Therefore, in the present
report, the author reexamined the fertilizing
capacity of dog salmon spermatozoa suspended
in Ringer’s solution. The effect of diluting the
suspension with fresh Ringer’s solution will be
also described.

Material and method

Materials used in the present study were the
dog salmon, Oncorhynchus keta (Walbaum),
captured at the Chitose Salmon Hatchery,
Hokkaido. The ripe eggs were obtained by
dissecting the belly of mature females. By
manually exerting pressure upon both sides of
the belly of mature males, the ejaculation of
semen was induced. Care was taken in order to
avoid the contamination of the ejaculated semen
with blood and excrement. Those gametes which
showed over 909 cleavage after fertilization by
the dry method were used for the experiments.
The Ringer’s solution had the following con-
stitution: M/7 NaCl 100 parts + M/7 KCI 2.8
parts++M/10 CaCl, 3.4 parts (pH 7.3). Except
for the cultivation of the inseminated eggs in tap
water, the experiments were carried out at 4°C.

Results

Concentration of sperm suspension effective for
inducing a high percentage of fertilization
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Before studying the fertile life of spermatozoa
in Ringer’s solution, it is desirable to know what
dilutions of the semen with Ringer’s solution
are required to obtain a high percentage of
fertilization. The concentrations of spermatozoa
in the semen used varied with different males and
were 189.2, 213.0 and 265.6 X 108 spermatozoa/ml
semen respectively. One ml of the semen ob-
tained from a single male was mixed with certain
amounts (from | to 500 ml) of Ringer’s solution
in glass tubes and the mixtures were vigorously
shaken for 2 minutes. About 30 ml of these
sperm suspensions were immediately poured into
clean petri-dishes, each of them containing 100
ripe eggs derived from a single female. Two
minutes later, about 70 ml of fresh Ringer’s
solution were added to these dishes. After
30 minutes, the eggs thus treated were transferred
into tap water and allowed to develop for 18
hours at 10°C. The eggs were then fixed in
Bouin’s fluid and their cleavage rates were ex-
amined under the dissecting microscope. At the
time of fixation, the fertilized eggs had reached
8 cell stage.

A typical result of these experiments is sum-
marized in Fig. 1. As will be seen, the cleavage
rates were nearly constant over the range of
dilutions examined. According to the earlier
reports (Smirnov, 1963; T.S. Yamamoto, 1974),
the variations in the concentration of sper-
matozoa in semen from different individuals are
relatively small and the concentrations are from
56.0 to 324.0x10® spermatozoa/ml semen.
Therefore it may be said that, at these levels of
dilution, the variations in the concentration of
spermatozoa in semen owing to the individual
differences of the male are negligible for the

°
S
»
lo

B i
T .
g
z
§
°
2
H
° ——d =5 * ; ! 500
ml Ringer's sol.
Fig. 1. Fertilizing capacity of various concen-

trations of spermatozoa suspended in
Ringer’s solution. The sperm suspension
was made by mixing 1 ml of semen with
various amounts of Ringer’s solution indi-
cated in abscissa. Concentration of sper-
matozoa in the semen; 265.6 < 10%/ml.

purpose of the present study. On the basis of
these considerations, the sperm suspensions used
in the following experiments were always made
by mixing I ml of semen with 300 ml of Ringer’s
solution.

Fertile life of spermatozoa in Ringer’s solution

About 30 ml of the sperm suspension were
poured at various intervals into clean petri-
dishes containing 100 ripe eggs. Two minutes
later, the eggs were directly transferred into tap
water and fixed in Bouin’s fluid after 17 hours.

The results indicate that spermatozoa rapidly
lost their fertilizing capacity in Ringer’s solution
(Fig. 2). No eggs were fertilized by 20 minute-
old sperm suspension. However, the sperm
suspension slightly recovered its fertilizing capa-
city after a further 30~80 minutes and 7%, of
eggs showed cleavage after insemination with
80 minute-old sperm suspension.

It should be noted in Fig. 2 that the cleavage
rate of the eggs inseminated by 2 minute-old
suspension was about 1/2.5 of the rate of those
inseminated by the dry method. Since in the
first experiment the cleavage rate of the eggs
inseminated with 2 minute-old sperm suspension
was nearly the same as for those inseminated by
the dry method, the above mentioned reduction
of the cleavage rate seemed a very peculiar fact.
Then the procedures used in these two kinds of
experiments were compared. In the first ex-
periment, the ripe eggs were inseminated with
the sperm suspension; 2 minutes later, the sperm
suspension in which the eggs were immersed was
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Fig. 2. Effect of Ringer’s solution upon fertilizing
capacity of spermatozoa. The sperm sus-
pension was made by mixing 1 ml of semen
with 300 ml of Ringer’s solution and was
allowed to stand for various periods of time
as indicated in abscissa. Eggs immersed
in this suspension were directly transferred
into tap water. The value shown at 0 min
is that obtained by the dry method.
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Fig. 3. Effect of Ringer’s solution upon fertilizing
capacity of spermatozoa. The sperm sus-
pension in which the eggs were immersed
was made in the same manner as indicated
in Fig. 2 but was diluted with fresh Ringer’s
solution prior to being replaced by tap water.
The value shown at 0 min is that obtained
by the dry method.

diluted with fresh Ringer’s solution, then was
replaced with tap water. On the other hand, in
the experiment described in this section, although
the ripe eggs were inseminated with the sperm
suspension in the same manner, the sperm suspen-
sion in which the eggs were immersed was re-
placed with tap water without dilution by fresh
Ringer’s solution. Therefore the only difference
between these two procedures was whether the
sperm suspension in which the eggs were im-
mersed was diluted with fresh Ringer’s solution
prior to being replaced with tap water or not.
Perhaps such a difference in the experimental
procedure could cause the difference in results.
Therefore, in order to test this possibility, 70 ml
of fresh Ringer’s solution was added to the petri-
dish prior to the replacement of the sperm sus-
pension with tap water and the dish was allowed
to stand for 30 minutes.

The results were that the cleavage rate of the
eggs inseminated with 2 minute-old suspension
was nearly the same as for those fertilized by the
dry method. Furthermore it was revealed that
the fertilizing capacity of the sperm suspension
reduced gradually with the lapse of time but
about 129 of the eggs were still fertilized even
by 120 minute-old suspension (Fig. 3).

Discussion

When the semen of dog salmon was diluted
with Ringer’s solution, the fertilizing capacity
of the sperm suspension was considerably reduced
within 2 minutes and was lost after about 20-
minutes. The capacity was, however, slightly
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restored by a further 30~80 minutes. These
results nearly coincide with those obtained by
Ginsburg (1963) in lake trout spermatozoa. If
the experimental procedure was altered, however,
the results varied. That is; when the sperm
suspension containing the eggs was diluted with
fresh Ringer’s solution prior to being replaced
with tap water, the fall in the fertilizing capacity
of the suspension was gradual, so that after
120 minutes the semen diluted with Ringer’s
solution fertilized some 10, of the eggs. These
results are similar to those obtained by Kusa
(1950). It appeared therefore that the variation
in the time course of the reduction of fertilizing
capacity found between the results of Kusa (1950)
and Ginsburg (1963) does not originate from the
difference of the species but is due to the variety
of the procedure for the insemination and ac-
tivation of the ripe eggs.

Ginsburg (1963) observed that spermatozoa
show an active movement at the time of the
dilution of semen with Ringer’s solution but the
bulk of them become motionless within 1 minute.
This fact suggests that the reduction of fertilizing
capacity of the sperm suspension has a relation
to the rapid decline of the motility of spermatozoa
in Ringer’s solution. In fact, Kanoh (1957) has
stated that the active movement of spermatozoa
is indispensable for its passing through the micro-
pylar canal in the process of fertilization of the
dog salmon egg.

As mentioned already, if the sperm suspension
containing the eggs is diluted with fresh Ringer’s
solution prior to being replaced with tap water,
the cleavage rate of the eggs increased consider-
ably. Therefore it can be said that the rapid
loss of fertilizing capacity of the sperm suspen-
sion is a reversible one. Now, a question arises.
Why does the sperm suspension rapidly lose its
fertilizing capacity but recovers that capacity by
dilution with fresh Ringer’s solution? There are
two possibilities. The one is that the bulk of
spermatozoa in the semen exhaust their energy
during the active movement occurring at the time
of the first contact with Ringer’s solution.
However, some spermatozoa remain motionless
at this time and the initiation of movement is
‘etarded until the dilution of the suspension with
fresh Ringer’s solution. Since salmon eggs
remain in the fertilizable state for a certain time
in Ringer’s solution (K. Yamamoto, 1951),
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additional fertilization of eggs which were not
fertilized in the suspension is accomplished by
these spermatozoa. The additional fertilization
results in the increase of the cleavage rate. If
this holds true, the reason why some spermatozoa
persist in the motionless state at the first contact
with Ringer’s solution but become active by the
dilution of the suspension remains unknown.
The other possibility is that the same sper-
matozoon immobilized after the first contact
with Ringer’s solution recovers its activity and
penetrates into an egg previously not fertilized,
the cleavage rate thus being increased. Based
on analytical data of the trout seminal plasma,
Schlenk and Kahmann (1938) supposed that the
lack of motility of spermatozoa in the seminal
plasma is due to the concentration equilibrium of
K ions (Konzentrationsgleichgewichts von
Kaliumionen) between the sperm tail and the
environmental solution. If the equilibrium does
not exist, spermatozoa seem to show an active
movement. Since the content of K ions in the
Ringer’s solution used in the present study is
apparently lower than that of the seminal plasma
reported by these authors, the movement ob-
served at the time of dilution of semen with
Ringer’s solution might be caused by the decrease
of K-content in the sperm tail. Probably the
equilibrium of K ions between the sperm tail
and Ringer’s solution is soon attained with a
minimum loss of K ions from the tail, by which
the spermatozoa might soon become immobile
in Ringer’s solution. However these motionless
spermatozoa recovered their activity and again
showed a sliding movement after dilution of the
suspension with fresh Ringer’s solution. Since
the equilibrium of K ions would have been
already attained between the tail and Ringer’s
solution, the reappearance of the sliding move-
ment of the spermatozoa may not be accompani-
ed by the loss of K ions from the tail.
According to Rothschild (1958), spermatozoa
of the salmon cannot be induced to move by
increasing the oxygen tension. Therefore the
dilution effect observed in the present study is not
due to increased oxygen tension. A substance
inhibiting the sperm movement, androgamone I,
has been obtained by methanol extraction of
salmon and trout spermatozoa (Runnstrom et al.,
1944 ; Hartmann et al., 1947). Rothschild (1958)
has stated that, even if salmon or trout sper-
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matozoa contain an organic substance which
inhibits sperm movement, the substance does not
occur normally in the seminal plasma. If the
supposition that the same spermatozoon recovers
its fertilizing capacity after dilution of the sus-
pension is correct, then the results of the present
study seem to indicate the occurrence of some
substance inhibitory to sperm movement, other
than K ions, in dog salmon spermatozoa. The
substance may prevent the penetration of the
spermatozoon into the egg by immobilizing the
spermatozoa at a very low concentration and is
only effective when it is released from sperma-
tozoa to the environmental solution.
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