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Abstract

On the insemination of the sea urchin eggs, Hemicentrotus pulcherrimus, the
effects of the modified spermatozoa were investigated. In the cases where the
eggs were inseminated with the spermatozoa treated with the alkaline sea water,
pH 9.2, abnormally cleavaged eggs increased. In these abnormal eggs there
seems to be a pretty number of the polyspermic eggs. From the insemination
with the low-Ca**-treated spermatozoa a somewhat increase of the abnormal eggs
resulted. In the cases of the insemination with the spermatozoa treated with
uranyl nitrate solution an increase of the abnormal eggs did not result from
the first insemination with the modified sperm, but from the second insemination.
These results show a possibility that those treatments of the spermatozoa affect
in an early process of fertilization. As to the results of these experiments, effects
of treatments of the spermatozoa were discussed with a relation to the acrosome
reaction of the spermatozoa.

Introduction

1t has been well known that the polyspermy resulted frequently from the
various treatments of the sea urchin eggs. We have fairly known the many factors
of polyspermy-formation in the fertilization of sea urchin eggs 261010,  Of these
factors, some ones possiblly induce the polyspermy with the treatment of the
sperm alone not involving the eggs.

The polyspermy occurring in the insemination of the modified spermatozoa
was first reported by AMOROSO & PARKES in rabbit’s eggl. Polyspermy was also
found in the insemination of the eggs of a echuroid worm, Urechis unicinctus,
with the modified spermatozoa®. According to KOENUMA, an increase of poly-
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spermic cleavaged eggs of a sea urchin resulted from the insemination of the
spermatozoa treated with acidified sea water, pH 7.19. Jt is quite interesting to
investigate whether the polyspermic cleavage of sea urchin eggs increases with
different treatments of the sperm. The present work is an attempt to find the
more effective treatment of the spermatozoa for the polyspermy-induction in a
sea urchin other than that with an acidified sea water.

Material and Methods

The experiments were made by using the eggs of sea urchin, Hemicenirotus
pulcherrimus, which were obtained near the marine biological station of Misaki,
Kanagawa. Eggs were collected by the spawing caused from the treatment with
KCI solution. Spermatozoa were obtained from the gonads removed from male
animals.

Insemination was carried out by the method previously mentioned®. The
sperm concentration used in the insemination was 107* of the “dry” sperm. To
deprive of the fertilization membrane, the eggs were filtered through the double
cheese cloth sheets 2 minutes after the insemination. About 75 % of the eggs was
deprived of the fertilization membrane by means of this method. Statistical test
was made by using more than two hundreds eggs in each experiment. In the
cases of the eggs deprived of fertilization membrane, only the eggs succesfully
deprived of membrane were observed.

Eggs were observed at the first cleaval stage. A room temperature during
the course of this experiment showed the range between 9°C and 12°C.

Experimental Results

1. Insemination with the spermatozoa irveated with alkaline sea water,

The cleavages of the sea urchin eggs inseminated with the spermatozoa treated
with alkaline sea water were observed. Alkaline sea water was prepared from
the addition of a proper volume of the diluted sodium hydroxide solution, and its
pH was 9. 2. Before the insemination the treatment was carried out by means of
the dilution of the “dry” sperm with 100 volumes of alkaline sea water. The
duration of the treatment was about 25 seconds. After the treatment of spermat-
ozoa, the one volume of sperm suspension was mixed with 100 volumes of egg
suspension of the normal sea water. Thus the ultimate density of the spermatozoa
at the insemination became 107* of the initial density of the “dry” sperm. When
the intact eggs were inseminated with such density of the intact spermatozoa,
the fertilization membrane occurred in 99—100 % of the eggs. 94.5 % of those
eggs cleavaged normally.

The result was present in table 1, where the following facts were shown.
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Table 1, Results of the insemination with the modified spermatozoa treated
with the alkaline sea water, pH 9.2, in the eggs of the sea urchin,
Hemicentrotus pulcherrimus.

Treatments of eggs Cleavage of eggs

1 st, deprival treatment 2 nd, uncleavaged normal abnormal
insemi- of with Na-K  insemi- eggs eggs eggs
nation F. M. mixture nation (%) (%) (%)
sw - — — 3.5 9.5 2.0
sw + — - 0.4 98.8 0.8
SW -+ — swW 1.3 96, 8 2.0
SW + — alk 2.0 93.0 5.0
sSW + + - 0.5 97.0 2.5
sSW + + SW 3.3 94,5 2.3
sW + -+ alk 2,5 92.5 5.0
alk - - — 24,8 54,8 20. 4
alk + - - 3.2 93.6 3.2
alk + — SW 1.8 95,6 2.6
alk + alk 2.0 93.0 5.0
alk 4 + —_ 3.5 95,0 1.5
alk + + SW 4,9 92.0 3.1
alk + -+ alk 2,5 91.7 5.8

sw : sea water diluted sperm,

alk : alkaline sea water treated sperm,
— :a treatment was not carried out.
+ :a treatment was carried out,

The percentages of the uncleavaged eggs and the abnormally cleavaged eggs
increased remarkablly when the unfertilized eggs were inseminated with the
treated spermatozoa. Such remarkable increase of the abnormal cleavage, how-
ever, did not occur in the eggs deprived of the fertilization membrane after
insemination. In a comparison between the cleavages of the eggs inseminated
with the normal spermatozoa and those with the modified spermatozoa, somewhat
decrease of the normal cleavage was appreciable in the latter cases. When the
eggs were inseminated twice, a slight decrease of the normal cleavage could be
recognizable only in the eggs inseminated with the modified spermatozoa as second
insemination.

2. Insemination with the spermatozoa lreated with uranyl nitvate solution.

The cleavages of the sea urchin eggs inseminated with the spermatozoa treated
with uranyl nitrate solution were investigated. The spermatozoa were treated
with 107®M sulution, and its pH was 7. 2. For the treatment of the spermatozoa,
the dilution of “dry” sperm with a proper volume of the reagent was employed.
The duration of the treatment was about 5 minutes. After the treatment of
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Table 2, Results of the insemination with the modified spermatozoa treated
with 1073M, uranyl nitrate solution in the eggs of the sea urchin,
Hemicentrotus pulcherrimus.

Treatments of eggs Cleavage of eggs
1st, deprival treatment 2 nd, uncleavaged  normal abnormal
insemi- o with Na-K insemi- eggs eggs eggs
nation F, M, solution nation (%) (%) (%)
sw - — - 0.0 100, 0 0.0
sw + - — 4.5 9.5 1.0
sSW -+ — SW 2.5 96.0 1.5
SW + — un 8.0 90.5 1.5
swW + -+ — 2.7 96,0 1.2
SW + + sSW 1.7 93.8 4,5
SW -+ + un 2,8 9,8 2.5
un — — - 0.0 99.5 0.5
un + — - 1.0 96,0 3.0
un + — sw 2.0 96.5 0.5
un + — un 2.5 91.5 6.0
un + + — 1.0 97.5 1.4
un -+ + SW 2.7 91.7 5.7
un + + un 2.4 94,6 3.0

sw : sea water diluted sperm,

un : uranyl nitrate treated sperm,

— :a treatment was not carried out,
+ :a treatment was carried out,

spermatozoa the one volume of the sperm suspension was mixed with the 100
volumes of the egg suspension of normal sea water, thus the final density of the
spermatozoa at the fertilization became 107* of the initial density of the “dry”
sperm.

The fertilization membrane was formed in 99—100 % of the eggs, when the
unfertilized eggs were inseminated with such density of the intact spermatozoa.
Of these eggs 100 % cleavaged normally.

Table 2 showed the result obtained. In the first insemination, little effect
resulted from the treatment of spermatozoa with uranyl nitrate solution. Because
any significant difference was not found between the intact spermatozoa and the
modified ones. In the second insemination, however, those modified spermatozoa
seems to be effective to increase the abnormal eggs. Because a somewhat decrease
of the normal eggs resulted from the second insemination of the modified sperm-
atozoa to the eggs fertilized and kept without the treatment of the Na-K
mixture.

3. Insemination with the spermatozoa treated with low-Ca** solution
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The cleavages of the sea urchin eggs inseminated with the spermatozoa
treated with the low-Ca** solution were observed. As a low-Ca** solution, 5/9 M
Nacl-KCl mixture, 100: 2, pH 8.2 with NaHCO;, was used. The duration of the
treatment of spermatozoa was about 5 minutes. The method of the treatment
was a dilution method previously mentioned. The density of the spermatozoa at
fertilization was kept to about 107* of the initial “dry” sperm.

The fertilization membrane was formed in 98—100 % of the eggs when the
eggs were inseminated with such density of the normal spermatozoa. 99% of the
eggs in the normal sea water cleavaged normally.

Table 3. Results of the insemination with the modified spermatozoa treated
with the low-Ca** solution, pH 8.2, in the eggs of the sea urchin,
Hemicentrotus pulchervimus,

Treatments of eggs Cleavage of eggs
1 st, deprival treatment 2 nd, uncleavaged normal abnormal
insemi- of with Na-K insemi- eggs eggs eggs
nation IF, M. solution nation (%) (%) (%
sw — — — 0.0 99,0 1.0
swW + — — 2.6 94,0 3.4
sw + — sW 2.5 95,2 2,3
sW + — 1-Ca 6.0 91.0 3.0
sw + + — 5.0 93.0 2,0
sW + + sW 4.0 92.5 3.5
sw + + 1-Ca 2.4 94.3 3.3
1-Ca — — 3.8 90. 8 5.4
1-Ca + — - 2.3 94.0 3.7
1-Ca + — SW 4,0 91.0 5.0
1-Ca + 1-Ca 1.5 95.0 3.5
1-Ca + + — 5.5 91,2 3.3
1-Ca + + sW 2.3 93.7 3.9
I-Ca + + 1-Ca 4.4 89.6 6.0

sw : sea water diluted sperm,

[-Ca : low Cat** treated sperm,

— :a treatment was not carried out,
4- :a treatment was carried out.

The result was present in table 3. From this table the following facts were
obtained. When the eggs were inseminated with the spermatozoa treated with
the low-Ca** slution in the first insemination, some decrease of the normally
cleavaged eggs was observed. In the eggs deprived of the fertilization membrane
after the insemination with the modified spermatozoa and then kept in the normal
sea water, somewhat recovery of the decrease of the normally cleavaged eggs
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seems to occur. This fact may suggest that the cause of the decrease of the
normal eggs is concerned with the early process of the fertilization. In the second
insemination, the effect of the low-Ca'® solution was insignificant, because the
definite difference did not occur.

Discussion

Concerning the polyspermic fertilization, many factors have been known for
a long time. There is a detailed study by CLARK, J. M. on those factors.?
According to her, the following treatments of the sea urchin eggs produced the
polyspermy. Those treatments were the exposure of the eggs to higher tempera-
tures, lower ones, acidified sea water, the egg and sperm extracts, single cation
solutions of Na*, K*, Ca** and Mg't, the exposure to alkaloides, nicotine,
morphine, cocaine, strychinine, etc., the exposure to the fat solvents, chloroform,
alcohols and the exposure to a narcotics. Polyspermy also resulted from the
fertilization of the injurious eggs, the aged eggs, the immatured eggs and the
eggs obtained from the animal kept in an inadequate condition. According to
SmiTH, H. and CLowWEs, H. A.'2  the increase of the percentages of the polys-
permy occurred when the eggs of a sea urchin, Arbacia punctulala, were insemi-
nated in the acidified sea water ranging between pH 7.0 and 7.2. In the experi-
ments of the refertilization of the parthenogenetically activated sea urchin eggs,
IsHIDA, J. and Nakano, E.® indicated that the insemination with a dense sperm
was effective to produce polyspermy. According to RUNSTROM, J. and KRISZAT,
G. 1), the treatment of the sea urchin eggs with PCMB was effective to produce
the polyspermy. .

It is quite important that the increase of the polyspermic cleavage of the sea
urchin eggs occurs when the intact eggs are inseminated with the modified
spermatozoa. According to KOENUMA, A.9 polyspermic cleavage increased when
the sea urchin eggs were inseminated with the spermatozoa treated with an
acidified sea water, pH 7.1. In the present experiments, the percentages of the
abnormally cleavaged eggs increased when the unfertilized eggs of the sea urchin,
Hemicentrotus pulcherrimus, were inseminated with the alkaline treated or low-
Ca** treated spermatozoa. In these abnormal eggs, there seems to be a pretty
number of polyspermic eggs. Therefore, it may be suggested that spermatozoa
take a part in the establishment of the sperm-block mechanism in the fertilized
egg of the sea urchin. It may be important in the relation between these results
and the fact reported by AMOROSO and PARKESD that the polyspermy produced
when the rabbit’s eggs was fertilized by the spermatozoa irradiated by X-ray.
The effect of the uranyl nitrate treatment of the spermatozoa on the increase of
the polyspermic eggs was observed. When the unfertilized eggs were inseminated
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with the uranyl nitrate treated spermatozoa, the increase of the polyspermic
eggs was hardly evident. This result is essentially consistent with the KOENUMA’s
previous report and IsHIDA’s observation®. When the eggs previously fertilized
were further inseminated, the increase of the polyspermic eggs occurred in some
cases. The insemination with the spermatozoa treated with uranyl nitrate was
the one of those cases. This result was similar to the result of the previous
experiment in which the sea urchin eggs were inseminated by the modified sper-
matozoa treated with acidified sea water.

In the experiments of the alkaline treated sperm and the low-Ca'* treated
one, there was a tendency that the abnormal eggs rather decreased when the
inseminated eggs were deprived of their fertilization membrane and they were
treated with Na-K mixture shortly after the insemination. It is probable that
the very early fertilization process was affected by the treatment of the spermato-
zoa. It is well known that in the sea urchin spermatozoa the acrosome reaction
takes place when they meet with the unfertilized eggs. This acrosome reaction
is believed to be the one of the important reactions for the early fertilization
process of the sea urchin eggs. According to DAN, J.9, the acrosome reaction of
the sea urchin spermatozoa is induced by the contact of the spermatozoa with
egg sea water, alkaline sea water and solid matters. In the present result, the
increase of polyspermic cleavage by the insemination with the alkaline sea water
treated spermatozoa is interesting in the relation to the effect of the alkaline sea
water on the acrosome reaction of sea urchin spermatozoa.

Although no acrosome reaction was induced by the contact with low-Ca‘**
solution, the effect of the sperm treatment with such solution on the fertilization
was evident. According to DAN, J. ¥, the acrosome reaction was inhibited in the
Ca*t.deficient solutions in many cases. This phenomenon may be reversible, since
eggs were fertilized by the spermatozoa treated with low-Ca** solution in the
normal sea water. Somewhat increase of the polyspermic cleavage in the insemi-
nation with the low-Ca** treated spermatozoa suggests a possibility that the
acrosome reaction of the spermatozoa was affected by the treatment.

If the acrosome reaction of the uranyl nitrate treated spermatozoa is retarded
fairly after the transferrence of the sperm to normal sea water, the result of the
present experiment may be explainable as the same effect of the insemination
with dense sperm in the experiments of IsHiDA, J and NAKANO, E.®. According
to KOENUMA, A.9, the similar tendency of the increase of the polyspermic
cleavage of sea urchin eggs was caused when the eggs were inseminated with
the spermatozoa treated with an acidified sea water. That result of the insemi-
nation of the acidified sea water may be explainable likewise with the uranyl
nitrate treated cases, if the treatment of the spermatozoa gives an similar after-
effect on the acrosome reaction. The effect of the uranyl nitrate and the acidified
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sea water on the acrosome reaction, however, is still obscure.

These results may suggest a possibility that the acrosome reaction of sea
urchin spermatozoa is partially responsible to the triggerring process for the esta-
blishment of the sperm-block mechanism. There is no doubt that the participation
of the spermatozoa for the establishment of the sperm-block mechanism of the
egg is not indispensable, because the sperm-block mechanism of the egg is caused
from the artificial activation of the egg610. To clarify the possibility the direct
observation of the acrosome reaction of the modified spermatozoa seems to be
valuable.

The author expresses his thanks to Dr. Tomivama, ICHIRO and the stuffs of
Misaki Marine Biolegical Station for their kind help to this study, the author also
expresses his thanks to Prof. KURASAWA, HIDEO of Shinshu University for his
correction of this manuscript.
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