HOKKAIDO UNIVERSITY

R

Title BKOBLEEOBEESMICRITTIHEICHT : =, U= OXEMRICKITTHHEEEOHE
Author (s) M, #ETER
Citation HIREMZEERRKR, 11(2), 101-113
Issue Date 1930-05-25
Doc URL https://hdl. handle. net/2115/63850
Type journal article

File Information

Vol. 11No. 2_006. pdf

Hokkaido University Collection of Scholarly and Academic Papers :

HUSCAP




THE CHANGES IN SEA WATER AND
THEIR INFLUENCES UPON MARIEN ANIMALS

II. The Influences of Natural Salts upon
the Germ Cells of Sea-Urchin
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Introduction

In a previous paper the author has reported his studies on the fertilization
and development of sea-urchin eggs in artificial sea water. Extensive investi-
gations made on the influence of neutral salts upon living egg-cells of the sea-
urchin will be described in this paper.

Loes (1908), LiLLIE (1910), HEILBRUNN (1913) and JusT (1922) noted that
some neutral salts of definite concentration, caused in an unfertilized egg of the
sea-urchin a membrane-separation which has long been known as the pheno-
menon of parthenogenesis. According to Moor (1916) and LiLLIE (1921) such
eggs, in which the membrane was lifted by any parthenogenetic agents, could
no longer be fertilized by insemination. However, in my case no salts were
used which were noticed to cause parthenogenesis at any concentration.  On
the other hand, it is to be understood that the nature of the present problem

has close connection with the biological character of the cell membrane.

[Transact, Sapporo Nat. Hist. Soc.,, Vol. XI, Pt. 2, 1930]




102 H—BEAOBAELIHOBETHWRKAITTEBECHK T

As an important factor which determines the rate of penetration of water
through the cell membrane, LUCKE and McCUTHEON named the osmotic pres-
sure of the solution and MICHAELIS (1928) and GELIHORN (1929) mentioned
that it depends upon the semlpermeablhty of the membrane. Accordmg to
Loes (1913) and HEILBRUNN (1915) the permeability of the membrane is chang-
able after fertilization.

It is known that there is an antagonistic action among the ions of the
salts which affect the animal, if moré thén tWo salts come into action at the
same time. This reaction is very. complicated. It has long attracted the at-
tention of mvesxgators '

In the following described experiments the influence of a 51mple ion of a
salt as well as the antagonistic action of several salts upon ‘the cell were ex-
amined. = The sea-urchin, Strongylocentrotus nudus (A. Aggasiz), which is
abundant in Hokkaido, was used as the material. The unfertilized eggs, the
spermatozoa and the fertilized eggs were employed in order to determine
their specificity against the salts.

The room temperature at the time of this experiment was 18°C-20°C.

Experiments

I. The influence of neutral salts upon the unfertilized eggs.

The salts used were NaCl, KCl, MgCl,, and CaCl, which are usually
found in sea water. The unfertilized eggs were put into vessels of hard glass,
each containing 20 ccm. of the solution. After remaining there a certain time
they were removed into normal sea water. Then, after being washed twice in
the fresh sea water, the eggs were inseminated by normal spermatozoa. The
observations were made after two hours from the insemination. The results ob-

tained are given in Table I
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The explanation of the table is as follows.
At the time of the observation the eggs in the normal sea water had at-
tained the 4-cell stage of development.

NaCl.
1 mol sol. One hour influence had little to do with the development of

the eggs.  The development was normal but a little retarded as compared
with the control. More than six hours influence caused a change in the eggs,
so that no eggs were fertilized. = Most of them disintegrated in the solution.

34 mol sol. No effect was noticed after subjection for 1 hour, 6 hours
and 12 hours, respectively. - After remaining more than 15 hours in the solution
the cleavage of the egg became incomplete and so it was destined to destruction.

% mol sol. This had an influence almost the same as 34 mol solution,
at any duration of exposure.

14 mol sol. The eggs were so injured in this solution in only one hour
that none of them were fertilized by normal spermatozoa.  All eggs were
swollen up and then broken into pieces.

KCL

I mol sol. The solution was injurious. Therefor, no eggs were observed
to be fertilized under the influence of this concentration.

% mol. sol. The eggs were normal as far as 12 hours influence of this
solution.

14 mol. sol. After remaining one hour in the solution the eggs were al-
ready affected. The fertilization membrane was not sufficiently formed and the
segmentation of the eggs was also abnormal.

CaCl,.

I mol sol. A few eggs were fertilized after
one hour exposure.  So far as the development of
the eggs was concerned they were all abnormal.
Many eggs had the normal fertilization membranes
with undivided cytoplasm which suffered from severe

cytolysis (Fig. 1). More than 6 hours influence

Fig. 1

caused the disintegration of the eggs.

% mol sol. The fertilization and development were normal in the eggs




Havasur: THE CHANGES IN SEA WATER AND THEIR INFLUENCES UPON MARINE ANIMALS i05'

of one hours exposure. No eggs were fertilized after exposure of more than
6 hours. .

34 mol sol. One hour in the solution was enough
to injure the eggs. The fertilization mexﬁbrane was
formed irregularly and the segmentation of the eggs
was never set though the nucleus divided into 4 (Fig. 2).
Thus' the polynucleated cell was obtaiﬁed. The other

unfertilized eggs in this solution were enormously

Fig. 2.

swollen up.  All the other series had injured the eggs.

MgCl,. ’

35 mol sol. The solution acted normally as the sea water. It is to be
noticed that not only the salt solution but also the natural sea water affect the
eggs injuriously when they bear their influence for more than 24 hours on un-
fertilized sea-urchin eggs. We see from the data that a one mol solution of
any salts was harmful to the unfertilized eggs while % mol or 3{ mol solu-
tions which have almost equal osmotic pressure to that of the natural sea water,
had no disadvantagous effect.  Therefrom CaCl, is an only exception which
affects the egg injuriously even in the 14 or 34 mol solution.

2. The influence of neutral salts upon the fertilized eggs.

In this case normally fertilized eggs were employed as the material. Three
hours after fertilization they were removed into hard-glass vessels each contain-
ing 20 ccm. of the following solution; % m. NaCl, ¥4 m. KCl, ¥ m. CaCl,
and % m. MgCl,. At that time the majority of the eggs in the sea water
have developed into the thirty-two cell stage. Observations were made once
after ninety minutes and twice after six hours of the experiments. The results
were as follows :

After ninety minutes.

In the % mol NaCl solution all eggs were at the early morula stage.
Each blastomere was slightly swollen. It had become somewhat transparent,
losing the normal appearance.

In the % mol KCl and in the ¥4 mol CaCl, solution all eggs attained
the normal morula stage. The development of the eggs was retarded in the

14 mol MgCl, solution while the blastomeres in it remained normal.
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In the control sea water, however; all eggs were at the early blastula stage.

After 6 hours. »

In the % mol NaCl solution development did not advance and each blas-
tomeres was greatly swollen. In the meanwhile the pigment granules became
obscure. -Next, in the % mol KCI solution all blastomeres of the eggs were
swollen. up abnormally. Most eggs in the % mol CaCl, solution showed ab-
normal morula stage. In the % mol MgCl, solution the blastomeres were
broken into several pieces. By this time the control had the eggs at the late
blastula stage. ' {

From the above data it is evident that the fertilized eggs were more or
less affected by the simple salt solution in spite of the isotonic pressure of the
solution.

3. The influence of neutral salts upon the spermatozoon.

In this series of experiment, at first two drops of the testicular fluid of the
sea-urchin were dropped into vessels containing I0 ccm. of sea water, and next
one drop from this vessel was transferred into the other vessels, each con-
taining 20 ccm. of %4 mol NaCl, KCl, CaCl, and MgCl, respectively.  Thus
the spermatozoa were treated in each solution, for 10 minutes in the first series
and for 30 minutes in the second series. Then in order to test the activity of
these spermatozoa fresh eggs were inseminated by them. The result are given

in Table II.

Table 1II.

10 Minutes 30 Minutes

Fertlized Eggs |Unfertilized Eggs| Fertilized Eggs |Unfertilized Eggs

1/2 m. NaCl 13 31 4 81
1/2 m. KCl 3 8o o —
1/2 m. CaCl; o o o o —
1/z m. MgClg o o o ’ -

Control 18 3 12 4
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Ten mihutes treatment.

In the }4 mol NaCl and %4 mol KCl solutions spermatozoa were moving very
actively and some eggs were normally fertilized. On the contrary, the 15 mol
CaCl, and % mol MgClzr solution were injurious to the spermatozoa and no
eggs were fertilized by them. In the control the spermatozoa fertilized the
eggs normally.

Thirty minutes treatment.

In the % mol NaCl solution the spermatozoa were moving in lively manner
so the eggs were fertilized normally. In the X mol KCI, ¥ mol CaCl, and
24 mol MgCl, solutions the spermatozoa stood still and no eggs were fertilzed
by them. On the other hand, most eggs were normally fertilized in the control.

As a whole the spermatozoa were very susceptible to the ions of the so-
lution.

4. On the antagonistic action between NaCl and some other neutral salts.

In this experiment fertilized eggs were used as they were more susceptible
to the salts than the unfertilized eggs as is shown in the former experiment.’
Seven different combinations were prepared, four of which were combination of
two salts while three were of three salts.

A 4 m NaCl2occm. % m. KCl  0.44 ccm.

B ” 14 m. CaCl, 0.30 ccm.

” 24 m. MgCl, 1.56 ccm.
” 24 m. MgS0,0.76 ccm.
% m. KCl 0.44ccm. % m. CaCly 0.30 ccm.
” ” 4 m. MgCl, 1.56 ccm.
” ” 14 m. MgSO, 0.76 ccm.

The proportion of each component of the solution was taken after vaN'T

Q=890

Horr’s formula which was employed in the author’s previous work (1929).

Table IIT gives the results of the observation.
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Table IIL
1 hour 5 hours 12 hours

Ic. | 2c, 1c. | 4-8c.| 16-32¢c. | moru. | ab, s.| 1c. 2-32C. | moru. | blast. | ab. s, | dis.

A 10 9 3 o o 14 1 I 2 11 .0 3 o
B 7 o 3 o o o 27 o o o .0 [ o
C 10 2 6 2 o o 27 1 o o o 16 4
D 20 1 14 3 o o 21 13 2 o o 15 2
E 10 1 o 1 10 2 4 2 1 9 o 6 I
F 10 8 o I o 12 I 6 o o o (r) | 1r o
G 4 4 3 l o 4 13 2 o 3 13 o 4 o
Cont. 3 11 o ' o o (30) 4 o o o (7) 4 o

Explanation

Combination A. One hour after the treatment nine eggs started to de-
velop and attained the normal two cell stage. After five hours fourteen eggs
were at the stage of early morula. However, these morulae could not develop
beyond that stage even though'they kept normal appearance still several hours
later. )

Combination B. No eggs began to develop within one hour, but five hours
later nine eggs were at the four-cell stage.  After twelve hours, these eggs
developed into the morula stage, of which the blastomere was, on the contrary,
the abnormal form.

Combination C. In this series two eggs developed within one hour into
the normal two-cell stage. After five hours most eggs showed the abnormal
32—cell stage, beyond which the development advanced no further.

Combination D. In this case only one egg developed into the four-cell
stage within one hour. After five hours three eggs were at the normal four-
cell stage and the other fourteen eggs possessed poly-nuclei in each blastomere.
No eggs developed further than the four-cell stage but some eggs disintegrated
after twelve hours. ’

Combination E. Within one hour one egg started to develop. After five
hours two eggs were found at the normal morula and ten eggs at the sixteen-
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cell stage while four eggs showed an abnormal sixteen-cell stage.

Combination F. After one hour eight eggs were at the normal two-cell
stage and five hours later thirty one egg's were at the morula stage while
twelve eggs showed abnormal forms. After twelve hours there were one blas-
tula and eleven morulae which were all abnormal in form.

Combination G, In this case four eggs developed into the two-cell stage
in one hour. After five hours thirteen eggs reached the normal morula stage
and four eggs were at the sixteen-cell stage.  Further development did not
occur in this solution and some of the eggs showed abnormality.

Control. The eggs which were kept in the normal sea water developed
into two-cells within one hour and after five hours most eggs were at the late
morula stage. The observation after twelve hours got seven normal and four
abnormal blastulae.

We see from the above that the antagonistic action of three salt ions is

unfavorable than that of two salt ions.

Conclusion

When the unfertilized eggs of sea-urchin were treated with the hypertonic
or the hypotonic salts solution they lost the power of being fertiled. However,
34 mol or %4 mol solutions of any single salt, which is approximately isotonic
with the sea water, was not so toxic for the :mfertilized eggs. As is shown
by HEILBRUNN (1913, 1915, 1926) the unfertilized sea-urchin egg in this case is
perhaps surrounded by a semipermeable plasmmembrane which controls the
osmotic pressure of the medium within a certain limit.  Though it has been
‘reported that even the isotoric solution causes in unfertilized eggs the separa-
tion of the parthenogenetic membrane, in my case, the formation of such mem-
brane at any concentration of the salt did not occur. On the other hand, in
the one mol solution of NaCl or KCI a few eggs formed a membrane which
was quite different from the fertilization membrane. The eggs which lifted these
membranes always showed abnormal appearance and of course these eggs were
destined to disintegrate.

The reaction of the unfertilized eggs to the isotonic solution, however, are
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variable according to the ionic valency of the salts.  Na acts to dissolve or
disintegrate the plasmmembrane in a long exposure. =~ However, this ion is
not toxic for the egg plasm, as in case of a broken piece of plasm after a
long exposure to the influence of the solution. The pigment granules keep a
normal appearance. On the contrary, the bivalent Ca is very toxic for the
egg-plasm although it does not injure the egg membrane.  As the result of
the treatment in Ca solution, the inner hyaloplasm urges out on the egg
membrane forming small small gelatinous globules.

It is very interesting to note that the duration of life of the unfertilized
eggs of sea-urchin differs according to the medium.

Licuie (1911) observed that the Asteria eggs after three hours exposure
to the isotonic NaCl produced more larvae than the control eggs in sea water.

In my case the unfertilized sea-urchin eggs kept their susceptibility to
fertilization more than 39 hours in isotonic solutions of neutral salts except CaCl,,
though in the control no eggs were fertilized at this time. The order of toxic
action of salts for the unfertilized eggs is as follows; Ca>>Mg>K=Na. It
is noticed that this order is the same as that of the ionic valency. LiLLIE
(1910) stated on the Arbacia eggs that the influence of K is weaker than Na

~and GELLHORN (1927) also gave the following order for Swrongylocentrotus;

Ca>Na_>K. Recently CHAMBER and PAUL (1928) studied the effect of various
chlorides upon Amoeba proteus and found the toxic order to be KCI”>NaCl™>
CaCl, >MgCl, against the exterior of Amoeba. The oder was reversed, however,
against the interior structure of the animal.

It is well known that spermatozoa are very susceptible to the changes of
medium and as is shwon in Table II the spermatozoa lost their power of
fertilization even after a short exposure to an isotonic salt solution except NaCl.
The toxic order is as follows; Ca>Mg >K >Na.

The fertilized egg is also susceptible to the salt dependent of course upon
the specificity of the fertilization membrane.  According to LoEB (1913) and
HEIBRUNN (1615) the membrane is readily permeable to electrolytes which ef-
fect the egg harmfully. On this point my experiments support their view. In
fact the fertilized eggs could not continue their development as long as they

remained in the simple salt solution. The order of susceptibility of germ cells
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to the salt solution may be stated as follows; spermatozoon>> fertilized egg™>
unfertilied egg. ‘ ‘

The mixture of two salts, each of which was otherwise poisonous to the
eggs, did little hurt, as there was among the salts some mutually antagonistic
action which weakened the influence of the ion. In my experiment this an-
tagonistic action prevails most in the combination of Na and Ca, next in Na
and Mg and least in Na and K. o

As for the antagonism of three salts it generally acts more favorably than
that of the two salt csmbination and there are no remakable differences among
the various combinations.

The antagonistic of the injurious salts has also been observed in other ani-
mals. According to CHAMBER and REzINIKOFF (1928) the antagonistic action
of the chloride of Na, K and Ca on the protoplasm of Amoeba proteus was
also noticed and they concluded that “the toxic effects of NaCl and KCl on
the exterior of the cell can be antagonised by CaCl,, Na still penetrate but
at a slower rate than of the Amoeba immersed in a solution of this salt alone.”
BopINE (1928) also ascertained the same fact for the Fundulus egg: ‘“Na +
Ca mixtures were not so toxic for egg”. ‘

This means that the osmotic pressure of the surrounding medium is not
the only factor which affects the sea animals, but there are still other factors,
for example the nature of the ions of the salts and the antagonistic action of

these ions.

Summary

1. In the present work the influence of chlorides of Na, K, Ca and Mg
upon germ cells of Strongylocentrotus nudus was examined.

2. The unfertilized sea-urchin eggs did not form the parthenogenetic mem-
brane in the isotonic solutions of these neutral salts. In the isotonic solutions
of chlorides of Na, K and Mg the unfertilized eggs kept their susceptibility to
fertilization more than twelve hours.

2. The toxic order of these salts for the unfertilized sea-urchin eggs is
as follows; Ca>>Mg>K=>Na.

4- The fertilization membrane is permeable to the cations and accordingly
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the fertitized eggs are more susceptible to these cations than the unfertilized

eggs.

_ 5. There is an antagonism among neutral salts against the toxic actions
upon the eggs.
Zoological Institute,

Faculty of Agriculture,
Hokkaido Imperial University -
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