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INTRODUCTION.

The investigations described in this report are an attempt to
isolate formative substances from the early embryological stages
in the developing egg of Arbacia punctulata. Upon the hypothesis
of formative stuffs, egg extracts should show the presence of
such materials, if under the conditions of the experiment they
are isolable. Since development is conceived of as a series of
exceedingly complex reactions involving both chemical and phys-
ical factors, the formative substances present in the fertilized egg
must be the substances which begin this long sequence of reac-
tions. If by their action and interaction, other and possibly more
complex substances are synthesized, then at a given stage in de-
velopment we should expect to find in the extracts of the larvee
the formative substances of that period, provided of course they
go into solution in the solvents used. If such is the case, it
seems decidedly important to find out whether by treatment of
fertilized eggs with extracts of larvee at a given stage, it is pos-
sible to accelerate the development of the eggs when they reach

1 Contribution from the Zoodlogy Department, Oberlin College and the
Marine Biological Laboratory.
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that specified stage. The cell walls of the developing eggs pre-
sumably must be permeable to the formative stuffs present in the
solution, if any effect is to be registered.

The whole of the work was done at the Marine Biological
Laboratory at Wood’s Hole during the summer of 1921. The
writer is indebted to Professor C. G. Rogers for suggesting the
problem and for his criticism of the plan of work.

METHODS AND MATERIALS.

The animals used in these experiments were the starfish, As-
terias forbesii, and the sea-urchin, Arbacia punctulata. The eggs
and sperm of both were secured by shaking the ovaries or testes
into a dish of sea water. The starfish eggs were filtered through
silk bolting cloth to remove portions of the ovarian tissue. The
animals were first washed under a stream of fresh water and all
precautions were taken to cleanse thoroughly the glassware and
instruments used.

By “egg extract” is meant a suspension of crushed eggs in
sea water or other specified solvent. The eggs were centrifuged,
the fluid decanted, and the ezgs ground up with fine sea sand, free
from impurities, and thoroughly washed by the solvent used.

In some experiments the eggs were crushed between glass
plates, but this method was not satisfactory. No uncrushed
eggs were present in the solutions to invalidate the percentages.
Extracts of larvee were made up in the same manner. To main-
tain as uniform concentration as possible, a definite proportion of
eggs to solvent was kept (I c.c. eggs to 5 c.c. solvent) but the
concentration was probably lowered by the retention of some of
the protoplasmic fragments in the sand.

The term “blastula water” or ““gastrula water,” for example,
is understood to mean water in which these larvae have stood up
to that stage in their development. Both the eggs and sperm in
any one experiment were derived from one individual each when-
ever possible. The sperm suspension used was concentrated
enough to cause 100 per cent. fertilization.

Data of the exact time of the 2-, 4- and 8-cell cleavages chiefly
are noted. Although it is difficult to say just when, in terms of
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actual minutes after fertilization, the late gastrula becomes a
pluteus for instance, by careful comparison of the culture with
the control one can observe any differences in their stages of
development.

Two methods of comparing rates of cleavage were employed:
the time elapsing between insemination and the first 2-, 4- or 8-cell
stage, or the period between insemination and the time the culture
showed a 50 per cent. development of a given stage. [FFor obvious
reasons the former method was used for the most part, only the
time required for making a single observation elapsing between
the readings, and, in order that there might be no errors introduced
merely by the arrangement of the culture dishes, the order of
readings was frequently reversed. Equal quantities of eggs from
the same suspension were used for each culture to insure an equal
opportunity for oxidation and presumably then an equal concen-
tration of CO, in the water. The cultures were kept in flat-bot-
tomed finger bowls and were stirred frequently. During the
season the temperature of the room varied from 21° to 23.5° C.;
the variation in the temperature of the sea water in the circula-
tion as recorded .each day was found to be from 18.1° C. to 20.5°
C. The pH of the sea water was tested each day and was found
to be very constant—S8.2 or at a few times 8.0 when thymol blue
was the indicator used. Whenever the quantity of extract was
sufficient to admit of its being tested, the pH was found to be 8.0
or slightly more acid. Tt did not appear that there was a charac-
teristic difference between the degrees of acidity noted in the
extracts made of larva in different stages of development.

A new supply of animals was brought into the laboratory each
day. These were kept in an aquarium placed on a cement water
table with a’ stream of fresh water running into the aquarium
constantly.

The basis of comparison between a normal and a retarded cul-
ture in all experiments was (1) rate of development, (2) size,
(3) vigor (rate of movement), (4) longevity.

Sample tables are not given for the experiments on the starfish
because the rates obtained for both the earlier and late stages were
so varied that no definite conclusions can be fairly drawn from
them. These variations were doubtless to be explained in part
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at least by the fact that toward the end of the breeding season
the physiological condition of the eggs was far from uniform.
In general it was found that the starfish cultures containing ex-
tract showed a slight retardation, a higher degree of cytolysis,
and a greater tendency to stop either at the blastula or the gastrula
stage.

All the extracts used in these investigations upon Asterias eggs
were made in a solution of sea water.

TuE Errects 0F EMBRYOLOGICAL EXTRACTS ON THE FEARLY
STAGES OF THE SEA-URCHIN EGG.

The following experiments were all performed on the sea-
urchin, Awrbacia punctulate, to find out if the extracts of various
larval stages have any effect on developing eggs of the same
species. The eggs of Arbacia while more stable, and therefore
less desirable than those of Asterias, can be obtained in convenient
quantities for use in making extracts.

About sixty series of experiments were performed. The
method was strictly comparative. It will be noted that the tables
show, not only the effect of a given extract, but its effect in vary-
ing concentrations as well.

Particular emphasis is laid on the fact that the experiments
given in outline in the table are type experiments. Each experi-
ment outlined is one of several very similar experiments unless
otherwise stated and is taken as fairly representative of the results
obtained in all the experiments of that series, the others of
which are omitted to avoid unnecessary and tedious repetition.

Series I3.
Tasre I.
Cleavage Rate.
Amount Amount Kind Temp. pH P
Cul- | of Sea of of of Sea of Sea | of Ex-
ture. | Water, | Extract. Extract. Water. | Water.' tract. o_ge]) ‘ 42cell I s2een!
! Stage. ‘ Stage. | Stage.
AN 5o clel | 25 clc! Gastrula 18. 2° C. ’ 8.2 8.0 a4 02 117
A’.... 50c.c.| 25 c.c. [ “ 49 97 114
B ® 75 C.C. “ i “ 48 75 08

75 c.C. “ 47 ! 71 96
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Note—In this particular experiment the figures given under
cleavage rate are in terms of minutes which elapsed between in-
semination and the appearance of the first 2-, 4- or 8-cell stage.
Tt should be noted that the amount of extract used in this series
was relatively large. (pI significance discussed later in paper.)

Later Development and Fate—The eggs in cultures A and A’
stopped at the 128-256-cell stage, and a 'very general cytolysis
occurred.

The eggs in B and B’ developed into vigorous normal plutei.

Conclusion.—The table shows that there was a definite retarda-
tion at the second and third cleavages in the cultures containing
extract, and a complete arrest of development at the beginning
of the early non-motile blastula stage.

Series 17.
TaeLe II.
1 | \ ’ Cleavage Rate.
Amount, Amount Kind Temp. | pH pH
Cul- | of Sea of of of Sea of Sea | of Ex-
ture. | Water. | Extract.| Extract. Water. Water.| tract. | 9 cell | 4-cell | S-cell
| ‘ Stage. | Stage. | Stage.
A.... 25cc. | 25cc. | Blastula | 18.4° C. | 8.2 8.0 so | 84 | 89
Water | |
A’....{50c.c. | “ ‘ 50 67 ‘ 84
B..... 40 c.c. 10c.c. | Motile | “ S “ 5L 68 89
Blastula/ |
../ 50¢c.c. “ ’ s 49 l 66 | 83
..|45¢cc.| 5c.c. “ “ “ “ 51 77 81
../ 50¢c.c. i “ “ 51 ‘ 67 83
‘ 50 c.c. | Blastula ‘ B ‘ 68 106 ‘ 138
Water | \
107, ‘ | “ w| 48 ‘ 65 ‘ 84

Note.—In this experiment the figures given under cleavaze rate
are in terms of minutes which elapsed between insemination and
the presence in the culture of fifty per cent. of the stage indicated.

Later Development and Fate—Development in cultures B, C,
and to a slight degree in /4, was definitely retarded, especially be-
tween the gastrula and early pluteus stages. In the great major-
ity of cases the gastrulee did not become plutei at all. The eggs
in culture D were very much retarded; in fact, few progressed
beyond the blastula stage, due probably to lack of oxygen in the
water, and possibly to a high concentration of carbon dioxide.
Many of the eggs in the controls developed into plutei.
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Conclusion.—The table shows a very slight retardation in the
early cleavage rate of 4, B and C, and a greater amount of re-
tardation in the latcr stages, especially at the early gastrula stage.
D was very markedly retarded.

A very unusual proportion of exogastrule was found in all
the cultures. There was even a small proportion in the controls.
The reason for this is unknown. It happened that this particular
series of experiments was carried on during the hottest days of
the summer, but the bowls were kept in the water table, and the
temperature of the room was not above 23° C. Later experi-
ments failed to show an equally high percentage of exogastrule,
although they were carried on under conditions as nearly identical
as possible. The only explanation to be offered is that there
may have been some variation in the eggs of the particular female
used which caused them to evaginate instead of invaginate.

The question of whether these abnormal cultures of exogas-
trule could possibly be influenced to develop normally if extract
of larvee at the same stage was added came up at this point. Of
course it is obviously improbable that in making the extract one
would at the first trial secure larvee at the identical point of de-
velopment of those in the culture. The eggs in the culture were,
however, centrifuged, the stale water decanted, and fresh water
added. Numerous trials of extracts made up of embryos at dif-
ferent points in the same general developmental stage, and in
preceding and succeeding stages were used. In no case did the
exogastrule proceed with their development.

Series 32.
Tasre III.
—e ‘ = E
| i Cleavage Rate.
Amount Amount Kind Temp. pH pH |
Cul- | of Sea of of of Sea of Sea of Ex- | T
ture. | Water. | Extract. Extract. Water. Water. tract.  9_ce]]l | 4-cell | S-cell

Stage. | Stage. | Stage.

50c.c. 15c.c. Pluteus 18.6° C. 8.2 8.0 62 118 131

.|/65 c.c. " 55 79 98
.|/50c.c. | 10 c.c. “ “ T = 62 96 116
. 6o c.c. o Il | 54 77 99
50 cted| s c.c " ‘“ . 4 “o1 57 79 120
.| 55 ¢cc “ T | s6 78 96
30 c.c. | 20c.c. Pluteus o b i 57 84 104
Water ’
@ E 56 80 o8

DS Yllisolcic
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Note—The cleavage rate is given in terms of minutes between
insemination and a fifty per cent. development of the specified
stage.

Later Dezvelopment and Fate—The controls developed faster
and more normally than did the other cultures, which were all
retarded in the early cleavage stages and at the non-motile blastula
stage. All the cultures finally developed into gastrulee. Some
exogastrulee were found in all the cultures containing extract.
No development beyond the Jate gastrula or very early pluteus
stage was observed in the cultures containing extract.

The controls showed normal development.

Conelusion—Definite retardation was noted in the cultures con-
taining extract and total arrest at the late gastrula or early pluteus
stages.

Series 20.
TaeLe IV.
Cleavage Rate.
Amount| Amount Kind Temp. pH pH
Cul- | of Sea of of of Sea of Sea [of Ex- |7 |
ture. | Water. | Extract.| Extract. Water. | Water.| tract. | o_ge]l ! d-cell | 8-cell
Stage. Stage. | Stage.
A..... 40 c.c. | 12 c.c. | Water fr.| 18.6° C. | 8.2 8.0 41 | 7 o1
128-256 |
cell ‘
stage
A ....|52cc o “ 36 70 86
B.....|50c.c. |5 drops| 128-256 “ “ “ 44 72 | 8s
cell
stage
B’....|s1cc. “ . 39 [ 70 84
C.....[50¢.c.{ I0c.c. “ “ “ “ 49 76 03
C’....|60c.c. - “ 37 68 81

Note—Under “cleavage rate” is noted the number of minutes
which elapsed between insemination and the appearance of the
first 2-, 4- or 8-cell stage.

Later Development and Fate—Development to the gastrula
stage was nearly parallel in all the cultures. A did not develop
into very vigorous plutei; B showed plutei a trifle smaller than
normal, while in C were found plutei, but many abnormal types.
All the controls had normal plutei.

Conclusion—Slight retardation in cultures containing the ex-
tract or the “water.”
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Several experiments were performed using instead of extracts,
water in which ezgs had developed. As above specified, “blas-
tula water ”
developed to the blastula stage. Details of these experiments are
not given because the results do not differ in any way from those
obtained by the use of such water as indicated in the above tables.
If a relatively large amount of blastula water, i.e., 15-20 c.c. to 50
c.c. of sea water is used, a very slight retardation is noticed when
the culture is compared with the control. If only very small
amounts of this “ water ” are employed no perceptible retardation
occurs.  Since these results seemed to indicate that possibly the
retardation in the case of the eggs developing in the blastula
water, for example, was due simply to an insufficient supply of O
in the water together with increased acidity, boiled sea water was
substituted for the blastula water. A very slight retardation was
observed—not so evident by any means as that seen in the controls

is understood to mean water in which eggs have

employing blastula water, and quite within the limits of ex-
perimental error. This decrease in the degree of retardation,
however, may have been due in part, at least, to a decrease in the
number of bacteria present in the cultures made up with the boiled
sea water.

Since in all the experiments it was quite evident that there was
a shorter length of life in the cultures in which extracts were used,
an experiment was made using extracts of suspensions which had
been boiled previous to being centrifuged, and comparisons drawn

Series 36.
TaBLE V.
Cleavage Rate.
Amount| Amount Kind Temp. pH pH
Cul- | of Sea of of Sea of Sea | of Ex-

O]
ture, | Wator. | Extract.| Extract. | Water. | Water.| tract. | o_cell | dccell | S-cell
Stage. | Stage. | Stage.

100 c.c.| 30 c.c. | Blastula | 19.7°C. | 8.2 55 l 100 —
(boiled) -
.|130 c.c. o <4 45 99 —_—
100 c.c.| 10 cC.C. “ “ “ 50 95 —
.|100 c.c.| sc.c o = o 49 81 —
100 c.c.| 30 c.c. | Blastula 4 “ 52 82 —_
Water
.|100 c.c.| 10 c.c. " “ “ 51 8o _
.[100 c.c.] 5c.C. o “ o 48 78 —

“ “ “

b 100 ¢.c. - _ -
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with the results obtained by the use of unboiled extracts. Boil-
ing the suspension to be used for extract was done rot only to
destroy bacteria, but also to take into account the bare possibility
that substances in the larve which were evidently not soluble in
cold sea water might go into solution in hot water.

Note—Cleavage rate given in terms of minutes which elapsed
between insemination and the appearance of the first 2-, or 4-cell
stage.

Later Development and Fate—Development in all the cultures
was nearly parallel through the blastula stage except in F’, in
which the eggs failed to segment at all. From the blastula to the
pluteus stage the cultures containing extract were very slightly
retarded as compared with the control 4I’.  There was also a very
slight retardation in the cultures containing the specified amounts
of blastula water. In all cases, as usual, the retardation resulted
in the production of plutei varying slightly from the normal in
many respects, but yet producing no one definite type of abnormal-
ity.

Boiled extracts of gastrula and early plutei were made also,
but the results obtained were entirely similar to those indicated
above.

Conclusion—Boiling the extract appears to reduce, if not to
eliminate eutirely the amount of retardation in the cultures.

Two other methods of making extract in a solution of sea
water were tried, since it is obvious that if the extracts were made
in a solution of the sanie osmotic pressire as that in which the
eggs developed, that is, sea water, the problem would be much
simplified.

The first variation in the method of making the extract was as
follows: The eggs were centrifuged, and after the supernatant
fluid had been decanted they were placed in a celloidin tube con-
taining distilled water and set in a beaker of sea water. The eggs
swelled and burst, presumably setting free substances which, if
soluble in water, would dialyze through the celloidin tube into the
sea water in the beaker. Extract made in this way was used, but
the results obtained were not positive enough to be of value with-
’ method was
also employed in one series of experiments with equally incon-

out further experiment. The “double sea water’
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clusive results. No results were obtained, however, which were
in any way contradictory to those previously noted.

Series 56.

An experiment was made, using motile blastule for extract,
but instead of sea water, distilled water was employed, and the
crushed eggs left over night (12 hours) in the distilled water
before the extract was added to the cultures.

TaprLe VI.
! | a ‘
{ mount . Temp. pH
Culture. Amount of Sea Water. of Kind of Extract. of Sea | of Sea
‘ Extract. Water. ‘ Water.
A...... \ 50 c.c. | 5cc. Motile blastula \20.3e C.| 8.2
AL 50 c.c. sea water [ “
5 c.c. distilled water — | |
B...... 50 c.c. 3 @ “ “ “
B..... | 50 c.c. sea water
3 c.c. distilled water —
Cooooos| B @@ it @, “ I« “
(G | 50 c.c. sea water ’ “ %

f 1 c.c. distilled water =

Later Dewelopment and Fate—All the cultures and the controls
appeared to reach the 128-256-cell stage at approximately the
same time. A reading made four hours and fifteen minutes later
showed A retarded, non-motile blastule; A’—blastule—a few
motile. In B and B’, there were blastule, motile in both, but
more vigorous in B’. No difference appeared at this stage in C
and C’, in both of which the blastule were motile.

In the readings made on the following day, it appeared that A
had stopped at the non-motile blastula stage. In /" were found
vigorous gastrulee. In B there were only a very few blastule
which were moving while B” showed very vigorous late gastrulz.
No difference was noted between cultures C and C’. Both of
these showed vigorous late gastrulz.

Conclusion.—The cultures containing an appreciable amount of
extract exhibited a retardation at the early non-motile blastula
stage—an effect which was carried over into the later stages also.

Although the results tabulated above seemed to be practically
conclusive, the question arose as to whether it might not be inter-
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esting as well as worth-while to use extracts made up in solvents
other than sea water. Experiments made with such extracts
should be of use as a check upon the other experiments. Cham-
bers has contended that when a cell is broken into fragments by
mechanical means, the small pieces, because of surface tension,
usually become spherical in shape, and form a new surface film.
Perhaps, then, by breaking down such a possible film by the use
of solvents other than water, more of the ‘format.ve stuffs”
might go into solution.

Series 47.

The extract in this experiment was made by placing the crushed
embryos, motile blastule, in faintly acidified distilled water, The
extract was allowed to stand for twelve hours before it was used.
The acidified water was made by adding four drops of glacial
acetic acid to 100 c.c. of distilled water.

The controls were, of course, made by adding equal quantities
of the acidified water to the sea water when certain quantities of
extract were used in the cultures.

TapLe VII.
[ Amount Kind Temp. pH
Culture, Amount of Sea Water. of of of Sea of Sea
Extract. Extract. Water. Water.
Alocoacooo A5 @8 | 5c.c Gastrula | 19.6° C. 8.2
A’ .....| 25 c.c. sea water “ o
5 c.c. acid water = |
B 0aoovoa 25 c.c. 3 @l “ [ o “
B....... 25 c.c. sea water | | “ "
3 c.c. acid water —_
C........| 25 c.c. ' I C.C. ‘o “ o
©@0c0s000 25 c.c. sea water “ ‘
I c.c. acid water =
D....... 50 c.c. 5 &® “ ' " *
Do 50 c.c. sea water * | "
5 c.c. acid water = ‘ |

Later Development and Fate—Development in the cultures and
controls was very nearly parallel until the blastula stage was
reached. At this point, however, a very decided retardation in
all the cultures containing extract was noted.

C was only very slightly retarded, however, at the blastula
stage, and reached the pluteus stage very shortly after C'.
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B and A showed many extreme modifications of form. Only
a few plutei developed. A’ and B’ showed plutei better de-
veloped. In all the other cultures with and without extract,
plutei were found, although many variations from the normal
type were noted.

A separate control of eggs in sea water was kept. This showed
a general retardation of development in all the cultures and con-
trols containing even a small per cent. of acid.

Conclusion.—In the cultures containing extract an added re-
tardation was shown when comparison with the controls was
made. This retardation occurred chiefly at the early non-motile
blastula stage.

Sertes 59.

In this experiment the extract was made of ciliated blastulae
in a solution of ether and water (1 part of ether to 2 parts of
water, distilled). The water was used merely because it is very
difficult to wash the extract from the sand by ether. Since water
and ether are only very slightly miscible, the extract had to be
shaken very vigorously before it was used.

TapLe VIII.
Amount Temp. pH
Culture. Amount of Sea Water. of Kind of Extract. of Sea | of Sea
Extract.| Water. | Water.
A...... | 50 c.c. 5 c.c. | Ciliated blastula 19.7° C.| 8.2
A ... 50 c.c. sea water “ “
5 c.c. of ether-water =
mixture
B...... 50 c.c. 7 @ ‘ o ‘ ‘
B..... 50 c.c. sea water | b “
2 c.c. of ether-water — |
mixture
C......| 50 cc. i @ ‘ “ “
(G 50 c.c. sea water | b “
1 c.c. of ether-water = |
mixture

Later Development and Fate— and A’ showed very irregular
cleavage from the first. Development in B and B’, C and ('
was very nearly parallel through the motile blastula stage, but
A, B, and C showed retardation in their development from the
blastula stage to the pluteus stage. When the cultures were ex-
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amined later, C’ had many normal plutei; C had just a few small
plutei, swimming feebly. B and A were retarded in their de-
velopment, with fewer and smaller plutei than those in B’ and
A’. A showed by far the largest number of abnormal forms.
Conclusion—A retardation was noted especially between the
blastula and the pluteus stages in the etherial extract cultures.

Series 45.

The extract used in this experiment was made by soaking the
embryos (motile blastulae) after the usual crushing process, in a
solution of one part of acetone in one part of distilled water, for
12 hours. This same solution was used in preparing the controls,
and was always shaken vigorously before using.

TasLE IX.
- \‘- - — - - — _—
Amount Temp. pH
Culture, Amount of Sea Water. of Kind of Extract. | of Sea | of Sea
Extract. | Water. | Water.
Ao, 50 c.c. sea water — 10.6° C.| 8.2
5 c.c. 50 per cent. acetone
Al 50 c.c. 5 ¢.c. | Motile blastula in ‘ “ “
50 per cent. acetone
B......| 50 c.c. sea water “ o
2 c.c. 50 per cent. acetone  — |
B..... 50 c.c. 2 c.c. ®o |
Csooo00 50 c.c. sea water = o i “
‘ I c.C. 50 per cent. acetone ‘ “ o

€5acas 50 c.c. Ic.c.‘ @ ‘ oo b

Later Development and Fate—Development in the cultures and
the controls appeared to be very nearly parallel until the early
non-motile blastula stage. At that point in development blastulz,
some swimming vigorously, were found in A4 while in A" most
of the blastulee were non-motile, although a very few were mov-
ing feebly. In B and B/, C and C’ there was also an evident
retardation, although it was not so great as that registered in the
A and A’ cultures.

On the following day these readings were made:

A—very early plutei; A'~—a very few late gastrule; B—early
plutei; B'—very early plutei; C and C'—no difference apparent.
A few late blastule, but mostly early plutei in both.
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Conclusion.—A definite retardation was noted in the cultures
containing extract at the early blastula stage and afterwards.

Series 53.

Extracts made up in alcohol (C,H,OIT) must be used in small
amounts, or else the alcohol must be a very weak solution, for if
the concentration of alcohol in the cultures reaches three or four
per cent. so many deaths occur in the blastula stage that compari-
son with the controls is difficult. Five series of experiments
proved unsuccessful on this account.

In the experiment outlined below the extract was made up in
15 per cent. alcohol, and allowed to remain in the tightly corked
tube for 24 hours before using.

TasLe XI.
w I
Amount Temp. ‘ pH
Culture. | of Sea Amount of Extract. Kind of Extract. | of Sea | of Sea
Water. | ‘ | Water. | Water.
A..... 50 c.c. | I0 c.c. { Blastula 21.1° C.| 8.z
Al 50 c.c. 10 c.c. of 15 per cent. —_ “ “
alcohol ‘ | !
B.o..... s0c.c. |3 c.c Blastula { - “
B..... 50 c.c. 3 c.c. of 15 per cent. = “ ‘
alcohol ‘ |
C......|50cc. | I.5cc. | Blastula [ o
€7 coos 50 c.c. 1.5 c.c.of 15 per cent. | — e ‘o
alcohol ‘

Later Development and Fate—Very irregular cleavage in A
and A’. No apparent difference between B and B’, C and C'
at the blastula stage.

Later: C"—many normal plutei.
C—a few normal plutei.
B and B'—B very slightly retarded, with fewer and smaller
plutei.

’

A and A

as B and B', with greater retardation in A
than in B.
Conclision—Since alcohol, even in very weak concentrations,
has such a powerful effect on the developing eggs, no very definite
conclusion can be drawn from this series of experiments.
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Series 63.

In the table below are given some observations made in sea
water whose OH concentration had been raised by the addition
of 0.8 c.c. N/1o NaOH to 50 c.c. sea water. This experiment
was also designed as a check upon the experiments in which nor-
mal sea water was used. Loeb ('98) brought out the fact that
by allowing eggs, fertilized normally, to develop up to the blastula
stage, and then dividing the eggs into three lots, to one of which
NaOH is added in the proportion of 1.76 c.c. N/10o NaOll to
100 c.c. of sea water, a second to which the same amount of
N /10 HCl is added, and the third for the control, at a given time
the bowl containing NaOH shows complete plutei, the HCl culture
shows late gastrule with a few short-armed plutei, while the
control contains many plutei in various stages, and some late
gastrulee. In the report of this experiment Loeb attributed this
result to an increased rate of oxidation produced by the Oll-ion.*"
Now, on this hypothesis, if the retardation in the development of
the eggs due to the presence of the egg extract is a slowing down
of the oxidation rate, then presumably the NaOH should neutral-
ize, or antagonize this effect, and we should expect a rate of
development more nearly normal.

The experiments proved that just the reverse is true, however,
for the effect of the NaOH was not to neutralize, but rather to
add to the effect of the extract, since it can be seen by glancing at
the table that, if anything, in the culture containing NaOH plus
extract, there was a slight retardation in the early cleavage rates
compared with the NaOH control. A more marked degree of
retardation was shown in the development from the blastula to
the pluteus.

This result is in entire agreement with the later work of
Loeb.’® In his book he says that although the rate of develop-
ment of Arbacia can be retarded by the addition of acids to the
sea water, he has not succeeded in showing that the rate of de-
velopment in Arbacia eggs can be accelerated by the use of
hydroxyl-ions in the sea water. Glaser found that this latter

17 Glaser, Otto, “ Qual. Analysis of Egg Secretions and Extracts of Arbacia
and Asterias,” Bior. BurL.,, Vol. XXVI., No. 6, June, 1914.

18 Loeb, Jacques, “ Artificial Parthenogenesis and Fertilization,” Chicago,
1913.
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statement seemed to hold good for the early cleavages, since there
was no definite increase in rate observed there, but that the rate
of development from blastula to pluteus was accelerated. 1t
would appear, however, that from Loeb’s account of his experi-
ments, the acceleration mentioned in the first paper was not
observed umtil after the first day, so that there is after all no
disagreement between the results obtained by these two in-
vestigators.

TaeLe XII.

Amount | Amt. | Amount Kind Temp. pH

Cul- of Sea of Ex- | of ¥/10 of of Sea | of Sea
ture. | Water. tract. | NaOH. | Extract. | Water. | Water.| 9.ce]l = 4-cell | 8-cell
‘ Stagg. Stage. | Stage.

Cleavage Rate.

AV N I50RCTCH 3c.c | 1.75 c.c.| Blastula | 21.9° C.| 8.2 57 70 76
AR I53ic e — |r.75¢C “ 48 54 71

A’.. 54.75 c.c.| — = - “ 40 58 70
B...| 50c.c. I.5c.C.} I.75 C.C. “ - “ 53 64 72
B s 15 clch i — 1.75¢CcC o “ 50 55 69
B”.| 53.25¢ccf — | — “ e 43 53 68
G0 Rsolc e o5 icle Yt 7 5ic-c. “ [ - 49 54 67
C’...| 50.5 c.c. \ ==l 3 c.c.‘ - ‘ 51 57 64
C”..| 5225 ce] — = | L & 45 s1 | 66

Note—The time recorded under the cleavage rate is the num-
ber of minutes between insemination and the first appearance of
the stages indicated.

Later Development and Fate—It is evident that there is only
a very slight retardation, if any, in the cultures containing the
extract in small amounts during the early cleavages.

At a later reading A was found to contain non-motile blastule,
A’ motile blastulze. In B and B’, C and €’ no considerable dif-
ference was observed, except for the fact that in B’ the blastula
appeared to be swimming more vigorously than in B.

Still later, the reading showed the late gastrule in A dead
while in A" were found some plutei of varying abnormality.

B—a few plutei, varying somewhat from the normal.

B'—flourishing plutei, varying somewhat from the normal.

C—as B; C' as B'.

The controls in sea water showed more rapid and normal de-
velopment at all stages.

Conclusion—A very slight retardation was produced by the
use of the extract in the early cleavage stages. This effect was
more evident from the blastula to the pluteus.





















