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Introduction and Position of the Problem,

The physiclogy of the development of the Salmonide : is

followed by & series of observations which consider this problem from
different points of view. Here we are mainly interested in the
recently-published works of Runnstr&m, Gray, Kronfeld, Scheminsky
and others, These workers show that trout snd salmon eggs are
systems which are isolated %o a large extent from external surrounnings.
According to Runnstrim (1920), salmon eggs have a high osmotic
pressure throughout the whole of the embryonic development; after

the eggs are placed in sugar solution of a comparable osmotilc
pressure, the osmotic pressure of the blood of the organism oni
decreases slightly (according to Runngtr8m, the depression of tge
freezing gpint of eggs of 0 salvelinus is as followe := for
eggs teaken from the oviduc efore fertiliaation, 0,6459Cs after
fertilisation, 0.5999C; in 1arvae, 0,580°C). Gray (19203 showed
that the eggs of fresh-water trout also contain a considerable and
- constant afiount of electrolytes, in consequence of which the
depression of -the freezing point {Q) of the eggs hes a constant
velue, 0.48%, during the whole period of development. Gray was
unable to find any decrease in QA in eggs after fertilisation.

- Moreover, he established, by measurements of theée electrical

conductivity, that some electrnlyte pagsed out of the eggs &uring
- development, ‘However, this begins to occur as soon as the eggs

Cdde. This wag shown earlier for the eggs. of other aalmonids by

Tengl. and Farlas (1994} £

Thus in saimon&do eges there 1s & regulation of oamonis; but

the nature and mode of operadtion of this regulation, and sbove all
the duestion of whether the isdlation of the eggs ie due to the
preaence of the egg membrane, or whether quite different factors
.play therwain role hewve, has not hitherto been explained, The
purpese of this work is te facilitate the acluticn of this queation
by the eid of experimenis, ' .

Strictly speaking, these gusstions are scarcely concerned in
the work on the phValﬂJOVJ ol development of the saimonlds. But
several authors appear to incline to the opinion that the cause of
the height and stabllity of the osmotic pressure of the eggs of
salmonides lies mainly in the oig mewbyensi 1ln other words, the
rogu1atian of the osmosis is consgidered as a purely passive process.
A% leagt ( ray (1920 b), after studying the problem of the adsopption
of hvdragca tﬁﬂs on troubt eggi, writes that the equilibrium between
the living celle and the ydrogen ilons 6f the surrounding mediwm 18
due o the external membrane of the eggs. - Rumnstrém- (l.c.) slso
magtaine thet the egg membroue of selmon eggs is considerably weakened
© by the poisoning effect of K ivns, Probably such isolated opimions -
as those of Scueminsky and Gauster (1924) led to the statement that .
the “egg membrane { of trout ) Is impermesble to salts and albumen”
{as we ?nal? see later, only thy second half ef this statement is
gorrsot). . . , o , |

: For the experimental illustration of the means by which
salmonid egegr are isolated from the external medium, I posed the
following qu@etr@na, from the pont of view of osmosiss-



1o As 4 known, there 19 a space between the egg membrane and
the surface of the sgg_cella, which is filled with the so-called
perivitelline fluid. The properties of this fluid are completely
unknown, since the measurements of osmotic pressure, the chemical
analyses, etc. of salmonid /eggs / have hitherto only been made
for the . ‘egg and perivitelline fluid combined (for the same
reason the oorresponding results for the egg cells are not enﬁirolx
accurate), . Kronfeld and Scheminsky (1926?ghelieve that the = -
perivitelline fluid “contains some dissolved substances", but this
belief is not supported by ‘any direct observations. But the
question of the Pole played by the egg membrane in maintaining -
the constant amounts of electrolytes in the egg, cen also be answered
poeitively if the perivitelline spece is £illed with a liquid of
high pressure. For the solution of this problem, it is first
gfcagaary to determine the oemﬁtie pressure of the' perivitelline
uio' ® £ s

- . Extensive iﬁvmatigationl ‘of the ques%ioh of the pefmeabilitﬁ
of the egg membrane to various substances are naturally of the greatest
1mportaﬁae here,

Afver I bhad stated thése questions in a genaral form, some
othar problems occurrved tn me, which I shell outline 1ater,

=

Usterisl end ‘é&e'bh.odm |

O The materjal I used for this researih waﬂ egga of frsahwater
trout (Seipo trutie m. fario IL.) In November 1927 I obtained
some mature trout from the state fish-breeding station at Ropeha.
The spawn wes artificilelly fertilised in the laboratory snd was
then kept in running comductzvity water in spnclal frames at a
temperatave of 10 - %1 00, i

The osmotic presaure of the periVatelljne fluias WES measured

by Drucker snd Schreiner's microcryoscopic method (1913). This
nethod offers the possibility of measuring the depression due to

'wery small gquantities of substance (up to about 0.1 omm) to be .
measgured with adequate accuracy. For the examinastion, the liguid

is sucked up into a glass capillary tube, which is then attached

t0o a Beckmsnn thermometev (for the apparatus used in these estimations,
see my work of 1928),

The perivitelline fluid was extracted for examinat;on as

followa :~"the egg wes first laid on filter paper end dried all overo_

- A short verticsl scratch was then made with 8 sharp needle, Since’
the egg f=lls tc the bottom (owing to its weight) and the vegemative.
pole is thus in contéct with the egg membrane, the malin part of the
perivitelline fluld collects at the top between the plasmatic. disc
at the animal pole end the egg membrane. When the egg membrane 18
penetrated in this area, @ clear drop of the perivitelline fluid £lows
out through the heole. This drop is carefully collected in 4 = §
capil}arﬁms (ite volume hezng sufficient for Ehie)

’ Tt was not difficult %o be convinced that the tiguid drawn

up into the capillarics wase not the inner combent of the egg w~11,-

but the true periviteiliné fluld., - A long=-known property of the « -
liquid yolk of salmonid egge was used Yo confirm this bellef, viz.
<that it coagulate® on dilution with water. As. Gray . bhas shown -

in recent years, this phenomenon is duse to the fact that @
consideraile amount of globulin is contained in salmonid eggs.

Iin 0rﬂvf to taaﬁ that the right substauce hes been withdirawn
as & sample, I ﬁwppmt-uﬂ*'ﬁw3i¢¢a&y fuke conitaining the sucked-up
liquid inta'witar" in cases where the plasmatic surface of the sgg
itself had been damaged by penetration of the needle into the eagg
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% membrane, and the drep containﬁd & mixture of perivitelline fluid
and egg-yolk, the liquid in the capillary congealed ingtantly on
- being dipped into water, and-instead of a clear liquid drop, a small
blob of white flocculant precipitate was visible. In cases where
there was no penetration of the egg itself could be observed, I
assumed that the capillary contained pure perivitelline fluid and
I used the capillaries containing other parts of the same drop to
;:tizate the depreaaion of the frecztng point (45) of the perivitelline
UliG. ;

The Osmotic Preaaure of the constituents of the EESo' : g y

. In this way the value of A for the perivitelline fluid. was
determined at different stages of development. The semples ware
taken on the 2nd., Sth., 29%h. and 50th. days of development
. (hatching began on the 45th. day in my culture, Hemce the last
' sample corresponded to the end-stage of embryonic development.)
Each time 5 to 6 samples were taken for measurement and the average

value was calculaxedo The results are given in Teble 1,
Table 1.
M. T, = Day of development 4 of the perivitelliae
g P o - flaid
. 3. XI. » -_ ) -. 3 .I .EI : : : 0.02
16 2. ¢ [ PR R . 001
10, I.- ; e g . 0,02

50 Ia . LI : 50 . 0002

It is seen from the figures obtained that the depression
of the freezing point of the perivitelline fluid is very low and
remaine constant during the period of development. - In its salt
contvent, this liguid reaemblea the conductivity water in which the
eggs were placed.

: . The A-value of the yolk at different stagea of development

wag determined by the same method. In this case the perivitelline
fluld was removed with filter paper after the membrane was penetrated,
and e small gless tube was dipped deep into the interior of the egg,

in order to take out a portion of the ligquid yolk. .- It is seen from
the results glven 'in Table 2, that the A-values of the yolk are

very different from those of the perivitelline fluid., - The content

of osmotic-mctive substances is fairly high in this case, approaching
that of the blood of these creatures. It is constant (accogding :
40 S. Schmidt-Nielsen, the A-=value of trout blood ie 0.567°Cs \
Biological Tables, 19257, It is noteworthy that our values 3
are somewhet higher than those obtained by Gray for the summary
depression of the freezing-point of’trout eggs (0.48%),

Table 2o
Mg i el Day of development  Aof ‘the yolk
16, XI. . BT . 0,50
28, XI. - 17 | 0.49
100 XX:’: . ) 29 . 0349

Bake 4 L A0 o Q9

L
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In order to compare our estimations with CGray's figures, the
combined depression of the freezing-point of the system egg-cell.

+ perivitelline fluld was measured by the usual cryoscopic method
 (Burian's method). "Portions of about 20 eggs were used for these
_determinations, The eggse were dried on filter paper and then
.erushed in the tegt tube of the oryoscope. I was able to commence

these observations (which are technically much easier) on the day
- of fertilisation. Thus I was able to estimate the value of the

depression of the freezing-point of the eggs, on leaving the oviduct

;n§11 ?our after fertilisation. The results obtained are given in

able 3. ’ '

Taeble 3.
M.7. ) Day of development . Combined value for
Y L T £30f eggs
14+ XIs ‘before fertilisation 0,497 g
11, XI. - 1 bhour ‘after fertili- * '
- sation - - 0,468
289 Xzo--_—- il A 17462]:: da’y 0@435

10.XXIT. 29th, day 0,425

. These values show that a measursble decrease in the combined
A-values of the eggs takes place during development. The course
of the change found in the A -valueés agrees with Rumnstrdm's results
for salmon, eggs (see p. T771)3 a difference in absolute values cen
be explained by the species characteristics of the eggs. Apparently
Gray did not observe this decrease in the combined osmotic pressure
during development although, as we shall see later, it has a certaln
meaning. . . :

It is interesting that, in the usual cryoscopic estimatiomns,
I always obtained a somewhat greater depression in the freezing-
point for eggs with penetrated membranes from which the perivitelline
liguid hed been partially removed with filter paper, in comparison
~with those for eggs in undamaged membrane coverings. This observa-
tion supportes our microcryoscoplic estimations reported above, of D
for the perivitelline fluiad. The increa:e in A in this case
" eignifies that when the perivitelline fluid is drawn out, part of
~the systen with & very low QA-=value is removed, and this results in
‘a slight deerease in the total A -value found for the whole egg
- in the usual combined eryoscopys

- The Course of the Depreésgg@ of the Freezing Point during Development.
Calculation of the Relative Quantity of Perivitelline Fluid.

Let us now compare three series of figures which we obtained.
For clarity, these represented graphically in Fig. 1. This shows
thet the values of the depression due to the perivitelline liguid
{(I) and %o.the yolk (II) are represented by straight lines, running

paralisl to the abscissga axis, The first is o mirror image of
the osmotic properties of the surrounding medium, the second is the
physioclogical comstant. As far as the total I (I'I) is concerned;

- this vslue falls someWwhat during develcopmenty this decrease is iunitiall,
vexry rapid (the steep gradicnt of the curve after deposition of the
eggl, and is later very graduel, , It is evident that such a course
of change of the total N=value, if the 4 ~value of the constituents
remeins constant, is only possible in ome case, 1f the gquantity of
the perivitellime fluid incrcases during development. - The rapid
fall in the combined vailue of -, coincides with the formation of
the perivitelline space, which occursiimmediately after the egg is

- deposited in water, Apparently the liquid which is formed-Jdn this

. apacs doss not differ essentially from watery it diffuses through

be



_the raised membrane (this aasumption does not, of course, in any.
way exclude the possibility of the passage of substances out of the
egg-cell), Further; the quantity of the perivltelline fluid
~increases, as can be seen with the naked aye.

Pig. 1. Gourse of the depreasion of the freezing—point of tha

- oongtituents of trout-egg during the development of the embryo. .
I. A\ -values for the perivitelline fluid. II. & =values for
the yolk, III. Combined D =values for the egg.
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Our figures, Lowe?er, elso show the possibility of a '
quantitative estimstion of the velative amount of the perivitelline
fluid, We Imow already that the total /O -value of the egg {y)
18 & function of the relative smounts of the two 1iquida (x). -

We pan express this function by an equation. . If we
indicate-  the consignt value of the depression of the. freezingmpoint
of the yolk and of ths perlvitelline fliuid byaﬁand.ékos if their
volumes are V3 and Vpa B

then x = _'d

P ]

5 vp

if we assume that V. = 1, then V4 = x, If we kave x volumes of
the firet end 1 velﬁme of the second 1iquid9 then the volume of
the whole aymtam is X ¥ 1. i

Prom this, the equatlon for the combined depression of the
fr9921ngmpoint of the eggs is . .

o= «Z%x +£5p

X 4+ 1

RS I -

. from which x cen be datefmimed (1)
' L. ﬁ.ﬁ%

00...#..‘....0.‘0..@(2?

a =7

ﬂe admit a simplz&lcatlon here, in consiiaring the egg to

be divided into only 2 components ( as far as osmotiec pressure is
_concenned)a There appear to be at least 3 "osmotic" components
present in the eggi~- perivitelline fluid, yolk and embryo {germ).
A possible difference between the AN=values of the yolk and the"
embryo has also been left out of account. - In all probability thﬂ
difference between the A>values of the yolk and of the germ tissue .
is not particularly large. . Hence the errors arising from this
aource are not very importanta

“ - -
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.- The values y,“ g -and AN are lmown and can be teken
directly from Tables 1 - 3. I¥ the x-values are calculated in
percentages - ' ; S

.(vd in%% = ;120:: end Vp :l.n % % o 10_,0 - 1go+x ) _

then we obtain the valuea'giveh in Table 4.

Table e
of development y X Amount of Amount of
e s ' ' yolk in % perivitelline
fluid in %%
4 0,468 14.0 93.34 6.66
1? % 00435 6@38 86045 13055
29 : 034 84038 15.:62 "

25 5.40

The accuracy of these figures is naturally not particularly
great, since the y-values were estimated by the usuel rough cryoscopy
and not by precision cryoscopy; low accuracy of observations
thus be an important source of error in the calculations, but these
figures , serve a8 a first approximation to the actual ratios.
Gray (19?%% assumes that the perivitelline fluid in trout eggs
immediately before they ere hatched amounte to about 10% of the
fresh weight of the egg. Since the.apec;ticifravity of the yolk
appears o be greater than that of the perivitelline fluid, the
amount of perivitelline fluid must form more than 10% of the total
amount,  From this, it can be said that our figures do not differ
80 sharply from those of Gray. We are particularly interested
here in the great increase in the perivitellin. fluid during’
development; at the end of embryonic development, its amoumt is not
less than twice as great as at the beginning. This increase
in the perivitelline fluid probably precedes the swelling of the
albumenous matter, the amount of which in the perivitelline fluid
increases with the course of devel opment, ( ¥ confirmed the
présence of albumenous substances in the perivitelline fluid by
Millon's reaction in the capillary tubes. This reaction in only
doubtful at the beginning of the development and is very sharply
defined at the endgo : S

: The rigse of the swelling pressure in the perivitelline fluid
probably plays an important part in the mechanism of the hatching
of these fishes, Other opinions have also been expressed in this
question (Winterbert, 1912, 1926); (Bourdin, 1926). . I intend to
discusse these opinions, as well as own observations, on the
hatching of trout eggs, in another place. e, 4l

o Thus the answer to the first of the questions posed at the

beginning of this work has been found. The limiting capacity of
the high osmotic pressure is not represented by the outer membrane,
but by the surface of the egg cell. Thus it can be saild already,
that the outer membrane plays scercely any part in the maintenance
of o constant high osmotic pressure in the eggs. Let us now turn
to the question of the extent to which the perivitelline fluld
iteelf ig iesolated from the extermal medium, or in other words, to
the question of the permeability of the egg membrane,

3
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The Pnrmeabglijz of the Egg Membrane,

We have already some knowledge of the pernmahility of the
egg membrane, In the first place, it is permeable to water. This
can be seen from the work of Gray (1926) who showed that the embryo
absorbs water from the surrounding medium. This absorption of
water is particularly intensive after laying, but it is also recognised
eagily during the development of the embryo. The graph obtained

by Gray for the percentage of the dry weight of the eggs of trout
shows quite clearly that the absorption of water duri the whole

~of the devéopment of the embryo is an indivisible reéﬁ%&r process,

. beginning at the commencement of the embryonic development and
becoming further greatly accelerated (1) after hatching. Further,
the egg membrane is permeable to some electrolytes. It is seen
from Rumnstrdm's resulits (l.c.) that KC1l at the isotonic concentration
brings the embryonic heart almos$ to a standstill in 24 hours.

We are naturally interested here in the permeability to dilute

. solutions,which presumably do not change the propezrties of the egg
membreane. As far as strong salt or acid solutions, as well as
fixing media, are comcerned, it ie lmown that they penetrate the
membr&ne fairly easily. ;

P I have carried out tests on the determiunation of the
‘ permeability of the egg membrane to HalCl, Hgﬁlgg KCN, s&acharose
- and- negative-atain suspensions.,

The permeability of the egg membrane to common salt can

he ghown by quite an elementary test, Partially turbid eggs are
very often found in the centre of the trout sSpawi, Observations
ghow that these eggs are beginning to decay, althovgh they remain
alive for a long time and develop quite normally. ( I observed
-on occasion that the embryo in a turbid egg daveloped normally for
2 weeks) That is, of course only possible in cases where the part
of the yolk which begins toc become turbid is in the immediate vicinity
of the germ sheaths, If such eggs are placed in 0,7% NaCl solution
(hypotgni?a?olution), they become completely permeable after about

minute

When the cleared.eggs are dipped in water, they again become
turbid, This type of effect is, of course, only possible if the
.egg membrené has & high degree of permeability to salt ioms.  Thus,
"1t 18 not difficult to feel convineed that the turbidity of eggs
is not due to an injury to the membrane, but is apparently caused
by -quite different factors. In the first place, penetration of
the egg membranes by the needle does not damage the egg itself.

I have pricked the membranes of a large number of eggs and observed
their flevelopment. The surfaces of the embryo and egg-cell

remained intack, the embryo them developed further and hatched after
-wards in the same way as normal eggs. In the second place, the :

(1) = Thus the opinion of Kfonfeld and qchemvnsky (1026) that the
trout egg ie an absolutely emclosed system is not entirely accurate.
The permeability of the egg membrane to weter and the consequent
embryonic -absorption of water, is extremely importent for the correct
emtaalishment of relations between the embrye and the external medium,

(2) Ae tests showed, fTQCLuAation of *ionu¢in in my material
occurred with NaCl concentratiun of 59% the depression being _
0,36, . The formation of turbidity in +he ezgs thus undicates that

. the osmotic concentration in soms parts of the yolk is less than
«thisg limiting value,



turbidity may be caused by the action of a "poison" or an electric
current on eggs with undamaged membranes, The formation of
turbidity in eggs by the electric current was described by Scheminsky
and Gauster (1924). : '

By immersing the eggs in dilute KCN and HgCl, solutione, 1
found that the egg membrane is very permeable to these poisons.
In KCN solutione of about 0,1%, the embryonic heart came to &
standstill after some minutes., In 0.2% solution of sublimate the
enbryos dies after about 15 minutes, The possibility of an osmotic
affect is naturally excluded at these concentrations. The result
obtained is obviocusly due to the diffusion of the polsons through
the 888 membrane., '

Saccharcse penetratés the membrene much more slowly than
electrolytes, In solutions of T% or more (weakly hypcrtonie
"golution), the egg membrane shrinks together slightlys efter some
minuted it regains its normal turgescence. Later the egge begin
to become turbid. This is obviously caused by the plaematic
ekin on the egg surfece bursting under the action of the hypertonic
solutlon, the yolk flowing out intc the perivitelline cavity and
mixes with the liquid intthis space. - This process can be
observed easily under a magnifying glass. The flocculation of the
globulin in the yolk takes place despite the presence of cane sugar
in the perivitelline ocavity. Observation shows that the egg
yolk floceculates in sgueous solutions of cane sugar of any concentra-
tlon. L

I heve used the following substences to determine the permes-
bility of the egg membrane to collidal solutions and suspensionss-
neutral red, Nile blue sulphate, trypan blue, suspensions of Indian
ink, I used the intravitam dyes in 1% solutions and a commercial
Indien ink preparation for becteriological purposes (Grilbler, Pelikan
541). The eggs were immersed in these liguids and after .
differing periods were opened in water to exemine whether the embryo
and yolk were coloured., These observations showed that only the
two first of the above-named substances permeate the egg membrane,
After remaining 48 hours in trypan blue and Indien ink, the
perivitelline fluid, the embryo and the yolk all remain colourlessj
only the éxternal surface of the egg membrane was coloured. :
Neutral red and Nile blue sulphate, on the contrary,give the yolk
embry amd- perivitelline fluid an intemsive colour; neutral red, a
colloid with a high degree of dispersion, penetrates the egg membrane
. with greater speed. I have summarised the results of the tests
. in the following table, in which the () sign indicates failure to
colour the membrane, (+) indicates slight colouration and (++)
indicates intensive colouration.

after after after after after
1 hr. 3 hrs., 12 hrs, 24 hrs. 48 hrs,

neutral red + +4 b 4 ++
Nile blue sulphate - + +4 b ++
trypan blue - e - - -
Indian ink = - = - -

Thue, from cur results and from results given in the
literature, the egg nmembrane is fouud to be permeable to the

following materialst- KCl, NaCl, KCK, HgCl,, Ci2Hy5044, neutral
red, Nile blue swlphats. It is seen from %hiﬂ 1is% %hat the egg
sheath is completely pussive to penetration by the substence, and

only acts a8 a dead celloldel membrane. Different substances
can diffuse through it, and the limit of its permeability

is apparently .only determined by the size of the particles of the
solute, This limiting size is very significant, since it 1s

8.



only highly colloidal substances and coarser suspensions which

- cannot permeate the membrane., We observe that the establishment of

. $he minimum speed of diffusion of the substance through the

is important, since the development of the trout embryo under m
" conditions takes many months; this time interval is iutrioicnx Lor
the production of the decisive iomic equilibrium by ve

diffusion, From this it can be deducsd that it ise thn albu..n
~contained in the perivitelline fluid which cannot permeate

‘moribrane; the remaining components of the perivitelline (1! any

are present) must be washed out by water during the developmemt,

It is, therefore, evident that the insulating role of the egg membrane
is only operative as followst-

1) it forms a definite filter to prevent the infusion of bacteriay

2) 1t protects the egg from injury by mechanical causes}

3) it prevents the albumsn of the perivitelline fluid from paseing
out.

In addition, the egg membrare greatly reduced the velocity
of diffusion., It thus plays & certain part in the physical
and chemical relations of the embryo, chiefly by retarding the .
absorption ¢f water comsiderably. But it cannot be responsible
for the mainteunance of & higher csmotic pressure in the interdox
of the egg. Ap we saw, the raté of diffusion of the eleotro
is so marked, that there cannot be any question of the eamount
electrolyte being kept comstant during the whole period of
development by the iscleting action of the membrana.

It 1s evident thet the level and sﬁab¢1ity of the oamntiﬂ
pressure in trout egss ig not due o the presence of the dead colluid
membyrane, but to some other cause.

The Osmotic Egeaaﬁre of the Egg Medium.

Osmoresgulation.

As wag seen earlier, the limit of the sharp decrease in
osmotic pressure lies in the surface 1ayar of protoplasm ( or
blastoderm and later skin surface). The cause of the isolation
of the osmotic pressure of trout eggs from outside must be sought
in the properties of this. boundary layer. Such an interpretation
makes -the question more complicated; if the living constituent of
the egg plays the main part in maintaining the high osmotic
pressure, then the question is mno longer a purely icochenmical
one, but should rather be considered as physioclogic Without
attempting a complete solution of this guestion, we ahall linit
ourselves to the following problems ie there eny functional connection
between the osmotic pressure of the egg and the external medium or
not? In other words, does the level of the osmotic pressure
of trout eggs reprement the result of the ecuilibrium between the
external medium and the egg cell ions, or is it brought about by
the setivity of the orgenism 7

To elucidate this problem the following teats were carried
oub. Portions of trout spawn cowmbaining abvout 30 eggs were
ipmersed in NaCl solutions of mi;xrﬂ@m% concentrations, and the
total depressions were determinmed by using the Buriean CTyoBCoDa.
The eggs remain there for Qiff Cexent periods of time with continuous
aeration by means of an alr-water Do ““9 depression of the
sclutions in which the eggs were neraed wore determined in each
cass, Teble 5 gives The resu : » eatimations, which were
carried out during 18 b he @ of developument after
being placed dun the el : gtandord totel depression of
the eggd on this day Wes -




Table 5.

Molar comen. I of - Aof Theoretical
of NaCl in solns, eges value ofA of
extl. medium i (total) eggs with
N Bt _ constants 0
Ag = 0.50
and
Bp =Byo1n,
0.05 | 0. ;7 0.46 '8,453
s o34 47 0470
0.12 0.39 0.50 0.485 1iving
0.2 0,68 0. 51 0.524 eggn
0a3 1‘)005 00 56 . 0. 573
0.5 1,68 1,52 0.660 oggs
1.0 3.34 3.02 0,885 decayed

In the anelysis of the figures in Table 5 we shall first
leave the third column of figurss out of conesideration. It is
geen from this third coluwmn that the combined depression of the aggs
ig very little in soluticns of up to 0.3 Molar KaCl. If the :
depreesion of the external solution is raised from 0.02° (conductivity
water) to 1.05° (NeCl 0,3 Moler), the depression of the egge only
rises from 0.43 t0 0.56° , i.e. it only risee 0,13°, although the
osmotic pressure of the medium ies increased 50 times., . For :
further increases in the concentration of the external solutiom,
this relationship changes very sharplyt for concentrations of 0.5
molar upwards, the depression of the eggs rises almost to the value
of the depression of the extermal solution. Thus there must be
& critical point between the concentrations of 0.3 and 0.5 Molar,
‘above which the physiological standard of the osmotic pressure ih
the egg cannot be mainteined. It is not difficult to see the
significance of this point; we observed that decay of the eggs under
the injurious influence of the solution during the time intervals
chosen, began to occur at this point. If the egg is still
living, the plasma surface prevents the penetration of salt ions
into the interior of the embryo and yolk, despite the strong excess
pressure from the outside. If the egg is decaying, its interior
“becomes similar in respect of osmotic pressure to the external medium,

- The behaviour described above showsthat the osmotic pressure

of trout egge is largely independent of the external medium, In

order to investigate thie question more closely, let us turm to

“the explanation of the increase in the total depression which occurs

in NaCl solutioms of 0.0% = 0,3 Molar {(with living embryos).

Two cases are possible here? either part of the selt ions penetrate

the plasma surface, and cause & slight rise -in the osmotic pressure

of the interior of the egg, or the sclution only enters the perivitelline
cavity where the osmotic pressure of the yolk and embryo remain constant.
We can easily put this to the test by making use of the equation (1)

- given above (mee page T76) . On the basis of our results on the
perneability of the egg membrane we can sState that the osmotic
conecentration of the perivitelline fluild after the eggs have been
immersed in the ¥al solutions for 18 hours, certainly becomes equal

t0 the osmotic concentration of these solutions. Thug we replace

the constant Ly in our formuls by e variable O ao}n.v i.8, the
depressions.of Tthe Nall solutions, and determine y from this--

? 10.
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eqnatian, gince the x value ip already known (when y = 0.335°,
x = 6,37 = see Table 4). If we assume that 4 = 0.50° remains
constant, we can write the equation : ,

aAd = +A01n = 0,50 + 6,37 +D soln
X+ 1 - T.37

and we can determine the summary depression of the eggs (y) for all
the solutions which we used. These theoretical values are given

in the third column of Table 5. If these figures are compared

with the observed wvalues of the depression for eggs in NaCl solutioms,
e falirly exact agreement betwesn the corresponding values is seen
{only up to the critical point 0,3 Moler mentioned sbove, of course).
The maximum difference betweer them is 0,015, i.e, within the limits
of experimental error. This can scarcely be a chance agreement.,

The omly probable explanation of this agreement is that the depression
of the yolk and embryo actually remain constent owing to an increase
in depression of the external sclutiong if the value (for the yolk
end embryo) sctually increesed; the obqerveﬂ depression of the egg
would of necessity exceed the thenre%ical value of y. Actually
this does‘gft happen; as can be seen from Table 5, the observed
values of varicd from the theoretical on both sides; more often
they are somewhat less then the theoreticsl values,

The osmotic pressure of the yolk with the embryo thus forms

g strictly, constant valus, which is independent of the osmotic
pregoure of the externel medium. This value remains constent for
any concentration of the exiternal soluiion, &s long as the embryo -
is alive. in contract to this, the osmotic pressure of the perivit-
@lline fluid varies very rapidly during increasing concentration

of the external solution, saud we can report thet here again the .

perivitelline fluid appears to ect as an external medium and not to
play any other part with regard to osmotic pressure.

Congclusion,

We ceme to the conclusion that the high constent osmotic - .
pressure of trout eggs is & function of the living comstituent of
the embryo. It is 2 result of the vegulation of osmotic pressure
of the organism which is isolated by the externsl medium. I should
like to add here, that it is & result of active osmotic regulation.
As far os the means of this regulation of osmosis is concerned, ' -
the cause lies meinly in the osmotic isolation of the egg at the
plasme surface, which ensures the adequate supply of electrolyte
to the egg, while preventing the entry of superfluous electrolyte
from outside.

Howewver, this is omnly ... one aspect of the process of
osmoregulation. We know thet water is absorbed during embryonié
developnent. Consequently, dilution of the interior.of the orgenism
must compensate for this to some extent. Iin addition to the
isolating plasmatic layer, we must assume the presence of other
regulating factors. It may be that the aétive vsmotic substance
may be formed continvously at a reguler speed, - On the other hand,
Kronfeld and Scheminsky found that the water content of the yolk
hed fallen greatly by the end of the efubryonic development. These
suthors believed that the comotic pressure of the yolk must rise
sharply as 8 result, end this made the sscimilation of the embryo

8 progess which is very difficult %o understand, But we have
seen already that the osmotic pressure of the yolk actually remains
very congtant during the whole of the development. Such relations

between the % water comtent sud the osmotic pressure in the Jolk are

11,



only possible on the assumption that the osmotic pressure is self-
adjusting during developments 1t may be thought that this adjustment
is caused by the reduction of the active osmotic substance. We
-cannot, of course, say anything positive about the nature and
method of this osmotic regulation at present, but it appears to me
that this question can be approached by experimental work. It v
should be added that hitherto we have very little knowledge of the
fine mechanism of the regulation of osmosis in the animal kingdom,
Let us, therefore, be content with the statement that the regulation
of osmoeis in trout egge appears o be a very complicated. continuous
and active process,

Summax

The csmotlc pregsure of the perivitelliine fluid and the
yolk of trout eggs were measured separately by the Drucker=Schrein
method., The permesbility of the egg nembrane and the variestions
in the osmotic pressure of the eggs when placed in salt solutions
wera also investigated. The following resulits were obtained.

1o - The cemotic pressure of the perivitelline fluid is very low
throughout the periocd of developmeni estimated by its salt content,
this liguid is similar in osmotic pressure to the usual sugar
solution. The osmotlc pressure of the yolk, on the contrary,
is fairly high end is constant; thus it resembles trout blood.,

2s The total depression of the eggs increases slightly during
development. The increase is due to increase in the quantity
of the perivitelline fluid. The relative size of this 1nnreasa
~ is calculated from the elementary equation.

8 The egg membrane is permeable to water, meny electrolytes,
gaccharose and some intra-vitam steins. It ie only impermeable
10 highly colloidal solutions and suspensions. Thus the egg
membrane mey play en important part in maintaining the high osmotioc
pressure in the interior of the eggs (see alsec in 1, above). -

4, The high and constant pressure of trout eggs is in no way dus
to an eguilibrium between the concentration of the internal

solution and the external medium. It has been proved by observa-
tion thet the osmotic pressure of the yolk and of the embryo remain
constent whatever the osmotic pressure of the surrounding medium,

ag long as the embryo is alive. If the embryo decays, the osmotic
- pregsure of the yolk immediately becomes equal to that of the
exbernal medium,

5 The regulation of the osmosis of trout embryos is the result
of the activity of the living constituent of the orgenisms.

-~
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Notice

Please note that these translations were produced to assist the scientific staff of the
FBA (Freshwater Biological Association) in their research. These translations were
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