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Colloidal Properties of Nucleus. 1. Effect of Temperature on Nuclear
Viscosity in the Starfish -Egg.

CrirFORD V. HARDING.

(Introduced by L. V. Heilbrunn.)

From the Marine Biological Laboratory, Woods Hole, and the Department of Zoology, Uni-
versity of Penmsylvania, Philadelphia, Pa.

Although the colloidal properties of the
nucleus are important to an understanding of
its role in cell division, very little informa-
tion of a quantitative nature has been ob-
tained from the living cell. It is evident
from the observations of Gray! and Harris?
that the nuclear contents of certain marine
eggs are in a liquid state. Gray noted that
the nucleolus in the germinal vesicle of the
Echinus egg moved under the influence of
gravity, and he determined the rate of its
movement. Heilbrunn® was able to estimate
the absolute viscosity by substituting the
value for the rate of movement into Stokes’
formula and assuming the densities of nu-
cleoplasm and nucleolus on theoretical
grounds. Harris® from his photographic ob-
servations on nucleolar movement calculated
the absolute viscosity of the germinal vesicle
of the Echinus egg to be about 10 centipoises,
and he checked this value with determinations
of viscosity by Pekarek’s Browian movement
method. He also found that a fall of the
nucleolus was clearly seen in the eggs of 4
other species of echinoderms. It seems, there-
fore, that in the germinal vesicles of certain
marine eggs, the viscosity is approximately
10 times that of water.

The purpose of this investigation is to de-
termine the effect of temperature on nuclear
viscosity in the egg of the starfish, Asterias
vulgaris, by means of the falling nucleolus
method. This method has the distinct ad-
vantage of yielding quantitative results with-
out harming the egg in any way.

Procedure. Eggs in the immature germinal
vesicle stage were used. The ovaries from
freshly dissected animals were placed in sea

1 Gray, J., Brit. J. Exp. Biol,, 1927, 5, 102,

2 Harris, J. K., J. Ezp. Biol.,, 1939, 16, 258.

3 Heilbrunn, L. V., The Colloid Chemistry of
Protoplasm, Berlin, 1928,

water in fingerbowls, and the eggs, which were
shed almost immediately, were kept at the
temperature of running sea water (about
19°C) until used. Eggs removed from the
animal for more than 3 hours were discarded.
For each experiment a drop of dilute egg sus-
pension was placed on a depression slide with
a rectangular depression approximately 12§
p deep. A few strands of absorbent cotton
were put in the chamber to keep the eggs in
position and a coverslip lightly ringed with
vaseline was placed on top. The eggs were
then observed through a horizontal micro-
scope. _

After the suspension had remained a few
minutes in this position, an egg was selected
for observation. The microscope stage was
then revolved 180° and the movement of the
nucleolus through the entire diameter of the
nucleus timed. In each observation the time
was measured from the instant the stage was
revolved until the nucleolus was observed to
reach the bottom of the nucleus. This was
repeated several times with each egg.

Temperature was varied by placing the
microscope in a cold room to obtain tempera-
tures between 3°C and 24°C. TFor higher
temperatures the microscope was placed in a
constant temperature box equipped with heat-
ing coils. Readings were made with the ther-
mometer bulb directly on the stage. For each
experiment the microscope was allowed to
come to equilibrium with the desired tempera-
ture for 15 minutes or more.

Results. The results obtained are sum-
marized in Table I, which shows the average
number of seconds required for the nucleolus
to fall at each temperature studied. When
the values in the third column of Table I
are plotted against temperature a straight
line relation is suggested. The data were
analyzed by the method of least squares. The
resulting equation is:
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TEMPERATURE EFFECTS ON NUCLEAR VISCOSITY

TABLE L.
Effect of Temperature on Time of Fall of Nucleolus and the Thixotropy of the Nuclear Colloid.

Time for Avg of times
Temp. initial for subsequent
°C fall, see. falls, sce.
3.5 285 230
8.9 235 204
10.5 273 223
12.5 220 199
14 215 158
16 200 167
17 185 153
19 165 137
23 150 142
24 144 130
25 133 122
27 122 128
28 104 112
30 95 102
33-35.5 120 81*
95t

33-37 95

* Nuelear colloid gcllvdr.‘lftor tenrhwlv'o:uling.

1 Nuclear colloid gelled affer second reading.

V —= 2451 — 4865 T
where ¥ — Time for nucleolus to fall through
entire diameter of nucleus (seconds).

T = Temperature (degrees C).

The line defined by this equation is shown
in Fig. 1, the plotted points representing
averages of all determinations for each 5
degree interval. Since viscosity varies di-
rectly with the time, corresponding values for

Ratio initial

time to avg. of No. of Total No.
subsequent times experiments observations

1.239 1 8
1.152 1 7
1.225 3 30
1.103 3 12
1.360 1 10
1.188 6 39
1.294 3 23
1.205 3 14
1.056 1 3
1.105 7 49
1.097 9 58
0.957 8 52
0.941 b} 51
0.983 1 12

1 10

1 2

viscosity were included on the ordinate scale.
These values were calculated from Stokes’
formula by substituting 7.17 X 10* cm for
nucleolar radius, 56.6 X 10 cm for the
distance the nucleolus falls, and 0.1 for the
difference in density between nucleoplasm and
nucleolus, The latter value for difference in
density is theoretical. Justification for this
is given by Heilbrunn® in his monograph.
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Fie. 1.
The effect of temperature on the time of fall of the nuelcolus.
Corresponding values for viscosity are on the right side of the

graph.
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TABLE 1L
Results of Application of the t-test in Determining Significance of Deviations of Mean Dif-
ferences from the Theoretical Value of Zero for Two Temperature Intervals.

Mean value of differences for given temperature interval

Deviation of mean value of differences from O
t value
No. of experiments

Probability of obtaining such a deviation by chance alone

from the theoretical mean of O

Temp. range (°C)
3.5-24.5 25.0-30.0
o875 00 —l4
28.75 —1.4
6.268 0.489
28 20
0.00 0.63

Ladenburg’s correction factor was used. This
corrects for the effect of the nuclear mem-
brane on the velocity of the moving nucleolus.
Although the equation has not been adapted
for a sphere moving within a sphere, Harris
from observations on a model nucleus de-
duced an empirical value of 0.29 for the
Echinus egg nucleus. Since the relative pro-
portions of nucleolus and nucleus are approxi-
mately the same in the Asterias egg as they
are in the Echinus egg the same value was
used in these calculations. As can be seen
from Fig. 1, the absolute viscosity, deter-
mined in this way, is about the same as that
found in the Echinus egeg by Harris, It would
appear, therefore, that at least in the tem-
perature range investigated the absolute vis-
cosity changes by approximately 2.7 centi-
poises with a 10°C change in temperature.
This change is evident up to temperatures of
approximately 35°C. In this range the nu-
clear contents gel, as is evident from the third
column in Table I, which indicates that the
nucleolus did not move at or above this
temperature.

Also, from Table I, the thixotropic nature
of the nuclear colloid is suggested. In the
fourth column the mean ratio of initial reading
to average of subsequent readings is given for
each temperature employed. If the nucleo-
plasm is a thixotropic colloid, this ratio should
be greater than one. This is found to be the
case at lower temperatures. However, the
values appear to decrease with increase in
temperature until a ratio close to unity is
reached. This is at a temperature of approxi-
mately 25°C. Apparently, therefore, tem-
peratures of 25°C or above abolish thixo-
tropy.

In order to test the significance of this ap-

parent change in thixotropy the differences
between the initial readings and the averages
of subsequent readings were analyzed by
means of the t-test (based on Student’s dis-
tribution). The mean of the differences ob-
tained in experiments at temperatures of 25°C
through 30°C proves to be insignificantly dif-
ferent from zero. The mean of the differences
corresponding to temperatures of 3.5°C to
24,5°C, however, is significantly greater than
zero. The numerical results of these calcula-
tions are given in Table II.

Discussion. There were no marked devia-
tions from a linear relationship between vis-
cosity and temperature within the range
studied. This is unlike the cytoplasmic re-
action in the Cumingia egg as found by Heil-
brunn.# In this case the viscosity goes through
a maximum value at 15°C. In some other
cells, however, the cytoplasmic viscosity de-
creases progressively as the temperature is
raised until the protoplasm gels (see Heil-
brunn® for discussion). This is similar to
the results obtained with the starfish egg nu-
cleus. Coagulation of the starfish egg nu-
cleoplasm occurred at approximately 35°C.
For the present data, the latter value is
necessarily an approximation since a complete
description of heat coagulation would involve
not only the temperature but also the time
that the eggs were exposed. Heilbrunn® has
shown that the protoplasm of the Arbacia egg
coagulates at 31°C to 37°C, that of the Cum-
ingia egg at higher temperatures. In both
cases, the temperature coefficient of the change
in rate of coagulation per degree change in

4 Heilbrunn, L. V., 4Am. J. Physiol., 1924, 68,
645.

5 Heilbrunn, L. V., Am. J. Physiol., 1924, 69,
190.
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temperature lies between 1 and 2. Investiga-
tions are planned to determine other proper-
ties of the nuclear colloid, particularly with
regard to its radiosensitivity. The present
knowledge of temperature effects will serve
as a guide to the proper experimental con-
ditions.

STRETCH AND STIMULUS FORMATION

Summnary. By means of the falling nucleo-
lus method it was determined that a 10°C
increase in temperature lowers nuclear vis-
cosity in the Asterias egg by approximately
2.7 centipoises. Thixotropic properties disap-
pear at temperatures above 25°C and coagula-
tion occurs at about 35°C.
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Effect of Stretch and Pressure on Stimulus Formation in the Dog’s Auricle.

D. Scuerr, M. M. Scuarr, aND. M. F. GOXLEN.*
From the Depastment of Medicine, New York Medical College.

The applicdtion” of a few crystals of
dconitine or of 0.05 cc of a 0.05% solution
of aconitine to the auricular appendix of the
exposed heart of the dog results in a regular
tachycardia with a rate of 300-500 beats per
minute. Invariably this tachycardia responds
to faradic stimulation of the vagus nerves
with an increase of rate.! The administration
of aconitine to the site of the sinus node also
leads to a tachycardia which spontaneously
or following stimulation of the vagus or sym-
pathetic nerves is transformed into auricular
fibrillation.?®* Because of its high rate and
the ease of its transformation into fibrillation
the auricular tachycardia was considerd to be
auricular flutter. Cooling the small area to
which the aconitine has been applied stops
the fibrillation (or flutter); it reappears im-
mediately * when cooling is interrupted.?
Earlier it was pointed out that these ob-
servations are not compatible with the as-
sumption that auricular fibrillation is due to
a circus movement mechanism. An extremely
rapid stimulus formation with secondary for-
mation of reentry waves was considered the
responsible mechanism.2

This report deals with observations made
during application of stretch and pressure on

* Istanbul, Turkey.

1 8cherf, D., Proc. Soc. Exp. BioL. aANp MED.,
1947, 64, 233.

2 Scherf, D., Romano, F. J., and Terranova, R.,
Am. Heart J., 1948, 36, 241.

8 Scherf, D., Am. Heart J., in press.

the right auricle of the dog’s heart in the
presence of an aconitine-induced tachycardia.

Method. The technic employed was the
same as in previous investigations. The
heart was exposed with the dog under nem-
butal anesthesia and artificial respiration.
Aconitine was injected into the region of the
head of the sinus node. All electrocardio-
grams were recorded in lead II. Stretching
of the auricle was accomplished by one of
several methods: 1) by attaching a weighted
hook to the right auricular appendix or the
right auricle at the junction between the vena
cava superior and the right appendix; 2) by
stretching the tip of the appendix of the right
auricle by means of a blunt forceps; 3) by
rapid intravenous infusion of 50 cc of 0.9%
saline at body temperature into the jugular
vein or the vena cava superior. Pressureé on
the area into which aconitine had been in-
jected was exerted by a probe. In all ex-
periments we satisfied ourselves that the site
of application of aconitine actually was the
focus of stimulus formation because cooling
of this site invariably resulted in a cessation
of flutter or fibrillation as long as cooling
continued.

Results. In 11 experiments stretching led
to an increase of auricular rate and to auricu-
lar fibrillation. The fibrillation sometimes de-
veloped so quickly that the transitional period
of tachycardia could not be analyzed. More
often a short period of increased rate pre-
ceded the fibrillation. The duration of the





