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The fact that cortisone inhibits animal de-
velopment is not new (1-9). Most investigators,
however, have concentrated their attention on
birds and mammals. Comparatively few non-
systematic observations have been made on am-
phibians.

Witschi and Chang in 1950 reported the in-
duced transformation of ovaries into testis in
larval frogs by cortisone (10). Wurmbach and
Haardick in 1952 found that desoxycorticosterone
acetate accelerated the increase in absolute wet
weight and dry weight and in percentage of dry
weight of tadpoles, and also noted a faster growth
in length of the experimental tadpoles than of
the controls (11). Kuusisto and Telkkar in 1953
demonstrated that cortisone exerted no influence
on tadpole thyroid morphology and hence ex-
hibited no effect on metamorphosis (12). Iwa-
sawa in 1958 claimed that cortisone treatment has-
tened testicular but inhibited ovarian develbpment
(13). Dastoli and Tector in 1959 reinvestigated
the problem of frog metamorphosis after cortisone
treatment and came to the conclusion that this
hormone, acting as a metamorphic inhibitory
agent, exerted an antagonistic effect against
thyroxin (14).

The present attempt was to study the reac-
tions of the developing frog embryos to cortisone
during their early stages with special emphasis
on the phenomena of growth.

MATERIALS AND METHODS

The eggs of Rana catesbeiana, obtained in
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our laboratory by induced ovulation, were fer-
tilized artificially.

Groups of 50 fertilized eggs were cultured
in large Petri dishes, each containing 100 ml
filtered pond water. Equal numbers of ‘cultures
were used for control and experimental purposes.
In the experimental series, cortisone acetate (11-
dehydro-—l7—hydroxycorticosteronerzl—acetate, Up-
john) was added to the cultures when the eggs
reached the blastula, gastrula, neurula and hatch-
ing stages. Cortisone was spread evenly by gentle
shaking to give the eggs an equal chance of
contact with the - white particles. Correspond-
ing cultures without cortisone were used as
controls. The culture medium was renewed
weekly and new cortisone was added each time.

During the first two weeks after fertilization
the eggs and larvae were closely  observed daily
for developmental progress (Shumway stages, 15)
and anomalies, if any.

Then the survived and control tadpoles were
reared in glass aquaria with an allotment of pond
water gradually increased up to 100ml per
tadpole. Both control and experimental tadpoles
were fed boiled green vegetables. The culture
medium was changed twice a week for 15 weeks
but weekly cortisone treatment was continued
for another three weeks only.

Total length (from mouth to tip of the tail),
body length (from mouth to base of the tail) and
body width were measured weekly for 14 weeks
beginning at the second week after fertilization.
In order to minimize unavoidable mortality due
to manipulation, weekly measurement of body
weight was not started until the éléven’th week.

The control and the cortisone treated egé’s,
larvae or tadpoles of each experiment were kept
under the same environmental conditions such
as food, temperature, light, space, efc.
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RESULTS

Cortisone treatment at early blastula stage
— Experiments FRI, FR2, FR3 and FR5*

A hundred fertilized eggs were used in each
of the experiments FR1 and FR3, 50 as the con-
trol and the other 50 as the experimental eggs.
In experiments FR2 and FR5 the number of eggs
used was doubled. Early blastulae of 2, 4 or 8-
cells (stage 3, 4 or 5) of the experimental series
were treated with 12.5 mg of cortisone in 100 ml
of culture medium. The control eggs of course
received no cortisone.

No difference in developmental rate between
the control and experimental eggs was noticed
earlier than stage 17, 18 or 19. Nor was any
apparently abnormal egg found in the experi-
mental groups. From then on the cortisone treat-
ed eggs showed developmental irregularities.
Their development was at first retarded for a
few stages when compared with that of the con-
trols, and then hastened to catch up with that of
the controls before stage 25.

During the retardation period the affected
tadpoles began to develop grossly discernible
edema which appeared at first under the heart
and then spread gradually all over the body ex-
cept the dorsum and the tail. When the develop-
ment reached stage 25 the skin over the ventral
and lateral parts of the body became so trans-
parent that movements of heart, stomach and
intestine could be readily made out. Their heads
often curved upward with gills underdeveloped.

The edematous condition of the larvae varied
in degree. The most seriously affected ones
died quickly from the rapidly developed edema
with their bellies burst and viscera exposed, while
others suffered an insidious increase of edema
and died eventually. Thus in the same experi-
ment all grades of edematous larvae could be
observed (Fig. 1). In rare occasions small blebs
appeared either on the back or on the tail, in
addition to the general edema.

The suffering larvae lay on the bottom of
the dish on their sides, and the yolk was not
much consumed. Before they began eating, the
fecal material was very scarce. After feeding
commenced, ingested cortisone was sometimes
seen in the intestine readily and white fecal ex-
creta was found on the bottom of the dish.

The control larvae of the same age, on the
other hand, looked quite normal with no identi-
fiable edema. At stage 25 they lay on the bottom

% Denotes code number of female frogs from which
fertilized eggs were obtained.

Fig. 1. Photograph of one normal tadpole
(left) and of three edematous tadpoles (right)

of increasing intensities from left to right. En-

largement 5x.

of the dish on their bellies and had consumed
most of their yolk. Brownish fecal material was
found before they started eating. After feeding
with green vegetables, the excreta was greenish
in color and much more than those of the treated
tadpoles.

Table I summarizes the differences between
control and cortisone treated eggs.

From Tablel, itisclear that cortisone treatment
caused a preliminary retardation of the develop-
ment of the eggs with subsequent recovery, and
the production of edema in the larvae. The re-
tardation in development and the production of
edema hence appeared to be somehow inter-related
as if the former was followed by the latter. The
percentage of edematous larvae and the condition
of the edema varied in different experiments.
Thus in experiments FR1 and FR2 the rate of
edematous larvae was higher and the edematous
condition more serious, whereas in experiments
FR3 and FR5 the edema was less so and some
of the abnormal larvae recovered.

Cortisone treatment at m’d-blastula stage
— Experiments FR4, FR6 and FRS

Four lots of fertilized eggs, 50 each, began
to be treated with 50.000, 25.000, 12.500 and 3.125
mg of cortisone in 100 ml of pond water respec-
tively, at mid-blastula stage (stage 8). The con-
trol eggs, also 50, were reared in plain pond
water. The results are shown in Tables II and
II1.
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TABLE I

Developmental stage and edema incidence rate of control larvae and those
treated with cortisone at blastula stage

. Developmental stage and percentage of edematous larvae after
Cortisone cortisone treatment
Expt. dosage n
mg/100ml | 2nd day 3rd day 4th day . 6th day 8th day 10th day
125 S 16 18 19 19 25 25
FR1 ' E 0 0 100.0 100.0 100.0 100_.0
0 S 16 19 20 22 25 25
) E 0 0 0 0 0 0
125 S 14 17 18 20 22 25
FR2 ' E 0 0 100.0 100.0 100.0 100.0
0 S 14 18 19 21 23 25
E 0 0 0 0 0 0
125 S 14 16 17 21 25 25
" E 0 0 0 91.9 78.3 783
FR3
0 S 14 16 18 22 25 25
E 0 0 0 0 0 0
12.5 S 14 18 21 25 25 25
. E 0 0 100.0 55.5 10.5 10.5
FR5
0 S 14 19 22 25 25 25
E 0 0 ] 0 0 0 0
Overall
average 125 ) 72.2
final
% of 0 0
edema

S: Shumway stage of development.
E: ¢% of edematous larvae.

TABLE II

Developmental stage of control larvee and those treated with cortisone at
mid-blastula stage

Cortisone Developmental stage after cortisone treatment
Expt. dosage
mg/100 ml 2nd day 3rd day 4th day 6th day 8th day
50.000 14 17 19 20 25
25.000 14 17 19 20 25
FR4 12.500 14 18 20 22 25
3.125 14 18 20 22 ) 25
0 14 18 20 22 25
50.000 18 19 20 25 25
25.000 18 19 20 25 25
FR6 12.500 18 20 23 25 25
3.125 19 22 23 25 25
0 19 22 23 25 . 25
50.000 17 20 23 24 25
25.000 17 20 23 24 25
FR8 12.500 17 20 23 24 25
3.125 17 20 23 24 25
0 17 20 23 24 25
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TABLE III
Edema incidence rvate of control larvae and those treated with cortisone at
mid-blastula stage
Cortisone | Percentage of edematous larvae after cortisone treatment oneragedﬁnal,
Expt. dosage . fa(l)lf :re?:::i
mg/100ml | 2nd day | 3rd day | 4th day | 6th day 8th day |.© eggs
50.000 0 0 97.6 100.0 Dead
25.000 0 0 95.1 95.1 95.1
FR4 12.500 0 0 52.2 34.8 10.7
3.125 0 0 6.4 4.3 0 51.5
0 0 0 0 2.0 2.0
50.000 0 67.4 100.0 Dead —_
25.000 0 97.9 97.9 89.2 83.0
FR6 12.500 0 50.0 55.1 45.5 45.5
3.125 0 0 0 6.7 6.7 58.8
0 0 0 0 ) 2.3
50.000 0 0 63.8 100.0 100.0
25.000 0 (] 58.3 68.1 68.1
FR8 12.500 0 0 4.1 4.0 0
3.125 0 0 0 0 0 42.0
0 0 0 0 0 0
50.000 100.0
Overall | 95000 82.1
average
}i'nal 12.500 18.7
2% of
edema 3.125 2.2
. 0 14

Data in Table II indicate clearly that the
stage of development was much affected by the
concentration of cortisone in the culture medium.
The higher doses of cortisone delayed the de-
velopment much more than lower ones.
shows that the developmental stage of the three
experiments differed from each other at the same
age. It remains to be seen however, whether such
variations were the result of differences in paren-
tage of the eggs used, in season of the experimen-
tation, and/or in temperature of the environment.

Ccrtisone dosagé also exerted identical effects
on the rate of appearance of edematous larvae
(Table IIT). In the case of the highest dose, i..
50 mg of cortisone in 100 ml of culture medium,
all of the treated eggs developed edema and all
of the edematous larvae died within a short
period. When the dosage was decreased the
edema incidence rate dropped accordingly.

With higher doses of cortisone, like 50 and
25mg per culture, the edema incidence fate

Jt also

showed a strong tendency to increase against time;
while with smaller doses of 125 and 3.125mg
the frequency of edema decreased. Apparently
it was also because of different parentage that
experiment FR6 appeared outstanding when com-
pared with the other two.

The above findings confirmed the effect of
cortisone on eggs treated at the early blastula
stage as shown in Table I, giving additional
support to the role of development in edema
production.

It is interesting to note that edema developed
also in the controls of FR4 and FR6, but at
later stages and with much smaller frequency
than in the treated ones.

Cortisone treatment at dorsal lip stage
— Experiment FR7

A hundred fertilized eggs, divided in two
dishes, were treated with cortisone (12.5mg per
culture) beginning at the dorsal lip stage (stage

L]
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TABLE IV

Developmental stage and edema incidence rate of control larvae and those
treated with cortisone at dorsal lip stage

. Developmental stage and % of edematous larvae after cortisone treatment
Cortisone dosage 7
mg/100 ml 2nd day 3rd day 4th day 6th day 8th day
125 S 19 20 23 25 25
' E 0 7.2 39.2 40.2 40.2
0 S 20 22 23 25 25
E 0 0 0 0 0

/
10). Another 100 eggs, also divided into lots of
50, served as duplicate controls. The result is
shown in Table IV.

The data in Table IV reproduced the results
shown in Tables I, II and III in that in cortisone
treated eggs retardation of development preceded
the appearance of edema, and the retarded larvae
caught up in development with the controls be-
fore reaching stage 25.

Cortisone treatment at the stages of

early blastula, dorsal lip, neurula and

hatching on eggs of the same parentage
——Expefiﬁ;ynt FR9

Since the appearar;;:e of edema and the rate
of development possibly varied with different
parentage, it was deemed very necessary to solve
this question of genetic differences due to in-
dividual frogs by carrying out the following ex-
periments on eggs obtained from the same source.

Two sets of five groups of 100 fertilized eggs,
each group divided in two dishes, at early blas-
tula and dorsal lip stages were treated with
50.000, 25.000, 12.500, 6.250 and .3.125mg of cor-
tisone per dish respectively. The 6th group of
100 eggs was also reared in two dishes, but with
pond water only, as the controls.

Two sets of 100 larvae, equally divided in
two dishes, at neurula (stage 15) and hatching
(stage 20) stages were treated with a single
costisone concentration of 12500 mg per dish.
Another two sets of 100 larvae, divided equally
and receiving no cortisone, served as the con-
trols.

Developmental stage and incidence of edematous
larvae. The results are shown in tables V and
VL

As this experiment (FR9) was performed
with eggs collected from a single female at one
time and under practically identical environmen-
tal conditions, valid comparison of results ob-
tained from cortisone treatment at different de-

velopmental stages with different doses became
possible. One could readily observe that at the
stages of early blastula and dorsal lip the de-
velopmental rate of the treated eggs was related
directly to the dosage of cortisone (Table V).
This dosage-dependent phenomenon holds true,
and is even more evident, in the incidence rate
of edematous larvae (Table VI). However, cor-

-tisone treatment at neurula stage caused only a

very low incidence of edema, while treatment at
hatching stage produced neither change of de-
velopmental rate nor appearence of edema.
Therefore it is obvious that there was a difference
in sensitivity of the eggs at different stages
toward cortisone treatment; a small dose of 12.5
mg of cortisone per culture, which sufficed to
exert harmful effect in younger larvae, was com-
paratively inactive for older ones (Fig. 2).
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Fig. 2. Edema incidence rate in frog larvae
after various doses of cortisone treatment at
different developmental stages.
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TABLE V

Developmental stage of control larvae and those treated with cortisone at different stages

Stage when | Cortisone Developmental stage after cortisone treatment
treatment dosage
began mg/100ml | 2nd day 3rd day 4th day 6th day 8th day 10th day
50.000 S12 S16 S18 S19 S23 S25
25.000 S12 S17 S19 S20 S23 S$25
Early 12.500 S12 S17 S19 S20 S23 S25
blastula 6.250 S12 S17 S19 S20 s23 S25
3.125 S12 S17 S19 S20 S23 S25
0 S12 S17 S19 S20 S23 S25
N
50.000 S17 S18 S19 S21 S23 S25
25.000 S17 S18 S20 S22 S24 S25
. 12.500 S17 S18 S20 S22 S24 S25
Dorsal lip 6.250 S17 S18 S20 S22 S24 $25
3.125 S17 S18 S20 S22 S24 S25
0 S17 S18 S20 S22 S24 S25
12.500 S17 S18 S20 S22 S24 S25
Neurula
0 S17 S18 S20 S23 S25 S25
. 12.500 S22 S23 S23 S25 S25 S25
Hatching
0 S22 S23 S23 S25 S25 S25
TABLE VI
Edema incidence rate of control larvae and those treated with cortisone at different stages
Stage when| Cortisone 2% of edematous larvae after cortisone treatment ‘Average final
treatment dosage % of edema of
began mg/100 ml 4th day 6th day 8th day 10th day |all treated eggs
50.000 44.0 98.7 .100.0 100.0
25.000 311 37.8 44.6 44.6
Early 12,500 21.1 23.7 23.7 23.7 .
blastula 6.250 7.8 7.8 7.8 7.8
3.125 0 3.5 3.5 35 35.9
0 0 0 0 0
50.000 100.0 100.0 100.0 100.0
25.000 42.0 50.0 53.5 53.5
. 12.500 19.8 16.5 11.8 11.8
Dorsal lip 6.250 4.7 24 2.4 2.4
3.125 0 0 2.2 2.2 33.9
0 0 0 0 1.0
12.500 0 31 31 3.1
Neurula
0 0 0
12.500 0 0 0 0
Hatching
0 0 0 0
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In Table VI, it is clear that edema did de-
velop in the control larvaes but it did not appear
earlier than stage 25 when the mesonephroi had
already started their development (18).

Fig. 2 is a graphic representation of the data
in Table VI, showing clearly the susceptibility
of the larvae at different stages to cortisone
treatment.

Accelerated growth rate of the survived tadpoles
after cortisone treatment. All the eggs treated
with 50mg of cortisone developed edema and
died within two weeks after fertilization. With
25 mg of cortisone the incidence of edema was
lower; but the edematous larvae died first never-
theless and the remaining apparently normal
ones also died within three weeks. Still fewer
eggs treated with 12.5mg or less of cortisone
developed edema, and some died subsequently,
but the normal ones and those which recovered
from edema survived. ‘These survivals could
withstand a further cortisone treatment for
another three weeks and even outgrew the
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Fig. 3. Growth curves of control and of
cortisone treated tadpoles at early blastula stage.
The numbers at left and right sides of the top
curves denote initial and final number of tadpoles
of the experiment respectively. Vertical bars
indicate standard errors.

controls. This could be seen from the data on
weekly measurement of body length, body width
and body weight as shown in Fig. 3 and Fig. 4.
Under the influence of cortisone, the increase
in body width was more significant than the
increase in body length as shown by Table
VII.

Effect of cortisone on tadpole pigmentation

Besides the effects of cortisone on the de-
veloping eggs and larvae stated above, a change
on pigmentation of the treated tadpoles was also
observed.

Larvae and tadpoles of R. catesbeiana before
stage 25 were dark, almost black in color. How-
ever the cortisone treated tadpoles were paler
than the controls during the period of immersion.
This lightening effect was more readily demons-
trated by injecting cortisone into the peritoneal
cavity of older tadpoles. No matter how it was
produced, the lightening of pigmentation would
disappear and the tadpoles would take up their
original shade after cortisone treatment was
stopped.
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Fig. 4. Growth curves of control and- of
cortisone treated tadpoles at neurula stage. The
rest is the same as that of Fig. 3.
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TABLE VII
Differences of body width and body length between control and cortisone treated tadpoles

Cortisone-treatment Exptl Control Difference
stage .
Early blastula 6.691-0.27 5.78+0.13 0.91, P <0.01
Av. final body '
width in mmd-S. E.
) Neurula 7.16:0.23 6.40+0.18 0.76, P <0.01
Early blastula 10.560.33 10.07+:0.22 0.49, P=0.22
Av. final body
length in mm=+S. E. ‘ .
Neurula 11.55::0.38 10.600.28 0.95, P =0.04
DISCUSSION nephric system or the posterior pituitary or both.

The present experiments indicate obviously
that the frog embryos reacted to cortisone by
four manifestations, viz., retardation of develop-
ment at early stages, production of edema often
leading to death, accelerated growth of the sur-
vivals and the lightening effect on pigmentation.
While the last manifestation may be independent,
the first three appear to be inter-related in some
way.

The retardation effect obtained in the present
study is not an uncommon result after cortisone
treatment because other organisms such as sea
urchin eggs (4), chick embryos (1, 2, 3, 6 and 9)
and rat embryos (7 and 8) also showed the same
effect, the mechanism of which was claimed by
Cavellero (16) to be the interference of protein
synthesis and by Ross (17) the inavailability of
energy utilization due to accumulation of excessive
glycogen. The observation in the present ex-
periments that the experimental larvae consumed
less yolk and excreted less fecal material favors
their view.

As edema in the treated larvae always de-
veloped during the period of retardation, it is apt
to presume that occurrence of edema and de-
velopmental retardation were closely related.

Since edema mostly appeared arround the
region of heart and abdomen and seldom on the
back or tail, it seems that the excessive fluid
gradually accumulated in the coelom. The origin
of the fluid and its mode of exudation were
unknown. Nevertheless it was a result of an
unbalanced fluid exchange mechanism where
water intake exceeded output. This might be
attributed to the possibility that either intake
mechanism was excited or output device sup-
pressed.

The most probable organ or organs involved
in water output mechanism may be either the

With the eggs treated at earlier stages edema
always appeared at stage 17-20 when pronephroi
were just beginning to form (18). Furthermore,
since retardation of development coincided with
edema, the development of this nephric system
was likely .inhibited so that water output would
be suppressed, leading to the production of edema
which caused the death in cortisone treated
tedpoles.

On the other hand, when larvae were treated
at neurula or hatching stage while pronephroi
had been well on their way of development, they
became less sensitive to the detrimental effect
of cortisone, and therefore the incidence of
edematous larvae was very low or non-existent.
However the true picture remains to be deter-
mined by microscopic study. ’

Another possible cause of edema is that cor-
tisone might have disturbed water metabolism so
that sodium and water were retained in the
tissues and fluid finally accumulated in places of
least resistance.

It is interesting to note that occasional edema
were also observed in the normal controls at
advanced developmental stages (at stage 23 for
Experiment 4 and after stage 25 for Experiments
6 and 9). The edema in these cases had ap-
parently a different cause.

According to White, the hypophyseal-adrenal
cortical mechanism played an important role both
in affecting the mobilization of protein reserves
in tissue and in systhesizing new protein; he
therefore considered that cortisone caused either
an anabolic or a katabolic change in protein me-
tabolism depending on its dosage (19). Ingle
observed that whereas large doses of steroid hor-
mone might cause a great loss of body weight,

cortisone in small doses promoted growth in
adrenalectomized rats (20).

In the present experiments, a large dose like
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50 mg per culture definitely retarded growth, but
with a small dose such as 125mg per culture
the retardation effect was less significant or even
not observable (Experiments 4, 8 and 9). It was
this Tower dosage that accelerated growth. This
fact corroborates White’s and Ingle’s findings.

The fact that cortisone caused a more signi-
ficant increase of body width than of body length
points to the possible differential growth effect
of this hormone. Wurmbach and Haardick also
observed that desoxycorticosterone had a strong
effect on growth in breadth, so that spherical
bodies resulted (11). Moscona and Karnofsky
noticed that the susceptibility of various organs
in the chick embryo to cortisone was specific (9).
Cortisone might favor certain tissue or organ
and at the same time depress others, accounting
for more breadthwise increase than lengthwise
increase in tadpoles.

Tadpole pigmentation is generally regulated
by expansion and contraction of melanocytes and
guonocytes. The former are controlled by MSH
and melatonin (21). Lerner observed that ACTH
could darken frog skin whereas hydrocortisone
inhibited the release of MSH leading to a lighte-
ning effect (21). These observations lend them-
selves to explain the lightening effect of cor-
tisone on tadpole pigmentation.

SUMMARY

Fertilized eggs of R. catesbeiana were treated
with cortisone acetate beginning at early blastula,
dorsal lip, neurula and hatching stages, for a
period of two weeks with higher doses and five
weeks with lower doses respectively. The treated
tadpoles showed retarded development, production
of edema, accelerated growth of the survivals
and lightening effect on pigmentation. The
degree of retardation and the percentage of ede-
matous larvae depended on the dosage of cor-
tisone and on the developmental stage when
treatment began. The effects of retardation,
edema production and accelerated growth appear
to be definitely inter-related while the change
of pigmentation is interpreted as an independent
phenomenon.
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