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Different results have been obtained by administration of porcine growth hormone to
three different species of Spanish anuran amphibia tadpoles (Rana iberica, Rana ridi-
bunda and Discoglossus pictus). Discoglossus pictus does not show response to 5-50 /xg
doses of STH porcine injected every-other-day for a period of two weeks.

Rana ridibunda shows significative response to administration STH (5 /xg) in three
alternate injections. Rana iberica shows positive response to the administration of three
and five alternate injections of STH porcine (20 and 50 /xg/injection respectively). This
shows that STH porcine has activity on some anuran amphibia species before meta
morphosis. A discussion on which may be the factors that regulate normal growth
in amphibia before metamorphosis is given in this paper.

Pituitary gland is thought to be neces
sary for the normal growth of anuran
tadpoles since the works of Allen (1)
and Smith (21). Hormonal regulation of
growth is being widely studied at present.

It has been suggested recently that not
only growth hormone or somatotropine
(STH) but also, and above all prolactin,
are responsible of growth in amphibia
(4, 11, 17).

Gigantisme (19, 20) has been observed
after administration of growth hormone
(STH) to hypophyscctomized Alytes obs-
tetricans tadpoles. According to Eni mar
et al. (9). in Rana temporaria, STH is the
most effective hormone in stimulating
growth before metamorphosis.

Different results to the above mentioned
have been achieved by other investigators
at the time of studying the effects of
either hormone, STH and prolactin, on
other species of amphibia. Berman et al.
(2) have shown that prolactin is the main
growth facthor in Rana catesbeiana tad
poles. Brown and Frye (5) assure that
before metamorphosis prolactin has stron
ger effect as stimulant of growth than
STH in Rana pipiens. ZlPSF.R et al. (23)
came to the same conclusion studying the
effects of this hormone on Bufo marinas
and Bafo boreas. Brown and Frye (6)
infer that administration of STH porcine
does not stimulate growth in amphibia
before metamorphosis and attribute the 
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positive response found by other investi
gators to contamination with prolactin.

Hunt and Jacobson (13) studied the
action of STH and prolactin on the brain
cells of Rana pipiens tadpoles and found
that with growth hormone brain DNA
increased only during the period of injec
tion. Prolactin, nevertheles. had very little
effect during this period, DNA accumul
ated at high rate during the first two
weeks after injection but accumulation
decreased after this period.

Considering the above mentioned con
tradictory results, we determined to ana
lyze comparatively the activity of growth
hormone (STH porcine) on three different
species of anuran amphibia, before and
after metamorphosis, as well as the acti
vity of prolactin on these species.

In the present work we give the results
we obtained after administration of STH
porcine to Rana ridibunda, Rana iberica
and Discoglossus pictus. We analyze the
changes in growth before metamorphosis
and, in the case of Rana iberica, forestat
ing results obtained that will appear in a
further paper, the changes of protein
amount and DNA of the animals treated
with STH in respect to their controls.

Materials and Methods

We have used three different amphibia:
Rana ridibunda, Rana iberica and Dis
coglossus' pictus. Tadpoles were treated
before metamorphosis at different stages
of larval growth. They were injected with
porcine growth hormone (1 U.I./mg, Cal-
biochem).

Discoglossus pictus tadpoler were
brought from Segovia or from the sur
roundings to Madrid during Spring 1971.
They were kept in a dilute Holtfreter so
lution (10 %) prepared every-othcr-day
from an initial concentrated solution
maintained at low temperature (8° C).
The larvae were fed on boiled spinach
and kept at room temperature (21 ±2° C).

The dosis of growth hormone (STH) 

administered per injection was 5, 10, 20
or 50 /zg in 2 /zl distilled water. Tadpoles
received three injections in some experi
ments and five in others. Controls were
injected 2 /zl distilled water at the same
time. Larval stages ranged between 32
and 38 of Mannelli and Margaritora’s
table for Rana esculent a (15) and initial
lengths ranged between 16 and 23 mm.

The adults were sent to our laboratory
from Tarragona and Segovia. Females
were induced to ovulate by administration
of homoplastic hypophysis extracts. Rana
ridibunda tadpoles were reared in our la
boratory through experimental fertiliza
tion. The embryos developed in a Holtfre
ter saline solution (10 %), at room tempe
rature and were fed on boiled spinach
too. The medium was changed every-
other-day. In these conditions the tadpoles
reached the appropriate stage in 30 days
approximately.

Tadpoles were injected at larval stages
30 and 31 of Mannelli and Margarito
ra’s table (15). The total legth of the
animals ranged between 9 and 11 mm in
the first experiment and between 11 and
15 mm in the second experiment. Con
trols of the same size and growth stage
were selected for both experiments.

The only dosis administered was 5 /zg
STH in 2 /zl distilled water. Controls re
ceived, as above, 2 /zl distilled water. The
animals were injected every three days
and the total number of injections was
three per animal.

Rana iberica tadpoles were sent from
Leon during the month of May. Larval
stages ranged between 35 and 38 of Man
nelli and Margaritora’s table (15) and
their length was 30-35 mm in the first ex
periment. The animals received an alter
nate injection (20 /zg) during three days.
In the second experiment we used animals
ranging between 38-44 and lengths between
32-35 mm. The animals were injected
daily (50 /zg) for five days. Controls of
the same length and larval stage were
selected for both experiments.
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Tadpoles were anesthetized with ethylic
ether previously diluted in Holtfreter so
lution (10 %). The animals recovered
almost immediately and regained their
natural vitality few seconds after injection.

Length measurements were taken every
two or three days according to the case.
The animals were individually kept in
Petri dishes.

The injections were performed intrape
ritoneally by means of Hamilton micro
syringes (50 /zl) to which we inserted a
thin glass capillar.

Statistical comparisons were made with
the percentages of the initial measurement
increments. Arithmetic mean and standard
error were also estimated.

Student’s «t» test of the varied groups
in respect to their controls were carried
out.

A significant difference is indicated by
a «p» value of 0.05 or less.

Results

Table I shows the results obtained by
administration of porcine growth hormone
to Discoglossus pictus tadpoles. As may
be deduced from this table, Discoglossus
pictus tadpoles, after five injections STH
(5 /zg/injection), undergo an increment in
growth, expressed in % of the initial total

• P > 0.05.

Table I. Effects of porcine growth hormone
(STH) on total length growth expressed in %
of initial total length increment in Discoglossus

pictus.
Number of animals in brackets

/<g of STH
per

injec.

Number
‘ of
j injec.

■ Larval
; stage

Initial
length
(mm)

. % total length
i increment
i

5 , 5 : 35-38 19-23 25.7±2.6 * (8)
10 I 5 35-38 19-23 30.9±3.6 * (6)
20 5 35-38 19-23 28.0±3.0 *(10J
Control 1 5 35-38 ' 19-23 29.6±2.6 (8)
50 3 32-35 16-21 19.2±3.0 * (9)
Control 2 ' 3 ! 32-35 | 16-21 19.7±2.6 (8)

length increment, smaller than that of the
control animals. A possible growth inhibi
tion own to STH has not been considered.
With five injections of 10 /zg each the in
crement in growth is bigger than in the
control animals but the differences are not
significative. Finally, we observed that
with 20 /zg and 50 /zg STH the increment
in total growth, expressed in % on the
initial total length increment, is also
slightly smaller than in the control ani
mals. Discoglussus pictus does not show
positive response to STH porcine admini
stration. The differences in final length
after administration of different doses of
hormone are not significative (Fig. 1).

In Rana ridibunda, nevertheless, ad
ministration of 15 /zg STH in only three
injections (5 /zg/injection), was sufficient
to produce, in respect to the control ani
mals, a significative increment in the total
initial length. In both groups of experi
ments growth increment, in respect to the
control animals, is significative (P <0.01;
P < 0.02). In the second experiment the
initial lengths and larval stages were
higher. This could explain, perhaps, the
different results obtained in the two ex
periments. Significative body length and
broadness increments have not been found
(Table II, Fig. 2).

Finally, in Rana iberica, STH admini
stered in three injections (20 /zg/injection)
and five injections (50 /zg/injection) pro

Table II. Effects of porcine growth hormone
(STH) on total length growth expressed In %
of initial total length Increment in Rana

ridibunda. .
Number of animals in brackets

/zg of STH
per

injec.

Number
of

injec.
Larval
stage

Initial
length
(mm)

% total length
increment.

5 3 30 9-11 16.2±1.8‘ (7)
Control 1 3 30 9-11 4.6±1.1 (5)
5 3 31 11-15 22.0±2.1 “(7)
Control 2 3 31 11-15 14.0±2.0 (7)

* P < 0.01; **. P < 0.02.
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Table III. Effects of porcine growth hormone
(STH) on total length growth expressed in %
of Initial total length increment in Rana

iberica.
Number of animals in brackets

pg of STH
per

Injec.

Number
of

injec.
Larval
stage

Initial
length
(mm)

% total length
increment.

20 3 35-38 30-35 I7.3± 1.8 * (6)
Control 1 3 35-38 30-35 6.6 ±1.5 (6)
50 5 38-44 32-35 12.9± 1.6 * (9)
Control 2 5 38-44 32-35 4.1 ±0.8 (7)

’ P<0.01.

duces, in respect to the control animals,
a significative increment in total length
and body length (P<0.01). The corres
pondent results are shown in Table III
(Fig- 3).

Figures 1, 2 and 3 show a strong pig
mentation darkening which was appre
ciated in all cases a few hours after ad
ministration of the hormone. This reaction
of pigmentation darkening has never be
fore been described in papers on the
subject.

In the case of Rana iberica, the percen
tage of animals that performed metamor
phosis was bigger in the control animals,
at a time of the experiment, than in those
treated with STH porcine. We think the
refore, that this hormone probably inhibits
metamorphosis.

Discussion

The majority of the studies performed
on the effects produced by administration
of prolactin and mammalian growth hor
mone (STH) on amphibia made a great
number of investigators assume that a
hormone similar to mammalian prolactin
is the most responsible of growth in am
phibia at larval stage.

Brown and Frye (5) found that the
lowest dosis of STH porcine necessary to 

obtain a significative length increment in
Rana pipiens tadpoles was 50 /xg/day for
a period of two weeks. We have found
similar results with porcine growth hor
mone on Discoglossus pictus. These re
sults brought Brown and Frye (5) to
the conclusion that only prolactin has
proved to be effective as stimulant of
growth in amphibian tadpoles, and that
the positive response to mammalian STH,
found by other investigators, may be due
to contamination with prolactin. Studies
already in mind may help us to find out
which are the roles of either hormone in
Discoglossus pictus.

Nevertheless, Enemar et al. (9) assure
that STH is more effective as growth sti
mulant in Rana temporaria tadpoles than
prolactin, and attribute the contradictory
results obtained by other authors (2, 3) to
having used growth hormone from a dif
ferent species of mammal. According to
these authors the differences in molecular
structure between bovine STH and ovine
STH (14) may have as important a role as
to cause the difference in growth in
anuran amphibia tadpoles. Our experi
ments on Rana ridibunda and Rana ibe
rica lead us to think that porcine STH
administered in as low doses as 5 /xg and
20 /xg. in two and three injections, has
activity on both species before metamor
phosis.

Comparing the results obtained with
STH porcine on Discoglossus pictus tad
poles on one hand and on Rana ridibunda
and Rana iberica on the other, we con
cluded that the different responses ob
tained depend on the species of amphibia
used for the experiment.

We point out that inhibition of meta
morphosis only occurred when STH was
administered during the last stages of lar
val growth.

According to Brow n and Frye (6), the
fact that only STH and not prolactin has
effect after metamorphosis, suggests that
the primary mechanism of growth control 
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may be different in these two stages of the
life cycle. This different response must
reflect a basic difference in the mechanism
of tissue response to the hormone and it
could be due to either of the two follow
ing factors: 1) The same tissues respond
to prolactin and STH, but change their
relative sensibilities to both hormones
during metamorphosis or 2) Different
tissues or cellular groups show response
to the two hormones and there is a change
in the proportions or quantities of tissues
specially sensible to STH and prolactin
during metamorphosis. Bioassays of adult
anuran amphibia have shown the presence
of prolactin-like (7, 8, 12, 16, 18) and
STH-Iike (22) activities. Brown and Frye
(5) think that the pituitary gland of am
phibian tadpoles produces at least one
necessary factor for normal growth and
based on the results obtained with exoge
nous prolactin, support Etkin and Gona
(10) and Bern et al. (3) on the idea that
normal growth and development during
the stages prior to metamorphosis is re
gulated by a balance between a prolactin
like hormone and a thyroid hormone
which stimulate larval growth on one
hand and metamorphosis on the other.

We think that regulation of growth in
amphibian tadpoles depends, on the ac
tivity of a somatotrophic hormone (STH-
like, prolactin-like) on one hand and a
thyroid hormone on the other. It is pro
bable that after metamorphosis there may
be a change in the sensibility of the tis
sues to the somatotrophic hormones, or
that the activity of these hormones is
inverted.

We point out, on the action of STH
porcine on growth of Rana iberica tad
poles that total number of proteins per
animal increases in the animals treated
with STH, whereas DNA does not seem
to perform a significative increment. The
above results support the idea that cells
increase in size but not in number.
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