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Mammalian prolactin at doses of 1-50 ug/day promoted growth (increased wet
weight, dry weight and body length) in Rana pipiens tadpoles. Mammalian growth
hormone (GH) promoted growth only at the higher doses (50 ug/day and above) and was

not so effective as prolactin.

Prolactin also inhibited metamorphosis (at doses of 5 pg/day and above). Inhibition
of metamorphosis did not appear to be due to reduction in tissue sensitivity to thyroxine
since prolactin-treated tadpoles metamorphosed in response to exogenously admin-
istered thyroxine (4-100 ug/liter) to the same extent as controls. Prolactin promoted
further growth in tadpoles in which the thyroid level had been reduced with thiouracil
or by thyroidectomy. This indicates that growth promotion caused by prolactin is not
just the result of thyroid inhibition, although it is possible that a portion of the giowth
stimulation'is due to $1# antithyroid action of prolactin.

The pituitary gland of amphibians has
been thought to be necessary for normal
growth in anuran tadpoles since the early
work of Allen (1916) and Smith (1916) with
hypophysectomized tadpoles. The suggestion
that prolactin may be the pituitary hormone
necessary for normal growth in amphibians
is more recent (Etkin and Lehrer, 1960).
Etkin and Lehrer found that R. pipiens
tadpoles that had had their pituitary
transplanted to the tail grew larger than
control tadpoles, and suggested that the
transplant might be releasing a growth
factor in excess which was inhibited when
the pituitary was in its normal location.
Since mammalian pituitaries are known to
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release prolactin when removed from hypo-
thalamic inhibition (Everett, 1966) they
suggested that the factor producing excess
growth in tadpoles bearing pituitary grafts
might be prolactin.

Stimulated by the work of Etkin and
Lehrer, Berman ef ol. (1964), Bern et al.
(1967), Etkin and Gona (1967), and Rémy
and Bounhiol (1965, '1966) found that
treatment of anuran tadpoles with mam-
malian prolactin preparations stimulates
growth. Growth hormone has also been
reported to cause an increased growth in
tadpoles (Bounhiol et al., 1959; Rémy,
1964; Rémy and Bounbiol,. 1966; Etkin and
Gona, 1967). Thus it appears that amphibian
growth is sensitive 1o both growth hormone
and prolactin ratherthan to only one or the
other.

Recentlyproldetin has been reported to
inhibit metamorphosis as well as to promote
growth in tadpoles (Etkin and Gona, 1967).
Since growth is also stimulated concurrently
with the inhibition of metamorphosis by
other means, such as thyroidectomy or
treatment with thyroid inhibitors (Allen,
1918; Hoskins and Hoskins, 1919; Steinmetz,
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1952, 1954), the possibility is raised that the
growth effect of prolactin is secondary to the
inhibition of metamorphosis.

In this study we have examined the
relationship between the growth and met-
amorphosis effects of prolactin and growth
hormone by attempting to determine
whether or not the pituitary hormones
can stimulate a further increase in growth
in hypothyroid animals and whether or not
prolactin alters tissue sensitivity to thy-
roxine. We have also examined the rela-
tive growth-promoting and metamorphosis-
inhibiting activities of prolactin and growth
hormone in tadpoles.

MATERIALS AND METHODS

Tadpoles

Rana pipiens tadpoles were reared from eggs
obtained by induced breeding, using the method of
Wright and Flathers (1961). The adults used for the
fertilizations were obtained from the Lemberger
Company in Wisconsin and from C. H. Mumley, in
Vermont. All of the tadpoles used in any one
experiment were from the same fertilization. The
tadpoles were rteared at rToom temperature in
shallow enamel pans (12 X 17 X 2} in.) in aerated
tap water or well water. They were fed cooked
washed spinach. The tadpoles used in these experi-
ments ranged initially in size from 2-5 g and
5-8 cm, and in stage (Taylor and Kollros, 1946)
from VIII-XVII. Tadpoles were sorted according
to size and metamorphic stage so that animals in
any one experiment were uniform. In order to keep
individual records during an experiment, each
animal was kept separately in a 4-in. finger bowl in
approximately 200 ml of water. They were fed and
the bowls cleaned daily. The tadpoles were kept at
tempersatures between 20-23° and on 10-14 hr of
daylight. All of the groups in one experiment were
subjected to identical light and temperature
conditions.

Weight and length measurements were made
every week in most experiments, and sometimes
more frequently. Total body length including the
tail was used for the length measure. The tadpoles
were blotted on a damp towel prior to weighing.
Hind leg length was measured in several experiments.
State of metamorphosis was determined by the
Taylor-Kollros (1946) series of metamorphic stages.

Injections were made intraperitoneally by insert~
ing a 30-gauge syringe needle through the opercular
opening and into the body cavity, ventral to the gut.
In all of the experiments the volume of hormone
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solution or saline that each animal received was
0.01 ml per injection.

Thyroidectomy of tadpoles was done using the
method of Dent (1959) on tadpoles between stages
VI and XIV. Tadpoles healed in approximately
1 week after surgery at which time their food
consumption approached normal. In the control
animals of experiments utilizing thyroidectornized
tadpoles, the thyroid gland was surgically exposed
but not removed.

Dry weight measurements were made on control
and prolactin-treated tadpoles in one experiment.
The tadpoles were dried in a vacuum oven and
weighed at 24-hr intervals until the weights wers
constant.

Hormones and Drugs

The pituitary hormones used were National
Institutes of Health (NIH) bovine prelactin
(B-2; 19.9 IU/mg), NIH bovine growth hormene
(GH) (B-12; 0.97 USP units/mg) and NIH porcine
GH (1.6 units/mg). The hormone solutions were
made up by dissolving the powdered hormone in
saline made basic with dilute sodium hydroxide. The
solution was subsequently brought to pH & using
dilute hydrochloric acid. The preparation was
diluted to the desired concentration with 0.79,
sodium chloride. The hormone solutions were made
up every 4 days and kept at 4° when not in use.
Since the bovine GH preparation had a greater
amount . of thyrotropin (TSH) contamination
(0.013 USP units/mg) than the prolactin prepara-
tion (<0.0002 USP units/mg) it was desirable to dc
an experiment using a purer preparation of GH. A
porcine GH preparation which was thought to bave
an extremely low TSH contamination was obtained
from Dr. A. E, Wilhelmi (NIH).

When thyroid hormone or thiouracil solutions
were used, the tadpoles were immersed in the
solutions. Both thyroid hormone and thiouracil
solutions were made up by dissolving the powder
in a small amount of dilute sodium hydroxide
solution. This was diluted to the appropriate
concentration with either aerated tap water or well
water and the pH was adjusted to approximately 7
with dilute hydrochloric acid. The animals in these
solutions, like the corresponding control animals,
were changed daily. The thyroid hormone used was
1~sodium thyroxine pentahydrate.

The tadpoles were anesthetized prior to surgery,
injection or measurement with MS222 (tricaine
methanesulphonate, Sandoz).

Statistical comparisons were made using small
sample statistical methods (Student’s ¢ test;
Dunnett’s test). As used in this paper a significant
difference is indicated by a p value of 0.05 or less.
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RESULTS hormone on the body length and weight

. of intact tadpoles, nine groups of tadpoles

E‘%effzc?fTigo%?n and Growth Hormone on were treated daily with various doses of

L p prolactin and growth hormone. Weight and

In order to determine the effects of length changes for a 2-week period are
various doses of prolactin and growth shown in Fig. 1.
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Fra. 1. Mean weight and length changes + standard errors in control, prolactin and GH-treated tadpoles
in 2 weeks. Numbers in parentheses indicate number of animals per group.
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TABLE 1
WEereeT AND LENeTH CHANGES IN TADPOLES AFTER 2-WEEKS oF DALy TREATMENT
or Saunge, Growra HorMONE, AND PronacriN
(P = prolactin; n = number of animals)

Wet wt. change (g)

Length change {cm)

Group n Treatment Mean & SE Mean + SE Dry wt. (g}
A 12 Saline 1.02 + .08 1.20 £ .06 \2212
B 11 50 ug GH 1.2 £+ .08 1.55% + 10
C 12 10 ug P 1.58% + 09 1.90% + 08 . 2362%«
* Significantly different from Group A (see text).
e (p < .0L).
5 (p < .001).
¢ {p < .025).

Prolactin in doses of 1 ug/day, or greater,
produced significant increases in both weight
and length. One-half microgram per day did
not produce a significant effect on growth. A
repeat of this experiment using the lower
doses of prolactin (0.5 and 1.0 ug/day) gave
similar results and confirms the minimum
effective growth promoting dose of prolactin
to be approximately 1 ug/day when ad-
ministered daily over a 2-week period.

In a similar experiment, dry weight as well
as wet weight and length were compared in
tadpoles treated with saline and tadpoles
treated with 10 ug/day prolactin. The
length and weight data substantiate those
of the above experiments (Table 1). The dry
weights were compared using the Wilcoxon
signed rank test and control and prolactin-
treated animals differed significantly (p <
025). The dry weight data indicate that the
increased size promoted by prolactin is due
to more than mere water uptake.

Growth hormone did not have a significant
effect on either weight or length at any dose
used in this experiment (Fig. 1) although at
a dose of 50 ug/day, the GH effect was just
below the limits of significance, suggesting
that it might be possible to demonstrate a
GH effect on tadpole growth with larger
groups of animals or longer treatments or
both. When this experiment was repeated
with a purified porcine GH preparation,
50 wg/day for 2 weeks had no significant
effect on weight, but a significant increase
{p < .01) in length was obtained (Table 1).
The "ability to demonstrate significant
length changes more readily than weight

changes probably is due to the lower
precision of weight measurements, due to
some variation in water and food content
of the animals when measured.

When the tadpoles in this experiment
were staged after 2 and 3 weeks of treatment,
animals receiving 5 and 50 pg of prolactin
were found to be metamorphosing more
slowly than the controls. The initial meta-
morphic stages in all groups ranged between
XIT and X1V. The prolactin-treated groups
advanced to stages XVI-XVII during the
first week or two of treatment, after which
they remained stationary, whereas the
control and GH-treated animals continued
to advance to metamorphic climax. The
anti-metamorphic effect of prolactin is also
shown by its effect in suppressing hind leg
growth (Table 2). Doses of prolactin
below 5 ug/day did not affect the rate of
metamorphosis.

The effectiveness of doses of prolactin of
5 pg/day or greater in retarding meta-
morphosis was confirmed in twc other
experiments, with 5, 10 and 25 ug/day for
2-week periods. However, one interesting

TABLE 2
Hinp Lre Lenera Cuavces 1N CONTROL AND
ProLAcTIN-TREATED TADPOLES BETWEEN
Days 11 axp 17 or TREATMEXNT

Length change

Group Treatment n Mean + 8% (mm;,w
CDh Saline 16 37 + .36
FG Prolactin 27 0.58 £ .12¢

o Significantly different from controls (p < 025).
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exceptional response suggests that the
effectiveness of prolactin in blocking meta-
morphosis is related to the stage of metamor-
phosis at the time of initiation of treatment:
In this case, 10 pg/day failed to retard
metamorphosis in animals of initial stage
IX-X. In the experiments in which re-
tardation occurred, the initial stage of the
animals was XII-XTV.

Effects of Combined Prolactin and Thyrozine
Treatment on Metamorphosis

Since one of the actions of the prolactin
administered to tadpoles is clearly an
inhibition of the rate of metamorphosis,
the question of the level at which prolactin
is acting is raised. One possibility is that
prolactin renders the peripheral tissues
insensitive to thyroid hormone, either par-
tially or completely. To test this hypothesis
tadpoles were injected with prolactin until

BREOWN AND FRYE

their metamorphic rate had been severely
reduced and then exogenous thyroxine was
administered. Prolactin treatment contin-
ued during thyroxine administration. One
would expect no metamorphic response to
thyroxine if the tissues become insensitive
or a reduced response if the tissues are less
sensitive. Tadpoles were injected daily with
prolactin for an 18-day period. Two weeks
after prolactin treatment began, part of
both the prolactin-treated and control
groups were put in a 100 pg/liter thyroxine
solution (Fig. 2). Both prolactin-treated and
control tadpoles began to metamorphose
within a 3-day period in response to the
thyroxine. Because of the relatively large
thyroxine dose however, it was not possible
to determine whether or not the tadpoles
bhad a reduced thyroxine sensitivity but it
was clear that they had not become com-
pletely insensitive to thyroxine.
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F1a. 2. Weight changes in tadpoles in an 18-day period. Group AB was treated with daily saline injections
and group CD with 5 ug/day prolactin. At Day 15 groups AB and CD were divided into A and B, and C
and D, respectively. Both C and D continued to receive 5 pg/day prolactin. Groups B and C were kept in
100 pg/liter thyroxine solution from days 15-18. Arrows indicate the initiation of thyroxine treatment.
Vertical lines at Day 15 represent standard errors of the mean weight changes from Day 0. Number of
animals per group: A = 6; B = 8; C = 12; D = 12.
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A second similar experiment was done but
lower doses of thyroxine were used. The
prolactin treated tadpoles (group FGQG)
received 10 pg/day of bovine prolactin. At
Day 17 the prolactin dose was increased to
25 ug/day and kept there for the rest of the
29-day period. See Figs. 3 and 4 for details
of thyroxine treatment.

Body weight, body length and hind leg
length were measured and the metamorphic
stages noted at Days 0, 6, 11, 17, 24, 27,
and 29. Body weight changes essentially
paralleled length changes so only length data
are shown here (Fig. 3). By Day 17, before
thyroxine treatment was Initiated, prolactin
had already promoted significant increases
in length and weight (p < .001), and
suppression of metamorphosis as reflected
by reduced hind limb growth (p < .025)
(Table 2). Between Days 17 and 24, 4 ug
of thyroxine did not affect weight in either
prolactin (group G) or nonprolactin (group
D) groups. A thyroxine dose of 10 ug/liter
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caused a slight reduction in length and
weight between Days 24 and 27, an effect
which was accelerated when the dose was
increased to 75 ug/liter between Days 27
and 29. All doses of thyroxine were adeguate
to accelerate hind limb growth significantly.
Apparently hind leg growth is more sensitive
to low thyroxine doses than are weight and
length. The most important feature of these
results is that there was no apparent
difference in thyroxine sensitivity, by any
of these criteria and at all doses used,
between the prolactin-treated and the
nonprolactin-treated tadpoles.

Effects of Reduced Thyroid Activity on
Growth Promotion by Prolactin

Because of the possibility that the growth-
promoting effects of prolactin might be
secondary to the metamorphosis-inhibiting
effect of the hormone (see introduction), it
was important to determine if prolactin
would stimulate growth beyond that caused

DAY S

Fre. 3. Mean length changes in tadpoles injected with saline (CD) and prolactin (F'G) for 29 days. Groups
CD and FG were both divided at Day 17 and D and G were then kept in a 4 ug/liter thyroxine solution.
Tte thyroxine dose was increased to 10 pg/liter on Day 24 and to 75 ug/liter on Day 27. Arrows indicate
initiation of thyroxine treatment and dose changes. Standard errors of the mean length changes from Day 0
are indicated by vertical lines at Day 17. Numbers in parentheses indicate number of animals per grouy,
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Fr16. 4. Mean hind leg length changes in tadpoles injected with saline (CD) and prolactin (FG) for 27
days. Groups CD and FG were divided at Day 17 and D and G were then kept in 4 ug/liter thyroxine solution.
On Day 27 the thyroxine dose was increased to 10 ug/liter. Arrows indicate initiation of thyroxine treatment
and dose change. Numbers in parentheses indicate number of animals per group.

by thyroidal suppression alone. This problem
has been examined by analysis of the growth
promoting activity of prolactin in tadpoles
rendered hypothyroid by a thyroid inhibitor
(thiouracil) or by thyroidectomy.

Tadpoles were kept in a 0.059%, thiouracil
solution, a dose which effectively inhibited
metamorphosis. After 11 days of thiouracil
treatment the tadpoles were divided into
three groups. Group C was removed from
the thiouracil; groups A and B were kept
in thiouracil for another 2 weeks, during
which group A received daily injections of
saline, and group B received 10 ug/day
bovine prolactin. Weight and length changes
were recorded for the 2 weeks of saline or
hormone treatment, corresponding to days
11-26 of thiouracil treatment. Thiouracil
treatment alone resulted in an increase in
size of tadpoles over those removed from

thiouracil after 11 days, indicating that
inhibition of thyroid activity results in an
increase in growth rate, as expected.
Prolactin treatment combined with thioura-
cil resulted in a significant further increase
in size over thiouracil alone (weight change,
p < .025; length change, p < .05). This
effect is illustrated in Fig. 5. After removal
from thiouracil, group C animals resumed
metamorphosis, and decreased in size.

Two similar experiments were done,
utilizing thyroidectomized tadpoles instead
of thiouracil-treated tadpoles. Tadpoles were
thyroidectomized or sham thyroidectomized,
in one experiment, one week prior to
hormone treatment. Treatment of tadpoles
consisted of the following:

Group A—

sham thyroidectomy, daily saline injections
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Fi6. 5. Mean weight and length changes in R. pipiens tadpoles treated with thiouracil (A); thicuracil and
10 ug/day prolactin (B); and no thiouracil or prolactin treatment (C) during a 15~day period. Numbers in
Parentheses indicate number of animals per group. Standard errors at Day 15: weight—A = +0.14, B =
+0.09, C = +0.20; length—A = +0.06, B = +0.08, C = +0.57.

Group B—
thyroidectomy, daily saline injections

Group C—
thyroidectomy, 5 pg/day bovine prolactin

Group D—
thyroidectomy, 15 ug/day bovine prolactin

The weight and length-changes for one o
these experiments for the 2-week period are
shown in Fig. 6. There was no significant
difference between the length changes in the
two control groups (A and B). Both prolactin
groups {C and D) responded with an



134 BROWN AND FRYE
168 I3
B A~ CONT. o
r; B B-THYX -CONT.  (13) g
C- THY X~5ug PROL. (13)
- D~ THY X~{5ug PROL. (14) -
218 2 5
R -
i N Lol
T L s t
& W
2l osl
" g
2 L I P
3 3
S L - o8k
-l 31
8 Lo7
~
X L
o9 06k I
osl. o5L &
orl 04
A 3 c D A 3 c 0

Fia. 6. Mean weight and length changes + standard error in R. pipiens tadpoles treated with saline
(A and B), 5 ug/day prolactin (C) or 15 ug/day prolactin (D). Groups B, C, and D were thyroidectomized.
Weight and length changes are for a 2-week period. Numbers in parentheses indicate number of animals

per group.

increased length compared to B (p < .02, C;
p < .01, D). Thyroidectomized animals
increased in weight compared to sham
operated controls (p < .05). Although the
mean weight changes in prolactin-treated
thyroidectomized animals were greater than
in thyroidectomized animals, the difference
was significant (p < .05) only at the lower
prolactin dose. Statistically, the respounse of
the higher prolactin dose animals was not
different from either the 5-ug dose, or the
saline controls. The acceleration of growth
after thyroidectomy, as well as the growth
response of prolactin-treated thyroidecto-
mized animals was not so dramatic as in
the comparable thiouracil-treated groups.
Feeling that this might be due to incomplete
thyroidectomy and metamorphic arrest in
some animals, the experiments were repeated
using only thyroidectomized animals which
were arrested in metamorphosis before being
put into the experiment. The results were
similar to those presented above. A 10 ug/
day prolactin dose promoted an increase in
length and weight in thyroidectomized

tadpoles compared to saline-treated thy-
roidectomized tadpoles (p < .001).

DISCUSSION

Prolactin and Growth Hormone Stimulation of
Tadpole Growth

This report confirms a number of recent
studies which have shown that tadpoles
injected with mammalian prolactin prepara-
tions grow abnormally large. Publications
include those of Berman ef al. (1964) and
Bern ef al. (1967) with Rana catesbeiana,
Etkin and Gona (1967) with R. pipiens, and
Rémy and Bounhiol (1965, 1966) with the
toad Alyles obsteiricans. Although the species
differed, our results and those of Berman
et al. (1964) and Bern et al. (1967) suggest
that a minimum effective dose of prolactin
that will produce an increase in tadpole
length is 0.5-1.0 ug/day for 1 or 2 weeks
(approximately 0.01-0.02 1U/day).

Although the increase in length indicates
that the growth which prolactin promotes is
not simply an uptake of water, the dry
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weight data is further support for this
sonclusion. Rémy and Bounhiol (1966)
have found that in a few toads that met-
amorphosed successfully, the prolactin-
treated toads were larger than controls.
In addition to the length and wet weight
data that is recorded in most studies, the
dry weight data reported here and the
increased size after metamorphosis reported
by Rémy and Bounhiol (1966) indicate that
a prolactin-like hormone may indeed by
playing an important physiological role in
controlling size in amphibia.

The effect of GH on growth in tadpoles is
not as clear cut as the prolactin effect, and
definite stimulation is obtained only when
relatively high doses of GH are used. Etkin
and Gona (1967) reported stimulation of
welght gain in tadpoles after treatment for
34 weeks with GH. The report of Berman
el al. (1964) of growth promotion by GH
proved to be in error as the hormone prepa-
ration was mislabeled prolactin. Bern ef al.
(1967) reported an increase in size of
GH-treated tadpoles in some experiments.
We found that 50 upg/day was the lowest
(3H dose that produced a significant increase
in length in K. pipiens tadpoles treated for
a 2-week period. The increase in size with
this dose of GH was less than in tadpoles
treated with a smaller dose (10 pg/day) of
prolactin. Thus the effective dose appears to
be around 50 pg (0.05-0.08 USP units) of
GH per day. Although direct comparisons
are not possible, because of inexact informa-
tion on molecular weight and purity of the
hormones used, our data suggest that in the
growth response, tadpoles are 25-50 times
less sensitive to GH than to prolactin.

The NTH bovine growth hormone prepara-
tion used in our experiments was assayed (by
NIH) for eontamination by other pituitary
hormones. From this information the maxi-
mum possible prolactin contamination of the
GH was calculated to be approximately
0-02 IU/50 ug. Since this is the order of
the mimimum effective prolactin dose men-
tioned above, the growth response of
tadpoles to our GH preparation could
possibly be due to contaminating prolactin.
The same reservation presumably applies to
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the growth stimulating effects reported for
GH preparations by other workers. Thus, it
appears that only prolactin has unequivoe-
cally been shown to promote growth in
tadpoles.

Prolactin Effects on Metamorphosis

Prolactin doses of 5, 25, and 50 pg/day
retarded metamorphosis, as determined by
metamorphic stages and from retardation of
hind limb growth. Etkin and Gona (1967)
also reported a decrease in hind leg growth
(after an initial increase) as well as tail
resorption in prolactin-treated tadpoles.
Nicoll ef al. (1965) however, reported no
change in hind leg growth in E. cotesbeiana
tadpoles in I- and 2-week periods of treat-
ment with 5 or 10 ug of prolactin. In our
experiments metamorphosis was not no-
ticeably retarded with doses of 0.5 and
1.0 ug/day. Thus, it appears that doses of
5 ug/day or more are necessary to interfere
with metamorphosis in R. pipiens, and that
metamorphosis is less sensitive than growth
to prolactin.

The exceptional experiment in which
prolactin failed to inhibit development of
tadpoles vounger than stage XTI-XIV is of
particular interest. Since it has been shown
that tadpoles thyroidectomized or treated
with thyroid inhibitors progress to stage
XIT-XIV before metamorphosis is arrested
(Hanaoka, 1966; Smith and Smith, 1923;
Steinmetz, 1952, 1954), it appears that
tadpoles must have entered the thyroid-
dependent stages of development in order
for prolactin inhibition to be effective.

Although it is clear that prolactin blocks
metamorphosis in some way, conflicting
opinions have been published concerning
the level at which the block oceurs. Gona
(1967, 1968) has presented evidence that
prolactin interferes with the secretion of
thyroid hormone by the thyroid gland.
Bern et al. (1967) found that prolactin
countered the effect of thyroxine on ve-
duecing tail size but that it did not counter
the thyroxine effect of increased hind leg
growth. In our experiments, which were
similar in design to those of Bern ef al.
(1967), prolactin did not noticeably alter
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the hind leg growth, body weight or length
response of tadpoles treated with doses of
thyroxine ranging from near minimal effec-
tive levels to strongly stimulatory doses
(4-100 pg/liter) compared to the responses
of equivalent control animals. Thus our
data do not show that prolactin acts to
make the tissues insensitive to thyroxine.
The counteraction of prolactin and thyroxine
on tail size shown by Bern et al. (1967) may
be due to a greater quantity of prolactin
reaching the tail region since their injection
site of pituitary hormones was the tail.
Derby and FEtkin (1968) have recently
shown that pituitary hormones inhibit
thyroxine-induced reabsorption of isolated
pieces of tail fin 4n wifro. Thus, under
certain circumstances it is possible to
demonstrate an antimetamorphic effect of
prolactin through both an antithyroid
action and an effect on peripheral tissues.

Interrelationship of Growth and Metamorphic
Effects

Considering the two effects that prolactin
has on tadpoles: (1) Increasing size and
(2) decreasing the rate of metamorphosis,
the question arises as to whether the two
effects are separable or whether one is a
result of the other. If one effect is a direct
result of the other, one possible hypothesis
is that tadpole growth is controlled by the
absolute level of thyroid hormone. In this
case prolactin would act to lower the
effective thyroid hormone level and this
in itself would promote growth. If the
effects are separate, then while prolactin
is interfering with metamorphosis, it is also
acting independently to cause growth. Our
results indicate that prolactin causes an
increase in size of tadpoles beyond that
which occurs when the level of thyroid
hormone is decreased by thyroidectomy or
thiouracil treatment. This further growth
stimulation in animals in which the thyroid
is already maximally inhibited indicates that
the prolactin action on growth may indeed
be separable from its action on the thyroid.
Consequently, a direct effect of prolactin on
the peripheral tissues rather than one
mediated only by interference with the
thyroid is the more likely alternative.
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However, it remains possible that the
prolactin inhibition of the thyroid facilitates
the growth-promoting action of prolactin,
since prolactin cannot stimulate growth
when the thyroid hormone level is high.

It has been well documented that depres-
sion of thyroid hormone level in tadpoles
leads to an increase in size (Allen, 1918,
1925; Hoskins and Hoskins, 1919; Steinmetz,
1952, 1954). However, it is not clear whether
the decrease in the level of thyroid hormone
is the direct cause of the increase in size, or
whether depression of thyroid hormone
level allows a greater secretion or more
effective level of activity of a pituitary
growth factor. The possibility of this kind
of relationship between the pituitary and
the thyroid in the regulation of growth has
been suggested earlier by Steinmetz (1954).

General Discussion and Conclusions

The results contained in this report and
in the various papers cited above clearly
support the inference that the pituitary
gland of tadpoles produces at least one
factor necessary for normal growth. The
various effects obtained with exogenous
prolactin support the hypothesis of Etkin
and Gona (1967) and Bern et al. (1967)
that normal growth and development of
tadpoles is regulated by a balance between
a prolactin-like hormone and thyroid hor-
mone, favoring larval growth on the one
hand, and metamorphosis on the other.
Substantiation of these ideas requires the
demonstration of a growth-stimulating—
metamorphosis-inhibiting factor in the pitu-
itary gland of tadpoles, and information on
the normal levels and secretion rates of such
a native hormone during development.

From the biochemical point of view, the
inference that the tadpole growth factor is
“prolactin-like” is perhaps unsound, and
comparative data on the biochemistry and
biological activities of prolactin and the
tadpole growth factor are essential. Several
bioassays of adult amphibian pituitary have
demonstrated the presence of pigeon crop
stimulating activity (Foglia, 1940; Nicoll
and Bern, 1965) and mammotropic activity
(Chadwick, 1966a, 1966b; Nicoll e al.,
1966) in amphibians, but no similar assays
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»f tadpole pituitaries have been done.
Although the task would be formidable
oecause of the minute size of the tadpole
pituitary, this kind of approach would
appear to be the next step necessary to
further expand our understanding of the
nature of growth regulation in amphibian
larvae,

An interesting new aspect of the problem
of growth regulation in amphibians has
developed in a study parallel to the present
report, in which we have found that in
postmetamorphic frogs, mammalian growth
hormone is relatively a much stronger
growth promoting agent than prolactin
(Brown and Frye, 1969). This difference in
the growth responses of tadpoles and frogs
to prolactin and GH suggest that the
primary mechanism of growth control may
be different in these two stages of the life
cycle.
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