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ABSTRACT

GROWTH RESPONSES OF LARVAL AND POSTMETAMORPHIC
RANA PIPIENS TO PROLACTIN AND GROWTH HORMONE -

by
Patricia Stocking Brown

,

Chairman: B.E. Frye

- Mammalian prolactin at doses of 1-50 ug/day promoted growth
(increased wet weight, dry weight and body length) in Rana
pipiens tadpoles., Mammalian GH promoted growth only at the
higher doses (50 ug/day and abdve) and was not as effective as -
prolactin. But in thyroidectomized tadpoles, lower doses of
GH (5-25 jug/day) promoted growth. |

Prolactin also inhibited metamorphosis (at doses of 5 ug/day
and above). Inhibition of metamorphosis did not appear to be
due to prolactin rendering the tissues insensitive to thyroxine
sincaprolactin treated tadpoles metamorphosed iﬁ'r98ponse to
exogenously administered thyroxine (4-100 ug/l) to the same
extent as contfols. This suggested that prolactin must lower
the active thyroid hormone levelﬂ(either by altering secretion
rates via the pituitary or thyroid or by inactiv&ting the thyroid
hormone in the circﬁlatory system),

| Prolactin promoted further growth in tadpoles in which the
thyroid hormone level had been reduced with thiouracil or thyroid- |
ectomy. This suggested that the two actions of prolactin are at
least partially indapendent--or that the growth which prolactxn
promotes is not just the result of thyroid inhibition,

In postmetamorphic frogs, hypophysectomy reduced growth, . E
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Growth hormone (at doses of 10-50 ug/day) promoted growth in
young frogs. Prolactin (at doses of 5-50 ug/day) did not
promote growth. However, prolactin did have an effect on skin
color. Prolactin-treated frogs became a bright yellow-green.
These studies suggest that the pituitary regulation of
growth is different in larval and postmetamorphic stages of

Rana pipiens,
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INTRODUCTION

The pituitary hormone prolactin (lactogenic hormone,
mammotrophin, galactin, lactogen, luteotrophin or.LTH) can
elicit a number of diverse effects in vertebrates. Pro-
lactian or a prolactin-like hormone has been implicated in
the control of osmoregulation in teleosts, breeding behav-
lor in birds and fish, lactation in mammals, luteotrophic
activity in a few mammalian species and crop production of
milk in pigeons and doves (Riddle, 1963; Meites and Nicoll,
1966). In amphibians, prolactin is thought to be impor-
tant in the control of water-drive in land stages of newts
(Chadwick, 1940; Grant and Grant, 1958) and in the regu-
lation of growth,

The pituitary gland of amphibians has been known to be
necessary for normal growth in anuran tadpoles and for
regeneration in urodeles since the early work of allen
(1916) and Smitﬁ (191€é) with hypophysectomized tadpoles
and of Schotté (1926) with hypophysectomized newts, The
suggestion fhat prolactin is the pituitary hormone neces-
sary for normal growth (Etkin and Lehrer, 1960) and regen-
eration (Niwelinski, 1958) in amphibians is recent.

Stimulated by the work of Etkin and Lehrer (1960) who
found that pituitaries removed from their hypothalamic
connections promoted growth in tadpales, Berman et al.
(1964), Nicoll et al. (1965), Etkin and Gona (1967) and .
Remy and Bounhiol (1965, 1966) found that treatment of

anuran tadpoles with mammalian prdlactin preparations



promoted growth., Licht (1967) and Licht and Jones (1967)
found that prolactin also stimulates growth in lizards,

However, growth hormone (somatotrophin) has also been
reported to cause an increased growth in tadpoles (Bounhiol
et al., 1959; Remy, 1964; Remy and Bounhiol, 1966; ¥tkin
and Gona, 1967) as well as to.promote regeneration in newts
(Niwelinski, 1958; Wilkerson, 1963)., Thus it appears that
.amphibian growth is sensitive to both growth hormone and
prolactin rather than to only one or the other.

Recently prolactin has been reported to inhibit meta-
morphosis as well as to promote growth in tadpoles (Nicoll
et al., 1965; Etkin and Gona, 1967). The thyroid gland is
known to be important in the regulation of amphilbian mefa-
morphosis (see reviews by Allen, 1929; 1938 and %tkin 1933;
1963; 1964). The question is thus raised: At what level
'is prolactin interfering with the pitultary-thyroid-tissue
’axis when metamorphosis is inhibited?

Studies have shown that in addition to inhibition of
metamorphosis, growth is stimulated when tadpoles are
thyroidectomized or treated with thyroid inhibitors (Allen,
1918; Hoskins and Hoskins, 1919; Steinmetz, 1952; 1954).
Since prolactin also inhibits metamorphosis and promotes
growth in fadpoles the question 1s-raised as to whether or
not prolactin acts as a thyroid inhibitor.

While several investigators have examined the pitui-

tary control of tadpole growth, no_work has been done on

the pituitary regulation of growth in frogs or toads after



metamorphosis,

The problems to be examined in this study include:
(1) the comparative effects of low doses of prolactin and
growth hormone in promoting growth in intact tadpoles;
(2) the possibility that prolactin renders the peripheral
tissues insensitive to thyroxine in its inhibition of meta-
morphosis; (3) the growth promoting characteristics of
prolactin and growth hormone in thyroidectomized tadpoles
or tadpoles treated with thiouracil; (4) the effects of
hypqphyseétomy on the growth rate of postmetamorphic frogs;
and (5) the comparative growth responses of postmetamorphic

frogs treated with growth hormone and prolactin,
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MATERIALS AND METHODS

Tadpoles

Rana pipiens tadpoles were reared from eggs obtained

by induced ovulation and artificial insemination, using the
method of Wright and Flathers (1961), The adults used for
the fertilizations were obtained mainly from the Lemberger
Company, Oshkosh, Wisconsin although several batches were
from C.H. Mumley, a Vermont supplier. All of the tadpoles
used in any one experiment were from the same fertilization,
and in some cases tadpoles for several experiments came
from a single batch. Until the tadpoles were used in an
experiment they were reared at room temperature in shallow
enamel pans (12" x 17" x 2%") in aerated tap water or well
water. They were fed all cooked washed spinach leaves. At
the beginning of each experiment tadpoles were sorted
according to size and metamorphic stage so that animals in
any one experiment were uniform. In order to keep indi-
vidual records each animal was kept separately in a 4-inch
finger bowl in approximately 200 ml of water during an
experiment., They were fed and cleaned daily,

«During the course of an experiment the tadpoles were
kept at 20°C and on a 12-hr day when possible, When facil-
ities were not available to control light and temperature
rigidly the ranges were generally 20-23°C and 10—14-hrs
daylight, The hormone responses described in these exper-
iments were consistent whetheﬁ the experiment had been run

under rigidly controlled light and temperature conditions



or whether a small amount of fluctuation had occurred.
3ince all of the groups in one experiment were subjected to
identical light and temperature conditions there is no
reason to think that variation in temperature or photoperiod
in itself accounts for the different responses of the con-
trol and hormone-treated animals. However the differences
in light and temperature conditions could be a factor in
comparing the absolute weight and length changes from one
experiment to another,

In most experiments each group started with at least
10 animals, Some of the animals died and a few others were
injured. Data from animals that did not stand up well to
the daily treatments, as evidenced by injuries or loss of
appetite, were not used., Consequently a few of the groups
were very small at the end of an sxperiment.

To rank the tadpoles with respect to their metamorphic

_state, Taylor-Kollros (1946) stages for Rana pipiens were

used. An effort was made in each experiment to use tadpoles
that were initially at similar metamorphic stages. No tad-
poles were used in any experiment that were in stages
earlier than 6 or later than 16 at the beginning of the
experiment,

‘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 cotton towel

prior to weighing. Hind leg length was measured in several



experiments,

Injections were made intraperitoneally by inserting 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 solution or saline that
each animal received was 0,01 ml per day.

Thyroidectomy of tadpoles was done using the method of
Dent (1959) on tadpolég Setween stage 6 and 14, Tadpoles
healed in approximately 1l week after surgery at which time
their food consumption approached normal, In experiments
in which nonthyroidectomized controls were used, the
thyroid gland was exposed but not removed. «No histological
examinations for thyroid remnants were done at the end of
the experiments, If the tadpoles continued to metamorphose
they were considered incompletely thyroidectomized,

Nry weight measurements were made on tadpoles in
Experiment 3. The tadpoles were dried in a vacuum oven

and weighed at 24-hour intervals until the weights were

stationary.

Frogs

The postmetamorphic Rana pipiens used were collected

in Kalkaska County and in Oakland County, Michigan in
September and October, 1967, Many had probably metamor-
phosed the same summer, They were maintained on flies and
crickets at room temperature until they were used in an
experiment., (See Nace (in press) for details on care of

postmetamorphic frogs.)



The method of Frye (in press) was used to hypophysec-
tomize the frogs and is described below. An incision was
made in the roof of the mouth of an anesthetized frog with
a sharp scalpel, A dental drill was used to drill a hole
in the parasphenoicd bone and expos¢ the pituitary. 3oth
the anterlor and posterior lobes of the pituitary were
removed with either fine forceps or a mouth pipette.

Using a dissecting microscope, mé;y of the animals were
checked at the end of the experiment for pituitary remnants
and none were found. However, histological examinations
were not done., Sham hypophysectomies were done on control
animals in which the pituitary gland was exposed but not
removed,

A week after hypophysectomy the frogs were separated
into two groups; (1) those eating normally, which were then
put into a group that were fed live flies and crickets and
(2) those feeding subnormally, which were then force fed
on liver and mealworms. Each of these groups had a corre-
sponding control, sham-hypophysectomized group. All of
the groups were fed two or three times per week.

Several weeks after surgery many of the frogs became
sensitive to slight changes in the environment and would
react with spasms, This was corrected by keeping the frogs
in a 0,1 - 0.3% sodium chloride solution. The concentration
necessary to prevent convulsions increased the longer the
frogs had been hypophysectomized., This problem was prob-

ably due to salt imbalance resulting from the lack of ACTH



stimulation of the adrenal gland after hypophysectomy.

In the experiments in which hormones were administered,
intact frogs were used., Due to their increased mortality
and susceptibility to infection it was not feasible to use
hypophysectomized frogs which would not well tolerate daily
injections and handling., The volume of hormone or saline
solution that each animal received was (0,05 ml per injec-
tion. o

The hormone-treated frogs were kept in individuval con-
tainers and fed three or four times per week on a diet
consisting of flies, crickets, mealworms and liver, The
frogs were all fed equal quantities of food,

Measurements were made of hypophysectomized frogs at
least once a month and hormone-treated frogs were measured
nvery two weeks., The size of the frogs used in these
experiments ranged from 34-47 mm and 4-10 gm at the
beginning of the experiments, Length was determined by
using a pair of calipers to measure snout-urostyle length.
Length rather than weight was considered a more meaningful
measure of growth in frogs. Weight varies considerably
during a short period and is highly dependent on water
uptake., Consequently, for shorter periods of time (2 weeks
of even a month) the weight data was tbofvariﬁbisftoﬁbe

i

meaningful,

Hormones and drugs

The pituitary hormones used were National Institutes



of Health (NIH) bovine prolactin (B-2; 19,9 IU/mg), Mann
ovine prolactin (approximately 20 IU/mg)}, NIH bovine growth
hormone (GH) (B-12; 0,97 USP units/mg) and NIY porcine GH
(1,6 USP units/mg). The hormone solutions were made up by
dissolving the powdered hormone in 0.7 % NaCl made basic
with dilute NaOll. The solution was subsequently brought
to pH 8 using dilute HCl in saline, 4 solution of 0.7 %
NaCl was used to bring the hormone solution to the desired
concentration, The hormone solutions were made up every
4 days and kept at 4°C when not in use. Since the bovine
CH preparation had a éreater amount of thyrotropin (TSH)
contamination than the prolactin preparations it was
desirable to do an experiment using a purer preparation of
GH., A porcine GH preparation which was thought to have an
extremely low ISH contamination was obtained from Dr. A.E.
Wilhelmi (NIH). This was used in Txperiment 3.

when thyroid hormone or thiouracil solutions were used
the tadpoles were immersed in,rather than injected with, the
solutions., Both thyroid hormone and thiouracil solutions
were made up by dissolving the powder in a small amount of
dilute NaQH solution. When this was diluted to the appro-
priate concentration with either aerated tap water or well
water the pH was approximately 7, The aﬁimals in these
' solutions, like the corresponding contrbl animals, were
changed daily. 'The thyroid hormone used was l-éodium
thyroxine pentahydrate. Both the thyroxine and the thio-

uracil came from Nutritional Biochemicals Corporation,
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The tadpoles and frogs were always anesthetized with
%8222 (tricaine methanesulphonate, Sandoz) prior to surgery.,
The tadpoles were also anesthetized prior to hormone injec-
tion or measurement, In most experiments hormone injections

began the day after (day 1) measurements were initially

recorded (day 0),

Calculation and statistics

The raw data are listed separately fof each experiment
and are tabulated in the appendix. Only the mean changes
per group and their standard errors and the number of
animals per group are included in the tables in the text.
Because of some initial variation in size and metamorphic
stage, changes in weight and length rather than absolute
weight and length were the quantities compared between
groups,

Student's t test was most frequently used to compare
the means of two groups (controls and experimentals). In
i'xperiment 1, where a number of hormone-treated groups
were compared with a control, Dunnett's (1955) test was
used, In this case the number of animals in the lower dose
prolactin groups | was : too small to make a meaningful dose-
response curve, In éases ﬁhere two doses of hormones were
used and the change elicited by the smaller dose was in the
same direction as that of the larger dose but too small to
show a significant difference from controls, a regression

of weight or length against hormone dose was calculated.
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The large variance of the absolute values of the dry
weight data necessitated using the Wilcoxan signed rank test
(1945, 1947; in which pairs of experimental and control
tadpoles were compared,

As used here, a2 significant difference indicates a

p value of 0,05 or less,



RESULTS

Prolactin and growth hormone treatment of intact tacdpoles.

Experiment 1
In order to detérmine the effects of various doses of
prolactin and growth hormone on the body length and weight
of intact tadpoles, nine groups of tadpoles were mesasured
and weighed, Treatments consisted of cdaily injections of

the following substancss for the duration indicated:

Group A - 0,7% NaCl for 3 weeks

Group B - 0,5 ug bovine prolactin for 2 weeks
Group C - 1,0 pg bovine prolactin for 2 weeks
Group D - 5,0 pe bovine prolactin for 3 weeks
Group ¥ ~50,0 ug bovine prolactin for 3 weeks
Group F - 0.5 pe bovine GH for 2 weeks

Group G - 1.0 ng bovine GH for 2 weeks

Group H - 5.0 jg bovine CH for 2 weeks

Group 1 -50.0 ug bovine GH for 3 waeks

The weight and length chaneges for a 2 week period for all
nine groups are shown in Table 1 and Figures 1 and 2.

The mean weight changes in the GH-treated groups did
not differ significantly from the control group, Using
Dunnett's (1955) method for comparing several treatments
with one confrol, the mean weight changes of the high
prolactin groups (D and E) differed significantly from
controls (p<.05), Aalthough rroups B and C clearly fol-
lowed thr same trend as D énd =, using the Dunnett test,
they are not significantly cifferent. If rhe Student t
test is used, the mean weight change in group C did differ
significantly from A (p<.05).

I1f the Dunnett test is used to compare the mean length

12
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changes of the hormone groups with the controls, only the
highest prolactin group (E) is significantly different
(p<.05). The other prolactin-treated groups obviously
changrd in the same direction. Again, usine the Student t
.test, group C differ=d from A (p<.05) and the probabil-
jities that the other groups were the same as the controls
were low. Of the GH-trerated tadpoles, only group I appeared
likely to have differed from A (p<.10) although the differ-
ences were not statistically significant,

Figures 3 and 4 show the results of 3 weeks of treat-
ment on weisht and length in groups 4, D, E and 1. The
weight changes in gproups A and I closely paralleled each
other. Both groups D and T increcasad for the first 2 weeks
but D started to level off and decrease cduring the third
week while E still increased., The length changes in I more
closely paralleled D for the first 2 weeks but decreased
more rapidly during the thiré werk, Only»E continued to
increase throughout the 3 weeks whercas A, I and D all
decraésed the third week. The changes in weight and length

that occurrr-d during the third week are shown in Table 2,
" When the tadpoles were staged after 2 wecks it was
found that D and E tadpoles were metamorphosing slightly
more slowly than the controls (A) while group I was slightly
faster. This same relationship held after the third week.
For instance, after the third week, group D and E tadpoles

were still at stages 16-17 while A tadpoles were at 18-19

and 1 at 19-20, After stage 18 tadpoles begin to lose
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Table 1. Weight and length changes in tadpoles during the
first 2 weeks of hormone treatment. P = prolactin.
n = number of animals., SE = standard error.

-

Weight change(gm) Length change(em)

Group n Treatment mean SE mean ST
A 10 0,7% NaClL 1,09 4,20 0.79 +.14
B 4 0. 5mug P 1.72 .23 1,32 .20
¢ 9 1.0ug P 1,71 116 1.21 .13
D 8 5.,.0ug P 1,95 .18 1.15 .10
E 5 50.0 pug P 2.26 .33 1.40 .06
F 12 0.5 mg GH 1.26 .18 0.75 .12
G 8 1.0 pg GH 1.09 «25 0.79 22
H 11 5.0 jmg GH 1.11 .19 0.80 .11
1 10 50,0 pg GH 1.00 .14 1.14 .13

Table 2. Weight and length changes during the third week
of hormone treatment, P = prolactin. n = number of .animals.
SE = standard error,

Weight change(gm) Length change(cm)

Group n Treatment mean SE mean SE
A 10 0,7% NaCl  =-,61 +,17 -.56 +.18
D 8 5pugkPh -.03 .10 -.17 .12
E 5 50 ug P 48 17 .20 .10
I 10 50 ug GH -.55 .23 -4 14




15

Fig; 1. Weight changes in control, prolactin and GH-
treated tadpoles in 14 days. Means and standard errors

represent data in Table 1,
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Fig, 2, Length changes in control, prolactin and GH-
treated tadpoles in 14 days. Means and standard errors

represent data in Table 1.
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Fig. 3. Weight changes in control, prolactin and GH-
treated tadpoles in 21 days., Means represent data in

Tables 1 and 2.
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Fig. 4. Length changes in control, prolactin and GH-
treated tadpoles in 21 days. Means represent data in

Tables 1 and 2,
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weight as tail resorption begins. It was possibla that TSH
contaminatrion of the GH preparation accountec for the faster
rate of metamorphosis in group I.

This experiment indicated that:(l) prolactin treatment
produced an increase in both weight and length in tadpoles
while (2) GH héd no effect at these coses (although there is
soma possibility it stimulated growth in length at the
highest dose). The sléwer metamorphic rate in the groups
zetting high doses of prolactin suggest that prolactin may

be interfering with thyroid hormone production or activity

at some level.

Experiment 2
In the previous experiment, 5 and 50 mpg/day of pro-
lactin significantly stimulated growth , whereas 0.5 and
1.0 pg/day did not, even though the overall trend secmed to
suggest an effect, In a further attempt to determine the
minimum effective prolactin dose, the two lowest dos~s used
in Experiment 1 were repeated. Three grbups of‘%adpoles
were treated for 2 weeks with daily injections of the.
following:
Group A - 0,7% NaCl
Group B - 0.5 ug bovine prolactin
Group C - 1.0 pz bovine prolactin
The mean weight and length changes are shown ‘in Table 3
and Figures 5 and 6.-
Although the mean weight and length increased with

increasing prolactin doses, the weight change of prolactin-

treated animals was not significantly greater than controls
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Table 3. Weight and length changes in control and
prolactin treated tadpoles in 2 weeks, P = prolactin,
n = number of animals, SE = standard error.

Welght change(gm) Length change(cm)

Group n Treatment mean SE mean SE
A 12 0,7% NaClL  1.63 4,13 1.16 +.11
' 12 0.5 ug P 1.79 .17 1.25 .09

¢ 12 1.0mgP 1,90 ,19 1,58 .12
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Fig. 5. Weight changes in control and prolactin-treated

‘:h tadpoles in 14 days., Means and standard =rrors represent

data in Table 3.

Fig. 6, Length changas in control and prolactin-treated

tadpoles in 14 days. Means and standard errors represent

data in Table 3.
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using the Student t comparison of means. Neithe: does a
regression of weight versus dose give a significant slope,
However, a regression of length versus dose gives a slope of
0.417 which is significart (p<.025). Comparison of the
mean lengths shows C to be gr@étnr than A (p <£.025). At
the beminning of this rxperiment the tadpoles were at

stages 10-14, At the end of the 2 weeks they wers at

stages 15-19. The low prolactin dos~s used in this experi-
ment did not appear to%affeéé@tﬁe,ra;s of metamorphosis,

~ The minimum effective dose of prolactin that promotes

prowth is approximately 1.0 pg per day according to this

experiment.,

Fxperiment 3
rxperiment 3 was done to determine: (1) if the effect
of a high GH dose found in Experiment 1 (group 1} on leneth
and m~tamorphic rate was repeatable and (2) if.the prolactin
effect on wat wright was also reflected in dry weight.
Porcine GH was used bacause it was thought to have consid-
erably less TSH contamination than the bovine GH prepar-
ation and therefore any effect of GH on metamorphosis could
be more clearly iﬁterpretnd.
Tadpoles were divided into three groups and treated
for 2 wecks with daily iﬁjections of the followiﬁg:
Group A - 0.7% WaGCl |
Group B - 50 mg porcine GH
Group C - 10 ug bovine prolactin

Table 4 and Figures 7 and 8 show the mean changes in length‘

and weight of the three groups for the 15 day period.
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Table 4, Weight and length changes in tadpoles aftec 2
weeks of dally treatment. P = prolactin; n = number of
animals; SE = standard error.

Weighﬁ change(gm) Length change(cm)

Group n Treatment mean SE mean SE
A 12 0,7% NaCl 1.02 +.08 | 1.20 +.06
B 1L S0pgeH  L.21 .08 1,55 .11
C 12 10ugP 1.58 .09 1.90 .08

Table 5. Dry weight comparison between controls (A) and

prolactin treated tadpoles (C) using the Wilcoxan signed
rank test,

"Final Wet Weight Final Dry Weight

A c A C di Rank
2.2gm 2.7gm .188gm  .252gm +.64 12
2.2 2,9 .200 .214 +.14 6
2.3 2,9 .208 217 +.09 5
2.3 2.9 .215 «246 +,31 10
2,3 2.9 .220 .237 +,17 8
2.4 3.0 «2227; .220 -,02 . -1
2.5 3.0 «232 .240 +.08 4
2.5 3.1 .195 «240 +.45 11
2.6 3.1 .238 0222 - =16 -77
2.8 3.1 212 .230 C+.18 9
2,8 3.4 «245 0242 -.03 -2
3.2 3.5 .280 274 -.06 -3

Number of pairs = 12. T = 13, Dry weights of A and C
are significantly different (p <,025),
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Fig. 7. Length changes in control, prolactin- and GH-
trcated tadpoles in 14 days. Means and standard errors

represent data in Table 4,

Fig. 8. Weight changes in control, prolactin- and GH-
treated tadpoles in 14 days. Means and standard errors

represent data in Table 4,
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As before, both length and weight changes of prolactin-
treated tadpoles were significantly greater than controls
(p<£.001). The GH-treated tadpoles had mean weight and
length changes that were greater than controls but the
welght changes was not significant (p<.10), However the
length changes between A and D were signifiééntly different
(p<.01). As judged by staging the tadpoles, neither GH-
nor prolactin-treated tadpoles differed to any measureable
extent in the rate of metamorphosis from the control
tadpoles. In this experiment the initial stages of the
tadpoles were 8-10, By the termination of the sxperiment
the tadpoles were at stages 14-17,

At the beginning of the expeariment the mean wet weights
of groups A and C were almost identical. 0ry weights were
taken of the tadpolss in groups A and C after the 2 weeks
of treatment., Tadpoles in both groups were ranked with _

respect to their final wet weight and paired accordingly.
'Using the nonparametric Wilcoxan's signed rank test it was
found that the dry weights'of A and C were different
(p<.025)., The details of the Wilcoxan test are shown in
Table 5,

The results of this experiment indicate that dry weight
as well as wet weight of prolactin-treated tadpoles increased
aﬁd that a high dose of GH increased the growth of intact
tadpolas as shown by the increased length., However, no
effect of GH or prolactin on the rate of metamorphosis was

found.
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Prolactin and thyroxine treatment of tadpoles.,

Experiment 4

Experiment 4 was done to determine whether or not
prolactin would sustain body weight and inhibit metamor-
phosié when thyroxine was administered exogenously. This
question relates both to (1) whether prolactin inhibits
metamorphosis by rendering the tissues insensitive to
thyroxine and (2) whether or not the prolactin stimulation
of growth can occur in the presence of a high concentration
of thyroxine.

Tadpoles were measured, staged and divided into two
groups. Group AB received daily injections of saline.
Group CD received 5.0 mpg/day of bovine prolactin. On day
15 groups AB and CD were divided into groups A and B, énd
C and D respectively. Groups B and C were then kept in a
solution of 100 pg/l thyroxine. (This dose of thyroxine is
known to be effective in stimulating tadpole metamorphosis.)
Both C and D continued to get daily injections of prolactin
and A and B of saline. Table 6 and Figures 9 and 10 show
the effect of prolactin and thyroxine on weight. The
weight differences between AB and CD at 15 dﬁys were sig-
nificantly different (p<.0l). Thé control group A began
to lose weight after day 15 but the thyroxine-treated
control (B) lost weight much faster. Proléétin-treated
group D continued to gain weight but the thyroxine-t:eated
prolactin group (C) bégan to lose weight. The weight

change between groups C and D from days 15-18 is signifi-
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Table 6, Weight changes during an 18-day period in tad-
poles treated with prolactin (P) and thyroxine (T4).
Group AB = saline; Group CD = 5 ug P; Group A = saline;
Group B = saline + T4; Group C = P + T4; and Group D = P;
n = number of animals; SE = standard error.

Days 0-15 Days 15-18
Weight change(gm) Weight change(gm)
Group n mean SE Group n mean SE :
"AB 9 1.2 +.25 A 6 -.17 +.11
B 8 -.59 .10
CD 24 1. 90 ° lo C 12 e 62 . 06
D

12 .08 .08
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Fig. 9. Weight changes in tadpoles in an 18-day period.,
Group AB was treated with daily saline injections and aroup
CD with 5 ng/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 ug/l thyroxine solution from days
15-18. Arrows indicate the initiation of thyroxine treat-

ment. Means and standard errors represent data in Table 6,

Fig, 10. Weight changes in groups C and D between days
15 and 18, Means and standard errors represent data in

Table 6, See Fig. 9 for details of th= treatments.
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cantly different (p<.00L1) (Figure\ ‘\9).

Stéging of the tadpoles showed that by day 15, AB was -
several stages ahead of CD (AB, 16-18; CD, 14-17). 1In
order to be able to compare the results of thyroxine treat-
ment on groups B and C, tadpoles were added to groups A and
B at day 15 which more closely correspondad to the stages of
C and D. Both groups B and C began to progress rapidly
toward metamorphic climax after they were treated with
thyroxine. By day 18 tadpoles in groups B and C had
reached stages 18 and 19 while many in groups A and D were
still at stages 16 and 17,

To recapitulate, tadpoles that received 2 weeks of
daily treatment with 5 pg prolactin showed both an increased
weight and a retardation of metamorphosis compared to con-
trols., Continued treatment with prolactin had the same
effect but not in animals that were kept in a2 solution with
a high concentration of thyroxine. Those animals lost
weight and began to metamorphose as rapidly as thyroxine-
treated tadpoles that were not receiving prolactin treat-

" ment, Thus it appears that prolactin treated tadpoles were

still capable of responding to thyroxine,

Experiment 5
" Experiment 5 was done to find out if the results of
the previous'experiment were repeatable using lower doses
of thyroxine and measuring body length and hind }gg length
ih addition to waighyt‘ Tadpoles were measured, staged and

divided into two goups., Group CD received saline and
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Group FG 10 pg/day bovine prolactin, The prolactin dose
was increased at day 12 to 20 peg/day and at day 17 to 25
pg/day. It was kept at 25 pg for the rest of the experi-
ment., At day 17 groups CD and FG were divided into C and
D, and F and G respectively. At day 17 tadpoles were added
to groups C.and D that more closely corresponded to F and
G tadpoles in stage. Groups D and G were kept in a 4 pg/l
thyroxine solution from days 17 to 24 when the thyroxine
concentration was increased to 10 pg/l. On day 27 the
thyroxine concentration was increased to 75 pg/l.

Body weight, body length and hind leg length were
measured and the metamorphic stages recorded at days 0, 6,
11, 17, 24, 27 and 29, The results are shown in Tables
7-9 and Figures 11-16,

Table 7 and Figure 11 show the change in body weight
for the 29 day period. DBy day 17 there was a significant
weight difference between the two groups (§'<.001). The -
4 pg/l dose of thyroid hormoﬁe did not affect the weight
change in either prolactin (G) or non-prolactin (D) groups,
However, when the dose was increased to 10 pg/l, groups D
and G started to lose weight; and they lost weight even
faster when the dose was increased to 75 ng/l,

| The changeAin length of prolactin and non-prolactin

groups 1is sﬁown in Table 8 and Figure 12. By day 17 the
difference in length between the two groups was consider-
able (p<,001), When group G was exposed to the low

thyroxine concentration, instead of a decrease in length
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as onc would have expected, the combined treatment appeared
to stimulated a further increase in length. Although the
differonce batween F and 3 for days 17-24 is significant
(p<.05), this should certainly be repesated to see if a very
low thyroid hormone level is stimulatory after prolonged
treatment with prolactin. Length began to decrecase iﬁ G
after the administration of 10 pg/l thyroxine but in group
D, length did not start decreasing until the animals were
exposed to the 75 mg/l thyroxine dose,

Hind leg lengfh was slower than weight or length to be
affected by the prolactin treatment in the first 17 days
(Teble 9 and Figures 13 and 14), There was no cifference in
the rate of hind limb growth betwsen CD and FG until day
11, But from cdays ll-17 the prolactin-treated group had a
decreased hind leg srowth rate (p<.025).

Whereas the low thyroid hormone dose did not cause o
decrease in weight and length in the first 7.days of treat-
ment (lays 17-24), it was effective in promoting growth of
the hind legs in G compared to F (p<L.05) as well as in D
compared to C (Figure 15), The higher dases of thyroxine
continued to cause accelerateé hind leg growth, Data on
netamorphic stage r=flected the same trend as the hind lag
length'data. By day 27 prolacpin-treated tadpoles receiving
'thyroxine ha¢ an average stage of 15 while tedpoles
recciving only prolactin had-én éverage stage of 14,

In this experiment a very low dose of thyroxine dic¢ not

affect weight and length changes in prolactin-treated



tadpoles but did accelerate hind leg growth that the pro-
lactin treatment had markedly decreased. Higher doses of
thyroxine caused a loss of weight and length in both pro-

lactin and non-prolactin-treated tadpoles ancd thus was in

agreement with the results of the previous experiment.,
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Table 7. Weight changes in tadpoles treated with prolactin
(P) and thyroxine (T4). See Fig. 11l and text for details of

the experiment. n = number of animals; SE = standard error;
S = saline,

Days 0-17 v 1/-24 27-29
Trecat- Wt, change(gm) Treat- Wt. change(gm)
Group ment n mean SE Group ment n mecan ST mean  SE
CD § 10 -,07 £.08 c. S 6 .07 +.08 ,15 +,02
' D 47 .03 ,09 -,11 ,07
. FG P 27 .59 .09 F P 13 -,03 .05 ,02 .04
G

_ P4+T4 14 -,10 ,05 -,21 .04

Table 8. Length chenges in tadpoles treated with prolactin
(P) and thyroxine (T4). See Fig. 12 and text for details
of the experiment. n=number of animals; SE = standard crror;
S = saline. o

Days 0=17 17224
Treat- Length chang~(em) Treat- Length change(cm)
Group ment n mean SE Group ment n mean SE
CD 3 10 -,01 +£.09 c S 6 .16 +,07
D T4 7 .04 .09
FG P 27 .52 ,07 F P 13 10 .04
G P+T4 14 .23 .04

Table 9. Hind leg length changes in tadpoles treated with
prolactin (P) and thyroxine (T4). See Fig. 13 and text for
details of experiment. n = number of animals; 3E = standard
error; S = saline.,

Days 117 “17-24 =
Treat- Hind leg length(mm) Treat- Hind leg length(im)
Group ment n mean SE Group ment n mean SE
CcD S 10 1.4 +.4 C S 6 2.5 +.7
D T4 7 3.7 o7
FG P 27 0.6 .1 F P 13 0.6 4
G 1.7 .2

P+T4 14
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Fig. ll. Weight changes in tadpoles injected with saline (CD)
and prolactin (FG) for 29 days. Groups CD and FG were both
divided at day 17 and D and G were then kept in a 4 pg/l
thyrokine solution, The thyroxine dose was increased to

10 pg/l on day 24 and to 75 pg/l on day 27. Arrows indicate
the thyroxine dose changezs. Mrans and standard errors

represent data in Table 7,
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Fig. 12. Length changes in tadpoles injected with.saline
(CD) and prolactin (FG) for 29 days. Groups CD and FG were
both divided at day 17 and D and G were then kept in a

4 pg/i thyroxine solution., The thyroxine dose was
increased to 10 pug/l on day 24 and to 75 pg/l on day 27,
Arrows indicate the thyroxine dose changes, Mecans énd

standard errors represent data in Table 8,
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Fig. 13, 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 kept in a 4 pg/l
thyroxine solution, On day 24 the: thyroxine dose was
increased to 10 pg/l which is indicated by arrows. Means

represent data in Table 9,

Fig. 14, Hind leg length changes bctween days 1l and 17,
Means and standard errors represent'data in Table 9. See

Fig. 13 for details of the treatments,

Fig. 15. Hind leg length changes between days 17 and 24,
Means and standard errors represent data in Table 9, See

Fig. 13 for details of the treatments,
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Prolactin treatment of thiouracil treated and thyroid- _
cctomized tadpoles,

Because of the interforence of prolactin treatment
with metamorphosis, it was important to determine if
additionzl growth could be promoted with prolactin
using tadpolzs that had had their thyroid activity reduced
previously by treatm~nt with a thyroid inhibitor or by

thyroidectomy.

Experiment 6

In TExperiment 6 thiouracil treatment was used to
prevent metamorphosis and prolactin was administered
subsequently.

Tadpoles were kept in a 0,05% thiouracil solutrion
(a concentrstion known to inhibit metamorphosis;. After
11 cdays of thiouracil treatment rthe tadpoles were divided
into three goups. Group C was femoved from the thiourecil,

Groups A and.B were kept in thiouracil féri&ﬁofh@r 2 Hé‘i;;;
Groups A and C rec-ived daily saline injections and Gféup
B received 10 pg/day bovine prolactin. Weight and lenath
changes wore recorded for the 2 wesks (days 0-15) of hormone
or saline treatment (days 11-2€ or thiourscil treziment).
The results of the prolaciin and thiouracil trcarment are
shown in Table 10 and Figures 1€-19,

The effect of thiouracil in preventing metamorphosis
can be seen from th- data comparing th- weight and lenzth

changes of groups A and C (Figuress 16 and 18) and from the

data on metamorphic siage (see appendix).
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Table 10, Length and weight changes for a 7-day period of
tadpoles treated with thiouracil (TU) and prolactin (P),
n = number of animals; SE = standard error.

Length change(cm) Weight change(gm)

Group n Treatment mean SE mean SE
A 9 0.7% NaCL;TU . 0.37 +.06 0.50 +.14
B 12 P; TU 0.62 .08 0.95 .09

"¢ 10 0.7% NaCl «3.11 .57 -1.27 .20




Fig. 16. Weight changes in thiouracil-tr«ated tadpoles
during a 15-day period. Groups A and B were kept in

thiouracil and group B received 10 pg/day prolactin,

Fig. 17. Weight changes in thiouracil-tr~ated tadpoles
between cdays 7 and 15, Group A received saline inj~ctions
and B received 10 ng/day prolactin., M-ans and standard

errors renresent data in Table 10.



Fig. 17

16

Fig.

A-CONT.
8-PROL.

-~ (n )
< < oS

h N ©
Q o Q

0
N

§/~4 SAVA (W) FONVHI LHIITM

<

3//////

N
N\
N
N

hs ) h

]
(W2) 3JONVHO LH9I3IM

L)

)
o

-1.2

%

"
o

A

<

DAYS



51

Fig., 18, Length changss in thiouracil treated tadpol:s
during a 15-day period. Croups A and F were kept in

thiouracil and group B received 10 pg/dey prolactin,

Fig. 19. Length changss in thiouracil treated tadpolrs
between days 7 and 15. Group A received saline injections
and B received 10 pg/day prolactin. Means and standard

errors represent date in Table 10,
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Sihée it appeared from staging the tadpoles that meta-
morphosis had not been completely arrested in A and B until
day 7, weight and le;gth data were calculated from Jays
7-15. Weight and length changes of groups A and B were
significantly different from <ach other (p <.025, weight;
p<.05, lzngth).

In Sxperiment 6 an increase in weight and length
occurred in thiouracil-treated tadpoles (A) bayond that of
tadpoles that wer= removed from thiouracil after 1l days
(C)~indicating that an inhibition of thyroid activity led
to increased size, Prolactin treatment svoked a further
increase in length beyond that resulting from thyroid

depression.

Experiment: 7
Experiment 7 was similar to Experiment & except that
thyroideciomy was substituted for thiouracil treatment,
Tadpoles were tThyroidectomized or sham thyroidectomized 1
week prior to hormone treatment., Four groups of tadpoles

were treated for 2 weeks as follows:

Group A - sham thyroidectomy, 0.7% NaCl

Group B - thyroidectomy, 0.7% NaCl

Group C - thyroidectomy, 5 mg/day bovine prolactin
Group D - thyroidectomy, 15 ug/day bovine prolactin

The weight and length changas for the 2-week period are
shown in Table 1l and Figures 20 and 21,

Thers was no‘significant difference between rthe length
changes in the two cqntrol groups (A and B). Both prolactin

groups responded with an increased length compared to 2}
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(p«g.02,C; p«.0l, D). However, group D, which received
the higher prolactin dose, had approximately the same
changz in length as C.

Group B increased in weight compared to A (p<.05).
Although the mean weight changes in C and D were greater
than B, only the difference between B and C was statisti-
cally significant (p<.05). The mean weight chénge inD
did not differ significantly from either B or C. The
weight and length differances between the two control
groups, A and B, were not as dramatic as betwecn the two
similar groups, A and C, in the thiouracil experiment,

1t bec&me}oﬁiiou@dufiqg the experiment, using meta-
morphic stages as criteria, that not all of the thyroid-
cctomized tadpoles were totally thyroidless. While their
rate of metamorphosis had been definitely retarded compared
to group A, they had not complately stopped cﬁanging. Cer-
" tainly some of the tadpolss were complzately thyroid-
cctomized since a random group was képt 5 months or more
and some never metamorphosed. But instead of considering
these tadpoles completely thyroidectomized it is more
accurate to consider them as having had a reduced thyroid
hormone level, This also applies to the tadpolas used in
Experiments 9 and 10.

Experiment 7 indicates that tadpoles that had a reduced
thyroid hormone level respondedﬁfo_prolactin by-an increased
weight and length compared to contfols. Thyroidectomy alone

however, did not significantly accelerate growth,
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Table 11. Length and weight changes during a 2-week period
in sham operated and thyroidectomized (TX) tadpoles .
treated with prolactin with saline and prolactin (p).

n = number of animals; SE = standard error,

Length change(cm) Weight change(gm)

Group n Treatment mean SE mean SE
A 11 0.7% NaCl .0.85 £.06 0.57 +.03
13 TX;0.7% NaCl 0,98 .08 0.78 .09

¢ 13 TX; Spg P 1.35 .10 110 .10

D 14 TX;15 pg P 1.3 .07 0.98 ,07




56

Fig. 20, Length changes in tadpoles treated with saline
and prolactin for 2 weeks. Means and standard errors
represent data in Table 11, Groups B, C and D were

thyroidectomized.

Fig. 21, Weight changes in tadpoles trecated with saline
and prolectin for 2 weeks. Mesns and standard errors
represent data in Table 11, CGroups B, C and U were

thyroidectomized.
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Experiment 8

Experiment 8 was basically a repetition of Experiment
7 but an attempt was made to use only tadpoles that were
completely thyroidectomized., The tadpoles were thyroid-
ectomized and 13 days later their length, hind leg length
and stage were recorded., After 4 more days the same
parameters plus weight were recorded. Tadpol=zs which
showed a large change in stage or hind leg length were
considered incompletely thyfoidectomized and eliminated
‘froﬁ the experiment. The tadpoles that had é relatively
statlonary hind leg length were divided into two groups,

R and V. The control group, R, received daily saline
injections, Group V was treated with 10 pg/day bovine-
prolactin for 12 days. The results are shown in Table 12
and in Figures 22-24,

Figure 22 compares the hind leg growth of R + V
combined with a noﬁ-thyroidectomized control group (C)
from Experiment 5. Group C was being treated with daily
saline injections and subjected to similar experimental
conditions at the same time that Experiment 8 was being'
done. While these groups are not strictly coﬁparabie, they
do allow a rough comparison of 'mormal® and thyroidectomized
hind leg growth and illustrate that the leg growth was
severely reduced in groups R and V,

Figure 23 illustrates that the length change in the
prolactin-treated group was significantly greater than in

the control group (p<£.001), Although the mean weight
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change in V was greater than in R, it was not significantly
different (p<.10).

Experiments 6, 7 and 8 all suggest that prolactin can
produce én increase in size in tadpoles either devoid of

thyroid activity or with a reduced thyroid activity,
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Table 12, Weight and length changes in thyroidectomized(TX)
tadpoles treated with saline and prolactin (P) for 12

days. n = number of animals; SE = standard error,

Weight change(gm) Length change(cm)
Group n Treatment mean SE mean SE

R 12 TX;0.7%Nacl 0.21 +0.09 .06 +.06
v 6 TX;10 ug P 0.58 0.2 43,06
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Fig. 22. Mean hind leg loneth chaners in tadpoles that
were thyroidectomized (R, V) compared to nonthyroidectomized
tadpoles (C). Vertical bars at days 15 and 16 represent

standard errors of mean changes from day O,

Fig, 23, Length changes in thyroidectomized tadpoles
injected with salin: (R) or 25 pg/day prolactin (V) for

12 days. Means and standard errors represent data in

Table 12,

Fig. 24, Weight changes in thyroidcctomized tadpoles
injected with saline (R) or 25 pg/day prolactin (V) for

12 days, Means anc standard errors represent data in

Table 12,
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Growth hormone treatment of thyroidectomized tadpoles.

Experiment 9
Tadpoles that had been thyroidectomized 2 wreks

earlier were treated for 6 days with the following:

Group B - 0.7% NaCl

Group E - 5 pg/day bovine GH

Group F - 25 ug/day bovine GH
The changes in length and weight are shown in Table 13 and
Figures 25 and 26,

Both GH-treated groups had a greater welight and length
increase than controls, Using the Student t test, the
means of both length and weight changes in F are signifi-
cantly greatef than B (p<£.005, length; p<£.025, weight).
A regression of dose against weight gives a slope that is
significantly different from zero (p<.005). The slope of
length against dose also is significant (p<.005).

As in Experiment 7, all of the tadpoles used in this
experiment were not totally thyroidectomized-guf éhould be

considered to have had a reduced thyroid hormone level,

Experiment 10

Considering the almost complete lack of response to
GH that intact tadpoles showed in Experiment 1 (Figures 1
and 2), the results of Experiment 9 with thyroidectomized
tadpoles were somewhat unexpected, It was decided to repeat
the highest GH dose in another experiment,

Tadpoles that had been thyroidectomized 5 weeks
.earlier were neasured and staged and divided into two

groups. Group R was given daily saline injections and
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Table 13, Weight and length changes in a 6-day period in
control and GH-treated thyroidectomized (IX, tadpoles,
n = number of animals; SE = standard error.

Jeight change(gm) Length change(em)

Group n ‘ireatment mean ' SE mean SE
B 13 7TX;0,7% NaCl .14 4,05 .32 +.04
E 14 1tX; 5 pg GH .26 .04 .39 .04

F 14 17TX325 pg GH .35 .04 .49 .06

s — s — -—— - —————
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Fig. 25. Length changes in control and GH-treat«d thyroid-
ectomized tadpolrs for a 6-day period, Means and standard

errors represent datz in Table 13,

Fig. 26, Weight changes in control and GH-trcated thyroid-
ectomized tadpoles for a 6-day prriod, Means and standard

errors represent data in Table 13,



66

g0,
F-zé"Zg GH.

(N9) FINVHO LHIIIM

(W2) FONVHO HLIINIT



67

group S was given 25 pg/day bovine GH. Hormone and saline
treatment continuzd for 2 weeks. The changes in length and
welght for the 2-week period are shown in Table 14 and
Figures 27 and 28,

Both the mean length changes and mean weight changes of
R and S were significantly different from each other (p<.05,
length; p<£.025, weight)., Again these tadpoles should not
be consider=ad completely thyroidectomized but as having had
& reduced thyroic hormone level., The resulis of this exper-
iment support those of Exveriment 92 and suggest the possi-
bilitv of 2 somewhat lower dose of GH being effective in

tadpoles that have a low level of thyroid hormone.

Ceneral remarks on thyroidectomized tadpoles

Frequently thyroidectomized tadpoles appeared to have
their water balance disturbecd as they became very swollen
with water, Clearly this woulcd directly «ffect any wet
wveight measurement., The tadpoles that were obviously
swollen were removed from the experiment. However, the same
phenomena could well have affected other tadpoles but to
a lesser extent so that they dicd not appear swollen, Conse-
quently length rather than weight ves probably a better
measure of size in thyroidectomized tadpoles,

A ﬁery large percentage of the thyroidectomized tad-
poles' tails appeared Qery red as if heavily vascularized,
'This never occurred to any noticeable degree in normal

tadpoles,



68

Table 14, Length and weight changes for a 2-week period in
thyroidectomized(TX) tadpoles treated with GH and saline.
n = number of animals; SE = standard error.

Weight change(gm) Length change(cm)
Group n Treatment mean SE mean SE

R 12 TX30.7% NaClL - 0.2l 4,22 0.46 +.12
S 11 TX;25pgGH 0,70 .13 0.93 .20
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Fig. 27. Length changes in thyroidectomized tadpoles
treated with saline or GH for two weeks., Means and stan-

dard errors represent data in Tabl= 14,

Fig, 28, Weight changes in thyroidectomiz=d tadpolss
treated with ssline or GH for two weeks, DMrans and stan-

dard errors represent data in Table 14,
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Hypophysectomy of postmetamorphic Rana_ pipiens.
Ekperiment 11

To determine if the pituitary gland is necessary for
normal growth in young frogs, several experiments were done
comparing length and weight changes in hypophysectomized
frogs with those of sham-hypophysectomized frogs.

The frogs in Experiment 11 were hypophysectomized or
sham hypophysectomized within a 3-day period. Feeding
began approximately a week after surgery. Both control and
hypophysectomized frogs were always force fed, primarily on
beef liver and mealworms. Many of the hypophysectomized
frogs appeared to have a decreased appetite and cven the
quantity of food thecy could ingest when force fed was lower
than controls. Consequently all of tho frogs were fed an
amount equal to the maximum capacity of the hypophysecto-
mized animals,

The frogs were measured several times during an ll-
week period but it was not until after 6-8 weeks that the
controls hac¢ grown sufficiently to be measurably different
than the hypophysectomized animals. The length and weight
changes in the two groups for an ll-week period are shown
in Table 15 and Figures 29 and 30. The total changes ware
small but the means of the two groups differed signifi-

cantly in length (p<.905) and weight (p<.001),

Experiment 12

txperiment 12 was similar to Experiment 1l except the
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Table 15, Length and weight changes in 1l weeks in control’
and hypophysectomized (HypX) frogs force fed on liver and
mealworms, n = number of animals; SE = standard error.

Weight change(gm) Length change(mm)

Gfoﬁp n Treatment mean SE mean SE
c 17 Sham HypX 1.21 +.16 1.65 +.13
H .15 Hypx = 077 .09 076 .20

Table 16. Length and weight changes in 7 weeks in control
and hypophysectomized (HypX) frogs fed live flies and
crickets., n = number of animals; SE = standard error.

Weight change(gm) Length change(mm)
Group n Treatment ~ mean  SE " mean SE

C 15 sham HypX 1,18 +,18 0.67 +.23
H 8  HypX -0.18 .16 -0.18 28
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Fig. 29, Length changes of sham operated controls (C)
and hypophysectomized (H) postmetamorphic R. pipiens
in 11 weeks., The frogs were force_fod on liver and

mealworms. Means and standard errors represent data in

Table 15,

Fig, 30, Weight changes of sham operated controls (C)
and hypophysectomized (H) postmetamorphic R. pipiens
in 11 werks., The frogs were force fed on liver and

mralworms, Mecans and standard errors represent data in

Table 15,
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Fig. 31, Length changcs of sham operat:d controls {C)
and hypophys=ctomized (H) postmectamorphic R. pipiens in
/7 weeks, Means and standard errors represent data in

Table 160

Fig. 32, Weight changes of sham opcrated controls (C)
and hypophysectomized (H) postmetamorphic R. pipiens

in 7 weeks. M~ans and standard errors represent data in

Table 186,
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frogs were kept in individual containers and fed live flies
and crickets two or three times a week, The data from
frogs whose appetites decreasad (i.ec., those which refused
to eat the standard food allocation) during the course of
thebexperiment were not used,

The welght and length chénges of the hypophysectomized
and control groups for the 7-week period are shown in Table
16 and in Figures 31 and 32. Both length and weight of the
hypophysectomized frogs decreased to a small extent while
length and weight of the controls increased. The means of
the two groups differed for both parameters (p>.05, length;
p>.001, weight).

Experiments 11 and 12 clearly show that although the
hypophysectomized and control frogs ingested the same
quantity of food, both length and weight increased more in

control than in hypophyszsctomized frogs,



Prolactin and GH treatment of postmetamorphic froges,

Experiment 13
To determine if ~ither GH or prolactin coul@ﬂaff;éf
growth in postmetamorphic R. plipiens, intact small frogs
were weighed and measured and divided inito five groups.

Th~ first 30 days they were treated as follows:

Group A - 0,7% NaCl

Group B3 - 5 ug ovine prolactin/day
Group C - 25 ngz ovine prolactin/day
Group D - 5 uz bovine GH/day
Group E - 25 pg bovine GH/day

Injections ware given daily except for a few occasions
when they were given every other day. In those cases thr
dosslwas doubled so that the animals still feceiVHd the
same average dose per day. After 30 days the hormone doses
were doubled in‘groups B, C, D and E. The oxperiment was
continued for another 26 days at the higher doses,

The length changes for the five groups after one month
of treatment are shown in Table 17 and Figures 33 and 37.
In the first month only the high GH-treated eroup (E}
differed significantly from conirols (A)(p<.001).
Figure 34 shows the changes for the second month (2f days),
. When thz dos~s were doubled only group D diffsrad signifi-
cantly from controls (p<(.05>. The total length and weight
changes for the 2-month period are shown in Table 17 and
‘Figures 35, 36 and 37, If the length changes were combined
for the 2 months, only the highest GH group (E) differed
significantly ffom controls (p<.0l). The weight changes

of both D and E differed from the control group (p<.0l, D;
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p<L,.02, T).

From this experiment it appears that postmetamorohic
frogs responded by an increase in both weight and length to
long~term GH treatment. But there was no growth reponse to
long-term prolactin treatment. The optimum GH dose appeared
to be between 10-25 pg/day. When group D was treated with
5 pg/day GH no respouse was seen while at the same time the
25 pg/day dose was effective. But when the dose for E was
increased to 50 ng, it responded to a lesser extent than D,
which was receiving 10 pg. Although the méan lengths of
the prolactin-treated groups were higher than the controls,
the differences were not significant,

In contrast to tadpoles, frogs»réceiving GH treatments
increased.in weight and length to a significantly greater

extent than those receiving saline or prolactin treatments.
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Table 17. Length and weight changes .in frogs treated with

saline (S), prolactin (P) and GH. n=number of animals;
SE=mgtandard error.,

Month 1 Month 2 Months 1:+2 Months 142

Length Length Length Weight

Treat- change(mm) change(mm) change(mm) changz(gm)

Group n ment mean SE mean SE mean SE mean SE
A 11 s . 0,32 4,14 1,18 +.18 1.50 +.23 1.06 +.19

B 11 P 0,45 .14 1.2 .19 1,77 25 1,05 ,28
C 14 P o.61 ,18 1,21 ,19 1.8 .28 1.2 .16
D 13 GH 0.23 .15 1,88 .21 2.1 .21 1l.69 .13
E 13 GH  1.11 .24 1.69. .25 2.8 .31 LJ79 .19
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Fig. 33, Length changss of postmetamorphic frogs treated
one month with saline, prolactin and GH. M=ans and standard

errors represent data in Table 17.

Fig. 34, Length changes of postmetamorphic frogs treatod
a second month with saline, prolactin and GH. Irans and

standard errors represent data in Table 17.
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Fig. 35. Total length changes of postmetamorphic frogs
treated for 2 month with saline, prolactin and GH. See
text for details of the 2 month treatment. N-ans and

standard errors represent datra in Table 17.

Fig, 36, Total weight changrs of postmetamorphic frogs
treated for 2 month with saline, prolactin and GH. See
text for detzils of the 2 month treatment., Means and

standard errors represent data in Table 17,
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Fig. 37. Length changes of postmetamorphic frogs treated
56 days with saline, prolactin and GH, Arrows indicate

the increase of the hormone doses. See text for cdetails

of the treatment:,
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DISCUSSION

Prolactin and growth hormone_ stimulation of tadpole growth,.

i'he possibility that prolactin function§ in the regu-
lation of amphibian growth has recently received much
attention., Ttkin and Lehrer (1960) found that R, pipiens
tadpoles that had their pituitary transplanted to the tail
grew larger than controls. This suggested that the trans-
plant might be rel=asing a growth faétor in quantities
greater tﬁan when the pituitary is in its normal location.
Since mammalian pituitaries are known to release prolactin
when removed from hypothalamic inhibition (Everett, 1966)
it was suggesstad that the factor producing excessive growth
in tadpoles bearing pifuitary grafts might be prblactin.
It has been w2ll docum=anted that mammalian prolactin will
cause newts to migrate to water (Chadwick, 1940; Grant and
Grant, 1958), Masur's (1963) study in which a transplanted
pituitary in the red eft stage of the newt caused migration
to water supported the possibility that a prolactin-like
substance in the amphiblan pituitary is released spontane-
ously when the pituitary is removed from its normal
position.

A number of recent studies have shown that tadpoles
injected with mammalian prolactin preparations grow

abnormally large, 1 Publications include those of Berman

1The only report in the literature of prolactin not
producing an increase in size in amhlbian larvae is from
Tnemar (1967) who used Rana temporaria tadpoles.

. 87
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et al,(1964) and Nicoll et al. (1965) with Rana catesbilana,

Rtkin and Gona (1967) with R. pipisns and Remy and Bounhiol
(1965, 1966) with the toad Alytes obstetricans.

The results of my experiments in which tadpoles were
treated with a variety of prolactin doses (Experiments 1, 2
and 3) are in agreement with the above studies, Although
the species differed, my results and those of Berman et al.
(1964) and Nicoll et al. (1965) suggest that a minimum
effective dose of prolactin that will produce an increase
in tadpoles length is 0.5-1.0 jg/day for 1l or 2 weeks
(approximately 0,01-0.02 IU/day). Weight is a more variable
measure since the welght of individual animals tends to
vary wiﬁhin a 24 hour period to a much greater extent than
length. Consequently a slightly higher dose may be
necessary to elicit a significant difference 1ln welight than
to effect lenéth significantly (Experiment 2; Nicoll et al.,
1965), |

Although the increase in length indicates that the
growth which prolactin promotes is not simply an uptake of
water, the dry weight data (Experiment 3) is further support
for this conclusion, For technical reasons data was not
collected on the size differences betﬁeen prolactin-treated
and control tadpoles after metamorphosis., However, Remy
and Bounhiol (1966) have found that in the few toads that
metamorphosed 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
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data given here and the increased size after metamorphosis
reported by Remy and Bounhiol (1966) indicate that a
prolactin-like hormone may indeecd be playing an important
physiological rol= in controlling size in amphibia,

The e¢ffect of GH on growth in tadpol=zs 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 weight gain
in tadpoles after treatment for 3 or 5 weeks with GH. 1
found that 50 pg/day was the lowest GH dose producing a‘
significant increase in length in R. pipiens tadpoles
treated for a 2-week period (Experiment 3). 1In this exper-
iment the increase in size was less than in tadpoles
treated with a smaller dose (10 ug/day) of prolactin.
Nicoll et al. (1965) reported finding no effact on tail
length and depth with 5 and 10 pg/day doses of GH, using

R. catesbiana tadpoles. Thus the minimum affective dose

app=ars to beéround 50-100 pg (0,05-0,08 USP units) of GH
per day.

'The NIH bovine growth hormoﬁe preparation used in my
experiments was assayed (by NIH) for contamination by other
pituitary hormones. No significant prolactin contamination
was found in the given quanﬁity assayed, From this infor-
mation the maximum possible prolactin contamination of the
GH was calculated to be approximately 0.02 IU/50 pg. As
mentioned above, this is the minimum effective prolactin

dose., Since the prolactin contamination was calculated on
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the b#sis of no significant prolactin respons=, th= growth
response of tadpoles to GH cannot clearly be attributed to
prolactih contamination but this is certainly a possible
explanation.

From these =xperiments with prolactin and GH it appears
that only prolactin unequivocally promotes growth in tad-
poles, The dose of GH neceésary to promote tadpole growth

is approximately 50 times greater than that of prolactin,
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Prolactin and GH cffects on metamorphosis.

Accelerated hind leg growth and stimulation of meta-
morphosis in GH-treated tadpolss has baz=sn reported by Etkin
and Gona (1967) , Nicoll et al., (1965) and Bounhiol gt al.
(1950). The same effect was found in my experiment in
which 50 pg/day bovine GH was administered to one group
of tadpolas (Experiment 1), Accelerated metamorphosis and
hind lég growth are specific responses to rising titers of.
thyroxine during metamorphosis (Etkin,‘1964). Since at
least some of the GH preparations in ﬁhe experiments men-
tioned above contained m=asurable TéH activity, it is
possible that these effects were all due to TSH stimulation
of thyroid activity and not to an effect of GH per se. This
interpretation 1s substantiated by thes results of Experiment
3, done with a porcine GH preparation {(which was more
highly purified than the bovine preparation}, in which no
accelp:ation of m=tamorphosis or leg growth occurred.,

Prolactin doses of 5, 25 and 50 pg/day retarded meta-
morphosis (Experiments 1, 4 and 5). Hind leg measurements
showed that hind leg growth was significantly slowed by
25 pg/day of prolactin but the metamorphic rate was not
measureably reduced with doses of 0.5 and 1,0 pg/day. Thus
it appears thaf doses of 5 pg/day or higher are necessary
to interfere with metamorphosis in an obvious way. However,
no effect of the 10 ug prolactin dose in Experiment 3 was
szen in group C, _SinCe thesé tadpoles were at considerably

earlier stages at the beglinning of the =xperiment compared
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to tadpoles in Experiment 1, 4 and 5; it is possible that
not only a dose of 5 pg/day or above is necessary but also
that prolactin is more clearly effective in retarding the
rate of metamorphosis if the tadpoes are at stages 13 or
later. This is supported by reports that tadpolzss treated
with thyroid inhibitors or thyroidectomized tadpoles
progress to stages 12-14 before stopping (Hanaoka, 1966;
Smith and Smith, 1923; and Steinmetz,‘1952, 1954),
Prolactin would thus appeaf to be most effective in the
retardation of metamorphosis during the thyroxine dependent
phase of metamorphosis.

Nicoll et gl; (1965) reported no change in hind leg

length in R. catesbiana tadpoles in l- and 2-week periods

of treatment with 5 or 10ug/day of prolactin., However,
Etkin and Gona (1967) repbrted a decrease both in hind leg
growth and tail resorption in prolactin-treated tadpol:-s,
although they indicated that during the first wezk of
trecatment prolactin increased rather than decrerased hind
leg growth.

In Cxperiment 5, body weight and length increased
‘after 1 week of‘prolactin treatment, but hind leg length did
not respond until the second week. Contrary to what Etkin
and Gona (1967) reported, no initial increase in hind leg
length.was found.,

Since one of the actions of prolactin administered to
tadpolés is cleérly in inhibition of the rate of metamor-

phosis, as judged by étaging and hind leg length, the
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question concerning the level at which prolactin is acting
is raised. The several possibilities include (1) prolactin
renders the peripheral tissues insensitive to thyroid
hormdne, either partially or completely; (2) prolactin
interferes with zither the synthesis or secretion of TSH
which in turn decreases the level of thyroid hormone;

(3) prolactin acts directly on the thyroid gland, inter-
fering witﬁ synthesis or secretion of the thyroid hormone;
or (4) prolactin interacts directly with the thyroid hor-
mone, inactivating it in the circulatory system.

One of the more easily tested hypotheses is that pro-
lactin makes the peripheral tissues less sensitive to
thyroxine. However, the =vidance obtain=d in this work
gilves no indication that prolactin reduces tissue sensi-
fivity to thyroxine, I1f tadpoles are injected with
pfolactin ﬁntil their metamorphic rate has beesn severely
reduced and then exogenous thyroxine is administered, one
would expect no metamorphic response if ths tissues have
become insensitive or a reduced response if the tissues are
less sensitive. In Experiment 4, tadpoles were put in a
100 pg/l thyroxine solutiom after 2 weeks of prolactin
treatment. Both prolactin-treated and control tadpoles
lost weight in a 3-day period in response to the'thyrdxine.
Because of the relatively high thyroxine dosel it was not
possible to determins whether or not the tadpoles had a

The terms high and low doses of thyroxine are used

with reference to doses of thyroxine known to influence
amphiblian metamorphosis, '



92

reduced thyroxine sensitivity but it was clear that they
ﬁad not become completely insensitive to thyroxine.

To test the possibility of a reduced thyroid hormone
sensitivity, lower doses of thyroid hormone were used in
Experiment 5, After 17 days of prolactin treatment, a
relatively low dose of thyroxine (4 ug/l) was administered
to the tadpoles for a week, In this case the thyroxine did
not stimulate a reduction in weight and length in either
the prolactin-treated tadpoles (G) or the controls (D). In
fact, instead of stimulating a loss of body length,
thyroxine at this dose appeared to increase body lehgéh
in the prolactin-treated tadpoles., But this dose of
thyroxins did cause an increase in hind leg length in both
groups G and D. Apparently hind leg length is more sensi-
tive to low thyroxine doses than are weight and length.

Not until the thyroxine dose was increased to 10 and 75
pg/l did weight and length actually decrease. Since tha
tadpoles that were receiving prolactin responded to the
thyroxin= at either 4, 10, 75 or 100 ug/l in the same way
as controls, there is no reason to think that prolactin
acts to make the tissues insensitive to thyroxine,

This conclusion that prolactin is not acting to
render the tissues insensitive to thyroxine agrees with that
of Gona (1967), He found ﬁhat when 100 pg prolactin and

10 pg thyroxine were administered simultaneously to R,

catesbiana tadpoles and compared to another group that

received just the thyroxine dose, both groups underwent
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~similar metamorphic changes. Gona concluded that prolactin
does not inhibit thyroxine at the peripheral tissues and
must therefore influence the secretion or action of TSH or
the secretion of the thyroid hormone. In order to determine
if the prolactin interference with metamorphosis is due to
TSH inhibition, Gona (1967) injected tadpoles with (1) TSH
‘alone and (2) TSH + prolactin. While TSH alone stimulated
metamorphosis, TSH + prolactin inhibited it, He concluded
from this and histological examination of the thyroid that
prolactin interferes with metamorphosis at the level of the
thyroid.

Although my results support Gona's conclusion, it
should be pointed out that Nicoll et al. (1965) have data
which they feel indicates that the anti-metamorphic sffect
of prolectin is due to reduvced peripheral tissue sensitivity

to thyroxin«. They found that R. catesbiana tadpoles

treate d with 100 pg/l thyroxine responded by a recduction of
tail length and width. But tadpoles trrated with 1 or 10
re/cay prolactin ¢id not respond to sﬁch ¢oses of thyroxinc,
Aside from the difference in prolactin doses, Nicoll's
experiments and mine shoulc¢ be quite comparable, The
different results obtained are puzzling and perhaps

warrant repeating the experiments with both species,
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Interrclationship of erowth and metamorphosis effects.

‘Considering the two ¢ffects that prolactin has on tad-
poles, (1) increasing size ané (2) decreasing the rate of
metamorphosis, the question arises as to whether the two
cffects ar separable or whether one is a result of the
othcr, 1f one cff=ct is a direect result of the oth~»r, one
possible hypothesis is that tadpole growth is controlled
by the absgolute level of thyroid hormone. In this case
prolactin would act to lower the effective thyroid hormone
leval and this in itself would stimulate srowth. If the
effects are separate, thon while prolactin is interfaring
with the thyroid, it is also acting independently to cause
growth.

If prolactin could cause an increase in siz~ in tad-
poles whos= thyroid hormon- level had already besn
maximally decreas«d, c2ith=-r by thyroidecromy or thiouracil,
it would be an indication that its growth c¢ffect is inde-

- pendent of an intcraction with the thyroid hormonc., This
was tested in Experiments €, 7 and 8 and the data indicated
that prolactin caused ah increase in size of tadpoles

bcyond that which occurr=d when the level of thyroid hormone
was decreased by thyroidectomy or thiouracil treatment,

This further growth stimulation in animals that already had
a maximally inhibited thyroid indicated that the prolactin
action on growth may indeced be separable from its action on
the thyroid, ConSFquently;a direct «ffect on the peripheral

tissues rather than one mediated only by the thyroid hormone
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is the more likely alternative, Of the many workers who
have studird amphibian metamorphosis apparently only Smith
and 3Smith (1923) have don= similar experiments; They
injected thyroid@ctomized tadpoles with anterior pituitary
lobe cxtracts and found an increase in size compared to
control thyroidectomized tadpolps.

It has been wail docum~nted that a decreased thyroid
hormone level in tadpoles lzads to an increcase in size,

The carliest reports of increased body size but decreased
growth of the hind legs afte¢r thryoidectomy are those of
2llen (1918, 1925) and Hoskins and Hoskins (1919), For
reviews of the carly pan-rs se= Allen (1929, 1938) and
Etkin (1955). More recently, Steimmetz (1952, 1954)
mecasured wat weight, dry weight and total nitrogen after
tadpoles had been kept in thiouracil for various lengths of
time., The tadpoles in thiouracil increas~d in size compared
to controls while tadpoles in thyroxine decrc~ased. Wet
weight changes wer~ also rcflected by dry weight and total
nitrogen measuremsnts,

Thus it appears that the incrcase in size in tadpoles
after thyroidectomy or treatment with a thyroid inhibitor
has bzen demonstr;ted. However, it is not clear whether the
decrrase in the level of thyroid hormone is the direct
cause of thr increase in size¢ or whether the d=creased
thyroid hormone allows a growth facfor from the pituitary
to be more effective. If a pituitary factor is involved, it

is possible that th~ lower thyroid hormone after thiouracil
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treatment or thyroidectomy allows a greater synthesis ancd
sccretion by the animals' own pituitary of a prolactin-like
substance or else allows a prolactin-like substance which
is secreted at the normal level to be more.effective; This
rzlationship betweern the pituitary and the thyroid has been
suggasted earlicr by Steinmetz (1954), although little was
known of thg possible nature of the growth factor,

4lthough Jixperiments 1 and 3 indicated that intact
tadpoies will respond only to relatively high doscs of GH,
Experimcnts 9 and 10 suggest the possibility that tadpoles
with a lower thyroid hormone lcvel respond to somawhat
lower dos~s of GH. Whilé prolactin clearly affects both
size and mctamorphosis, GH apprars only to affect size. It
would s=-m that ths capacity of prolactin to inhibit
metamorphosis facilitates ite capacity to increase size.
\lthoughAvory small doses of thyroid hormone did not inter-
frre with growth promdtion by prolactin, larger dosss did
(fxperiment 5) . Thus it secms that both GH and prolactin
depend on the» low~r thyroid hormone level, but a major
differ~nece brtwern the two hormones is that prolactin can
lowar the thyroid hormone level itself., Cf course, it is
possible that the different growth-promoting capacities of
prolactin and GH ars a result of cach hormone affecting
diffrrent organs or cell populations within the‘tadpolcs.
again, it is possible that the growth-promoting proparties

of GH described hers are dus to prolactin contamination.
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Growth cffacts of hypophysectomy and hormone treatment in

. frogs.

It was not unpxpect@d that hypophys~ctomy would inter-
fere with growth in frogs although it had not been reported.
Consid-ring th~ hormons effects in tadpoles, it was howeavsr
somewhat surprising that only GH was cffective in stimu-
lating growth in frogs while prolactin had no significant
effect. Th~ 2-month period was apparently long ~nough so
that even the weight changms of ths GH-treated frogs were
significantly greater than controls or orolactin-treated
animals, The length data for the 2 months suggest that a
GH dose between 10 and 25 pg/day is most effective.

In frogs, neither 25 nor 50 pg of prolactin/day for 1
month was enough, either alone or combined, to stimulate a
significant growth while in tadpoles a dose of 1 ug of
prolactin/day was sufficient to promots significant growth
in 2 weeks, However, approximately 50 times more GH than
prolactin was needed to stimulate tadpoles' growth,

Both nrolactin and GH stimulate regeneration in adult
newts, However, with present information there is no means
of comparing this with the growth effects of these hormones
in frogzs in view of the possible basic differences in the

processes of growth and regeneration as well as between the

orders Anura and Urodela,
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General Discussion and Conclusions.

In summary of what has becn discussed up to this point
the following statements can be made concerning the effects
of pituitary hormon= on tadpole grbwth and metamorphosis:
(1) Hypophysactomized tadpoles do not grow as large as
control tadpoles, .

(2) Tadpoles in which the pituitary anlages is transplanted
to the tail region in the cmbryo grow larger than normal
tadpoles,

(3) Both pfolactin and GH stimulate growth in tadpoles but.
prolactin elicits greater reSponses at lower doscs,

(4) Growth hormone may be more effective in promoting growth
in tadpoles which have a reduced level of thyroid hormone
than it is in normal tadpoles,

(5) Thyroidectomized tadpoles show an'increase'in growth
compared to controls,

(6) Prolactin further increases growth in thyroidectomized
tadpoles and in tadpoles treated with thiouracil, |
(7) Prolactin can act to increase size in tédpoles;in the
presence of low doses of exogesnous thyroixine but not in
the prescencs of high doses of thyroxine.

(8) Prolactin inhibits metamorphosis but GH does not.

(9) TSH doss not stimulate metamorphosis in tadpoles in
which metamorphosis has bemn inhibited with prolactin.

(10) Prolactin-treated tadpoles metamorphosc in response to
exogsnous thyroxine in the same way as}nonprolactin-treated

tadpoless,
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With regard to frogs, it is known that:

(11) Hypophysectomized frogs have a decreased growth rate,
(12) Intact frogs increase in weight and length in response
to GH but growth is unaffected by prolactin,

From this information it appears likely that the tad-
pole pituitary produces at least one hormone necessary for
normal growth. This growth effect is most prominent when
the pituitary is not in 1its normal'positién adjacent to
the hypothalamus, Considering the tadpole growth response
to prolactin and GH, it is likely that the tadpole pituitary
erowth factor is similar to either mammalian prolactin or
GH. Since tadpoles are more sensitive to prolactin, it is
more likely that the tadpol~: growth factor resembles pro-
lactin. Since prolactin can inhibit metamorphosis it is
apparently interfering with the pituitary-thyroid axis
and/or the action of thyroid hormone. Prolactin does n&t
éppear to decr=ase tissue sensitivity to thyroxine since
prolactin-treated tadpoles respond to exog=nous thyroxine
with about the same sensitivity as nonprolactin-treated
controls, Since TSH dozss not stimulate metamorphosis in
tadpoles inhibited with prolactin it appears that prolactin
does not inhibit 7SH synthesis or secretion. The alterna-
tive ways that prolactin may act to inhibit metamorphosis
are (1) at the thyroid gland itself, by inhibiting synthesis
or secration of’thyroid hormone or (2) interactiﬁg with
thyroid hormone in the circulatory system and inmactivating

it, Either of these latter two actions could lzad to a
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stimulation of TSH secretion by the pltuitary which would
result in the goiterous thyroid gland described by Gona
(1967) in R, catesbiana. ~

The growth action of prolactin on tadpoles does not
appear to be due only to its action on the thyroid since
prolactin can stimulate further growth in tadpolass that
have had their thyroid glands inhibited either by thyroid-
ectomy or thilouracil treatment prior to the administration
of prolactin. However, it remains possible that the
prolactin inhibition of the thyroid facilitates the groﬁth—
promoting action of prolactin, since prolactin cannot stimu-
late growth when the thyroid hormone level is high.
Apparently, both prolactin and GH can promote growth more
efféctively in tadpoles with a low thyroid hormone lavel
but only prolactin has ths capacity to influence the
effective thyroid hormone level, _

During the normal development of tadpolss through
metamorphosis, probably é balance of prolactin-like hormone
and thyroid hormons is maintained, with the thyroid hormone
level increasing at metamorphic climax. Perhaps when
tadpol=s are thyroidectomized br treated with thiouracil,
the normal amount of growth factor from the pituitary is
released but is now more effective in the low thyroid hor-
mone ~anvironment, Substantiation of these ideas would
require demonstration of a gréwth-stimulating/metamorphosis-
inhibiting factor (pfolactin-like) in the tadpoles' pituitary,

and information on its normal Levels and secretion rates
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during the development of the tadpole,

The growth responses of postmetamorphic frogs to pro-
lactin and GH indicate that if the pituitary of frogs
produces a specific hormone necessary for normal growth it
resembles mammalian GH more than it does mammalian prolactin,
In any case, the differences ;n the growth responses of
tadpoles and frogs to prolactin and GH indicate that the
mechanisms of primary growth regulation afe different in
these two stages of the life cycle., The lack of a growth
responsé of frogs to prolactin nggests that either
(1) tissues once sensitive to prolactin have become insen-
sitive, presumably at metamorphosis or (2) that the larval
tissues of the tadpoles that were sensitive to prolactin
are decreased in size or quantity so that theilr response
is not detectable,

This interpretation of the hormonal regulation of
growth would be greatly strengthened by information on the
levels of assayable growth factor in the frog pituitary,
and particularly its activity compared to GH and prolactin,
Information as to whether there is a transition in the
nature of a native growth factor, corresponding to the
observed transition in sensitivity to exogenous prolactin
and GH would be expeclally interesting and valuable in the
understanding of the nature of growth regulation in this
group of animals,

Although no assays of tadpole pituitaries have been

done, several bioassays of adult amphibian pituitaries have
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been made. Anuran pituitaries have been found to have
positive pigeon crop stimulating activity (Foglia, 1940;
Nicoll and Bern, 1965), as well as mammotrophic activity
(Chadwick, 1966a, 1966b; Nicoll, Bern and Brown, 1966),
But according to Chadwick the prolactin-like activity did
not mimic mammalian prolactin prep@rations exactly, The
amphibian preparations possessed the element responsible
for growth of the mammary gland but not the element

responsible for the onset of milk secretion. The only

report of GH activity in the amphibian pituitary is that of

Solomon and Greep (1959). They used the rat tibia test and
found that amphibian pituitaries did have a measureable
amount of growth-promoting activity.

A number of histochemical studies of amphibian pitui-
tarles have been donz but the greater share of them have
been primariiy concerned with the identification of 7SH and
gonadotropin producing cells, While acidophils are.found,
no positive identification of cither prolactin or GH cells
has been made. Etkin and Ortman (1960) reported well-
developed acidophils in pituitary transplants of R. pipiens
tadpoles, Crtman (1961) descfibed two types of acidophils

in R. pipiens adults, Kerr (1965) reports two acidophil

types in the pituitary of Xenopus laevis, While acidophils
have be=n tentatively identified with either prbléctin or
GH, very little experimental work has been done in
amphibians which would éllow a correlation of cells of

specific staining characteristics with specific hormones.
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A number of different approaches could be useful in
further studies attempting to zlucidate the role of the
pituitary in the regulation.of amphiblan growth. These
include (1) cytological studies utilizing classical histo-
chemistry, immunofluorescent and enzyme-antibody localization
and electron microscopic techniqueg to identify pituitary
cell types during both pre- and postmetamorphic stages;

(2) demonstration of factors in the amphibian pituitary that
have actions in amphibians similar to those of mammalian
hormon~--this should ideally includeisolation and purifi-
cation of the amphibian hormones; and (3) examination of

the response of specific organs and tissues to growth-
promoting factors in an effort to determinz where and how
these= factors are acting.

When more is known regarding the activity and structure
of amphibian pituitary hormones, comparisons between them
and those of other vertebrate classes could bz important in
understanding both functional and structural evolution at

the molecular level,



A NCN=-CRCWILH EFTECT CT IRCLACTIN: SKII CIil'. IN
2CETHETANCRPIAIC FRCGS

Most of the stuci=s of the endoerine ccntrol of chiro-
matophores in am:iiblrns have bggn concerned wita melano-
shores. Bagnara's (1986, rzcent review on nor.-.eiin L.ore
pigment cells indicete. that little cr nothing is known of
the possible pituitary coatrol of xanthopiaore: or guar.o-
phores (iridcphores) in postmetamorxphic frogs.

In tle experimeat in which frogs were treated with
horrones (Experimexnt 13), pcolactin was found to arfirect the
skir color of the frogs. Both groups of prolactiia-treatnd
frogs (3 and C) were distinctly more yellow-rrecr. ‘n colcs
than =ithe= the controls {group A) cr the GI-trea::d freas
(groups T and E). In omder to itvestige=e this cction of
prolactin somevlat fucther, pairs of aninals w.rz. matched
according to color and one aaimal of cuch pair wis injected
with either ovine prolactin, bovine prolactin or adult
R. pipiems pituitary gland. Tihc control ir each pair
recsived saline injections., A lscerneble thorg: in cclor
ocecurred within -20 cays after the initiatioa o. tha
prolactin or pituitary iajections.

Altihouzh no attempt has yet beern mads to establizh a
dose response curve, either 5 pg/ ay of >ro acti . or one
adult frog picuitary gland every otiher cey wes s Ificient
to elicit an obzervable change. Prélactin S--Ve a quicker
rcsponse ti.an who.e pituitafy injections, probub'y

reflecting a relatively low content of thke act.v: orincipie

106



107

in the nituitaries, The f£rogs survived thz pure prolactin
roeparations better than the whole pituitary injections
(the pituitary injectad aninals usu lily surviving 7-4 wecks).
The comparative potency of proleciin and whola pituitayry
extracte noted was aftaer the sa ¢ duratioa of treal t;
Wten hormoaa treatment was Jdisceontinued, the bosl~ht relliow
color gradually dissipated over a period of seve 1 weoels,
Picces of skin frem pzired frege were mrunted in Lizo
syrup and exanined to determine LI & motlcecble change in
tha\chrcmatophores could be Ifound, 7Tie only clear
difference anpeared In the xenthopheres, Tha yallow
carotenoid pigments in the skin oi ths coxntrols mnose often
were condensed iuto a small area withia the xanthophoxze,
vhile in the skin of a »rolactin-trzated frog tiac ysllew
pigmerts were mere uniformly expanced intc a network, This
vas most clearly seen in th2 azeas of the siin wihilch had a
lower density of pignent cellg--such z2s the sidce of the

body. 1t shculd

o

¢ enmphasizad thac toth tynes of carctenoid
distribution can often bz szzn in coﬁtrol as wall as
prolactin-traated Ifrogs erd the Jdiffex-ice agpzirss to be

one of extent,

Although quantitative extracticrns lLave not yet besn.
done, preliilnary extractions sacw that thes amount of
yellow pigments 1s increcsed with prolectin tosz. zziic,

Thus prolactia would appear to stimulate boua pignent
dispersion in the xanthophores and n»ignent syntiesis,

According to Morton and Rosen (1949),13-carotene end latein
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are the two most commenr caroteroids in frogzg uliin.
Prelininary work has been started using acetone cxtracts of
cqual size piecec c¢i skin and ceparating the pigmen®s using
the chromatograpiic ard spectroaetr.c methecds of Green
(1957), but it is nof yot poscible to .ay whether ¢'.- or
. both of tlrese »igments or dificrent pigments sre invoived
in the prolact cffect 02 color.

Althouch tidHnolss 12ve bzen . reated fer a lo .z zoriod
[~} -

with prolactin, no zffects simllcr T¢ these pitmenterion
effscts found . frogs have beern obsexsved, ‘

Somz of the ar:as of tvis problem that I am intcrrested
ia prrcuing include the fcllowing: (1) walch pi~.cnte

o BER S )

a~e being asfrfected by preolactin: Cehie will fncled
zxtraction, seporation and icdemtilfication )3 (2) o what
extenc both novemaznt and syntheczi. »f the plmoerns o

pigments are iavolved; (3) the uvs: of lonz terx hyrosiivs-
ectomized ‘roge to dletermine o what sxTar
is resronsible for ths rozmal dej
(4) whetiler tie veriz:ticn in coler seen in natuz... pou-
lations is due tc differences iz elither thiz tissc:
sensitivity or the zucogenous titer of ¢ prolactin-.ike
hormonz; (5) whether prolactin afrfects the camctemcids in
other tissues berides thz skin, such as th: L&t bodies I
gonads; (6) how widespread this pacnomena is b-ti: within
the amrhibians end in other vertobrate clacses; and
(7) the specificity of the color respense for prolactin

and the possibility of using tais repoace as & prolactin
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bioassay once extraction techniques are worked out,

Perhaps the most significant aspect of these obser-
vations is the difference noted in the response of tadpole
and frog chromatophores. Presuming the xanthophores of
tadpoles and frogs are functionally (biochemically)
identical in all other respects, here we have a specific
differentiative change involving only the acquisition of
responsivity to a particular hormone. Such a system could
be valuable in the analysis of the fundamental problem of
the molecular basis of hormone sensitivity and the

mechanism of action of hormones.



SUMMARY

Mammalian prolactin at doses of 1-50 ug/day promoted
growth (increased wet weight, dry weight and body length)

in Rana pipiens tadpoles. Mammalian GH promoted growth

only at the higher doses (50 pg/day and above) and was not
as effective as prolactin. But in thyroldectomized
tadpoles, lower doses of GH (5-25 ug/day) promoted growth,

Prolactin also inhibited metamorphosis (at doses of
5 pg/day and above). Inhibition of metamorphosis did not
appear to be due to prolactin rendering the tissurs
insensitive to thyroxine since prolactin treated tadpoles
me tamorphosed in response to exogenously administered
thyroxine (4-100 pg/l) to the sam~ extent as controls.

This suggested that prolactin must lower the active thyroid
hormone level (either by altering secretion rates via the
pituitary or thyroid or by inactivating the thyroid hormone
in the circulatory system,

Prolactin promoted furthsr growth in tadpoles in which
the thyroid hormon+ level had been r=duced with thiouracil
or thyroidectomy. This suggestsd that th= two actions of
prolactin are at lecast partially independ:<nt--or that the
growth which prolactin promotes is not just the result of
thyroid inhibition,

In postmetamorphic frogs, hypophysectomy reduced
growth, Crowth hormone (at doscs of 10-50 pg/day) promoted
growth. in young frogs. Prolactin (at doses of 5-50 ug/day)

~ did not promote growth, However, prolactin did have an

110
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effect on skin color., Prolactin-treated frogs became a

bright yellow-green, -

Thes- studies suggest that the pituitary regulation of

growth is different in pre- and postmztamorphic stages

of the frogs.



APPENDIX

Symbols: L = length (cm for tadpoles; mm for frogs)
W = weight (gm)
S = stage (Taylor-Kollros metamorphic stages)
H = hind leg length
T4 = trhyroid hormone (thyroxinm)
TX = thyroidectomy
Numerical subseripts to L, W, S and H refer to
the day of the experiment on which the measure-
ment was made,
Experiment 1 - 12 April - 3 May, 1967
A - Control F - 0.5 ug/day GH
B - 0.5 ug/day prolactin G - 1.0 ug/day GH
C = 1.0 ug/day prolactin H - 5.0 ug/day GH
D - 5.0 ug/day prolactin 1 - 50,0 ug/day GH
E - 50.0 ug/day prolactin ' Q\\
Lo Lyg Loy W Wy, Wy S14 21
A200 7.0 7.9 7.9 3.1 4.6 4,2 15 18
A201 7.7 8,5 8.0 4,0 4,6 3.6 17% 20
A202 7.7 8.0 6.2 4,0 4,5 3,0 18 21
A203 6.7 7.5 7.2 3.2 4.4 4.4 17 19
A204 6,8 8,1 8,0 . 3.1 4,1 4,1 14-15 17
A205 8.0 7.9 . 8.1 4.4 4,2 4.3 16-17 17%
A206 8,1 9.5 8.6 5.0 6.9 6,1 16-17 19
A208 7.4 8,4 7.5 3.3 4.6 4,0 16-17 18
3269 - 7,8 8,5 7.7 3.3 5,0 4,1 17% 19%
A210 7.4 8.2 7.7 3.8 5,2 4,2 16-17 19%
B219 7.0 8.2 3.1 4,7 16-17
B220 6.2 8.1 3.1 4,9 13
B221 6,7 7.7 2.6 3.8 14
B222 8,3 8,3 2.8 5.1 16-17
c225 7.0 8.5 3.8 6,2 16-17
c226 8,0 9.8 5.0 - 7,2 16-17
c229 7.2 8.3 3.5 4.9 15
c230 7.9 8.8 4,3 5.4 17
¢c231 7.8 8.8 4,1 5.2 17
c232 8,2 9.3 5.1 7.2 16-17
c233 7.2 8.8 3.3 5.3 16-17
c234 7.3 8.7 3.3 5.1 16-17
€235 6.7 7.2 2,3 3.6 15
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Experiment 1 (continued)
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Zxperiment 1 (continued)

Lo Lig Ly  Wg Wy Wy S14 S91
H293 7.0 7.6 3.3 4.0 16-17
H294 7.5 8.3 3.3 4.5 16-17
H295 7.8 8.4 3.7 4.9 175
1297 7.3 8.8 8.4 3.8 5.0 4.6 175 19%
1298 7.2 8.1 8.0 3.2 4.5 4.2 175 19%
1299 7.7 8.9 8.3 4.5 5.5 4.3 175 20
1302 8.6 8.9 7.7 5.4 6.0 4.1  18-19 21
1303 7.2 9.0 8.4 3.9 5.8 5.5 17-17% 19%
1304 7.0 8.2 8.2 3.4 4.3 4.4 18~ 19%
1305 7.2 8.1 8.0 3.5 3.8 3.7 18 195
1306 6.8 8.1 7.6 3.4 4.4 4.1 175 19

Tables 1 and 2 and Figures l-4 are from this raw data.
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Experiment 2 - 6 June-21 June, 1967

A -077% NaCl B-0.5upg/day prolactin C-1,0pg/day prolactin

Sy 315 Lo Lis o) 415

4400 10 16-17 6.0 7.9 2.6 4.9
A401 10-11 18 6.2 7.7 2.6 4,3
A403 11 18 6.0 7.8 2.7 5.0
A404 12-13 18 6.4 7.4 2.8 4,1
1405 13-14 17%-18 6.3 7.2 3.0 5.1
\406 14-15 18% 6.6 7.4 3.2 4,3
A407 13-14 17 6.7 7.6 3.3 4,8
- A4Q09 13-14 18 6.7 7.5 3.4 4,8
4410 10 14-15 6.0 7.1 3.4 5.3
A4ll 13-14 18 7.0 7.9 3.7 5.1
B412 11-12 15-16 6.0 7.5 2.6 4,5
B413 12-13 . 18 7.2 7.7 3.7 5.1
B4 14 10-11 15-16 6.4 7.4 2.7 5.7
B415 12 18 6.6 8.0 2.8 4,7
B416 10 14-15 5.8 7.6 2.8 5.4
B417 13 18 6.2 7.4 3.0 4,3
3418 11-12 18% 6.9 8.4 3.2 5.0
B419 13-14 18 6.6 8.0 3.3 4,9
3420 14-15 18 6.5 7.7 3.3 4.9
3421 13 18 6.6 7.8 3.4 4.4
B422 11-12 18 6.9 8.3 3.5 5.8
3423 12-13 18 6.6 7.5 2,5 4,6
Cc424 11-12 16 5.8 7.4 2.6 4,4
C425 10-11 15-16 €.1 8.3 2.7 5.3
426 11-12 16-17 6.3 8.1 2,7 5.3
c427 11-12 17% 6.5 8.2 2.8 5.4
c428 11-12 15-16 .2 7.7 3.0 5.1
429 14-15 18 6.4 7.1 3.1 4,3
- C430 11-12 18 6.8 8.5 3.2 5.4
c431 12-13 17% 6.6 7.6 3.3 4,2
c432 11 19 6.3 8.2 3.4 4,3
0433 12-13 18 6.8 8.1 3.4 5.2
C434 13-14 18 6.9 8.7 3.5 6.2
C435 12-13 18 6.5 8.2 3.5 4,9

Table 3 and Figures 5 and 6 are from this raw data,
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Experiment'B - 4 December-19 December, 1967

A - 0.7% NaCl B - 50 pg/day GH C - 10 pg/day prolactin
Wy s Lo Lys So Sys Dry Wt,
A703 1.3 2.8 5.1 6.5 9 15-16 232 gm
A704 1.3 2.5 5.0 6.1 9% 16 212
A705 1.35 2.3 5.3 6.4 9% 16-17 .208
A706 1.25 2.3 4.8 6.2 9% 15-16 ,215
A707 1.4 2.8 5.5 6.9 10 16-17 «245
A708 1.5 2.5 5.2 6.3 9% 16-17 .195
A709 1.5 2.4 5.2 6.8 9 16-17 .222
A710 1.5 2.2 5.3 6.4 9 14 . 188
A711 1.55 2,2 5.3 6.2 9% 16-17 .200
AT12 1.6 2.6 5.4 6.4 10 16-17 .238
A713 1.6 2.3 5.4 6.4 10 16-17 .220
A714 2.0 3.2 5.7 7.0 9 L6-17 ,280
B729 1.3 2.5 4.8 €.6 8 14
3730 1.3 2.4 5.2 6.7 8 15
B731 1.3 2.7 4.8 6.7 3 16
B732 1.35 2.2 5.1 6.1 9 15-16
3733 1,35 3,0 5.2 7.2 9 15-16
B734 1.4 2.9 5.1 7.2 8 15-1%
B735 1.2 2.4 4,9 6.5 9 16
3739 1.5 2.7 5.4 6.8 93 16-17
B740 1.6 2.7 5.2 6.5 9% 16-17
B741 1.8 3.1 5.5 6.3 10 16-17
3742 1,9 2,7 5.7 6.9 9% 17 L
C715 1.25 2.9 5.1 7.0 9 14-15 ,214
c716 1.3 3.4 5.2 7.3 9 15-16  ,242
C717 1.3 3.0 5.1 7.4 9 14 .220
C719 1.35 2.9 5.0 6.9 9% 16 217
C720 1.25 3,0 4,8 6.9 9 15 .2490
c721 1.4 3.1 5.2 7.0 10 14-15 .240
2722 1.5 3.5 5.4 7.5 9 16 274
c723 1.5 2.9 5.5 7.2 10 16-17 246
724 1.5 2.9 5.3 6.7 10 16-17  ,237
c725 1.55 3.1 5.4 7.4 9 15-16  .222
726 1.6 2.7 5.3 7.3 10 16-17 ,252
c728 2.0 3.1 5.7 7.2 10 16 .230

Tables 4 and 5 and Figures 7 and 8 are from this raw data..
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31 May-18 June, 19€7

(+7T4)

HNo= 0,7% NaCl S - 5 pg/day prolactin
B - 0,7% NaCl (+T4, D - 5 pg/day prolactin

Sg 57 515 - 513 Vo Wy W15 g
AB240 11-12 15-16 17% 2.6 3,2 3.3
AR341 12-13  16-17 18 2.7 3.6 3.7
4B346 13-14 1€-17 18 2.3 2,7 3,7
AB348 14-15 16 17% 3.5 4.6 5.3
tB349 12-13 16-17 17% 3.5 4.1 4.1
4B351 12-13  16-17 13 3.8 4.2 4.2
5450 10-11 14 1€ 17 2.9 3.6 4,7 4.8
451 0 10 13-14 1€-17 18 3.1 4,8 5.4 5.4
2452 12-13 15-16 16-17 18 2,2 4,2 5,2 4.9
2453 16 16-17 3.0 2.9
454 15 15-1¢ S.1 4,7
2455 _16-17__16-17 4,5 4.2
B45] cmmme  ammne 16-17 18 Do eee 42 4.1
B4SS  mmmmn  meme- 16-17 18 mem -m- 4.6 3.5
BA5Y  ccmee ceea- 16-17  18% cee me= 4.5 3.6
PALED —emmm  ceem- 16 17518  —oe o= 4.5 4.4
B4BL —mmmm  —mmmm- 15 17 ee ---= 3.9 3.4
B4ET  mmmmm mmeee 17% 19 —e- e 4,4 3.3
B4ES cmace  cmea- 16-17 17%-18 o= == 4.7 4.0
BUGH _—mmme  mmoe- 14-15 17 —e- === 4.0 3.8
C4f5 13-14 15-16 15-16 18 2.7 3.9 5,3 4.8
C46€  12-13 15-16 16-17 17% 3.3 4.8 4,9 4.4
C467 14 16-17 16-17 17 3.6 4.2 5,1 4.4
C463 13-14 16-17 16-17 18 3.5 4.8 5,6 5,1
C469 14-15 16-17 16-17 16-17 3.7 4.5 4,2 3.9
2470 11-12 14-15 16-17 17 2.9 4,2 5,2 4.4
2471 11-12 16 16-17 17 RE 4,7 6,0 5.4
C472 10-11 13-14 15-16 16 2.9 4,5 5,8 5.5
C473 10 12-13 15 17 3.1 4,1 5.2 4.3
c474 11-12 15 15 16-17 2.3 4,6 5.3 4.9
c475 14-15 16-17 17% 13%-19 2.9 3.5 4,3 13,7
c476 _13-14 16-17 17 19 2.0 4,2 4.9 4,2
D477 11-12 14-15 16-17 1€-17 2,2 4,4 5,6 5,7
D478 14-15 1€6-17 16-17 17 2.5 3.9 4,3 4,1
D479 11-12 16-17 16-17 1i€e-17 2.9 4,1 4,7 4,3
D480 13-14 16-17 16-17 17 2.2 4,4 5,0 5.4
D481 11-12 14-15 16-17 16-17 2.9 4,0 5,4 5,5
n482 10-11 15-16 16-17 17 3.1 4.2 5,0 4,9
D482 13-14 16-17 16-17 17 3/7 5.0 6.0 6.0
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Txperiment & (continued)
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wxperiment 5- 6 March-4 April, 1968
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Experiment 5 (continued)

Lo Ly Lyg Loy Loz Log Wy Wyy W,y Way Wy Wao
G5 6.6 7.0 7.4 7.7 7.8 7.6 2.9 3.4 3.6 3.6 3.5 3.1
g6 7.0 7.2 7.4 7.7 7.8 7.7 3.5 3.8 3.8 4,0 4.1 4,0
@7 7.0 6.9 7.1 7.4 7.3 7.2 3.5 3.9 3.8 3.8 3.9 3.6
a8 6.7 7.5 7.8 8.3 8.4 8.3 2.7 3.8 4.3 4.7 4.6 4.4
a9 7.0 7.3 7.7 8.0 7.97.9 3.7 4.7 4.6 4.5 4.6 4,2
G10 7.1 8.0 8.2 8.4 8.4 7.8 2.6 3.8 3.3 3.8 4,0 3,8
Gl2 6.9 7.0 7.6 7.8 7.7 7.8 3.0 3.9 4.1 4.2 4.1 4.0
G13 7.0 7.0 6.8 6.9 6.8 6.7 3.8 3.8 3.7 3.9 3.6 3.1
Gl4 6.9 7.2 7.3 7.5 7.3 7.3 3.5 3.1 3.4 3.3 3.3 3,1
GLS5 7.4 7.6 7.3 7.6 7.6 7.6 3.9 3.8 4.0 3.9 3.6 3.5

Sg Sy1 Si7 S94 Sp7 Hy Hyy Hyy Hy, Hyy
c1 8-9 11 12 13-14 14 .30 .50 .58 .68 .72
C2  cee emewe 12-13 14-15 14-15 =--- --- .58 .82 .92
Clh  eee  ee- 16  15-16 16  --= === .76 1,15 1,30
c5 10-11 12 14 15-16 15 .42 .52 .70 .90 1,05
06 11-12 15 15 16 16 .60 .85 .78 .9 .9
67 11-12 15-16 16-17 16-17 17 . .55 .85 1,22 1,78 2,00
o8 11 14 15 15-16 15-16 .48 .65 .82 .90 1.00
D2 - - 13 15-16 16«17 === === .72 1,25 1.45
D3  ~em  -e= 14 17 17 === --- .82 1.45 1,95
D4  9-10 13-14 14 15-16 17 .40 .68 .82 1.28 1.46
D5 10-11 13-14 14 14-15 17 .42 .64 .76 1,02 1,25
D6 10-11 15 16 16-17 17 .55 .88 1,10 1,32 1.76
p7 10 12  12-13 13-14 15-16 .42 .50 .58 .72 .95
D8 12-13 14-15 15 _ 16-17 16-17 .72 .90 .98 1,32 1,50
FL 8-9 10 10 10-11 10 .30 .36 .42 .40 .45
F2 10 11 12 11-12 11-12 .38 .42 .45 .48 .45
F3  9-10 11-12 12-13 13-14 13-14 .38 .62 .52 .65 .70
F& 10 12 13 12-13 12-13 .36 .54 .58 .52 .54
FS 10 12 13-14 13-14 13-14 .42 .72 .60 .60 .62
F7 11 14 14-15 15 14-15 .60 .78 .82 .85 .85
F8 11-12 14-15 14-15 14-15 15 . .54 .68 .76 .74 .80
FO 11-12 14  15-16 15-16 16-17 .50 .78 .95 1.30 1.50
F10 13  14-15 15-16 15 15 .84 1.051.05 1.10 1.05
F11 12 14-15 16 14-15 15 .62 .90 .95 .95 .95
F12 12 16-17 16-17 16-17 16-17 .65 1.10 1.20 1.20 1,24
F13 13 16 16-17 16-17 17 .72 1.35 1.50 1.95 2.32
F14 10 13  13-14 13-14 13-14 .48 .60 .64 .62 . 64
GL 9-10 11 12 12-13 13-14 .32 .45 .48 .62 .80
G2 10 12 12 12 13 .45 .48 .48 .60 .75
G3 11 12 12-13 13 14 .50 .58 .62 .76 .90
G4 9-10 12 13-14 14-15 16-17 .35 .58 .66 .95 1.15
G5 11 14 13-14 14-15 15-16 .55 .70 .76 .96 1,10
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Experiment 5 (continued)
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So4

S97

Hy

Hyp Hyy

Hyy Hoy

G6
G7
G8
G9
G10
G12
Gl13
Gla
Gl5

10-11

11-12

10-11
12
11

12-13

10-11
11
12

14
14
13-14
15-16
14-15
15-16
12
12-13 .
14-15

14-15
14-15
15
15-16
16
16-17
12
13-14
15

14
14-15
15-16

16
16-17

16

13
13-14
15-16

15-16
15-16
16-17
16-17
17
17
14
14-15
17

.42
. 54
42
.68
.60
.65
46
.50
. 60

.72 .75
.75 .78
‘72 I78
.98 1.02
.78 .92
1.10 1,28
.52 .57
.60 .64
.80 ,95

.92
1.05
.95
1.24

1.06.

1.34
.68
.70

1,20

1,02
1.24
1.12
1.45
1,30
1.62

.85

.82
1.45
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Experiment 6 - 10 July-4 August, 1967

Group A - 0,7% NaCl (thiouracil)

Group B - 10 mg/day prolactin (thiouracil)
Group C - C,7 % NaCl

Sp 37 S35y S5 Lp Ly Lys Wy Wy Wys
A602 15-16 17% 17 17 7.1 7.8 8.3 2.8 3,7 4,1
4603 15-1€ 17. 17% 175 7.5 7.7 8.0 3.4 3.6 4.0
A604 15-1€ 16-17 16-17 16-17 7.5 7.9 8,1 3.6 4.0 4.6
2606 16 16-17 16-17 16-17 8.3 8,0 8,6 4,1 4.0 5.3
4607 16-17 17% 17% 17%-18 7.3 7.8 8.4 3.4 3,7 4.3
AF09 16-17 16-17 17 17 8.3 8.6 9.0 4.0 4,5 4.6
AG10 16-17 17% 17% 18 8.2 8.4 8,5 4.4 4.7 4.6
1612 17 175 17 17 8.2 8.7 9.1 4.5 4.9 5.7
B613 15 16-17 1€-17 1€-17 7.0 7.4 7.8 2.4 2,8 3.6
BEl4 15-16 17% 18 18 7.6 7.6 8.3 3.1 13.,34,2
B615 15-16 16-17 16-17 17 7.6 84 9.4 3.5 4,4 5.8
B61¢ 15-16 16-17 16-17 16-17 7.8 8.6 8.8 3.7 4,9 5,2
BE17 16 16-17 16-17 16-17 7.4 8.0 8.4 3.2 3.6 4.4
R618 16 17% 17% 17% 8,1 9,0 9.8 4.2 5.3 6.2
B619 16-17 18 18 18 7.7 8.4 9,1 3,6 4.2 5.2
B620 16-17 17% 17% 17%-18 8,0 8.8 9.4 3.9 4.4 5.3
B621 16-17 17 17% 17%-18 7.8 8.5 9.5 4.1 4.7 5.5
B622 16-17 16é-17 16-17 16-17 8.2 8.7 9.5 4.4 4,9 6,2
B623 17 . 18 18 18 8.2 8.8 9.5 4.0 4.6 5.1
3624 17 175 17% 17 8.9 9.3 9.4 4,8 5,0 5.5
C637 15-16 16-17 17 18 7.8 8,1 7.8 3,3 3.7 3.4
c638 16-17 18% 20 22 8.8 8,7 6.3 4.9 4.8 3,0
C639 16-17 18 19 21 7.7 80 5.3 3.7 3.6 2.1
c640 17 17%  18% 20 7.5 8.1 7.4 3.4 3.3 3,4
c641 17 19 20 23 8.2 8.2 3.7 3.6 4,0 1.8
C642 17 18 18% 21 7.7 8,1 6,2 3,2 3.6 2.8
Cé644s 18 18 20 24 7.6 7.7 2.8 3.7 3.3 1.9
CE4E 18 19 21 23 8.0 7.9 2.8 4.4 3,82.,0
Ccé47 18 185 20 24 7.4 7.4 2.9 2.5 3,3 1.9
C648 18 20 21 23 8.3 8.0 2.9 4.3 3,11,9

Table 10 and Figures 16-19 are from this raw data,
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Group D - TX;
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Experiment 7 - December 7-21, 1967
0.7% NaCl

Group A - gham TX; 0.7% NaCl Group C - TX; 5 mg prolactin

Group B - TX;
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vxperiment 7 (continued)

D845 1.1 1.8 2.0 4.6 5.6 6.1 8 10
D846 1.2 2.2 2.6 4,6 5.9 €.4 9 11
D847 1.3 2,1 2,5 5.1 6.1 6.5 €-7 7
D843 1.4 2.0 2.3 4,8 5.7 €.4 8 10
D849 1.5 2.2 2.8 5.2 5.9 6.3 9-10 10
D850 1.8 2.5 2,7 5.6 6.2 6.7 9-10 12
D851 1.8 2,5 2.9 5.2 6.3 6.9 10 14-15
D852 1.0 1,7 1.9 4,5 5.2 5.8 7 10
D853 1.2 2.3 2.6 5.0 6.0 6,6 7 11-12
D854 1.4 1.9 2.0 4.8 5.6 €.0 6 7
D855 1.5 2.0 2.3 5.0 5,8 6,1 8% 10
D856 1.8 2.3 2.9 5.5 6.4 ¢€.,8 9% 11-12
D857 1.3 1.6 1.9 4,9 5.4 5,9 7% 8-9
D858 1.5 2.0 2.2 5.3 5.8 6.2 11 11-12

Table 1l and Figures 20 and 21 are from this raw data,.

Experiment 8 - 5 March-2 April, 1968

Group R - TX; 0,7% NacCl Group V - TX; 10 pg prolactin

o T4 Mo lis M4 Mo Mys  Hg Hy  Hyg Hyg
rR1061 6.7 6,8 6,8 €.9 3.0 3.4 3,7 .28 .28 .30 .30
R1062 6.1 6,3 6,4 6.6 2.4 2.4 2,6 .26 .29 .32 .32
R1064 €.,7 7.0 7.1 7.0 3.5 3.9 3.6 .42 .42 .46 .50
R1065 6.5 6.7 6.6 6.4 3.1 2,9 2,7 .42 .42 .44 42
R1066 6.8 6.9 6.8 7.1 3.5 3.5 3.5 .45 .45 .46 .44
R1067 6.1 €.4 6,5 6.5 2.3 2.4 2.5 .46 45 .45 .52
R1068 6.5 6.7 6.6 6.7 3.6 3,8 4,0 .55 .52 .55 .62
R106% 7.7 7.9 7.9 7.9 4.3 4.6 4,6 .65 .62 .74 .70
R1070 6.8 7.1 7.2 7.2 3.4 3,6 3.5 .55 .60 .62 .63
R1071 €,8 7.0 7.0 7.3 3.1 3.3 3.6 1.30 1.36 1.45 1.45
R1073 6.2 €.5 6.3 6.2 2,9 .2,9 2,7 .38 .48 .50 .52
R1074 7.1 7.3 7.4 7.5 4.0 4,2 4,6 .58 .62 .52 .75
V1078 6.0 6.1 €.0 6.4 2,6 2.9 3.0 .32 .34 .32 .40
v1079 5.5 5.5 6.0 6.2 1,9 2.3 2,7 .30 .28 .30 .28
vio80 5.7 6.1 €.5 €.5 2,7 2.7 2.8 .36 .35 .35 .40
v1i083 6.8 6.9 7.1 7.4 3.0 3.1 2,9 .45 .48 .46 .50
V1086 6.6 6.6 €.9 6,9 ecee aa-- --- .55 .60 .55 .62
v1iogs €.8 6.8 7.1 7.3 3,1 4,0 5.4 ,90 .95 1,18 1.20
vi091r 7.1 7.4 7.7 7.7 4.5 4,7 5.5 .60 .74 _+70 .85
~able 12 and Figures 22-24 are from this raw data.
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Experiment 8 (continuecd)

Sp S4 310 S15
R10E1 9 9 9 9
R1062 8-9 9 9-10 9-10
RLOE4 11 11-12 12 12
R1065 11 11 12 11
R1066 11-12 12 12 12
RLOE7 12-13 12 12 12-13
R10€8 13-14 12-13 12-13 13
R1LOEQ 14 14-15 14-15 14-15
R1070 14-15 13-14 13-14 14
R1071 16-17 1€-17 16-17 16-17
R1073 10-11 12 12-13 12
R1074 13-14 13-14 13 _15-16.
V1078 9 9-10 8-9 9-10
V1079 9-10 10 9 9-10
V1080 10 10 10-11 10-11
V1083 12 12 11-12 12
V1086 13-14 14 12 13-14
v1088 15-16 16-17 16-17 16-17
V1091 14-15 14-15 14-15 __ 14-15
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Pxperiment 9 - December 15-21, 1967

Group B-TX;0.7% NacCl Group F-TX; 25 pg CGH
Group E-TX; 10 pg GH

Wow W6 3 LO L Le._.-..-...,._ 30 ) ‘36
B313 1,77 2.0 T 5% 5.7 7 7
BS14 1.7 1.9 5.7 6.2 9 10-11
B815 1.6 1.6 5.5 5.7 10 11
38816 1.9 2.1 5.7 6.0 10-11 12
BS1S 2.5 2.9 6.1 6.6  11-12 13
B819 2.8 2.9 €.0 6.4 10 11-12
BS20 2.6 2.5 6.2 6.2 14 15-16
B821 1.5 1.4 5.3 5.5 10 10
B823 2.2 2.4 6.0 6.4 10 10
8325 3.0 3.3 6.7 7.1 12 11-12
B826 2.2 2.1 5.7 6.1 10 1L
B828 2.3 2.7 6.3 6.7 10-11 12
BS29 2.3 2.8 €.3 €.5 11 13
2860 1.9 2.3 5.5 6.1 -9 9
"861 1.7 2.0 5.4 5.8 8-9 10
w862 2.0 2.6 5.7 6.2 10 10-11
2863 2.0 2.4 5.5 6.1 10 11-12
1864 2.1 2.4 5.8 6.1 9 10
7865 2.5 2.6 6.1 6.4 14 15-16
7366 2.0 2.1 6.0 6.3 10 10-11
2867 1.4 1.8 5.2 5.8 9 9-10
2868 2.0 2.2 5.7 6.1 10 12-13
“870 2.0 2.1 5.5 5.8 10 10
871 2.1 2.1 5.7 6.0 12-13 13
872 1.6 2.1 5.5 5.9 9 9
B873 2.2 2.3 6.0 6.2 12 12-13
E874 1.8 2.1 5,6 _ 5,9  10-11 12
F875 1.5 1.7 5.3 5.5 8-9 10-11
F876 1.4 1.6 5.2 5.5 7 7
F877 2.0 2.6 5.5 6.4 10 12
7878 2.0 2.3 5.9 ik 9 9-10
F879 2.4 2.7 6.3 6.7 10 10-11
73831 2.8 3.2 6.5 6.3 11-12 13-14
F882 1.5 1.8 - 5.1 5.7 9 10
F883 2.0 2.6 5.5 6.3 9-10 12
F834 1.7 1.9 5.5 5.8 9 9-19
#3885 2.3 2.8 5.8 6.5 9 9-10
F886 2.3 2.5 6.2 .5 12 13-14
F387 2.1 2.6 5.4 5.9 8-9 9
F388. 2.0 2.4 5.9 6.4 9 9
'F839 2.8 3.0 6.6 7.2 1)-1l___ 12-13

i
H
i
1
H
t

Table 13 and Figures 25 and 26 are from this raw data,
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Experiment 10 - January 6-21, 1963

Group S - TX3 25 pg GH

0.7% NacCl

Group R - TX;
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Table 14 and TFTigures 27 and 28 are from this raw data,
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 bxperiment 1l - September 20-December 5, 1967

H - hypophysectomized frogs C- sham hypophysectomized
' Force fed

Initial Final Initial Final
L L W .

H1 44,0 mm 45,0 mm 6,9 gm 7.6 gm
H 7 39,0 39.0 4.7 5.0
H 8 45,5 45,5 6.9 6.85
H10 40,0 41,0 5.7 6.5
Hll 44,0 44,5 7.0 7.6
Hl4 44,0 43,5 5.7 €. 1l
H19 41,0 42,5 5.7 . 6.6
H22 39,0 ) 38.5 4,9 5,2
H2¢€ 43,0 45,0 6.6 6.9
H27 41,0 42.0 5.2 €.2
H32 - 41,0 43,0 6.0 6.6
H39 38.0 39.5 4,7 5.5
H41 42.0 43,0 6.9 6.9
H44 44,0 45,0 7.5 8.0
H45 44,0 44,0 7.6 7.5
c50 47,0 48,5 7.8 9.1
cC54 40,0 43,0 5.7 8.4
C55 46,0 47.0 €.2 8.2
Ce7 45,0 4€.,0 7.6 3.7
cé3 44,5 46,0 7.3 8.4
cé69 44,0 46,5 6.9 7.6
c70 42.5 44,0 6.4 7.4
c71 44,0 46,0 7.2 8,0
c73 46,5 48,0 8.7 9,0
C74 42,0 44 .0 4.1 6,8
Cc75 45,0 46,0 7.5 9.4
C76 42,0 43.5 6.1 7.3
c78 47.0 48,5 9.3 9.4
c80 40,0 43,0 5,6 6.9
c81 43,5 45,5 €.4 8.5
Cc83 41,5 43,0 6.5 7.4
c35 42,0 42.0 5.1 6.4

lable 15 and Figures 29 and 30 are from this raw data,



H - hypophysectomized frogs

Initial
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Fed live food

Experiment 12 - October 25-Dacember 11, 1967

C - sham hypophysectomized

Final Initial Final

L L W W
H107 42,0 mm 43,0 mm 6.7 gm 5.9 gm
H108 43,5 43,0 6.0 5.5
H1l1ll 43,0 42,0 2.9 6.4
H112 42,5 42,5 5.7 5.6
HL17 43,5 43,0 7.4 6.9
H128 46,0 45.5 7.0 7.4
H135 46,0 46,0 6.7 7.1
H136 44,0 44,0 5.3 . 5.5
Cl145 43,0 44,0 5.0 7.2
Ccl153 42,0 42.0 5.5 6.6
Ccl1l57 42 .5 43,0 5.6 €.5
Cc158 40,5 41,0 4.9 7.5
clél 45,0 46,0 .7 7.6
Cl62 42,0 43,5 6.4 7.3
ClER 46.0 46,0 6.5 7.2
Cl69 45,0 46,0 7.0 7.0
c170 42,0 42.90 4,3 5.9
c172 44,0 45.0 6.9 8.0
Cl74 39.0 42,0 4.4 6.4
c176 49,5 41,5 4.6 5.3
c178 42,0 41,5 5.3 6.4
c130 43,0 42.5 5.9 6.2
Cl31 45,5 46,0 7.0 8.5

Table 16 and Figures 31 and 32 are from this raw cata,.
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Experiment 13 - November 27, 1967-January 24, 1968

Group A - 0,7% NaCl
Group B - 5 and 10 pg/day prolactin
Group C - 25 and 50 pg/day prolactin
SGroup D - 5 and 10 pe/day GH
Group E - 25 and 50 pg/day GH

Lo L3g Lse "o Wsp
v 58 46,5mm 47.0 mm 49.0 mm 9.8 gm 9.3
A 65 45,0 45.5 47.5 8.3 8.9
4160 43,0 44,0 44,5 7.4 8.5
Al177 41,0 41,5 42.5 5.2 6.4
a201 47,0 47.90 48,0 7.7 9.0
4207 44,0 44,0 46,0 5.9 7.1
A218 44,0 44,5 45,0 6.6 7.4
A219 42,5 42.5 43,0 6.0 7.1
A220 46.0 45,5 46,5 7.9 9.5
A223 40,0 41.0 42.5 5.9 7.6
7261 42.0 42.9 43.0 5.9 7,6
8 €€ 42,0 42,5 44,5 6.1 7.6
B 62 47.0 48,0 50,0 2.9 10,3
B 49 44,0 44,0 45,0 8.7 7.6
BL73 46,0 46,5 47.5 €,7 8.1
BR221 43,0 43,0 44,0 5.9 7.2
B225 46,5 47.5 48,0 ‘7.6 8.6
B3227 44,5 45,5 47.0 6.4 8.1
B240 43,0 42.5 44,0 6.7 7.8
B242 42.0 42.5 43.5 5.5 7.0
3253 44,5 45,0 45.5 4,8 7.3
B258 42,0 42.5 45,0 4.8 7.3
c200 46,0 46.0 47.5 7.6 8.3
€203 45,0 45.0 47.0 6.7 8.2
c209 44,0 44,0 44,5 6.1 7.0
G213 47.0 47.0 47,0 6.9 7.6
C265 43,5 44,0 46,0 5.5 7.3
C229 44,0 45,0 45,0 7.4 7.3
c232 46,0 47.0 48,0 8.1 10,1
C236 39.5 40,5 42.0 4,% 6.7
2241 40,0 40,0 42.0 5.5 6.9
c251 43,0 43,5 45.0 5.8 7.7
c259 42,5 43,0 44,0 €.0 7.1
c202 42,5 45,0 47.0 6.9 8.6
C204 42.0 43,0 43.5 €.9 7.7
c233 41,0 41,5 43,0 5.7 6.8
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-

Txperiment 13 (continuved)

|
B

Lg Lag Lsg Mg Wsg
D205 46,9 mm 47,5 mm 49.0 mm 7.4 gm 9.0
D206 42.5 43.0 45,0 6.0 7.6
D212 44.0 44,0 45.0 6.5 7.8
N230 45.0 45,0 47.5 6.4 3.1
D231 43,0 42.5 44,0 6.1 7.2
2237 44.5 45.5 46,5 6.3 7.8
D244 42.5 42.5 45,0 5.4 8.0
P245 47.0 47.5 48.5 7.1 8.7
D252 40.0 40.0 42.5 4.9 7.9
D2 54 41.0 41,0 440 5.1 7.7
D255 39.0 39,0 41.0 4.3 6.4
N2 56 43,5 43.5 44.5 6.1 7.1
D243 42,0 42.0 45,0 5.1 7.3
219 43.5 45.0 46,5 6.6 8.1
214 40,0 41.0 44,5 3.8 6.9
%215 44.0 45.5 46.5 6.1 7.6
216 46.0 47.0 47.5 7.9 8.3
217 42.0 44,0 45.5 5.7 8.1
234 43.0 44 .0 46.5 6.8 9.1
7233 46.0 46,5 47.5 7.6 8.8
2246 42.0 44,0 46.0 5.8 8.0
948 45.5 46.0 46.5 6.6 8.2
7249 44,0 45.0 47.0 6.7 3.5
9 57 41.5 42.5 45,9 5.5 7.9
269 42.0 44.0 4€.5 6.1 7.9
2247 . 47.0 47.5 48,5 8.3 9.4

Table 17 and Figures 33-37 ar=s from this raw data,
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