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INTRODUCTION

It was the original intent that this paper he written on the effects 

of such compounds as Thyroxin, Tri-iodothyronine, Thiouracil, thymus 

material and others (see chapter IV) on the rate of metamorphosis in the 

tadpole larva of Rana pipiens. The experimentation for this work would 

involve either subjecting the tadpoles to environmental solutions which 

contained non-lethal concentrations of the various compounds to be tested, 

or injecting the tadpoles with these same compounds, then observing and 

interpreting the effects upon the resulting metamorphic changes.

To perform the above experiments with proper technique it is necessary 

to obtain approximately 300 tadpoles, all of the same age (about four 

weeks from fertilization) and all of which have experienced as uniform 

environmental conditions as possible. The best manner for obtaining 

these uniform specimens would be one of artificially inseminating a large 

group of ovulated frog eggs and carefully keeping the early environment 

uniform for all the organisms involved. The difficulties encountered in 

attaining this uniform group of tadpoles have shown themselves to be much

more extensive than was expected. Because of these difficulties the first 

chapter of this thesis deals with the techniques and problems involved in 

acquiring and fertilizing the amphibian egg.

The second chapter, then, will be to follow the fertilized egg in 

its early development. This will include the normal embryonic amphibian
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development. The third chapter deals with the many abnormalities encountered 

in varying osmotic conditions with both Rana pipiens and Rana petiosa, 

plus a conclusion of the attained results.

It is the purpose of the fourth chapter to provide a brief resume' 

of the influence of various compounds which affect either the thyroid gland 

of the pituitary gland of the metamorphosing tadpole. This will include a 

historical view of the many experiments which have been performed in this 

field and more specifically recent investigations in which injections and 

environmental solutions of more limited compounds have been compared.
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CHAPTER I

CONTROLLED BREEDING IN RANA PIPIENS

It is the purpose of the procedure described here to produce controlled, 

fertilized eggs from sexually mature Rana pipiens. The technique used is 

basically taken from Roberts Rugh's Experimental Embryology, Burgess 

Publishing Co., Minneapolis, Minnesota. 1952; p. 102 ff. However, through 

a process of elimination and common application there have been various 

modifications made to suit the particular situation involved.

Adult Rana pipiens kept in hibernation for a period of at least two 

months are usually sexually mature. The females used should not be kept 

at laboratory temperatures for more than a few days since the ovarian eggs 

will deteriorate rapidly at such warm temperatures. This is a definite 

survival advantage since a female who finds no mate in nature could not carry 

this large egg mass indefinately.

In removing the females from hibernation it was found that it is best 

to place them in ice water, letting the temperatures rise gradually to about 

20° centigrade. If the frogs are taken from hibernation and immediately 

placed in warm water often a violent shivering sets in and death usual 1 y

ensues.

Once the female is adjusted to the warm environment she should be 

injected with two or three adult male anterior pituitary glands to induce

ovulation. Female pituitary glands can also be used, with, two female
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glands being equivalent to one male gland. The removal of the pituitary- 

gland is a simple process of removing the dorsal section of the head by 

cutting posteriorly at the angle of the jaw backward to just behind the 

tympanum. Then sever the dorsal part of the head from the body. Next 

with a probe remove the thin skin over the dorsal part of the mouth 

cavity. Now with sharply pointed scissors cut along the ventral sides of 

the nerve cord approaching from where the nerve cord was cut across when 

the head was dissected from the body. Cut anteriorally to the forward 

part of the sphenoid bone. Once this section is made the sphenoid bone is 

easily removed to expose the brain. The anterior lobe of the pituitary 

will be seen as a small, pinkish, bean shaped body lying just posterior to 

the optic chiasma. Remove the pituitary and any of the white protective 

matter clinging to it and place it in Amphibian Ringer’s solution where it 

may be stored for several days if refrigerated prior to injection.

The Ringer's solution was prepared as follows

NaCl .............
KOI ...............

Water

0.66 gr. 
0.015 gr. 
0.015 gr. 
to pH 7.8 
100.0 cc.

In injecting the female it was best to draw the whole pituitary into 

the hypodermic cylinder with about 3 cc. Ringer's solution before the needle 

is put into place on the cylinder shaft.

Grasp the female to be injected firmly, ventral side up. Gently 

insert the needle about one-fourth inch into the lower quadrant of the 

abdomen. Upon making the injection the whole pituitary will be broken up 

in going through the needle. In this manner there will be very little loss 

of the pituitary hormones and rapid dispersal into the frog's system will

^Roberts Rugh, Experimental Embryology, (Burgess Publishing Co., 

Minneapolis, Minnesota;) p. 10.
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follow. The female thus injected should begin ovulation in about 36

hours.

Ovulation is determined by gently stripping the trunk of the frog 

with a posterior motion. The eggs should emerge easily without strain.

A sexually mature female of Rana pipiens should give from 1,000 to 2,000 

eggs all in metaphase of the second maturation division, ready to be

fertilized.

Once ovulation has been determined the male sperm suspension should 

be prepared. A sexually mature male taken from hibernation should be 

killed and the testes removed. Keep the testes clear of any blood or 

connective tissue. Place the testes in a small petri dish with approxi

mately 10 cc. Holfreter’s solution or distilled water.
2The Holfreter’s solution is prepared as follows:

NaCl......... ... 0.35 gr.
KC1........... ... 0.005 gr.
CcLCJ-r) • • • • ... 0.01 gr.
NaHC&3 ... ... 0.02 gr-
water ....

Now the testes should be broken up to a fine suspension. This 

can be effectively accomplished with the forefinger. Allow about ten 

minutes for the sperm to become actively dispersed. During this time it is 

of interest to observe the sperm under high power of a microscope (U30 x). 

The motile sperm as observed by the author at 430 x appeared as below, 

each sperm having a slow, rather hap-hazard motion:

2Ibid.
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It is best to divide the viable sperm suspension to four or five 

small petri dishes. Now squeeze the eggs from the ovulating female 

into the sperm suspension. Discard the first few eggs since cloacal 

liquid has probably allowed the swelling of the jelly of these eggs which 

makes them impenetrable by the sperm. Squeeze about fifty eggs into each 

petri dish. Disperse the eggs uniformly in the suspension and allow the 

eggs to remain in this concentrated sperm solution for about ten more 

minutes with occasional stirring to make sure as many eggs are fertilized 

as possible.

Then the fertilized eggs are ready to be put into larger finger 

bowls with 100 cc. of Holfreter's solution. The eggs should be divided 

into groups of four to six to a cluster with about thirty eggs to each 

100 cc. of Holfreter's solution. The solution should just barely cover 

the eggs to allow ample oxygen supply to the rapidly metabolizing eggs.

The fertilized eggs will turn vegetal pole down so that only the 

dark animal pole is visable in about three hours.

The optimum temperature for Rana pipiens is about 23° centigrade. 

However, a normal but slower development will occur as low as 10° centi

grade and as high as 30° centigrade. It is also of interest to note 

that a larger percentage of males are produced at temperatures of about 

30° centigrade showing that the sex determination in Amphibians is some

what influenced by the temperature range.

The jelly membrane appears soon upon exposure to a liquid medium. 

These membranes swell by imbibition to be about two to three mm. in 

diameter. The egg itself is about .8 mm. in diameter upon fertilization.

This very adequately protects the egg aginst shock. This jelly mass
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usually sticks to the "bottom or sides of the container, hut is easily 

removed with a thin knife edge.

In attempting to obtain embryos through artificial breeding, Amphibian 

Ringer's solution was first used by the author. Fertilization in Ringer's 

occurred in thirty per cent of the eggs, but no viable embryos were attained 

since the Ringer's solution is highly hypertonic to such young tissues.

The fertilized eggs in Ringer's showed signs of growth for about sixty 

hours and then they rapidly deteriorated. The abnormalities appeared as 

shown below with much exogastrulation. In this abnormal condition much of 

the yolk is not completely invaginated:

Also used in this early attempt was water taken from a local seep 

stream in the Helena valley. In this water none of the eggs developed 

although fertilization occurred in about two per cent of the eggs. Upon 

later investigation it was discovered that a quantitative analysis of 

water similar to the stream in this area showed that very few ions occur 

in this water. Thus, subjecting the eggs to a media of this nature would 

be quite similar to placing them in distilled water.

When Holfreter's solution was used as the environmental media a 

good fertilization percentage of from forty to eighty per cent was observed. 

The best fertilization percent seemed to occur where great care was taken

to avoid the breakage of any eggs upon inducing the ovulation and keeping



8

the stirrounding media as clean as possible from foreign material. Also 

allowing a full fifteen minutes before removing the eggs from the sperm 

suspension seemed to increase the percentage of fertilization. It is note

worthy that although eighty per cent fertilization is considered to be a 

rather high percentage, upon observation of egg masses of Rana petiosa 

petiosa in nature a viable fertilization of about ninety-five per cent was 

found. Whether this high percentage fertilization is common for Rana petiosa 

and rare for Rana pipiens was not determined since it was impossible to 

observe Rana pipiens in nature as they are not commonly found in the Rocky

Mountain region.
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CHAPTER II

EARLY EMBRYONIC DEVELOPMENT AS OBSERVED IN RANA PIPTENS

This chapter will follow the normal embryonic development as was 

observed in Rana pipiens. Three hours after fertilization with tempera

ture at 23° centrigrade the egg can be seen to divide clearly to the two 

cell stage as depicted below:

Then in about one-half hour the embryo divides to the four cell stage:

Now cellular division occurs rapidly and by five hours the egg will

be in the sixteen to thirty-two cell stage:
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By seven or eight hours after fertilization the egg appears to he

minutely divided with the divisions growing smaller and smaller until hy

twenty-four hours the egg, although no growth has occurred, is made up of

many tiny cleaved cells:

By forty-eight hours the yolk plug stage is at its peak and gastru-

lation is taking place:

The seventy-two hour stage shows the neural tube formation clearly

as follows:
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The next obvious stage in development is the tail-hud stage which 

occurs at about ninety hours:

At 100 hours development the heart starts to beat, the first muscular 

response to stimulation appears, the external gills can be seen and the 

general body appearance elongates:

A few hours after the above development the embryo hatches and good 

muscular response appears in which the embryo will twitch back and forth 

laterally upon slight external stimulation. In hatching, the embryo seems 

to outgrow the jelly mass towards its anterior end and simply slip through 

the membrane. The tadpole clings to the outside of the jelly mass for a 

few hours before it is completely released to the external environment.

Within a day after hatching the eradic twitching gives way to more 

and more definite swimming movements and by the fifth day the tadpole is 

swimming quite well. At this stage the mouth opens and circulation can be 

seen to pulse through the external gills.

The tadpole retains enough stored yolk from the egg to live without
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food for about two weeks. Spinach, carefully boiled, will serve as a good 

diet, but to insure a more balanced diet ground rat food was also added 

to the water. Once the tadpoles were feeding the water was changed every 

two days. Since aquatic plants were not living in the environment the water 

was still kept less than an inch in depth to insure adequate oxygen supply.
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CHAPTER III

OSMO-REGULATION IN RANA PIPIENS AND RANA PETIOSA

An experiment in osmo-regulation was performed in which the primary

purpose was to determine an ideal ion concentration for the normal develop

ment of frog embryos. The secondary purpose of this experiment was to

observe the ability of the eggs and embryos to tolerate various osmotic

conditions. The effects of the different osmotic solution on the eggs

and tadpoles will now be given:

1. Distilled water:

In this ion free media only about two per cent fertilization

was obtained. The unfertilized eggs swelled somewhat and soon 

deteriorated. This is evidence that the cells were In a hypotonic 

media. The few fertilized eggs developed to the tail bud stage

and then rapidly deteriorated also. Tadpoles placed in distilled

water lived for about 72 hours and then died. During this time 

the tadpoles developed numerous blisters under their skin, swim

ming was greatly imparred and development was considerably slowed.

The blisters are also evidence of extreme hypotonic condition.

2. Tap water:

No fertilization occurred in this media and the eggs rapidly 

deteriorated. Viable embryos placed in this environment died within
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two hours. This was due to the lethal concentration of cloride

ions in the city water supply.

3- Reduced Holfreter’s solution (50 per cent Holfreter’s and 

50 per cent distilled water):

Again the tadpoles showed the signs of being in an extreme 

hypotonic solution. Blisters formed and the tadpoles soon died.

4. Reduced Holfreter’s solution (90 per cent Holfreter’s and 

10 per cent distilled water):

The tadpoles showed very slight blistering, lived about four 

days and died. Here the difficulty is from the solution being too 

hypotonic, but not so obviously as in the distilled water. This 

was concluded since the blister occurred as before with the more

hypotonic solutions.

5- Holfreter’s solution:

In the controlled breeding experiments Holfreter’s showed by 

far the best fertilization percentages. From forty to eighty 

per cent of the eggs were fertilized in numerous attempts. These 

fertilized eggs developed apparently normally until they were about 

five days old when a marked decrease in swimming movements was 

observed. The edges of the tail membranes appeared frayed and 

by the sixth day the only sign of life was that of the blood 

flowing through the external gills. Death followed by the seventh 

day. This observation was made repeatedly in four different 

attempts.

6. Ringer's solution:

Here about ten per cent fertilization was noted. These

fertilized eggs divided mitotically abnormally showing no clear cut
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cleavage. Some of them lived about seventy-two hours where they 

showed definite signs of exogastrulation as previously mentioned

on page seven.

According to Rugh (ibid. p. 78) this is a sign of the embryo's 

being in a hypertonic medium which would indeed be expected in the 

case of Ringer's solution. However, such factors as lack of 0^, 

extremes of temperature, toxic substances in the environment, the 

egg's being too old when fertilization occurs, and incompatibility 

of the egg and sperm nuclei may also cause various abnormalities

during early development.

7- Very stale water media of unknown composition.

This water was taken from a jar found in the back of the

laboratory. It was first thought to be a preservative. In this

very stale water, surprisingly enough, fertilization percentages ran 

high (about seventy per cent). The embryos developed very normally 

and lived for about three weeks. During this time they swam about

freely and grew rapidly. When these tadpoles died at three weeks

it was attributed to the fact that the stale media had not been

changed, thus causing an accumulation of toxic substances.

In summarizing the results observed with Rana pipiens it was seen that 

the eggs were well fertilized in Holfreter's solution, but then they did not 

develop free swimming movements and within a few days died. The embryos 

also died in Ringer's, distilled water, tap water, and various intermediates 

of Holfreter's and Ringer's solutions.

Another difficulty encountered in the experiments with Rana pipiens

was that of the fifteen females injected with pituitary extract all died



l6

either before or within two days after ovulation had. begun. Obvious 

hemorraging of the mouth occurred which was traced to the stomach. It 

seemed to make no difference as to the amount of pituitary extract used 

since the number of pituitaries injected ranged from one to six male 

pituitaries with the same lethal results in all. Non-injected females when 

gradually adjusted to the warm environment of laboratory conditions 

sometimes showed this sign of hemorrage and died and sometimes they lived 

normally. The cause of death was not definitely determined.

However, in an experiment with two adult males taken from refrigeration 

the male which was gradually adjusted to the 20° centrigrade water lived 

normally and the male which was placed immediately in the warm environment 

from hibernation showed this same sign of hemorrage from the stomach and 

died. Thus, it would seem that the death of the females was due to the 

combined effect of the environmental change from hibernation; plus the 

state of active ovulation with bodily process somewhat effected by the 

added pituitary hormones.

It does not seem to be common occurrance that death results from 

injecting frogs with the anterior lobe of the pituitary gland. There was 

found no mention of such effects in the three references consulted. Definit 

ely the problem should be more deeply investigated.

Rana petiosa

Work with Rana petiosa petiosa, a species commonly found in the 

Rocky Mountain region, sheds some light on the problem of why the embryos 

were dying in the Holfreter's solution.

Here artificial breeding was not attempted. Instead fertilized 

eggs in the two to four cell stage were collected from a pond in the Helena
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area.

The temperature of the -water in the pond at the time of fertiliza

tion ranged from 8° to 12° centrigrade. When these eggs were gradually

o
brought to laboratory conditions of 20 centrigrade the development of the 

eggs increased almost three times as fast as the eggs which were left in

their natural habitat.

As previously stated, the fertilization percentage of the Rana petiosa 

was observed to be about 9° per cent.

When these two to four cell embryos were taken to the laboratory they 

were put in the following solutions: Holfreter’s, Ringer’s, distilled water, 

Holfreter’s diluted with 50 per cent distilled water and many were left in 

the natural pond water from which tye were taken.

Almost the same results occurred with Rana petiosa as had occurred 

previously with the artificially bred Rana pipiens. Those placed in Holfreter’s 

did not develop normal swimming movements, they remained small in size, the 

tails showed signs of fraying at the edges and in about a week they died.

The same thing happened in the 50/50 Holfreter’s to distilled water as 

in straight Holfreter’s solution. In Ringer’s the early embryos developed 

very abnormally with much exogastrulation occurring.

It is interesting to note that in distilled water the Rana petiosa 

embryos developed quite distinct swimming movements but they showed less 

activity than those in the natural pond water. Also tadpoles in distilled 

water did not show nearly the growth rate of those in pond water and by two 

weeks they were one third the size of the tadpoles which were kept in the 

natural pond water. The tadpoles in pond water at two weeks development 

measured an average of three centimeters and those put in distilled water
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measured an average of one centimeter in total tody length (tail included).

The fact that the tadpoles did live and swim well in distilled water

is of importance here since they did not swim normally or live more than a

week in the Holfreter's solution. This implies that the Holfreter's solu

tion made up for this experiment could have contained some toxic agent to

the tadpoles. To check the chemicals used for the Holfreter's solution all 

chemicals used for the third make up of Holfreter's were taken from new,

sealed containers.

Another important observation regarding the tadpoles living in distilled 

water is that this somewhat nulifies the suspicion that a large enough 

percentage of Cu ions were in the distilled water from the copper tubing of

the distiller to be lethal to the tadpoles. This distilled water was

tested for both Cl and Cu ions with negative results but it was suspected

that perhaps enough of these ions were still in the distilled water in a

minute lethal concentration. Since the tadpoles did live in the distilled

water this makes this argument questionable. It is realized that a more 

positive test for this factor would, if time permitted, be to glass distill 

the water which was used for the makeup of the Holfreter's solution.

The development of the embryos in the natural pond water far exceeded 

development in the other solutions used. These animals began feeding on 

boiled spinach leaves when they were about ten days old, showed very rapid

growth and appeared in all respects to be normal in development.

Several quantitative analysis of lakes and spring water from this 

region performed by the Montana State Sanitation Control Laboratory showed 

the water to contain the following ions in parts per million;
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Ten Mile 
Creek

Hale
Creek

Spring
water

Hauser
Lake

Lake
Helena

Iron .60 .10 •52 .12 .22

Calcium 1.20 49 35.2 4l 4l

Magnesium 9 18 20.15 15 16

Bicarbonates 31 177 175 189 177

Sulfates 20 47 30 42 66

Cloride 5 10 14 13

Copper trace trace

Comparing these: natural occuring ions with Holfreter's solution it is

1 that no iron, magnesium or sulfate ions are present in the Holfreter

solution. Although no potassium ion showed in the quantitative test of the 

natural water it would prohahly he present in sufficient amounts for normal 

growth, yet still not appear in an ordinary quantitative analysis. Thus, 

the author feels it would he a worthwhile problem to test the adequacy of 

Holfreter's solution as a medium for living organisms due to the lack of 

certain ions necessary for life.

"The primary elements in organic compounds are hydrogen, carbon, 

oxygen, and nitrogen. Coupled with these in many key compounds are phos

phorus, and sulfur in a few amino acids, and hence in proteins. Some of 

the minor and trace elements are widely distributed in living matter; 

others are variable in occurrence. Some elements which, in traces, are

necessary for life are toxic in high concentrations. Activation analyses are 
3

revealing traces of heavy elements which had escaped chemical detection."

It is believed by the author that certain metals may not sufficiently

3
Ladd Prosser and Frank A. Brown, Comparative Animal Physiology,

2nd edition, W. B. Saunders Company: 1961, Philadelphia and London; 
p. 70.
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be represented in the Holfreter’s solution.

"The sporadic concentration of various heavy metals has long been 

noted. Modern nutrition indicates the need for traces of some of these 

and their enzymatic functions are gradually becoming recognized. Iron is 

present in heme protiens such as cytochromes, catalase, and peroxidase in 

aerobic cells. Heme ions have evolved several times as oxygen carriers in

blood.

Copper occurs in sea water, about one mg/lOO liters. Some marine 

molluscs and arthropods concentrate copper to one mg/lOO ml blood, where it 

functions in the respiratory pigment hemocyanin. Concentrations of copper 

in vertebrates are much lower, but copper appears necessary for the synthesis 

of hemoglobin, and possibly of cytochrome.

Magnesium is an essential element for all animals. It serves as 

the co-factor for enzymes in transfer of high-energy phosphate (ATP) in 

hexodinase, enolase and in the activation of muscle contractile proteins."^

Also Prosser and Brown say that aluminum, nickel, lead, boron, and 

cobalt are metals which are very commonly found in animals. If time permitted, 

it should prove very interesting to add some of these metals in small 

amounts to Holfreter’s solution and see if the amphibian embryos develop 

normally after some of these metallic ions are included in the environment.

The author of this thesis intends to do this eventually.

^Ibid. p. 7k.
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CHAPTER IV

ENDOCRINE CONTROL OF METAMORPHOSIS

For simplicity this subject will be approached from a historical

point of view.

In 1656 Worton gave the first thorough account of the anatomy of the 

thyroid gland and named it the "glandular thyreoida." Toward the latter 

half of the ninteenth century the thyroid was recognized as an endocrine 

organ regulating body metabolism. Then in 1912 Gudernatsch discovered the 

role of the thyroid in Amphibian metamorphosis. This discovery led to 

extensive experiments in thyroid study.

The gland itself is a highly vascular, follicular organ located in 

the cervical region, usually paired in Amphibians. "There is some evidence 

that the thyroid gland is homologous to the endostyle in the protocordates 

Amphioxus and Ammocetes.

The thyroid gland is located in the ventral cervical region. The two 

lobes are covered medially by the genihyoid muscle, laterally by the internal 

hyoid of the first branchial arch and dorsally by the sternohyoid muscle.

"Maurer in 1888 stated that embryologically the thyroid arose as an 

outpocketing from the floor of the pharynx between the second pharyngeal

^W. Lynn and H. Wachowski, "The Thyroid Gland and Its Functions," The 
Quarterly Review of Biology, (Vol. 26, No. 2), p.I2U.
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pouch and the pericardial chamber. It is now known that the thyroid arises 
6

from the pharyngeal floor between the paired second visceral arches."

Histologically the thyroid is quite variable in Amphibians. "It is 

composed of many follicles, each made up of a single layer of epithelial

cells and containing a greater or lesser amount of colloid in its lumen.

The follicles are surrounded by a connective tissue framework which is very 
<

vascular.

Charipper in 1929 said there are two principle kinds of cells in 

the Necturus thyroid, the chief cells which are cuboidal or columnar with

clear sytoplasm and a round nucleus, and the colloidal cells of one or more

large colloid dropletts in the cytoplasm with a spherical, granular nucleus.

Both have filamentous and ganular mitochondria with an increase in the size 
7

of the mitochondria at metamorphosis."

In 1912 Gudernatsch noted that tadpoles metamorphosed faster upon 

thyroid induction and that metamorphoses failed when the thyroid is removed. 

Kendal, in 1915 > formed crystaline thyroxine. Thyroxine and diiodothy

ronine were both synthesized by Barger in 1927-

From Lynn's "The Thyroid Gland and It's Functions", loc. cit. p. 130 ff., 

it is seen that when it was discovered that thyroid administration can cause 

precocious metamorphosis a number of men tried to study the structure and 

function of the gland in the before, mid and after phases of metamorphosis.

Allen (1919) stated that the thyroids increased in size at premeta

morphosis and decreased in size during metamorphosis.

W. Lynn, "The Thyroid Gland and Its Functions", loc. cit., p. 126. 

7Ibid. p. 128.
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Myerowal (1922) discovered, that the pre and early follicular epithelium 

is flat and the follicles are filled with an acidophilic colloid. He also 

showed that at the onset of metamorphosis the epithelium increased in 

height and the colloid became more fluid and exhibited chromophobe droplets.

There is an increase in the intercellular and interfollicular vacuoles

which reaches its peak when the tail is being absorbed at its maximum rate.

From this point there is a gradual decrease in height of the epithelium

and the intercellular vacuoles become scarce. This indicates an increase

in colloidal storage, a release at the greatest metamorphic changes and 

then again an increase in the colloid storage. From this it is seen that 

there is a rising concentration of thyronine in "the blood when metamorphosis

is at its peak since the thyronine comes from the colloidal cells.

Metamorphosis is known to occur in a definite sequence of events.

The normal sequence is: "Reduction of anal canal piece, completion of 

reabsorption of anal canal piece, opercular perforation, forelimb emergence, 

reduction in size of lips and loss of horny beaks, rapid reabsorption of the 

tail, reduction of the tail to a knob and, finally widening of the mouth.

The animals do not show metamorphic change until they reach the stage of
Q

opecular membrane formation says etkin (1950)." It is this definite 

sequence of metamorphic changes in the metamorphosing tissue which causes 

investigators to believe the tissues differentiated by a characteristic 

physiological response to a metamorphosing agent (thyroxin).

Some of the substances which have been found to effect the rate of

metamorphosis are:

°W. Lynn, "The Thyroid Gland and Its Functions". 10c. cit., p. 135-
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Induce Metamorphosis Inhibit Metamorphosis

Thyroxin
Iodine
Thyrotrophic hormone
Triiodothyronine
3,5,3, triiodothyropropionic

acid
tetra triiodothyropropionic 

acid
Tr i i odot hyr oa cet at e

Thiouracil 
Thiourea 
Sulfonamide 
Thymus of mammal 
Copper salts 
Na2P0,}
Insulin
Methyl cyanide

Of these substances thiouracil, thiourea, sulfonamide, triiodothy- 

roacetate and the two acids are known to affect the thyroid gland directly.

Of the others, it is thought that they affect the secretion of the thyro

trophic hormone from the anterior lobe of the pituitary which in turn 

affects the secretory activity of the thyroid gland. "In the special case of

the thyroxin and iodine there is evidence that both the pituitary gland 
9

and the thyroid gland are affected."

There is still much to be learned about the control of the rate of

metamorphosis. There is some evidence that the gluco-corticoids enhance

metamorphosis. The following table from D. Wilkinson, "Biochemistry of

Amphibian Metamorphosis", Science , 121, Jan. 7, 1955, p. S, shows an

experiment in which the reduction of tail length in tadpoles was speeded

up by several gluco-corticoids and slowed down by some others.

Percent decrease
Steroid Molarity in length

Hydrocortisone 3 x 10"5 49
Cortisone acetate 3 x 10'’

2 x 10"'
44

Cortisone 39
De s oxyc ort i c 0 st er one 2 x 10“'

3 x 10"5
15

Testosterone 4
Progesterone 3 x 10'° 20
Esterone 3 x 104 32
Stilbesterol 2 x 10 38
None 0 17

-'Earl Freiden, "Anamalous Activity of Thyroxin Analogs in Tadpoles", 
Science, Vol. 133, May 12, 1961. p. 1488.
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"This relation between thyroid induced metamorphosis and gluco

corticoids is not unexpected, since both hormones are important in protien
„10metabolism rates. Yet the evidence for this is not clear since there are

several conflicting results and more work is definitely needed in this area. 

"It is not certain the only direct action on metamorphosis of the

pituitary gland is its contribution of the thyrotropic hormone."1 11 This 

statement also reminds the biologist that there is still much to be learned 

about the glands which control the activity of metamorphosis.

The last point to be considered in recent studies of Amphibian

metamorphosis is the interesting experiment of Earl Frieden and G. Westmark 

at Florida State University. These men have reported that when they immersed 

tadpoles in solutions of thyroxin, triiodothyronine, triiodothyropropionic 

acid, tetraiodothyropropionic acid and triodothyroacetic acid the three 

acids were 200 to 300 times more effective in inducing metamorphosis 

than thyroxin or triiodothyronine. Then upon injecting these compounds 

directly into the tadpoles there was no differences observed between those 

tadpoles’ rate of metamorphosis which were injected with thyroxin and 

triidodthyronine or those tadpoles which were injected with the three acid 

compounds. "The proposed solution to these results is that when the 

animals were immersed in the solution the thyroxin and triiodothyronine 

were partially withheld from entering the tissues pereable membrane due to 

a divalent zwitterion side chain and the triiodothyropropionic acid, 

tetraiiodothyropropionic acid and triiodothyroacetic acid were allowed to 

enter more freely since they have only the acetate or propionate side

1'>D. Wilkinson, "Biochemistry of Amphibian Metamorphosis" Science,
121, Jan. 7, 1955, P- 9- ’

11"Biochemistry of Amphibian Metamorphosis", loc. cit. p. 10.
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„12groups.

This was meant to he the original problem for this thesis. Several

compounds similar to those above were to be injected into the tadpoles.

Also these same compounds were to be put into the environment of other

tadpoles to see if the results coincided with those of Frieden and Westmark.

1 Q
■^Earl Frieden and G. Westmark, "Anomalous Activity of Thyrosin Analogs 

in Tadpoles," Science, May 12, 1961, p. IU89.
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