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INTRODUCTION

Knowledge of the thyroid gland as an organ was known 

as far back as the third and second centuries B.C. when many 

of the Greek and Roman physicians recognized that goiter was 

a pathologic enlargement of the thyroid. It received its 

name "glandula thyroidea" from Thomas Wharton in 1656 in the 

first thorough account of its anatomy.However, it wasn*t 

until the latter part of the nineteenth century that the sig

nificance of the thyroid gland as an endocrine organ regulat

ing metabolic activity was recognized. After this, much in

terest was turned toward the importance and function of the 

thyroid gland, but all attempts to determine its affect by 

thyroidectomy proved to be futile as it only resulted in the 

death of the animal. "It was not until Gudernatsch’s discov

ery (1912) of the role of the thyroid in control of amphibian 

metamorphosis that extensive experimental study of thyroid 
function in cold-blooded vertebrates was undertaken."2

Of all the mysteries of life, one of the most intrigu

ing is animal metamorphosis. Metamorphosis of amphibians has 

been especially studied because they undergo extensive mor

phologic changes, and they also proved to be relatively stable

. Gardner Lynn and Henry E. Wachowski. 1951. The 
thyroid gland and its functions in cold-blooded vertebrates. 
The Quarterly Review of Biology. 26»123.

2Ibld.
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experimental animals in that they could adequately withstand 

the necessary experimental treatments with a relatively low 

mortality rate.

Metamorphosis of tadpoles will be specifically dealt 

with in this paper. It is found that metamorphosis in tad

poles involves two general stages~a prometamorphic stage, 

and a metamorphic climax. The tadpole goes through this ini

tial prometamorphic stage in which its initial streamlined, 

fishlike form is somewhat altered by the development of hind 

legs. This stage varies in length from two weeks to a year 

and a half, depending upon the particular species. The stage 

comes to an end when the length of the hind legs eventually 

develops to a length equal to that of the torso of the ani

mal. With this the tadpole enters into its metamorphic climax.

Metamorphic climax entails a number of macroscopic mor

phological changes. First, forelegs suddenly erupt through 

small openings close to the gills, followed by a widening and 

strengthening of the jaw? the skin and lungs are transformed? 

and finally the gills and tail are resorbed. One of the most 

remarkable phenomena about this transformation is the exquisite 

timing and perfectly coordinated pattern involved. The tail 

is not resorbed until the legs have nearly completed growth? 

the nostrils and mechanism for respiration by means of the lungs 
appear just before the gills are resorbed.^

^■William Etkin, 1966. How a tadpole becomes a frog. 
Scientific American. 28:76
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It is thus very evident that this process of metamor

phosis must be controlled by a very precise and elaborate mech

anism which, from the work performed by previous experimenters, 

evidently is very closely related with the function of the thy

roid gland.

I. HISTOLOGY AND MORPHOLOGY OF THE THYROID GLAND

The thyroid gland "is a follicular, highly vascular or

gan, located in the cervical region." Early accounts of the 

thyroid gland in frogs by Leydig (1853)» Muller (1871), and 

others indicated that in most of the forms studied the gland 
typically consists of two lobes, each surrounded by a membrane.1 

The gland is most often maintained by a blood supply from ves

sels in the sternohyoid muscles.

Embryolically there is general agreement that the gland 

is an outpocketing that extends from the floor of the pharynx 

between the second pharyngeal pouch and the pericardial cham

ber. This analogue splits to form an even-paired structure 

which develops into the thyroid gland.

One feature of the gland of significance is the great 

variability in the histology of the glands, even in like in

dividuals raised under seemingly identical conditions. How

ever, for the most part, all the thyroids seemed alike in that 

all consisted of a great number of follicles, each follicle 

composed of a single layer of germinal epithelial cells, with

1Lynn and Wachowski, pp. 123-4.

- 3 -



colloid filling its lumen. The entire gland was highly vas

cular, There are two cell types, one corresponding to a chief 

cell, and the other a colloid cell with one or more large col» 

loid droplets in the cytoplasm,. Investigations performed by a 

number of individuals seemed to indicate that there was a speci

fic pattern or series of steps involved in secretion by the thy

roid. Initially the colloid cells release their fluid towards 

the lumen of the follicle. This in turn triggers the chief 

cells, which are peripheral to the colloid cells, to become 

active in secreting more fluid into the follicle cells, There 

is, however, no evidence that the fluid emptied into the lumen 

by the follicle cells is directly Induced into the blood stream. 

There is an apparent repassage of the colloid from the lumen 

through the cells peripherally and finally released there in

to the blood stream.

II. CHANGES IN THE HISTOLOGY 
OP THE THYROID GLAND AS METAMORPHOSIS TAKFfi PLACE

"With the discovery that thyroid administration can cause 

precocious metamorphosis a number of workers undertook detailed 

studies of the structure of the thyroid gland before, during, 

and after metamorphosis in attempts to correlate phases of acti

vity of the gland with the metamorphic changes. Allen (1919), 

making gross measurements of thyroid glands dissected out at 

various stages of development, reported a gradual increase in 

size of the thyroids during the early phases of metamorphosis,

■J-Lynn and Wachowski, pp. 127-8,
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but a cessation of growth and an actual diminution in size 

of the glands when metamorphosis is most active. This ob

servation he considered as an Indication that the colloid 
stored in the gland is discharged at this tlme."l A great 

many others also performed similar experiments, and from their 

conclusions there is general agreement that the gland shows 

increased activity either before the onset of metamorphosis 

or just as the first metamorphic changes appear. "As meta

morphosis proceeds, the thyroid activity, as evidenced by in

creased height of the follicular epithelium and by the appear

ance of intracellular and intrafollicular vacuoles, increases 

greatly and reaches a maximum near the time when the tail is 

undergoing rapid resorption. After this there is a gradual 

decrease in height of the epithelium and intracellular vacu
oles become scarce.’’^

Some workers have reported that at the climax of meta

morphosis the amount of colloid in the follicles decreases 

rapidly so that the follloles become collapsed. Others, howT 

ever, have found no such distinct stage of follicular vacu- 

ation.

Later on (1930), William Etkin sought to establish a 

quantitative basis for judging the activity of the thyroid 

gland. He studied changes in cell number and colloid volume 

in serially sectioned glands throughout metamorphosis in Hana 

plplens. Both of these features were found to show marked

1Lynn and Wachowski, p. 130.
2Ibld.
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increases, particularly during the period when the hind legs 

are growing rapidly. Also he noticed that the ratio of cell 

number to colloid volume is greatly increased during this time, 

but remains constant after the period of tall resorption. In 

a later, more detailed study in 1936, Etkin investigated the 

relative volumes of the epithelium and colloid and the relation 

of these to total body weight. He showed that the thyroid first 

exhibits increased growth and activity at the beginning of ra

pid hind limb growth and that it reaches a peak of activity at 

the time when the forelimbs emerge. There is no evidence of a 

quick simultaneous release of colloid from follicles, but a 

gradual regression in thyroid activity occurs late in metamor

phosis, Etkin concluded that there is a rising concentration 

of thyroid hormone in the blood during metamorphosis and that 

the pattern of metamorphic events is determined by the pattern 
of increasing thyroid activity.1 Later in the paper this will 

be related to the sequence of the metamorphic events.

III. MECHANISM CONTROLLING THE SECRETION OF THE THYROID GLAND

Ever since Gudernatsch discovered that the thyroid governed 

or influenced metamorphic events, many experimenters became in

volved in a number of extensive attempts to discover or discern 

what regulates the secretion of the thyroid gland Itself. It 

had been discovered earlier by Etkin that, rather than a con

stant concentration of thyroxine in the blood from the onset

1William Etkin. 1930. Growth of the thyroid gland of 
Hana plplens in relation to metamorphosis. Biological Bul
letin. 59*285-292. ----- ---------
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of metamorphosis, there is an increase in the concentration

of thyroxine, as stated, earlier, the concentration reaches a 

high point at a certain state in the metamorphic development. 

The exact details of the mechanism were not worked out until 
early in the 196o*s when Etkln provided what proved to be a 

very accurate observation of what actually controls the se

cretion of the thyroid gland from early metamorphosis to the 

conclusion of metamorphosis in the adult frog.

One point was obvious* the progression of metamorpho

sis was connected with an increasing activity of the thyroid 

gland. Before prometamorphosis the thyroid was small and the 

cells were relatively Inactive, During prometamorphosis the 

gland grew rapidly, and when the tadpole reached its metamor

phic climax the thyroid was large and extremely active.

Etkln began his experimental work by exposing the ani

mals (tadpoles) to a low dosage of thyroxine during the pro- 

metamorphic stage. He noticed a sudden growth and development 

of the hind legs, but other than this no noticeable observa

tions were evident. If the hormone was continued at a low 

concentration, the later events of metamorphosis took place, 

but were extremely slow.

He then subjected some other animals to a high concen

tration of thyroxine in their water, again during the early 

prometamorphic stage. It was readily observable that the meta 

morphlc events that commonly occur at the climax (tail resorp
tion, etc.) did occur in a normal fashion, but there wasn’t
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enough time allowed for the prometamorphic changes and thus 

the limbs were extremely small and degenerate? therefore, the 

resulting animal was not viable. It was neither adapted to 

live on land, nor could it survive in the water. Prom further 

experimentation Etkin was able to conclude that for develop

ment to proceed normally the concentration of thyroxine has to 

be extremely low and then must be increased gradually to a rel

atively high level. He initially started "with a concentra

tion of 1-3 parts thyroxine/1 billion parts of water during pro 

metamorphosis, and then gradually increased the concentration 

to 10 parts/blllion just before the onset of the climax, and 

then further increased the concentration to 200-300 parts/bil- 

llon during the climax Itself. In thus regulating the concen

trations Etkin was able to bring about a normal metamorphic de
velopment."!

An important fact to mention here is that it has been 

shown that the thyroid gland within the tadpoles themselves 

degenerate when they are subjected to solutions in which ade
quate or sufficient concentrations of thyroxine are supplied,* 2 

The reason or cause of this will be mentioned later in the

paper.

It has therefore been shown that the regulating agent 

is the activity of the thyroid gland itself. However, it was 

still a mystery how the thyroid gland itself was regulated

^•William Etkin. 1966. Scl, Amer. 28j76.

2Lynn and Wachowski, pp. 129-30.
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in its activity. Etkin suspected that it was somehow related 

to the anterior lobe of the pituitary gland, as are many other 

endocrine glands. He substantiated his hypothesis by remov

ing the pituitary. He found the activity of the thyroid was 

completely stopped. He and another investigator, Bennett M.

Allen of UCLA, eventually discovered the hormone secreted by 

the pituitary which regulated the thyroid gland and appropri
ately called it thyroid stimulating hormone or TSH.l

However, Etkin was now confronted with another problem* 

what controls the pituitary? He again hypothesized that the 

pituitary could be controlled either by another endocrine gland, 

perhaps even situated within the brain itself, or perhaps by 

some mechanism within the pituitary Itself. He transplanted 

the pituitary to different parts of the body of the tadpole, 

but these results proved to be ambiguous. Most of the tadpoles 

remained as such with no change whatsoever. It was thus con

cluded that the pituitary is not regulated by another endocrine 

gland because the hormones in the bloodstream should have reached 

the gland no matter where it was transplanted.

Later it was discovered that the brain does play a con

trolling role in metamorphosis. This conclusion came from the 

results of a number of discoveries.

"William Etkin and the Russian, A, Voitkevitch, stated that 
the pituitary activity was dependant upon the hypothalamus.”* 2

■^Earl Frieden. 1963. The chemistry of amphibian meta
morphosis. Scientific American, 209*110.

2Ibid.
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“Ernst A. Scharrer found that there were certain neurosecre

tions released at certain nerve terminals in the brain, He 

found that the brain also conveys messages by hormones,

Later in separate experiments, Borgman, Hild, and Schar

rer found that the pars nervosa of the pituitary is a storage 

organ for the neurosecretion produced in the neurosecretory 

cells of certain hypothalamic nuclei. They concluded that 

stimuli impinging upon the organism from without and those 

arising from activities within the organism converge through 

the pathways of the central nervous system. It had been known 

for some time that the hypothalamus coordinated Information 
from outside and Inside the organism.2 Thus, in the case of 

the thyroid, the hypothalamus integrates the Information it 

receives, and then responds by influencing the activity o f 

the neurosecretory neurons. Through these it thereby directs 

the activity of the pituitary.

Still another discovery by Scharrer pointed out that the 

hypothalamus is connected to the anterior lobe of the pitui

tary gland by a special set of portal veins. "In the hypothal

amus these vessels receive blood from a net of capillaries 

within the structure known as the median eminence. The blood, 

therefore, containing the neurosecretion, moves from the hypo

thalamus through the median eminence and continues on through 

two small portal veins to the anterior lobe of the pituitary

■^William Etkln. 1966, Scl. Amer. 28s78,

^William Etkln, 1963• Metamorphosis-activating sys
tem of the frog. Science. 139$810-14,
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where the hormone it carries regulates the function of the 
pituitary gland.."1 Thus the hormones secreted, by the neuro

secretory cells in the hypothalamus are carried, to the anter

ior lobe of the pituitary without being diluted, in total blood 

volume,

Ernst Scharrer pictured the neurosecretory apparatus 

as a connective link between the two major control systems 

of the body* the nervous system and the anterior pituitary, 

the master gland of the body. The key areas of the brain for 

this are the thalamus and hypothalamus. All the sense organs 

lead to the thalamus, whereas the hypothalamus is the main 

receiving center for Information from organs within the body. 

Thus, the brain, from the Information it receives, forms a re

sponse in the form of a command by means of a nerve impulse. 

The nerve impulse in turn causes the neurosecretory cells to 

secrete a chemical message which, acting as a transducer, tra

vels to the pituitary, transmitting a chemical message to its 
destination by means of the endocrine system,* 2 3

"In mammals it has been shown that the hypothalamus pro

duces a chemical called thyrotropin releasing factor or THF 
that regulates production of TSH by the pituitary."3

In tadpoles the median eminence is not developed until 

the prometamorphic stage which launches the tadpole’s trans

formation. Thus it has been shown that the median eminence

■^William Etkin. 1966. Scl. Amer. 28:80-82.

2Ibld.. p. 8^.

3Ibid.
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is essential, but then what stimulates its development?

It has been found that removal of the thyroid also prevents 

development of the median eminence. This information there

fore indicates a positive feed back system in the tadpole in 

which the thyroid hormone induces development of the median 

eminence, and this in turn stimulates the pituitary to acti

vate the thyroid gland to produce more hormone.

This scheme indicates that the hypothalamus is insensi

tive to thyroxine stimulation. The activity of the pituitary 
to secrete TSH is inhibited by thyroxine,1 Thus the thyroid 

at this time will only produce a limited amount of thyroxine, 

because no TSH is secreted by the pituitary. Therefore, it can 

be seen that a positive feedback system of this kind will lead 

to an intense buildup of activity because the thyroid will 

continue to secrete thyroxine at a low rate, building up a 

concentration in the blood. Its activity is low before pro

metamorphosis, increases to intermediate levels during pro

metamorphosis, and builds up to an explosive release at the

^■William Etkin. 1966. Sci. Amer. 28»84.
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climax. \

The question now arises as to whether the thyroid hor

mone is really the stimulus that initiates the cycle of meta

morphic activity. Etkln tried to feed thyroxine to tadpoles 

early to see if it would initiate a precocious development of 

the mechanism that caused them to metamorphose. This experi

ment subsequently failed. He found that the tadpole had to 

reach a certain stage of maturity before the hypothalamus was 

sensitive to thyroxine to produce the development of the med

ian eminence. Thus the animals showed a change in sensitlvl- 

tyto the thyroxine during growth.

The following scheme illustrates how the mechanism works 

at prometamorphosis after the median eminence has been devel-

The sensitized hypothalamus produces TRF under thyrox

ine stimulation} the TRF counteracts the thyroxine Inhibition

CARROLL COuLSGt LIBRARY
HELENA, MONTANA 59601
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of the pituitary. Eventually this positive feedback builds 

up to an explosive production of thyroxine during the climax 

phase.1

Etkin found experimentally that"the median eminence of 

the grass frog does not respond until the tadpole is at least 
40 mm. At 50 mm., one week before it normally enters prometa

morphosis, the tadpole responded to the extra dose of thyrox
ine with full development of the median eminence"2

"At a critical period in tadpole development some factor 

presumably controlled by a genetic mechanism, renders the hy

pothalamus sensitive to a low level of thyroid hormone circu

lated in the animal*s body. The neurosecretory apparatus of 

the hypothalamus responds by releasing TRF substance that stim 

ulates the anterior pituitary to secrete TSH, which turns on 

an orderly increase of thyroid secretion. This increase trips 

the orderly sequence of tissue changes that transform the tad
pole into the frog,"3

Upon close examination it is apparent that if there 

were no controlling factors on this mechanism there would 

eventually be a critically high level of thyroxine in the 

blood. Now there is evidence, but no direct proof, of a neg

ative feedback system in which the hormone acts directly on 

the pituitary to inhibit its production of TSH. Thus it keeps 

the level of TSH and thyroid hormone in balance with each

William Etkin. 1966. Scl. Amer. 28:85.
2Ibid., p. 86.

3Ibid.
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other at a level that Is determined by the sensitivity of the 

pituitary to thyroid inhibition. There still remains a ques

tion of how the hypothalamus becomes sensitive to thyroxine.

The following scheme or graph shows the relative activi-

^illlam Etkin. 1966, Sci. Amer. 28:86 

2Ibid.
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throughout the entire metamorphic process as described, in 

this entire section of the paper.

IV. INDUCTION OF METAMORPHOSIS BY TREATMENT 
WITH THYROID SUBSTANCE, IODINE, OR IODINE COMPOUNDS

After Gudernatsch discovered in 1912 the importance of 

the thyroid gland in controlling metamorphosis, the question 

arose as to whether the entire thyroid secretion was needed 

to Induce metamorphosis or whether certain parts of it, or 

even analogous compounds might induce metamorphosis also. 

Earlier experiments in which the thyroid was removed had pro

ven that the thyroid secretion was the inducing factor of meta

morphosis. Thyroidectomlzed tadpoles continue to grow long 

after unoperated controls have transformed into adults, and 

may become gigantic in size without showing any signs of dif

ferentiation. Allen and Schulze (1922) showed that these giant 

tadpoles may at any time be induced to metamorphose by feeding 
them with thyroid substance,^

The chemical nature of the active principle of the thy

roid was sought after by many experimenters. It had long been 

known through the work of Baumann, Oswald, and others that an 

important constituent of the gland is iodine and that this ele

ment exists in the follicular colloid of the living thyroid in 

the form of a globulin, iodothyroglobulin. Two other iodine- 

containing compounds, dllodotyrosine and thyroxine, were also 
isolated from thyroid tissue. Various other iodine compounds

^B, M, Allen. 1916. Extirpation experiments in Rana 
plplens larvae. Science, 755-57,
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having somewhat similar structural formulas, as well as anal

ogous compounds containing other halogens, have been prepared, 

and many of them have been tested both for their affects on 

the metabolism of mammals and for their metamorphosis-induc
ing abilities.! Morse (191*0 showed that iodothyroglobulin 

is very effective in the induction of metamorphosis in the tad
pole,* 2 and Kendall (1919) demonstrated the still greater po

tency of thyroxine.3 Various related compounds such as iodo- 

thyrin and diiodotyrosine were also found to cause precocious 

metamorphosis of amphibian larvae, although they were less 
effective than thyroxine.2*

Since iodine was known to be a characteristic element 

in thyroxine and of the active compounds extracted from it, 

the idea was postulated that iodine compounds other than those 

occuring in the thyroid gland might also affect metamorphosis 

in some degree. This proved to be the case, for it was shown 

that various complex iodine-containing substances, such as 

iodo-serum-albumin, iodo-serum-globulin, and iodo-casein are 

able to hasten metamorphosis, although the concentrations re

quired are much higher than are needed in the case of thyroxine 
or of iodothyroglobulin,3

!lynn and Wachowski, p. 129.
2M. W, Morse. 191^, The effective principle in thyroid 

accelerating involution in frog larvae, Jounnal of Biological 
Chemistry. 19*^21-29.

3e. C, Kendall, 1919* The physiological action of the 
thyroid hormone, American Journal of Physiology. ^9’136-37*

^Lynn and Wachowski, p. 129.

5lbid,, p. 130.
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Another individual, Romeis, found that in using protein- 

free extracts from the thyroid, the same effect could still be 

obtained, and this led to the use of still simpler iodine com

pounds such as iodoform, potassium iodide, and sodium iodide, 

Further, even elemental iodine itself proved effective in caus

ing metamorphosis in thyroidectomized animals, either when fed, 

implanted under the skin, injected in solution, or simply dis

solved in the water in which the tadpoles are kept.

The author performed a number of experiments also testing 

the effectiveness of elemental iodine and thyroxine in inducing 

metamorphosis. Tadpoles were obtained from the Biological Sup

ply Company in Oshkosh, Wisconsin. For the method of care and 

treatment of the tadpoles refer to: Experimental Endocrinology 

by M, X, Zarrow, J. M. Yachim, and J. L. McCarthy or Experi

mental Embryology by Robert Hugh. All of the tadpoles were fed 

on Purina Laboratory Rat Chow ground into a fine powder rather 

than on boiled spinach as suggested by Rugh.

A basic stock solution of elemental iodine was made in 

a concentration of 1/10,000. Two groups of tadpoles were sub

jected to solutions of 1/500,000 and 1/1,000,000 made from the 

stock solution by dilution. The water (pond water obtained 

2 miles west of Helena, Montana) was changed every other day. 

Eight tadpoles were placed in a small oval pan with a liter of 

the pond water. The tadpoles were fed daily and were subjected 

to treatment with the iodine solutions for two weeks. Follow

ing this the tadpoles were placed in ordinary pond water with
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out iodine (which was still changed every other day) and fed 

dally for a period of a month.

At the end of six weeks the tadpoles were examined and 

compared with the controls, which had been treated identically 

as the treated tadpoles, except that they received no iodine. 

Significant results were obtained both morphologically and his 

tologically.

Although the controls and iodine-treated tadpoles were 

of the same size (200-205 mm.), there were other noticeable 

changes. In plate 1 it can be observed that the control tad

pole had begun to undergo metamorphosis, as evidenced by the 

eruption of the hind limb. However, the forelimb has not yet 

begun to erupt. Of the eight controls used, all survived and 

appeared to be at about the same stage of development as evi

denced by their body length and hind limb length.

X = 202,5 mm

X2 = 9.8mm

X]_ = mean body length 
of controls

= 2,05 nun, X = length of individual 
n = 8

X£ = mean limb length 
of controls

(X? - Xa) = 1.2 mm 
n » 1

0— Xa = length of individ
ual limb

The plates (1 and 2) are on the following page
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MS

Plate 1 Plate 2

In plate 2 one will notice that the hind limbs in this 

iodine-treated tadpole are significantly larger and more de

veloped that those in the control, Also it can be observed 

that the forelimb has also begun to erupt just behind the 

head of the tadpole. The animal viewed In plate 2 was treated 

with an iodine concentration of 1/500,000 for two weeks.

There was no significant or noticeable difference be

tween the tadpoles treated with the two different concentra

tions of iodine. However two of the tadpoles subjected to the 

l/5oo,000 solution died, while only one of the eight tadpoles 

subjected to the 1/1,000,000 solution died.

As in the control tadpoles, all thirteen of the survi

ving Iodine-treated tadpoles seemed to differ little from each 

other, either in body length or limb length.

X3 = 203.8 mm.

= /(Xs - M2 = 3.15 mm.

X3 = mean body length 
of iodine treated 
tadpoles

Xb = length of individual 
n = 13
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Xzj, = 19.^ mm. Xip = mean hind limb length
of iodine-treated tad
poles.

- / XA)2= 2.30 mm. Xc = length of individual
/ n - 1 limb.

The forelimb erupted in all thirteen of the iodine- 

treated tadpoles and was in all cases 1 mm, long.

The treated and untreated tadpoles were then dissected 
and their thyroids examined under the dissecting microscope,1 

In all of the animals dissected the thyroid gland was of equal 

size. The number and size of the colloid cells, which is in

dicative of the activity of the thyroid gland, were studied 

in both the controls and iodine-treated animals, and there 

also no observable difference here. Thus, although there was 

a marked morphological difference between the controls and 

iodine-treated tadpoles, no difference could be observed in 

the thyroid gland.

Another inducer was also used and tested—thyroxine.

It was administered in four different concentrations. First 

of all, thyroid tablets were obtained, crushed, and mixed with 

an equal weight of wheat flour in water. This mixture was 

then spread in thin sheets and allowed to dry. Later the thin 

sheets of the thyroid-wheat mixture were macerated and fed to

The magnification of the dissecting microscope was 38OX
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eight other tadpoles in their wrter at a rate of approximate 

ly 50 mg./tadpole/day,

10 mg. of powdered thyroxine was also dissolved in 1% 

NaOH (it is soluble in alkaline medium) and then added to 

enough distilled water to make one liter. This yielded a 
stock solution of 1/100,000. The stock solution was then 

diluted and administered to three other groups of tadpoles 

(8 in each group) in concentrations of 1/1,000,000, 1/10,000 
000, and 1/100,000,000.1

The group of tadpoles treated with the thyroid-wheat 

mixture began to metamorphose within thirty six hours ,• how

ever, they all died within ten days. The small hind limbs 

produced were extremely delicate and were covered almost en

tirely by a dense network of capillaries, which is abnormal. 

They appeared to be extremely nervous, swam around at twice 

the rate of the control animals. The dead animals were pre

served in formaldehyde and dissected later with the controls 

and it was found that the heart was extremely enlarged.

Of the three groups treated with the powdered thyrox

ine solutions, the two groups in the more dilute concentra
tions, i.e., 1/10,000,000 and 1/100,000,000, appeared to be 

very similar to the iodine-treated animals. They appeared 

to be at the same stage of development as their hind limbs 

were of equal length, and their forelimbs had just emerged.

3-For further information on the technicalities of the 
experiment see Rugh, Experimental Embryology, pp. 322-2^,
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X5 = 201.7 mm. Xt = mean body length of thy
roxine treated tadpoles 
(1/100,000,000)

(X5 - Xa)2 = 2.9 mm. 
n - 1

X^ = length of individual in 
1/100,000,000

n = 6

Xg = 18.3 mm. Xg » mean hind limb length of 
thyroxine treated tadpoles 
(1/100,000,000)

n = 6

Xe « length of individual limb
of tadpoles in 1/100,000,000

Xy sa 202.9 mm. Z7 = mean body length of thy
roxine treated tadpoles 
(1/10,000,000)

n = 7

Xf = length of individual bodies 
of tadpoles in 1/10,000,000

n = 7

Xq = 20.1 mm. Xg = mean hind limb length of 
thyroxine treated tadpoles 
(1/10,000,000)

Xg as length of individual limb
of tadpoles in 1/10,000,000

n = 7
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Two of the animals in the solution of 1/109,000,000 

died and one of the tadpoles in the 1/10,000,000 solution 

died.

The animals were dissected and observed under the dis

secting microscope. The thyroids of all of the animals ob

served were of equal size. The follicle cells of these two 

groups were studied for colloid content and compared with the 

follicle cells found in the thyroids of the controls. It was 

noticed that the frequency of colloid cells in the thyroxine- 

treated animals was much less than that in the controls.

Thus the thyroxine must have retarded the development of the 

follicle cells in those treated with it.

Although little difference could be observed morpholo

gically between the iodine-treated and thyroxine-treated tad

poles, there was a noticeable difference in the follicular de

velopment in each.

The group of tadpoles subjected to the 1/1,000,000 con

centration of thyroxine differed significantly from the con

trols. It is pictured in plate 3. It is easily observable

that the hind limbs

are significantly more

Plate 3

developed than the con

trols, and even the fore

limbs have progressed 

significantly farther 

than those of the con-

trols and iodine treated,

- 24 -



animals. However, three of the animals died.

X^ = 296.8 mm.

X10= ^3.2 mm.

Xq = mean body length of thy 
roxine treated tadpoles 
(1/1,000,000)

5.6mm. Xh = length of individual body 
treated with thyroxine 
(1/1,000,000)

X10= mean hind limb length of
thyroxine treated tadpoles 
(1/1,000,000

length of individual hind 
limb of tadpoles in
1/1,000,000

The histology of the thyroid gland even differed marked

ly. There were very few follicles present, and the gland as 

a whole appeared to be relatively undeveloped. These results 

appeared to agree with those found by many other experimenters. 

As mentioned earlier in the paper, it appears that treatment 

with thyroxine results in atrophy of the animals own gland.

The results of these experiments as a whole do indicate 

the effect small concentrations of thyroxine can have in caus

ing precocious metamorphosis. It should be noted that much 

larger doses of iodine were used, and even then they were not 

as effective as the lesser concentrations of thyroxine.

Experiments performed by other individuals with other
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halogens such as bromine, and. with organic compounds of bro

mine, like dlbromotyrosine, showed that these substances do 

not affect metamorphosis
In view of these results, Swingli in 1918 said that he 

thought that iodine was really the active principle and that 

the main function of the thyroid was to extract iodine from 
the blood, and thereby store it until the organism needed it.* 2 

However, in the light of recent biochemical studies, it appears 

that the effectiveness of iodine and various iodine compounds 

in inducing metamorphosis in thyroidectomized amphibian larvae 

does not mean, as was earlier believed, that the complex or

ganic molecule thyroxine is not necessary to bring about the 
tissue responses. It was demonstrated in 19^9 by Heineke that 

thyroxine is formed in vitro by the iodination of proteins, and 

it seems clear that when thyroidectomized tadpoles respond to 

the administration of inorganic iodine or simple iodine com

pounds they do so because the iodine taken into the body is 

readily fixed by the tyrosine available in the tissues, and 

active organic compounds such as diiodotyrosine and thyroxine

IB. M. Allen. 1956. The influence of the thyroid gland 
and hypophysis upon growth and development of amphibian larvae. 
Quarterly Review of Biology. 325-52.

2Lipner and Hazen. 1962. Extrathyroidal iodide pump 
in tadpoles. Science, 138s898-99.

- 26 -



are formed.1 In untreated thyroidectomized tadpoles the 

same reaction occurs with the small quantities of iodine 

which are taken in with the food and water, but the amount 

of thyroxine formed in the tissues in this case is insuffi

cient to Induce metamorphic changes. Gudernatsch and Hoff

man showed that increased rates of development were obtained 

when various amino acids were fed to the tadpoles simultaneous 

ly with Iodine. In fact they even showed that the degree of 

effectiveness differed depending on the amino acid used, ty
rosine and iodine being the most effective combination.* 2 It 

was thus concluded that the metamorphic changes were induced 

by a stimulus of a complex thyroid hormone, probably thyrox

ine, even in animals which lack a thyroid gland and regardless 

of the form in which iodine is taken In by the animal. Iodine 

is an indispensable constituent of the thyroid hormone, and 

it has been shown that even tadpoles with intact thyroids are 

not able to metamorphose if they are raised in an environment 

and fed on a diet which was lacking or had an insufficient 
amount of iodine.3

A recent experiment by Lysner and Haxen has further clar 

Ifled and somewhat explained how iodine was collected and con-

^E. P. Heineke. 194-9. The formation of thyroxine in 
iodinated proteins. Annals of the New York Academy of Science 
50:^+50-65. ---------------------------------

2Hoffman and Gudernatsch. 1933. Differentiation as 
affected by diiodotyrosine plus certain other amino acids. 
Endocrinology. 171230-4-9.

3Lynn and Wachowski, p. 130.
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centrated within the tadpole. They found that large amounts 

of iodide are accumulated in the gastrointestinal tract of tad

poles despite the presence of ligatures on the bile duct or 

esophagus or both structures. These ligatures exclude the 

possibility that the iodine-131 tracer, which they used in 

the experiment, reaches the gastrointestinal tract by way of 

the bile duct or esophagus, "The iodide in the gastrointes

tinal tract localizes largely in the stomach. The stomach, 

they concluded, acts as an iodide pump and may be responsible 

for the maintenance of the iodide levels that are needed in 
metamorphosis. The route by which X^-31 arrives in the diges

tive tract must be via the bloodstream since its passage into 

the digestive tract is blocked by the afore mentioned ligetures 

The stomach, isolated by the ligatures, contained almost 95$ 
of the l!31 previously found in the whole digestive tract.

They said that the accumulation of iodide in the stomach of 

the tadpole probably is incidental to its chloride pumping 

activity since the stomach forms hydrochloric acid and is re

miniscent of the mammalian mucosa. Thus this pump serves to 

concentrate, create a pool of, and recycle the iodide. It 

may therefore provide for the iodide needed during metamor
phosis.

Thus, there is some evidence of how the iodide is con

centrated? however, the mechanism of how the iodide is com

pounded with the amino acids to form the protein compounds of

^Lipner and Hazen, pp. 898-99.

- 28 -



thyroxine and its analogues still remains to be determined*

Other thyroid analogues and also various modes of admin

istration were also tested by Sari Frieden and Wayne Westmark. 

It was known that the hormones eventually reached the blood

stream and were thereby carried via the capillaries to the 

respective tissues, but the question arose as to whether the 

hormones dissolved In the watery environment of the tadpole 

were introduced into the bloodstream through the digestive 

tract, or if they were directly absorbed through the skin.

A number of thyroid analogues were used such as 3»5»3'-tri- 

iodothyroproprionic acid, 3»5»3* »5'-'tetraiodothyroproprionic 

acid and triiodothyronine. These analogues showed the same 

inducing properties as thyroxine did, regardless of whether 

they were injected directly into the bloodstream, placed un

der the skin, or placed directly In the food. However, when 

these analogues were dissolved in the water it was found that 

each analogue had a different relative rate of effectiveness. 

It was proven that these chemicals are absorbed directly 

through the skin and gills because tying off the gut and di

gestive tract did not influence the response. This was con

sistent with the classical rules of permeability which state 

that a compound with only an acetate or proprionate side chain 

will be more permeable than compounds with divalent alanine 
zwitter ion side chains.1 The results of a various number 

of experiments agreed with these rules of permeability and

^■Earl Frieden and G. Wayne Westmark. 1961. Thyroxine 
analogues used in induction of metamorphosis. Science. 
133*1^87-89.
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thus the differing rates of effectiveness of the thyroxine 

analogues used by dissolving in the water were attributed to 

the different rates of permeability.

Other metamorphic inducers were also used, especially 

by Earl Frieden and B. Haile, Hydrocortins , hormones se

creted by the adrenal cortex, were shown to be especially 

effective. Hydrocortisone (HC) combined with triiodothyro

nine was very effective and HC given in combination with 

either thyroxine and triiodothyronine increased the rate 

of metamorphosis three to four times the normal rate. Rela

tion between thyroid-induced metamorphosis and gluco-corti- 

cold action was not unexpected because both play an impor

tant role in protein mobilization.

Sex hormones were also administered by Frieden and 

Westmark as compliments of thyroxine and these showed con

flicting results. Estrogen and thyroxine inhanced metamor

phosis but the male sex hormone, testosterone, inhibited de

velopment.

V. EFFECT OF THYROID
ANTAGONIZERS AND INHIBITORS ON METAMORPHOSIS

A number of substances have been found to antagonize 

the action of the thyroid hormone or to inhibit to some de

gree the functioning of the thyroid gland. All of these, be

cause of their possible use in treatment of hyperactive thy

roid conditions in human beings, have been rather thoroughly 

tested on the common laboratory mammals. Studies of this 

kind on cold-blooded vertebrates are relativelyfew, however,
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and those which have been made have dealt almost exclusively 

with effects upon amphibian metamorphosis.

Substances reported to antagonize or neutralize the meta 

morphosing-inducing effects of thyroxine include secretions of 

some of the other endocrine glands, certain chemical ions, cer 
tain amino acids, and some derivatives of tyrosine.1

Tadpoles fed on thymus gland had a delayed or complete

ly inhibited metamorphosis. Some thoughtthat the thymus pro

duced an internal secretion itself which inhibited metamorpho

sis. Others felt that thymus-fed tadpoles failed to develop 

because of a dietary deficiency.Gudernatsch felt that some 

chemical component of the thymus, such as glutathione, may 

have an effect which antagonizes the thyrotropic hormone of 

the pituitary.Hoffman found in 1935 that insulin retards 

the response of the tadpole to thyroxine and suprarenin ac

celerates it. However, these hormones presumably act through 

their effects on carbohydrate metabolism, rather than by a di
rect influence upon thyroxine activity.21

Several authors have attributed antagonistic effects 

to certain ions when administered to thyroxine treated amphib

ians. Abelin reported such effects with NagPO^, and concluded

1-Lynn and Wachowski, p. 151.
2Ibld.

3J, P, Gudernatsch. 193^ • Indications of an antagon
ism by certain substances to the differentiation factor in 
thyroxine, American J ournal of Physiology. 109j4-5-46.

^Lynn and WachowSkl, p. 151.
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that the phosphate ion was responsible. Zondek and Reiter 

maintained that calcium tends to neutralize the action of thy

roxine. Sutter found in 1941 that various copper salts an

tagonize certain of the metamorphic effects of thyroxine, such 

as limb growth, while seemingly augmenting the effects on tall 

resorption and loss of body weight.

"Gudernatsch and Hoffman, in connection with their exper

iments on the effects of amino acids upon amphibian growth 

and differentiation, found that arginine and some other amino 

acids show an antagonism for the differentiation effects of 
thyroxine."* 2 This correlates with what was earlier stated 

in this paper that certain amino acids are required to com

bine with iodine to form the active thyroid compounds. Ar

ginine and other amino acids acting as inhibitors seems to 

hinder the combination of the other amino acids with iodine.
In the 1940*s attention was centered chiefly upon anti

thyroid agents which produce their effect by inhibiting the 

activity of the thyroid gland rather than by antagonizing or 

neutralizing the effects of the thyroid hormone. One such 

treatment, and this was mentioned earlier in the paper, was 

administration of thyroxine or iodine to an animals and has 

the effect of depressing the animal*s own thyroid. This has 

been well established for mammals, and iodine administration 

had proven useful as a preoperative treatment in hyperactive

^Lynn and Wachowski, p. 151.
2J. P. Gudernatsch, 1934. pp. 45-46,
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thyroid, cases. This effect of thyroid, hormone and. iodine u- 

pon activity of the thyroid gland has been explained earlier 
in this paper^by Etkin*s control mechanism of the thyroid in 

which he stated that the level of thyroxine in the blood re

gulates the amount of thyroid stimulating hormone released by 

the pituitary indirectly via the secretion of the hypothala-
Vmus,

There is, however, a large group of substances which 

apparently do have a direct effect upon thyroid function. The 

most active of these are compounds having a thiocarbonamide 

grouping, such as thiourea? but similar effects are also ob

served with various amino-benzene compounds such as sulfamides. 

Extensive work on mammals has not yet fully elucidated the 

precise mode of action of these antithyroid agents, but all 

of them apparently interfer in some way with the production 

or release of the normal thyroid secretion. There are a few 

ideas or hypotheses as to how these inhibitors work, and these 

will be discussed shortly,
The most frequently used inhibitors are thiourea and 

thiouracil. The earliest report of the effect of these inhi
bitors was given by Gordon, Goldsmith, and Charipper in 19^3.

It was found that Rana pipiens larvae placed in a .033$ solu

tion of thiourea at the hind limb bud stage retain their lar

val gills, tail, and mouth parts and fail to attain complete 

differentiation of their limbs. They do not metamorphose,

iSee pages 14-, 15, and 16,
2 Lynn and Wachowski, p. 152.
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but continue to grow, and reach excessive sizes. The effect 

was reversible upon cessation of treatment and could be coun

teracted by simultaneous treatment with thyroxine (1/5,000,000). 

Similar effects produced by thiouracil in a concentration of 
1/2,000 have been reported for Rana plplens by Lynn and Sister 
Alfred de Marie.1

Lynn used a number of concentrations of thiourea and 

then examined the thyroid gland for effects. The .001% con

centration used proved ineffective as there was no detectable 

differences from the controls used, either on the external 

morphology or on the histology of the gland itself. A .005% 

concentration was used and after the third day it was observed 

that, in contrast to the controls (which had relatively few 

small primary follicles with low cuboidal epithelium), the 

treated embryos showed follicular epithelium which was predom

inantly columnar, with all follicle cells containing a fairly 

large amount of colloid. The follicle cells of the treated 

embryos contained little colloid, and also seemed to be hyper

plastic. Similar results were also obtained with a concentra
tion of .05% thiourea.

Similar experiments with phenylthiourea indicated a .005% 

concentration showed about the same amount of retardation as 
a .05% concentration of thiourea. Degeneration of the tall 

was never attained and complete differentiation of the limbs

1W. G. Lynn and Sister Alfred de Marie. 1946. The effect 
of thiouracil upon pigmentation in the tadpole. Science.
103»31. -------
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and digits was prevented. There was also a rapid and complete 
loss of pigment,1

Noriaki Nora of Hirosaki University obtained similar 

results observing tail resorption and limb development. He 

also showed that young tadpoles were more strongly affected 

than the old ones. Those with full grown limbs were not af
fected.2

The author performed a number of experiments also, tes

ting the affect of inhibitors. Three inhibitors were usedi 

thiourea in a concentration of .033#, thiouracil in a concen
tration of .O33$» and sulfanilamide in a concentration of .05$. 

The animals were treated for a three week period and then ob

served after another three weeks. All three Inhibitors pro

duced similar results. The experiment was terminated before 

the animals had undergone their entire morphological change, 

however the treated animals failed to produce limb buds at all 

in most cases, whereas the controls had begun to form limbs, 
(pictured on page 20), when the experiment was terminated.

Plate b

Plate at the left indi

cates little or no hind 

limb development. This 

can be compared with a 

picture on page 20 of the

._ .. control (plate 1),

iNoriaki Nora. 1965. The effect of thiourea on the 
appearance of the forelimb and the resorption of the tall 
in the metamorphosis of anuran tadpoles. Science Reports 
ef Hirosaki University. 5*8-12.
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Sections through the thyroid gland were then taken and 

observed under the dissecting microscope. The glands in the 

controls were about the same size as those in the treated tad

poles, However, histologically they differed markedly. There 

was a far greater number of follicle cells in the treated tad

poles? however, they were much smaller than those in the con

trols and seemed to contain little or no colloid, The follicle 

cells in the controls were larger, though fewer in number. The 

thyroid gland as a whole in the treated tadpoles appeared to 

be much more dense, composed of a greater number of closely 

packed cells. The cells in the controls were larger and more 

developed as the connective tissue and epithelium were easily 

distlnguisable from the follicle cells, whereas all the cells 

in the treated tadpoles differed little from each other.

The author thus concluded that the inhibitors had either 

directly or indirectly prevented the thyroid gland from de

veloping. There are a number of hypotheses as to how the 

inhibitors effect the thyroid gland and some of these will 

be mentioned here.

Some of the experimenters feel that many of the com

pounds act primarily by inhibiting the uptake of iodine by 

the thyroid. This has been somewhat disproven by the dis

covery of the previously mentioned •extrathyroidal iodide 

pump” in the stomach. Others feel the inhibitors interfer 

with some phase of the enzymatic synthesis of the thyroid 
hormone.1 Lynn concluded as a result of his experiments

1Lynn and Wachowski, p, 152.
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that the inhibitors act by a general retardation of metabolic 
rate. 1

The most recent and conclusive evidence has been fur

nished by J. Rapola. He treated tadpoles with a , 1$ concen

tration of thiourea, and then observed the histology of the 

hypothalamus-pituitary neurosecretory apparatus at different 

Intervals before and after metamorphosis. The secretory acti

vity of the cells in the praeoptic nuclei of the hypothalamus 

was estimated by counting the relative frequency of cells show 

ing neurosecretion, as well as observing the nuclear volume 

of the cells in the praeoptic nuclei. Prolonged treatment 

with thiourea did not alter the gross morphology of the hypo- 

thalmic neurosecretory system. However, when tadpoles were 

allowed to metamorphose by withdrawing thiourea, the number 

and nuclear volume of the cells showing neurosecretory acti

vity increased in the praeoptic nuclei, thus suggesting aug
mented secretory activity,* 2

Thus it is clear that antithyroid agents are effective 

in cold-blooded vertebrates and offer a tool by which "chemi

cal thyroidectomy" may be readily carried out. Much more re

mains to be done in ascertaining the most effective compounds 

and the optimal dosages to be used, as well as the precise

XW. Gardner Lynn. 1948. The effects of thiourea and 
phenylthiourea upon the development of Eleutherodactylus ri- 
cordll. The Biological Bulletin. 94*1-14.

2J • Rapola. 1965. Neurosecretory activity of the prae
optic nuclei during and after prolonged thiourea treatment. 
Biological Abstract. October 15, 1965.
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mechanism of action of the various substances before this 

tool can be fully exploited. However, the future looks bright 

from the evidence of the information yielded recently,

VI. BIOCHEMICAL CAUSE OP METAMORPHOSIS

Metamorphosis Is a directed adaptation, a developmental 

transition from a larval form specialized for one environment 

to an adult form adapted to a completely different kind of 

existence.

"In the last twenty years there is found in the expanding 

field of comparative biochemistry spectacular chemical changes 

associated with the morphological events of metamorphosis, A 

number of biochemical alterations have now been described and 
measured’; 1

"Experiments show that biochemical and morphological 

changes of thyroid hormone Induced metamorphosis In Rana ca- 

tesblana are anticipated by 24 hours by an enhanced synthesis 

of RNA in the nuclei of the liver which is actively engaged 

in the synthesis of several new proteins. Activity of the 

nuclei is followed by an accelerated rate of formation of cyto

plasmic ribosomal and polyribosomal RNA and a more rapid rate 

of degradation of the ribosomes that were present before the 
induction of metamorphosis,"2

1-Earl Frieden. 19^3 • The chemistry of amphibian meta
morphosis. Scientific American. 209*110.

2J. R. Tata. 1965. Turnover of nuclear and cytoplas
mic ribonucleic acid at the onset of induced amphibian meta
morphosis. Nature. 207*378-81.
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Additional experiments in which gluco-corticoids were 

fed to tadpoles in an effort to induce precocious metamor

phosis also substantiated this position. Both the thyroid 

and the adrenal cortex have been Implicated in the mobiliza
tion of protein reservoirs.1 Thus it is anticipated that tail 

resorption, limb development, and other morphological changes 

during metamorphosis will be preceeded by intense protein meta

bolism.

The mechanisms regulating SNA synthesis (which in turn 

governs the production of specific proteins) and turnover dur

ing this initial period, and which respond to the hormonal stim 

ulus for metamorphosis, still remains to be identified.1 2

VII. BIOCHEMICAL AND MORPHOLOGICAL 
CHANGES EFFECTED DURING METAMORPHOSIS

To adapt to land the tadpole must develop a tougher 

skin. Its skin thickens and an insoluble protein, keratin, 

develops in its outer layers. Another adaptation is involved 

with its excretion of nitrogenous wastes. Animals living in 

either freshwater or in the sea have plenty of water to di

lute the toxic ammonia what they excrete. Land animals, how

ever, had to adapt such that they were able to change the am

monia to non-toxic urea in the liver. The tadpole secretes 
90$ of its nitrogenous wastes in the form of ammonia, and 10$

1£<arl Frieden. 1955* Enhancement of induced metamor
phosis by gluco-corticoids. Science. 121:37-39.

2J. R. Tata, pp. 378-81,
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in the form of urea. The adult frog excretes 90$ urea and 
10$ ammonia. The uric acid cycle in the frog, which is re

sponsible for the transformation of ammonia to urea, is de- 

dendant upon a number of enzymes necessary in the cycle it

self. John Dolphin and Earl Frieden of Florida State Univer

sity were able to show that a particular enzyme, anginase, 

which is responsible for freeing urea from arginine in the 

uric acid cycle, increased as much as ten times during in

duced or spontaneous metamorphosis, Philip Cohen, G. W.

Brown, Jr. and W, Brown of the University of Wisconsin showed 

that all enzymes involved in the cycle are increased, some 
as much as fifty times.1 i

"When tadpoles adopt to land they also have a system 

whereby they can maintain a proper balance of the blood and 

fluid in the tissue spaces. This osmotic pressure must be 

maintained at a satisfactory level, and this is accomplished 

by means of large molecules, the serum proteins. It was found 

that even these protein molecules change as metamorphosis 

takes place. In young tadpoles almost all of the proteins 

are globulins which exert little osmotic pressure. Thus, 

there is a major molecular adaptation to conserve circulatory 
fluids."2

The aquatic tadpole also rids itself of its gills and 

acquires a pair of lungs in order to Implement itself for life

-Sari Frieden, pp. 111-12.
2Ibid.. p. 112.
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on land. It was found by F. H. McCutchelon of Duke Univer

sity that the adult frog hemoglobin releases oxygen much more 

readily than does the tadpole hemoglobin. The aquatic tad

pole blood has a greater "oxygen binding capacity." The tad

pole depends on the small amount of oxygen dissolved in the 

water so that the blood must carry as much as possible. The 

frog has plenty of oxygen present in the air so it does not 

have to bind it as efficiently.

The two hemoglobins were checked in the tadpole and a- 

dult frog using chromatographic methods and they were found 

to differ. Further tests also indicated a change in the elec

trophoretic mobility, and consequently a change or alteration 

in the amino acid composition of the hemoglobin protein. At 

Florida State University they are now doing a series of tests 

to find in which of the peptides the change in the amino acid(s) 
takes place.*

The tadpole lives primarily on algae and large aquatic 

plants. It, therefore, has a long coiled intestine character

istic of herbiovores. The frog eats insects and other inverte

brates and thus has an intestine which is short and character

istic of a carnivore. Thus there is a shortening of the in

testine in the transformation of the tadpole to the frog.

How is this accomplished?

■'■Clyde Manwell. 1966. Metamorphosis and gene action. 
Comparative Biochemical Physiology. 17(3)1805-23.
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The exact mechanism is still unknown, however there is 

some information available at present on this. It has been 

discovered, that the cells within the epithelium of the gut 

have an extremely large RNA content at the time the gut is 

beginning to degenerate. These cells divide during destruc

tion of the original epithelium, forming a new continuous 

layer of cells in the middle section of the intestine. Re

generation of the anterior and posterior sections of the in

testine occurs last when the frog has gone over to a terres

trial existence. Muscle growth is initiated in the epithelium 

after a further accumulation of RNA has occured. Formation 

of glands in the stomach occurs at the stage of complete at
rophy of the tail.1

It was also noted by a great many experimenters that 

during metamorphosis there is a relatively large increase in 

resperation or oxygen consumption. Many think this probably 

serves the purpose of making extra energy available for the 

many biochemical transformations.

Another major morphological change occuring during meta

morphosis is the absorption of the tail. Christian de Duve 

of the Catholic University of Louvain proposed that the lyso- 

somes burst and release the enzymes they contain and these 

in turn dissolve the cell itself after they have been released 

at the death of the cell. He studied one enzyme in particular,

1V. M. Inyushin and F. K. Haliloi. 1965. Nucleic acid 
dynamics in the metamorphosis of the frogs intestine. Refer
ence of Zoological Biology. 17:223,
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beta-glucuronidase. He measured the concentration of this 

enzyme in the tissue before metamorphosis and after. He found 

the concentration increased about twenty times in the course 

of spontaneous metamorphosis. Another enzyme, cathepsin, in

creases its normal concentration about thirty fold. Event

ually the tail is nothing but lysosomal enzymes. Apparently 

the thyroid hormone triggers reactions that release these di

gestive enzymes from the lysosomes and in doing so free them 
to dissolve the cells of the tail,^

This hypothesis was further substantiated by Georgio 

Hasson, et. al., in which in another series of experiments 

he was able to prove that certain acid phosphatases are linked 

to the lysosomes and these trigger the bursting of the lyso

somes to release their enzymes. He concluded that tail re

sorption occurs mainly through a process of phagocytosis by 
the enzymes released from the lysosomes,* 2

The chief question now is this: granted that the thy

roid hormone initiates the process of transformation, why does 

it affect different tissues in such different ways? It is 

quite clear that metamorphosis stems from an extrinsic stim

ulus—the hormone—with intrinsic factors for the inherently 

and differentially sensitive individual tissues with which it 

comes in contact. Leo L, Schwind of Cornell transplanted an

xEarl Frieden, pp. 117-18,

2Georgio Hasson, et. al. 1966 The behavior of some 
acid phosphatases in the tail of Bufo vulgaris tadpole before 
and during metamorphosis. Embryologlcal and Morphological 
Experiments. 46:47-54.
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eye of a tadpole to the tail. As the tail resorted the eye 

was not. It eventually migrated until it came to rest in the 

sacral region. A limb transplant produced much the same re
action. 1

Thus it is apparent that basically the cause for differ

ent responses in different tissues to the thyroid stimulus 

lies in the genetics of the tadpole. Somehow, during the early 

differentiation of the tadpole larvae, the cellular environ

ment around the chromosomes becomes altered in different areas 

of the body so that the thyroid affects the various chromo

somes differently. The chromosomes thereby respond by pro

ducing different types of RNA, which in turn results in the 

production of different proteins. It can therefore be seen 

that there is a close association between biochemical changes 

and eventual morphological changes in the tadpole.

VIII. ENVIRONMENTAL FACTORS AFFECTING METAMORPHOSIS

It has been shown experimentally that increased temper

atures hasten the effect of thyroid treatment. Fosi demon

strated in 1935 that although metamorphosis can be hastened 

in tadpoles by increased temperatures, a temperature Increase 

alone will not suffice to Induce metamorphosis. Huxley (1929) 

reported that at temperatures below 5 degrees centigrade tad

poles fall to metamorphose, even when given moderate doses of 

thyroid substance. The animals undergo a partial transfor-

^Earl Frieden, p. 118.
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mation but then cease to change, remaining in this interme

diate condition for several weeks, even when returned to room 

temperature. Huxley’s explanation of this affect is that the 

thyroid treatment causes a compensatory reduction in the an

imal's own thyroid gland and that at low temperatures some 

of the administered thyroid substance is utilized in counter

acting the low temperature effects. Under these conditions 

the amount of thyroid material available to produce metamor

phosis is insufficient to bring about completion of the pro

cess and, since the animal's own gland is now too reduced to 

effect the change, metamorphosis is halted when only partly 
complete,^

Another environmental factor affecting the action of 

the thyroid in inducing metamorphosis is the pH of the water. 

Most agree that the greater effectiveness of thyroxine dis

solved in an acid solution is due to a more rapid intake of 

the material under such conditions.

The amount of space available or the degree of crowding 

are factors which strikingly affect the rate of growth, and 

the work of a number of Individuals indicated that the time 
of metamorphosis also varies in relation to the space factor.* 2

Adolph suggested in 1931 that the delay of metamorpho

sis which is seen under crowded conditions is mainly due to

^Lynn and Wachowski, p. l4o,
2Ibid.
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decreased growth rate and concluded that body size is a tan

gible quantitative factor in the complex of conditions which 
regulate the onset of metamorphosis.-5-

R. Guyetant studied the effects of natural sunlight, con 

stant artificial light (2,000-3,000 lux), and permanent dark

ness in naturally produced and hormone-induced tadpoles. He 

found that constant light, both artificial and sunlight, ac

celerated growth and metamorphosis and decreased the mortality 

rate at the time of metamorphosis in the untreated tadpoles.

He could come to no conclusion in the case of the hormone-
2treated tadpoles because his findings were not consistent.

CONCLUSION

The thyroid gland is a very complex as well as a very 

important gland. Despite the vast body of knowledge about 

it that has accumulated over the past sixty years, it is 

surprising just how much more that still remains to be known. 

Its importance in governing metabolism in man cannot be over

simplified. There are a great number of very crucial and 

critical functions carried out in man which are either direct

ly or indirectly controlled by the thyroid gland.

It is a very difficult task to experiment with the thy

roid in mammals because of the great number of other factors 

which interfer with the results; thus it seems logical that

l-Lynn and Wachowski, p. 15 6.

2R. Guyetant. Comparative action of light and dark 
on growth and metamorphosis of tadpoles of Rana temporarla. 
Annals of the Scientific University. 1964. 19:77-98.
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one should study the functioning of the gland in a simpler 

vertebrate. This is one reason why there has been a much 

more extensive study of the thyroid gland in amphibians.

It has already been shown that certain experiments with am

phibians have proven to be invaluable in elucidating a treat 

ment of abnormal thyroids in man. Thus, these experiments 

with lower animals, especially the amphibians, are of tre

mendous value in understanding how the same gland functions 

in higher vertebrates.
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