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SCOPE AND CONTENts: The metabolism of iodide was investigated in the adult 

amphibian • A;!ll2h'\lln$ Jl!ea;qs using an adaption of a standard clinical radio.. 

iodlne technique. The thyroid uptake of 1131 after intraperi·tonea1. i.njec.. 

tion of a trac;:er dose w:a.s linear on ari t:hmetic plotting for seven days. 

The uptake then increased t .o a pronounced peak at seven days. 

The thyroid iodide concentrating mechanism was examined in 

Aml)hiuma in which the organification processes were blocked by a high level 

of iodide (0. Sl potas.sium i.Qdide environment). These l.lnimals after intra• 

peritoneal injection showed a small constant thyroid radioiodine uptake, 

prolonged residual acti'l11ty in the abdomen, and an excretion curve that 

resembled the radioiodine uptake by the normal thyroids. 

The autoradiPgraphtc examination of the unblocked thyroids indicated 

that the radioactivity was bound to a molecule soluble in the cellosol\J'e.. 

benzene histolog:f..eal reagenh but insoluble in butyl alcohoL 

The treatment by potassi.Utn iodide and by radiation from absorbed 

x131 produced pronounced pathological thyroid lesions. The glands showed 

changes in the connective. tissue and invasion by white blood cells. 

(ii) 



SUMMARY 

Thirty Amphiuma means were used for in vivo thyroid radioiodine 

measurements in normal and potassium iodide treated animals. Histological 

and radioautographic examinations were made of the thyrQid glands from 

these animals. 

Ten normal Amphi\,lllla were used for the determinations of the 

uptake of 1131 after intraperitoneal injections of Nail3l. The results, 

on arithmetic plottings, showed the rate of uptake to be a straight line 

for seven days. The greatest concentration of radioiodine by these 

thyroids and the maximum excretion by the kidneys occurred at nine days. 

Two Amphiuma were treated by placing them in a 0.5% solution of 

KI to inhibit organification of the radioiodine. Th.ese thyroids had a 

reduced rl31 uptake after intraperitoneal injection of more than five 

times that of the normals. Radioactivity remained in large quantities 

in their peritonea in a dialyzable form for as long as twelve days. 

Microscopic examination of the thyroids showed _deviations from 

the expected histological pattern. The thyroids from the control animals 

had changes in the cellular detail rasembling that due to Thyroid 

Stimulating Hormone stimulation. Those from the untreated tl3l experi

mental Amphiuma were atrophied and fibrosesed_ The Amphiuma placed in 

the KI solution had thyroids that showed an inflammatory reaction with 

hyalinization of stromal elements. The glands from the KI treated rl3l 

experimental animals were vet"y severely damaged with an intense 

inflamDiatory reaction~ mitosis and loss of normal t.hyroid cellular 

elements. 

(iii) 



Autoradiography showed that the activity in the colloid was 

attached to a molecule, soluble in the tissue reagents, cellosolve and 

benzene and insoluble in butyl alcohol .. 

The theoretical aspects of these findings were disc.usaed in 

respect to iodide metabolism and thyroid function in the Amphium,a, and 

to the large.r problems of hutnan thyroid dhease and the role of this 

gland in vertebrates. 

(iv) 
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I N T R 0 D U C T I 0 N 

The investigation was initiated to accomplish two objectives: 

the provision of quantative data in an area almost free of infortnation, 

and the consideration of the value of measurements of thyroid function 

in lower vertebrates in our understanding of. the role play~d by the 

thyroid and its horm.ones in the economy of the animal body, 

Our present knowledge began \oTith the descr i ptions of the human 

thyroid by the great Renaissance anatomist, Vesalius, in 1543, The name. 

thyroid,llleani..ng shield-like. was suggested by Wharton, 93 years later. 

At that time theories of its function were proposed on the basis of its 

gross appearance and anatomical position. !t was thought to be a 

lymphatic organ, a lubricating gland for the larynx, or, due to its 

vasculat'ity, an escape shunt to protect the brain f-rom sudden increases 

in blood pressure (30). 

In the 19th century the accepted funct i on for the thyroid, that 

of the producti.on of an interpal secretion or hot111one, was shrewdly 

deduced from the recogniti.on of human disease due to thyroid malfunction 

and the reproduction of these conditions in aimple animal experiments. 

Support of the theory was provided in 1891 when Murray success fully 

treated a hypothyroid W0lllan with lightly cooked sheep's thyroid. The 

patient continued on this therapy in good health for 28 years and died 

at 75, of pneumonia. The present explanat i on for the act i on of the 

tb.yroid hormones is based on the observat i on by Mognushevy in 1895 that 

the hypothyroid individual had a very low oxygen consumption. It is 
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thought that cellular respiration at basal conditions is controlled by 

t.he 	circulating levels of thyroid hormones. 

From the turn of the century to the present, investtgations 

have centred on the substance secreted by the mammalian thyroid. In 1895, 

Braumann showed that the thyroid contd.ned a very high concentration of 

iodine. Very shortly after, Ostwald discovered that the iodine was found 

in the protein thyroglobulin, the homogenous material filling the follicles 

of the gland. Kendall, in 1915, isolated the hormone thyro~ine from 

thy..:oglobulin. ltart:ington, in 1926. elucidated thyroxine's chemical 

formula; an amino acid thyronine and four iodine atom.s. Recently, other 

thyronines containing only three iodine atoms have been discovered to be 

produced by the mamn~alian thyroid (25). 

The introduction o.f a..:tificial radioactive isotopes in the late 

thirty's gave new impetus to the study of iodine metabolism and thyroid 

of 1131physiology. The use in particular bas led to a good understanding 

of :i.odide metabolism and the cycle within th.e thyroid of the synthesis of 

the hormones. It is now usually agreed ( 2.5, 30) that the hormones •re 

produced as outlined in the following four s teps:. 

1. 	Uptake of iod.ide and tyro.sine from the plasma by 

the thy..:oid parenchymal cells ; 

2. 	O~idation of iodide~ organ:l.ficat:ion of iodine with 

tyrosine and linking of two iodinated tyrosine 

molecules to fo.nn thyr<>xine; 

3. 	Storage of thyro~ine in thy..:oglobulin; 

4. 	Release of thyroxine by proteolytic enzymes .from 


thyroglobulin and its secretion to circulation. 
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Almost all investigations of thyroid physiology have employed 

maJIIllals and it is usually thought that other vertebrate thyroids are 

similar. 'the poikilotherm tbyroid,generally speaking,has been over

looked and the amphibian in particular has been neglected. Lynn and 

Wachowski (18), who reviewed the literature up to 1950, made no mention 

of specific studi.es of the function of the amphibian thyroid. There are 

only two reports of such experiments in Gorbman's review of 1958 (8). 

The one notable exception has been the observatiQn,in l912,by Gudernatch 

that feeding minced thyroids to tadpoles caused a premature metamorphosis, 

(10). This led to a large body of literature on a fasc:l.nating, but still 

unresolved, puzzle. 

As this thesis demonstrates, the amphibian thyroid cannot be 

dismissed as being a replica o·f the maanalian gland. While the gross 

and microscopic appearance$ of the glands are almost identical in d.iffer

ent classes, there are significant functional differences. The amphibian 

thyroid does not show the same avidity for iodine. Berg (2) reported 

that both Necturus and AalphitliDa have very lt>w levels of radioiodine up

take, with a maximum of L 5 and less than 1 percent of the dose respective

ly. In contraet. normal uptake by the human gland is from 20 to 45 per

cent (21, 30). There are other conspicuous differences between Aalphiuma 

a.nd manmalian thyroids, as will be discussed later. 

The primary purpose of these experiments was to obtain some data 

on the relative rate of function of the Anlphiuma th.yro.id. There are a 

number of ways of examining thyroid function. For example, the a:~rum 

level of protein-bound iodide cart be determined using a very s.ensitive 

chemical technique. This procedure in maJIIllals gives the level of 

http:th.yro.id
http:studi.es
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circulating hormone. However, the method dema:tds a fairly large volume 

of blood and this precludes serial sampling in any small animal. Thyroid 

function can also be examined :t>y measuring some physiological parameter, 

such as oxygen consumption, which is affected by the level of thyroid 

hormones. This is the classical determination of the basal metabolic 

rate which has been used fo.r fifty years. in clinical medicine, but has 

been displaced by more direct tests because it is cumbersome and subject 

to numerous errors. The method chosen for these experiments was the 

external measurement of the uptake of radioiodine, which avoids these 

difficulties . 

The introduction of radioiodine by Hamilton and Soley in 1939 as 

a tool in investigation of the thyroid was a major achievement (12). It 

enabled studies of the gland to be JDade using physiological or tracer 

doses of the radioactive element. This substance can be detected both 

in vitro and in vivo ·.by radiation sensitive devices. 

131The metabolism of iodide through the use of tracer doses of r

has been widely studied. I t has been demonstrated that a,lthough a 

number of glands, such as the salivary and gastric , and also the kidney, 

can clear the plasma of iodide, o;.1ly the thyroid can maintain a high 

thyroid to plasma iodide ratio . Furtbennore, the thyroid iodide concen

trating mechanism is under pituitary control and when stimulated is 

capable of absorbing the iodide from the plasma when the level of the ion 

is very low ( 11). 

It has been shown by radioautography that the iodide is localized 

not in the epithelium~ but in the colloid (15). Recently, other radio

autographic experiments using tritium labelled leucine have shown this 

http:vivo�.by
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amino acid to behave in a similar fashion. It has been postulated that 

the thyroglobulin fraction of the colloid is built up of amino acids 

including leucine within the parenchymal cell and then it is secreted 

into the follicular lumen where iodination occurs (23). Some investiga

tors have even pronounced that the rate limiting reaction in the hormone 

synthesis cycle is the uptake of iodide (7) . 

The second consideration of this thesis was the unknown. tissue 

action of the thyroid hormones. 'the evolution of the gland indicates 

that iodinated amino acids and thyroxine irt particular must play some 

important and furtdamental role in the animal body . Iodinated amino acids 

have been found in many invertebrates and the thyroid has appaJ;"ently 

evolved to produce this substance in the vertebrat.es (7) . Unless it is 

postulated that the role of these substances has evolved within the 

vertebrate class , it must be .!issumed that the action of the thyroid hormones 

on a cellular level is the same for all animals p.ossessing a thyroid. 

The classical theory is that the effect of thyroxine is to increase 

cell respiration. This theory originated in the dem.onstration in 1895 

that oxygen consumption was related to the state of the human thyroid. It 

was later shown. that oxygen consumption at rest was constant and this is 

thought to reflect the constant temperature of the human body. The oxygen 

consumption at rest is known as the basal metabolic rate (B .M. R. ) and it 

is thought to be under thyroi.d control. 

A great many irtvestigators have attempted to show that thyroxine 

has an effect in vitro on the biochemical reactions of cellular respira

tion . They have had little success (25) . No one h.u clearly shown. the 

fundamental property of the thyroid hormones' actions. 

http:vertebrat.es
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If the role of the thyroid has not evolved within the vertebrates 

and if the B.M. R. in mammal s is directly related to level of thyroid 

hormones , what explanation can be given for animals which do not possess 

a basal metabolic rate? These are the poikilotherms whose metabolism is 

dependent on the external environne ntal temperature . Their oxygen 

consumption is not dependent on internal regulatory mechanisms . 

Hoar's review on the thyro:i.d of fish emphasizes the difficulty of 

applyingna.mmal-derived theories to other animals (14) . Injections in fish 

of endocrine substances, such as the sex hormones, "'ill produce a demon

strable increase in oxygen consumption (13) . This effect cannot be clear· 

ly shown with thyro~dne . S.imilarly, in trout when body growth rate and 

metabolism are the lowest , the rate of thyroid function has been said to 

be the greatest (26) . 

The best approach to the investigation of thyroid hormone action 

was thought to be to evaluate the thyroidal function of an adult amphibian . 

Such animals have an internal environment which is similar to that of mammal s . 

They possess anatomically discrete thyroids, which on microscopic examina

tion resemble mammalian glands . However , their thyroid hormone apparently 

does not influence their metabolic rate. If they do not have a thyroid

regulated basal metabolic rate and assuming the classical theory of thyroid 

hormone action , why a thyroid? 

This paradox stimulated curiosity , and curiosity , investigation . 



M A T E R I A L S AND METHODS 

CHOICE OF ANIMAL 

Amphiuma*were chosen for these investigations for a number of 

reasons. They were readily available from the biological supply houses 

and they proved to be easy to handle and maintain, The Amphiuma. had 

several characteristics particularly suitable for the radioiodine tracer 

experiments. 'their size was ideal for the equipment used in the counting 

procedures, as the head was large enough to fit over the area open to the 

scintillating crystal without exposing the rest of the animal. Thyroid 

tissue was present only in two glands in the neck so all th.e radioactivity 

in the thyroid was included in a count on the head. 

Amphiuma possess other experimental advantages. They have the 

largest cella of any vertebrate. The entire thyroid structure is composed 

of very large units. The follicle.s could clearly be seen with the naked 

eye. In comparison with a mammal cell size the thyroid parenchymal cells 

were very large. This increased the ease and accuracy of microscopy and 

radioautography. 

EXPERIMENTAL PROCEDURE 

The experiments to be described were performed on three occasicms; 

the sUlilJller of 19.57, the wint.er of 19.57 and the sutm1er of 1958. The 1957 

experiments were head-tail counts on intraperitoneally injected normal 

AmphiU11a, groups B-1 and B~2 respectively. The rest of the experiments 

were done during the summer of 1958. 

7 
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Thirty km2h~~a means, weighing from 300 to 650 grams , were 

obtained from the Caroline Biological Supply Company, Elon College, North 

Carolina. These were shipped to Hamilton in dozen lots over the course 

of ~he experiments. They were placed on arrival in a large aquarium, in 

fresh spring water at room temperature. During this time they were fed 

with live frogs. No animals died while being kept, even for several 

months, and they were particularly free of fungus infections. 

The control Amphiuma were taken from the aquarium, sacrificed 

and their thyroids excised for histological preparation and microscopic 

examination. The animals were killed by decapitation , the bead being 

severed by a single snip of a pair of bone shears. The thyroids were 

then dissected from the separate.d bead.· In urodele salamanders, the 

thyroid is not a conspicuous organ (4). The arch of the first basi.

branchi.tl cartilage was exposed and grasped with a pair of hemostats. 

The entire thyroid arch was dissected free. Using the hemostats in the 

original position as a vice, the thyroids were dissected from the first 

ceratobrancbial bone. A number of glands were first tnea$ured for length 

and width in millimeters before removing. 

The experimental Amphiuma were kept in the radiation laboral!ory 

during the ·experimental period. There, they were placed in large plastic 

10 pound flour jars 1 obtained from t;be Tri-State Plastic Company, Henderson, 

Kentucky. The jars were prepared for the animals by drilling quarter inch 

holes in the lids with a wood twist drill. 

The metabolism of tl31 was examined in experiments performed on 

four groups of Amphiuma- B-1, B-2, B-3 and E-2 (See Table I). The first 

two experiments, as previouslymentioned, consisted of head minus tail 

http:branchi.tl
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counts over short periods. The other two procedures were more detailed 

experiment.s over longer periods. In these, measurements were made on 

the bead and tail regions, on the cdntainers and on the abdomen. With 

the exception of the abdominal counts, the experiments were carried out 

over 19 days. For these investigations four normal Arnphiurna were used 

from B-3, and two KI treated animals from E .. 2. 

'l'h.e pathological changes observed in the thyroids of the 

experimental Arnpl\iuma were investigated in a series of experiments 

(Table !) • The three variable& exam.ined were radiation from radioiodine, 

a high level of environmental iodide and a combination of both radiation 

and an iodid.e environment. There were two variations on each of the 

treatments, a total of six groups of animals. 

The groups receiving !131 (B & C) were placed in two litres of 

distilled water for periods from a few hours to overnight before receiving 

the radioiodine. Either they were given the r131 intraperitoneally (B), 

or by adding the t 131 to the water (C). Two groups D & G) were exposed 

to a high iodide environment. Th.ey were placed in two li.tres of 0. 51. 

solution of either KI (D) or Nat (G). For both groups the length of 

exposure was 22 days. 

Groups E and F were exposed to an environment containing a high 

level of i.odide. Th.ey were also given either intraperitoneal injections 

of rl31 (E). or had the radioiodine added to the iodide solution (F). 

At the end of the experimental periods, the animals were sacrificed as 

previously described. 

The water or iodide solution was changed whenever it became foul. 

However. this was not done in cases where the radioiodide was added to 
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the solution or counts were made on the solution, i.e. container and 

contents. Counts on the solution and on the abdomen were made 	 on four 


131

normal anitnah in B-3 and on the two anitnals receiving KI and I (E-2). 

The tnaterial for dialysis was taken from an Amphiuma (from Group 

E-1), exposed to a high Kl environment and then given r 131 intra

peritoneally. The organs were ex.dsed four days after injecti.on. The 

radioactivity in the kidneys, liver, eloaca and the fluid aspirated 

from the abdominal cavity was recorded. The organs and the fluid were 

placed in separate dialysis 'bags and agitated in two Utres of distilled 

water ove!'night. .the cloaca and peritoneal fluid were again counted. 

HISTOLOGICAL TECHNIQUE 

The thyroid.$ were fixed in Bouin's or Gilson's solutions (9). 

Gilson's gave the best. f:t.xation, reduced the artifacts,. preserve.d better 

cytoplasmic detail and gave more brilliant st.atning. The Gilson's fixed 

material was washed in I.ugol's solution. The fix.ed thyroids were placed 

in a Lipshaw wire basket and cage, agitated in the following agents: 

2 baths of cellosolve for one and a half hours each; 1 of benzene for 

1 hour and 20 minutes; 2 tissuemat bath$ at 60 to 63 degrees C .;;·- ·for 20 

minutes. They were .finally entbedded in 60 degree Thsuemat. Two thyroid 

glands from B-3 were dehydrated through a series of six water-butyl 

alcohol baths and three butyl alcohbl ·- ·paraffin baths before embedding. 

The sections were cut at ten microns and stained with hemoxylin and 

triosin and also with the periodic acid-Schif:f procedure. 

The microscopic ex.amincation of the finished slides was performed 

with as little prejudice as possible. The animals (and the correspond

ing slides) were numbered from one to thirty randomly and not by groupso 

http:injecti.on
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The examination was made without consulting the Hat of treatments . 

RADIOAUTOGRAPHIC TECHNIQUE 

The distribution of radioactivity in the tissues of the thyroid 

glands was examined by means of the autoradiograpbic technique (6). 

Kodak NT:B-2 nuclear track plates were emplQyed in the method used in 

these experiments. These are 1 x 3 inch glasa microscope slides coated 

on Qne side by a thin, even layer of the radio-sensitive NTB-2 emulsion. 

By placing tissue sections on this emulsion and exposing them, a record 

of the activity was made. The tissuemat ribbons containing the tissues 

were spread on a water bath at 50°(). They were transferred o.n the 

surface of a clean glass slide to the surface of a distilled water bath 

at. room temperature. The white light was turned off and the rest of 

the procedure was done by the light of Series Nwnber 2.10 watt,G.E. 

Red Safdight . The NTB plates were removed from the package and the 

number of the thyroid scratched on emulsion with carborundum marking 

pencil. The floating sections were removed by dipping the NTB slide, 

emulsion side upl under the sections. The slides were then placed in 

a light-tight black slide box (Clay Adams A-1604B) with a little anhydrous 

calcium st;tlphate. The edges of the box were sealed with electrician's 

black plastic friction tape and the box placed in the refrigerator at 

l0°C. After one week. one o.f the plates was removed. It was de

waxed in xylene, run u.p ehe alcohol aeries and developed in D 11, five 

m.inutes at 68°F. The plate was fixed in a standard hypo solution for 

10 tninu~es and washed overnight. The slide was stained by placing the 

plate in ve-ry dilute hemotoxylin for 4 hours and then washed overnight. 

The sli,de was finally run up the series to xylene and coverslip-mounted 

in H.S.R. 
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In this experiment, Kodak nuclear track plates NTB-2. emulsion 

number 512, 555-20 were used. The ceUosolve-benzene and butyl alcohol 

embedded thyroid were sectioned at 7 microns. 

RADIOACTIVITY MEASUREMENT IN VIVO (COUNTING PROCEDURE) 

Radioactivity was detected by a scintillation counter consisting 

of a shielded cryst.al detector; a linear ampli.fier, pulse height 

discriminator and a counting rate 1l!eter or Esterline-Ang\ls pen recorder 

(27). The detector was a shielded 1.5 in Nal crystal mounted in front 

of photoDlUltiplier tube. The cylindrical lead shield projected 2 inches 

beyond the face of the crystal. The amplifier and pulse discriminator 

were combined in t .he Nuclear Chicago Radiation Analyser model 1810. It 

was operated at Base 250, window width 10 and gain of 1, The scaler 

unit wara a Nuclear Chicago tl\Odel 165. 

the !131 was obtained from Charles E. Frosst Limited, Mon~~eal, 

as carried free Nat131 • this solution was diluted with distilled water, 

until the specific activity was about five mi.crocuries per milliliter. 

The desired dose was calculated in milliliters, drawn into a hypodermic 

syringe and counted at a distance of one meter from the crystal for five 

minutes. AfteJ; injection of the t 131, the empty syringe was oounted at; 

one meter for five minutes. The difference between these two counts was 

131considered to be the administered dose. The quantity of 1 represented 

by this value was determined by comparing it with a count, again at one 

meter for tive minutes, of a standard of t:131 of known strength. 

A long slender bag was made by sealing one end of a piece of 

2 inch diameter DuPont polyethylene tube. The only .reliable method of 

sealing was to enclQs.e the end of the tubing in an aluminium "button hole" 

http:cryst.al
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jig and to melt the enclosed plastic with an oxygen- gas flame . 

!he Amphiuma were slipped , head fir st , into this bag . They were 

then carried into the counting room. The polyethylene bag had two 

functions: it prevented contamination of the counting area, and helped 

subdue the occasional restless animal .,. thus no anesthesia was necessary. 

While enclosed in the tubing, the salamanders did not snow any signs of 

respiratory distress . 

The animals were counted in the polyethylene bags by holding 

the head in front of the cryst~l for 3 minutes with the scaler or until 

the graph of the pen recorder showed a definite plateau of fluctuations . 

The taU was similarly counted. The abdominal count was obtained by 

drawing the salamander slowly past the counter face. These counts 

were done only with the pen recorder and the abdominal count was consider

ed to be the highest level reached during thi,s manoeuvre . The organs 

counted in the dialysis experi.ment were placed in separate polyethylene 

bags and were measured at the counter fac.e·. In those experiments where 

the activity was detectable in the water, the counts were made by placing 

the jar with the solution in front of the counter face . Although this 

did not include all the fluid in the container, an equal portion of it 

was counted each time. 

METHOD OF CALCULATING COUNTING DATA 

The rate of emission of particles from a radioactive source 

depends on the amount of unstable material and the rate of breakdown. 

Thh decay is a physical process independent of factors which influence 

chemical reactions, such as temperature, pH~ light or catalysts. In t:.he 

animal body. radioactive decay continues at its uniform rate , producing 
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a uniform decrease in emission r a te . Deviations from this decrease are 

due to changes in the amount; of radioactive material through biochemical 

displacement of tagged atoms . 

A practical method of determining the quantity of radioactive 

material present in an animal is to measure the amount of external 

radiation . Detecting devices, such as the scintillation counter, express 

the measurement in counts per minute. 'the unit, counts per minute (c/m) , 

has meaning only with reference to counter instrumentation . It is a 

measurement of the number of radioactive rays reaching and being detected 

by the counting device. Counts per minute, per se , are relative, not 

absolute . To produce data in absolute units with any degree of accuracy 

would require too ttruch till')e and instrumentation to be practical and 

would be limited in value by the inherent variability of the experimental 

animals . For this reason, the individual measurements were not made with 

high degree of accuracy so that numerous determinations could be made , 

tnereby minimizing the biological variability . 

To slmplUy analysis and presentation , activity above background 

was used·. In the case of t;he graph,. all readings including background 

were recorded on one long piece of paper. A baseline wa.~;~ drawn through 

the background across the bottom of the paper . Eaeh count was recorded 

by drawing a line through the plateau of fluctu.ations by sight. The count 

without background 1-~as measured as the distance between these two lines . 

The scaler unit gave the count directly . The thyroid count was the 

difference between head and taU counts. All readings were corrected 

fQr decay and plotted on ordinaxy graph paper . 

A nwnber of thyroids were measured in situ before being dissected 

free from the underlying cartilage. For each gland, the length and width 
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were recorded in millimeters . The lengths and widths were multiplied 

together individually and the resulting values for each of the two 

thyroids in each animal were added together to provide a simple numerical 

expression of thyroid size. 



R E S U L T S 

I . 	 EXPERIMENTS MEASURING MOVEMENTS OF RADIOIODINE tN NORMAL AND 
POTASSIUM IODIDE TREATED AMPHlUMA 

A number o.f technical points must be considered in pl:'esenting 

these results. There were numerous errors introduced in the method of 

measuring in vivo the quantity Qf radioiC>dine in the Ameh.iuma . The 

geometry between the radioactive material and the detecting device 

val:'ied with each count, as it was impossible to place the head of the 

animal in exactly the same position each time . Also, the occasional 

ll:tQvements of the animals inside the plastic bag bad a similar effect . 

This affected the reproducibility of the repeated measurements of the 

radioactivity and the calculation of the relative quantity of radio-

iodine present. There was another factor to evaluate. The difference 

between the head and tail activity did not give the precise value for 

the thyroid activity for two reasons . The mass of the head was not 

equal to the mass of the tail but wa!l slightly greater. The average 

difference was about 6 grams. The blood volume in the head was larger 

than in. the taU and this would have affected measurements of activity 

that was p-,:esent in the circulation . In consideration of the above 

factors, the thyroid measurements were recorded as bead minus tail 

counts (head - taU) . 

The ll!easurement of radioiodine in the containers after the 

AmphiU11Ut were retl)oved was fairly accurate. There was no difficulty 

16 
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in positioning the flour jar in front of the scintillation counter. How

ever • not all the. contents :fell within the cone surveyed by the radio

sensitive crystal. This was not important in serial sampling of. the 

relative quantity of activity as the same fraction was measured at each 

count. 

(a) Measurements of radioactivity in normal animals. 

A number of parameters of the normal radioiodine metabolism were 

measured. In all, ten AmRhiuma were employed in these experiments. 

TheJre were three animals used in August 1957 (B-1), three in December 

1957 (B-2) and . four in July 1958 (B-31. The first two experiments utilized 

animals from the same shipment received in July 1957. Each animal received 

r131tracer doses o.f intraperitoneaUy. The quantity of r131 administered 

was usually between 10 and 20 microcuries. Two Amphiuma in B-3 were given 

larger doses . They received about SO microcuries. 

The results of measurements of thyroid activity after correction 

for decay showed minimal scatter when plotted arithmetically on normal 

graph paper (Graphs I, II), The values for head- tail counts showed a 

straight line distribution for the short period of 5~ days. The linear 

relationship held in all three groups over this interval (Graph l). 

Examination of the straight lines of thyroid uptake revealed a number of 

interesting points. The slopes from B-1 and B-2 were identical on visual 

inspection. The slope from the third group (B-3) 1s somewhat greater . 

The projection of the lines back through the Y axis gives a Y intercept 

of approximately 10 c/m for both B-2 and B-3. The Y intercept from B-1 

cotQes close to passing through the origin . Thus it is displaced below 

the other two lines . 
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The measurements of the activity in Group B-3 were more extensive 

and were carried out over a longer period. For 19 days the 0 thyroid" , 

tail, abdomen, and the contents of the containers were counted and the 

calculated corrected activity was plotted arithmetically (Table III, 

Graph II). The results of this experiment showed that the straight line 

o£ Graph I continued for only seven days. On the eighth day, the head 

tail count was much greater than the value on the projected line. The 

next day, the head count was so great that it could not be recorded 

with the equipment at the original adjustments. The head activity 

remained off scale for the next three d.ays. On the twelfth day the 

activity dropped to a level where it could again be recorded and the 

head - ta:U corrected vdue was 23 1000 coun.ts per minute. Fol;' the rest 

of the experiment, the head - tail value oscillated at an average value 

of slightly tnore than 24 .ooo c/m. 

Radioactivity was recorded over the tail area fdr one weak. After 

this t!me, it had declined so low in some animals as to be indis tinguish

able from background. The plot ·Of the tail activity for one week after 

injection showed a plateau of approotimately 2,000 counts per minute 

gradually decreasing beginning in the third day. 

The resul ts of monitoring the abdominal cavities of the Amphiuma 

in Group B-3 (table VI) were dependent on the amount of radioiodine 

administered. The animals which received more than 25 ..30 microcuries 

showed a greater residual radioactivity than those which had received less. 

The highest value in the abdomen was 13,000 c/m recorded in one of these 

Ainphiuma on the fourth day. The average activity decreased rapidly from 

10,000 c/m (third day; fir.st measurement) to 5,000 c/m by the seventh day. 
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No mo:r:e :readings were attempted after the seventh day as it was t;oo 

difficult to distinguish the recorded abdQminal peak from large fluctu~ 

ations in the background. 

The amount of radioactivity detected in the containers was also 

dependent on the administered dose . In those Amphiuma given small doses, 

the highest reading was 1,500 c/m recorded on the third day and after the 

twelfth day little activity could be observed. The other an.imals l'lhich 

had received injections of larger quantites of radioiodine showed more 

abdominal activity and thei.r readings are plotted on Graph II. The 

corrected counts rose to a level of more than 3,000 c/m by the second day 

where they stayed for five days. On the eighth day, a peak of 8,200 c/m 

was recorded followed by a return to the previous level. 

The head - tail counts on the Alnphiuma kept in the radioiodine 

solution werE! low (Table V) . However ·~ they rose gradually until the tenth 

day when the value was 12,000 c/m and the counting was terminated. 

(b) 	 Meall.Hs.rement of radioactivity in KI treate~ animals. 

131 iBot ·h.. Alnp. h'.J.uma n Group E- 2 were J.njected i h Ii ·· . w t ·. ntra

peritoneally ten days afte.r being placed in the KI solution. One animal 

received a large tracer dose (more than 50: microcuries) and the other 

less than 25. The results of the head - taU, abdomen and container 

counts are in Tables lV and VI and Graph III. 

The average corrected head minus tail activity curve was very low. 

It began t as did the curve for the normal animals, with the first count 

close to 2.,000 elm and the values remained around 2,000 c/m with the 

highest reading of 2,400 c/m on the fifth day. There was a drop to 

900 c/m the next day and after four days of oscillation, the activity 
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declined until it was indistinguishable fro.m background by the tenth day. 

The activity in the tail exceeded that of the head - tail with 

the exception of one day (Table IV, Graph IIl.). lt was detectable for 

15 days. The maximum reading of 2,800 c/m was not a pronounced peak 

being only 200 c/m more than the previous day. 

On the first two days that the abdomens INere scanned (Days 3 and 

4), there was s.o much activity in one as to make it unrecordable with 

the available equipment. This animal. received a tracer dose of more 

than 50 microcuries and corresponded to those in Group B with the largest 

doses. There was a residual activity in the abdomen on the tiNelfth day 

of 24,000 c/m. 

The plot of activity in the KI solution (i.e. container) resembled 

that of the normal thyroid throughout the entire experimental period. 

After the second day; the values shoiNed a straight line distribution with 

the same slope and duration. The maximum corrected count was 28,700 

.recorded. (m the n.irtth day., r()ughly corresponding to the normal thyroid 

peak. By the twelfth day the values dropped to 13,700 c/m and over the 

next four days decreased slightly. The experimertt was then terminated 

because the solution had become too foul. The $lpl\iutna sloughed their 

skins in large quantities and these accumulated in the container. 

polluting the solution. 

the uptake of radioiodine from the Kl solution to which 1131 had 

been added was minimal (Table V); however, it could be detected. The 

tail count did not exceed background radiation. 

The J;esu.lts of the dialysis experiments from one of the KI and 

113l treated animals is shown in Table VIII. the radipactivity in the 

liver was twice that shown in one kidney and that in the three milliliters 
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of peritoneal fluid was double that in the cloaca. Af ter the dialysis, 

the cloaca showed a decrease in activity of four times while the peritoneal 

fluid dropped more than twenty times. 
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TABLE I 


TABLE OF TREAtMENT 


Group 

A 

B 

c 

D 

E 

F 

G 

t i f 

Tl:"eatment 
i Sub j Number of I . Treatment Time in Day$!Groups ! Animals t Total Before 1131 1 After 1131 

IControl 
i 
! 
l x131 I . P. 

I 
I 
I 

Irl31 Environ . 

KI Environ . 

KI Environ. 
1131 I . P. 

KI and 1131 
Environ. 

Nai Environ. 

I B-1* 

I B-2t .ll 

B-3x 
i l 

I 
I 

I 
I 

E-1 IE-2 ! 

E-3 ! 
l 

F-1 l 
F-2 I 

~ ; 
l 

! 
r· 

TOTAL 
! 
' \ 
I 

4 

3 

I 
6 

3 6 
5 19 

2 
I 

23 

3 22 

2 12 8 
2 26 10 
2 28 23 I 
1 

I 
25 2 

1 25 7 

' 1 I 22 
I 

29g 
I 

4 
16 

5 

23 
18 

*Sununer 1957 

fWinter 1957 

xsummer 1958 

aLast: animal was injected with 10 ml. of 2.% NaCl solution, 
but died in 4 days before any observations were made . 
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TABLE II 

AVERAGE VALUES FOR RADIOACTIVITY MEASUREMENT 
1N NORMAL AMPHtUMA, 

HEAD .. IAIL VALUES FOR 6 DAYS 

Nai 3l INJECTED I . P. 


B-1 B-2 B-3 

Titne Value Time Value Time Value 

2*· 

3* 

6* 

9* 

12* 

30* 

36* 

2\f 

3\f 

4~f 

5~f 

3.2 

11.4 

22.0 

15.8 

15.0 

39~5 

39.0 

58.0 

86.0 

80.0 

118.0 

2* 

12* 

36* 

2#/' 

3\f 

4"JJ/ 

s~f 

3.3 

f3,.5 

27.1 

52.0 

62.0 

86.0 

104.0 

lf 

I 
2f 

3f 

4f 

sf 

6t 

40 

73 

90 

120 

140 

170 

*Time in Hours 

tTime in Days 

Values in 100 counts per minute. 
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TAB!..E III 


AVERAGE VALUES FOR RADIOACTIVITY MEASUREMENTS 

IN NORMAL AMPHIUMA 

COUNTS FOR 19 DAYS - GROUP B-3 

Nat131 INjECTED I.p~ 


ContainerI 
and ContentsTim.e in Days AbdQIDenHead-Tail Tail 
f' 

1 
 4~0 2.0 .4 
 1.3 

2 
 2. 2
7~3 .6 
 3. 3 

3 
 9~0 1.9 10 
 3.4 

4 


1.5 
12;0 1.8 8 
 3.21.0 
14.65 
 6 
 .8 
 3.4 


6 

1.8 

17 . 1 
 7 
 3.1 

7 


1.4 . 6 

21.5 Ll 5 
 ~6 5. 5 


8 
 1.133~0 .6 
 8. 2 

9 
 4 I 
 7. 9 


10 


I 
! .3
11 
 4 .0 


12 
 28~8 2. 7 

13 
 22~5 2. 5 

14 
 23;3 3. 2
I
15 
 23.4 2. 9 


I 
f I 


I 
I
16 27~1 3. 0 

17 23.9 2. 7 

18 
 24.0 2.4i
19 
 26~4 I 


!' 

*Small tracer dose 1131 injected . 
tLarger tracer dose rl31 in j ected . 
Values in 1~000 count s per minute . 
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TABLE IV 

AVERAGE VALUES FOR RADlOACTIVITY MEASUREMENTS 

IN Kl TREATED AMPHIUMA 

Nall31 INJECTED I.P. 


GROUP E-2 

Time in Days. .He.ad-.Tail Tail AbdOIIlen KI soln • 

' 
1 1.9 2.3 2.4 

2 2.0 2.4 3.2 

3 2.1 2.6 5. 1 

4 1.8 2. 8 8 . 2 

5 2.4 2.3 13 10.5 

6 . 9 2.5 8.5 12.2 

7 ,5 2.2 13 17.0 

8 1.5 1.6 11 25.3 

9 .7 1.6 28.7 

10 .6 I 1.8 

11 13.7 

12 .s 12.6 

13 .2 12.1 

14 .2 u.o 

15 .1 
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. TABLE V 

AVERAGE HEAD - TAIL VALUES FOR NORMAL 

AND KI TREATED ANIMALS 


NailJl ADDED TO WATER OR TO KI SO~UTION 


GROUPS C AND F 


Time in Days Normal (C) 
Read-TaU 

KI Treated 
Head-TaU 

(F) 

1 2,3 

2 s~o 2,0 

3 

4 2,8 1.8 

5 2.9 .8 

6 3,0 .5 

7 5.2 . 2 

8 5.2 .1 

9 6,5 Trace 

lO 12.0 Trace 

Values in 1,000 counts/minute 
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TABLE VI 

VALUES FOR RADIOACTIVITY MEASURED IN ABDOMENS 

NORMAL AND KI TREATED "~IMALS 


tl31 I.P. 


GROUPS B AND E 

Time 
in 

Days Low Dose 

NORMAL (B) 

High Dose Average 

KI TREATED 

Low High 

(E) 

Average 

1 

2 

3 8 
e 

12 10 13 2of 

4 4 7 13 10 8 10 20f 

5 5 6 6 6 20 13 

6 3 5 12 7 5 12 8.5 

7 2 4 8 6 5 4 22 13 

8 6 16 11 

9 4 4 

10 

11 

I 

12 24 

values in 1.000 counts/minute 
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TABLE VI! 

ORGAN COUNTS 
BEFORE DIALYSIS AND AFTER 

I
Before AfterOrgan 

1.0Kidney 

I * 
3.2Liver * 
4.0 I 1.0Cloac.a 

8.4 0.4Peritoneal Fluid II 
i 

*No count made 

In 1,000 counts/minute 
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II. AutoPSY RESULTS 

(a) Gross Examination 

On gross examination the thyroids of the normal control 

salamanders were full, white in colour and elliptical in shape . They 

could be removed from the underlying cartilage without too much difficulty . 

Their average size was 55 units (Table VIII). 

With the exception o£ the Nai (Glroup G), the treated animals had 

markedly atrophied glands. they were yellowish in colour, fls.ttened ovals 

in shape and usually somewhat shrunken into the slight depression on the 

basibranchial cartilage. it was often difficult to remove them. They 

varied tn average she from 22 to 27 units. 

The Nai treated animals' thyroids resembled the normal controls on 

gross inspection and measurement . 'l'hey were 50 units in size. 

(b) Microscopic Examination 

Microscopic examination,. an integral part of any autopsy .; was 

perfomed OJ:l twenty fout" animals with the results from the thyroid glands 

being tabulated in 'table IX. 'l'he histological changes occurred in the 

supporting stroma,. in the colloid and in the thyroid epithelium 

(parenchymal cells). The stroma showed two changes; an increase in the 

quantity of fibrous material and byalinizaticm of this substance (Plate II, 

Fig . 3 & 4). Similarly• the colloid underwent two changes; one; becoming 

granular and losing its normal staining properties (Plate III, Fig . 8) ; 

and two, becoming the site of infiltration by white blood cells (Plate I, 


Fig . 2 & 3; Plate IV~ Fig. 9, 10, U)o The epithelium showed three 


changes; one, it became invaginated and hyperplastic (Plate II!, Fig . 6 & 7), 
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TABLE VIII 


GROSS SIZE OF THYROID GLANDS 


Group # Animals Measured Size 

A 4 55 

B 2 22 

c 2 40 

D 2 36 

E 2 37 

F 2 22 

G I 1 50 

Cross secti.on of both thyroid glands 
measured in arbitrary units. 

http:secti.on


Experimental 
Group 

Control 

ll31 I,P~ 

1131 Environ~. 

KI Environ., 

KI Environ •. 
rl3l I~P• 

KI r131 Environ. 

Nai Environ. 

A 

B-1 

>rJ ..... 
r:J' 
11 
0 
Cll. .... 
Cll 

++ 

+ 
+ 
++ 

B-3 I+t

c 

I D 

E-1 

+ 
+ 
+ 

STROMA 

='<
I» ,...... ....
::s .... 
N 
~ 
1"1'

I .[ 

+ 

+ 
+ 

+ 
+ 
++ 
++ 
+++ 
+ 
++ 

THYROID EPITHELIUM 

q 
"d 
(D 

1"1 
"d ,...... 
~ 

! . ~ 
jl), 

+ 
+ 

-++ 

H::s 
~. 

OQ 
..... 
it 
M' 

b::s 

+ 

++ 
+ 
+ 

+++ I -++

: I' : 
+ + 
+ 
+ 
+ 
+ 
+ 
++ 

+ 
+++ 
++ 
·H
+ 
++ 

0~ 
·ll) 11 
,_. M' 
,_.:;:r 
Cl) ..... 

(D 

+ 

+ 

+++ 
+ 
+ 
+ 

+ 

+++ 

I 
o. Q I0 I"$ 

...... . 113 I..... ::s 

~· ·~.. Ir;:l.()) 
1"1 

++ 

+r 

l +++ 

.H 
t:l 
H\ ...... 

I
(t .... 
0
'13 

+ 

+ 
+ 

+ 
+ 
+ 

++H
++ 

E-2 I I ++ l I + I ! + I +++ 

E-3 I I -H· I+ I I I I ++ I++ + · + + + ++ ! 

I F I+ I~ I l I + 1.:+ I :: 
I (j 1 l +++ I + I + I +++ l I l

---- --- -- - ---- --- 

COLLOID 

polys 

polys 
polys 

lymphs 
polys 

.1-3 
'< 
"d 

Cl) 

0 
Job 

0 
Cl) ,...... 
,...... 

polys 1 lymphs 

polys,, lymphs 
polys 1 lymphs 
lytnphs. macros. 
lymphs, macros, 
lYrJlphs . macros 
lymphs., macros 
lymphs. macros 

hemorrhage 

mitosis 
mi tosis 
hemorrhage 

Degree of change by subjective assessment 
+Mild 

-++ Moderat.e 
+++ Strong 

-++-++ Intense 

0 

·~ 
Q 
['1::1 
Cll 

0 
txl 
00 
['1::1 
~ 

®' 
~ 
3: 
H 
0 

~ 
00 1-3 
0 >
0 txl 
'"t! t"4
H ['1::1 
(') 

H 
['1::1 ::< 

~ 

H 

~ 
~ 
0 
>rJ 

~ 
['1::1 

~ 
~ 
~ 
Cll 

Abbreviation of cell types: 

polys - polymorphonuclearcytes 
lymphs - lymphocytes W ,......macro.s - macrocytes 
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two, the parenchymal cells were sometimes increased in size, a condition 

accompanied by mitotic figures in the nuclei (Plate IV, Fig. 10 and 11), 

and three, there appeared in the epithelium large aberrent brightly, 

acidophillic cells (Plate V, Fig. 12 and 13). 

The normal stroma (Plate I, Fig. 1) surrounding the follicles 

and the vascular structures was thin; acidophilic and fibrous. When the 

quantity of the acidophilic material increased. the follicles were spaced 

further apart. Similarly, the arrangement of the follicles was changed 

by hyalinization. This material was an amorphous. basophilic subs tance 

which often had a mottled appearance. It was associated with art increased 

number of thin angular hyperchromic nuclei. Both fibrosis and hyaliniza· 

tion appeared together in some glands. The hyaline then appeared as 

flattened globules within the stroma. 

The colloid in normal thyroids, a clear amorphous substance , was 

acidophilic and stained with periodic·acid Schiff (P.A.S.). The ·lumens 

of some follicle.s were filled with a granular chromophobic or basophilic 

and P.A.S. negat.ive material. The lumens of these and normal appearing 

follicles were invaded by cells of the peripheral white blood series. 

There were three patterns of these invasions, depending on type of cell, 

polymorphonuclear, polymorphcmuclear-lymphocytic ., and lymphocytic 

macrocytic. Occasionally. the macrocytes of the latter infiltration 

were filled with droplets of acidophilic, P.A.S. positive material. 

Erythrocytes were found in the lumen of a few follicles. !n one instance, 

disintegration of the nuclei of these cells was observed. 

There were a number of deviations in the appearance of the paren· 

chymal thyroid cells which are normally cuboidal with a round basal 
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nucleus. (See arrow, Fig . 1). Invagination and hyperplasia of these 

cells usually appeared together, especially in the periphery of the glands. 

Invagination was an epithelial unfolding. Such changes were often so 

pronounced as to greatly distort the normal spherical shape of the 

follicles. Hyperplasia* an abnormal increase in the number of the paren

chyrnal cells, resulted in a crowded columnar epithelium cells l..rith basal 

qval nuclei and bulging apical cytoplasm. The hyperplasia was often very 

noticeable especially in the invaginated epithelial folds. 

Under certain conditions, there were variations in the dimens ions 

of the parenchymal cells; in nuclear diameter and in cytoplasmic volume . 

For instance, the cells were occasionally thin and squamous while in the 

same gland, other epithelial cells appeared large and columnar. Numerous 

mitotic figures were seen scattered in the epithelia of two thyroids 

which showed these change$. the most striking observation was the appear

ance in the epithelia of large polyhedral cells . these cells had an 

abundance of cytoplasm whieh was filled with brilliantly staining 

granules, acid.ophiUc in nature and usually P.A.S. positive. The nucleus 

was apical rather than basal in this case and frequently pyknotic. In 

mammals, cells of si,mUar appearance have been called Hurthle cells (1). 

The intact Amphiuma were subjected to three types of stress; 

131radiation from I · (B. C), a high electrolytic environment of KI (D) or 

of Nai (G) and o:f botb. radiation and K.I environment (E. F). The great

est degree of pathological changes was found in Groups E and F where the 

131Amphiuma were subjected to the combined effects of radiation from r

and from a high concentration of K.I in the environment . 
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Control: The control animals appeared to have normally 

functional thyroids. However, there ~-tas some evidence of cellular change 

in these glands. The normal Amphiuma thyroid should present a sound 

follicle lined with cuboidal cells on a thin acidophilic stroma ( 1). The 

epithelia of son1e of these control thyro i ds were mildly hyperplastic;, 

invaginated and contained the odd llurthle cell. 

Radiation: On microscopical examima.tion; the thyroids from 

animals receiving this ~reattnent appeared functional. The stroma had 

thickened to varying degrees • a change. described by Lindsay ( 17) as 

perifollicular fibrosis. A slight deposition of hyalin was also observed 

in the stroma of two of the thyroids. Epithdid changes were quite 

pronounced with hyperplasia and invaginatton, often accompanied by large 

numbers of Hurthle cells. The colloid was occasionally invaded by poly

morphonuclearcytes. In one case. there were granular colloids observed 

and in others there was intrafollicular hemorrhage. 

The Amphiu~ which were subjected to radiation were divided into 

three smaller groups, B... l, B-3 and C. Those in B received intraperitoneal 

injections of 1.131 ;· animals in B-1 being sacrificed 6 days after injection, 

irt B.. J after 19 days. The three groups had the same histological appear

ance. Thel\"e was a minimal variation between individuals but no pronounced 

deviati,on from the expected p.attern. 

Kl Environment: The three Ainphiuma in this group were subjected 

to a KI environment for 22 days. The thyroids from these animals were 

slightly distorted. There appeared to be considerable hyalinization of 

the s troma. The epithelia were mildly hyperplasic and slightly tnOre i U.."'Vag
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-inated than those of the control.s. One thyroid showed both granular 

colloids and a mild subacute inflanmation. Another had a large number 

of Hurthle cells. 

KI and Radiation ~ This treatment produced the most extensive 

thyroid lesions. In some glands, the normal structure was completely 

obliterated by an intense chronic inflammatory reaction. The stroma, 

when could be visualized ., contained varying degrees of hyalin. Accompany

ing the inflalJIIQation, there was a disappearance of the normal cuboidal 

epitheliunt which was replaced by aell types ranging from squamous to 

columnar. The tissue also showed mitotic activity, necrosis, and in 

one follicle, hemorrhage. 

The lesions described above applied to most of Groups E and F. 

These animals had a total treatment time of from 26 - 28 days with the 

interval at which the 1131 was administered varying from 5 - 23 days 

(Table 1). The one exception was the thyroids from the sub-group E~l 

which did not exhibit the extremes ·Of pathological changes observed in 

the rest of E and F. In these glands the normal thyroid architecture 

was retained in portions of the gland. The total treatment time for the 

sub-group was 12 days with an interval of 8 days in KI before giving 

1131. 

Nat Enviro~.ent: The single Amphi~.Jma placed in an Nai environ

ment for 22 days appeared surprisingly normal. There was considerable 

stromal hyalinization. The epithelium was no more hyperplastic or 

invaginated than the controls were. However; numerovs Hurthle cells 

were observed. 
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Ill. AUTORADIOGRA:I?HIC EXAMINATION 

The NTB-2 slides were exami.ned microscopically under low power 

for the presence of black grains of silver in the developed emulsion. 

Throughout all the NTB-2 plates there was a small random scattering o£ 

these particles indicative of background radiation. Beneath the tissue 

sections pt;ocessed through the u;sual histological reagents, only the 

background level of the grains was found. The thyroids which had been 

dehydrated and embedded via a butyl alcohol series produced an intense 

reaction in t;:he emulsion. The greatest concentration of the grains was 

under the folticles. Here the emulsion was completely blackened (Plate 

VI, Fig, 14). The intensity decreased peripherially and below the areas 

of tissue distant from the follicles only a 'background level was observed. 



D I S C U S S I 0 N 

l. 	 MEASUREMENTS OF RADIOIODIDE IN NORMAL AMPHIUMA 

The fate of iodide from ingestion to eiccretion has been exten

sively 	studied through the use of radioiodide as a tracer (21, 30). 

131After the administration of a. small quantity of r , the radioactive 

ion quickly becomes distributed through the extra-cellU.lar fluids (25). 

The iodide also diffuses into most of the fluid cavities. Innan, for 

example ., it M$ been shown that the activity in ascitic fluid reaches 

75% of the maximum level in as short a time as 30 minutes after an intra

venous injection of r131 (21). 

The thyroidal utilization of iodide cannot be considered as being 

isolated from the general systemic metabolism of iodide. The iodide is 

progressively cleared from the circulating plasma by a number of exocrine 

glands, by the thyroid and by the kidney. The glands of the gastro

inteEJtinal tract are very active in this respect and it is interesting to 

note that the thyroid is derived embryonically from a gut analogue (11). 

the iod:i.cl.e concentrated. 'by the g\,lt is re-absorbed back into the body in 

the small intestine (24)• so that the only permanent loss of iodide from 

the plasma is to the thyroid and to the kidney. 

The technique of measuring thyroid radioiodine uptake must take 

into account the tissue distr i bution of radioiodide. One of the most wide

ly accepted clinical methods has been the neck-thigh count. This test 
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has been adopted because it is simple, quick and reasonably accurate. 

Two counts of radioactivity are made, one on the neck and the other on 

the thigh. Since the circumference of the thigh, a few inches above the 

knee. is approximately equal to that of the neck, the quantity of radio

activity in the thigh is taken as being approximately equal to that of 

the non-thyroidal tissues of the neck. Therefore,. the neck minus the 

thigh count is considered to be equal to the activity in the thyroid 

gland~ 

Studies, using this method to determine the radioiodine uptake 

of the l).uman thyroid, have shown it to rise rapidly during the first few 

hours after the administrat i on of the dose. The maximum uptake occurs 

within 1 - 2 days and then the curve plate.aus or drops slowly ( 20, 30). 

The quantity of radioactlvity in the thyroid must not be taken to 

be the result of a single process, but rather the result of several 

reactions. For example 1 there is the uptake of radioiodinli! by the thyroid 

cells follo\ved by the incorporation of the radioiodide into the protein 

complexes of the colloid. Furthennore, the uptake of iodide is not a-- uni

directional reaction. Studies in the rat have shown that there is a 

simultaneous uptake and loss of the iodide ion between the circulating 

pla~>ma and the thyroid (22). CaJ:eful measurements of several thyroid 

parameters followed by detailed calculations have demonstrated that the 

rate of production of thyroxine is not equal to the rate of iodide uptake. 

The practical details of the counting procedure should also be 

considered. As has been pointed out, a number of technical factors 

introduced a degree of error. This error, however, was constant. The 

final corrected value for the head - tail count was not an absolute value 
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but 	one relative to values determined at other times. From these data a 

relative thyroid iodine uptake curve was drawn with some assurance. The 

activity detected in the contents of the containers of the !.P. injected 

animals represented the excretion of radioiodine. The curves plotted 

from these data were an indication of the changes of iodide excretory rate . 

Again the measurements were relative rather than absolute due to inherent 

errors in the technique. Also when comparisons were drawn between the 

excretory rate and the rate of thyroid uptake a further errqr was intro

duced as each procedure did not measure the same percent of total activity~ 

Thus the curves differed by a constant factor. The abdominal counts were 

made in a very haphazard fashion and these results can only be inter

preted qualitatively. 

three conclusiono were made frOm the results of the various 

experiments using normal Amphiwna. They are as follows: 

1. 	The thyroids of Amphiwna definitely showed an uptake of 

rl31 whether the radioiodine wa.s injected intraperitoneally 

(Table 2, 3) or placed in the water in the containers (Table 

5). In this respect the AJnphiw:na resemble the rest of the 

vertebrates that have been s tu.died ( 8) • The uptake; however, 

was not as rapid as that of the mammalian thyroid. The 

peak of thyroid activity occurred at 9 - lO days rathElr 

than 24 - 48 hours. The straight line for 6 days, on 

arithmeeic plotting, was an interestini observation. 

2. 	 There was a rapid increase in the rates of both the thyroid 

uptake and of the excretion to a peak at 9 days (Graph It). 
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3. 	There was a considerable residual activity in both the 

abdomen and in the ta:U over a considerable period of 

time (Table 3). The tail activity could poss ibly have 

represented organically bound radioiodine. However, this 

WQUld nQt have explained the presence of radioactivity in 

the abdQllten. There are two bits of evidence from the 

litera.ture to indicate that the non-thyroid activity was 

probably the radioiodide ion. Several days after injection 

of thyroxine (to lower circulating thyroid stimulating 

131hormone). Berg (2) gave A:tnphiuma a tracer dose of I • 

He found that no more than 1% was taken up by the thyroid 

in 2 to 4 days. Presumably the rest wou~d have remained as 

free radioiodine. Sitnilarly 1 Broberg (3) attempted to 

make chromatographs and measure the quantity of labelled 

thyroxine in the various tissue of Necturus after I •. P. 

tl3l injections. She made Butanol extractions (in which 

thyroxitle is soluble) of her sample. However, no 

labelled thyroxine could be found even after intervals 

up to three days. Only radioiodide could be demonstrated 

in the chromatographs. These two experiments support the 

hypothesis that the taU activity was due to free radio-

iodide. 
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II. MEASUREMEN'IS OF RADIOIODIDE IN THE POTASSIUM IODIDE TREATED AMPHIUMA 

The study of iodide metaboli$m is a fairly complex problem as 

was briefly outlined in the preceding section. There are several path

ways that cau be taken by the plasma iodide and each of them involves 

sevelial mechanisms. When all o£ the biochemical reactions are occurr

ing simultaneously, it is impossible t.o measure the overall response and 

then to decide the role played by any individual mechanism. 

Among the methods available of attacking the di1eJRna was the one 

chosen in this experiment. lt is possible to isolate the process of 

iodide concentration by using t 131 as a tracer and by blocking the 

organifioat:Lcm of iodine within the thyroid gland. The technique has 

been employed on maum.alian thyroids and has demonstrated that this gland 

can maintain an iodide concentration several hundred times that of the 

p.lasma ( 29} • The method used to. create the block was the maintenance of 

a high level of iodide.. The exeess iodide in some fashion completely 

inhibits the biochemical mechanisms by which iodide would normally be 

linked to an amino-acid moeity ( 5) •. 

The uptake curve <>f radioiodide by the thyroid, after the 

administration of the blocking agent, represents the concentration of 

only the iodide ion. There is no masking by ot;her thyroid reactions 

involv.i.ng radioact i vity. This reduces the quantity of the tracer dose 

that. enters the thyroid, leaving the renal pathways as the major route 

for the movement of the radioiodine. The renal mechanisms are not 

affected by the iodide used tQ block the thyroid cycle. The kidney then 

becomefl the major :J:"oute for the metabolh1Jl of iodide and, in fact, block

http:involv.i.ng
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-ing the thyroid is one means of studying the renal iodide excretion rate. 

The use of an excess of iodide as in this experiment precludes 

quantitative radioiodide measurements. The radioactive iodine is diluted 

in the much larg.er quantity of stable iodine. Since no measurements were 

made of the quantity of the stable isotope, no statements can be made 

regarding the ratio of radioactive to stable iodine or the total amount 

of iodide concentrated by the gland. This experiment simply indicated 

whether or not the thyroid was capable of concentrating the iodide ion. 

If this could be shown to occur, then the first portion of the thyroid 

cycle would be similar to that in mammals. 

ln these experiments, the high level of iodide was produced by 

placing the Amphiuma in a 0.5% s-olution of KI. KI was used as it 

happened to be in the laboratory in quantity. It must be pointed out that 

no control was made on this and that the uptake results obtained could, 

in pat"t, be due to the high levels of potassium. 

Three conclusions were drawn from the results of the KI treated 

MIRhiUJlla. They were: 

1. 	Despite the dilution of Jradioi.odine by the stable iodide 

and the destructive lesions in the thytoi.ds 1 there was 

a minimal thyroid uptake from the I.P. injected animals. 

This indicated that the .A)nehiuma thyroid was capable of 

concenttati.ng and retaining the iodide icm. 'rhe fact the 

thyroid was subject to the effect of the iodide in solution 

was demonstrated by the trace.s of activity which could be 

detected in the thyroid after r 131 was added to the KI 

solution. 

http:concenttati.ng
http:thytoi.ds
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2. 	The counts on the containers represented the renal 


excretion of iodide into the envi.ro.nment. The iodide 


e2tcretion curve showed a striking resemblance to the 


normal thyroid uptake curve. This was an observation 


which will be discussed later. 


3. 	There were large am.ounts of residuai activity in the 

abdomen. The dialysis of the peritoneal fluid indicated 

that this radioactive material in the KI tl'eated animal 

was a small permeable molecule, presumably tbe iodide ion. 

The presence of such a small molecule in the abdomen for 

long periods was another int«ltresting observation. The 

iodide ion should have diffused into the general cit·culation 

fairly rapidly consitiering the s peed wi t h which it :l..s known 

to enter the asdti.c fluid in man. 

Ill. 	 THE EFFECTS OF t 131 lWJtATION AND/OR l?OTASSlUM IODIDE ENVIRONMENT 
ON 'l'ltE GROSS AND MICROSCOPIC APPEARANCE OF THE AMPHIUMA 'rHYROID 

The thyroid lesion$ that have been described were first 

observed quite unexpectedly on the routine autopsy of the Atnph:f..uma used 

in the counting experiments. These observations were foUowed by the 

detailed procedure which was d.esigned to investigate these intriguing 

changes more fully. By comparing the bi.stologieal picture of the thyroids 

from Amphiuma given various combinations of two stresses~ 1131 ra.cU.ation 

and the KI envi.ronment, it was hoped that some understanding of the 

observations might be reached,. 

lt should be pointed out before attempting interpretations of 
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these changes that this discussion rests primarily on the evidence 

derived from the procedure of Table I. The procedure did not provide 

definitive anst..,ers . The number of animals limited the variety of treat

ments and the size of each group . Although the size of the group, or 

statistical sample was very small, the observations were interpreted under 

the assumption that this was not. relevant and the results were not due 

to chance . 

The conclusions that were drawn from the results of the micro 

scopic examination are summarized in the following points : 

1 . 	The thyroids from the controls showed epithelial changes 

cOltlpatible with those due to a slight stimulation by T. S. H. 

The appearance of normal glands was used as the basis for 

comparison with those from the experimental animals . 

2. 	 Atrophy was a non~spedf:l.c change resulting from the treat 

ments . 

3. 	Fibrosis of the stromal elements was a radiation induced 


change . 


4. 	 Hyalinization of stromal elements resulted .from the 


increased level of iodide ion in the enviroJUUent. 


5. 	 The in£latmnatory-g'landula.r colloid reaction was produced 


by the high concentration of environmental potassium. 


6 . 	 The chronic inflammatory reaction with almost total 

destruction of the gland was due to the presence of Kl 

and radiation . The degree of change was d.ependent on the 

length of time the animal was in the KI solution. 
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A correlation between the treatment the Amph:l.uma. received 

(Tabl e I) and the resulting microscopic appearance of the t hyroid can 

be made by e:l(amining Table IX,. in which the results of the microscopic 

examination have been grouped according to the previous treatment as in 

Table I. A quick appraisal of the tabulation shows that the variation 

in the histologi cal picture was qualitative ly dependent on the previous 

stresses to which the animal had been subjected . The type of change 

was related to the type of stress. Quantitatively the results varied 

with the duration of treatment and the o ther factors which will be 

discussed later . 

'!he gross examinations of the experimental thyroids showed 

decreased size (i.e. atr.ophy) and an increased quantity of fibrous 

tissue (fibrosis). The crude method of determining size of the glands 

in situ t\las effective enough t o demonstrate that all the treatments, 

with de~possible exception of Nai. caused atrophy. The difficulty with 

which the thyroids were dissected out was due to fibro s iS. These two 

findings ~Jere described by Lindsay (17) in h\.UI.18n thyroids subjected to 

131high doses of I • The finding of atrophy in thyroids subjected to KI , 

but no radiation suggests that this may not be a specific reaction to 

radiation. The Nai treated Amphiuma did not exhibit these changes. 

Control: The thyroids of the cont.rol animals showed certain 

'cellular changes. The epithelia were hyperplastic and invaginated; the 

classic picture produced by increased levels thyroid stimulating hormone 

(T.S,H.). There were also Hurthle cell.$ present . Lindsay claims the 

presence of these cells is also due to high levels of circulating T. S. H. 
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and not to prol:lferative or radiation changes . The reasons for this 

increased T. S.H. in the control animals is not clear . Marine found hyper

plasia and invagination in thyroids of Great Lakes fishes. He postulated 

that this was due to the low levels of iodine in the waters of this area 

(19) . The low environmental quantity of iodine reduced the hormone out

put which ;J.n turn stimulated the pituitary to more active secretion of 

T. S.H. The increased alllount of T. S. H. produced the cellular changes which 

are thought to raise the efficiency of the iodide trapping mechanism of 

the thyroid and thereby compensate for the decreased iodine supply . 

rl3l Radiation: The stromal elements of the Amphiuma which were 

131 .
used to measure the uptake of I showed fibrosis . Alsot as previously 

mentioned , these thyroids were atrophied. Atrophy and perifollicular 

fibrosis were changes found by Lindsay (17) in radioiodine treated human 

thyroids. Such fibrosis l;vas not observed in the other groups suggesting 

that this may be a specific change due to radiation . 

These glands also had a few polymorphonuclear leucocytes. in the 

l umen of the follicles . The presence of these cells is indicative of some 

non-specific irritation . This was a mild acute inflammatory response or 

thyroiditis . The follicles of one .of the thyroids contained granular 

colloid and another thyroid showed intrafollicular hemorrhage. Lindsay 

did not men.tion hemorrhage or inflammation as occurring in hi s material. 

131 
However, his thyroids had received larger doses of I over a longer 

period o£ time. 

The microscopic appearance of the thyroids from Amphiuma in 

Group B (I.P . injected) did not differ from those in G (I131 in the 

water environment), · Thus the method of administration was not :f.mportant . 
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There was no difference in the pathology of those frOm B-1 and B-3 . 

Since these varied considerably with respec.t to length of treatment but 

not to dose, it suggests that within the range of the experiments, the 

length of time the Amphiuma were exposed to radiation was not a critical 

factor. 

K! Environment: The comparison of the thyroicls from these KI 

treated Ampb,iuma (Group D) with the controls (A) showed the stroma of 

experimental animals was tDQre hyal:inized, hyperplasic, invaginated and 

there were tnare Hurthle cells present in the epithelia. One thyroid had 

many granul.ar colloids and a mild subacute inflammatory react ion . These 

changes, wete the result of a high level of potassium and iodide ion in 

the solution. It is difficult to draw conclus1ons from the data because 

no tPeasure was made of the serum levels of potassium iodide in these 

animals, There was the possibility that high levels of iodide may have 

had effects other than merely blocking the normal function of the' thyroids . 

lf there were increased level$ of set:um potassium, this would 

have disrupted the nPrmal electrolyte balance, as potassium is normally 

an intrecellular ion (1). By using the Nal (Group G) as a control, an 

attempt was made to differentiate the effects of potassium from those of 

the iodide ion . It was postulated that the effect of the potassium on the 

thyroid would cause those change• that did not occur in an. Nat environ

ment . These included atrophy, a high degree of hyperplasia, invagination 

and granular colloids assc:xi.ated with the mild subacute inflan.natory 

response . Similarly; it was assumed that changes induced by the iodide 

were those c®IDon to both (provided that sodium, a normal extracellular 

http:granul.ar
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ion, h~d a negligible effect). There were two changes observed to be 

common to both KI and Na!, hyalinization of the stroma and the presence 

of Hurthle cells. If the assumptions and postulates were correct~ by 

excluding the T.S.H. effects, it may be inferred that the infliUllinatory

granular colloid changes were due tq potassium and the stromal hyalini

zation due to iodide. 

Ki Environment and Radiation: The comparison between these thyroids 

and those of the controls (A) revealed that all pat:hological changes were 

more pronounced except hyperplasia, invagination and 1iurthle cells. The 

degree of inflammatio.n was maximal and, in some casesl the destruction 

was so severe as to completely distort the normal architecture of the 

thyroid tissue. The striking feature of such thyroids was the intense 

chronic thyt'oiditia. 

The difference between the above changes and the ones occurring 

from Kt alone (Group D) showed that although there was an inflammatory 

respOnse in D it was mild and subacute rather than intense and chronic. 

Radioiodine alone (B) did not produce the same type or degree of change. 

Therefore, it: was the combination of KI and radiation that pr()duced the 

lesions. 

The time at which the 1131 was given the animals after they were 

subjected to KI varied in E-2, E-3, F-1, F-2 from the second of 2.5 days 

to the twenty-third of 28 days. Surprisingly, the pathology was uniform 

thr()ughout these groups. Thh suggested that, within the limits of the 

experiment, the time int~rval for the Kl and radiation together was not 

a decisive factor. However, the microscopic appeaJ;ance of Group E-1 was 
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different from the rest of E and F. This group was in KI for a short time, 

12 days, as compared to the 2.5 - 28 days during w·hich the rest of the 

animals received the treatment. The E-1 thyroids had a subacute inflamma

tion, a less advanced type of inflammation, wh:Ue the remaining showed 

chronic inflammatory response. The KI controls (D) did not demonstrate 

this response, and they had a total tre.atment time of 22 days. Therefore. 
131

the total time in KI with the addition of radiation (i.e. I ) given 

sometime during this period governed the type of inflanunatory change. 

The investigation of chronic inflammatory degenerations of the 

thyroid has receive.d new impetus recently. It has been shown that the 

thyroid can become involved in an auto-immunization reaction. Witowski 

(31) ha• shown that the mammalian body can develop an immune response to 

its own thyroglobulin. TP.e thyroglobulin is then attacked as a foreign 

substance by the macrophages, the body's defense mechanism. The observa

tion was madt\ in these thyroids, of the macrophages actively phagocytosing 

the colloid. The KI and radiation treatment may have cau$ed sufficient 

damage as to alJ..ow some of the coUoid to escape into the circulation 

where it produced an taanune reaetion and the resulting res.ponse by the 

macrocytes. If this be the case, then !;his observation could be of 

theo.retics,l inter$st in the understanding of human thyroid disease. This 

connection will be discussed in the following section. 

An interesting comparison could be drawn between the thyroid 

ep.ithelium from animals in Gt;oups E and F and those from the rest <;>f the 

experimental groups. There was almost no hyperplasia, invaginad.on or 

Hurtne calla present, instead, the epithelia were often squaJD9us. 
\ 

The 

cells also showed considerable variation with respect to the, cytoplasmic 

'' 
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and nuclear volutne. This could be interpreted as a lowering of T.S.H. 

levels or as a loss of the normal response by the epithelia tQ the honnone. 

There was Qne more very pertinent observatiQn, that Qf numerous mitoses 

of the parenchymal cells. This is unusual. Leblond after detailed 

statistical s tudies, statad that tt~itosis is infuquent in the normal rat 

thyroid (16). All of these observations of the epithelial changes includ

ing thQse indicative of a loss of normal cellular response to controlling 

substances are criteria for the microscopic recognition of cancer. A 
. . 

conclusive pathological diagnosis of cancer, however, demands the 

demonstration gross or microscopic of new, abnormal an4 inappropriate 

cellular growth. This condition was not shown on examining these thyroids. 

Therefore • although it cannot. be said that these .AJnehiutna developed 

cancerous lesions, the possibility exists. 

IV FUNCTIONAL CONSIDERATIONS 

The quantity of radioiodide present after r 131 administratiQn will 

depend Qn both the systemic and the thyrQidal iodide metabolism, as has 

been previously discussed. Before either Qf these pathways was taken, the 

tracer dose should have distributed itself in the iodide space. There was 

considerable evidence that this did not occur as quickly as was expected. 

It was assUilled that if the iodide can diffuse into the peritoneal cavity 

within a few hours in man, then the ev~m distributi.Qn of raclioiodide 

throughout the Amphiwna, after intraperitoneal injection, would occur 

over a similar period. 

The radioactivity remained in the abdomen for several days and did 

not diffuse rapidly throughout the extracellular fluid. This was especially 

http:distributi.Qn
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to agree with mammalian data in these experiments . The iodide concentrat~ 

ing mechanism of the thyroid is independent of the rest of the cycle . 

This was demonstrated when the blocking of the organification by KI did 

131not reduce the uptake of t completely. The next steps, the f.ormation 

of the hormones and their storage in the col l oid, were not directly 

131documented in these experiments, If the rate of uptake of r is pro~ 

portional to the rate o£ hormone production in the Amphiuma, then this 

is a very slow process. This conclusion would agree with Berg (2} who 

has said that these thyroids 11 form thyroxine very slowly, if at all" . 

However, it must be recalled that it has been shown that the uptake of 

iodide is not directly related to the rate of synthesis of thyroxine by 

the rat thyroid ., as the iodide is aho lost to the plasma without under

going organification and also because the iodide concentrating reaction 

is functionaUy independent of the rest of the hormone synthesis cycle. 

131Since there was a greater uptake of I in the thyroids of Amphiuma not 

subjected to KI, and there was also evidence of activity on r,adioauto

graphy after butyl alcohol dehydration;. there is an indication of 

processes beyond that of concentration of iodide . The last and most 

critical in respect to general body function is the secretion of the 

stored hormone to the circulati.on and this was not examined in these 

experiments . The lEwel of circulation hormone is maintained by this 

process . Measurements of thh parameter in the Amphiuma must await 

further investigation. 

The radioautographic experiments, although not extensive, 

produced results of theoretical significance in the understanding o.f 

amphibian thyroid physiology. Thyroxine, the familiar thyroid hormone, 

http:circulati.on
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true in the KI treated animals and yet dialysis of the residual ascitic 

activity showed it to be in a permeable form, presumab.ly the iodide ion. 

This observation agrees with the results that Broberg (3) found on well

counted tissues of Necturus after I.P. injections of 1131 • After two 

days. she found that muscle gave a value of 14 c/m/mg> thyroid 100 c/m/mg 

and that the plasma was too active to count. The delay in the movement 

131 . . of the I into the circulation is reflected in the appearance of the 

peak of the thyroid and of th.e excretion curves at nine days. The 

delayed peak in the thyroid uptake could be explained as due to the 

slow incorporation of iodide into the colloid complexes. The kidney, on 

the other hand, does not have any similar mechanism. The peak in the 

rate .of excretion must reflect an increased plasma iodide level. The 

thyroid peak would then have been caused in the same way, since it has 

been shown that a constant volume of plasma is cleated of iodide by bQth 

the mamtna1ian thyroid and the kidney, where the rate of thyroid uptake 

and the rate of renal excretion form a constant ratio (20). It was con

cluded, therefot'e,that the movement of the rl31 frOtn the peritoneal cavity 

was a slaw process requiring several days. If this is a defect in active 

transport, it may be related to the low environmental iodine of the 

Mississippi Basin. This, in turn 1 may be related to the limited distribu

tion of Amphiuma. If this form has a competitive advantage in low iodine 

environment; it may have evolved in such an environment and must be a 

recent form, phylogenetically. 

The synthesis of the Amphiunia thyroid hormones bt vivo was examined 

for correlation with that Qccurdng in the mammal which is better docu

mented. The first step, that of the uptake of the precursors, was shown 

http:presumab.ly
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to agree with mammalian data in these experiments . The iodide concentrat~ 

ing mechanism of the thyroid is independent of the rest of the cycle . 

This was demonstrated when the blocking of the organification by KI did 

131not reduce the uptake of t completely. The next steps, the f.ormation 

of the hormones and their storage in the col l oid, were not directly 

131documented in these experiments, If the rate of uptake of r is pro~ 

portional to the rate o£ hormone production in the Amphiuma, then this 

is a very slow process. This conclusion would agree with Berg (2} who 

has said that these thyroids 11 form thyroxine very slowly, if at all" . 

However, it must be recalled that it has been shown that the uptake of 

iodide is not directly related to the rate of synthesis of thyroxine by 

the rat thyroid ., as the iodide is aho lost to the plasma without under

going organification and also because the iodide concentrating reaction 

is functionaUy independent of the rest of the hormone synthesis cycle. 

131Since there was a greater uptake of I in the thyroids of Amphiuma not 

subjected to KI, and there was also evidence of activity on r,adioauto

graphy after butyl alcohol dehydration;. there is an indication of 

processes beyond that of concentration of iodide . The last and most 

critical in respect to general body function is the secretion of the 

stored hormone to the circulati.on and this was not examined in these 

experiments . The lEwel of circulation hormone is maintained by this 

process . Measurements of thh parameter in the Amphiuma must await 

further investigation. 

The radioautographic experiments, although not extensive, 

produced results of theoretical significance in the understanding o.f 

amphibian thyroid physiology. Thyroxine, the familiar thyroid hormone, 
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is soluble in butyl alcohol but not in the c::ellosolve-benzene tissue 

preparation solutions. The radioautographs prepared from r13l injected 

Amphiuma showed that the activity was in a form insoluble in butyl 

alcohol and soluble in the tissue reagents. This discovery coincides 

with the results that puzzled Broberg (3). She made butyl alcohol 

extractions of sodium hydroxide and of trypsin-treated homogenates of 

Necturus thyroids, 1, 2 and 3 days after I.P. injections of I.131. With 

one questionable exception, she could not demonstrate the presence of 

active thyroxine or other hormones. Only radioiodide was pres.ent. In 

contrast, she was able to extract active thyroxine from the glands of 

IoPo injected frogs. These data very strongly suggest that thyroxine 

and thyroglobulin, as found in mQ.st vertebrates; are not present in 

Ampbiuma and Necturus thyroid. Nevertheless. the substance produced by 

the thyroids h known to be an active material because transplantation of 

Necturus thyroids into frog tadpoles causes metamorphosis (3). The iden

tity of the ur.odele thyroid h.ormones is an interesting question. 

It was postulated that the circulating thyroid hormones facili

tate the movements of electrolytes and other charged molecules. This 

effect is quantitative and is reflected in changes in the rates of ionic 

movements, at specific loci •. such as membranes• This new theory would 

aid in exphining the slow movements of radioiod:i.de from the peritoneal 

cavity and also the pathogenesis of the thyroid lesions observed in the 

experimental animal$ •.. 

The Ampbiuma appe.ars to be an exception to the observation that 

the diffusion of ra.dioiodide through the animal body is rapid and complete. 

The movement of this ion involves its penetration o.f the va.rious cellular 

http:radioiod:i.de
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membranes separating the body fluid spaces. The delay in the thyroid 

uptake and in the renal excretion was probably due to an inhibition in 

the movement o£ iodide through the membranes separating the peritoneum 

from the lumen of the blood vessels. The reduced rate of iodide movement 

is coincidental with a histological picture which was thought to result 

from a lowered level of circulating thyroid hormones. If these two 

observations are correlated, then the reduced effect of the hormones on 

the membranes would be the best explanation for the phenomena. 

The proposed hormone action was incorporated into an explanation 

for the lesions produced by the combination of potassium iodide and 

radiation. The IU produced indi:rect cellular evidence of a very low 

level of cix-culating thyroid honnones as it caused a pronounced hyper~ 

plasia and invagination of the thyroid epithelia. It can be postulated 

th'lt the cell membranes were affected by this reduced quantity of the 

hormone and that structures were therefore more susceptible to radiation 

damage. One of the effects ()bserved due to radiation was a hemQrrhage 

into the fol .licle. This implies a loss in the integrity of the blood 

vessels surrounding the follicles. It can be assumed that the colloid 

could also have leaked into the circulation at the same time. The 

le!Jions in the K.I plus radiation may be $.xplained by this sequence of 

events. The resulting auto.-immunity would cause a pha.gocytosh of the 

colloid by the animal's macrocyte$. 

Inflam.natory reactions with other cell types were observed in 

the radiation and in the KI expol!led animals. Could these glands, in time;, 

have shown the macrocytic response? The loss of cell membrane integrity 

due to changes in electrolytes and/or levels of circulating thyroid 
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hormone would lead to an inflatDillatory !:espouse, to the loss of normal 

thyroid tissue and to mxyedema. lf this were so, it would imply an 

interesting correlation between Hashimoto's disease and sponta.neous 

mxyedema, in aan. At present, the cause of both these conditions is un

known. 

The tentative explanations in this section cannot be considered 

as anything more than speculations. There was not enough data to draw 

firm conclusions. On the other hand, to ignore the glaring contradictions 

in the classical theory would have been inexcusable. This work made 

three points: one; that the ~phiuma is a suitable experi,.mental animal 

for tl31 thyroid studtes; two, that the results c>f suc.h experiments do 

not always duplicate mallltlalian data; and three, that radiation and/or 

a potassium iodide environaent prcd uce very interesting thyroid lesions. 

A fourth and final poi nt can be inferred, that further exploration of 

the physiology of the Amph1upta thyroid may result in the modification 

of theories about the thyroid horaones in such. a $tanner that they will 

explain the presence of such hormones throughout the entire vertebrate 

class. 
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DESCRIP~lON O P PLATES 

Fig. 1 Normal Control (A) 

this b the mieroseopic pietul'e of the control 

AsaP!\iuma thyroid . It :ls assumed that thb b the 

11.o:nnal appearance o.f tbct gland. The strd114 1.$ 

ineoaspieuouc,. 'the colloid is homogenous and 

evenly eta1ned. The ripples are a fixation and 

sectioning a.t't:efaet . the not:ma.l epithel ium b 

clearly shown.. the a-rrow points to a typical 

Fig. 2 tl31 Injected IntraperitoneaUy (:S) 

Tbu te a section from t:me of the 1l10re severely 

radiation d•aaed. thyroids . lt demonstrates the 

mild acute t.nfl--..tory t'eaetioth There b al•o 

hyperplasia, fibrosis (stroma. at upper left) and 

colloid ebanaea. Tbe arrow poiflts to a poly· 

Fig. 3 KI + t 131 l . t . (8) 

The. almost o01aplet.e <JbU.teration. of the not10al 

thyroid tiseue is q example of the lesions px"odueecl 

by th.e Kl aad tadiation. The arr·ow• point to two 

r·emnant.e of thyroid epi theU..w. the rest of the 
S8 

' 
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PLATE I 


Pig. 1 


Fig. 2 X'90 

Fig. 3 x90 
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structure i s a mi.~tw;-e of d~st-royed follicles 

and invading inflaanatory cells. 

PLATE 1'1 '"' StR(IW, CHANGES 

Fig. 4 Fitn·oais ~ 1131 (B) 

This is an !t\~en~a pst"ifQlli.cula~ fib~sis. The 

follicles are widly r.U.ttpl .aee.d. by this ~naterial . 

there are a f•w nttelei within the fibrous $Ub tmce. 

'Fig. 5 Hyalinization .. ta. Coat.rot (D) 

tn contrast ·to r ig.. 5. the ~rifollteula.S' hyaU.at· 

zation i .a aru••,rphous and bllsophUic material . The 

staining di.ffer·enees ( fibroeu is aeidophiU.e) do 

not ahow in the.ae photograpl\8 . there. are many 

angular auelei throughout the stroma. 

PLATE Ill "' PATHOtoolCAL CHANGES lN EPITRELIUM AND COLLOlD 

Fig. 6 Hyperplatia "' x131 t . t . (1\) 

Uyperplaaitt is an i.ncreastl in the number of ept

theU.al cells . 'the paren.ehymAl cella have changed. 

from cuboidal (:Fig.. 1) to colUiltl&r. the nuclei 

are oval and crowded into a pseudoetr.atlfied e.rrange

~nent (i.e. no lO'd.ger on one plane). The epitheU.um 

ta deeper due: Ito th~ <elongated. &h.ape of the cells . 

http:epitheU.um
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PLATE li 

Fig. 4 
2tl80 

Fig . S 
:dso 
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PLATE III 


Fig. 6 
 x180 
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Fig. 1 lnvaaination rl3l I .l?. (B) 

The epithelium baa become involved and folds 

into the 1\.llen of follicle. On this iuvagtaated 

ridge, the c~lls are clearly hyp$rp1astic. 

Pig. 8 Granular Colloid .. KI + 1131 (t) 

The foUicul.u 1Uil't$tl i• filled with a granular 

chr0110phobk substance. This does not hav. the 

u•ually amorphous appearance of colloid . Note 

that the epitbeltum l.inil.\8 in this follicle b 

eqU4121Que . 

PLATE IV - lNVLAMMAmlW t:W.CTXONS 

:Ftg. ~ Mild Acute lftfla.tD&t:ory Reaction (B) 


There are two pOlymorphon.uclearcytes in tl\1$ 


colloid. In on•• the characterbtic lobated 


nuclei caa be seen. The •p1thelium ta aonnal 


e-xcept fo:r a ablall degree of hypel'pl.asia. 


J'ig . 10 (PAS s-e.ined) Int.nse ch..-ic Infl...tol'y leactton (B) 

The folliculeut lumen la filled wi th l11lPhocyte• 

and INl:Crophoge$ • thesa cella are often referred. 

to M round ulls (nl~Jt.e ou.tU.ne of the nuclei) • 

The l&rller ot two are the m.ac::rophagea wh:Lch have 

a c::re.ecelit ,. r.nooll ...&b.&ped nt~elei . A l'IUIQber of 

thu• can be aeetl to have p'b.agoeytoaed droplets 

of PAS positive eater1•1 (eolloid.i). Ttuure are 

http:ou.tU.ne
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PLATE tV 

Ftg ., 9 :d80 



two mitotic figures in c:be epitheliw. The 

pa.nnchyma..l eGlb abo sb.ow .~onsic:bu:llbte 

'll'atiation in the dze of their n.uebd .• 

Fig. 11 (PAS stained) Subacute Infl.au~Mtory Reaction (E) 

Both P-QlY'Q:IOrpbonuelurcyt~s ud round, ¢ells 

·e&n be seen 1n t'bu fo11ide . At 12 o'clock in 

the photo&raph thcn:e b a macrophage which has 

engulfed a pol)I'IDOrph . 'ftle t:hyrotd epithelium if 

thin and quamoua . '1:AS.s mS.el"opbotograph and that 

of Fig. 10 w•u·e tahen from the S&JQe tissue se~tion 

and t.hey .demonstrate: the &t'e4.t va:d.ald.U.ty in the 

n'UUlber and. $1;'!le of the parenchym4l. cells 1-n thia 

thyroid . 

PLATE V ... lttmTHLE CELLS 

Fig. 12 Noxmal and Hurtb1e Celb (G) 

thb showo the ~:U.. fferencco t>etwEHtrt the no·m.tl 

epitheUum (lower) and the Hurthle cello (upper) . 

'lhe llurth1e cells are larger with iJ:&nulate4 

cytoplatJD and aptcal ofte.a PYUotic nuclei . fte 

stroma shows a ...u GlliOunt of b.yali.Jtuation. 

Fig.. 13 Normal and Hurthle Cells (D) 

Thb b a CY:OU sacd.on through a thyroid pitbeU.um. 

1:1\e nottnul cells show only theix- nuclei . 'lbe 

iner<:~asQd quantity of cytoplasm and the polygonal 

SMP4 of the Hurthle cells cal\ be seen. 

http:pitbeU.um
http:va:d.ald.U.ty


Fig. 12 xlSO 

Fig. 13 &180 
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LI\T •• V! 


x90
Fig. 14 
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PLATE VI RADlOAUTOGRAPHS 

Fig. 14 Positive Radioautograph 

The dense block silver granules are clearly shown 

a$ covering almost the entire photograph. On the 

lower right, t,here is a clear ring where an 

epitheU.um surrounds a colloid. This demonstrate.s 

that the activity is confined to the colloid. 

http:epitheU.um
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