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SYNOPSIS

Tracer doses of radioactive iodine were given to patients with
simple goitre, and autoradiograms were prepared from the thyroid
tissue removed 48 hours later. It was found that the areas of the
thyroid which were actively metabolizing iodine had characteristic
features distinguishing them from the inactive areas; the active
areas were composed of groups of follicles of small size, while
the follicles of the inactive areas had widely divergent diameters.

After review of the autoradiograms and accompanying histo-
logical preparations, an attempt was made to reconstruct the natural
history of the disease in five stages, which are summarized.

Autoradiograms demonstrate the metabolism of iodine by the
thyroid at only one period, as it is not practicable to obtain serial
preparations from one individual, but they do show which follicles
are actively engaged in metabolizing iodine into hormone.
A low iodine intake and the presence of goitrogenic substances

in the diet may be the causes of endemic goitre; but the etiology
of sporadic goitre is still largely unexplained, and it is apparent
that a mere lack of iodine is not the only factor in goitre genesis.

Endemic goitre has a worldwide distribution and carries in its train
a host of disabilities. The sporadic form of simple goitre is found every-
where and appears to be relatively common in London. The present
study has been carried out on both these varieties of goitre. The examples
of endemic goitre were investigated in patients most of whom came from
goitrous areas of southern Ireland; many people from that country come
to London for employment. A large proportion of those with sporadic
goitre were London born and bred. The prevalence of simple goitre in
the British Isles and the economic burden it places on the community
through ill-health were good reasons for undertaking this work. Sixty
patients with simple goitres were investigated; none of them showed any
evidence of toxicity or malignancy, and all were adjudged on clinical
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grounds to be euthyroid. They were subjected to partial thyroidectomy
because their enlarged thyroid glands were causing symptoms which were
commonly due to pressure on trachea, oesophagus, or great vessels. In a
few cases, the patients asked for operation for cosmetic reasons. Each
was subjected to the following pre-operative investigations.

Technique

The patient was given a thorough clinical examination and then, while
fasting, drank 100 microcuries (,uc) of radioactive iodine (1311) which had
been dispensed in 100 ml of water. The urine was collected in three periods
over the next 48 hours (at 0-8 hours, 8-24 hours, and 24-48 hours). The
amount of radioactivity in the three samples was then measured by placing
each in a multi-tube counter.12 The radioactive iodine excreted in these
three periods was used as a measure of the total thyroid function of the
patient.1 With the exception of the patient whose thyroid is illustrated
in fig. 3, all those investigated had urinary-excretion levels within the range
which has been found to be normal for this hospital. The reasons for the
apparent discrepancy in this one case are explained later.

Thirty-six to 48 hours after the tracer dose of radioactive iodine had
been given, the patient's neck was scanned with a specially collimated
Geiger-Muller counter held over the centimetre squares on a perspex grid
placed over the thyroid area. The results obtained, expressed as percentages
of the tracer dose, were plotted on graph paper and lines drawn through
areas of equal radioactive iodine uptake.11 These iodine charts were a
guide in the subsequent surgical operation.

Approximately 48 hours after the tracer dose had been given, a thyroid-
ectomy was carried out, the amount of thyroid tissue excised being deter-
mined by the age of the patient, the size of the goitre, and the distribution
of iodine uptake as demonstrated on the iodine chart. Slices were then
cut through the excised thyroid lobes in such planes as seemed likely to
yield the most information. These slices were fixed in formol saline and
embedded in paraffin wax, and sections 5-10 , in thickness were cut on a
sledge microtome. The tissue of simple goitre is often of variable con-
sistence, and areas of calcification are common. The technique, therefore,
was not always an easy one to follow.

The sections were mounted on large, glass slides and in the dark-room
were placed in contact under slight pressure with x-ray film. This enabled
firm contact to be maintained between tissue and film, and they were then
stored in light-tight boxes in a refrigerator at 5OC. Samples were removed
at intervals of 1, 8, and 16 days and developed, and the autoradiograms
so produced were compared with the accompanying histological prepara-
tions, after the latter had been stained with haematoxylin and eosin.
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Results and their Interpretation

The blackening seen on the autoradiograms represented those areas
in the thyroid where the radioactive iodine had been fixed. Any free
iodine was washed out of the tissue by the histological technique used;
many workers have previously shown that the blackening records where
the isotope has been bound to a protein molecule, presumably in the
formation of the thyroid hormone. The blackening always corresponded
to areas of colloid on the slide, and it was seen that there was a selective
uptake of radioactive iodine by certain follicles. Many colloid-containing
follicles showed no corresponding blackening on the autoradiograms, and
no significant radioactive-iodine uptake could be related to the actual
cells forming the walls of any of the follicles. It must be remembered,
however, that the film used had a fine-grain emulsion and was chosen
for its sensitivity. A few autoradiograms were set up with a much finer
grain emulsion by the stripping-film technique described by Pelc; 8 resolu-
tion was much better, but the method was not suited to the large sections
which this investigation required.

Active and inactive follicles

A comparison of the blackened areas on the autoradiograms and the
accompanying histological preparations showed that the areas of the

thyroid which were actively engaged
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them from inactive areas. The active areas were composed of groups of
follicles of small size, whereas the inactive areas were made up of
follicles of widely divergent diameters.

The size of the active and inactive follicles was compared by measuring
100 active and 100 inactive ones in two diameters at right-angles to each
other. The results of making such measurements in the goitres removed
from six patients in the series gave an average diameter of 70 , for the
active follicles and 182 ,u for the inactive ones. Of particular interest was
the fact that the follicles in the active areas were of a much more uniform
diameter than those in the inactive ones; this is shown clearly in fig. 1
and 2.

Natural history of nodular goitre

After each autoradiogram and its accompanying histological prepara-
tion had been reviewed, together with the individual patient's age, duration
of symptoms, and size of goitre, an attempt was made to reconstruct the
natural history of the disease. It is true that the evolution of a large nodular
goitre cannot be shown in all its stages in any one individual, but with
the available information it seemed justifiable to arrange the autoradiograms
in a definite chronological order. A selection of autoradiograms is shown
in fig. 3-8, illustrating the various stages in the growth of a goitre, which
can be summarized as follows.

Stage I (see fig. 3). There was diffuse enlargement of the thyroid which
was of soft consistence and more vascular than usual. The follicles were
small in size, and some contained abundant colloid. In those areas where
the colloid was scanty there appeared to be more marked activity histo-
logically, as demonstrated by the tall, plump, follicular cells and prominent
blood supply. The urinary excretion of radioactive iodine was low and in
one patient lay within the range of hyperthyroidism; on the other hand,
he was clinically euthyroid. His autoradiogram is shown in fig. 3. This
young man came from an area of endemic goitre in Ireland, and it is
believed that he had been receiving some goitrogenic substance in his
diet, in addition to the fact that this diet had a low iodine content. No
nodules could be detected in the gland, either by the naked eye or
microscopically.

This stage of diffuse hyperplasia of the thyroid resembles that seen
in growing children and referred to as puberty goitre. In puberty, however,
it is not a pathological state, but a physiological increase in the size and
activity of the thyroid to cope with the demands made upon the gland
by a rapidly growing and developing child.4

Stage 2 (a) (see fig. 4). There were small discrete areas of increased activity
as demonstrated by the grouping together of follicles of small diameter

200



AUTORADIOGRAPHIC STUDY OF SIMPLE GOITRE

with tall cells. The autoradiograms showed blackening only in these
discrete areas. Histologically, these groups of small follicles were in
some instances merely clustered together and in others surrounded by a
definite capsule. The intervening areas showed little, if any, activity, as
evidenced by the absence of blackening on the film.

Stage 2 (b) (see fig. 5). Three patients presented an unusual finding.
In each, the entire thyroid activity appeared to be confined to a single
nodule. Since these individuals were not hyperthyroid, these solitary
hyperactive nodules cannot have been large enough to produce more than
the body's requirements of thyroxine. The remainder of the gland presented
the histological picture of atrophy, and the autoradiograms showed no
blackening.

Stage 3 (see fig. 6). The foci of intense activity described in stage 2
appeared to proceed, almost without exception, to central haemorrhage
and necrosis. This self-destruction of an active nodule may take place
rapidly, for in the autoradiogram (fig. 6) it can be seen that the outer shell,
or rind, of the nodule still contains active follicles.2 These foci of hyper-
function are usually seen to have a much richer blood-supply than the
remainder of the gland, and it is therefore not so surprising that they
should eventually become the site of haemorrhage.

Stage 4 (see fig. 7). The final appearance of a nodule which had passed
through an initial phase of activity followed by haemorrhage and necrosis
was one of complete inactivity as demonstrated autoradiographically.
Either these nodules were made up of follicles of varying size, or the whole
area was converted into a lake of colloid surrounded by flattened cells.
Such colloid has been shown to be poor in iodine content. Finally, such
nodules presented on occasion a varying amount of fibrosis and calcifica-
tion in their walls.

Stage 5 (see fig. 8). Multinodular goitre was the end-result of this cycle
of hyperplasia and destruction recurring many times in the gland. Although,
at first sight, a cross-section of a so-called " pudding-stone " goitre presented
a somewhat bizarre appearance, on closer inspection it was seen to be
made up of nodules representing the four stages described above.

Discussion

Autoradiography is a useful and valuable technique in the investigation
of simple goitre, but it has obvious shortcomings. It demonstrates the
metabolism of iodine by the gland only in one brief episode of its history,
and it is not practicable to obtain serial preparations from a single
individual. On the other hand, it shows which follicles in the thyroid are
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actively engaged in metabolizing iodine into hormone, and this cannot
be demonstrated in any other way, although the histological criteria of
activity have been recognized for a long time. When a patient has pre-
viously been taking additional iodine by mouth for a sufficient length of
time, the thyroid appears to enter a phase in which it takes up very little
iodine from the blood stream, and under such circumstances no auto-
radiogram can be obtained.

When a patient has been given a goitrogenic drug such as thiouracil,
it is possible to obtain an autoradiogram of the gland if the drug is stopped
for 48 hours. Under such conditions the gland usually shows an uptake
much in excess of normal, although the patient may be clinically euthyroid
or hypothyroid. In a thyroid which has first been emptied of iodide in
this manner, the specific activity of the radioactive iodide after a tracer
dose is very high.

Virchow 13 pointed out as long ago as 1863 that the first phase in the
production of simple goitre was hyperplasia, and that this can be brought
about in one of two ways. The first is a low iodine intake; the second,
the presence of goitrogenic substances in the diet or drinking-water.
Marine & Lenhart 7 drew attention to the importance of an inadequate
iodine level in his early investigations on goitre in trout, and McCarrison 5, 6

championed the role of goitrogens, especially animal excreta in polluted
water-supplies. It is likely that in most areas of endemic goitre both these
factors are at work to a greater or lesser degree. The causation of sporadic
goitre is still largely unexplained, although these same factors may be
responsible. However, it seems more likely that there is some inherent
fault in the individual's thyroid gland in sporadic goitre, which is incapable
of producing sufficient thyroid hormone while receiving amounts of iodide
apparently adequate for the rest of the population. The investigation
of recurrent nodular goitre in children 3 and of familial goitrous cretinism 9
throws some light on the mechanisms responsible.

The addition of a small daily increment of iodide to the diet can reduce
the incidence of simple goitre in any community to a very low level, but
it is apparent that a mere lack of iodine is not the only factor in goitre
production and that there are still many problems to be solved.

RJeSUMIt

Le goitre endemique est mondialement r6pandu. Le goitre simple, sporadique, se
rencontre partout et parait etre assez frequent a Londres. L'auteur a entrepris des 6tudes
sur ces deux formes de goitre.

Soixante sujets atteints de goitre simple, ne pr6sentant aucun signe de toxicite ou de
malignite, ont et soumis A divers examens, avant et apres ablation partielle de Ia thyrolde,
pratiqu6e pour relacher la pression que la glande hypertrophi&e exereait sur la trachee,
l'aesophage et certains gros vaisseaux.
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Apres ingestion par les patients de 100 microcuries d"131I (dans 100 ml d'eau) on a
dose l'iode dans l'urine. D'autre part, l'iode fixe par la thyrolde (I radioactif) est deter-
mine par l'intermediaire du compteur Geiger-Muller. Quarante-huit heures apres ingestion
d'iode marque, on effectue la thyroldectomie partielle (d'apres les indications fournies
par l'examen precedent).

On prepare des coupes de 5-10 ,u d'epaisseur que l'on place au contact de films radio-
graphiques. Ces autoradiogrammes, developpes apres 1, 8, 16 jours, sont compares aux
coupes histologiques correspondantes color6es 'a l'hmatoxyline-e6osine. Les zones noires
representent les plages du tissu thyroidien ayant absorb6 l'iode radioactif. L'iode marque
est fixe selectivement par certains follicules. Les zones actives de la thyrolde sont cons-
tituees par des groupes de follicules de petites dimensions (diametre moyen de 70,),
tandis que les zones inactives sont formees de follicules de diametres tres differents (dia-
metre moyen 182 p). Grace a ces autoradiogrammes et aux preparations histologiques,
aux renseignements concernant l'age des malades, la dur&e des symptomes, la taille du
goitre, on a cherche a reconstituer l'evolution de la maladie, illustree par les figures 3 a 8.

Stade 1 (Fig. 3): hyperplasie diffuse de la thyroide.
Stade 2 a) (Fig. 4): petites zones d'activite accrue ; groupement de follicules de petit

diametre, grosses cellules.
Stade 2 b) (Fig. 5) chez trois malades: toute l'activite thyroidienne est concentr6e

dans un nodule; le reste de la glande est atrophi6.
Stade 3 (Fig. 6): les centres d'activite du stade 2 a) evoluent vers l'hemorragie et

la necrose, ia la suite d'une vascularisation intense. On observe l'auto-destruction d'un
nodule actif.

Stade 4 (Fig. 7): Aspect final d'un nodule compltement inactive ayant passe par
les stades 2 a) et 3; fibrose et calcification des parois.

Stade 5 (Fig. 8) : Aspect d'un goitre multinodulaire, resultat de l'hyperplasie et de la
destruction, se repetant dans le corps de la glande.

L'autoradiographie est une technique fort utile dans les recherches sur le goitre simple.
Mais elle a ses limites. Elle ne demontre le me'tabolisme de l'iode dans la glande que
durant une breve phase; et l'on ne peut obtenir de coupes en serie d'un meme individu.
Elle est par contre la seule methode qui montre quels follicules de la thyrolde sont actifs
dans l'incorporation de l'iode dans l'hormone.

En 1863 desj"a, Virchow, suivi plus tard par divers auteurs, avait attribue le goitre a deux
facteurs: une faible absorption d'iode et la presence de substances goitrigenes dans les
aliments ou l'eau potable. 11 est probable que ces deux facteurs jouent un role tant dans
l'etiologie du goitre endemique que dans celle du goitre simple qui est encore inconnue.
Mais il est probable qu'un defaut de la thyrolde existe, dans le goitre sporadique, qui
empeche la formation d'une quantite suffisante d'hormone, chez quelques individus,
alors que la quantite d'iode recue suffit a l'ensemble de la population. L'addition d'une
petite quantit6 journaliere d'iode aux aliments peut reduire l'incidence du goitre dans une
collectivite, mais il semble bien que la carence en iode ne soit pas le seul facteur en cause
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FIG. 3. SECTION AND AUTORADIOGRAM OF THYROID OF PATIENT WITH
ENDEMIC GOITRE~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~. .. .. m7

Note uniform hyperplasia and vascularity of tissue ; most of the follicles are small and have
tall cells ; autoradiogram shows blackening throughout. Magnification: x 2.
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FIG. 4. SECTION AND AUTORADIOGRAM OF THYROID OF PATIENT WITH
SIMPLE GOITRE

Note iodine uptake in a few, small, discrete areas. Magnification: x 3.
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FIG. 5. SECTION AND AUTORADIOGRAM OF A SINGLE HYPERACTIVE NODULE

Note intense blackening over nodule and atrophy of extranodular thyroid. Magnification: x 3.
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FIG. 6. SECTION AND AUTORADIOGRAM SHOWING CENTRAL HAEMORRHAGE
AND NECROSIS OCCURRING IN A HYPERACTIVE NODULE

Note the blackening corresponding to the rind of the nodule. Magnification: x 2.
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FIG. 7. SECTION AND AUTORADIOGRAM OF NODULE SHOWING NO IODINE
UPTAKE

*

.. ........ ,,.,

::'U'S:,wi.;; 'SS, S ,'.' .... ',' ,. ', B .. ,Li:~~~......... ...

Mt MEO*'wt :. .''X;

Note hathe fllicls ousideme ndule ave rodued backenng o thefilmMaVfiain:x3

.I.4.
;.,



210 S. TAYLOR

FIG. 8. SECTION AND AUTORADIOGRAM FROM MULTINODULAR GOII
SHOWING TYPICAL APPEARANCE OF "PUDDING-STONE" GOITRE
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Note that activity is almost entirely confined to one nodule. Magnification: x 21/2.
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