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INTRODUCTION

S8ince the advent of the atomlc plle with the
resultant avallabllity of plle produced radloactive
iodine, investigation of thyroid metabolism has pro-
gressed rapidly. Concomitant with this speedy exten-
sion of knowledge has been the change in attitude to-
ward therapy of hyperthyroidism, a better understanding
of the expected results from such therapy and the intro-
duction of new modes of treatment. Since the etlology
of hyperthyroidism is not well understood, the thera-
peutic approach 1s directed against the main target or-
gan of the disease, the thyroid, rather than the specific
cause. This thesls deals with the therapeutic approach
to hyperthyroldism inasmuch as it i1s concerned with

radioactive iodine.
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IODINE AND THYROID METABOLISM

8ince radiolodine 1s so closely tied to thy-
roid metabolism in dlagnostic value, 1t seems proper to
introduce the subject of this paper with a brlief survey
of 1odine and thyroid metabolism,

In thyroid hormone manufacture, the prelimi-
nary step involved 1s the transferral of serum 1odine
to thyroidal 1odide and 1its transformation into iodine
for synthesis into thyroxin, 8ince many tissues have
been shown to have the abllity to manufacture thyroid
hormone i1f sufficient 1odine 18 present, then that
which sets the thyrold aside from other tissues, 1s 1ts
abllity to concentrate 1odine.

The next step to be accomplished 18 to trans-
form the 1odide taken up by the thyroid gland to i1odine
for i1ts introduction into the tyrosine molecule.. This
1s thought to take place under the influence of an
oxildative process and an oxidative process has been des-
ocribed by Dempsey (8) in 1944, although some take
exception to this vliew., Once di-iodotyrosine is formed,
two molecules of 1t combine to form thyroxine through
an oxidative coupling with the elimination of one side
chain. From here, thyroxin 1s transferred to the

colloild of the gland in the form of thyroglobulin for



storage or 1t 1s secreted directly into the blood stream.
Thyroxin 1s released from thyroglobulin by a process of

proteolysis under the influence of thyrotropic hormone.

When drugs of the thiourea group such as
thiouracil or propylthiouracil are introduced, the manu-
facture of thyroid hormone i1s interrupted. The essen-
tial feature of this effect 1s the blocking of the or-
ganic binding of 1odine to tyrosine. The exact mecha-
nism 18 not known, but it may be that the thiurea acts
to inhibit oxidation, possibly of a peroxidase system,
if this 1s actually the system for 1odide conversion.
Organic binding resumes within a matter of a few hours
after the administration of a single dose of the drug.
If the drug administration is continued long enough so
as to induce a decrease 1n the circulating thyroid hor-
mone, the pltultary will be stimulated to produce more
thyrotropin, This will, in turn, stimulate the thyroid
gland to gross hyperplasia and will increase 1ts abllity
to concentrate 1odine. Mowever, this 1odine is in an
inorganic form and cannot be utilized to form thyrold
hormone.

The means by which the rate of thyroid hor-

mone manufacture is controlled 1s obscure, but 1t seems

likely to be mediated by the pitultary. That the funda-

mental control of the thyrotropin hormone output may



rest in the hypothalamus 18 suggested by the observa-
tions of Jensen and Clark (18) that thyrotoxin labelled
with radlolodine can be localized there. Recent experi-
ments, notably by Greer (9), indicate that the pitultary
may secrete two factors, a growth factor which 1s able
to increase thyroid cell size, and a metabolic factor
which controls iodine metabollism. The growth factor 1s
dependent on direct contiguity with the hypothalamus

for 1ts secretion, whille the metabolic factor appears to
be independent of hypothalamic connection,

The explanation of the well-known effect of
lodine in pharmacologlcal amounts, in certaln cases of
hyperthyroldism, 1s not well understood although 1its
effect 1s medlated through interruption of organic bind-
ing of 1odine to tyrosine as does thiouracil. It 1s
apparently related to the amount of 1odine contained in
the thyroid gland and not the amount circulating in the
blood stream, It has long been observed that iodine
has an involuting effect upon the hyperactive thyroid
gland, and 1t 1s further postulated that 1odine may in-
terfere with the action of thyrotropin on the thyroid
gland.,

The exact mechanlsm by which thyroxine exerts
its effect on tissues 18 not known although it 1s

apparent that tissue metabolism 1s controlled through



regulation of enzymatic activity. It has been suggested
that 1ts activity could be exerted elther as a sort of
co-enzyme or indirectly through the release of some
metabolically active substance. Because of the small
amounts of thyroxin avallable to the various tissues,
some have felt 1t unlikely that thyroxin acts directly
with each of several enzyme systems., However, some
recent experimental work by Gemill in 1952 shows a
direct participation by thyroxin in two enzymatic mecha-
nisms and suggests that 1t may act as a medlator between
substrates or co-enzymes and cytochrome C, alding not

only oxidation but phosphorylation as well.
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HISTORY

Roentgen treatment has been used for hyper-
thyroidism for many years., In 1923, Means and Holmes
(19) pointed out that in this type of treatment, about
one=third of the patients are cured, another one-third
improved, and the other third not effected. 8ince 1923,
ordinary i1odine by mouth has been used as a preoperative
method by quieting the hyperactive thyroid in prepara-
tion for surgery. Under l1odine alone, occasionally the
patient and the doctor allke have been agreeably sur-
prised to find that the symptoms and signs of hyperthy-
roidism have disappeared, and a permanent remission was
apparently effected. That X-ray treatment and l1odine
treatment sometimes cure hyperthyroidism led to the hope
that someday a more effective non-surgical method would
be found., Then, the MacKenzies'! and Astwood (19) dis-
covered that several chemical compounds inhibit the
function of the thyroid in hyperthyroidism as well as
under other circumstances. B8everal of these agents have
been investigated and, until now, thiouracil has been
found to be most useful in the treatment of thyrotoxi-
cosls,

Induced radioactivity was discovered in 1934

and that same year, Ferml and hls co-workers in Italy



prepared radloactive isotopes of 1odine., Because the
thyrold absorbs 1odine selectively, it seemed likely
that beta rays from iodine rendered radioactive would
have a greater radlation effect than that delivered
from roentgen rays derived through the skin and overlay-
ing tissues.

The use of radloactive iodine in the study of
thyroid physiology was soon undertaken and reported
first in 1938 by Hertz, Roberts and Evans (12). Subse-
quently, these and other investigators used various
isotopes of radioactive iodine as tracers for the study
of thyroid function, and it was found that in untreated
hyperthyroidism, the thyroid may take up to as much as
90 per cent of a small dose (less than two milligrams)
of 1odide within a few hours after oral administration.
This established the basis for therapeutic trials of
radloactive 1odine.

In 1942, at the annual meeting of the
American Society For Clinical Investigation, Hamilton
and Lawrence (11) reported that in a serles of experi-
ments with radioactive 1odine with the collaboration of
Doctors Soley and Eichorn in which two dogs and a seriles
of rabbits were given large doses of radiolodine, the
net effect was the nearly complete destruction of the

thyroid gland and no evident damage to other body tissue.



This was followed by smaller doses of radioiodine

given to a series of three hyperthyroid patients, Mark-
ed clinical improvement was noted within two months with
no adverse effects. Two of the patients had nearly com-
plete remission in four and a half months, and the third
required another small dose. At the same time, Hertz
and Roberts (12) published a preliminary report of the
treatment in this manner of ten patients, In this ser-
ies, the procedure was to give the radioactive lodine
and follow this with ordinary 1odine by mouth for a
period of several months, However, a revue of these
cases of Hertz and Roberts, and an additional eighteen
cases of Hertz following this, led to the conclusion
that 1t was difficult to declde whether those patlents
who improved were responding to ordinary iodine, to
radloactive 1odine, or to their combination. The dos-
age given to this series of patients averaged five
milliocuries in 1941, ten millicurles in 1942, and 14.5
millicuries in 1943, The largest single dose belng

21 millicuries,
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PHYSIOLOGICAL AND BIOLOGICAL EFFECTS
OF RADIOACTIVE IODINE

The blologlical effect of radiation, indepen-
dent of the type of radlation that 1s used, 1s the same
on all body tissues. Radlolsotopes are like radium and
X-ray in that 1t undergoes continuous disintegration
with a resultant emission of radiation. There are two
important types of radlation emitted. These are beta
and gamma rays. Beta radlation conslsts of high speed
electrons of varlable digress of energy which are nearly
all absorbed within one centimeter of the tissue. Gamma
rays resemble high voltage X-rays and, generally speak-
ing, have a much larger range of penetration and
biological effect than beta rays. Radloactive l1odine
131 emits a feeble beta ray which 1s entirely absorbed
within 1-2 millimeter of tissue, and a gamma ray equiva-
lent to a 370,000 volt X-ray, although the gamma ray
makes up only about 15 per cent of 1ts total energy.
Radlolodine 131 dissipates half of 1ts energy in about
elght days (half-l1ife). The therapeutic action of all
radloactive materials results entirely from the radia-
tion emitted and thelr physiologlcal effect depends upon
the selective locallzation of the 1sotope within the body
of the patient. The conduction of the radioactivity to

selected tissues 1s the only importance of the chemical



agent used, Thus, the blologlcal effect of the emitted
radiation will depend upon the assimilating tissue and
the dosage given. BSuppression of mitoslis, reduction of
functional activity in the tissue, and even cytocidal
disintegration of radlosensitive neoplasm will occur,
depending on the dosage of radiation delivered.

Dalley, Lindsay, and Miller (6) have found in
a histological examination of the thyroid of twenty-
three hyperthyroid patients of which twenty-one received
a therapeutic dose and all but two became euthyroid,
that seven patients were hyperplastic and no definite
radlation effects were noted. Nine of those treated
had lesions identical with Hashimotos'! thyroliditis.
They state that the high incidence of thyroiditis com-
pared with non-irradiated hyperplastic glands is signi-
ficant and that 1t suggests that Hashimotos! thyroiditis
is one effect of internal radiation with iodine, Four
of the patients showed multiple nodules and showed
moderate follicular atrophy of the residual gland tissue.
This atrophy, it was belleved, was the result of irradi-
ation injury. Diffuse follicular atrophy and fibrosis
was displayed by three patients, This 1s considered the
classic lesion of irradiation, Vascular lesions in all
the cases examined was minimal and seemed to have no

relation to the regressive thyrold lesion observed.
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Finally, hyperchromatic and pleomorphic alterations of
the thyroid epithellal cells observed by these workers
in this study, were not belleved to be directly related

to irradiation.,
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DOSAGE DETERMINATION OF RADIOCACTIVE IODINE

Werner and his group (30) were among the first
to work out an accurate means of determining the dosage
requirements for radioiodine 131l. Although, at the pre-
sent time, there i1s considerable variation from any sin-
gle mode of calculation, still their work acted as a
guide and aid for the practical use of the isotope,

At the start of thelr work, no adequate method
of dosage planning was being used. There was no estab-
lished standard for the determination of millicurie
activity. Various laboratorles showed large and varied
discrepancies in the activities characterized as "one
millicurie®, This discrepancy did not stem from any
conflict over the physical definition of the millicurile,
but to the variation in the practical application of the
instruments used and the absence of an authoritative
control standardization bureau. L. D. Marinelll did
much to improve this situation through the use of the
ionlzation chamber measurement,

Determination of therapeutic dosages involved
taking into account glandular uptake and subsequent
gradual loss following this, as well as the amount of
energy dissipated from the radloactive i1sotopes.

Werner based his calculations on the fact that if a
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