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Radioiodine and natural iodine are chemically
and physiologically identical, providing the former
is present in quantities so small as to be without
biologic effects due to radiation per se. A minute
quantity of radioiodine may be used to trace, by its
radioactivity, the course of a given quantity of
iodine through various chemical and biologic re-
actions. Hertz (1, 2) was the first to call atten-
tion to the unique possibilities of this method in
the study of thyroid function. Hamilton and Soley
( 12) were the first to apply it to the clinical inves-
tigation of the human thyroid. Radioiodine trac-
ers have subsequently been utilized in many stud-
ies dealing with the thyroid of laboratory animals,
in vitro experiments and clinical investigations.
The method has been applied to the study of the
biosynthesis of thyroid hormone (1, 3 to 9), the
action of thyrotrophic hormones (4, 10), the ac-
tion of goitrogens (5, 11) and of other factors
influencing the function of the thyroid (6), the
functional activity of various thyroid tumors and
a number of other problems.

It is possible that radioiodine may prove most
useful in the study of thyroid function in man.
To date, relatively few definitive clinical studies
employing this technique have been published.
The first was that of Hamilton and Soley (12),
who compared the collection by the thyroid of
iodine labeled with radioiodine and its excretion
in the urine and feces in normal subjects and in
patients having various thyroid disorders. Radio-
iodine in the thyroid was measured directly by
the recording of its gamma radiation by means of
a Geiger-Muller counter placed over the trachea
and in some instances by analysis of surgically re-
moved specimens of thyroid tissue. It was found
that an orally administered dose of labeled iodine
was absorbed very rapidly and could be detected
in the thyroid within 20 minutes. Normal subjects
excreted 74 to 89 per cent of the dose in the urine

during a period of 5 days, 53 to 81 per cent ap-
pearing during the first 24 hours. Two myxede-
matous patients excreted 91 and 94 per cent, re-
spectively, in the urine during 5 days but at a
slower rate than did the normals. Patients who
had hyperthyroidism excreted as much in the
urine as did the normals. This finding may have
been due to the fact that most of the patients had
received strong solution of iodine (Lugol's solu-
tion) and in part to the very large amount of
iodide (14 mgm.) which was administered as a
labeled dose. Fecal excretion was variable but
averaged only about 1 per cent of the dose.

In another series of in vivo measurements em-
ploying the same dose of iodide, Hamilton and
Soley (13) recorded characteristic collection
curves for various thyroid states. The curve typi-
cal of normal thyroids was a smooth curve which
leveled off to a flat plateau in 2 days. Iodine col-
lection by thyroids of hyperthyroid patients was
greater and much more rapid than in normal thy-
roids. It rose to a peak within 4 to 8 hours and
thereafter decreased almost as rapidly to a plateau
lower than that of the normal thyroids. This
curious phenomenon was also observed in 2 child-
ren who had goiters and hypothyroidism. Whena
dose of 0.1 microgram of sodium iodide was given
instead of 14 mgm. such rapid loss of radioiodine
from the thyroid was not observed (14).

Hertz, Roberts and Salter (3) studied 22 pa-
tients who had exophthalmic goiter and compared
these with 2 normal subjects. The quantity of
radioactivity was measured in the urine; that in
the thyroid was measured in situ by applying a
Geiger-Muller counter to the neck. Thyroid tis-
sue was obtained in some cases following thyroid-
ectomy. This was fractionated into diiodotyrosine-
like and thyroxine-like fractions, which were also
analyzed for radioactivity. The collection by thy-
roids in untreated exophthalmic goiter averaged
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80 per cent if the accompanying dose! of sodium
iodide was small; when the latter exceeded 2 mgm.
the uptake of radioiodine was smaller. Previous
treatment with iodine reduced the quantity col-
lected. The proportion of radioiodine which ap-
peared in the thyroxine-like faction of thyroid
tissue varied directly with the time intervening
between the administration of the tracer and thy-
roidectomy.

Rawson and his associates (15, 16) studied the
urinary excretion of radioiodine in a series of pa-
tients with various thyroid states. A patient who
had a very large hyperplastic goiter resulting from
treatment with potassium thiocyanate excreted
only 24 per cent of a tracer dose of radioiodine,
whereas a patient who had a similar goiter in-
duced by administration of thiouracil excreted all
of the tracer dose. The effect of thiouracil was
also studied in a series of patients who had ex-
ophthalmic goiter and who were prepared for
operation with this drug. The major part of the
radioiodine appeared in the urine and very little
was found to be in the thyroid. In 5 normal sub-
jects, a total of 80 per cent of the dose appeared in
the urine. A series of untreated thyrotoxic pa-
tients excreted an average of 16 per cent of the
dose in the urine.

Leiter, Seidlin, Marinelli and Baumann (8)
have studied the behavior of radioiodine tracers
in 2 patients who had hyperfunctioning and meta-
static thyroid adenocarcinomas. Both subjects ex-
creted radioiodine in a manner comparable to that
observed in cases of exophthalmic goiter. In
one case thiouracil effectively reduced collection
by the thyroid and in the other, in which the
thyroid gland had previously been totally ablated,
it proved equally effective in preventing collec-
tion of radioiodine by the metastatic thyroid tis-
sue (17).

Leblond, Fertman, Puppel and Curtis (7) stud-
ied the form in which iodine is stored in the thy-
roid in cases of goiter. They found that less than
10 per cent of the quantity collected by the thyroid
remained in the form of iodide; the rest was con-
verted to diiodotyrosine or thyroxine. Compar-
able observations had been made earlier by Hamil-
ton and Soley and their associates (14) in 2 cases
of goiter with hypothyroidism.

All of the clinical reports which have appeared

have dealt with the proportion of a given dose col-
lected by the thyroid or excreted in the urine, or
with the chemical form in which it was stored or
secreted by the thyroid. No attempt has been
made, thus far, to investigate the rates at which
collection, excretion or secretion of iodine occu-rs.
The collection curves reported by Hamilton and
Soley are an exception in that the characteristic
forms of these curves imply important differences
in the dynamics involved although the differences
noted were not expressed quantitatively.

The present study was undertaken to investi-
gate the dynamics of iodine metabolism by the
tracer method, and to determine, if possible, the
rate at which radioiodine is collected by the thy-
roid, disappears from the blood and is excreted in
the urine. The study was undertaken in the hope
that this approach might provide the tracer method
with greater precision when applied to various as-
pects of thyroid function in man.

The data to be presented concern chiefly the
urinary excretion of radioiodine. Subsequent
studies will deal with the concentration of radio-
iodine in blood and its collection and secretion
by the thyroid as measured in vivo. Urinary
measurements possess the disadvantage of not
being directly concerned with thyroid function.
There are, however, 2 reasons for directing at-
tention first to urinary measurements: 1. The
urine is the principal route for the disposal of an
ingested dose of iodine in euthyroid or hypo-
thyroid subjects. 2. The analysis of radioiodine
in urine is technically much simpler and more ac-
curate than its measurement in blood samples and
much more accurate than present methods for
measuring radioactivity in qivo.

METHODS

Iodine of mass 131 having a half life of 8.0 days was
obtained from the Clinton Laboratories, where it had
been prepared by the bombardment of metallic tellurium
with slow neutrons in the chain-reacting pile. The iso-
tope was supplied in solution as carrier-free iodide, with
minute amounts of tellurium, sulfates and oxalates as
contaminants. The solution was adjusted to pH 8.0, cal-
cium chloride was added to precipitate oxalate, sodium
iodide solution was added as carrier and the volume was
adjusted so that 1.0 cc. contained 5.0 micrograms of so-
dium iodide and represented 500 microcuries as calcu-
lated from the stated activity of the sample as received.
The usual tracer dose was 100 microcuries of I181 with a

1 139



F. R. XEATING, JR., M. H. POWER, J. BERKSON, AND S. F. HAINES

total of 100 micrograms of sodium iodide as carrier."
In the earlier studies, the tracer doses were given in the
morning after breakfast. Later they were given while
the subject was fasting because it was found that food
appeared to delay absorption appreciably.

Tracers usually were given to patients as outpatients.
Instructions regarding the exact collection of specimens
of urine were given with great care. They were first re-
viewed with the patient by the physician, repeated by the
technician at the time the tracer was given and empha-
sized by means of a printed sheet on which the procedure
for collection of urine was explicitly prescribed. If after
diligent questioning at the time when specimens were
returned, an error in collection of specimens was dis-
covered, the data were discarded. In most cases the urine
was collected every 6 hours for the first 24 hours and
in 24-hour samples thereafter for 2 more days or in
some instances for a longer period. In certain cases, es-
pecially in those of hyperthyroidism, the collections dur-
ing the first few hours were made at 1- or 2- hour inter-
vals. With regard to precision of collections of urine,
a very satisfactory degree of cooperation has been
achieved.

The urine was collected in glass bottles to which had
been added sodium hydroxide (3 cc. of 2.5 normal solu-
tion) and sodium iodide (1 mgm.) as carrier. The
specimens were carefully measured and 0.2 cc. was
pipetted by means of a syringe pipette onto a copper
planchette. Silver nitrate (0.1 mgm. silver in 0.1 cc.)
was added to the drop on the planchette. If the sample
was not properly centered on the planchette it was dis-
carded and another was prepared. The specimen was
then evaporated to dryness and counted at once with a
Victoreen thin mica window beta-ray counter. The
number of counts taken varied with the strength of the
sample but, whenever possible, sufficient counts were made
to keep the counting errors to within 2 to 5 per cent.
All counts were made on duplicate samples. *When these
did not check closely the analysis was repeated on an-
other pair of duplicates. The results were compared
with a standard made from the same shipment of I131 as
the tracer given the patient and were counted in the
same manner and at the same time.

MATERIAL

Four groups of patients were studied. Group 1 in-
cluded 4 normal men varying in age from 30 to 46 years,
who served as controls. Group- 2 consisted of 10 euthy-
roid patients who were given tracers because of the
presence of papillary adenocarcinoma of the thyroid,
graded 1 on a basis of 1 to 4 (Broders' method). So
far as thyroid or renal function was concerned, these

1 Measurements made of aliquots of our samples in the
laboratory of Dr. R. D. Evans, Massachusetts Intitute
of Technology, indicated that the dose used closely ap-
proximated 200 microcuries, in terms of the standards
of that laboratory. No attempt is made in this paper to
discuss the problem of measurements of radioactivity in-
dicated by this divergence of measurements.

patients were essentially normal. Group 3 included 6
patients who had myxedema and in whom in vivo meas-
urements failed to disclose any measurable collection of
radioiodine by the thyroid. In 2 of the 6 cases the
myxedema was adequately controlled by administration
of desiccated thyroid at the time of this study. The re-
maining 4 patients were untreated at the time of this study.
Group 4 included 16 patients who had uncomplicated, un-
treated exophthalmic goiter. None of these patients had
received iodine before the study.

RESULTS

Curves showing the cumulative urinary excre-
tion of radioiodine by the subjects in the 4 groups
mentioned are shown in Figures 1, 2, 3 and 4, re-
spectively. The rate of excretion in the first 2
groups-the 4 normal men and the 10 euthyroid
patients-varies somewhat but the curves are ob-
viously exponential in form and each approaches a
plateau in about 48 hours. The shape of .the
curves is strikingly similar to that of the curves
constructed by Hamilton and Soley (13) from
data obtained by in 'vvo measurement of radioac-
tivity over normal thyroids after administration of
radioiodine.

The rate of excretion of radioiodine by the
myxedematous subjects is slower initially than
that observed in the first 2 groups but persists
much longer. A plateau may not be attained un-
til after 4 days or more. Eventually, however,
these subjects excrete in the urine much more of
the administered dose of radioiodine than do the
normal or euthyroid subjects.

The excretion of radioiodine by the patients
who had untreated exophthalmic goiter exhibited a
great deal of variation. This may not be surpris-
ing, since the severity of hyperthyroidism and the
quantity of thyroid tissue present, as well as basal
metabolic rates (range + 8 to + 82 per cent),
varied greatly. Nevertheless the excretion rates
of all but 2 of this group were well below the mean
for normal persons. The 3 cases with highest ex-
cretion rates in this group are of particular inter-
est because, although their response resembled
that of the normals, they represent relatively
severe exophthalmic goiter with basal metabolic
rates of + 58, + 61 and + 46 per cent, respectively.
The diagnosis was confirmed at operation in each
instance. The excretion of radioiodine by the re-
maining subjects in this group was significantly
less than in any of the other groups and the
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FIG. 1. URINARY EXCRETION OF RADIOIODINE IN 4 NORMALMEN
The form of the curves suggests an exponential function.
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The composite curve of the normal men is included for comparison. Indi-
vidual curves vary not only in the plateau which is reached but also in the time
required to reach it.
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FIG. 3. URINARY ExcRETIoN OF RADIOIODINE IN 6 PATIENTS WHOHAD
MYXEDEMA

The composite curve of the normal men is included for comparison. Not
only does more radioiodine appear in the urine in myxedema but a much
longer time is required to reach a plateau.

curves describing excretion appear to become
asymptotic very quickly, especially in the instances
of very low iodine output. Closer inspection of
these curves, however, indicates that a real plateau
is not reached; instead iodine excretion continues
at a slow and relatively constant rate after the
rather short initial phase of relatively rapid ex-

cretion is completed. In this sense the hyper-
thyroid curves appear therefore to be diphasic;
there is an initial phase which, like that of the
normal subjects, appears exponential and a second
phase which is linear. As will be pointed out later,
this difference from normals is more apparent than
real; a linear phase is present in the normal curves

also but is not apparent on casual inspection.

ANALYSIS OF DATA

The smoothness of the curves obtained, their
exponential character and the variations encoun-

tered in the different groups suggested that the
differences between them might be expressed
quantitatively by mathematical analysis. A series
of equations has been found which appears to ac-
complish this goal adequately.

The urinary curves are quite well represented
by the function

Q = Qf (1 - e-rt)
where Q is the amount of radioiodine, expressed as
a fraction of the original dose, excreted in the
urine in time t; Qf is the asymptotic amount, that
is, the total amount finally excreted, and r is a
constant depending on the rate of disappearance of
iodine from the blood. The function thus is seen
to have 2 parameters which define it: r the rate
constant, and Qf the final value of Q. The value
of r can be determined by plotting log (Qf - Q)
against t (or the value of Qf - Q against t on
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FIG. 4. URINARY EXCRETION OF RADIQIODINE IN 16 CASES OF UNTREATED
EXOPHTHALMICGOITER

The cases varied widely in clinical severity, basal metabolic rates and excre-
tion of radioiodine. Instead of reaching a plateau, a slow and relatively con-
stant excretion of radioiodine persists after the initial period of rapid excretion.

semilogarithmic paper) and determining the slope
of the straight line function which results. This
necessitates a prior knowledge of Qf. The value
of Qf is estimated by inspection of the curve of
the observed values Q versus t, and adjusted so as
to give a linear function for log (Qf - Q) versus

2

The proportional rate of removal of radioiodine
from the blood by the kidneys and appearing as
urinary radioiodine, is given by the product of r
by Qf. The value r itself is the proportional rate
of disappearance of radioiodine from the blood into
all tissues into which it goes. If therefore we as-
sume for simplicity, and as a first approximation,
that the iodine of the blood is going only to 2
tissues, the thyroid and the kidneys, the rate of
absorption of iodine by the thyroid is given simply
by the difference between the total rate and that

2Detailed mathematical development and treatment will
be given in a forthcoming publication.

estimated for the kidneys, that is, r - rQf = r
(1 - Qf). This difference actually measures the
rate of removal by all tissues together, other than
the kidneys, and therefore, in so far as there are
other tissues than thyroid involved, it does not
give the true thyroid rate. However, inasmuch as
variations in the disposal of iodine in the body to
tissues other than the kidneys are likely to be
due to variations in thyroidal absorption of iodine,
the thyroid being the most important of these tis-
sues, it seems reasonable to use the value r (1 -

Qf) as an index of the rate of removal of iodine
by the thyroid. When the radioiodine curve of
the thyroid can be accurately determined by ob-
servations obtained from the subject's thyroid
directly, the rate of collection by the thyroid can
be estimated.

It was noted in the preliminary discussion of
the results that the excretion curves of the hyper-
thyroid group were diphasic and included a sec-
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ond phase in which excretion of iodine appeared to
continue at a very low rate which was more or less
constant or apparently linear. When curves of
euthyroid patients are analyzed in the manner

80
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which has been described, it will be found that
whenever the data have been collected for a suffi-
cient time for the renal excretion curve to approach
closely to the asymptote a similar nonexponential
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IN A NORMALSUBJECT (CASE 1
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FIG. 5. ANALYSIS OF URINARY EXCRETIONOF RADIOIODINE IN A NORMALSUBJECT
a. The quantities employed in analyzing the curve: Qr is the asymptote or plateau

which the initial excretion curve approaches; the quantity Q, - Q may be plotted as a

straight line on semilogarithmic paper.
b. The form of the renal excretion curve when plotted as the expression Q, - Q.

From the line the value r, or disappearance rate, may be determined. For the other
constants which are derived see text.
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and apparently linear excretion of iodine above the
asymptotic amount is encountered. The amount
of this excess excretion, which for convenience
has been defined as a in the figures, is much less

)IODINE IN THYROID STATES 1145

in the normal than in the hyperthyroid subjects.
This quantity has not been detected in the hypo-
thyroid excretion curves. However, since these
approach the asymptote so slowly that, usually,
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FIG. 6. ANALYSIS OF URINARY EXCRETION IN A CASE OF MYXEDEMA

a. Initial analysis of the curve. The asymptote may be determined even
though the excretion curve does not reach a plateau in the time observed.

b. The form of the renal excretion curve when plotted as Q- Q. When the
proper value for Q. is chosen, the points fit a straight line closely.
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FIG. 7. ANALYSIS OF URINARY EXCRETION IN A CASE OF EXOPHTHALMICGOITER
a. The initial analysis of the curve shows clearly that, instead of a plateau, the

initial phase of excretion is followed by a fairly constant or linear phase. When
observations on euthyroid subjects are continued long enough, the same phenomenon
is encountered. The difference between the actual excretion of radioiodine in 72
hours and that which is predicted from extrapolation of the initial excretion curve
is called the quantity a for purposes of reference.

b. The initial renal excretion curve expressed as - Q.
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5 or 6 days are required to approach it closely and
since the proportion of the dose remaining is very

small by that time, it cannot be concluded with
certainty that this quantity is not present in these
curves. However, it does not appear to be present
and its apparent absence may prove both correct
and significant.

It is a hypothesis that the excess excretion of
radioiodine referred to in the previous paragraph
is related indirectly to the secretion of radioiodine
previously stored in the thyroid. Preliminary
measurements of radioiodine in blood and pre-

liminary in zivo measurements make it clear that
this excess excretion in urine does not reflect
directly the secretion of stored radioiodine by the
thyroid. However, secretion of radioiodine by the
thyroid is generally assumed to be largely in the
form of organically bound iodine. Perhaps there-
fore one should not expect an immediate and direct
reflection in urinary excretion.

Figure 5a and b shows the analysis of the renal
excretion curve for a normal subject; Figure 6a
and b, for a myxedematous one, and Figure 7a
and b, for a case of exophthalmic goiter. Prac-
tically all of the cases studied fit the straight line
as closely as the examples given and the fact that
the data fit the mathematical assumptions so pre-

cisely lends some support to the validity of such
treatment.

According to the mathematical analysis which
leads to the function presented for the radioiodine
curve, the value r, whether determined from the
radioiodine curve of the urine or by any other
method, measures the proportional rate of disap-

TABLE I

Rate of disappearance of radioiodine

Rate of disappearance
of radioiodine*

Case Diagnosis

Urine Blood

per cent per hour
Exophthalmic goiter 27.3 26.4

2 Exophthalmic goiter 32.6 31.4
3 Adenomatous goiter with 9.7 12.0

hyperthyroidism
4 Adenomatous goiter with 12.9 12.4

hyperthyroidism

* The quantity r, or disappearance rate, determined
from urinary excretion curves compared with the rate
de termined from a series of blood samples obtained during
the same period.

TABLE II

Rate of disappearance of radioiodine

Rate of
Source of calculation disap-

pearance*

per cent
per hour

Radioiodine in urine 14.2
Radioiodine in blood 11.6
Radioactivity in thyroid, measured in vivo 10.2
Radioactivity in thigh, measured in vivo 11.9

* The quantity r, or disappearance rate, determined
from 4 types of measurements in a normal subject follow-
ing administration of a single tracer dose of radioiodine.

pearance of radioiodine from the blood. Accord-
ingly, it should be the same value however deter-
mined. Table I shows the results obtained in
4 cases in which a comparison has been made be-
tween the value for r determined from urinary data
and the same quantity determined directly from
blood samples, following the same tracer. The
blood samples were drawn at intervals, digested
with alkali and analyzed according to a technique
which will be described elsewhere. The figures
obtained from the 2 sources, blood and urine,
agree very well. In Table II are values for disap-
pearance rate, r, determined by 4 methods in a
normal subject. The values for r were calculated
from serial measurements over the thyroid in vivo,
serial measurements of peripheral radioactivity
over the thigh in vivo, serial blood samples and the
renal excretion curve. These figures also agree
reasonably satisfactorily when one considers that
the measurement of radioiodine in blood is some-
what less accurate than in urine and that the in
vivo measurements, in their present stage of devel-
opment, are only close approximations.

In Table III are given the means and standard
deviations, for the 4 groups of cases comprising
this study, of the following 4 quantities: (1) Qt,
which measures the fraction of radioiodine being
excreted into the urine; (2) r, which measures the
proportional rate of disappearance of radioiodine
from the blood; (3) r X Qf, which measures the
proportional rate of excretion into the urine and
which will be referred to as the "renal excretion
rate"; (4) r (1 - Qf), which measures the pro-
portional rate of absorption by other tissues than
the kidneys (thyroid?) and which will be referred
to as the "collection rate." In addition, the mean
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TABLE III

Summary of quantitative characteristics of renal excretion curves in various thyroid states

Renal Disappearance Renal excretion Collection Excess excretion
Group Condition Cases fraction rate rate rate in 72 hrs.

(Qi) (r) (r XQf) r(I -Qa) (a)t

per cent of dose per cent per hour per cent of dose
1 Normal conditions 4 65.2 ± 5.0* 11.1± 3.6 7.2±42.1 3.9 ±2.8 1.4 41.4
2 Thyroid tumors 10 65.1 ± 11.0 8.942.1 5.7 ±1.8 3.2 ± 1.7 0.6±0.5

(euthyroid)
3 Myxedema 6 84.6±4 4.5 6.8 ± 1.8 5.8 ±1.4 1.0±40.6 0
4 Exophthalmic 1 6 24.8±22.2 28.9±5.1 5.4±2.0 23.5±8.0 2.4±4-1.4

goiter

* The mean of each group is given together with the standard deviation in order to indicate the relative variation
encountered.

t The quantity a, which is also included, indicates the excess excretion of iodine in the urine after 72 hours. This
expression does not attempt to define this factor quantitatively.

values of the excess excretion of radioiodine in
urine, the quantity a, are included. The latter is
expressed as the total excess after 72 hours. This
is an admittedly inadequate means of expressing
this quantity but it may serve until further study
establishes its quantitative significance. The val-
ues as shown indicate the relative magnitude of
the excess in the 4 groups of patients.

The variations in the renal fraction among the 4
groups of cases are what one would expect from in-
spection of the original excretion curves (Figures
1 to 4, inclusive). The normals excreted an aver-
age of 65 per cent, the myxedematous patients
conspicuously larger fractions and the hyperthy-
roid patients conspicuously smaller and more vari-
able quantities.

The values for disappearance rate, r, show
larger differences than do the renal fractions. The
values for hypothyroid subjects are significantly
lower than for the normals and the values for
hyperthyroid subjects are more than 2½ times as
high as those for the normals.

The renal excretion rates (r X Qf) vary con-
siderably from patient to patient and the variations
are of sufficient order to account for some of the
variations of iodine collection which are observed.
However, no significant difference exists in the
mean renal excretion rates of the 4 groups and all
show approximately the same degree of individual
variation. One might expect to find reduced re-
nal excretion of significant degree in hypothyroid-
ism. This point will have to be settled by study of
a larger series of untreated patients.

The most striking differences are found in the
values for collection rates, r (1 - Qf). The hy-

pothyroid subjects show, as one would expect,
exceedingly low collection rates, 0.6 to 1.6 per
cent per hour. What proportion of this repre-
sents loss in feces and sweat, what proportion
errors in the method, and what proportion actual
collection by the thyroid or peripheral tissues it
is impossible to say. The very high collection rates
found in the cases of exophthalmic goiter may be
regarded as due to variations of thyroid function,
even though thyroid function is not here being
measured directly. The mean collection rates in
exophthalmic goiter were 6 times the normal rates
whereas the renal fractions as such were less than
half the normal values.

COMMENT

It is reasonable to assume that substantially all,
if not quite all, of the radioiodine given as a tracer
is either excreted in the urine or collected by the
thyroid. The fraction of the total amount of iodine
disappearing from the blood which is collected by
the thyroid is therefore a relative quantity, depend-
ing on the function of the kidneys as well as the
function of the thyroid itself. Even if the thyroid
function with respect to iodine collection remains
quite constant, a variation in function of the kid-
neys (or other iodine-collecting tissue) with re-
spect to iodine collection will alter the picture of
collection of iodine by the thyroid. Thus, if the
function of the kidneys is altered so that the
renal collection rate is lowered, the amount of
iodine collected in any given time by the thyroid
will increase, as will also the total amount of iodine
eventually collected by the thyroid.

The following hypothetical case will illustrate
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this point: If the thyroid-collecting rate was 3 per
cent per hour and the renal excretion rate 5 per
cent, the thyroid would collect in the first 24 hours
32 per cent of the original dose and asymptotically
it would collect 37.5 per cent of the dose. If now
the thyroid rate remained at 3 per cent but the
renal excretion rate was reduced to 1 per cent,
the thyroid would collect in the first 24 hours 46.1
per cent of the original dose and asymptotically
75.0 per cent. Attention only to the amounts of
iodine collected by the thyroid might therefore
easily give the impression that the thyroid function
had been altered. Use of the formulae presented
earlier in this paper would avoid this erroneous
conclusion, for what remains constant in the situ-
ation of unaltered thyroid function is the product
of r and Qf, which for the situation before the al-
teration of the renal function would be 0.375 x
0.08 = 0.03 and after the alteration of the renal
function would still be 0.75 x 0.04 = 0.03. The
method of study which has been described suggests
a means for determining the capacity of the kid-
neys to excrete iodine without regard to thyroid
function and of the thyroid to collect iodine with-
out regard to variations of renal function.

Tracers are ordinarily considered as labeling a
specific quantity of iodine so as to make its be-
havior distinct from that of the material with which
it is mixed. It is also true, however, that once a
radioiodine tracer is mixed with the circulating
iodide of the blood (either after complete absorp-
tion of an oral dose or after intravenous adminis-
tration) it may be regarded as a label temporarily,
not only of the tracer dose, but also of all of the
iodide in circulation in the blood and in the body
fluids which are in osmotic equilibrium with the
blood. In this sense whatever happens to the
tracer is a valid quantitative measure of what is
happening to the circulating iodide, since the two
behave identically. The quantities which have
been proposed, therefore, express the percentage
of the total circulating blood iodide which is be-
ing excreted or otherwise disposed of, as well as
the percentage of the tracer which is disappearing.
This does not necessarily imply that the circulating
iodide in the blood is constant in amount. It
merely implies that whatever the range of varia-
tion of circulating iodide in blood at the time of ob-
servation, the renal excretion rate and the col-

lection rate (expressed as a percentage of the total
quantity) are relatively constant quantities.

The radioiodine tracers which have been studied
previously, as well as those described in the pres-
ent study, have all been given orally. This raises
the question whether the time required for absorp-
tion affects the results significantly. Preliminary
observations suggest that absorption time has not
been a critical factor in the majority of instances.
However, a comparative study of intravenous
versus oral tracers is in progress in order to eluci-
date this point more fully.

Hamilton, (18), in an early paper, described
the remarkable speed with which an oral dose of
radioiodine appeared in the blood. Using a
Geiger-Muller counter over the hand as an indi-
cator, he found the absorption was 80 per cent
complete in an hour. In some preliminary studies
we have found that in both normal and hyperthy-
roid subjects, absorption may be complete in an
hour or less. Because the absorption from the
gastro-intestinal tract is complete within such a
short period it appears reasonable at the moment
to assume that, in most instances, only a small er-
ror will result from ignoring it. There is some
suggestion that the presence of food in the stom-
ach may somewhat prolong absorption of radio-
iodine and on this account we have made it a
practice to give tracers to patients in the fasting
state.

It is obvious that sooner or later the iodine col-
lected and stored in the thyroid is likely to be
secreted from the gland. If one excepts the ob-
servations made by Hamilton and Soley and their
associates (14) of the behavior of very large doses
of labeled iodide in toxic goiters and in hypo-
thyroid children with goiter, subsequent secretion
of radioiodine by the thyroid appears to occur
much more slowly than its initial collection. So
long as it takes place relatively slowly, thyroidal
secretion will not modify the exponential character
of the initial collection or excretion curves until
either is approaching an asymptotic level. Studies
of the quantitative character of the subsequent
secretion of radioiodine by the thyroid may as a
matter of fact prove far more significant than col-
lection studies. However, because of artefacts
resulting from the quantity of radiation in the
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tracer, they may be subject to more uncertainty
than are the studies of collection rates.

The quantity of radiation employed in all tracer
studies which have so far been reported substan-
tially exceeds in the thyroid the arbitrary tolerance
dose of 0.1 roentgen per day which is approved for
total body radiation of persons working with
radium or roentgen rays. Considering the great
concentrating power of the thyroid, doses of Il31
of the order of 1 or 2 microcuries would have to be
used in order to keep the radiation exposure of
the thyroid below 0.1 equivalent roentgen per day.
Such minute tracers are not practicable with pres-
ent methods. The radiation dosage in the pres-
ent study, assuming the dose employed to be 200
microcuries of I131, is of the order of 20 equivalent
roentgens per day or a total integrated dose per
patient of around 230 equivalent roentgens. No
information is available regarding the minimal
quantity of radiation per day which is capable of
inducing biologic effects in the thyroid either
within a few hours or within a period defined by
a few half lives of 131. Until this is known the
possibility must always be considered that the
radiation resulting from tracer doses of the magni-
tude employed may produce biologic effects which
influence the results observed.

Another factor of importance in the evaluation
of tracer studies is the quantity of carrier, or inert
iodide, which is given with the radioiodine. The
comparison by Hamilton and Soley of the differ-
ence in response to a 14-mgm. dose of sodium
iodide compared with a dose of 0.1 microgram
leaves no doubt that the size of the carrier can
modify the result obtained. For most purposes it
is desirable that the quantity given in a tracer be
an insignificant amount or at most a small incre-
ment to the iodide already present in the body.
Wehave so far avoided very small tracers (1.0
microgram or less) because of the fear, perhaps
unfounded, that excessive losses will occur with
such tiny quantities because of adherence to con-
tainers and so forth. If one assumes blood iodide
to be in osmotic equilibrium with the extra-
cellular fluid, as it probably is, the carrier which we
have employed, 100 micrograms, should represent
an average increment of the order of 1 microgram
of sodium iodide per 100 cc. of plasma. Before
it can be said with certainty that this is an incre-

ment which does not of itself modify iodine metab-
olism more detailed studies with varying quan-
tities of carrier will be needed.

SUMMARY

The urinary excretion of radioiodine following
its oral administration has been studied in normal
subjects, euthyroid patients who had low-grade
thyroid malignant lesions, patients who had
myxedema and patients who had untreated ex-
ophthalmic goiter.

The urinary excretion curves differ significantly
among the euthyroid, hypothyroid and hyperthy-
roid groups. Mathematical analysis of the urinary
excretion yields the following 4 quantities: (1) the
renal fraction (which is the fraction of the dose of
radioiodine primarily excreted in the urine); (2)
the disappearance rate (which is the proportional
rate of disappearance of radioiodine from the
blood); (3) the renal excretion rate (which is the
proportional rate of excretion into the urine);
and (4) the collection rate (which measures the
proportional rate of disappearance into other sites
than the kidneys). In so far as the thyroid repre-
sents the chief site in the body for collecting iodine,
the last of these 4 values serves as an index of
thyroid-collection rate. When the radioiodine
curve of the thyroid can be determined by observa-
tions obtained from the subject's thyroid directly,
the true rate of collection by the thyroid can be
estimated.

Estimations of disappearance rate, based on an-
alysis of renal excretion, have been found to agree
fairly closely with estimations of the same quantity
based on direct measurements of blood samples,
measurements of the thyroid in vivo and measure-
ments of peripheral radioactivity in vivo.

The renal fraction is greater than normal in
hypothyroid patients and is less than normal in
hyperthyroid patients. The disappearance rate
is less in hypothyroid patients than in normal
subjects and is markedly greater than normal in
cases of hyperthyroidism. Significant individual
variations occur in renal excretion rates but no
significant differences were observed in the mean
renal excretion rates among the 4 groups of cases
studied. The most significant variation observed
occurred in the collection rates, which were very
much less than normal in the hypothyroid cases,
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and averaged 6 times the normal in the hyperthy-
roid patients.

The significance, the limitations and the possi-
bilities of this technique have been discussed.
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