
THE IODIDE TRAPPING AND BINDING FUNCTIONS OF THE
THYROID

Solomon A. Berson, Rosalyn S. Yalow

J Clin Invest. 1955;34(2):186-204. https://doi.org/10.1172/JCI103072.

Research Article

Find the latest version:

https://jci.me/103072/pdf

http://www.jci.org
http://www.jci.org/34/2?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI103072
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/103072/pdf
https://jci.me/103072/pdf?utm_content=qrcode


THE IODIDE TRAPPINGANDBINDING FUNCTIONSOF THE
THYROID

By SOLOMONA. BERSONANDROSALYNS. YALOW

(From the Radioisotope Unit, Veterans Administration Hospital, Bronx, New York)

-(Submitted for publication, August 12, 1954; accepted October 20, 1954)

McGinty and Sharp (1) demonstrated that the
thyroid glands of rats treated with propylthiouracil
retained the ability to concentrate iodide ion but
failed to bind the iodine in an organic form.
VanderLaan and VanderLaan (2) and Stanley
and Astwood (3) showed also that thyroidal io-
dide, "trapped" under the influence of the anti-
thyroid drugs, could be rapidly discharged from
the gland by the administration of thiocyanate ion.
Iodine accumulation by the thyroid has therefore
been considered a two-step function; the first is
concerned with the concentration (trapping) of
iodide at a level higher than that in the circulating
plasma, while the second, in itself a complicated
process composed of several chemical stages, is
represented by organic binding of the trapped
iodide.

Several authors have inquired into the kinetics
of thyroidal iodide trapping and binding (4-6).
On the assumption that equilibration of plasma
and thyroidal inorganic iodide131 (iodide trapping)
is instantaneous following intravenous adminis-
tration of 1131, Ingbar (4, 5) calculated that thy-
roidal binding of trapped iodide proceeded at
average rates of 1% per cent per minute in eu-
thyroid subjects and 6% per cent per minute in
patients with Graves' disease. Wollman (6) as-
sumed that the plasma iodide131 concentration re-
mained constant or decreased at a single expo-
nential rate and considered the sequelae of several
theoretical alternatives for the relative rates of
trapping and binding. In the present study an
analysis is presented which permits evaluation of
the rates of trapping and binding from observed
data without assumptions regarding either process
or restrictions in the behaviour of the plasma io-
dide131 concentration. The results of the experi-
mental investigations indicate an extremely rapid
binding of trapped iodide in the untreated gland
and lead to the conclusion that trapping rather
than binding is the rate-limiting step of thyroidal
iodine accumulation.

TECHNICAL METHODS

Subjects received intravenous injections of 15 to 200 pc
carrier-free NaTls1 in normal saline solution. Assay of
thyroidal radioactivity was performed with a bismuth-
walled Geiger counter and a scaling circuit connected to a
Streeter-Amet register which automatically printed the
cumulative counts at minute intervals, as previously de-
scribed (7). The sensitivity of this arrangement was 110
counts per minute per ,uc I'3 above a background of 60
counts per minute. Five ml. samples of packed erythro-
cytes, plasma and urine were counted in a well-type scin-
tillation counter with a sensitivity of 1.00 X 106 counts
per minute per ,c I'l above a background of 200 counts
per minute. PBI3s and iodide13 were determined sepa-
rately utilizing the plasma/RBC ratio of 1131 as previously
described (8, 9).

Extrathyroidal radioactivity "seen" by the counter was
determined, for each subject, from the counting rate over
the neck following discharge of trapped thyroidal iodide
(binding inhibited by Tapazole®) by the intravenous
administration of 1.0 gm. NaSCN. Corrections for extra-
thyroidal activity at all times could then be made accord-
ing to methods previously described (7). In euthyroid
subjects, whether or not binding was blocked, the counting
rate during the second minute following intravenous injec-
tion of NaI131 was usually in excellent agreement with the
extrathyroidal radioactivity determined by the method
described above. These observations confirm the premise,
previously made (7), that there is virtually no thyroidal
111 accumulation this early in normal glands. In hyper-
thyroid subjects, however, appreciable amounts of radio-
activity were occasionally present in the thyroid even
during the first few minutes so that the extrathyroidal level
was sometimes below the earliest recorded counts. The
geometry of the counting system was such that the extra-
thyroidal radioactivity "seen" by the counter was 12 to
13 per cent of the total extrathyroidal radioactivity in
almost all subjects, which is in agreement with the total
neck activity recorded by this arrangement in athyreotic
subjects.

In one group of hyperthyroid subjects, "binding" and
"trapping" studies' were carried out on the same day in
the following manner. Determinations of radioactivity
in thyroid and blood were made over a 30 to 35-minute
period following the intravenous injection of a small tracer
dose of NaTl1s (15 to 20,uc). Fifty milligrams of Tapa-

1 "Trapping" study refers to a tracer experiment per-
formed during Tapazole® inhibition of binding. "Bind-
ing" study refers to a tracer experiment performed in the
absence of Tapazole® inhibition.
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zole(9 (1-methyl 2-mercaptoimidazole) were then given by
mouth and 60 to 90 minutes later a repeat study was

performed with a dose of 1131 about 10 to 15 times as great
as the first. Observations of thyroidal and blood radio-
activities were again obtained and appropriately corrected
for the small residual activities of the first dose. One-half
to two hours after administration of the second tracer,
1.0 gram NaSCNwas injected intravenously.

ANALYSIS

Thyroidal iodide trapping
When organic binding of iodide is completely blocked

with adequate doses of Tapazole®, thyroidal radioactivity
increases with time reaching a peak value within a few
minutes to an hour or two following intravenous injection
of NaTl3l, and then declines parallel with the plasma con-

centration until all the radioactivity is cleared from the
body by renal excretion (Figure 1). Under these condi-
tions the rate of removal from the body is directly de-
pendent on the renal plasma iodide clearance rate and
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inversely related to the fraction of total iodide trapped by
the thyroid. That thyroidal I"'l is not organically bound
but is in equilibrium with plasma iodide is indicated by
the parallelism of thyroidal and plasma curves of radio-
activity (Figures 1, 2) and by the ready dischargeability
of thyroidal radioactivity with NaSCN(Figure 2). If the
cumulative urinary excretion of I''1 is subtracted from the
dose administered, the trapped thyroidal iodide1"' at equi-
librium may be expressed as the thyroidal fraction of the
dose retained in the body (fr 1131). The extent of trap-
ping may also be expressed as liters equivalent of plasma
content ("thyroidal iodide space"), or as milliliters plasma
equivalent per gram of thyroid tissue (thyroid/plasma
ratio).

Accumulation of iodide by the thyroid trap could usually
not be described adequately by a single exponential rate,
since the rate of approach of thyroidal radioactivity to the
asymptotic value was generally much more rapid imme-
diately following injection than subsequently (Figure 2).
It is not necessary to postulate several thyroidal compart-
ments equilibrating with plasma at different rates to ex-

PEAK 48%
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FIG. 1. CHARACTERISTIc THYROIDAL AND PLASMARADIOACTIVITY CURVES IN SUBJECTS
RECEIVING 25 MG. TAPAZOLEDEvny 6 HoURS

R. L. and J. S., hyperthyroid; A. O., hyperthyroid but had received I' therapy 2% months
previously. The slopes of the curves can be correlated roughly with the rates of the renal
clearance.
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FIG. 2. EFFECT OF THIOCYANATEON "TRAPPED" THYROIDAL IODIDE', BINDING BLOCKED

I' injected intravenously at time 0, 60 to 90 minutes following the oral administration of 50 mg. Tapazole@.
E. F. euthyroid; others hyperthyroid. The fall in thyroidal activity after injection of thiocyanate is exponential.
Although not analyzed in the figure, the approach of thyroidal activity to its asymptote usually did not occur at a

single exponential rate.

plain this observation since it is accounted for by the
gradually increasing extrathyroidal space of distribution
of the iodide'31 tracer. Inasmuch as the time course of
extrathyroidal iodidel18 distribution is itself the sum of
several different exponential terms, a precise solution of
the kinetics of iodide trapping by means of equations
describing the blood and thyroid curves is virtually im-
possible.

However, the rate constants of transfer between the
thyroid "trap" and the plasma may be evaluated as follows.

Plasma iodide131, following intravenous administration,
mixes with iodide in the thyroid and in other extra-
thyroidal spaces. Let V be the plasma volume, T be the
total thyroidal radioactivity and P be the concentration
of radioactivity in the plasma at any time, t, under con-
ditions of Tapazoleg blockage. Then,

dT 5 XTpT + XprPV (1)
dt

where XTP and XPT are the rate constants2 of transfer of

2 During the short term experiments required for equi-
libration of iodidem with the thyroid trap a steady state
with respect to stable iodidel" may be assumed. Although

iodide between thyroid and plasma in the order of the
subscript designations. Now, let R be the total amount
of I1" retained within the body and T' and P'V be the
fractions of R in the thyroid and plasma, respectively, at

any time, t. Then T' =
T

and P' = R. Substituting
R R(

in equation (1),

d(RT') ' + XpTRP'V___ = -_XiRT'
dt (2)

Completing the derivative of the left hand side of the

equation and solving for dT'
dT' _ (XTP+ dR/dt) T + X.rP'V
dt R (3)

At equilibrium, the radioactivity (in terms of the frac-
tion of I'll retained within the body) entering the thyroid

this condition is not essential to the analysis, it permits
treatment of the transfer rates as constants in the absence
of an assumption of first order kinetics for the trapping
processes.
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is equal to that leaving. Then, -a-q = 0' and

dRTP+/dt) dt(TP+ R/ T'q = XpTP'eqV (4)

Now let T. be the thyroidal iodide space in liters equiva-

lent of plasma so that T. = Teq. Then, from (3) and
eq

(4), and solving for XTp + dR/dt
R

dR/dt dT'/dt
+ R P'T.-Ti'

Now, when the rate of loss of lIln from the body

(a) (dR/ is small compared to Tp, dR/dt may be neg-
lectedat all tiR

lected at all times4 and equation (5) becomes

- dT'/dt
P'T. -T' (6)

-IO 6 IS 6 24 a0 36 42 46 54 60 66 72 78 84 90
TIME IN MINUTES FOLLOWINGADMINISTRATION CF TRACER

"TRAPPING' STUDY
dT,. .11 ,_* t

TIME(mh) l(frIMjmin) kw(frI 31/min)
4 .0213 .118
6 .0116 .102
8 .0062 .087
9 .0048 .089

MEAN T>p- .099/min
ATP TS a 635ml /min

H.W. 5/ 26/54

Ts- 6.4 Liters

*-.0

D 4 8 12 16 20 24 28 32 34
TIME IN MINUTES FOLLOWINGADMINISTRATION OF TRACER

FIG. 3. STUDY IN HYPERTHYROIDSUBJECT H. W.
(a) Upper curves-thyroidal and plasma radioactivities

during "binding" study. Tapazole@ administered 40 min-
utes after injection of tracer.

Lower curves-"trapping" study. I tracer injected
60 minutes after the administration of the Tapazole@ in-
dicated in the upper half of the figure. The time course
for the total thyroid/plasma ratio in liters is also shown.
In cases of rapid equilibration this ratio reaches a peak

dT'/dt is the slope of the curve of thyroidal radioactivity
(in terms of fr I"') vs. time at any time. )Tp can then
be evaluated from simultaneous experimental observations
of dT'/dt, T' and P' as demonstrated in Figure 3.

From equation (4), and again neglecting R/

XPTV = XT, (7)

'Although iodidel" excretion does effect a continual
lowering of the actual thyroidal radioactivity, the equi-
librium situation defined for iodide"'" in terms of the frac-
tion of the dose retained is theoretically valid.

4 The rate of excretion of iodide"m was 4 to 9 per cent
per hour in the cases studied while XTp ranged from If to
10 per cent per minute as given in Table I. Thus, since

rTP is at least 10 to 100 times as great as R/ , the

simplifying approximation inherent in equation (6) may
produce an error of 1 to 10 per cent in )Tp. The error
generally was about 2 to 3 per cent. This error can be
eliminated if frequent urine collections are made during

(b) the period of iodide equilibration between plasma and thy-
roid trap. For cases where this is inconvenient, an al-
ternative analysis which permits evaluation of XTp with a
maximum error of less than 1 per cent is presented in the
Appendix.

slightly higher than the equilibrium value (T.). A more
precise, slightly lower value for T. would have been ob-
tained if the study had been continued longer.

(b) Thyroidal and plasma radioactivities of "trapping"
study in (a) transferred to a linear plot to permit evalua-
tion of the slopes (dT'/dt) of the thyroid curve. XTP is
then obtained by substitution in equation 6 of the text.
In most instances equilibration is more prolonged and
dT'/dt may be evaluated at many points up to 30 or 40
minutes or more.
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FIG. 4. OBSERVEDTOTAL THYROIDAL RADIOACTIVITY (T + B) AND CALCULATEDBOUNDIODINE
(B) AND IODIDE (T) RADIOACTMTYIN SUBJECT R. S. FROM"BINDING" STUDY

This subject had been treated with I' for hyperthyroidism 5 months previously. There was
temporary improvement but patient was in relapse at the time of this study.

A smooth curve has been drawn through the observed points for total iodine (T + B).
The slopes d(T + B)/dt of this curve at different times are given in the table at the top of
the figure. Analysis of the curves in the "trapping" study (as for H. W. in Figure 3b) gave
XPTV= 143 ml. per min. and XTP = .050 min.m (Table I). The values for d(T + B)/dt,
XPTV and XTP were then substituted into equation 11 of the Text to yield the values for T at
the corresponding times. Values for B were obtained by subtracting the calculated points of
T from corresponding points of (T + B). Slopes of B at different times, given in the table
at the top of figure, were then divided by the corresponding values for T to give the rate of
binding of trapped iodide (dB/dt/T) at the different times. The rate of binding is fairly con-
stant at about 9 to 12 per cent per minutc The thyroidal clearance (not shown) after 10
minutes was 86 ml. per min. Plasma samples were not taken early enough in this case to dem-
onstrate the higher thyroidal clearance during the first few minutes.

XPTV represents the volume of plasma containing that
amount of iodide which is transferred to the thyroid trap
per unit time. If equilibrium between plasma and thyroid
trap is established during a single circulation through the
thyroid, this volume flow represents the thyroidal plasma
flow." If the plasma leaving the thyroid has not come
into equilibrium with the thyroid trap, then this flow is

I If RBC iodide, which is in rapid equilibrium with
plasma iodide, is also available to the thyroid trap during
circulation through the thyroid, then the figures for plasma
flow may be anything up to 40 per cent too high since at
normal hematocrit levels the total iodide content of eryth-
rocytes is about 40 per cent that of the plasma.

smaller than the thyroidal plasma flow. The volume flow
of plasma thus calculated has therefore been termed the
"equilibrating thyroidal plasma flow" since it is virtually
identical to the ideal volume flow representing that portion
of the total thyroidal plasma flow which has come into
equilibrium" with the thyroid trap before leaving the

The true equilibrating flow is that flow from which
only approximately 99.0 to 99.95 per cent of plasma
iodidels is transferred to the thyroid trap, assuming
thyroid/plasma ratios of 20/1 to 500/1 and thyroidal
blood volumes of 20 per cent of thyroid weight. How-
ever this is virtually identical to XpTV, that flow from which
100 per cent of the iodides, is transferred.
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thyroid. Under conditions permitting binding of trapped
iodide, the equilibrating thyroidal plasma flow would equal
the thyroidal plasma iodide clearance if binding were
instantaneous.

Thyroidal iodide binding

Let T and B be the quantities of trapped radioiodide
and organically bound radioiodine in the thyroid at any
time, t, following the administration of a tracer dose of
Nal"'. Let XTP and XPT be the transfer coefficients for
iodide between thyroid and plasma as before and XTB be

the rate of binding of trapped thyroidal iodide. Then

dTdT = PTPV -XTpT - XTBT (8)
dt

dB
= XTBT (9)

dt

d(T +B) =dB +dT= TP -XTT (0
dt dt dt

where (T + B) is the total thyroidal radioactivity. It is
assumed that negligible amounts of bound iodine have
been released from the thyroid or degraded within the
thyroid during the period of these studies. Solving for T,

;krvp _ d(T + B)

Td= dt
T=

When the values for XTp (from equation 6) and XprV
(from equation 7) obtained from the analysis of the curves

during the "trapping" study, are substituted in equation
(11), T, at any time, is seen to be defined by the plasma
concentration of iodidels' (P) and the slope of the observed

thyroidal radioactivity curve (d(T + B) at the same
dt

time. Therefore the curve of thyroidal radioiodide (T) can

be constructed (Figure 4). By subtracting each point
on the curve T from the observed total thyroidal radio-
activity curve (T + B), the curve for organically bound

(11)

TABLE I

Data pertaining to trapped thyroidal iodide and its discharge by thiocyanate

Thyroid Rate of
Gland plasma discharge

Subject Date weight* To ratio XTP ?PTV by SCN-

gm. liters mix.-' ml./min. min.-'

Hyperthyroid
A. O.t 11/17/52 20 3.1 155 d.i. d.i.
C. D. 1/8/54 40 4.1 102 .0824 337 .138
A. V. 2/5/54 SOop 29 580 .0290 860 .138

T.J. 1/18/54 44 op 4.9 111 d.i. d.i. .865
Sr.s. 6/14/54 60 4.6 77 .0300 138 .126

R. L. 7/27/53 10 5.4 540 .0277 150
R. I. 1/13/54 25 2.75 110 .066 175 .173
S. C. 3/11/54 .200
N. R. 12/30/53 42 op 1.1 26 d.i. d.i. 2.8
T. L. 6/23/53 41 op 1.57 38 .075 118
S. B. 3/5/54 25 2.0 80 d.i. d.i. .040
J. Sm. 10/22/52 20 15.7 785 .0155 233
C. B. 1/18/54 <20 2.1 >100 .036 76 .144
S. K. 1/18/54 40 8.65 216 .0223 193 .121

3/31/54 40 10 250 .0215 215 .063
E. G. 1/12/54 94 op 36 382 .026 930 .045

J.St. 1/6/54 80 23.5 294 .015 350 .532
]. U. 7/23/53 31 op 3.9 126 .046 179

R.S. 3/10/54 40 2.86 71 .050 143 .107
5/24/54 75 16 214 .0244 390 .030fl. SV. 5/26/54 71 op 6.4 90 .099 634 .495

T. W. 3/5/54 30 15.8 526 .035 553 .428
A. K. 7/7/54 20 2.65 132 .033 87 .140
V. C. 3/16/54 25 10 400 .0177 177 .120
R. F-V. 4/26/54 40 34 850 .0206 700 .315

5/17/54 40 16 400 .0268 430

Euthyroid
A. O.t 1/20/54 ? 2.0 ? d.i. d.i. .174
H. F. 1/14/54 15 .83 55 .0470 40 .070
E.F. 5/19/54 20 .94 47 d.i. d.i. .087

* Two grams added to weights of glands removed at operation. In those cases not subjected to surgery weights
were estimated by palpation. In our hands these estimates are frequently in error by as much as 50 per cent so that
the thyroid/plasma ratios are to be regarded as approximate.

t Treated with 4.5 mc. Ilu 9/3/52; clinically hyperthyroid 11/17/52, clinically euthyroid 1/20/54.
t d.i.-Data insufficient; usually blood samples were not taken early enough to evaluate rapid rate of equilibration.
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FIG. 5. THE EFFECT OF GRADEDDOSES OF THIOCYA-
NATE ON THE RATE OF DISCHARGEOF TRAPPEDIODIDE-
BOTH SUBJECTS HYPERTHYROID

The x's are observed thyroidal radioactivities. The dis-
continuous horizontal lines represent the asymptotes to
which the curves were apparently approaching after the
first thiocyanate injection. The solid circles are the
points of difference between the observed activities and
the asymptotes.

In S. K., 0.25 giL NaSCN discharged about 75 per
cent of exchangeable thyroidal iodide. A repeat injection
of the same dose of NaSCN discharged the remaining
iodide at the same rate.

In S. C., 0.25 gm. NaSCN discharged about 50 per
cent of thyroidal iodide. The remaining 50 per cent was
discharged at the same rate by a repeat injection of 0.8
gm. NaSCN.
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THYROIDAL IODIDE TRAPPING AND BINDING

iodine (B) can be constructed (Figure 4). Then from (9),
dB/dt (12)

T
Estimates of the rate of binding of trapped iodide (X7%)

can then be made from the slope of the bound iodine curve
(B) and the value for trapped iodide (T) at the same time.
To decrease the magnitude of the experimental errors, the

ratio, dB/dt, may be obtained at a number of different

time points on the same set of curves and the results
averaged (Figure 4).

From the plasma concentration curve (P) and the
trapped iodide curve (T), the thyroid/plasma ratio can
be obtained at any time and compared with the ratio
observed when binding is prevented by Tapazole®.

RESULTS

Thyroidal Trapping of Iodide; Binding Inhibited
by Tapazole'®

Values for T., ATP and "equilibrating thyroidal
plasma flow" (XpTV) are given in Table I. In
each case XTP was evaluated from several points
on the curves, as in Figure 3, and an average
taken of the several determinations.

Following equilibration with plasma iodidel'l,
trapped thyroidal iodide'81 was discharged by the
intravenous administration of 1.0 gram NaSCN
given over a 1% to 2 minute period.7 The disap-
pearance of radioactivity from the thyroid under
these conditions was almost always exponential
with half times varying from 0.25 to 23 minutes
(Figures 2, 3a, 5, Table I). The rate of dis-
charge was always greater than that given by XTP
(Table I). In several cases an attempt was made
to slow down the rate of discharge by the adminis-
tration of smaller doses of NaSCN. However,
the effect appeared to be simply a reduction in the
fraction discharged; the rate of discharge of the
radioactivity which disappeared remained un-
changed (Figure 5).

Thyroidal Iodide Binding
The rate of binding of trapped iodide was eval-

uated from the results of three different types of

7Although this dose of thiocyanate appeared to dis-
charge all trapped iodide1", it is possible that a low thy-
roid/plasma ratio of 2 or 3 to 1 persisted. Since this would
generally mean a thyroidal iodide space of only about 0.1
liter, the persisting thyroidal radioactivity after NaSCN
would represent only a fraction of a per cent of the admin-
istered dose and would not be detectable by the methods
used in this study.

experiments performed in the absence of Tapa-
zole® block:

1) Determination of the thyroidal clearance
rates of plasma iodide at different intervals
during the half-hour period following ad-
ministration of iodidel8l;

2) Determination of the dischargeability of
radioactive iodine from the thyroid by the
intravenous injection of NaSCN;

3) Determination of thyroidal iodide and the
rate of binding according to the analysis
presented above.

1. Constancy of thyroidal clearance of plasma
iodide

When tracer iodide is administered in the ab-
sence of Tapazole® block, thyroidal plasma iodide
clearance rates remain relatively constant (Fig-
ures 3, 6). These observations confirm previous
studies (7). It must be emphasized that in ex-
tremely active glands these measurements may be
valid only for the first 15 to 20 minutes since by
this time the thyroid may already be secreting
some organically bound Il8 as evidenced by the
appearance of significant concentrations of PBI'
(compared to iodide181) in the plasma.
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FIG. 6. THYROIDAL AND PLASMA RADIOACTMrTIEs IN
S. K. AND S. C. DURING "BINDING" STUDIES

Both subjects hyperthyroid. Thyroidal clearances re-
main constant throughout period of observations. See
also H. W., Figure 3a.
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If there were an appreciable lag in binding of
trapped iodide, iodine accumulation by the thy-
roid, binding permitted, would be a two-rate
function. The clearance values should then de-
crease sinficantly with time. Since no detectable
decrease was observed in these cases, the binding
of trapped iodide was effected without significant
time lag.

2. Effect of NaSCNon thyroidal radioactivity in
the absence of Tapazole@ inhibition

That binding is, in fact, extremely rapid com-
pared to trapping was repeatedly confirmed by
the failure of NaSCNto discharge any thyroidal
activity which had been accumulated more than one
minute prior to the administration of the NaSCN
(Figure 7). In all cases (17 subjects) where
NaSCNwas injected between 9 and 50 minutes
after the I1'3 tracer, no detectable decrease in
thyroidal radioactivity was observed. D. H. is a

Binding Permitted
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Sdose In thyroid

--% dose liter plasmo
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possible exception. In two cases where thiocya-
nate was given at 4% and 7 minutes (S. R. and
J. J., respectively, Figure 7), there was evidence
of discharge of some of the iodide accumulated
during the period of thiocyanate injection, but not
of any of the iodide accumulated prior to injection.
The effectiveness of NaSCN, in these doses, in
rapidly discharging trapped iodide when it is
present, is evident from the experiments in the
same subjects and in others blocked with Tapa-
zoles (Figure 2).

The longevity of action of thiocyanate should
be noted. In a number of cases a binding study
was performed about a week after a trapping study
in which thiocyanate had been used to discharge
the iodide. In many of these cases the thyroidal
radioactivities at early times during the binding
study were actually lower than at corresponding
times during the trapping study, apparently due
to the inhibitory effect on iodide trapping by the

0~~~~0 5

NR 1/4/54 3 AA
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FIG. 7. THE EnxcT oF THIOCYANATE ON I' ACCUMULATEDBY THE THYROID IN THE ABSENCEOF INHIBMTON
OF BINDING

First five subjects (S. R. to C. D.) hyperthyroid; last five subjects (H. F. to D. H.) euthyroid. In N. R. the
plasma points should be read as 0.1 X scale reading. The effect of NaSCNin discharging iodide' when present may
be observed in Figure 2.

Because of the low uptakes in the euthyroid subjects there was a larger statistical error in the counting rates which
accounts for the waviness of the plateau regions after thiocyanate in these cases.
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residual thiocyanate (compare, with dates, C. D.,
R. I., and J. J., Figure 7 and Figure 2). In a few
cases thiocyanate given during the binding study
appeared to inhibit completely further I'll uptake
for only a short time; after that the thyroidal up-
take slowly increased (S. R., R. I., and J. J., Fig-
ure 7). Apparently the fall from peak thiocya-
nate concentration due to distribution into slower
equilibrating extrathyroidal spaces was sufficient
to allow escape of the thyroid trap from complete
thiocyanate inhibition in these cases.

3. Determination of the rate of binding according
to the kinetic analysis

To attempt a more precise evaluation of the
rate of binding of trapped iodide, trapping and
binding studies were performed on the same day
in several patients, as described under Methods,
and analyzed as in Figure 3. Since less than two
hours elapsed between the two studies in these
cases, the possibility of significant changes in blood
flow, transfer rate constants, mean iodide diffusion
paths, etc. can be disregarded and the results may
be directly compared. Several sets of the curves
obtained are shown in Figure 8. As expected, the
initial slopes are virtually identical since at 0 time
there is only a one way passage of I18l (into the
gland) whether or not binding occurs. Since the
rate at which iodidells leaves the gland during the
trapping studies (ATp) is generally only 2 to 4
per cent per minute (Table I), it is not surprising
also that the initial segments of the curves should
appear to be virtually superimposable. In six pre-
viously untreated hyperthyroid patients, the analy-
sis demonstrated that, when binding was unin-
hibited, no detectable amounts of iodide181 were
present in the gland at any time, at least after the
first blood samples were withdrawn (as early as
3% to 5 minutes). In none of these cases was it
possible to construct any curve at all for thyroidal
iodide (T), small positive or negative values
(within the limits of the experimental errors) be-
ing obtained at all points. These observations in-
dicated that binding must have occurred almost in-
stantaneously and that the thyroid/plasma gradient
for exchangeable iodide must have been very low.
Further confirmation that binding was virtually
instantaneous is afforded by the almost identical
values for the plasma iodide clearance rates and

i t 3/5/54 1

z TRAPPING x- x
BINDING *@

40 { t
030

-20 .

1 . I, 5/24/54

4 I
A. K.

I 7/7/54

6 12 18 24 30 36 6 12 18 24 30 36
TIME IN MINUTES FOLLOWINGINTRAVENOUSADMINISTRATION OF 1I31

FIG. 8. THYROIDAL RADIOACTMTIES (PER CENT AD-
MINISTERED DOSE) DURNGTRPPINGANDBINDING STUD-
IES PERFORMEDON THE SAMEDAY IN EACH OF FOUR
HYPERTHYROIDSUBJECTS

Fifty mg. Tapazole@ was given to each subject a few
minutes after the last point on the binding curves. The
trapping studies were performed 60 to 90 minutes later.

the equilibrating plasma flows (Table II, Figure
3).

Although it is obviously impossible to evaluate
precisely the extremely rapid rate of binding of
trapped iodide in these cases, the combined ex-
perience of the various types of observations sug-
gests that this must be at least of the order of 50
to 100 per cent per minute.

4. Partial inhibition of binding in a case of hyper-
thyroidism treated with I181

Kirkland (10) has recently presented evidence
for partial inhibition of binding in patients previ-
ously treated for hyperthyroidism with radioactive
iodine, by demonstrating the partial discharge-
ability of thyroidal Ill with sodium thiocyanate
several hours after the administration of radioio-
dine. This observation is confirmed by the tracer
studies in subject R. S. (Figure 4), in whom a
therapeutic dose of 18l five months previously
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THYROIDAL IODIDE TRAPPING AND BINDING

had failed to produce complete remission of thy-
rotoxicity. In this case, the equilibrating plasma
flow (143 ml. per min.) was distinctly higher than
the observed thyroid clearance rate after 10 min-
utes (86 ml. per min.). Analysis of the trapping
and binding curves (Figure 4) revealed that there
was a detectable amount of trapped iodide pres-
ent throughout the period of the binding study
and that binding of the trapped iodide proceeded
at a rate of about 10 per cent per min. The thy-
roidal iodide space (T.) was 1.0 liters plasma
equivalent as compared to 2.9 liters when binding
was completely inhibited by Tapazole®.

Effect of Incomplete or Intermittent Inhibition of
Binding by Antithyroid Drugs on the Thyroidal

Uptake of Radioiodine

At completely inhibitory dose levels of antithy-
roid drugs, only a small fraction of the adminis-
tered radioactive iodine remains in the thyroid
(as unbound iodide) after 24 hours or so. For
Tapazole®, a dosage schedule of 25 to 30 mg.
every six hours has been found effective in re-
ducing binding of radioactive iodine to less than
2 to 3 per cent of the administered dose in almost
all cases. With smaller doses or longer intervals
between doses a variable degree of binding is
permitted and significant fractions of Il3 are
found in the thyroid 24 to 48 hours after adminis-
tration of the tracer. In Table III are given the
24-hour thyroidal Ils' uptake values for a group of
hyperthyroid subjects maintained for one to two
weeks on different dosage schedules. In all cases
the total daily dose was divided into four equal
parts given at 6-hour intervals. The 24-hour
values observed are actually slightly in excess of
the amounts bound in organic form, since a small
fraction of thyroidal radioactivity at 24 hours
(usually less than 3 to 4 per cent of the adminis-
tered dose) is still unbound iodide. Furthermore,
the results are not always directly comparable
since in any individual test the fraction bound de-
pends on the time of administration of the tracer
with respect to the previous dose of antithyroid
agent. However, the results demonstrate that
in general the fraction of administered iodide""
which is bound decreases as the dose level is in-
creased. Ten mg. of Tapazole® per day appeared
to be almost totally ineffective and even 40 mg.

TABLE II

Comparison of equilibrating plasma flow and
thyroidal clearance rates

Trapping study Binding study
Equilibrating Thyroidal

Subijct Date plasma flow clearance

ml./min. ml./min.

J. Q. 5/24/54 390 347
H. W. 5/26/54 634 650
T. W. 3/5/54 553 540
A. K. 7/7/54 87 85
V. C. 3/16/54 177 167
R. F-V.* 4/26/54 700 800

5/17/54 430 456

R. S.t 3/10/54 143 86

* Treated with Tapazole® 4/26/54-5/13/54.
t Treated with 8 mc. I131 10/15/53.

per day not infrequently allowed for binding of
about % the administered dose. Similar results
have been well documented by Stanley and Ast-
wood (3).

That high uptake of 11"1 under treatment with
the antithyroid drugs is not to be explained by
intrinsic thyroidal refractoriness to these agents
is clear from the effect of increasing dose levels
in the same subjects (Table II), and is further
demonstrated by the two cases shown in Figure 9.
In subject S. G. 400 mg. propylthiouracil every
6 hours permitted uptake of over 50 per cent of
the tracer at 24 hours. When the same total daily
dosage was divided into amounts of 200 mg. every
3 hours, inhibition of binding was much more ef-
fective, only 20 per cent remaining at 24 hours.
It is to be noted that in the first test, the radioio-
dine was administered 5 hours after the last dose
of propylthiouracil so that a large fraction of the
Il31 was bound before the next dose of propyl-
thiouracil took effect. Apparently the effective
duration of action of propylthiouracil in this case
was between 3 and 5 hours. In other cases of
hyperthyroidism, 200 mg. propylthiouracil every
3 hours has been effective in inhibiting almost
completely the binding of iodide'31. In case J. U.,
complete inhibition of binding was not effected
by 25 mg. of Tapazole®9 every 6 hours and 10 per
cent of the dose was retained in the thyroid at 24
hours. By administering an extra 50 mg. before
the test and 20 mg. every 4 hours during the day,
the amount retained at 24 hours was reduced to
4 per cent (Figure 7). As suggested by the thy-
roid and blood curves, about 3 per cent of the ad-
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TABLE III

Efect of varying daily dosages of Tapasole@ on the 24-hour uptake of Im (per cen of dose) *

Subject mg./day.... 0 10 15 20 30 40 60

R. T. 63 27 30
L. Fa. 75, 84 46 46 35
P.S. 83 59, 65 25 25 W
W.W. 84 37 23
E. McI. 95, 77, 82 37, 35
C.T. 84 50
P.R. 79 28
H. B. 74 24
V. S. 83, 79, 78 65, 73 53 34, 26
T.B. 80 27
A. C. 90,83 36, 28
J. Lo. 83 72 44
L. Fe. 71, 72 24, 22
J.J. 77 28
E. K. 75 26
L. D. M. 47,44 15,26 16
M. G. 78 20, 21
J.Lu. 90 17
A. I. 77 31, 34
J. B. 61 19
A.F. 84,91 13
J. D. 82 85 35, 55 28, 26, 28, 29

* Total daily dose divided into four equal quantities at 6-hour intervals. IX tracer tests performed without dis-
continuing therapy after 1 to 2 weeks on the dosage schedule indicated. The 0 column indicates the values obtained
prior to therapy or during a therapy-free interval.

ministered I'll was apparently bound during the
night of the second test when a dose of Tapazoles
was omitted. This was the only case observed in
the present series in which 25 mg. Tapazoles
every 6 hours permitted a detectable quantity of
Ill8 to be bound.

DISCUSSION

Rate of Thyroidal Trapping of Iodide
The significant parameter for iodide trapping

appears to be what has been here termed the
equilibrating thyroidal plasma flow, in effect, an
hypothetical volume flow from which the thyroid
trap extracts all the iodide. When organic bind-
ing is completely blocked, an equal amount of
iodide is returned to the plasma (at equilibrium)
but in the absence of inhibition of binding this
amount of iodide is quantitatively converted to
organic form. It cannot be denied that some
minute fraction of trapped iodide may be returned
to the plasma without being bound in the thyroid
but the findings presented in this study indicate
that it is generally undetectable. There are special
circumstances, however, where binding is not so
efficient. Kirkland's report on inhibition of bind-
ing in glands previously subjected to significant

radiation from Il8 has already been cited and a
case illustrating this situation has been presented.
Iodide and the antithyroid drugs also, of course,
inhibit binding. In addition to these examples of
induced inhibition of binding there are instances
of spontaneous physiologic or pathologic block to
binding, such as the inability of the 7-day chick
embryo thyroid to bind the iodide it is capable of
trapping (11) and the limited binding of iodide
trapped by the thyroids of certain goitrous cretins
(12, 13). These cases must be distinguished,
however, from the usual euthyroid or hyperthyroid
subject whose gland appears to be capable of
binding virtually all the iodide which is trapped
before it can escape back to the plasma. In these
cases, then, it is the rate of trapping rather than
the rate of binding which is the limiting step in
thyroidal ibdine accumulation.

In discussing the trapping rate process it may
be questioned whether it is not more pertinent to
evaluate the quantity of I127 trapped per unit time
than to consider only 18l transfer. However, ex-
periments have been performed with carrier doses
of iodide127 several hundred times the exchange-
able iodide127 present in the body without affecting
the equilibrating plasma flow rates or the T. val-
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ues (14).8 Under these conditions the hyper-
plastic thyroid is capable of trapping several hun-
dred micrograms iodide127 per minute. Thus, the
thyroid trap is usually operating far below its ca-
pacity for iodide127 at transfer rates which are in-
dependent of the serum iodide127 concentrations
within wide limits of the latter.

Thyroidal clearance of plasma iodide and the roles
of trapping and binding

Myant, Pochin, and Goldie (15) and Berson,
Yalow, Sorrentino, and Roswit (7) noted that the
thyroidal clearance of plasma iodide13' remained
fairly constant over periods of several hours after
the administration of I131. This constancy was
observed even when clearance rates during the
first and second 15-minute periods were compared
with those from % to 3 hours following intra-
venous injection of radioiodine (7). It was,
therefore, tacitly assumed that thyroidal clearance
of iodide was a single rate function. The same
assumption is implicit in the studies of Stanley
(16) and of Keating and Albert (17). It has
furthermore been assumed in these studies that
the product of the rate of thyroidal plasma iodidels'
clearance and the plasma iodide'27 concentration
may be considered quantitatively equal to the rate
of hormonal iodine synthesis in the absence of
spontaneous or induced block of synthesis.

More recently, Ingbar (4) has stated that the
rate of thyroidal clearance of plasma iodide as
calculated by previous investigators does not indi-
cate the rate of transfer of plasma iodide to hor-
monal iodine. He has calculated that the average
rate of binding of trapped thyroidal iodide is only
1% per cent per minute in euthyroid and 6% per
cent per minute in hyperthyroid subjects. How-
ever, if this were true a very large fraction of thy-
roidal radioactivity should be in the form of ex-
changeable unbound iodide for some time after
injection of IJ8'. The inability of NaSCN to
discharge any significant fraction of radioactivity
as observed in the cases presented here and in the
studies of VanderLaan (18) offers strong evi-
dence against the correctness of Ingbar's calcu-
lations. Moreover, Ingbar's studies were based

These observations refer only to acute experiments.
Physiologic adjustnents to continued treatment with
iodide are not under consideration here.

on a number of questionable assumptions. His
analysis assumes that, in unblocked glands, the
total counting rate over the neck two minutes af-
ter the intravenous injection of iodide'3' can be
taken to represent unbound thyroidal iodide'3'
without correction for extrathyroidal radioactivity.
Employing this value, the thyroidal iodide space
at that time is then calculated, not from the ac-
tual plasma concentration, but from the 0 time
exponential extrapolation of the late plasma curve.
It is further assumed that the thyroid/plasma ratio
remains constant thereafter and that thyroidal
iodide'3' at any time therefore can be calculated
from the exponential extrapolation of the late
plasma curve. These assumptions are unjusti-
fied and can be shown to be invalid.

The theoretical analysis presented by Wollman
(6) requires that the plasma iodide'3' concentra-
tion remain constant or decrease at a single ex-
ponential rate. Since the plasma concentration
does not (and, theoretically, cannot) decrease ex-
ponentially during equilibration with the thyroid
trap, the formulas derived cannot be directly ap-
plied to the precise analysis of data obtained fol-
lowing a single injection of I'll. The possibility
of approaching the problem through the mainte-
nance of constant plasma concentrations by con-
tinuous infusion techniques remains to be ex-
plored but would appear to be difficult since
removal from the plasma is not constant. How-
ever, the method of analysis developed in the pres-
ent report appears to satisfactorily resolve the
difficulty of changing plasma concentrations.

Wollman's theoretical analysis can be recom-
mended for its evaluation of the consequences of
non-instantaneous equilibration of the thyroid
trap. However, he concludes that "if equilibra-
tion cannot be considered instantaneous . . . the
thyroid clearance of radioiodide from the blood
will not be a constant independent of the time af-
ter injection." The observations presented here
demonstrate that, in untreated glands, thyroid
clearance is a constant for all practical purposes,
because of the extremely rapid rate of binding.

Possible factors in the limitation of iodide trapping

To our knowledge, there have not been reported
any data relative to the iodine extraction ratio in
human hyperplastic thyroid glands. However,
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since thyroidal plasma iodide"8' clearance rates
of 1200 ml. per min. have been observed in this
laboratory, and even higher values have been re-
ported by Myant, Pochin, and Goldie (15), it ap-
pears highly improbable that extraction is much
less than completely efficient in these cases, unless
the blood flow to the thyroid is to equal or exceed
that to the rest of the body. In such cases then, it
is suggested that iodide trapping is, at least in
great part, limited by the blood flow. In the less
active gland, however, the importance of other
factors in limiting the rate of iodide trapping may
be inferred from the following considerations.

The mean normal thyroidal plasma iodide'38
clearance rate is approximately 17 ml. per min.
(7, 15). From values for iodide127 excretion, re-
nal clearance and daily hormonal requirements,
Riggs arrives at a fairly similar estimate of 18.8
ml. per min. for the thyroidal clearance of iodide
(19). Means (20) has estimated the normal thy-
roid mass at 20 gm. and blood flow at 4 ml. per
gm. per min., implying a total thyroidal blood flow
of 80 ml. per min. Using these estimates and as-
suming that RBCiodide is directly available to the
thyroid, the values for thyroidal plasma clearance
(employing an hematocrit of 45 per cent) indi-
cate an extraction ratio of only 27 per cent in the
normal gland. These figures are in good agree-
ment with Pochin's direct observations on the
normal lobe during surgical removal of nontoxic
adenomata which gave a mean extraction ratio of
20 per cent (21).

Thus, it would appear that other factors, in ad-
dition to blood flow, probably contribute to the
limitation of iodide trapping in the normal gland.
The factors to be considered are those concerned
with passage of iodide from the blood stream to
the thyroid trap as well as possible limitations of
the trapping mechanism for stable iodide. The
possibility that overloading of the trapping mecha-
nism is responsible for limiting the rate of iodide
trapping in these cases has been rendered very
unlikely by the experiments previously cited with
large doses of iodide'27 in which it was observed
that in the same gland, amounts of iodide'27 ex-
tending throughout ranges of 100-fold and greater
are trapped at identical equilibrating plasma flow
rates and thyroid/plasma ratios (14).

Analysis of the passage of iodide from the capil-
lary to the trap cannot be reduced to simple terms.

Schmidt (22, 23) has mathematically formulated
the relevant factors involved in the rate of equili-
bration of molecules diffusing from blood to tis-
sue, and Cotlove (24) recently has presented an
elegant analysis of a number of special cases of
extracellularly distributed substances. The fac-
tors involved, in addition to those concerned with
blood flow, include the total capillary wall area, the
permeability coefficient of the capillary wall to the
particular molecule, the diffusion path length
(here, the distance from the capillary to the trap-
ping site). and the extent of reduction of the free
diffusion coefficient due to geometrical and other
peculiarities of the tissue (e.g., the increase in dif-
fusion path length over the straight line distance,
necessitated by passage around fibers, etc.). Un-
fortunately there are no data for the thyroid avail-
able for any of these factors. Pitt-Rivers and
Trotter (25) have presented evidence that in the
thiouracil blocked gland the entire colloid area
is the site of trapped iodide. Measurements of
the straight line path between the capillary and
the trapping site could be made without difficulty,
and significant differences in follicular diameter
of normal and hyperplastic glands might then be
seen to be influential. However, there is no in-
formation available concerning the degree of hin-
drance of the colloid to the diffusion of iodide.
Whether the diffusion coefficient of iodide in the
colloid is reduced significantly below the free dif-
fusion coefficient may be critical to the calcula-
tions and should be answered by future in vitro
studies. The report by De Robertis (26) that the
viscosity of the colloid diminishes after the in-
jection of thyrotropic extracts of the pituitary
may be pertinent in this regard. Whether the
permeability coefficient of the thyroidal capillaries
for iodide is a constant at varying levels of thy-
roidal activity is also unknown. Furthermore, in
addition to the parameters concerned with equili-
bration in the extracellular tissues of the thyroid,
there is the factor of iodide passage through or
between the follicle cells to the colloid. The per-
meability of the follicle cells to iodide may be an
important regulatory factor in the trapping of io-
dide. The present state of knowledge of these
relevant physiologic problems does not permit
even a guess as to the critical factors involved in
the limitation of iodide trapping. Perhaps the
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questions raised may point the way to future
avenues of investigation.

Non-Exchangeable Thyroidal Iodide

Riggs (19) has estimated the average plasma
iodide level of persons living in New England at
approximately 3 micrograms per liter. Estima-
tions of the plasma iodide concentrations in sev-

eral patients of the present study (E. G., S. K.,
N. R.) have been given elsewhere (27), and were

observed to be of the same order of magnitude.
In these hyperthyroid subjects under the effects
of Tapazole® block, exchangeable thyroidal iodide
never exceeded 36 liters plasma equivalent or 108
micrograms iodide; in most cases, values of 10 mi-
crograms or less would appear to represent the
amount of exchangeable iodide present in the thy-
roid when binding is blocked. In unblocked nor-

mal or hyperfunctioning glands, moreover, the
quantity of exchangeable thyroidal iodide must be
significantly less. Yet much greater amounts of
iodide have been found in the untreated thyroid
on direct chemical analysis. Gutman, Benedict,
Baxter, and Palmer (28) reported an average

value of 580 micrograms for inorganic iodide on

human thyroid glands obtained from apparently
normal individuals who had met with sudden
death. Braasch, Albert, Keating, and Black (29)
have observed that approximately 6 to 7 per cent
of total thyroidal I127 and Il31 is identifiable as io-
dide on column chromatography of trypsin-hydro-
lyzed material or that approximately 1,000 micro-
grams of iodide are present as a maximum in the
untreated thyroid gland of euthyroid and hyper-
thyroid subjects. Utilizing the techniques of filter
paper partition chromatography on saline and
trichloracetic acid extracts of rat, rabbit, sheep,
and dog thyroids, Taurog, Tong, and Chaikoff
(30) found that inorganic iodide constituted only
about 1 per cent of total thyroidal iodine in these
animals. However, even this latter value repre-

sents a very much larger quantity of thyroidal
iodide than is derived by estimations from the
equilibration studies with radioactive iodine.
Therefore, if the finding of these large amounts of
inorganic iodide on chemical analysis cannot be
attributed to breakdown of organic iodine in the
separation procedures utilized or to other arti-
facts, it must be concluded that the major portion

of thyroidal iodide is not readily exchangeable with
the iodide of the plasma. It is interesting to specu-
late whether this unexchangeable iodide exists
in the colloid side by side with exchangeable io-
dide or resides only in adjacent inactive follicles.

The Kinetics of Iodide Discharge by Thiocyanate

It is likely that the mechanism of action of thio-
cyanate in discharging trapped thyroidal iodide
will not be defined precisely until more is known
about the fundamental nature of the iodide trap
itself. However, several interesting observations
of the kinetics of iodide discharge by thiocyanate
merit consideration.

A priori, the possibility of three general hypo-
thetical mechanisms for the action of thiocyanate
may be postulated:

1. Thiocyanate prevents further entry of iodide
into the trap but does not actively discharge the
trap.

2. Thiocyanate actively discharges the trap.
3. Thiocyanate neither prevents iodide trapping

nor discharges the trap but merely competes with
iodide within the trap.

Either or both of the first two actions could be
effected through an iodide trapping enzyme system
if such exists.

The rapid rate of discharge of iodide by thio-
cyanate serves to exclude the first hypothesis.
For, if thiocyanate merely prevented further iodide
trapping, the rate of discharge by thiocyanate
should have been identical to the transfer rate of
iodide from thyroid to blood (ATP) determined
during the equilibration period. In all cases the
rate of discharge by SCN- was greater than XTp
and, in some instances, ten or more times as great.

The third mechanism has been suggested by
Baumann and Metzger (31) on the basis of the
similarity of behaviour of iodine and thiocyanate
in the Hoffmeister series and other chemical like-
nesses. It has been stated that iodide concentra-
tion by the thyroid is not unique and that other
halides and thiocyanate are also concentrated (31).
Although it has been reported by others (32) that
there is no thyroid/plasma concentration gradient
for thiocyanate ion, this in itself does not exclude
the competition theory. The administration of ap-
proximately 500,000 to 1,000,000 micrograms of
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thiocyanate is generally required to discharge all
the trapped iodide. On the basis of a space of
distribution of 25 per cent of body weight in a
70 kg. man, one gram of NaSCNwould give a
concentration of 70 micromoles per cent in the
plasma. If the same concentration were achieved
in a 100 gram thyroid, SCN- ion could simply,
by substitution mole for mole, wash out almost 99
per cent of the less than 1.0 micromole of ex-
changeable iodide usually present in the blocked
gland. Moreover, it is conceivable that one mole
of thiocyanate could substitute for a number of
moles of iodide. The exponential nature of the
discharge curve, which is suggestive of an ex-
change or turnover reaction, and the unchanging
rate of discharge when different amounts of thio-
cyanate were used to release different fractions
of thyroidal iodide, are consistent with the com-
petition hypothesis. However, certain experi-
mental observations fail to add support. The
same dose of thiocyanate is capable of discharging,
entirely, milligram amounts of iodide from thyroids
equilibrated with large carrier doses of I127 (14),
which is not consonant with the concept that the
graded amounts of thiocyanate were required to
discharge by replacement only a few additional
micrograms. This observation suggests that thio-
cyanate acts in a quantitative manner on some part
of the iodide trapping mechanism which is inde-
pendent of the amount of iodide trapped. For ex-
ample, an individual locus of trapping may be able
to hold a variable number of iodide ions. The
presence of a single thiocyanate radicle however
might exclude any iodide ions from that locus.
This should not be interpreted as a substitution
phenomenon but rather as an active discharge of
the trapped iodide or a poisoning (albeit tem-
porary) of the iodide trapping site.

The experimental observations and foregoing
speculations therefore suggest that sodium thio-
cyanate actively discharges iodide from the thy-
roid. If so, it seems difficult to interpret the ex-
ponential character of the iodide discharge curve
in any other way than by postulating a sudden
release of iodide from the thyroid trap followed
by a "wash out" of the iodide. In some hyper-
thyroid cases, at least, the rate of "wash out" was
too slow to be limited by blood flow since in many
of these cases flows of 500 ml. per min. or more

were perfusing glands of only 50 to 100 grams.
If diffusion equilibrium within the gland were in-
stantaneous, the half times for discharge should
then have been only of the order of seconds, rather
than minutes as observed. The discharge of iodide
by thiocyanate, therefore, is, in all probability,
chiefly diffusion and/or permeability limited which
suggests that these factors play some role in the
accumulation process as well.

SUMMARYANDCONCLUSIONS

1. A method is presented for the kinetic analy-
sis of thyroidal iodide trapping and binding in vivo.

2. Radioiodide transfer between thyroid and
plasma in both directions was determined in a
group of subjects under conditions in which or-
ganic iodine binding was effectively blocked.

3. In the absence of block of iodide binding,
thyroidal plasma clearance of iodide"8" is essen-
tially constant and the thyroid/plasma iodidell'
ratio is too small to be measured (by the in vivo
techniques employed here) in hyperthyroid as
well as euthyroid subjects.

4. Thyroidal plasma iodide clearance in the un-
blocked gland is equal to that volume flow of
plasma whose iodide content is transferred to the
thyroid trap in the blocked gland. This indicates
that iodide trapped by the thyroid is bound before
significant loss back to the plasma can occur.
Further confirmation of the efficiency and rapidity
of binding of trapped iodide by the untreated gland
is presented in experiments demonstrating the
absence of discharge, by thiocyanate, of any sig-
nificant fraction of accumulated thyroidal radio-
activity even a few minutes after the injection of
radioactive iodine.

5. Factors possibly limiting thyroidal iodide
trapping have been discussed in terms of blood
flow, permeability and diffusion and are con-
sidered inadequately defined in the quantitative
aspects at present to justify conclusions regarding
their relative significance.

6. Possible mechanisms of thiocyanate dis-
charge of trapped thyroidal iodide have been con-
sidered. The quantitative experimental data pre-
sented favor the interpretation of an inactivation
of the thyroid trap by thiocyanate in preference to
that of a simple substitution of thiocyanate for
iodide.
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7. The effect of different dosage regimens of
1-methyl-2 mercaptoimidazole on iodide binding
and on the character of the thyroidal 1311 uptake
curves is presented.

APPENDIX

Alternative Analysis of Iodide Trapping

Let T and P be total thyroidal iodide31 and iodide1n
concentration in the plasma, respectively, and T* and P*
be total exchangeable thyroidal iodidem' and iodidel27 con-
centration in plasma, respectively, at any time, t. Also,

T*let T.*p* and V be the plasma volume. Then,

dT _ \PT + )rPVdt

In the steady state,

)XTPT* = ).TP*V
and

),TPT=* )rP'rV (2)

Substituting for XprV in (1),

dt dT_XTpT+XpT.8P (3

Solving for XTp,
dT/dt (4)

T.
At distribution equilibrium,

T
is approximately equal to

-, (see below), so thatP8
dT/dt (5)

where T. is the equilibrium value for
T

Since there is continual loss of I131 from the body by
renal excretion, the equilibrium thyroid/plasma ratio for
I'8l exceeds slightly that for F1' as follows: From (1)

dT/dt PLTP+ XPTV P (6)
T T

After distribution equilibrium is attained the fractional

rate of decrease of thyroidal IP'",
T
T), is constant

and equal to the fractional rate of loss of total body I131.
Let the rate constant of loss from the body after equilib-

rium be K, and substituting in (6), K =-XTp + XPTV .
Then, T,(K + XTp) = XPTV, and from (2),

T, XTP
T.* rP +KK(7)

The rate constant of excretion after distribution equi-
librium (K), in the hyperthyroid subjects studied, ranged
from 0.0005 min.-' to 0.0010 min.-' (3 to 6 per cent per
hr.) while the values for XTp fell between 0.0155 min.-' and
0.099 min.-' (see Table I). Thus, it is seen from equa-
tion 7 that T. exceeds T.* (K is a negative quantity) by
an average of about 1 per cent and never more than by
about 6 per cent. By substituting in (7) the values ob-
tained for XTP, K and T. in any particular case, T.* may
be determined almost precisely. By substituting this
value for T.* in equation (4), )Tp may now be recalculated,
to yield a value into which an error of less than 1 per cent
is introduced by the theoretical analysis.
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