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To study the effect of drugs that modify thyroid

life of 12.5 hr reduces

the radiation

of the thyroid

function, an isotope with half-life shorter than 1311 gland to one-seventh and of the general body to about
is desirable. 1321has proved useful for serial tracer one-fourth of that from the same dose of 181!
The â€˜@Â°I
was obtained from the Oak Ridge Na
tests of thyroid function. It has a 2.33-hr half-life
tional Laboratory where it was reactor-produced by
and, as a daughter
of 132Te, is available
from an
the reaction 129I(n,-y)130!.At the time of production
isotope generator or â€œcow.â€•
However, when re
the specific activity is highâ€”about 40,000 mc/gm
peated tests with 1321were used in this laboratory
to study the response of thyroid cancer to various with a purity of 99.9% . However, the proportion of
stimuli and therapeutic measures, serious problems 180! to stable iodine, to spurious amounts of 126J,
were encountered because of the very short half-life
and difficulties in counting the strong gamma-emis
Received July 19, 1966; revision accepted July 3, 1967.
sion in the tumor (1 ) . The physical characteristics

of â€˜@Â°I,
especially its half-life of 12.5 hr, make it
theoretically more desirable for our purpose, and
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we undertook a study of its use.
The preparation of 1301in a cyclotron using the
reaction 130Te(d,n)1301 was first described by Liv
ingood and Seaborg in 1938 (2). In 1940 a mixture
of 130!(90% ) and 1311(10% ) found limited clinical
use for thyroid

function

studies

(3) . Frantz

a Geiger-Muller counter, and Chapman et al (5)
used it to treat Graves' disease. After 1946 130!was
replaced completely by reactor-produced 1311; we
in which it has been used

with modern equipment for diagnostic purposes al
though Bauer et a! (6) suggested this possibility.
The present report describes the practical applica
tion of 130! to evaluate the usefulness

1501@iHaIf-life

et al

(4) usedit to detectmetastatic
thyroidlesionswith

do not know of reports

TABLE1. PHYSICALPROPERTIES
OF 1301AND 1311

days

12.5 hr8.04
Max. beta ener
gies (Mev)5

0.06
1.02

(54%)
(46%)

0.250 (2.8%)
0.335 (9.3%)
0.608 (87.2%)

Gamma energies
(Mev)

0.409 (30%)'P 0.080

0.815

0.163
0.284

0.528 (100%)
0.660
(90%)
0.744
(80%)
1.15
(40%)

hormone (TSH) in patients with thyroid cancer for
enhancing the concentration of radioiodine in func
tional malignant lesions or in residual thyroid tissue.

7.8

(0.9%)
(6.6%)

0.9
6.8

0.364 (100.0%) 100.0
0.637 (11.25%) 11.5
0J22

of thyrotropic
Thyroid dose

(0.7%)

(2.75%)

18.6

(375%)

3.5

131

1:7

0.354

1:4

in rads$
Total-body dose

0.0852

in rads$

MATERIALS AND METHODS

*

Data

obtained

from

Stominger,

D.,

Hollander,

i.

M.

and

Seaborg, G. T., Table of isotopes, Rev. Mod Ph@. 30:707, 1958.

Iodine-130. Table 1 summarizes the principal
physical properties of 130! and 131!. Both the beta
and gamma

energies

are greater

for 130! than for 131!,

t Relative
gammaIntensities.

t From0.1 mc given to a 70-kg human with a 20% uptake

in a 20-gm thyroid gland, calculated according to the Report
of ICRP Committee II on Permissible Doses for Internal Radio
tion (1959).

but in spite of these greater energies, the short half
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128J, 131J and

years (7),
changes

to its

parent

1291 (half-life

initial contamination

rapidly

1.56

X

acini but no definite colloid; two were rather

10@

of 0.03 pc/mg)

poorly differentiated but with some areas of ap
parent fofficular differentiation.
All of these pa

as the 130! decays to stable 130Xe

(8) . For example, after 6 half-lives, more than 100

tients had had surgical removal of most of the

/Lg of iodine will be present in a solution containing

normal

100 @cof 130J
To minimize statistical randomness, rather large

they had been receiving intermittent 131! therapy

test doses

of 180! ranging

from

600 to 800 key from the five different gamma ener
gies of â€˜@Â°I
(Table 1) for in vivo and in vitro meas
urements. The conventional existing arrangement for
thyroidal 181! uptake measurements
was used ex
cept for an increase in the thickness of the lead

after

the

administration

of the

scans

were

performed

with

the research

and

disease. In most of them
concentrating
had been re

Manifestations of hypothyroidism were present in
all patients, both clinically and on the basis of
low levels of serum protein-bound
iodine (PB!)
and T-3 indexes. Thus, increased production of
endogenous TSH was most likely.
Group lib: The same study was performed in 4
women with thyroid carcinoma, again of the papil

lary and follicular type. These patients had not
received

radioiodine

surgical

removal

therapy

and had had only

of all accessible

thyroid

tissue

3â€”4weeks before the study. Like the patients of
Group ha, they had begun to develop myxedema

isotope

(9,10) . In some instances only total-body retention
was determined; this was done with the ORINS
high-level whole-body counter (â€œCyclopsâ€•)
. Area

tumor,

ceiving replacement thyroid hormones which were
discontinued for 1 month before the 130! studies.

B-filter from Â½to 2 in. to screen out about 98%
of the high-energy gamma radiation.
Distribution and total-body retention of 130!were
recorded with the ORINS linear scanner at different
intervals

and primary

there was little remaining
iodine
tissue. Between doses of 1311 they

instrument settings were kept the same for a series
of repeated studies in each patient.
We selected the energy range from

tissue

for residual or metastatic

0. 1 to 5.0 mc were

used. To exclude all possible technical variables, the
dose, route of administration,
time intervals and

Instruments.

thyroid

tous symptoms

and had low PB! levels.

Group ifi: Two patients with KC1O4-blocked thy

roid glands were also studied. After they had re
ceived

scanner

1,000 mg daily of potassium

perchlorate

which was developed at the Oak Ridge National
Laboratory and which has a 37-hole focusing gold
collimator in a tungsten side shield. All urine and
blood samples were assayed in a well scintillation
counter.
Patients. To date we have performed 40 â€˜@Â°I
stud
ies in a total of 18 patients from the following three

groups (Table 2):
Group I: Before attempting to demonstrate possible
changes in 180! metabolism

caused by various ma

0/
f0

0/
/0

nipulations, it was necessary to make sure that
results obtained with 130! agree with those oh
tamed with 131! Five clinically euthyroid persons

were therefore studied with oral doses of both
isotopes.
Group Ha: 130! was given in serial tracer tests to 7

patients (5 women and 2 men) with a diagnosis
of thyroid cancer. Included in this group is a
patient who has been treated for well-differen
tiated follicular

carcinoma

but in whom the his

tologic diagnosis was placed in some doubt by a
recent review. She may possibly have had a â€œSe
questered

noduleâ€• of a benign nodular goiter that

was mistaken for a metastasis. Two of the other
six had well differentiated fofficular lesions with
abundant colloid; two had mixed papillary and
follicular lesions with considerable colloid forma
tion; one had a largely
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papillary

lesion

with some

FIG. 1. Balancestudyof 150Imetabolism
in comparison
with
@ldata (dotted lines) in euthyroid person.
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TABLE2. PATIENTSSTUDIEDWITH 1801
Patients

Procedure

Result

Group I: 5 euthyroid patients, including 1 with
untreated thyroid carcinoma.

Test dose of â€œÂ°i
comparedwith

No difference in radioiodine retention

Group Ila: 7 patients with thyroid carcinoma
extensively treated with surgery and â€œ@l.
Of
these four had virtually no functioning
tumor remaining.
The other three had
iodine-concentrating tissue in the neck.

Test doses of
@lgiven before
and after course of TSH.

TSH showed no effect on â€˜@I
distribution
or retention.

Group lIb: 4 patients with thyroid carcinoma
studied 3â€”4weeks after surgical thyroidec
tomy.

Test doses of â€œIgiven before
and after course of TSH.

1 patient showed neck lesions after TSH

one of

and thyroid uptake at 4, 24, 48 hr.

@l

that had not previously been detected.

The other three showedenhancedup
take in functioning tissue and two
showed, in addition, increased reten
tion not accounted for by local con

centrations.

Testdosesof @Â°l
before and after

Group Ill: 2 patients with their thyroid glands
blocked by KC1O4.

TSH.

orally for 1 week, no clinical signs of myxedema
had occurred.
Thyroid stimulating hormone (TSH). Tests with
180!

were

done

in

Groups

and after thyrotropic

!!a,

IIb,

and

III

before

stimulation with exogenous

TSH. In accordance with the dose schedule of Benua
et a! (11 ), 100 USP units of a heterologous TSH
preparation*
were given in 10 intramuscular
injec
tions of 10 USP units over 72 hr, the last dose not

more than 5â€”6hr before the test dose of 180! The
time between

the two 130! studies was 1 week for

all patients.
RESULTS

The results are summarized in Table 2.
Group I: Figure 1 shows the results of an 180I-balance
study in a euthyroid person. The values shown
are in terms of percentage of oral dose of 0.1
mc of 180! measured at different

time intervals

(4, 24, 48 and 72 hr) . The size of the nonthy
roidal

iodine

pool represents

the difference

be

tween total-body retention of 130! and thyroidal

â€˜@Â°I
uptake. The dotted lines indicate the results

made possible the virtual elimination of evidence
of residual 131! at the time of the 130J scan.)

Group ha: Of the 7 patients previously treated by
total thyroidectomy and 18lJ therapy, four had
virtually no functioning thyroid tissue remaining.
The three others had small functioning remnants
of benign or malignant thyroid tissue left in the
neck. In these seven, no effect of TSH was shown
on 130! distribution and retention. In four, the
complete

study with and without

TSH was done

on two occasions separated by a few weeks.
Group Hb: The 4 patients who had had only surgical
thyroidectomy for thyroid carcinoma 3â€”4weeks
before the study showed enhancement of the local
deposition of 180! in residual functioning thyroid
tissue after TSH. Uptake in neck lesions, which
had not been previously detectable, was demon
strated in one patient when the study was repeated
1 week later after 100 USP units of TSH were

given. Figure 3A shows the neck scan in this
70-year-old woman with well differentiated fol
licular and papillary carcinoma
3 weeks after
surgery. She retained 55% of the dose of 5.0 mc

of 130!at 24 hr with 3 % in the neck area. After
thyrotropic

radioisotopes
was equally close in the other 4
euthyroid patients. Figure 2A shows an example
of an 130J scan of a thyroid gland with a definite
defect in the upper pole of the right lobe. This

increased to 79% , resulting in the high tissue
background in Fig. 3B. After increasing the ratio
of pulses to recorded marks (â€œdotfactorâ€•), two

compares an â€˜@â€˜I
scan obtained in the same pa
tient two days earlier. (Pulse-height
selection
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study or

after 0. 1 mc of 131!that was given to the same
person. The similarity in distribution of the two

proved to be an anaplastic carcinoma. Figure 2B

*

No effect of TSH on balance
distribution.

â€œThytroparâ€•

from

Armour

Laboratories,

Kankakee,

Ill.

stimulation

at 24 hr there was 5%

in the neck area, and the total-body retention had

definite areas of 130! concentration were seen in
the midline
tient, one
thyrotropic
tention of

of the neck (Fig. 3C). Like this pa
of the other three also showed after
stimulation a distinct increase in re
diffusely distributed
radioactivity
as
JOURNAL OF NUCLEAR MEDICINE
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S.

â€¢5S

S.

..

A

B

FIG.2. 72-year-old
woman
withanaplastic
carcinoma
inright
upper lobe of thyroid. A: 24 hr after receiving 0.5 mc of

@Â°l
p.o.

B: 24 hr after receiving 0.1 mc
same â€œdot
factorâ€•(4).

@lp.o. Both scans were made with

well as enhanced uptake in functioning thyroid
tissue.

Group ifi: In the 2 patients with KC1O4-blocked
thyroid glands (that is, normals pharmacologically
made â€œathyroidâ€•)
, the 130!-balance study and
â€˜@Â°!
body

â€˜I

distribution

were essentially

unchanged

after TSH.
DISCUSSION
130!

with

a physical

half-life

of

12.5

hr

provides

a decrease in radiation exposure (Table 1) and
allows frequent repeated studies of iodine metabolism
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FIG.3. 70-year-old
woman
withfollicular
carcinoma
of thy.
reid. A: Three weeks after

surgical

thyroidectomy

and 24 hr after

5.0 mcof â€˜@l
p.o. (â€œdot
factorâ€•
2). B: Fourweeksafter surgical
thyroidectomy and 24 hr after 5.0 mc of 1301p.o. and after admin

istration of 100 USP units of TSH (â€œdot
factorâ€•2). C: Same situation
as in 35 with â€œdot
factorâ€•changed to 4.
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in the same person because the residual radioactivity

131! to respond

to TSH

deserves

some

comment.

Four

of these 7 patients apparently had no remaining
iodine-concentrating tissue of any type and could
Because of the short half-life â€˜@Â°I
must be admin
istered soon after its production, and its use requires hardly have been expected to respond. In the other
three the amount of residual functioning tissue was
the close availability of a cyclotron or a reactor.
small and quantitative measurement of radioiodine
If the material is held for 3 days after production,
for example, about 5 mg of stable iodine are present retention in it was subject to considerable error.
in a dose of 5.0 mc; since this is roughly 50 times Previous treatment with 181! may make the tissue
the usual daily adult dietary iodine intake, it might relatively resistant to TSH stimulation, and perhaps
suppress completely the uptake of radioiodine in the higher and more prolonged doses of TSH would have
produced a measurable response (11,14).
normal human thyroid gland (12) . High-specific
Other investigators, working with a more promis
activity â€˜@Â°I
behaves physiologically exactly like 131I
The studies in the euthyroid patients (Fig. 1) showed ing group of patients, have had greater success in
inducing or enhancing radioiodine uptake by ma
the feasibility of the diagnostic use of 130!with pre
lignant thyroid lesions (10,14â€”17). However, our
viously designed techniques.
Since the photons of 131!are screened out by our data tend to confirm that in some instances TSH
pulse-height selection of 600â€”800key (except for pretreatment causes enhanced retention of radio
the minor 640 key and 720 key components), 181! iodine in thyroid carcinoma. (It seems unlikely that
and 180! can be used simultaneously. Using 130!for a rise in endogenous TSH with time after thyroidec
the second study, evaluation of the influence of TSH tomy played a major part in the changes we saw
since the time interval between the two 130!tests was
on poorly functioning thyroid glands or of triiodothy
ronine on so-called â€œhotâ€•
nodules can be done with
only 1 week.)
Increased iodine retention after the exogenous
out waiting for the 131!to decay. For thyroid scans,
the gold collimator with tungsten side-shielding was TSH may represent a combined effect involving 5ev
sufficient to shield fairly well against the high-energy era! compartments and mechanisms. Augmented up
radiations of 130!coming from areas other than those take in known functional tissue undoubtedly occurred
on which the detector was focused. However, with (Fig. 3) but appeared to account for only part of
high-sensitivity recordings (i.e., with few counts per the increased retention. The stimulation of uptake
print) â€œleakageâ€•
of the high-energy gamma rays from in previously nonfunctional lesions which were still
not visible on scans is possible but not likely. There
130! through
the arrangement
of hexagonal
holes
in
the collimator could be recorded, resulting in the may have been an enhanced functional activity of
star-like distortion of the scan image described by known thyroid tissue characterized by greater output
of bound radioiodine with its relatively long half
Harris Ct al (13) . The â€œcoldâ€•
nodule in Fig. 2 ap
time in the body. Linear scans showed no evidence
pears somewhat sharper in the 181Jscan (Fig. 2B)
because the gamma rays of 131!are more efficiently of increased amounts in nonthyroidal, iodine-con
coffimated and possibly also because those coming centrating tissues such as the salivary and gastric
from tissues posterior to the nodule are more readily glands. It appears likely that after TSH some pa
tients retain more iodine in the extra-thyroidal
absorbed than the more energetic ones of 130!.How
space. Such an effect might be explained by the fact
ever, for studying radioiodine uptake in deeply lo
cated malignant thyroid lesions, the harder gamma that some lots of TSH, which is made from beef
pituitary glands, contain posterior pituitary hormones
rays of 130!may be preferable because the absorp
with an antidiuretic and vasopressive effect which
tion in overlying tissues is less.
From these preliminary observations no definite may cause a decreased urinary excretion of â€˜@Â°!.
However, whatever the mechanism may be, this
conclusions
can be drawn about the effect of TSH
on the radioiodine uptake in thyroid cancer. In the effect of TSH was not seen uniformly and was not
patients with thyroid cancer, the remaining areas of observed in euthyroid patients or in those with thy
iodine-concentrating tissue were all located in the roid glands blocked by KC1O4 or surgically removed.
In a much larger series of patients, Benua et al
region of the neck where residual nonmalignant
thyroid tissue might also persist. Therefore, we do (11) also noted an apparently increased body reten
not know whether we were dealing with normal or tion of iodine after TSH, but this observation could
malignant thyroid tissue. Of our 11 patients only not be shown to be clearly verified statistically.
There is a continuing need to find better ways of
four responded to TSH with significant changes in
the post-thyrotropin results; none of these had had enhancing the collection of therapeutic amounts of
181! in functioning
thyroid
cancer.
Our
preliminary
previous 131!therapy.
The failure of the patients previously treated with data have shown that efforts to attain this objective,
decreases
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rather
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for which frequent measurements of radioiodine
uptake are required, can be conveniently evaluated
with 130!in serial tracer tests.
SUMMARY

@

@
@
@
@
@
@
@
@
@
@

THYROID

STIMULATING

HORMONES

iodine in normal subjects and in patients with various types
of goiter.

Amer.

I. Physiol.

131 : 1 35,

1940.

4. Fa@trrrz,V. K., BALL, R. P., KESTON,A. S. AND
PALMER,W. W. : Thyroid carcinoma with metastases: stud
ied with radioactive iodine. Ann. Surg. 119 :668, 1944.
5. CHAPMAN, E. M., SKANSE, B. N. AND EVANS, R. D.:

Treatmentof hyperthyroidismwith radioactiveiodine.Radi
1. 130!, with a physical half-life of 12.5 hr is a ology 51:558, 1948.
6. BAUER, R., DUFTSCHMID, K. E. and SORATIN, H.:
satisfactory iodine isotope for experimental work
Herstellung und Verwendung des Radionuklides
â€˜50JOd.
where repeated studies are necessary to evaluate SGAE-IBIA-3/1964, Oesterreichische Studiengesellschaft fÃ¼r
responses of euthyroid, hyperthyroid or thyroid car
Atomenergie G.m.b.H., 1963, p. 13.
cinoma patients to various drugs and manipulations.
7. RUSSELL,
H. T. : Recoveryand half-life determination
May, 1957.
2. 130! can be used with slight modification of of I'@. U. S. AEC Report ORNL-2293,
8. SMITh, W. G., STELSON, P. H. AND MCCOWAN, F. K.:
existing techniques if good collimation is available.
Decay of 1110 Xe150.Phys. Rev. 114:1,345, 1959.
3. In general, â€˜30I-thyroid-uptakeresults and scans
9. PIRCHER,F. J., SIrrERsoN, B. W. AND ANDREWS,
closely resemble those obtained with 131!.
G. A.: The ORINSlinear scannerin diagnosisand treatment
4. 180! and 131! may be followed simultaneously of thyroid carcinoma with iodine-131. I. Nuci. Med. 1:251,
1960.
using pulse-height selection.
10. PIRCHER,F. J., BRUCER, M., MORRIS, A. C., JR. AND
5. In 7 patients with thyroid cancer extensively
BLACK, R. : The ORINS
linear scanner
in clinical
diagnosis.
treated with surgery and 181!,TSH did not have any I. Nuci. Med. 3:26, 1962.
significant effect on distribution or retention of â€˜@Â°I. 11. BENUA,R. S., SONENBERG,
M., LEEPER,R. D. AND
6. Clinical data on 4 patients with only surgically RAWSON, R. W.: An 18 year study of the use of beef thy
treated thyroid cancer revealed an increase of the rotropin to increase I@ uptake in metastatic thyroid cancer.
total-body retention of 130! after 100 USP units of I. Nuci. Med. 5:796, 1964.
12. SAXENA,
K. M., CHAPMAN,
E. M. ANDPRYLES,
C. V.:
TSH. This was not completely accounted for by the Minima! dosage of iodide required to suppress uptake of
enhanced accumulation of 130!in the remaining le
iodine-131 by normal thyroid. Science 138:430, 1962â€¢
sions or in residual nonmalignant thyroid tissue.
13. HARRIs, C. C., BELL, P. R., Fi@NcIs, J. E., JR., SAT
TERFIELD,
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