
tiny amount of 1281 into the rabbit's
ear vein and traced its distribution
with the Geiger-Muller counter
Roberts had built. Mter 15 to
30 minutes, 35% to 45% ofthe
radioactivity was in the thyroid
gland, as they had hoped, and most
of the rest (40%-50%) was in the
urine. That winter, they studied
48 rabbits; some were normal and
some had artificial thyroid hyper­
plasia induced by injections of thy­
rotropin (TSH)-Hertz was an
expert on TSH.15 They were grati­
fied that their assumptions were, in
fact, true: the normal thyroid gland
concentrated the 1281, and the
hyperplastic gland took up even
more. Their report, the first to show
radioiodine uptake by the thyroid
gland, appeared in May 193816;
they noted that their findings "may
be of '" therapeutic significance."

This first of their series of
papers on the topic also led to the
first personality conflict. The origi­
nal draft had Hertz and Roberts as
the coauthors, as they had done the
work and written the paper;
Roberts recalls that these were
then the criteria for authorship.
They were reminded of the prior
agreement with Evans, whose
name was added to the manuscript
while it was in press after Hertz
wrote to the editor to change the
authorship (Evans dictated the let­
ter for Hertz to sign).

The idea that they could go on
from there to diagnose and treat
thyroid disease was, however, still
a chimera for them. They could not
test or treat disease with such
small quantities of radioiodine that
had such a short half-life. But by
early 1938, they also knew that a
cyclotron could make longer-lived
isotopes of radioiodine in quantity;
the difficulty was that they had
neither access to a cyclotron nor
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the money to build one. At this
point, the physicists took action.
Compton and Evans went to
New York City on May 19,1938,
to the offices ofthe John and Mary
Markle Foundation to ask for
$30,000 to build a cyclotron.t7 They
were in luck. Harvard's professor of
physiology (and, not incidentally, a
colleague of Means) was Walter B.
Cannon, America's senior physiolo­
gist; he, too, was in New York that
day as a consultant to the Founda­
tion. By the end of the day, the
2 physicists had in hand a check
for $30,000. They hoped the
cyclotron would be built quickly,
but, in fact, it took 2 years; they
had to recruit M. Stanley Liv­
ingston from Berkeley, who had
direct experience with Lawrence's
machines and was familiar with
their construction. When it was
finished in 1940, it was the first
cyclotron built exclusively for
biologic and medical use.

In the meantime, other
cyclotrons, including Lawrence's at
Berkeley, helped the MGH-MIT
team by sending them some of the
newly discovered, longer-lasting
radioisotopes of iodine. The
amounts were small and useful for
physiologic studies but not for
attempts at treatment. As an
example, the Massachusetts group
would send tellurium targets to
Berkeley, probably making use of
Evans' connections. There the tar­
gets would be bombarded in
Lawrence's cyclotron, with the cre­
ation of 3 different radioiodine iso­
topes: 1261 (13-day half-life), 13°1
(12.5-hour half-life), and 1311 (8-day
half-life). The Berkeley group
would then send the radiated tel­
lurium targets by first-class mail
back to Cambridge, where the
iodine was extracted and prepared
for use. Needless to say, this would

not be permitted today!
The group's next experiment

came out the following year, in
1939. First, they confirmed the rab­
bit work with these longer-lasting
radioiodine isotopes. They also
made a critical finding: the rabbit's
thyroid gland took up more radio­
iodine if they gave it with only a
small amount of stable, nonradio­
active iodide than if they gave it
with a large amount of carrier.18
They clearly recognized that the
"carrier" iodide lowered the thyroid
uptake of the radioiodide. They
were still frustrated, however, in
the effort to treat hyperthyroidism:
they calculated that it would take
the impossibly large amount of
750 mCi of the rapidly decaying
1281 to treat 1 patient.

Throughout 1939 and most of
1940, they stuck to rabbits and did
not give radioiodine to humans.
Hertz was still in charge of the
Thyroid Clinic and was working
full-time but did not have a perma­
nent position. Means had renewed
Hertz's appointment every year or
two since 1935, each time telling
him in writing that at the end of
the appointed time, Hertz would
have to leave. However, each
time Hertz's term was up, Means
renewed it. In 1939, Means not
only renewed Hertz's appointment
but did so for 3 years; he also found
the funds to provide the unmarried
Hertz with the then-substantial
salary of $4500 per year. Means
emphasized once again that the
appointment would not be renewed
again after 1942 ("you must be pre­
pared ... to fall back on practice
as a means of livelihood"). One
gets the impression that Means'
renewal of Hertz's appointment in
1939, after informing him 2 years
before that he would not renew it,
was at least in part because of



Hertz's work with radioiodine.
Means' pattern of renewal, despite
prior warnings of termination,
probably led Hertz to think that
the appointment was more perma­
nent than it was.

Berkeley. In the meantime,
there was real interest in the
human applications of radio­
isotopes made by the Berkeley
cyclotron. Lawrence's team, which
included his brother John
Lawrence, a physician, produced
a range of new radioactive ele­
ments after 1934. One of John
Lawrence's tasks was to find bio­
logic and medical applications for
these elements. This task arose in
part from innate interest but also
in part because a substantial frac­
tion of the cyclotron's funding
came from medically oriented
foundations; nevertheless, most of
the physicists and radiochemists
working with the cyclotron had
little use for this biologic and
medical work because it got in
the way of their own research. 19

Later, in 1939, the Berkeley team
was the first to report the success­
ful treatment of a disease, poly­
cythemia, with a radioactive
element, phosphorus 32 (32p).

In 1937, Joseph Hamilton (1907­
1957) was a young physician who
had come to Berkeley as a research
fellow. That year, for example,
he showed that a normal human
volunteer (a coworker, Alfred
Marshak) would rapidly absorb
radioactive sodium from the gut.
The technique and the detection
instrument were simple: the volun­
teer held a copper-clad Geiger
counter in his hand inside a large
lead-lined box and then drank the
radioactive sodium. One of Hamil­
ton's first studies was with radioio­
dine (1281); he showed that it was
absorbed from the gut in "3 to 6

minutes."2o As far as we know, in
1937 and early 1938, this was all
done without knowledge of the work
ofthe MIT-MGH team.

Hamilton was probably think­
ing about using radioiodine to
study the human thyroid gland in
the spring of 1938, perhaps sponta­
neously or perhaps now stimulated
by the Boston-Cambridge team's
work. Hamilton's problem was the
same as that of the Massachusetts
group: the available radioiodine,
1281, had too short a half-life to be
practically useful. Both the Berke­
ley and Massachusetts groups were
apparently unaware that Michigan
physicists had found a radioiodine
with a 13-day half-life (1261) earlier
in 1938; in Michigan, they had also
found 1311 with its 8-day half-life
but had misidentified it as tel­
lurium 131.21

Hamilton's problem was solved
in the spring of 1938 after he talked
to Glenn Seaborg (yet another
future Nobelist), then a young radio­
chemist at Berkeley. Hamilton
asked Seaborg if he could make a
radioiodine with a longer half-life.
When Seaborg asked how long
a half-life he wanted, Hamilton
thought that about a week would
be good. So Seaborg went to the
cyclotron with his colleague, Jack
Livingood, and bombarded tellurium
instead of ethyl iodide. Within a
week they had several more
radioiodines, one of which had an
8-day half-life and which they iden­
tified as 131I.22

Mayo Soley, a physician, had
trained at MGH under Means
before going to work at the thyroid
clinic at the University of
California-San Francisco (UCSF)
Medical Center across the bay from
Berkeley. Now, he joined with
Hamilton to begin to explore clini­
cal work on the thyroid gland.

Soley knew Hertz personally as
they were both in Means' depart­
ment at the same time in the mid­
1930s. Soley wrote Hertz on June
23, 1938, that he had seen Hertz's
first radioiodine paper the month
before and told Hertz that he
thought that it was "the first notice
in the literature." He also men­
tioned that he and the Berkeley
group were "ready to go on clinical
studies using [a] radioactive iso­
tope of iodine which has a half-
life of 13 days," or 1261. However,
when the Berkeley group began
their human thyroid studies in late
1938, they used 1311, with an 8-day
half-life, and never did use 1261.

Hamilton and Soley's concept­
as was Hertz and Roberts'-was to
use radioiodine as a tracer ofwhat
they thought was a small amount of
administered stable iodine; they did
not initially conceive of it as a tracer
for endogenous circulating iodide.
They gave radioiodide with 14 mg of
stable iodide to 6 hospitalized
patients without thyroid disease, to
1 with hypothyroidism, and to sev­
eral goitrous patients, some with
hyperthyroidism and 1 with thyroid
cancer.23 Most of the radioiodine
went into the urine, and there was
no clear difference between those
with and without thyroid disease;
Hamilton and Soley must have been
disappointed (in retrospect, we now
know that 14 mg is quite a large
amount of stable iodine and that it
"swamped" their radioiodine). The
1 cancerous thyroid tissue removed
surgically after giving radioiodine
contained little radioactivity. With
the use of a Geiger counter, they
showed that some of the radioiodine
was taken up by the thyroid gland.
Although the result was not quanti­
tative and they did this in only
1 patient, this seems to have been
the first attempt at an "uptake test"
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in man. They could draw no
substantial conclusions in 1939, but
they had done human studies for the
first time with 131I, the radioiodine
we still use for therapy.

Using the relatively long­
lasting 131I, Hamilton and Soley
went on to show that there was
radioiodine uptake by the human
thyroid gland.24 However, their
data showed that the normal gland
took up only 3.5% of the adminis­
tered dose of radioiodine. They did
not recognize it at the time, but
this happened because they were
still giving 14 mg of carrier iodide;
they did not look at the uptake
without the carrier. Four adults
with hypothyroidism had, as
expected, a very low uptake.

The 2 investigators were puz­
zled by one result. Two goitrous
patients without hyperthyroidism
had a high radioiodine uptake,
which they expected because of the
hyperplasia. But 5 other patients
with goiter who were also hyper­
thyroid had no more radioiodine in
their thyroid glands at the end of
24 hours than did normal persons
(although their thyroid glands had
a "blip" in radioiodine uptake of
10% to 12% a few hours after the
dose); we might now attribute this
to fast turnover within the gland.
Their results were unclear because
of the carrier iodide, but their data
showed that radioiodine was, in
fact, taken up by the human thy­
roid and could be shown to do so in
vivo. A realistic test for thyroid
function was now in sight. Of note
is that the Markle Foundation
was now supporting Hamilton and
Soley's work as well as that of the
Massachusetts team, in part
because Means himself had so
advised the Foundation.

The 2 Berkeley collaborators
published both of their papers in

8

the American Journal ofPhysiology,
a sign that they felt the work was of
more physiologic than clinical inter­
est. Curiously, it was their physiolo­
gist colleague, Israel L. "1. L."
Chaikoff(1902-1966), and his asso­
ciates in Berkeley's nearby physiol­
ogy department who clearly
outlined the difference between
radioiodide as a tracer for an
administered dose of iodide and
radioiodide as a marker for the
metabolism of endogenous iodide.
Chaikoff studied rats rather than
humans and used mostly 131I pre­
pared, essentially carrier-free, by
Hamilton himself. By early 1941,
Chaikoff's group showed that as
little as 30 micrograms of stable
iodide could markedly depress
radioiodine uptake by the rat's thy­
roid from 65% to 7%. They realized
that "the distribution ofthe tracer
dose reflects the movement of circu­
lating endogenous iodine."25

Paris. One should not get the
impression that this was entirely
an American effort. It is no surprise
that Parisian investigators were
curious about radioactive iodine as
well as the Americans inasmuch as
artificial radioactivity had been
"invented" in Paris. In fact, as early
as 1937, Charles Leblond used 128I
to study its uptake by the thyroid
glands of rats and guinea pigs.26

Leblond, best known for his later
work in Montreal on radioautogra­
phy and a physician as well as a
histochemist, had just returned to
Paris in 1937 to become a biologist
in Joliot's physics laboratory. His
128I was, of course, supplied directly
by Frederic J oliot. Leblond, as had
Hertz and Roberts, reported that
the animals' thyroid glands took up
and concentrated radioiodine.27 His
work was roughly contemporaneous
with that of the Massachusetts
group, whose work Leblond

referred to when his report finally
appeared in 1940. But by then,
Europe was embroiled in the
Second World War and Leblond
had moved to Montreal to teach
anatomy; his research continued
to focus on animals, and he did
not study human disease.

Radioiodine as a
Treatment for

Hyperthyroidism

The initial use. Back on the East
Coast in 1939 and 1940, the MGH­
MIT team continued working with
rabbits, although their goal was
still the treatment ofhyperthy­
roidism. Without their own
cyclotron, they were still dependent
on others for the longer-lived
radioiodine isotopes such as 131I;
thus, their focus remained on their
"homemade" 1281. Even so, Hertz
and Roberts were able to show
one reason why stable iodine, then
used to treat mild human hyperthy­
roidism at MGH, might help such
patients; they showed that stable
iodine blocked some ofthe increased
radioiodine uptake-that is, slowed
down thyroid function-known
to occur in the TSH-stimulated rab­
bit thyroid.28

The new MIT cyclotron finally
started operating in September
1940. The first radioiodine, made
on September 26, was simply more
of the 1281. They gave the entire
amount of their first batch-
1 }lCi, or 20 times more than they
had for their first experiment
3 years earlier-to a single rabbit
for a physiologic study. Then on
November 4 they gave a longer­
lived radioiodine (probably mostly
131I) to Mrs H.A., a patient with
hyperthyroidism. Their intent was
not to treat the disease (she was



scheduled for surgery) but rather
to study human iodine physiology.
They counted the radioactivity over
her thyroid gland and in her urine
for a week before surgery and, with
some assumptions, estimated that
her thyroid gland took up about
80% of the administered dose of
radioiodine. This was the first
quantitative thyroid radioiodine
uptake at MGH.

From late 1940 to early 1941,
Hertz and Roberts used their new
cyclotron's radioiodine to study, but
not treat, more patients with
Graves' hyperthyroidism. Most of
the radioiodine they used was 13°1,

which has a half-life of 12 hours;
when used within a few hours of
production, about 10% of the
cyclotron product was 1311, with
its 8-day half-life. At first, like
Hamilton and Soley, Hertz and
Roberts used the radioiodine as
a tracer for a known amount of
administered stable iodine, even
though they knew from their rabbit
work that the radioiodine taken up
by the gland would be thereby low­
ered. But they learned rapidly.
Soon they were able to calculate
that in hyperthyroid Graves' dis­
ease, the thyroid gland took up 80%
to 90% of the radioiodine if the
administered radioiodine solution
contained less than 2 mg of stable
iodine (they calculated the thyroid
radioiodine uptake as the difference
between the radioactivity given and
that appearing in the urine over
the next 2 to 3 days). All but 3 of
this group of 22 patients received
the then-standard treatment for
hyperthyroidism, surgery.29 They
also found that the thyroid glands
of patients with Graves' eye dis­
ease, but with little or no clinical
hyperthyroidism ("eye cases"), took
up less radioiodine than did those
of the usual patients with Graves'

disease.3o They finished these
2 "diagnostic" or "tracer" studies in
the first half of 1941, but neither
appeared in print until early 1942,
by which time the Second World
War had started.

In these studies in man, Hertz
and Roberts had studied only 2 nor­
mal persons, so there were no real
controls. Still, the "thyroid uptake,"
that is, the difference in radioactiv­
ity between the collected urine and
the dose given, became a standard
test, although for some years the
BMR remained the final criterion of
a patient's clinical status.

Hertz and Roberts first gave
radioiodine with the intention to
treat hyperthyroidism to Mrs E.D.
(patient No. 173954) at MGH on
March 31, 1941; they carried the
radioactive iodine from MIT in
Cambridge across the Charles
River to MGH. The MIT cyclotron
product contained mainly 13°1, with
about 10% 1311; they calculated the
amount of both 1311 and 13°1 given
to each patient, but thought that
13°1 was the better therapy because
its radiation was delivered rapidly
to the thyroid cells over a day or
two. They never used 1311 as pri­
mary treatment as we do now
because they considered its delivery
of radiation over a week or two too
slow. Their observation that more
than 2 mg or so of stable iodine
would lower the thyroid uptake of
radioiodine-and would, in turn,
blunt the treatment effect-now
paid off. As Roberts wrote in his
notebook, the thyroid uptake of
radioiodine in the first treated
patient "show[ed] the importance of
limiting tracer doses of iodine," that
is, of avoiding large amounts of sta­
ble iodine (the "tracer dose" or the
amount to be "traced") when giving
the radioiodine.

They did not mention in either

of their 1942 "tracer" papers or at
Roberts' presentation in May 1941
that they had begun to treat hyper­
thyroid patients with radioiodine,
probably because of prudent cau­
tion. They had no way to know how
much radioiodine to give for effec­
tive therapy, nor did they know if
it would work at all; no one had
done it before. What if the treat­
ment did not work? Or if the doses
were wrong?

The 2 coworkers continued to
treat about 1 new patient per
month for the rest of 1941 and so
had treated 8 hyperthyroid
patients by the end of the year
(a ninth was given radioiodine but
"planned" surgery followed shortly
afterward). They were careful to
give only a little stable iodine with
the radioiodine; none of the
patients got more than 2 mg, and
6 of the 8 got less than 1 mg. The
radioiodine was for them relatively
"carrier-free." Of the 8 patients,
5 received divided doses of radioio­
dine over a week or two; the total
estimated radioiodine given to each
of the 8 patients ranged from 1.5 to
6.2 mCi, with an average of
3.9 mCi. In retrospect, it is hard to
know exactly how much radio­
iodine the patients actually
received. At the time, the accuracy
of the measurement instruments
was poor; the actual doses given
may have been as much as twice
the doses calculated. Furthermore,
the unit of measurement, the curie,
had itself not been standardized,
and so those estimates are not
directly comparable to our current
curie (estimates of the curie then
varied as much as 5-fold among
laboratories). Nevertheless, even
by modern standards, most of their
patients got a reasonably effective
dose of radioiodine-the patients
did in fact get better-and the
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Lawrence, finally began to treat a
few patients with hyperthyroidism
beginning on October 12, 1941.
Some of their delay probably
occurred because they first wanted
to show that animals' thyroid
glands could in fact be destroyed
with radioiodine.34 By late winter,
2 of their 3 hyperthyroid patients
were in "complete clinical remis­
sion"; the third got better after
a second dose of radioiodine.
Hamilton, too, sent in an abstract
for presentation at the same May
1942 ASCI meeting (Figure 4).35

Both Hertz's and Hamilton's
abstracts were presented at the
May meeting. These were 2 of
only 44 papers presented. Despite
the novelty of the therapy and
the elimination of the risks of
surgery, their presentation does
not seem to have had much
impact. Nevertheless, these were
the first public reports of the suc­
cessful treatment of hyperthy­
roidism with radioiodine. The
principal difference between the
2 reports was not whether or not
the therapy worked; both reported
that it did. Rather, the difference

was that Hertz was an
enthusiast, immediately
convinced of the therapy's
utility despite possible
unknown hazards, such
as a possible carcinogenic
effect, that were of concern
to Means (now, 50 years
later, we know that
such an effect is highly
unlikely). Hamilton was
much more cautious and
did not think that radioio­
dine should be used to
treat hyperthyroidism
until the long-term effects
of this "potentially lethal
agent" were well under­
stood. 34 Neither paper was

JCI 1942;21:624(4 May).

8 patients when Hertz wrote the
abstract, nor is there a copy ofthe
text he presented at the meeting
itself. He wrote in the abstract that
there were both "failures and suc­
cesses" but did not say then what he
meant by "success." Later evidence
indicates that a "success" was a
patient who (1) received radioiodine
followed by stable iodine; (2) got bet­
ter clinically and by BMR; and (3)
still had a normal BMR at least 3 or
4 months after the stable iodine
was stopped. Later, at the end of
1942, Hertz judged 5 of these first
8 patients as "cured" and 2 as
"improved" but still taking stable
iodine. One had gone to surgery
within 2 weeks of the radioiodine,
so its effect was unclear. Of interest
to the modern reader is that 2 of
these 8 patients were 9-year-old
girls. Hertz sent offthe abstract
with Roberts as the sole coauthor
(Figure 3).32

Meanwhile in California, the
Berkeley group, who readily
acknowledged Hertz's priority on
the radioiodine treatment of
hyperthyroidism,33 was not idle.
Hamilton, now working with John

Application of Radioactive Iodine in Therapy of Graves'
Disease. By SAUL HERTZ and (by invitation) A.
ROBERTS, Boston, Mass.

Previous publications of this series have dealt with
tracer studies in animals and man. Our present report
is a preliminary one which gives an account of our early
experiences, both failures and successes, in an attempt to
evaluate the possibility of using radioactive iodine in a
practical clinical manner in the treatment of patients
with Graves' disease. It is in the nature of a progress
report on this work up to date.

The general plan of the treatment is described and an
analysis of the 10 (or more) cases in which it has been
tried is given.

Information which we have obtained by careful study
of the radioactive iodine uptake by the goiters and the
urinary excretion studies is presented and discussed in
relation to the problem of finding the best means for the
administration of this new therapeutic agent.
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records show that most of the
radioiodine given was taken up by
the patients' thyroid glands.

Another confounder was that
Hertz gave each patient a fairly
large amount of stable iodine
beginning 1 to 3 days after the
radioiodine. He did this at Means'
insistence in order, as Means later
put it, to "protect the patients
against the mischief from thyro­
toxicosis [when a] treatment of
unknown efficacy was being tried
out. I insisted on it."31 Hertz knew
that the effective radiation from
the 13°1 was delivered to the thy­
roid cells in the first day or two,
and he and Means did not start
the stable iodine until 1 to 3 days
after the radioiodine. He also
thought that the stable iodine was
a good idea because it might keep
the radioiodine in the gland longer
and enhance the local destructive
ability of the I)-radiation; still, he
had no evidence for such an effect.
Though they had demonstrated
(by calculating the "thyroid
uptake") that most of the radioio­
dine got into their patients' thy­
roid glands, whether or not the
stable iodine interfered
with the destructive effect
of the radioiodine was an
important issue.

When the time came in
February 1942 to write an
abstract for the annual
meeting of the American
Society for Clinical Inves­
tigation (ASCI) in May,
all of the 8 patients had
been followed for at least
3 months (2 more were
treated before the meeting
but had not been followed
long enough to be sure of
their outcome). There are
no extant data that show
the clinical status ofthese
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presented to the logical audience,
the American Association for the
Study of Goiter (now the American
Thyroid Association), for the sim­
ple reason that its annual meet­
ings were canceled for the duration
ofthe war. It did not meet again
until 1946.

This article is continued
in the next issue.
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Recent Clinical Developments in the Therapeutic Appli­
cation of Radio-Phosphorus and Radio-Iodine. By
JOSEPH G. HAMILTON (by invitation) and JOHN H.
LAWRENCE, Berkley, Calif.

Radio-phosphorus has been employed for the treatment
of a group of patients with polycythemia vera during the
past two and a half years. A marked remission of the
clinical and hematologic signs of this disease has been
observed in the majority of the patients following the
administration of radio-phosphorus. No evidence of
either leukopenia or anemia has been observed in any of
the patients and none developed any symptoms of radi­
ation sickness.

A series of experiments with radio-iodine have been
undertaken with the collaboration of Drs. Mayo H. Soley
and Karl Eichorn. In these studies, a series of rabbits
and two dogs were given large doses of radio-iodine (1131

half-life 8 days) and it was noted that almost complete
destruction of the thyroid took place in all of the animals
without evidence of damage to the other tissues of the
body. Later, much smaller doses of radio-iodine were
administered orally to three patients with hyperthyroid­
ism. Four to six weeks later a marked clinical improve­
ment was noted in each of the patients, with a parallel
approach of the basal metabolic rate to normal levels.
No adverse effects from the radio-iodine were noted
either during or after the administration of this substance.
Four and a half months later two of the patients were in
a state of complete clinical remission and the third re­
quired another small dose of radio-iodine.

JeI 1942;21:624(4 May).

11


