


logic activity. He then spent almost
2 years developing a better, more
sensitive assay for iodine and began
to repeat Baumann’s work. He
chose alkaline hydrolysis rather
than acid, a fortunate choice, as acid
hydrolysis would not have been suc-
cessful. At St. Luke’s he made some
progress, obtaining a partly purified
fraction with good activity, but left
for Rochester, Minnesota, in part be-
cause of the need for better job secu-
rity and in part because of the mi-
lieu he was working in: “Among the
interns and younger attending phy-
sicians there was open and outspo-
ken hostility.”

During 1914, at the Mayo Clinic,
he pursued his problem single-
mindedly. He hydrolyzed, precipi-
tated, dissolved and reprecipitated,
and then analyzed for iodine. Some
fractions had as much as 47% iodine
but none formed clear-cut crystals,
then the only solid criterion of
chemical purity. Two days before
Christmas, 1914, he fell asleep while
evaporating a solution of his best
preparation. To his chagrin, the al-
cohol had all evaporated, and the
white crusty residue would not re-
dissolve in alcohol. He was about to
throw it out but measured the iocdine
just to see what it was: It was the
highest yet, 60%. Two days later
(Christmas Day), he did dissolve the
crust in alcohol after adding alkali
(sodium hydroxide) and, after pre-
cipitating with acetic acid, got crys-
tals for the first time. The crystals
were biologically active; he had the
“active principle.”

Kendall, then 28 years old, was
working on Christmas Day not
because he was socially inept but
because he was to present his work
to the American Society of Biological
Chemists at their annual meeting a
few days later in St. Louis. His
compound had no name — he called
it “...a crystalline compound con-
taining 60 per cent of iodine” — but
by mid-1915 most American physi-
cians had probably seen a picture
(Figure 7) of his crystals (it was pub-
lished in JAMA on June 19, 1915).14

At the 1915 meeting of the presti-
gious Association of American
Physicians in Washington, D.C., his
paper was considered “...outstand-
ing...the beginning of a new era in
thyroidology.” By now, Kendall had
done a bit more chemistry and
claimed the compound to be “diiodo-
dihydroxyindol.”

The work was, however, frustrat-
ing. During 1915, he was able to re-
peat his isolation of crystals only
once. The next year, he worked out
a successful, reliable process; hired
Arnold Osterberg, an organic chem-
ist, to help define the structure and
synthesize it; and applied for a pat-
ent. Kendall became convinced that
the substance was an icdine deriva-
tive with three atoms of iodine at-
tached; he was misled by the
nonspecificity of a crude test for
tryptophan (he was unaware the
test was also positive for tyrosine).
He thought the name “thyro-oxy-in-
dole” was too cumbersome and,
when Osterberg suggested “thy-
roxin,” Kendall accepted it.

They published their proposed
structure in 1917 and 1919% (Euro-
pean work had, of course, been
halted by World War I) and indi-

Figure 7. Kendall’s crystals. (From
Kendall'* with permission.)

cated that “...the synthesis of
thyroxin...will be reported in another
paper.” It never was. Theough
widely accepted for a decade by non-
chemists, the structure was wrong.
Other chemists had doubts and told
Kendall so, but they did not repeat
his work. Kendall stuck to his struc-
ture — even claiming synthesis in
his patent application, which was
finally granted in 1921 — until
Harington’s work of 1926 and 1927
(see below). Despite others’ mis-
givings, he never re-examined his
structure but spent almost 10 years
trying to use it as a basis for synthe-
sizing an active compound; none was
active. Kendall later went on to win
a Nobel prize for his work on corti-
sone. Still, after his death, his biog-
rapher noted that Kendall “...was
not then, nor was he to become a
great chemist... [he] was at his best
as an extractionist.”

Kendall’s patent was assigned to
the University of Minnesota and li-
censed to Squibb and Sons for com-
mercial sale, which began in 1920.

It was, however, quite expensive and
in 10 years the university realized
only a few thousand dollars in royal-
ties. Kendall’s isolation was a spur
to research but had little effect on
medical care.

Charles R. Harington (1897-
1972) (Figure 8) became interested
in the thyroid gland while complet-
ing work for his PhD in organic and
biological chemistry, which was
granted in 1922 in Edinburgh. His
mentor, George Barger (1878-1939),
helped him get a teaching position at
London’s University College Hospi-
tal Medical School. Harington took
a year off to study in New York, first
with Henry D. Dakin (1880-1952),
an old friend of Barger’s, and then
with Donald D. van Slyke at the
Rockefeller Institute. He probably
realized from Barger and, particu-
larly, from Dakin that something
was wrong with Kendall’s structure
(Dakin knew that thyroxin con-
tained tyrosine, for example).
Harington then returned to England
in 1923 and attacked the problem of
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thyroxin’s structure. He tried
Kendall’s approach first: Think of a
structure, synthesize it and see if it
has biologic activity. He made an
iodinated phenylpyrrolidine carbox-
ylic acid but that did not work. He
then started from scratch: He im-
proved Kendall’s isolation technique
and paid a drug firm (with money
probably granted to his school under
Rockefeller auspices) with much
better equipment to isolate a large
amount of thyroxin. He now had at
least 100 gm of pure thyroxin where
Kendall never had more than a few
grams at a time. More careful
analysis showed that it had less ni-
trogen than Kendall found and four,
not three, atoms of iedine per mole-
cule.

Reasoning by analogy (which is
how much science is done) to the
only known iodine-containing natu-
ral organic compound, diiodotyrosine
(originally identified in a coral), he
guessed that deiodinated thyroxin

might be a tyrosine derivative with
two tyrosines joined by an ether
linkage. He synthesized his guess in
1926; it was identical to deiodinated
natural thyroxine.'®* He then rea-
soned where the four iodine atoms
might be, synthesized this com-
pound as well in 1927 (now with
George Barger)!” and had a col-
league show that it had biologic ac-
tivity in a hypothyroid woman
(Figure 9).'® The chemistry was
neither easy nor routine; he had to
try a step that others thought would
not work. The work was widely ac-
claimed. Kendall himself was bit-
terly disappointed but readily ac-
cepted Harington’s spelling of
thyroxine, adding the terminal e to
be consistent with the names of
other amino acids.

Young Harington (he was then 30
years old) made a clear impression
on other scientists: 50 years later
one said, “I well remember the effect
that this carefully executed work

Figure 8. Jack Gross, Charles Harington, Rosalind Pitt-Rivers and George Popjak at the
National Institute for Medical Research, Mill Hill, London, 1952. (Courtesy of Jack Gross.)

had on all of us who had been
brought up to think of thyroxin as
an indole derivative.”

The new synthetic thyroxine was
made by several firms but, because
the yield was low, it too was expen-
sive. More importantly, thyroxine,
no matter how prepared, did not
seem to work as consistently as des-
iccated thyroid when given by
mouth, and sometimes it did not
seem to work at all. By the mid-
1930s, it was realized that the prob-
lem was thyroxine’s low solubility
and hence poor absorption from the
gut and that the sodium salt did not
have this problem.® There was
also some doubt that thyroxine was
actually the hormone contained in
desiccated thyroid (a problem not
really resolved until the early
1950s). The result was that thyrox-
ine was considered no better and
probably not as good for clinical use
as was a carefully standardized
preparation of desiceated thyroid;
desiccated thyroid remained the
“zold standard” then and through
the 1950s.

Things began changing in 1949,
That year, B. Arthur Hems and his
team, working at Glaxo Laborato-
ries, Ltd., in London, reported a 26%
yield of L-thyroxine from L-tyrosine.?
They had been working on this prob-
lem since the end of World War II
but, curiously, they got into the
problem because of their expertise at
chemically synthesizing amino acids
for microbiclogic assays and not be-
cause they were endocrine chemists.
Although working in the same city,
Hems and Harington had not met,
and Hems knew of no one else work-
ing on the synthesis of thyroxine.
Thyroxine could now be made much
less expensively. Several types of
thyroxine preparations were quickly
tested in hypothyroid patients and,
by 1950, it was clear that sodium
L-thyroxine was more potent than
the free acid (L-thyroxine) or the
racemic mixtures, b,L-thyroxine or
sodium b,L-thyroxine.?! Effective
oral thyroxine was now a practical
alternative to desiccated thyroid.




Triiodothyronine

About the time of Kendall’s an-
nouncement of thyroxine’s isolation
in 1915, Henry S. Plummer (1879
1937), a senior physician at the
Mayo Clinic and one of those respon-
sible for hiring Kendall, speculated
that some patients with hyperthy-
roidism secreted an abnormal
hormone rather than too much of
the normal one. He also thought
that this abnormal thyroid hormone
might be an iodine-deficient thyrox-
ine. All of this was based on his idea
that some of these patients seemed
more nervous than their modestly
elevated metabolic rate would justify
— a slender reed at best. Neverthe-
less, this reasoning led him to give
iodine to hyperthyroid patients — a
treatment thought to be hazardous
by many — in an attempt to make
them less nervous by providing
enough iodine to make the normal
thyroid hormone. A trial of iodine
showed such remarkable improve-
ment in these patients that the mor-
tality of the standard therapy, sub-
total thyroidectomy, fell from 5% to
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Figure 9. Biologic effects on the first hypo-
thyroid patient treated with synthetic thy-
roxine. (From Lyon'® with permission.)

1%. Whatever the rationale, it
worked and left an intellectual resi-
due: There might be a thyroid
hormone other than thyroxine.
Kendall could never convinee him-
self that thyroxine accounted for all
the bioclogic activity in the thyroid
gland, while Harington believed it
did. Neither view prevailed in the
1930s and 1940s because the data
were simply not there. It was al-
most 25 years after Harington made
thyroxine before the second thyroid
hormone, triiodothyronine (T,), was
isolated by Jack Gross (b.1921) and
Rosalind Pitt-Rivers (b.1907) (see
Figure 8).

Gross was studying rat thyroid
function in Montreal in the 1940s
using the new iodine radioisotope,
1811, As part of his project on thyroid
secretion, he locked for thyroxine
not associated with protein, in prela-
beled mouse thyroid glands, and
found it. He used the new paper
chromatography systems for sepa-
rating amino acids and combined
this with radioautography. The de-
veloped pictures showed not only the
thyroxine (T,) he was looking for but
also another mysterious spot he
called “unknown 1.” He reasoned
that the unknown was a metabolite
of T, but he got no further; in 1950
he left for London to take up a fel-
lowship with Harington to solve the
problem of the unknown. Harington
assigned him to work with Pitt-
Rivers, an expert in thyroid chemis-
try. After convincing Pitt-Rivers
that it was worth the effort to pur-
sue unknown 1, they set to work.

They knew that the unknown had
iodine (the radioactive label) and
was probably similar to T, because
of its position in the chromatogram.
None of a range of compounds from
Harington’s cupboard fit. Then Pitt-
Rivers wondered why a purified
sample of thyroxine gave such a poor
yield of crystals. She used the new
chromatography to see what was in
the supernatant fluid and found that
it migrated exactly like unknown 1.
They reasoned that it might be T,
and so she purposely synthesized T,

(it was easy enough to do for a chem-
ist; there was no need to do it before
then). Not only did the product mi-
grate like unknown 1 (Figure 10) but
they went on to find it in patients’
plasma?? and in rat thyroid glands.
Further crystallographic studies
proved that the natural product was
infact T,

Harington was surprised (remem-
ber, he thought thyroxine was the
only hormone) and pleased. But so
far all they had was an interesting
new compound: There was no rea-
son to expect that it had any biologic
activity. Gross had experience with
animals and Pitt-Rivers did not.
There were no facilities for assays
based on oxygen consumption, but
Gross had done the new goiter pre-
vention assay for thyre-active com-
pounds in Canada and set it up to
test T,. Within 2 weeks the assay
was done. They were stunned:

They thought they had done some-
thing wrong because they had
trouble finding the rats’ thyroids. In
fact, T, was a powerful goiter pre-
venter, much more so than T,.
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Figure 10. Autoradiograph of unknown 1
from a rat thyroid extract (fop) compared to
known T, (bottom). (Courtesy of Jack Gross.)
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Harington asked Gross to take a va-
cation in Europe (he and his wife
drove to Italy and France) so a dif-
ferent person could double-check the
assay. It came out the same way;*
the Grosses learned by telegram and
were overjoyed. So, in the spring of
1952, there was a second thyroid
hormone.

Others had something like the
same idea. In 1948, in Australia,
Hird and Trikojus used the word
“triiodothyronine” but had no evi-
dence for its existence and had no
idea of its biologic activity. Taurog
in California and Rosenberg in Bos-
ton may have had T, in their prepa-
rations but certainly did not think to
look for it. Ruth Cortell, then at
Yale, had actually demonstrated, for
other reasons, that halogenated T,-
like compounds were more potent
than the analogous T,-like com-
pounds but did not foilow it up; her
work, however, was a direct stimu-
lus to Gross. In Paris, Roche and his
colleagues, Lissitsky and Michel,
were working on a track almost par-
allel with Gross and Pitt-Rivers but
had not identified unknown 1. By
the spring of 1952, they too had
made T, by iodinating diiodothyro-
nine and found it in the rat’s thyroid
gland.

So the idea of a second thyroid
hormone was “in the air” for some
time, although Gross and Pitt-Rivers
got the convincing evidence first.
Ironically, as Pitt-Rivers noted,
Kendall himself probably had T, in
one of his fractions in 1928. He had
thrown it away without testing for
biologic activity even though he
thought it “...necessary to assume
that there is a substance present in
the thyroid gland which is not thy-
roxine but which has the same
action...it is more active than thyrox-
ine.” Gross and Pitt-Rivers — and
Roche, Lissitsky and Michel — suc-
ceeded not only because of the
availability of new techniques, but
also because the idea was there from
the past and they were curious and
persistent.

T,’s role in therapy was a differ-

ent matter. It made some sense to
think that the more powerful
hormone, T,, was a better way to
treat hypothyroidism. But though it
was used for some time for this and
other purposes, it turned out to be
made in vivo from administered thy-
roxine. Hence, the need to give T, as
replacement therapy was seen to be
less important. Some products com-
bining T, and T, are still sold, but
they are a tiny part of the market for
thyroid hormone.

Modern Thyroid
Replacement Therapy

There were other reasons why des-
iccated thyroid remained in use so
long after thyroxine was marketed.
One was cost: Although much less
expensive than before, thyroxine
(which is how I will henceforth refer
to sodium 1-thyroxine) cost more. In
the last few years, however, as over-
head became a larger part of the cost
of a prescription and as the costs of
thyroxine fell relatively faster than
that of desiccated thyroid, the costs
of the two products have become
fairly close for brand-name products.
Cost for the patient is no longer a
good reason for choosing desiccated
thyroid.

Another reason was that des-
iccated thyroid seemed to have
about the same effectiveness as thy-
roxine. But how does one determine
“effectiveness”? While one could
(and some did) do periodic “metabo-
lism” tests, ie, measure the basal
metabolic rate (BMR) with each
change in therapy to see that the pa-
tient was “normal,” the procedure
was tedious — for an outpatient or
office patient — and not particularly
precise. Most clinicians relied on
symptoms and clinical findings,
much as George Murray had in the
1890s; the precision of these mark-
ers was also not high. In this con-
text, there was not much to choose
from between the two treatments.

Better assays changed that in the
1970s. One could now easily meas-

ure T, and T, in the blood. Des-
iccated thyroid caused a temporary
rise in serum T, while thyroxine did
not; other data showed that treat-
ment with T, caused more symptoms
than did T,. Hence, because it
seemed a bit safer, there was some
pressure to use only thyroxine for
replacement therapy.

Better assays also led to a better
way to assess effectiveness. Just as
the goiter prevention assay used by
Gross and Pitt-Rivers depended on
thyroid hormone’s suppression of
thyrotropin (thyroid-stimulating
hormone or TSH) in the rat, so does
the lowering of the high serum TSH
to normal in primary hypothyroid-
ism — our modern word for
myxedema — depend on an effective
dose of thyroxine. When the assay
for human serum TSH was perfected
and in common use in the 1970s, it
became a simple matter to deter-
mine each patient’s dose of thyrox-
ine by following the level of serum
TSH. A particular dose of thyroxine
is now considered effective when it
has lowered the patient’s serum
TSH to the normal level. (See
Bantle, J: Thyroid Today Oct/Nov/
Dec 1987, Vol. X No. 4.)

Conclusions

Some historians do not believe that
there are lessons for the present in
the past. I do not agree. Man is col-
lectively no smarter now than 100 or
1,000 years ago. How men and
women thought and behaved then is
likely reflected in how they think
and behave now. Murray’s work
was a major clinical success. It was
based on others’ speculation, labora-
tory work and clinical cbservation.
It led to major work in biochemistry
and physiology, which eventually
circled back to improve clinical care.
The clinic and the laboratory inter-
weave; one really cannot function in
depth without the other.

On the other hand, Murray,
Kendall, Harington, Gross and Pitt-
Rivers all had moments of frustra-

10



tion — and all had to overcome oth-
ers’ or their own skepticism as to the
value of pursuing their chosen work.
Persistence — or even stubbornness
— sometimes counts. Support, psy-
chological and financial, also counts.
Techniques are also critical.

Without an improved iodine assay,
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