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Evaluation of the significance of calorigenic re-
sponses obtained by the assay of constituents of
the thyroid in myxedematous persons is fraught
with difficulty. The questions of absorption, ex-
cretion and destruction of the material admini-
stered all intrude to plague the investigator. The
role of physical properties such as solubility or
optical activity must be identified. The possibil-
ity of enhancement of physiologic potency brought
about by alteration in physical state has been men-
tioned in previous communications (1) (2). In
the first paper of this series (1) it was shown that
racemic crystalline thyroxin and optically active
thyroxin polypeptide had equal calorigenic activity
when given in equal iodine dosage.
To settle, if possible, the single point of the part

played by optical activity the present study was
undertaken. We are indebted to Professor C. R.
Harington for a supply of pure crystalline d- and
l-thyroxin (3). The substances have been as-
sayed on myxedema patients .in the manner de-
scribed in earlier papers (1) (2). The results
are shown graphically in Figure 1. A curve
which represents the average response obtained in
five myxedema patients receiving 1.0 mgm. of
thyroxin polypeptide (50 per cent iodine) per day
by mouth is also included in this figure in order
to indicate the standard response to 0.5 mgm. of
thyroid iodine daily.

Special care was taken to avoid racemization of
the optically active material. The weighed micro-
crystalline powder was dissolved in cold 0.01 nor-
mal sodium hydroxide, of which 6 cc. were used
per milligram of iodine. Three cubic centimeters
of the freshly prepared thyroxin solution were
measured into sterile ampoules. To each ampoule
was added 1 cc. of distilled water and enough
fifth-normal orthophosphoric acid to bring the
reaction of the solution to pH 6.5. The ampoules
were then stoppered with special "bacteriologi-
cal " rubber caps, shaken to disperse the precipi-
tated thyroxin, and heated at 800 C. for ten

minutes. They were then kept iced until used.
Three or four such ampoules were prepared at
once, to be used on successive days. Immediately
before injection, one-half cubic centimeter of cold
tenth-normal sodium hydroxide was added by
means of a sterile syringe and the thyroxin again
dissolved by shaking.
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FIG. 1.

The calorigenic responses in two patients with spon-
taneous myxedema receiving a daily intravenous dose of
0.75 mgm. of l-thyroxin (light solid lines), and of three
patients receiving a daily intravenous dose of 0.75 mgm.
of d-thyroxin (interrupted lines). The solid curve rep-
resents the composite of five assays of thyroxin poly-
peptide given in daily oral doses containing an equiva-
lent amount of iodine, namely 0.5 mgm.

In this way, the racemizing effects of heat,
alkali, and strong acid were kept at a minimum.
These precautions are as rigorous as those used
by Harington and Salter (4) in the isolation of
l-thyroxin.
Two assays were obtained with l-thyroxin and

three with d-thyroxin. The subjects were all un-
treated cases of spontaneous myxedema, none of
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whom were used for more than one assay. Each
preparation was given intravenously once daily in
doses of 0.75 mgm. daily this being equivalent in
iodine content to the 1.0 mgm. of the control poly-
peptide assays.
The two l-thyroxin assays and two of the d-

thyroxin assays are sufficiently close to the control
curve to be considered to represent identical re-
sponses. One of these two patients receiving d-
thyroxin also received desiccated thyroid, 3.75
grains daily by mouth (0.5 mgm. organic iodine)
at the end of the series of thyroxin injections.
The metabolism rose from minus 15 per cent to
0 per cent in six days, but the slope of the curve
remained the same. The third patient receiving
d-thyroxin began to make a standard response, the
metabolism reaching minus 8 per cent on the
eleventh day, but subsequently dropped to minus
28 per cent on the fourteenth day. When desic-
cated thyroid 3.75 grains daily (0.5 mgm. organic
iodine), was substituted two days after the last
thyroxin injection, the metabolism changed rela-
tively little, reaching minus 18 per cent after
seven days of medication. Consequently the low
response yielded by this patient receiving the
dextrorotatory isomer may be discounted as due
to some peculiarity inherent in the patient and not
in the substance assayed. These measurements
seem to indicate that the response of myxedema
patients to either optical isomer of thyroxin is
essentially identical.

COMMENT

This series (1) (2) (4) (6) of observations
was begun in an attempt to explain the high meta-
bolic potency of thyroglobulin in which thyroxin
itself may constitute only a minor portion of the
total iodine. It was originally suspected that pep-
tide linkage and optical activity (4) (7) might be
the chief factors involved in the high potency of
the natural hormone. As previously reported
(1), thyroxin in natural peptide combination
failed to show unexpectedly high activity. This
result has been confirmed by observations to be
reported elsewhere upon racemic glycyl thyroxin
(8) kindly donated by Harington. These syn-
thetic products embodying peptide linkage and
optical activity have enabled us to analyze the
effects of the two characteristics separately.
Neither of these chemical relationships has been

found to alter significantly the activity of thy-
roxin provided that absorption was ensured by
parenteral administration.

It has become evident, however, that the ob-
served potency of the drug depends to a consider-
able extent upon the mode of assay. For exam-
ple, it has been known for a long time (9) that
the intact thyroid tends to trap iodine if the latter
is in excess and to withold it from the systemic
circulation. Similarly Schittenhelm and Eisler
have shown (10) (11) that when a single large
dose of thyroxin is administered, much of the
iodine is excreted in the first forty-eight hours.
Such a condition is obviously abnormal, and one
is constantly faced with the question: does our
assay represent a physiological potency, or is it
merely the expression of the net result of an
experiment under complex pharmacological con-
ditions? Assays of thyroid activity have been
made both in man (1) (2) and in animals (13)
by the method of massive dosage. Such proce-
dures, we believe, induce disturbances of body
mechanisms, which are foreign both to the physi-
ological behavior of mammals and to ordinary
routine clinical conditions. Such abnormally
planned procedures, it would seem, have tended
to mislead us not only as to the action of the
thyroid hormone under normal conditions but also
as to its effect in the usual cases of myxedema as
treated in present-day clinics.

Criticism on the grounds mentioned above is
avoided by the method of assay here employed,
which consists of the administration of a uniform
daily dose of thyroid material at a rate calculated
to restore the patient to a nearly normal state in
some two weeks' time. This is a therapeutic pro-
gram in use in many clinics at the present date.
Certain it is, that this procedure resembles the
usual clinical methods of thyroid therapy more
closely than does the administration of massive
single doses of the drug.
The results here reported are at variance with

assays in the literature which show that the levo-
rotatory isomer is several times as potent as the
dextrorotatory. Of these researches we select
for comment only one, that of Gaddum (13), be-
cause the assays were made with the identical
preparation used by us and supplied by Haring-
ton. His observations, made upon normal rats to
which single large doses of thyroxin (d- or 1-, re-
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spectively) were administered, showed the 1- com-
pound to be about three times as active as the d-
isomer. The difference between his results and
ours, we believe, may be explained upon several
grounds. In the first place, the animals pos-
sessed an intact thyroid apparatus which might
trap newly-administered iodine, and which might
fluctuate in activity. Secondly, the drug was ad-
ministered in a single massive dose (4 to 10 mgm.
of thyroxin per kilo) as against our daily dose in
man of 0.01 mgm. per kilo). so that rates of ex-
cretion and destruction of the drug would play
important r6les in determining the duration and
height of the responses. In fact, according to
Gaddum's own data, the discrepancy between the
two isomers became smaller with smaller doses
than with larger doses. Whether the difference
in species contributed to the discrepancy we do
not know. We merely conclude that such ob-
servations, however valid as laboratory experi-
ments, can not be expected to apply quantitatively
to the reaction of the human case of myxedema.

CONCLUSIONS

When assayed by a method designed to repro-
duce approximately both physiological and ordi-
nary clinical conditions, d- and l-thyroxin were
found to have essentially identical potencies in
relieving human myxedema.

This fact lends additional support to the thesis
that the high potency of thyroglobulin is not due
to a super-active form of thyroxin.
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