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Since thyroxine is usually prepared for intra-
venous administration by heating with alkali, it
seemed desirable, for purposes of comparison, to
observe the effect of this procedure on desiccated
thyroid. It became apparent at once that it de-
stroyed most of the gland’s activity, whereas thy-
roxine was unaffected by the same treatment (1,
2). This finding took on added interest because
heating with alkali is an important step in obtain-
ing thyroxine from the gland.

It was later noted that Roos (3), on the basis
of reduction in the size of goiter in man, and
Cameron and Carmichael (4), on the basis of
the rate of growth and hypertrophy of organs in
rats, had reported that heating with potassium and
sodium hydroxide destroys a large part of the
activity of iodothyrin and iodothyroglobulin, re-
spectively. Their methods of assay were, of
course, unreliable. Oswald (5) noted the insta-
bility of the active thyroid protein and avoided
heat when using alkaline hydrolysis. Kendall
and Simonsen (6) did employ heat in extracting
thyroxine and were sometimes unable to isolate
any from desiccated glands which possessed physi-
ological activity before alkaline hydrolysis. In
contrast with these observations, Leland and Fos-
ter (7) have found that after heating with 2 N
sodium hydroxide for eighteen hours, eighty-five
per cent of the iodine combined as thyroxine can
be extracted with butyl alcohol, suggesting that
little if any destruction has occurred.

- METHOD

The total calorigenic response to the oral ad-
ministration of a certain dose of desiccated thy-
roid ® or of thyroxine* was observed in patients

1 Brief references to this work have been previously
published (1, 2).

2 Squibb Research Fellow.

8 The desiccated thyroid, unless otherwise noted, was in
the form of powder which had been defatted with benzene
and was kindly supplied by Dr. Klein of the Wilson Lab-

with myxedema. (The standard dose contained
6.5 mgm. of iodine, the amount in 10 mgm. of
thyroxine.) Then material from the same lot
was heated for different lengths of time with ap-
proximately normal sodium hydroxide ® (Table
I), usually in the proportion of 5 cc. of alkali to
6.5 mgm. of iodine. The effects of the same pro-
cedure without heating, of heating with a weaker
solution of alkali, and of heating with distilled
water were also observed. The heating was car-
ried out in a small beaker on a water bath. Al-
though the solution was brought up to volume at
frequent intervals, some variation in the concen-
tration of alkali occurred. After suitable prep-
aration, the material was diluted with a total of
from 500 to 800 cc. of distilled water and admin-
istered slowly by mouth over a period of about
two hours.

In five of eight patients in whom the effect of
heating desiccated thyroid with alkali was ob-
served, the heated and unheated doses contained
the same amounts of iodine; in one, the heated
dose contained only half as much and in two, twice
as much. In two of the patients (Mrs. M. M.,
Figure 2 and Mrs. M. K., Figure 3) in whom the
amounts of iodine in the heated and unheated
doses were different, data have been included on
the effects of another lot of desiccated thyroid
which was given in doses containing more nearly
the same amount of iodine as the heated doses.
These additional data have been recorded because
it has been found essential to compare doses on
the basis of similar amounts of iodine, owing to
some diminution in effect per unit of iodine with
increasing doses (2).

oratories. Four lots were used—three lots of hog thyroid
and one of the dried gland from a patient with exoph-
thalmic goiter.

4 The synthetic thyroxine of Hoffmann-La Roche.

8 The solution actually used was 1.14 N sodium hydrox-
ide.
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Excess calories were calculated by a method
previously described (8, 9).

DATA

Effect of heating desiccated thyroid with alkali

The data are recorded in Tables I, II and III
and in Figures 1 to 8. The results may be sum-
marized as follows.

1. After heating with approximately normal
sodium hydroxide for from one to seven hours,
desiccated thyroid loses about three-fifths of its
calorigenic activity, on the basis of the number of
points increase in metabolism; and about four-
fifths of it, on the basis of the number of extra
calories produced (Table II).

2. This loss of activity appears to be about as
great at the end of one hour as at the end of seven
hours (Miss R. G., Figure 5, compared with Mr.
G. H., Figure 1, and Mrs. M. J., Figure 6).

3. The strength of the alkali appears to be im-

portant. In the one instance in which heating
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with alkali did not cause loss of activity (Mrs.
M. S,, Figure 8) the alkali used was 0.1 N instead
of 1 N.

4. Allowing the dried gland to stand in 1 N
sodium hydroxide without heating did not cause
a significant loss of activity (Mr. G. H., Figure
1; Mrs. M. M., Figure 2; Mrs. M. K., Figure 3;
Mrs. A. R, Figure 4; Mrs. M. W., Figure 7).

S. The relative loss of activity in the exoph-
thalmic goiter gland as a result of heating with
alkali appeared to be about the same as in the hog
thyroid (Table II; and Figures 5 to 8 compared
with Figures 1 to 4).

Repeated administrations of the same dose of
desiccated thyroid or of thyroxine to the same
patient produce about the same calorigenic re-
sponse. Therefore, the slight response to thyroid
which had been heated with alkali cannot be ex-
plained on the basis of the development of a
tolerance.

The question arises as to whether the calori-
genic effects of different preparations should be
compared on the basis of the amount of increase
in the basal metabolism or on the number of extra
calories produced, the latter showing approxi-
mately a twenty per cent greater loss of activity
on the average than the former. The number of
extra calories is calculated from a curve denoting
the change in metabolism from the time a given
preparation is administered until its effect has
completely disappeared. There are reasons for
believing that the total response is important in
comparing the action of different compounds.
For example, it would be unfair to compare the
effects of dinitrophenol and thyroxine on the
basis of the amount of increase in basal metabo-
lism, because the effect of a single dose of dinitro-
phenol lasts for only three or four days, while
that of a single dose of thyroxine may last for as
long as eighty days (2).

Effect of heating desiccated thyroid with distilled
water

In contrast with the marked loss of calorigenic
activity produced by heating desiccated thyroid
with alkali, it may be seen from Tables I and II
and Figures 9 and 10 that heating 'desiccated thy-
roid with distilled water for three hours and nine
hours respectively produced no loss of activity.
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Although more data are desirable on this point,
they are sufficient to show that in order to pro-
duce the marked loss of activity reported above,
the presence of alkali is necessary.

Effect of heating thyroxine with alkali

It may be seen from Tables I and II and Fig-
ures 5 and 11 that thyroxine apparently loses no
activity as a result of heating with normal sodium
hydroxide for four and four and three-quarter
hours respectively.

COMMENT

There are at least four possible explanations
for these observations.

1. Although only a small portion of the iodine
in the thyroid may be present as thyroxine, the
activity of thyroxine may be greatly enhanced by
the form or combination in which it occurs and
one or both of these may be altered by heating
with alkali.

2. Only a partion of the calorigenic activity of

desiccated thyroid may be caused by the thyroxine
in it and the other iodine compound or compounds
in the gland which affect metabolism may be de-
stroyed by heating with 'alkali.

3. Thyroxine in its natural combination may be
more susceptible to destruction by heating with
alkali than the free amino-acid.

4. “ Thyroxine as 'isolated” may be formed
“as an artefact by the action of the rather drastic
method of isolation of the active principle,” Har-
ington (10). (Apparently disproved by Haring-
ton and Salter (11).)

Any combination of these various factors may
be involved. Thus, heating with alkali may re-
duce activity both by destroying the natural form
or combination of 'thyroxine and by destroying or
reducing the activity of other compounds in the
gland which possess activity.

In view of the recent work of Foster, Palmer
and Leland (12) on the calorigenic potencies of
1- and dl-thyroxine, it is necessary to consider the
possibility that the loss of activity produced by
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heating desiccated thyroid with alkali may be
due to racemization of the naturally occurring
I-thyroxine. Using l-thyroxine obtained by the
proteolytic digestion of fresh and desiccated thy-
roid, they found it to be twice as potent as the
racemic form in the guinea pig. Gaddum (13),
using material obtained by resolution of dl-thyrox-
ine into its two optically active isomers, found
l-thyroxine to be from one and one-half to three
times as potent as d-thyroxine in the rat. How-
ever, too few data are presented to warrant quan-
titative deductions. Salter, Lerman and Means
(14), using material obtained by Harington (15)
in the same manner as that supplied to Gaddum,
reported the two isomers to possess the same ac-
tivity in man.

An analysis of our results suggests that the loss
of activity was greater than could be accounted
for by racemization alone. Assuming that all of
the calorigenic potency of desiccated thyroid is
due to the thyroxine it contains, complete race-
mization of the thyroxine should destroy half of
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the activity on the basis of the figures of Foster,
Palmer and Leland (12). Our smallest figure
for loss of activity, namely that based on the num-
ber of points the metabolism changed, shows a
reduction of 60 per cent as a result of heating
with alkali, whereas that based on extra calories
shows a reduction of 80 per cent. We did not
carry out thyroxine determinations on the hydro-
lyzed samples which were administered and,
therefore, do not know how much was split off.
Since the loss of activity was produced with much
less alkali and with a much shorter period of hy-
drolysis than Leland and Foster (7) found neces-
sary to cause maximum separation of thyroxine,
it would appear probable that the racemization in
our experiments was not complete. If this de-
duction be correct, we produced greater loss of
activity with incomplete racemization than would
be accounted for by complete racemization on the
basis of the figures of Foster et al. (12).

In considering further the work of Foster,
Palmer and Leland, it is of interest 'to determine
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whether heating with alkali reduces the activity of
thyroid to that of the thyroxine which it contains.
The calculations which follow are based, of course,
on the activity of racemic thyroxine. In four of
the patients (Mrs. M. M., Mrs. M. K, Mrs. A. R.
and Miss R. G.) the effect of administering thy-
roxine by mouth in alkaline solution has been com-
pared with that of giving desiccated thyroid sus-
pended in distilled water and desiccated thyroid
after heating with alkali (Table III). This com-
parison in the same patients gives results almost
the same as those in Table II, in which two of the
oral administrations and three of the intravenous
administrations of thyroxine in alkaline solution
were in patients who did not receive thyroid which
had been heated with alkali. It may be seen that,
on the average, for every 6.5 mgm. of iodine ad-
ministered by mouth in the form of thyroxine in
allkaline solution the basal metabolism rose 23
points (from minus 32 per cent to minus 9 per
cent) and 10,340 excess calories were produced;
whereas for every 6.5 mgm. of iodine given in the

W. O. THOMPSON, P. K. THOMPSON, S. G. TAYLOR, III, AND L. F. N. DICKIE

——o°—o form of desiccated thyroid which had been heated

with alkali, the basal metabolism rose 8 points
(from minus 32 per cent to minus 24 per cent)
and 1,210 excess calories were produced. When
the thyroid was given suspended in distilled water
the corresponding figures were 20 points and
6,070 excess calories respectively. In other
words, per milligram of iodine, thyroxine in alka-
line solution produced about three times as much
increase in basal metabolism and about eight and
one-half times as many excess calories as desic-
cated thyroid which had been heated with alkali.
On the basis of the number of points increase in
basal metabolism, heating with alkali reduces the
calorigenic activity of desiccated thyroid nearly to
the level that would be predicted from the Leland
and Foster figures (7) for the percentage of
iodine present in the form of thyroxine, assuming
that heating with alkali reduces the activity of the
dried gland to that of the thyroxine which it con-
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tains. On the basis of extra calories, the activity
is reduced to a lower level than would be pre-
dicted. As already pointed out, this reduction oc-
curs with much less alkali than called for by the
Leland and Foster method for extraction of thy-
roxine from the thyroid. They used 100 cc. of
2 N sodium hydroxide per 1.25 grams of dried
gland containing probably from 3 to 4 mgm. of
iodine. These observations suggest the possibil-
ity that the activity of thyroxine may be enhanced
by its natural combination.

The effect of heating desiccated thyroid with
alkali has some bearing on the suggestion ad-
vanced by Harington and Randall (16) and by
Gutman, Benedict and Palmer (17) that, for
pharmaceutic purposes, desiccated thyroid should
be standardized in terms of thyroxine rather than
in terms of total organic iodine. Harington and
Randall (16), on the assumption that after four
hours hydrolysis with sodium hydroxide the por-
tion of the iodine insoluble in acid represents thy-
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roxine iodine, concluded that the iodine in the
thyroid is about equally divided between .diiodo-
tyrosine and thyroxine: while Gutman and his as-
sociates (18), using the butyl alcohol extraction
method of Leland and Foster (7) (which included
a longer period of alkaline hydrolysis), found
that about twenty-five per cent was present as
thyroxine, although the actual percentage varied
in different glands. Using guinea pigs for assay,
Palmer and Leland (19) found calorigenic ac-
tivity proportional to thyroxine rather than to
total iodine.

Regardless of the explanation of our observa-
tions, it becomes apparent at once that the method
used by all investigators for isolation of the active
principle from the thyroid, namely hydrolysis with
alkali, destroys most of the gland’s activity. In-
deed, the low yield of crystalline thyroxine from
desiccated thyroid has always been one of the
most serious handicaps to a systematic study of
its properties. From three tons of hog thyroid
Kendall (20) obtained thirty-three grams of thy-
roxine. By another method, Harington (10) was
able at one time to obtain a total yield of 0.125
per cent of thyroxine from a preparation of desic-
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cated thyroid gland containing 0.5 per cent of
iodine. The low yields frequently observed by
these two investigators may be attributed to loss
or destruction of thyroxine or to the presence of
only a small quantity of iodine in the form of
thyroxine to begin with.

SUMMARY

After heating with approximately normal so-
dium hydroxide for from one to seven hours,
desiccated thyroid loses about three-fifths of its
calorigenic activity on the basis of the amount of
increase in basal metabolism, and about four-
fifths of it on the basis of the number of extra
calories produced. The activity of racemic thy-
roxine is not significantly affected by the same
procedure. The effect of desiccated thyroid is
not ‘altered when it is heated with distilled water
or when it is allowed to stand in normal alkali
without heating, showing that a combination of
both heat and alkali are necessary to produce loss
of activity.

When given by mouth in alkaline solution, thy-
roxine produces, per milligram of iodine, about
three times as much increase in basal metabolism
and about eight and one-half times as many extra
calories as desiccated thyroid which has been
heated with alkali.

These observations show that the procedure
common to all methods for isolation of thyroxine
from the thyroid (namely, heating with alkali)
destroys most of the gland’s activity. They have
an important bearing on the form in which iodine
occurs in the gland and on the methods of stand-
ardizing desiccated thyroid.
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