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The work of Parhon (1) and of Aub, Bauer,
Heath and Ropes (2) established the existence of
a negative calcium balance in experimental and in
clinical hyperthyroidism. Pugsley and Anderson
(3, 4) and Cope and Donaldson (5) among others
confirmed this finding in rats and in human be-
ings, respectively, and in addition, in agreement
with Aub (6), stressed the prominent part which
loss of calcium in the feces plays in hyperthyroid-
ism, in contrast to other diseases characterized by
a negative calcium balance. Hansman and Wilson
(7) and Hansman and Fraser (8) recently
showed that occasionally calcium equilibrium may
be present in clinical hyperthyroidism, and that
the intestine need not always be the principal route
of excretion of calcium.

Kummer (9) suggested that diminished absorp-
tion of dietary calcium accounted for the high
calcium content of feces in patients with hyper-
thyroidism. On the other hand, Aub et al. (2)
demonstrated the occurrence of osteoporosis in
patients with hyperthyroidism and obtained data
on the simultaneous increase in excretion of phos-
phorus which “ was quantitatively such as to sug-
gest that most of the calcium excreted came from
tertiary calcium phosphate in the bones.” This
and certain negative data influenced Albright,
Bauer and Aub (10) to postulate that the thyroid
hormone exerts a specific catabolic action on the
metabolism of calcium phosphate in bones. Re-
cently the possibility that in hyperthyroidism there
may be an “ inability to assimilate the calcium of
the food quite apart from the mobilization of cal-
cium from the bones ” was again brought up by
Hansman and Fraser (8).

Most investigators in this field were chiefly in-
terested in the endogenous metabolism of calcium,
and conducted their studies with diets very low

1 Aided by a grant from the Christine Breon Fund
for Medical Research. :

2Read before the Annual Meeting of the American
Association for the Study of Goiter at Cincinnati, May
22 to 24, 1939.

in calcium in order to eliminate the factor of un-
absorbed dietary calcium. However, this experi-
mental arrangement does not distinguish between
increased excretion of calcium into the intestine
and decreased re-absorption of excreted calcium.
Also, apparently no attempts have been made to
study quantitatively whether diminished absorp-
tion of calcium from the food could be a factor
contributing to the loss of calcium from the body
in hyperthyroidism. The latter possibility pre-
sented itself prominently when we discovered that
intestinal absorption of carbohydrates and of fatty
acids was greatly increased in hyperthyroidism
(11), suggesting that absorption of calcium may
be decreased in this disease through preferential
absorption of other food elements.

For these reasons, we undertook to study in-
testinal absorption and excretion of calcium in
normal and in hyperthyroid rats. An additional
incentive for this study was furnished by a sug-
gestion of Albright et al. (10), based on the work
of Petersen and Levinson (12) that increased
tissue permeability might be the cause of increased
calcium excretion. If increased permeability of
the intestinal mucosa were the cause of increased
diffusion of calcium from the blood into the in-
testine, one would expect to find also an abnor-
mally high rate of diffusion of calcium in the
reverse direction, provided that its concentration
in the intestine exceeded that in the blood.

Just this was reported by Guassardo and Peola
(13) who studied the absorption of calcium chlo-
ride from an isotonic solution by means of a
double Vella fistula in 2 dogs before and after
administration of thyroxin. In three control ex-
periments, each lasting 30 minutes, their dogs
absorbed on the average 39 and 37 per cent of the
calcium introduced into the intestinal loop. In
two similar experiments on each dog performed
20 minutes after intravenous injection of 1.1 mgm.
of thyroxin (the dogs weighed about 4.5 kgm.),
they absorbed on the average 59 and 60 per cent,
respectively, of the introduced calcium.
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TABLE I
Absorption of calcium in normal rats during fasting

e | e %%‘f‘f vk abeorbed n € Rours . I‘%?i‘s‘f 2 h absorbed ta 18 hours
mie | weght | fhne | #anbel | perioo rams | per | R0 | R | e | @umen| per o0 game | per
grams per cent mgm. mgm. grams per cent mgm. mgm.

6 160-200 | 5.2 14.79 6.014+1.23%( 40
1 168-208 | 6.5 21.35 9.61+0.96 45 4 138-160 | 6.2 18.37 | 13.91+1.34*%| 77
10 150-180 | 7.6 26.44 | 15.0242.08 58 3 155-176 | 7.7 23.60 | 17.19+0.99 72
3 165-174 | 7.1 35.78 | 30.263-3.27 84

* Standard deviation.
EXPERIMENTS tion of a given amount of calcium lactate from 6

1. Intestinal absorption of calcium

a. Absorption during fasting. After being
fasted in a metabolic cage for 24 hours in order
to clear the intestine of food residues, young rats
were given by stomach-tube several measured
amounts of a 10 per cent solution of calcium
lactate. After 6 hours in some cases, and 18
hours in others, the animals were sacrificed, and
the contents of the entire digestive tract were used
for determinations of residual calcium. Figures
for absorption of calcium by normal rats are given
in Table I. In this table it is seen that the ab-
sorption of calcium under our experimental con-
ditions was approximately proportional to the dose
of calcium lactate, and that its rate increased some-
what with the size of the dose. On the other
hand, extension of the time allowed for absorp-

to 18 hours resulted in comparatively little addi-
tional absorption, so that about 20 per cent of the
administered calcium still remained in the diges-
tive tract at the end of 18 hours. A similar ob-
servation was made by Cohn and Greenberg (14)
in regard to the absorption of phosphorus.

A number of rats were rendered hyperthyroid
by intraperitoneal injections of 0.1 mgm. of thy-
roxin per 100 grams of body weight given daily
for 12 days. The average basal metabolic rate
of rats so treated, as determined in a closed circuit
apparatus similar to that used by Benedict and
Macleod (15), is increased about 50 per cent.
These rats were then used for the absorption ex-
periment as described.

Table II gives figures for the absorption of
calcium by the hyperthyroid rats and by the cor-
responding controls for each dose of calcium lac-

TABLE II
Absorption of calcium in normal and in hyperthyroid rats during fasting and on a calcium-free diet

Normal rats Hyperthyroid rats
Ab-
Dietary 80rD- | nriim- Loss of X Num- Loss of
status tion be Range of | weight Dose Calcium ab- be Range of | weight Dose Calcium ab-
time | P¢F | original | after of sorbed per 100 | 5 | ‘original | after of sorbed per 100
rats weight 2‘4&’!:]0‘\:58 calcium | grams of weight | ¢, weight 21’433;;1‘138 calcium | grams of weight
hours grams per cent | mgm. mgm. grams per cent | mgm. mgm.
6 11 | 168-208 | 6.5 21.35 9.61£0.96*] 10 |178-228 | 14.6 | 21.00 | 11.13+0.39*
Fasting 6 10 | 150-180| 7.6 26.44 | 15.02+2.08 12 | 160-192 | 149 | 27.71 | 16.29+1.49
18 3 [165-174| 7.1 36.78 | 30.26+3.27 4 |208-260 | 13.9 | 33.22 | 29.61+1.15
Calcium-free
diet 6 8 |[160-210| 0.0 21.14 8.584+1.07 10 | 200-232 89 | 2246 8.89+1.29

* Standard deviation.
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tate. From a comparison of these figures it can
be concluded that hyperthyroidism does not mate-
rially affect the intestinal absorption of calcium in
fasting rats when an excess of calcium lactate is
present.

b. Absorption on a calcium-free diet. In this
experiment, normal and hyperthyroid rats were
fed on a calcium-free diet adequate in other re-
spects and containing 26 per cent of fat for 2 days
before the absorption experiment. They were not
fasted, and had access to food throughout the
absorption experiment. Figures for absorption of
calcium in both groups of rats fed on the calcium-
free diet were very similar, and are given in Table
II. From a comparison of these figures with
those obtained from fasting rats that received the
same dose of calcium lactate, it is seen that the
presence of food does not significantly decrease
the absorption of calcium in either normal or
hyperthyroid rats when an excess of calcium lac-
tate is present in the intestine.

Since rats feed chiefly during the night, while
our absorption experiments were started in the
morning and carried out during the day, it was
thought that the small decrease in absorption of
calcium seen in fed as compared to fasting hyper-
thyroid rats might be rendered significant by
simultaneously administering some food. Ac-
cordingly, the calcium lactate was given to 6 hyper-
thyroid rats in a 20 per cent solution of dextrose
without altering the absorption of calcium.

¢. The effect of phlorizin on absorption. It has
been suggested by Verzar and McDougal (16)
that the formation of calcium-phosphorus com-
pounds in the intestinal mucosa may play a part
in the absorption of calcium. In view of our
previous finding that phosphorylation in the in-
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testine is altered in hyperthyroidism, it seemed of
interest to learn whether inhibition of intestinal
phosphorylation would affect the absorption of cal-
cium. For this purpose normal rats were given
two different amounts of calcium lactate with
50 mgm. of phlorizin in the solution. The figures
in Table III show that administration of phlorizin
did not affect the absorption of calcium.

2. Intestinal excretion of calcium

a. Excretion during fasting. Young normal and
hyperthyroid rats were fasted in a metabolic cage
for 30 hours before determinations of calcium in
the washings from the entire gastro-intestinal tract
were made. The figures for the amount of cal-
cium present in the digestive tract of these rats
are given in Table IV. From these figures it is
clear that the intestine of hyperthyroid rats con-
tained no more excreted calcium than that of nor-
mal rats.

b. Excretion on a calcium-free diet. In this
experiment, the rats were fed a calcium-free diet
as mentioned previously. Determinations of cal-
cium in the contents of the entire digestive tract
were made, and are recorded in Table IV. From
these figures, it is seen that the presence of food
increased the amounts of excreted calcium in the
intestines of both normal and hyperthyroid rats.
This was somewhat more marked in the hyper-
thyroid group.

With the object of possibly intensifying this
finding by more prolonged administration of thy-
roxin, determinations of excreted calcium into the
intestine were performed in 8 rats injected with
thyroxin for 3 weeks, and in 4 rats similarly
treated for 1 month instead of for 12 days. The
severity of hyperthyroidism in the last group of

TABLE III
Effect of phlorizin on absorption of calcium

Normal rats Rats treated with phlorizin
Loss of Dose of Amount of Loss of Dose of Amount of
Number Range of igh Ici lci Number | Range of weight calcium calcium
of original after per 100 absorbed of original after per 100 absorbed
rats weight fasting grams of per 100 grams rats weight fasting grams of per 100 grams
24 hours weight of weight 24 hours weight of weight
grams per cent mgm. mgm. grams per cent mgm. mgm.
11 168-208 6.5 21.35 9.61+0.96* 3 200-208 8.5 21.95 10.61£0.02*
10 150-180 7.6 26.44 15.024:2.08 3 180-208 29 28.28 14.571+2.82

* Standard deviation.
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TABLE 1V
Intestinal excretion of calcium in normal and in hyperthyroid rats during fasting and on a calcium-free diet
Normal rats Hyperthyroid rats
Dietary status Number Range of mhotf Agggia:nd Number Rance of mlﬁ Amogﬁfnof
of original after found of original after found
rats weight fasting in the rats weight fasting in the
30 hours intestine 30 hours intestine

grams per cent mgm. grams per cent mgm.

Fasting............. 10 160-212 7.9 2.36+0.5% 10 165-200 15.5 1.954+0.46*
Calcium-free diet..... 10 170-230 0.0 3.94 :|:0.28| 20 200-313 10.2 4.69+0.74

* Standard deviation.

animals is shown by the fact that 5 out of 9 rats
died from hyperthyroidism before the end of the
month. However, the amounts of calcium found
in their intestines were practically the same as
those in rats treated with thyroxin for the usual
12 days. For this reason, in Table IV the figures
for all fed hyperthyroid rats were combined.

3. Fecal excretion of calcium

a. The influence of thyroxin. The calcium con-
tent of feces was determined over 2-day periods
in rats receiving our calcium-free diet for 3 and
for 10 days, respectively, previous to collection,
before and after 3 weeks of injections with thy-
roxin. Figures for the average daily fecal output

of calcium under these conditions are given in
Table V. These figures show that the fecal out-
put of calcium of rats deprived of calcium for 3
days was more than twice that of rats that were
on a calcium-free diet for 10 days, and that ad-
ministration of thyroxin increased fecal excretion
of calcium 98 and 100 per cent, respectively, in
the two groups.

b. The réle of increased food intake. Since
our hyperthyroid rats ate about twice the normal
amount of food (8 grams per 100 grams of weight
as against a normal of 4 grams), it was felt that
the greater volume of food passing through their
digestive tracts might be a factor in decreasing
re-absorption of calcium excreted into the intes-

TABLE V
Influence of thyroxin, of food intake, and of intestinal peristalsis on fecal excretion of calcium
Rats deprived of calcium for 3 days Rats deprived of calcium for 10 days
before stool collection fore stool collection
Thyroid status &cﬁm‘:‘m
Number Range of Daily fecal Number Range of Daily fecal
of rats weight calcium of rats weight calcium
grams mgm. grams mgm.
Normal......... Food intake 10 185-231 4.47+0.521 4 220-275 2.04
4 grams* '
Hyperthyroid. . ..| Food intake 10 187-227 8.85+1.26 4 220-275 4.09
8 grams*
Hyperthyroid. . ..| Food intake 10 190-222 | 5.794-0.35
4 grams*
Normal......... Administration 10 193-230 7.7740.99 4 180-211 4.01
of castor oil
Normal......... Administration 10 187-245 7.86:+0.74 |
of cascara
Hyperthyroid....| Administration 10 185-240 5.51+0.38
of morphine

* Per 100 grams of weight.

1 Standard deviation
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tine. For this reason, the fecal excretion of cal-
cium was determined in hyperthyroid rats over a
2-day period while the animals were limited to a
daily ration of 4 grams of the calcium-free food
mixture.

In Table V it is seen that hyperthyroid rats on
a restricted food intake excreted in the feces 35
per cent less calcium than the hyperthyroid rats
on an unlimited diet, but 29 per cent more calcium
than the normal animals. :

¢. The effect of increased intestinal peristalsis.
In order to investigate the effect of increased in-
testinal peristalsis on excretion of calcium in the
feces, two experiments were performed:

(1) The fecal calcium was determined over a
2-day period in normal rats which were kept on a
calcium-free diet for 3 days and received by mouth
twice a day 2 drops of castor oil, or 5 drops of
fluid-extract of cascara. These amounts of castor
oil or of cascara were not sufficient to produce
diarrhea in any of the animals. As seen in Table
V, the fecal excretion of calcium rose 74 and 76
per cent, respectively, under the influence of these
drugs, and almost equalled that of hyperthyroid
rats. In rats deprived of calcium for 10 days,
the fecal calcium was increased 96 per cent by
ingestion of castor oil. Administration of castor
oil to hyperthyroid rats produced no appreciable
increase in fecal calcium.

(2) The fecal calcium was determined over a
period of 2 days in hyperthyroid rats on a calcium-
free diet whose intestinal peristalsis was slowed by
two intraperitoneal injections of 0.25 mgm. of
morphine sulphate a day. From Table V it is
seen that the fecal excretion of calcium in these
rats was decreased 38 per cent.

4. Immediate effect of intravenously injected thy-
roxin on absorption of dextrose

In order to test whether intravenously injected
thyroxin is capable of exerting its physiological
action on absorption in the time allotted by Guas-
sardo and Peola, the following experiment was
performed. Five male rats fasted for 24 hours
were anesthetized with ether for the few minutes
necessary to dissect the jugular vein and inject
0.1 mgm. of crystalline thyroxin in 1 cc. of physio-
logical saline solution. Twenty minutes later, 300
mgm. of dextrose per 100 grams of weight were
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administered by stomach-tube in the form of a
20 per cent solution. After allowing an hour for
absorption, the unabsorbed residue of dextrose in
the digestive tract was determined. As a control,
4 more rats were subjected to the same procedure
except that physiological saline solution was in-
jected in place of thyroxin. The control animals
absorbed 128 + 37 mgm. and the rats injected
with thyroxin absorbed 119 = 23 mgm. of dex-
trose per 100 grams of weight. From these fig-
ures it is seen that in rats intravenously injected,
thyroxin has no effect on the absorption of dex-
trose for at least 1 hour and 20 minutes, which is
30 minutes longer than the time allowed by the
Italian workers.

COMMENTS

Failure of the fasting hyperthyroid rats to ab-
sorb more calcium from an excess of calcium lac-
tate than was done by the corresponding controls
indicates that there is no increase in permeability
of the intestinal mucosa in hyperthyroidism. Ad-
ditional evidence that hyperthyroidism has no in-
fluence on simple diffusion through the intestinal
mucosa is seen in our previous experiment with
xylose, the absorption of which was not increased
in this condition after abnormally rapid emptying
of the stomach was controlled with benzedrine
(11). Consequently, increased permeability can
no longer be considered among the possible factors
causing loss of calcium in the feces of hyperthy-
roid animals.

Several doses of calcium lactate and two differ-
ent periods of absorption were used in this ex-
periment to rule out the possibility that, with any
one dose or time interval, rapid excretion of newly
absorbed calcium could have masked increased
absorption of calcium.

We are inclined to ascribe the increased ab-
sorption of calcium from the intestinal loop of the
dog reported by Guassardo and Peola to some
factor other than the action of thyroxin, because
in repeating their experiment with rats, we were
unable to demonstrate any action of intravenously
injected thyroxin on the very sensitive mechanism
of intestinal absorption of dextrose, in spite of
the fact that we doubled the time which these
workers allowed for their absorption experiment.

The possibility that the absorption and excre-
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tion of calcium are determined not alone by laws
of simple diffusion, if phosphorylation plays any
role in its passage through the intestinal mucosa,
was ruled out by the experiment in which phlorizin
was used to inhibit intestinal phosphorylation with-
out any change in the amount of absorbed calcium.
Incidentally, this experiment also proves conclu-
sively that phlorizin has no depressing effect on
intestinal absorption in general.

The fact that the absorption of calcium lactate
was not diminished in fed hyperthyroid rats indi-
cates that no impairment in the intestinal absorp-
tion of dietary calcium exists in experimental hy-
perthyroidism due to increased absorption of
competing foodstuffs or any other cause, provided
that an abundance of calcium is present in the
intestine.

Turning to the question of intestinal excretion
of calcium, we must consider the mechanism of
intestinal absorption. According to Verzar and
McDougal (16), the present conception of in-
testinal absorption by simple diffusion is that,
during passage through the small intestine, the
ions present in its contents and those found in the
blood plasma reach an equilibrium due to a two-
way exchange of electrolytes between the lumen
of the intestine and the capillaries. When the
fluid contents of the small intestine enter the
colon, they are subjected to hydrostatic pressure
which forces part of the water into the capillaries,
rendering the remaining mixture hypertonic. This
causes the diffusion of more electrolytes into the
blood. The indicated process goes on until the
food residues assume a solid consistency and are
expelled as feces with little loss of valuable salts
from the body. This conception in application to
the calcium exchange of the intestine is supported
by the finding that, contrary to the opinion of
earlier authors, no calcium is excreted into the
colon (17, 18).

In the light of this conception, we would expect
increased diffusion of calcium from the blood into
the small intestine only when the calcium level of
the blood is increased. This is found in hyper-
thyroidism only to a slight degree or not at all
(2, 6), and therefore can hardly be a major factor
in the loss of calcium through the bowel, especially
since in hyperparathyroidism, where the blood cal-
cium is definitely elevated, there is no excessive
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excretion of calcium in the feces. On the other
hand, the fact that there is no active excretion of
calcium into the intestine in hyperthyroidism, over
that expected through normal diffusion from the
blood, is demonstrated by the equal amounts of
calcium found in the intestine of fasting normal
and hyperthyroid rats. It is in these animals that
one would expect to obtain the greatest difference
in this respect if active excretion were taking
place, because fasting has an inhibiting influence
on peristalsis which is more active in hyperthy-
roidism, and therefore in fed rats would tend to
minimize the difference by sweeping out some of
the extra calcium.

There remain two explanations for the increased
fecal output of calcium in hyperthyroidism. The
first of these is that the approximately double
amount of food passing through the digestive tract
of hyperthyroid rats may interfere with normal
re-absorption of excreted calcium. This possi-
bility was sugested by our finding that both
normal and hyperthyroid rats maintained on a
calcium-free diet had more calcium in their intes-
tinal contents than the fasting animals, and that
this finding was more marked in hyperthyroid rats.
The experiment in which the food of hyperthyroid
rats was limited to the amount usually consumed
by normal animals shows that on a calcium-free
diet an increased intake of food plays a definite
part in the loss of calcium through the bowel, al-
though it does not account for all of it.

The second explanation is that increased intes-
tinal peristalsis accelerates the passage of feces
through the colon to such an extent as to inter-
fere with normal re-absorption of excreted cal-
cium. This possibility was suggested by the fact
that the fecal excretion of calcium by hyperthyroid
rats is markedly increased without a corresponding
increase in the calcium content of the intestine.
Our experiments with administration of sub-
purgative doses of castor oil or of cascara to nor-
mal rats at two levels of fecal excretion of cal-
cium ® show that the endogenous calcium in the
feces is markedly raised by intestinal hyperperis-
talsis, and that this factor alone could account for
the total increase of fecal calcium in hyperthy-
roidism. That peristalsis actually does play an

8 Following deprivation of calcium for 3 and for 10
days, respectively. (See Table V.)
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important part in the increased fecal excretion of
calcium by hyperthyroid rats was demonstrated
by our experiment in which slowing of intestinal
peristalsis with morphine markedly reduced the
calcium content of the feces in such animals.

The presence of increased intestinal peristalsis
in patients with hyperthyroidism is well known
both through radiologic observations and the oc-
currence of diarrhea in severe cases. The same
phenomenon was also observed experimentally
(19). The opposite, namely, abnormally sluggish
intestinal peristalsis, is characteristic of myxedema,
in which there is also a markedly diminished fecal
output of calcium. In our rats injected with thy-
roxin, a tendency to diarrhea was also noted. It
was brought out particularly when somewhat irri-
tating substances such as xylose, phlorizin, or
oleic acid were administered (11). In the experi-
ment where a mixture of oleic acid and phlorizin
had to be given, all hyperthyroid rats developed
diarrhea and we were forced to control this tend-
ency with morphine before administering the mix-
ture. Under similar circumstances, no normal
rats developed diarrhea.

Whether overeating or hyperperistalsis has a
greater influence on fecal excretion of calcium is a
difficult problem. to solve. On the one hand, we
obtained more decisive experimental results by
producing increased peristalsis. On the other
hand, a greater volume of food would not only
cause the diffusion of more calcium from the
blood but would also stimulate peristalsis.

If we accept hyperperistalsis and overeating as
the chief causes of increased fecal output of cal-
cium in hyperthyroidism, we are able to account
for several clinical and experimental observations
heretofore unexplained: (1) Our theory accounts
for the loss of calcium through the bowel in hyper-
thyroidism in the absence of hypercalcemia. (2)
It explains why hyperthyroidism is the only dis-
ease characterized by a negative calcium balance
in which loss of calcium in the feces plays a promi-
nent part (6). (3) It explains the occasional
absence of increased fecal calcium in hyperthy-
roidism (7, 8) by the fact that this is not a pri-
mary feature of the disease but depends on the
presence of increased intestinal peristalsis and
overeating, in themselves secondary manifesta-
tions of hyperthyroidism that may occasionally be
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absent. (4) In conjunction with the mechanism
of intestinal absorption discussed above, our theory
accounts for the absence of fecal loss of calcium
in hyperparathyroidism and other diseases charac-
terized by hypercalcemia and a negative calcium
balance but lacking increased intestinal peristalsis
and overeating. In these conditions, an abnor-
mally high level of calcium in the blood presumably
leads to increased diffusion of calcium into the
small intestine, but later this excess of calcium is
re-absorbed in the colon with little or no resultant
loss of calcium in the feces. (5) It probably ac-
counts for the finding of Pugsley (20) that a
negative calcium balance due to increased fecal
output of calcium can be produced experimentally
in rats by oral administration of very large doses
of dinitrophenol. While preparing rats for an
absorption experiment with administration of dini-
trophenol (11) by stomach-tube twice a day, in
doses much smaller than the ones used by Pugs-
ley, it was observed that many of our animals de-
veloped spontaneous diarrhea and could not be
used for the intended purpose. The probability
that hyperperistalsis rather than stimulation of
metabolism was responsible for the increased
fecal excretion of calcium obtained by Pugsley
is enhanced by his inability to produce a rise in
fecal calcium with subcutaneous or intraperitoneal
injections of dinitrophenol which would obviate
local irritation of the digestive tract. It is also
significant that Robbins (21) found the excretion
of calcium and phosphorus to be normal in patients
receiving clinical doses of dinitrophenol that raised
the basal metabolic rate to 37 per cent plus but
presumably were not large enough to cause intes-
tinal irritation. Our theory that intestinal hyper-
peristalsis plays an important part in the fecal loss
of calcium in hyperthyroidism is supported by a
recent article of Meulengracht (22) in which he
describes the occurrence of osteomalacia of the
spine due to daily use of cathartics over a long
period of time.

In view of our discovery that increased intes-
tinal peristalsis and overeating play an important
part in the increase of fecal excretion of calcium
in hyperthyroidism, it will be interesting to see
whether increased elimination of calcium in the
urine, which takes place in this condition in spite
of a normal or practically normal calcium level
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of the blood, can also be explained on the basis
of an acceleration of the urinary flow, an increase
in the intake of water, or both. Experiments to
test these possibilities are under way.

Our data on the calcium exchange of the intes-
tine do not contradict the extensive investigations
of calcium metabolism in hyperthyroidism per-
formed by Aub and his co-workers, which led to
the conclusion that the source of the calcium that
is being lost in this condition is the tertiary cal-
cium phosphate from the bones. But they fur-
nish an explanation of the mechanism by which
the loss of calcium in the feces takes place, creat-
ing the necessity of drawing on the calcium re-
serves of the skeleton. Our experiments are also
of help in reconciling the often contradictory data
obtained when some workers study the calcium
metabolism in hyperthyroidism under conditions
of a low calcium intake while others allow an
adequate dietary calcium.

SUMMARY

1. Administration of thyroxin or of subpurga-
tive doses of castor oil or of cascara to rats ap-
proximately doubled the fecal excretion of calcium.

2. Restriction of the food intake or administra-
tion of morphine markedly decreased the fecal
output of calcium in hyperthyroid rats.

3. Increased permeability of the intestinal mu-
cosa, active excretion of calcium, and increased
absorption of food elements enjoying preferential
intestinal absorption were ruled out as factors
causing loss of calcium through the feces in
hyperthyroidism.

4. From these findings it is concluded that hy-
perperistalsis and overeating are the chief causes
of increased fecal output of calcium in hyper-
thyroid rats maintained on a calcium-free diet.

5. The proposed theory of increased fecal ex-
cretion of calcium in hyperthyroidism accounts for
several heretofore unexplained clinical and experi-
mental observations in conditions associated with
a negative calcium balance.

6. There is no appreciable change in calcium
absorption in hyperthyroidism.
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