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Abnormal thyroid function profoundly alters
calcium metabolism. In 1929, Aub, Bauer, Heath,
and Ropes (1) demonstrated in patients on con-
stant low calcium diets that urinary and fecal ex-
cretion of calcium and phosphorus is frequently
increased in hyperthyroidism and lower than nor-
mal in myxedema. These changes could not be
ascribed to elevation of metabolism per se (1)
acidosis (2) or vitarmin D deficiency (3); they
were observed even in the absence of the para-
thyroid glands (4, 5). In addition, roentgeno-
graphic evidence of skeletal demineralization has
been described in patients with thyrotoxicosis (6).

The conventional balance techniques which have
been used in the study of calcium metabolism in
thyroid disease measure only net effects: they do
not measure the processes of deposition and re-
sorption of calcium. An indication of the skeletal
turnover of calcium, however, can be obtained
from serial observations of the specific activity of
radioactive calcium (Ca45) in blood and urine
after intravenous injection (7, 8).

The present study was designed to define the
alterations in calcium metabolism in thyroid dis-
ease in man by using Ca45 and the technique of
isotope dilution. Observations have been made in
euthyroid, hyperthyroid, and myxedematous sub-
jects, and, for purposes of comparison, in addi-
tional euthyroid patients with Paget's disease and
with hypoparathyroidism.

MATERIALSANDMETHODS

All patients (Table I) were on the metabolic ward
and were ambulatory throughout the study. Diets,
which were constant and of neutral ash, contained from
0.08 to 0.23 grams of calcium per day (Table II). In
order to avoid tetany, the two hypoparathyroid subjects
were given 0.31 and 0.57 grams, respecfively, of calcium

1 Aided by grants AT (30-1) 667 and AT (30-1) 1755
from the Atomic Energy Commission and A(446) C from
the United States Public Health Service.

in their diets per day. Fluid intake was maintained at
2,000 to 2,500 ml. per day. Complete collections of urine
and stool were begun after six days on the fixed diet. A
three-day control collection of urine and feces was ob-
tained prior to the administration of Ca.

The stock solution of Ca"Cl, 2 was acidified with con-
centrated HCI, added to 0.9 per cent NaCI solution to
give a final concentration of approximately 0.5 j&c per ml.
saline at a pH of 6, and autoclaved. Five to seven mi-
crocuries were injected from a calibrated syringe into
an antecubital vein one hour before breakfast. Blood
samples were obtained by venipuncture from the op-
posite arm at frequent intervals. Fractional urine col-
lections were made for the first three days following in-
jection, and daily thereafter. Stool collections were made

TABLE I

Clinical data

Name

R. P.

Wa. ;
F. W.

L.S.

C. L.

J. B.

W.W

B. M

A. W

O. H.

E. N.

Age Sex Diagnosis

50 M Coronary heart disease; hyperurice-
mia (A.S.H.D.)*

V. 26 M Friedreich's ataxia (Fr.A.)
(1) 18 M Hyperthyroid (diffuse goiter) (Thyr-

tox.)
(2) 19 Euthyroid, hypoparathyroid, 1 yr.

following thyroidectomy (Hypo-
parathyr. after Rx.)

(1) 31 F Hyperthyroid (diffuse goiter) (Thyr-
tox.)

(2) 31 Early myxedema (4 months follow-
ing thyroidectomy) (Myx. after
Rx.)

38 F Hyperthyroid (diffuse goiter) (Thyr-
tox.)

26 M Hyperthyroid (diffuse goiter) (Thyr-
tox.)

T. (1) 42 F Myxedema (Myx.)
(2) 42 Euthyroid (4 months on treatment)

(Normal after Rx.)
(1) 39 F Myxedema (Myx.)
(2) 39 Euthyroid (5 months on treatment)

(Normal after Rx.)
67 F Paget's disease of bone (Osteitis De-

formans) (Paget's dis.
59 F Paget's disease of bone (Osteitis De-

formans) (Paget's dis.)
41 F Hypoparathyroid, 4 years following

thyroidectomy (Hypoparathyr.)

* Abbreviations to be used in all tables.
2 Obtained from Oak Ridge. Ca" has only a beta ray

(M.E.V. = 0.26) and a half-life of 152 days.
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in three-day periods. An aliquot of the solution used
for injection was taken for the standard. The amount
of stable calcium (Ca'5) included in each injection ranged
from 1 to 6 mgm. After giving the Ca", collections were
made for times ranging from 9 to 22 days for the various
patients. If a previous study had been done, control col-
lections were assayed for radioactivity prior to the ad-
ministration of the second tracer of Cae.

Stable calcium (Ca") was determined by the method of
Fiske and Logan (9). The results of analysis of dupli-
cate samples agreed within ±3 per cent of the mean.
Phosphorus B was determined by the method of Fiske and
Subbarrow (10) and nitrogen according to the macro-
method of Kjeldahl. Aliquots of urine (200 ml.) were
acidified with 4 ml. of concentrated HC1. The 3-day
stool collections (obtained without a marker) were mixed
in a Waring Blendor, and made up to volume with dis-
tilled water. For calcium and phosphorus analyses, du-
plicate 200-ml. aliquots of the blended and diluted fecal
samples were dried for 2 to 3 days in a steam oven and
then ashed in an electric muffle furnace at 5500 C. over-
night. The ash was dissolved in concentrated HCI and
distilled water. Nitrogen analyses of the feces were per-
formed directly on unashed aliquots of the blended and
diluted fecal samples.

Ca' was determined as follows: 4 44ml. of trichloracetic
acid (20 per cent) and 8 ml. of distilled water were
added to 2.4 ml. of serum, the sample centrifuged, and
the Ca' determination performed on the supernatant.
Complete recovery of Cae added to human serum in vitro
was achieved. Analyses of Cae in urine and feces were
made on acidified specimens which had been dried and
ashed, and the ash dissolved in HCI and distilled water.
After analysis for the stable calcium of the sample, stable
calcium was added as CaCl2 to give a final concentration
of 6.0 mgm. per sample in all specimens. From a self-ab-
sorption curve this concentration was found to be optimal
for sensitivity and reproducibility of sample measure-
ments. Calcium was then precipitated as calcium oxa-
late by the addition of saturated ammonium oxalate solu-
tion. The solution was made alkaline by the addition of
dilute ammonium hydroxide and then adjusted to a pH
of 5.4 with 2.5 per cent oxalic acid, using an alcoholic
solution of methyl red as indicator. After adding Triton
X-1005 (0.1 per cent) as a detergent, the samples were
filtered over sintered glass on filter paper discs, 24 mm.
diameter (Schleicher and Schuell No. 576), which were
cemented to copper discs with polystyrene coil dope.

The discs from initial studies were assayed for Ca4 u-
der a thin (< 1.9 mgm. per cm.') mica end-window G.M.
tube connected to an automatic sample changer (Tracer-
lab). In later studies, a gas-flow counter was used which

S The authors are indebted to the hospital chemistry
laboratory under Dr. Charles Dutoit and Miss G. Mar-
garet Rourke for the phosphorus and nitrogen analyses.

4 This method was developed by Dr. C. J. Maletskos of
the Massachusetts Institute of Technology.

5 Obtained from Rohm and Haas Co., Philadelphia 5,
Pennsylvania.

increased sensitivity from 250,000 to 500,000 counts per
minute per microcurie. Each of the duplicate samples
was measured three times to an accumulation of 4,096
counts. The standard was assayed with each run. The
maximum variation in accumulated counts of duplicate
samples was ± 6 per cent of the mean. The usual varia-
tion was ± 3 per cent. Recorded radioactivity of the
samples was at least twice background.

The data for Ca'5 are expressed as per cent adminis-
tered dose. Specific activity, as per cent of administered
dose of labeled calcium per gram of calcium, was calcu-
lated for each sample.6

METHODSOF ANALYSIS

Inspection of the semi-logarithmic plot of specific ac-
tivities in urine and serum against time suggested that
the curves could be resolved into a series of three or
possibly more decreasing exponential functions. This
was of interest because of the possibility that each func-
tion represented a discrete calcium compartment within
the body. The data were treated with this assumption
in view.

Analysis of exponents: The method of curve analysis
is illustrated in Figure 1 where serum and urine specific
activities of an hyperthyroid subject are plotted against
time in days. Serum specific activities are plotted for
the first day. Since the radioactivity of many serum
samples was low by 24 hours following the administra-
tion of Ca, urine specific activities are plotted from the
second day onward. The data of all subjects have been
treated in an identical manner. In Figure 1 (A) are
plotted the observed specific activities from 0 to 9 days.
The data from 1.25 to 8.5 days appeared to follow a
single exponential function. By the method of least
squares a fit of this range of the data to the function
A,e-st yielded the solid line of Figure 1 (A) (A, is
specific activity extrapolated to zero time, k. is the rate
constant in fraction per day, and t is time in days).
When this function was subtracted from the observed
data, the values in Figure 1 (B) were derived. An
analysis by least squares of the data between 0.13
and 0.67 days yielded the solid line in Figure 1 (B).
When this line of slope k2 was extrapolated to zero time,
the specific activity value of A2 was obtained. This line
subtracted from the remaining data of Figure 1 (B)
yielded the points in Figure 1 (C). The solid line in
Figure 1 (C) is the least squares fit of those data with
slope k,, and when extrapolated to zero time gives A,.
Thus, the data are analyzed in the form:

Specific activity = Ale-,it + A2e-k2t + Aae-k3t.
Compartments: The size of each "compartment" (Q)

was obtained by dividing 100 per cent (the quantity of
labeled calcium at zero time) by the extrapolated specific

s The term "labeled calcium" refers to that quantity
of calcium which was initially given to the patient as a
tracer dose marked with radioactive calcium. This
quantity is independent of radioactive decay.
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FIG. 1. ILLUSTRATION OF THE METHODOF ANALYSIS OF EXPONENTIAL FUNCTIONS OF

SPECIFIC ACTIVITY CURVEPLOTTED SEMI-LOGARITHMICALLY VmEsus TIME
The data obtained from subject L. S. (i (hyperthyroid) are used as examples.

Note the different time scale for (A), (B) and (C). The specific activity values on

the ordinate are the same for (A), (B) and (C). The solid line in (A) has the
slope k, which extrapolated to zero time yields A,; the solid line in (B) has the slope
kI2 and intercept A2; the solid line in (C) has the slope k, and intercept A1. For fur-
ther explanation, see the text.

activity value (A) for each function. For the third com-

partment (Q,) this equals A°; for the second (Q),
As

100%A ; for the first (Qj, 100% This analy-
As + A2 fArthefirst,
sis is rigorously correct only when the size of the com-

partments (Q) increases and the flow (kQ) decreases
from one to the next compartment.

Calcium "pool': If specific activity

%administered dose Ca"6\
gram Ca0

is known at time t, and the quantity retained in the body
(100 per cent of administered Ca4 minus per cent ex-

creted) is known, the per cent retained at time t divided
by the specific activity at time t is the calcium "pool" at
time t. The concept of a calcium "pool" makes no as-

sumption based on the shape of the curves, but reflects the
fact that a lower specific activity at any time means a

larger mass of dilution. Calcium "pool" curves were de-
rived from the ratio between the curve of labeled calcium
retention and the specific activity curve for the various
patients.

The analysis of calcium metabolism presented here
assumes that the calcium is first present in a small com-

partment with a rapid flow to and from a larger second
compartment. This flow accounts for the initial rapid
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FIG. 2. SEMI-LOGARITHMIC PLoT OF SPECIFIC ACTIVITY VERSUSTIME FOR THE DATA

FROMCONTROLSUBJECT R. P. WITH CORONARYHEARTDISEASE
In this figure and Figures 3 to 5 the serum specific activity values for the first 30

minutes are not plotted.

decline in the specific activity curve. The analysis con-

tinues in the same manner into a third and, in some cases,
a fourth compartment. The basic assumption of equal
specific activities after equilibrium can be made in an

open system (i.e., a system involving excretion of the
substance) only when the amount being excreted is small
compared to the other routes of flow to and from the
compartments being studied. The data appear to vali-
date these assumptions over the time interval studied.
However, at longer times, the specific activity of the
urine and blood may diverge markedly from that of the
bone compartments because the flow from the large bone
compartments may be small compared to the ingestion
and excretion of unlabeled calcium.

RESULTS

Ca45 data

The concentration of labeled calcium in the se-
rum declined rapidly following injection and could
not be measured in most patients in the sample
taken seven days after administration of the radio-
active calcium. Within the first hour after injec-
tion, Ca45 appeared in the urine. Urine radio-

activity was readily measurable throughout the
period of study (9 to 21 days). There was no cor-
relation between the total labeled calcium and the
total stable calcium excreted over a 9-day period
of observation (Table III).

Urine and serum specific activities yielded
curves of characteristic form when plotted against
time on semi-logarithmic paper (Figures 2-5).
The specific activity of calcium in the serum was in
all cases the same as that of the urine collection
corresponding to the serum sample. Fecal specific
activity was almost always less than that of the
urine or serum sample in the midpoint of the col-
lection period and fell off at a rate similar to that
of urine.

In Figure 2 are plotted the data of a control sub-
ject (R. P.). An initial rapid fall in specific ac-
tivity of blood and urine was followed by a slower,
linear decline from the second to the eighteenth
day after administration of Ca 5. In contrast, the
curve of specific activity of the hyperthyroid sub-
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ject (F. W., Figure 3) showed a more rapid fall
to lower levels. In the subject with myxedema
(W. W., Figure 4) there was a very slow fall in
specific activity following the rapid initial decline.
In subject A. W. (Figure 5) with Paget's disease,
the drop in specific activity was very fast for the
first eight days. The curve declined more slowly
during the remaining 14-day period of observation.

Values for coefficients, rate constants and their
standard deviations appear in Table IV. Differ-
ences among patients were most marked in the
third slope which appeared by the second day.
The small standard deviation of the slope and in-
tercept of this function derived by least squares
supports the supposition that the data are expo-
nential in nature. In the two control patients
(R. P. and Wa. W.) this slope was 0.081 per day,
and 0.164 per day, respectively. Blau, Spencer,
Swernov, and Laszlo (11) studied two patients
without bone disease with radiocalcium in whom
the slope of the function corresponding to k5 was
calculated to be 0.092 per day. In the hyperthy-

100.
80.
60.

40.

20.

I4*

I 4J

I.(

10.
8.
6.

4.

2.

I.C

.1

0 2 4 6 8 10 12

TrAmE(DArS)

roid subjects, k3 ranged from 0.215 to 0.288 per
day. Whenone of the thyrotoxic subjects was re-
studied four months after thyroidectomy, this third
slope had decreased to 0.150 per day. In two fe-
male patients with myxedema of several years'
duration, these values were 0.063 and 0.072 per
day. Then metabolic rates were returned to nor-
mal with desiccated thyroid. Five months later,
the values for k3 were found to have risen to 0.150
and 0.174, respectively.

Dimensions of the various compartments also
appear in Table IV. The size of all compartments,
especially the third, was greatest in the hyperthy-
roid subjects and those with Paget's disease. Com-
parttments were smallest in the subjects with un-
treated myxedema and in subject E. N. with hypo-
parathyroidism.

The values for the calcium "pool" at nine days
after administration of Ca45 are in Table III. Hy-
perthyroid subjects and those with Paget's disease
had the largest "pools". These ranged from 47 to
333 grams. The myxedematous subjects and the

14 16 Is 20 22

FIG. 3. SEMI-LoGARITHMIC PLOT OF SPECIFIC ACTIVITY VERSUS TIME FOR

SUBJECT F. W.(1) WITH HYPERTHYROIDISM
Observations were made for nine days following the administration of Ca'5.
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0 2 4 6 a 10 12
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14 16 18 20

FIG. 4. SEMI-LOGARITHMIC PLOT OF SPECIFIC ACTIVITY VERSUSTIME FOR THE DATA
FROMSUBJECT W. W.(i) WITH MYXEDEMABEFORETREATMENT

patient with long-standing hypoparathyroidism
had the smallest, 5.1, 5.0, and 4.4 grams, respec-
tively. After treatment of the myxedema, the
calcium "pool" rose to 13 and 18 grams. The
rapidity and extent to which labeled calcium en-
ters body calcium spaces in hyperthyroid, euthy-
roid, and myxedematous subjects is illustrated in
the calcium "pool" curves of Figure 6.

Balance data

Metabolic balance data for calcium, phosphorus,
and nitrogen are given in Table II. Two of the
four hyperthyroid patients (F. W. and J. B.) were
in a distinctly more negative calcium and phos-
phorus balance than is normal for a low calcium
intake. Both had high levels of calcium in the
feces as well as in the urine. Both had elevated
urinary excretion of nitrogen, but their intakes
were high in nitrogen and calories. They re-
mained almost in nitrogen equilibrium and main-
tained their body weight. The other two hyper-
thyroid subjects, both female, had normal urinary
calcium values and were in only slightly negative

calcium balance.7 Alkaline phosphatase values in
the serum were significantly elevated in patient
F. W.(1), but there was no clinical evidence of liver
disease, and there was no retention of bromsulpha-
lein in the serum.

Urinary calcium excretion was low in both
womenwith myxedema of long standing (B. M.(1,)
and W. W.(1)). The amount of calcium in the
feces was normal. These subjects were in slightly
negative calcium balance. Both were restudied
five months after treatment with desiccated thy-
roid. Urinary calcium excretion had increased
almost threefold, and total calcium excretion ap-
proximately doubled. The concentration of cal-
cium and phosphorus in the serum was normal be-
fore and after treatnent.

Subject L. S. went from negative calcium bal-
ance when she was hyperthyroid to positive bal-
ance five months after thyroidectomy, when signs
of early myxedema were present. Urinary cal-
cium, which had been 0.13 gm. per day when she

7 Normal subjects are in slightly negative calcium bal-
ance on a low calcium intake (12).
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was hyperthyroid, averaged 0.02 gm. per day in
the myxedematous state.

Patient E. N, with untreated surgical hypopara-
thyroidism of four years' duration had low urinary
calcium levels. Fecal calcium values were high,
presumably because during the period of study she
continued to take eight enteric coated aspirin tab-
lets per day. These were found subsequently to
contain a total of 0.254 gm. calcium. It is possible
that this calcium was not available for absorption.
Patient F. W., the hyperthyroid subject who dem-
onstrated the most marked calcium losses, be-
came parathyroid following thyroid surgery. Al-
though euthyroid when studied one year later,
he still had evidence of parathyroid underactivity.
He was in positive calcium balance of considerable
degree at this time.

DISCUSSION

The nature of the processes governing uptake
by the skeleton of labeled calcium and phosphorus
has been studied by microradioautography and
comparative x-ray photography. Engfeldt, Eng-

str6m, and Zetterstrom (13) have shown that P'2
is deposited in cortical bone in discrete locations
corresponding to individual Haversian systems.
Radioactivity was most intense in those osteons of
least density by x-ray and therefore of most re-
cent origin. In similar studies employing Ca ,
Lacroix (14) also demonstrated that radioactivity
is detected in compact bone only where osteogene-
sis is taking place, i.e., in the absorption cavities
which are being filled by concentric lamellae of
new bone. Lacroix (14) also demonstrated that
in this regard cancellous bone behaves like com-
pact bone. In addition, there is evidence that in
vitro ion exchange and recrystallization processes
occur to a greater extent in bone crystals from
areas of recent origin than in older established
bone (15).

The present study provides further information
on the mobility and deposition of the calcium stores
of the body as disclosed by observations on the
progressive dilution of administered labeled cal-
cium into the calcium compartments. Mixing in
the first compartment (Ql) of dilution accounts
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It is apparent that Ca' in the hyperthyroid subjects exchanges with a
calcium and more rapidly than normal.

for the initial rapid fall in serum specific activity
of labeled calcium after intravenous administration.
In view of the small size of this compartment and
its high rate constant it probably represents extra-
cellular fluid. In support of this assumption is the
close agreement of the calculated values of calcium
content of the extracellular fluid and those obtained
from analysis of the curve of isotope dilution
(Table IV). An insufficient number of blood
samples were drawn in the first 30 minutes after
injection of labeled calcium to distinguish be-
tween serum and interstitial fluid distribution.

The second and third compartments reflect re-
versible processes. Flow rates from the first to the
second (k1Q,) and from the second to the third
(k2 [Q1 + Q2]) are of too great a magnitude to
be explained by an irreversible skeletal deposition
of calcium salts, but are in keeping with ion ex-

IS PLOTTED SEMI-

larger quantity of

change at the surface of bone crystals and equili-
bration of surface ions with those in the crystal
interior, i.e., recrystallization (15). Formation
of new bone crystals incorporating the labeled cal-
cium is consistent with flow (k8 [Q1 + Q2 + Q8])
from the third compartment. Whatever their ex-
act significance, the compartments and flow rates
observed were sensitive to varying levels of thy-
roid gland function.

In all patients studied the exchange between
the calcium in the extracellular fluid and that in
bone was very rapid. Nevertheless, the concen-
tration of stable calcium in the blood (and extra-
cellular fluid) remained quite constant. The quan-
tity of calcium exchanged was far greater than the
net quantity of calcium transferred from the bone
to the extracellular fluid. In those subjects in
negative balance, the net calcium lost (excreted)
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from the extracellular fluid was then rapidly re-

placed from the larger bone pools. This suggests
part of the mechanism whereby serum levels can

be maintained and controlled.
In all four hyperthyroid subjects the size of the

calcium compartments and the rates of flow from
these compartments were distinctly greater than
in the euthyroid controls. This indicates increased
osteogenesis. Calculation of the rate of calcium
"accretion" from the data obtained in the present
study by the method of Bauer, Carlsson, and
Lindquist (16) supports this concept. Since these
patients were in negative calcium balance on a

low calcium intake, bone destruction as well as

bone formation was proceeding at an increased
rate. In myxedema, there was a slower rate of
these processes. When myxedema was treated,
the rate of fall of specific activity and the size of
the compartments increased.

In hyperthyroidism, excessive destruction of
bone may be the primary event. In addition, un-

der the conditions of the present study, there may

have been increased bone resorption in response

to the low dietary intake of calcium. However,
the weakened bones were able to respond with an

increase in osteoblastic activity followed by depo-
sition of mineral. This is what is pictured to oc-

cur in "osteitis fibrosa." Askanazy and Rutis-
hauser (17) and, later, Follis (18) reported mi-
croscopic evidence of bone destruction in patients
dying with hyperthyroidism. In Follis' series of
20 patients, osteitis fibrosa was found in the verte-
bral bodies of all, whereas osteoporosis was ob-
served only in four subjects. These findings are

thus not compatible with the concept that the pri-
mary bone disease of thyrotoxicosis is osteoporosis,
defined as decreased bone formation from a failure
of matrix formation, with bone destruction pro-

ceeding at a normal rate (19). The elevated con-

centration of alkaline phosphatase in the serum of
patient F. W. when thyrotoxic also supports the
concept of increased bone formation and is con-

sistent with reported observations in other hyper-
thyroid patients (20) and the finding of increased
bone phosphatase. in animals given excessive doses
of thyroid (21).

It is possible that nutritional or other factors
may adversely affect bone formation in other pa-

tients with hyperthyroidism. All in the present
study were adults. Those females with abnormal

thyroid function were pre-menopausal. Age may
have been a factor in that the younger individuals
studied here conceivably had a greater capacity to
respond with an increase in osteogenesis. The
two hyperthyroid subjects, F. W. and J. B., who
were in the most negative calcium balance, were
nearly in nitrogen equilibrium. This fact is con-
trary to the view that the hypercalcuria of hyper-
thyroidism is directly related to nitrogen losses
(22).

The turnover of calcium in the bones may be
related to blood flow. For this reason, two pa-
tients with Paget's disease of bone were studied.
Often in osteitis deformans there is an increase in
cardiac output and bone blood flow (23). The
increase in vascularity could involve a greater ex-
posure of bone crystals to Ca" in circulating fluids
and thereby increase the exchangeable surface.
Both patients demonstrated an increased skeletal
turnover of calcium. Both had extensive disease
and elevation of the serum concentration of alka-
line phosphatase. Increase in the vascularity of
the skeleton in hyperthyroidism could influence
skeletal uptake in the same direction, whereas de-
creased vascularity could have the opposite effect
in myxedema. Blood flow in other organs is
known to be decreased in myxedema (24).

Relief of the hypothyroid state was followed by
a decreased turnover of skeletal calcium. Patient
F. W., who demonstrated marked calcium losses
and rapid turnover of skeletal calcium when hy-
perthyroid, still showed a rapid fall in specific ac-
tivity one year 'after thyroidectomy, when euthy-
roid but hypoparathyroid. At the time of the sec-
ond study, the size of the calcium compartments
was much smaller and the calcium "pool" at nine
days considerably decreased compared to the ini-
tial study. Nevertheless, the values were higher
than expected by comparison to other subjects
studied. It is possible that this patient had not
remineralized his bones completely at the time of
the second study.

Similarly, the hyperthyroid subject, L. S., re-
studied when myxedematous four months after
thyroidectomy, showed a decrease by a factor of
two in rates of flow of calcium in and out of the
osseous compartments, but the values were then
about the same as the euthyroid controls. At the
same time, urinary and fecal calcium excretion
were reduced by a factor of four. This implies
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that after withdrawal of the thyroid hormone, a
decrease in the rate of bone destruction occurs
sooner than a decrease in osteogenesis.

The effects of thyroid hormone are probably
not mediated by the parathyroids. Aub, Albright,
Bauer, and Rossmeisl (4) demonstrated that thy-
roid increases the serum and urinary calcium in
patients with idiopathic and surgical hypopara-
thyroidism. Cope and Donaldson (5) reported a
patient who developed hypocalcemia and tetany
following an inadequate subtotal thyroidectomy for
hyperthyroidism. Whenhyperthyroidism recurred,
tetany was relieved and the concentration of cal-
cium in the serum rose. Hypocalcemia and tetany
again appeared after treatment with potassium
iodide.

Increased fecal calcium in two patients with hy-
perthyroidism and the very low fecal calcium in
one of the myxedematous subjects (L. S.(2,)) are
in keeping with the earlier reports of Aub, Bauer,
Heath, and Ropes (1) and are contrary to the
concept proposed by Robertson (25) that the pri-
mary effect of the thyroid hormone on calcium
metabolism is on the kidney alone. The finding
of hypercalcuria, often extreme in some patients
with hyperthyroidism, in the presence .of normal
serum calcium suggests either an increase in fil-
tered load or decreased tubular reabsorption.

SUMMARYAND CONCLUSIONS

1. Radioactive calcium (Ca45) was given in-
travenously to patients with hyperthyroidism and
myxedema. Euthyroid subjects and patients with
Paget's disease of bone, and others with hypo-
parathyroidism were similarly studied. Several
patients were studied before and after appropriate
treatment. Total quantities of the isotope excreted
and specific activities of the serum, urine, and
feces were determined frequently for 9 to 22 days.
In addition, stable calcium, phosphorus, and ni-
trogen balances were performed on each subject.

2. In four subjects with hyperthyroidism, spe-
cific activity of serum and urine declined more
rapidly and to lower levels than in euthyroid con-
trols. In contrast, two myxedematous patients
demonstrated the least fall in specific activity.
After five months of treatment of the myxedema
specific activity curves were found to decline at
the same rate as in the control patients.

3. Observation of all the specific activity curves
suggests that they can be analyzed into a series of
decreasing exponential functions. It is proposed
that each function represents a discrete calcium
compartment within the body.

4. Changing thyroid function modifies the size
of the calcium compartments and the rate of flow
to and from these compartrnents. Compartment
sizes and flow rates are greatest in hyperthyroid-
ism and Paget's disease of bone and least in
myxedema.

5. Two of four hyperthyroid subjects were in
nitrogen equilibrium, despite which they showed
marked losses of calcium in the urine and feces.

6. The findings indicate that bone formation as
well as destruction are proceeding at increased
rates in thyrotoxicosis.
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