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In an effort to study the relation of magnesium
to other inorganic salt metabolism, three diseases
other than hyperparathyroidism come to mind.
The thyroid gland has been shown to exert an

enormous influence on calcium metabolism, and in
exophthalmic goiter, even though the blood cal-
cium level is normal, there is the largest calcium
excretion found in any disease (1). In steator-
rhea is found a very high fecal calcium excretion
and often, as a result of deficient calcium absorp-
tion, a low blood calcium level with resultant tet-
any (2, 3, 4). Obviously, it is of interest to study
the magnesium excretion in these two diseases.

Addison's disease represents a different prob-
lem. It has been shown by Loeb (5) and by
Harrop et al. (6) that this disease represents a

primary disturbance in sodium chloride metabo-
lism. Whether the calcium or magnesium excre-

tion were abnormal in this disease had not been
investigated. A large variation from normal me-

tabolism of either of these bases would not be
obvious when total base analyses alone were made,
because of their relatively small magnitude in re-

lation to that of sodium. If any close relationship

exists between extracellular sodium and magne-
cium or calcium metabolism it should be obvious
in a study of Addison's disease. Therefore, these
three problems have been investigated and are
here reported, using the same ward routine and
analytical methods as described in Paper I of this
series (7).
The magnesium metabolism in exophthalmic

goiter is reported in Table I.
The remainder of the metabolic data on these

patients can be found in a previous publication
(8) and are, therefore, not repeated here. In
these two patients with enormously high 'calcium
and phosphorus excretions, the magnesium output
is no higher than in our normal controls (7)-in
fact, the fecal excretion is somewhat lower and
both subjects stored magnesium. Too much
stress may not be laid upon the low excretions,
however, because these women were small and
emaciated, compared to our normal male controls.
However, it must be concluded that exophthalmic
goiter does not stimulate magnesium elimination,
inasmuch as it is so obviously stored on only a
moderately high intake. In this disease, there-

TABLE I

Magnesium metabolism in exophthamic goiter
(Output and intake in three-day periods)

Magnesium Calcium Phosphorus Nitrogen |Seu
Basal

Patient Period meta- Wt. Excreton Excretion Excretionbolicceio xrtonEeeo
rate In- In- In- Urine Intake Ca P

take take take
Urine Feces Total Urine Feces Total Urine Feees Total

pa cemt kgm. grams gram. gram grams gram. gram. gram. grams grams grams gram. gram. gram. grama per per
edCadt

A. L.
(H. H., No. 31-145)... I +65 42.8 .39 .22 .61 .81 1.92 1.00 2.92 .33 2.90 .88 3.78 2.20 39.7 44.3

II +66 41.7 .32 .27 .59 .81 2.12 .83 2.95 .33 2.71 .90 3.61 2.25 41.7 47.1 10.4 5.2
R.C
,H. H., No. 30-1485).. I +31 57.4 .17 .36 .53 .89 .78 .89 1.67 .32 2.14 .87 3.01 2.34 34.2 47.1 10.4 4.3

II +37 56.9 .28 .26 .54 .89 1.33 .67 2.00 .32 2.44 .65 3.09 2.34 43.2 47.1
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TABLE II

Alice D. (H. H. No. 32-451). Basophilic adenoma

Magnesium Calcium Phosphorus Serum

Period Excretion Excretion Excretion
Intake Intake Intake Mg Ca P

Urine Feces Total Urine Feces Total Urine Feces Total

198* | grams grams grams grams grams grams grams grams grams grams grams grams mngm. mgm. mgm.
1932 ~~~~~~~~~~~~~~~~~~~~~~~~~percent per cent per cent
I

April 13-15.16 .20 .36 .55 .65 .27 .92 .30 .87 .47 1.34 1.86 9.8 2.7

II
April 16-18..........12 .41 .53 .55 .84 .48 1.32 .30 .75 1.08 1.83 1.86

1985
III

September 20-22......11 .27 .38 .56 .08. .31 .39 .30 1.16 .49 1.65 1.94 2.4 10.0 3.4

IV
September 23-25...12 .25 .37 .56 .08 .29 .37 .30 1.37 .48 1.85 1.94 2.5 10.2 3.8

fore, magnesium excretion does not parallel that
of calcium.
We have also studied an extraordinary case (9)

of basophilic adenoma (Cushing's Disease), which
is being fully reported elsewhere. The subject
(Alice D., Table II) had a remarkable return to a
completely normal state following x-ray treatment
to the pituitary gland. Metabolic studies before
and after treatment disclose dramatic changes in
the calcium excretion which are not manifest in
the elimination of magnesium. This is another
example of the possible independence of excretion
of these two kations.

Mrs. DeLaB. (Table III) had steatorrhea with
tetany (the history and metabolic findings have
been reported in a previous paper (2), as well as
by Bauer and Marble (3)). Associated with the
low blood calcium there was an extremely low cal-
cium excretion in the urine but a relatively high
calcium output in the feces, so that the total cal-
cium output was greater than in our normal con-
trols. In contradistinction to our normal con-
trols, the effect of ammonium chloride ingestion
had no effect upon urinary calcium. Ingestion of
calcium chloride in large amounts resulted in a
large storage of calcium and some elevation of her
blood calcium.
The new metabolic data here reported show

that the magnesium excretion in the control pe-
riods does not appear abnormal. The urinary
excretion, while lower than that of some of the
male controls, is not different from that of W. N.

(Paper I of this series, Table I) nor of that of
the other women in this paper. The fecal excre-
tion is lower than usual, again the reverse of the
calcium picture; so that in the control periods
there is no parallelism between calcium and mag-
nesium excretion.

In the periods of ammonium chloride inges-
tion, there is no response either of calcium or of
magnesium, so that, obviously, in this patient at
least, magnesium could not substitute for a defi-
cient calcium in buffering acid ions in the excreta.
Neither did a great shift in the direction of the
calcium stream, obtained by giving large amounts
of calcium chloride, change the rate of magnesium
excretion. It is interesting that on this relatively
low magnesium diet, this patient stored magne-
sium. In the twenty-two periods analyzed during
her thirty periods of study, she stored 1.74 grams
of magnesium, or 2.6 grams (approximated) for
the total time during which she gained 1.7 kgm.
in weight. Here, again, is the suggestion that
when calcium is lost to the body magnesium is
stored.

Therefore, it seems justifiable to summarize this
study by the following observations.

1. Steatorrhea, with its high fecal output of cal-
cium, has a low excretion of magnesium, normally
distributed between urine and feces.

2. In such a case of calcium deficiency with tet-
any, magnesium does not replace calcium as a
buffer base.

3. Calcium may be very actively stored by the
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TABLE III

Mrs. DeLaB.-Chronic steatorrhea
(Output and intake in three-day periods)

Magnesium Calcium

Diet and
medication Period Excretion Excretion
per period ____ Intake - ___-Intake Serum

Urine Feces Total Urine Feces Total

grams grams grams grams grams grams grams grams mgm. per cent
Neutral low calcium III .12 .18 .30 .40 .006 .855 .861 .240 5.1

diet IV .27 .21 .48 .40 .012 .820 .832 .249 5.2
V .31 .15 .46 .40 .013 .755 .768 .242
VI .24 .50 .009 .985 .994 .261

Higher calcium diet VIII .21 .14 .35 .55 .008 .780 .788 1.448
IX .17 .20 .37 .55 .010 1.090 1.100 1.566
X .15 .25 .40 .55 .009 1.160 1.169 1.570 6.0
XI .15 .40 .55 .55 .008 2.010 2.018 1.563

Same diet plus 12 XIII .17 .25 .42 .55 .013 1.570 1.583 1.563
grams NH4Cl XIV .18 .35 .53 .55 .022 2.020 2.042 1.553

XV .18 .35 .53 .55 .016 1.660 1.676 1.563 6.2

Same diet plus 18 XVII .17 .33 .50 .54 .023 2.010 2.033 1.617
grams NH4Cl XVIII .16 .28 .44 .54 .014 1.830 1.844 1.644 7.6

Same diet-no medi- XX .11 .33 .44 .54 .012 1.650 1.662 1.644
cation XXI .14 .32 .46 .54 1.810 1.644 7.0

XXII .20 .38 .58 .54 .016 2.000 2.016 1.571 6.8
XXIII .16 .19 .35 .54 .008 1.000 1.008 1.694
XXIV .13 .48 .61 .54 .012 2.150 2.162 1.644

Same diet plus 36 XXVI .16 .37 .53 .54 1.700 1.591 5.9
grams NaHCOs XXVII .16 .51 .67 .62 .028 2.100 2.128 1.595
and 4 grams so-
dium salicylate

Same diet plus 27 XXIX .18 .35 .53 .68 .017 3.780 3.797 11.374
grams CaClg XXX .08 .46 .54 .68 .014 4.700 4.714 11.374 7.2

giving of calcium salts, without influencing mag-
nesium excretion.

4. Magnesium may be stored even over a pro-
longed period, and on a relatively small intake.
The metabolic study of Addison's disease (J.

F., Table IV, case history appended) was a com-
pletely satisfactory observation. The most co-
operative subject was in very good health while
taking 12 grams of sodium chloride daily and 3
cc. of eschatin (Parke-Davis) twice a week.
When these were stopped, she promptly became
tired and weak, then bedridden, and on the ninth
day without eschatin and the sixth day without
salt, because of fatigue and nausea, she had great
difficulty in eating all her food in spite of her
brave attempts. On the morning of the seventh
day of salt starvation, just after the fourth meta-
bolic period was over, she became very weak, per-
spired profusely, and felt and looked critically ill.

Her systolic blood pressure fell in an hour from
80 to 68. An intravenous injection of normal
saline solution plus 3 cc. of eschatin revived her
promptly and well. Later, she received 3 cc. of
eschatin intramuscularly and sodium chloride by
mouth. She promptly recovered her previous
strength and, during the last period of the investi-
gation again felt as well as before the study was
undertaken.
The results of the investigation indicate that an

excessive calcium and magnesium elimination does
not accompany the loss of sodium chloride in Ad-
dison's disease. Magnesium and phosphate ex-
cretion were unaffected, and calcium elimination
was diminished in the urine in spite of the large
diuresis. An analogous small change was ob-
tained with variations in sodium chloride intake
in two normal controls (12), which offers a pos-
sible explanation for the lowered urinary calcium
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TABLE IV

J. F. (H. H., No. 35-720). Addison's disease
(Output and intake in three-day periods)

Magnesium Calcium Phosphorus Serum values
Vol-

Medication od
P

ofe Excretion Excretion Excretion
uri In- In- Iin-urine take - take tanke Mg Ca Na K P C

Urine Feces Total Urine Feces Total Urine Feces Total

cc. grams grams grams grams grams grams grams grams grams grams grams grams M. M. M. M. M. M.
eq. eq. eq. eq. eq. eq.

Eachatin I 4520 .25 .19 .44 .45 .14 .48 .62 .29 1.01 .40 1.41 1.50 1.7 5.1 136 4.2 2.7 112
+NaCl- 6 4

II 4940 .20 .18 .38 .45 .14 .49 .63 .29 .95 .42 1.37 1.50 2.0 4.9 135 4.5 2.4 104
No medi- III 6210 .20 .23 .43 .45 .06 .72 .78 .29 1.01 .62 1.63 1.50 2.3 5.2 128 4.2 2.7 98

cation ___
IV 5530 .22 .13 .35 .42 .04 .41 .45 .28 1.12 .33 1.45 1.39 2.1 5.5 116 4.4 2.9 94

Eschatin V 3750 .20 .06 .26 .32 .09 .54 .63 .28 1.24 .41 1.65 .95 4.9 128 4.5 2.6 102

VI 5720 .19 .18 .37 .45 .15 .67 .82 .29 1.26 .49 1.75 1.50 1.7 4.9 132 4.5 2.4 104

in this 'patient. This diminution in excretion was
associated with a significant elevation of the se-
rum calcium. There is a possibility that the ele-
vated serum calcium might be due to an elevated
serum protein, which was not determined because
of a desire to use a minimal amount of blood.
Such an elevated serum protein has been pre-
viously described (10).
The article of Rubin and Krick (11) appeared

as this article was going to press. They found a
reduction of positive calcium and magnesium bal-
ances in adrenalectomized rats, which they par-
tially associate with diminished food intake. This
relationship in their observations appears to be
correct, as our patient who did not suffer from
diminished food intake does not show the change
in balances which they describe.

This lack of effect on'inorganic salts other than
sodium chloride is very interesting. With the
dramatic fall in serum sodium, and with the large
diuresis from body fluids (water intake remained
constant) one might well expect an increased ex-
cretion of an intracellular base such as magne-
sium; but the excretion was unaffected and the
blood serum level remained within normal limits,
and barely changed beyond 'the limits of error of
the determination. The same is true of the blood
findings for potassium,' the other intracellular

1 The blood analyses of sodium, potassium, and chlo-
rides were very kindly done by Dr. Alan Butler of the
Children's Hospital, Boston.

base, but because of this normal blood level we did
not, study its excretion.

SUMMARY

These observations record the study of four
diseases which markedly influence the metabolism
of several inorganic elements. Exophthalmic
goiter has a marked elevation of calcium excretion
without change in blood level. A case of Cush-
ing's syndrome also showed a great loss of cal-
cium before treatment, which changed to an excre-
tion below normal after disappearance of the dis-
ease. Addison's disease has a'high excretion of
sodium chloride which is so large it is accompa-
nied by an extensive fall of these ions in the blood
serum. However, none of these abnormalities, in
which a fundamental change in inorganic salt
metabolism is involved, have much effect on mag-
nesium metabolism. In all of these conditions,
the magnesium excretion is'a little lower than in
normal controls, and in pituitary basophilism it
remains unchanged in the two observations in
spite of the marked changes in calcium excretion.
Also, in an individual with steatorrhea, where cal-
cium is absorbed with sufficient difficulty so that a
low blood calcium and tetany results, one finds no
fundamental abnormality of magnesium excretion.
The extreme specificity of these effects is inter-

esting. One would expect some reciprocal rela-
tionship in an organism in which electrolyte levels
are so closely guarded. No such influence, how-
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ever, is obvious in these 'observations. Thus, we
have a situation of two kations, closely related
chemically, which may behave quite independently
in the body. Magnesium, essentially a constitu-
ent of cells, may 'be but little influenced by the
factors which affect calcium excretion. Indeed,
its rate of excretion is remarkably constant in all
the subjects we have studied. Therefore, one
must conclude that the usual assumption that cal-
cium, magnesium, and phosphorus necessarily re-
spond as a group is unjustified.

CASE HISTORY

J. F. (H. H. No. 35: 720) is a 20 year old American
telephone operator. For four years she had observed a
loss of energy and a gradual loss of nine pounds in
weight. Although she had had a fair complexion, for
one year she had noticed a progressive increase in uni-
versal pigmentation. Four months previous to her entry
she had nausea, vomiting, loss of appetite, and such great
weakness that she became bedridden. She also had a lit-
tle diarrhea. She was given 10 grams of salt a day and
bi-weekly intramuscular injections of eschatin. A pro-
gressive improvement followed this regime so that she
felt better than she had for the past year. Physical ex-
amination showed a well developed, fairly well nourished
girl with no obvious physical abnormalities except a dif-
fuse ;pigmentation of the entire body which was most
marked over the abdomen, the phalangeal joints, and in
the creases of the palms. Several patches of brownish
pigmentation were present on the gums, as well as in the
mucous membrane of the cheeks. Numerous laboratory
analyses disclosed normal values. She had a mild second-
ary anemia of 3,900,000 red cells. The sugar tolerance
test showed a slightly elevated blood sugar curve. Dur-
ing medication the blood pressure level varied between
96/45 and 84/40. Her blood plasma volume was 39.5 cc.
per kilo-approximately 10 per cent below normal. Bi-
opsy of abdominal skin disclosed hyperpigmentation of
skin consistent with Addison's disease. X-ray of adre-
nals disclosed no clacification.

July 2, 1935-Metabolic routine started.
July 5, 1935-3 cc. eschatin given intramuscularly.
July 6, 1935-First metabolic period started.
July 8, 1935-3 cc. eschatin intramuscularly.
July 12, 1935-Beginning of third metabolic period. Salt

intake was lowered from 12 grams to 1 gram daily.
July 15 to 18, 1935-Bedridden, nauseated, very fatigued.
July 17, 1935-Could not eat all the diet.
July 18, 1935-Received 6 cc. eschatin and 20 grams of

salt. Fifth metabolic period begun.
July 19, 1935-Back on routine diet with 12 grams of

salt.
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