
THE CAUSE OF HYPERCALCURIA IN SARCOID AND ITS
TREATMENT WITH CORTISONE AND SODIUM PHYTATE

Philip H. Henneman, … , Evelyn L. Carroll, Fuller Albright

J Clin Invest. 1956;35(11):1229-1242. https://doi.org/10.1172/JCI103378.

Research Article

Find the latest version:

https://jci.me/103378/pdf

http://www.jci.org
http://www.jci.org/35/11?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://doi.org/10.1172/JCI103378
http://www.jci.org/tags/51?utm_campaign=cover-page&utm_medium=pdf&utm_source=content
https://jci.me/103378/pdf
https://jci.me/103378/pdf?utm_content=qrcode


THE CAUSEOF HYPERCALCURIAIN SARCOIDAND ITS
TREATMENTWITH CORTISONEAND SODIUM

PHYTATE1,2

By PHILIP H. HENNEMAN,ELEANORF. DEMPSEY,EVELYN L. CARROLL, AND
FULLER ALBRIGHT

(From the Medical Service of the Massachusetts General Hospital and the Department of
Medicine, Harvard Medical School, Boston, Mass.)

(Submitted for publication March 8, 1956; accepted July 25, 1956)

Sarcoid is a chronic granulomatous disease of
unknown etiology which may involve any or all
organ systems (1). Harrell and Fisher (2) in
1939 first called attention to an elevated serum
calcium in 6 of 11 patients with sarcoid. Other
abnormalities noted were hyperproteinemia, due
to hyperglobulinemia, and elevated serum alkaline
phosphatase. The blood inorganic phosphorus
was not decreased, a major point in the differential
diagnosis with hyperparathyroidism. The uri-
nary calcium excretion was not reported but we
now know that hypercalcuria is common in sar-
coid 3 and often the cause of renal stones which are
usually composed of calcium oxalate.

The cause of hypercalcemia and hypercalcuria
in sarcoid has been obscure. Schaumann (4)
demonstrated sarcoid involvement of bone and in-
dicated that this is found more commonly histo-
logically than radiologically. Small "punched out"
areas of bone destruction may be found in 15 to 29
per cent of patients (1), particularly in the pha-
langes but rarely in the long bones and skull as
well. Even generalized bone demineralization has
been reported (5) but most patients with sarcoid,
including those patients with hypercalcuria of
many years' duration, have minimal or no detec-
table bone disease. The common concurrence of
skin involvement with bone involvement has been
emphasized (1).

1 These studies were supported in part by grants from
the American Cancer Society on recommendation of the
Committee on Growth of the National Research Council,
the United States Public Health Service, and the Rocke-
feller Foundation and were carried out in the Mal-
linckrodt Research Ward of the Massachusetts General
Hospital.

2Presented in part before the American Society for
Clinical Investigation, May, 1954.

8Dr. John Eager Howard (3) (Johns Hopkins Hos-
pital) estimates that 20 to 30 per cent of patients with
sarcoid present hypercalcenia.

It has been suspected that the hyperglobulinemia
in sarcoid might "bind" an excessive amount of
calcium and thus account for hypercalcemia. If
this extra moiety of calcium were bound and un-
ionized it probably would not pass the glomerular
filter and produce hypercalcuria. It is of interest
that berylliosis, which may produce a clinical and
pathological picture almost indistinguishable from
sarcoid, also may be associated with hypercalcuria.4

Evidence is presented in this paper that the hy-
percalcuria in sarcoid is not due to bone destruc-
tion, but is due to a disturbed metabolic pattern
closely resembling that of vitamin D overdosage.

METHODS

The data presented are derived from four complete
balance studies; the analytical methods previously de-
scribed (7) were used except that sodium and potassium
were determined with a lithium internal standard flame
photometer (8), magnesium by the Briggs' method (9),
and urinary 17-ketosteroids by the micro method of Per
Vestergaard (10). A single constant diet was used
throughout each study rather than 3 alternating diets
as previously described. Fasting blood samples were
used for all studies.

CASE HISTORIES

In view of the highly variable clinical picture of sar-
coid the case histories of our 3 patients are presented
in some detail.

Case 1, A. M., M. G. H. No. 252484

This 37-year-old Lithuanian-born Jewish housewife was
first seen in 1940 because of chronic cough of 2 years'
duration. Positive findings on examination were cyano-
sis, mild generalized lymphadenopathy and splenomegaly.
The lungs were extensively involved with nodular den-
sities by x-ray. Tuberculin skin tests and guinea-pig in-
oculations of sputum were negative, as is the rule in

4Dr. Harriet L. Hardy (6) (Massachusetts General
Hospital) reports a 20 per cent incidence of kidney
stones in berylliosis patients studied prior to 1952.
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sarcoid. A lymph node biopsy was interpreted as con-
sistent with sarcoid.

In 1941 the patient complained of right flank pain and
a renal stone was demonstrated by x-ray. Hypercalcemia
and hypercalcuria were demonstrated. For two months
prior to the balance study (vide infra) the patient re-
ceived three Haliver Oil capsules daily (total 300 units
vitamin D).

The patient's serum calcium gradually returned to nor-
mal and remained normal after 1943 despite increasing hy-
perglobulinemia and pulmonary insufficiency. A renal
stone was removed in 1948 and was found to contain pri-
marily calcium oxalate with some calcium phosphate.

The patient died of cor pulmonale and pulmonary in-
farction in 1954.

Case 2, M. S., M.G.H. No. 793791
This 38-year-old Russian-born machinist first noted

polyuria, polydipsia, pruritus, weight loss, and a scalp
infection in March, 1952. Mild diabetes mellitus was di-
agnosed but diet and insulin therapy did not diminish his
polydipsia. In June, 1952, he began to note photophobia,
halos about lights and progressive blurring of vision.
In November, 1952, he came to the Massachusetts Eye
and Ear Infirmary where Dr. David Cogan found a
curious granular superficial opacity just beneath the epi-
thelium occupying practically the entire cornea of each
eye but separated from both the upper and lower limbus
by a 1 to 2 mm. clear zone. The uveal tract appeared
normal. Because of the finding of hypercalcemia he
was referred to us for study.

In addition to the eye findings there was fever, mini-
mal brown pigmentation of the skin, and mild hepato-
splenomegaly. The lungs were clear to physical exami-
nation and revealed by x-ray only a well healed calcified
primary tuberculous complex in the right upper lung.
The bones were normal. The tuberculin skin test
(1: 100) was negative. A liver aspiration biopsy re-
vealed multiple granulomata with Langhans type giant
cells but no evidence of caseation, findings consistent with
a diagnosis of sarcoid. Biopsy of the corneal epithelium
showed a positive von Kossa stain for calcium.

Since there was no known occupational exposure to
beryllium, diagnoses of sarcoid and diabetes mellitus were
made and the patient was transferred to the metabolic
ward. For several months prior to study the patient
had taken daily 1 capsule Vi-Syneral* and 2 capsules
Lederplex®. The former is advertised to contain 1,000
units vitamin D.

Following 21 months' continuous therapy with oral
cortisone and 6 months' therapy with sodium phytate, the
patient's corneae almost entirely cleared and his vision
sufficiently improved for him to return to his original oc-
cupation as a wire-extruder. Cortisone was discontinued
in January, 1955; hypercalcemia returned abruptly in
June, 1955. Combined therapy with cortisone and so-
dium phytate have diminished his hypercalcemia but
failed to decrease his urinary calcium excretion below
400 mg. daily in the succeeding year.

Case 3, M. L., M.G.H. No. 445378

This 38-year-old Jewish fuel-oil salesman was born
in Massachusetts and was well until 1944 when diffuse
pulmonary fibrosis was discovered accidentally by x-ray
examination. Tuberculosis was rendered unlikely by
negative sputum examinations and negative tuberculin
skin tests. Renal colic first occurred in 1946. The left
kidney was removed because of nephrolithiasis and
pyelonephritis in 1953. Granulomata consistent with
sarcoid were found in a lymph node biopsy in 1951. Be-
cause of the recurrent nephrolithiasis (calcium oxalate) in
the sole remaining kidney and B. Pyocyaneus pyeloneph-
ritis resistant to all antibiotics he was referred to us in
December, 1953, by Dr. Melvin Lyons of Boston. The
only history of vitamin D ingestion was of about 1,000
units daily (1 Theragran capsule) for 30 days six months
prior to study.

Positive physical findings were brown pigmentation of
the face, slight generalized lymphadenopathy and an en-
larged right kidney. The lung findings by x-ray were
consistent with extensive fibrosis. A single renal stone
was noted by x-ray initially but the patient subsequently
passed small stones weekly and even more frequently at
times.

Following completion of the balance study the pa-
tient was maintained on daily sodium phytate therapy for
13 months, during which time his urinary calcium ex-
cretion was 30 to 90 mg. per 24 hours; he was stone-free
and urine cultures were negative. Four months after
discontinuing phytate therapy (in July, 1955) hyper-
calcemia returned; normal serum and urinary calcium
excretion have again been maintained for the past 12
months with prednisone5 therapy. In June, 1956, the pa-
tient developed a tumor of the right breast which was
proved by excision to be benign gynecomastia.

RESULTS

Study 1. Patient A. M. (Figure 1)
This 36-day balance study is divided into 18

days on a very low calcium intake and 18 days on
a medium calcium intake; the latter was achieved
by the addition of 5 grams of calcium gluconate to
the low calcium diet.

On the low calcium (estimated 60 mg.) constant
intake the urinary calcium averaged 407 mg. and
the fecal calcium averaged 23 mg., which gave a
negative calcium balance of 370 mg. per day. On
the moderate calcium intake of 560 mg. per day
the urinary calcium averaged 456 mg., the fecal cal-
cium 138 mg. and the negative calcium balance
only 34 mg. per day. The patient was in nitrogen
balance but in slightly negative phosphorus and
calcium balance throughout the study. The serum

5Prednisone was generously supplied by Schering
Corporation.
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calcium was elevated and the serum phosphorus
and serum alkaline phosphatase were normal. The
fecal phosphorus was low throughout the study.

The observation that the calcium balance varied
with the calcium intake was interpreted in 1941
(11) as favoring a metabolic cause for the hyper-

calcuria and hypercalcemia of sarcoid since varying
the calcium intake would have had less effect on
the calcium balance if bone destruction were the
cause of the hypercalcuria. Unnoticed in 1941, but
of greater significance, was the extremely low
fecal calcium excretion. This suggests that one
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FIG. 1. STUDY 1, THE NITROGEN, PHOSPHORUSAND
CALCIUM BALANCE DATA DURING LoW AND MODERATE
CALCIUM INTAKES OF A. M.

In each balance figure the intake is measured down from
the heavy zero baseline. The urinary and fecal excretion
are charted up from the intake line. Negative balance
is shown by a hatched area above the zero baseline and
positive balance by a clear area below the zero baseline.

The relative scales for nitrogen, phosphorus, calcium
and potassium represent the ratios of these substances in
protoplasm and bone. The scales for sodium, chloride
and magnesium were chosen arbitrarily.

The dietary intakes in this study were calculated from
dietary tables; diets in the other studies were analyzed.
The fecal nitrogen was estimated to be 10 per cent of in-
take; fecal calcium and phosphorus were measured.

30

UWITS/24MR 0

30j

MS. MALE AGE39 MG./24HR
SARCOID 01

1/22/53 793791 |

GM/24HR 300,
9] FECALN

1 8
GM/24HR THEORETICAL P

0.6

00

06 U-

DAYS

FIG. 2. STUDY 2, THE NITROGEN, PHOSPHORUS,AND
CALCIUM BALANCEDATA DURING CORTISONETHERAPYOF

M. S., A 39-YEAR-OLD MANWITH SARCOID
The calcium data are recharted below for clarity on

a 10 X larger scale.
The "theoretical " phosphorus balance is charted as a

broken line on the "actual" phosphorus balance.

cause for the hypercalcuria may be increased ab-
sorption of calcium from, or decreased excretion
into, the intestinal tract.

Study 2. Patient M. S. (Figures 2, 3, and 4)

This 48-day balance study consists of 6 days
fore-control, 6 days on 300 mg. oral cortisone ace-

tate 6 daily in divided doses, 6 days on 200 mg.

cortisone, 18 days on 150 mg. cortisone and 12
days after-control off cortisone. NPH insulin,
usually 20 units, was given daily and regular in-

6 Cortisone acetate was generously supplied by Merck
& Co.
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sulin added according to the degree of glycosuria.
An episode of hypoglycemia, the first day off corti-
sone, led to discontinuance of insulin for the re-
mainder of the study.

The most important changes concern calcium
and phosphorus metabolism. Note in Figure 2
that the hypercalcemia and hyperphosphatemia
disappeared on cortisone therapy. Note further
that during the fore-control period when on a cal-
cium intake of 292 mg. per day the patient's uri-
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FIG. 3. THE POTASSIUM, SODIUM AND CHLORIDE BAL-
ANCE DATA, ACTUAL AND THEORETICAL WEIGHTS IN

STUDY 2
Only urinary chloride is charted since fecal and dietary

chloride were not measured.
The theoretical weight is that calculated from changes

in nitrogen, potassium and sodium balances.
The urinary potassium increased abruptly the first

two days on cortisone; the urinary potassium: nitrogen
ratio exceeded the usual (2.7:1) protoplasmic ratio of
these substances during these two days.
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FIG. 4. FURTHERDATA OF STUDY 2
The serum NPN fell to normal levels on cortisone.

Glycosuria was absent prior to and after cortisone ad-
ministration, but was as high as 45 Gm. per day on the
largest doses of cortisone. The rise in 17-ketosteroid ex-
cretion may represent excretion of cortisone metabo-
lites and improvement in liver function (12). Evidence
for the latter was the observed diminution in size of the
liver and spleen and the fall in serum alkaline phospha-
tase to normal values during cortisone administration.
The 4:00 P.M. daily oral temperatures fell to normal on
the larger doses of cortisone, rose slightly when the cor-
tisone dosage was reduced, and returned to fore-control
levels on discontinuing cortisone; this finding suggested
that the sarcoid process was still active at the end of
the study. The serum proteins were normal, as deter-
mined by the Howe (13) method and showed no con-
sistent changes7 during cortisone therapy.

7Electrophoresis (courtesy of Dr. Karl Schmid) of the
serum proteins gave the following results:
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,AM "I l nary calcium averaged 930 mg. per day and the
o_tUIIIIII11fecal calcium averaged only 23 mg. per day. The
W.I" W administration of cortisone produced a rapid step-

>-/X//1. . like reduction in urinary calcium to a minimum
.
FE. _ _ value of 216 mg. per day, an increase in fecal

W calcium to 417 mg. per day, and a decrease in the
negativity of the calcium balance. The urinary

06, FECAL P calcium rose again on discontinuing cortisone.
2 0///// /// Note that the fecal phosphorus was low during

the fore-control and increased when the fecal cal-
24' : cium increased during cortisone therapy. The

60 4&C.i "theoretical" phosphorus balance (7), i.e., that
S0O s30 P explained by the nitrogen and calcium balances, is

_ _____ ___ charted in the actual phosphorus balance in Figure
00824|* ' , s, ' j 2 as a broken line. It agrees well with the actual

0 s4 0o0 -IWSW Ca
phosphorus balance.

0i24T M. S. was discharged from the hospital on 150Note that 150 mg. cortisone daily. At home he continued to

serum MA W manifest slight hypercalcemia and marked hyper-151 ~~~~~~~~~~calcuria which averaged about 500 mg. per day.
6 This latter value is to be contrasted with the mini-

12 mumurinary calcium of 216 mg. per day noted on
4 S 0 3 6 9p 2 zin2i nsu2in42 ot333 amo42 45 A__

FIG.ar . STUDY 3, THENiTRoGN, PHOSPHORUS,CAL- L
CIUM AND MAGNEsium BALANcE DATA DURING CORTI-
SONE AND SODIUM PHYTATE TREATMENTOF M. S.

Note that 150 mg. cortisone daily failed to return the low £
serum and urinary calcium to normal levels. Note also ..i W.""
that on this dose of cortisone the fecal calcium was at
normal levels. 241

Ten units crystalline insulin were given days 1 to 22, On n

43 and 45 plus protamine zinc insulin to total amount .4j
charted. "

0

TABLE I 24

Residis of serum protein electropkoresis on M.S. re2*

Globulins

Albumin al as #I s2 v

Normal values 55 5 9 13 7 11 %
M.S. pre-cortisone 52 6 18 7 6 11 %
M.S. post-cortisone 60 2 12 10 6 10 %

Dr. Milton B. Engel (University of Illinois) reported the
patient's serum mucoproteins to be increased (41 mg. per
cent carbohydrate residue, 5 mg. per cent tyrosine residue)
before cortisone and little changed (38.3 mg. per cent
carbohydrate residue, 4.9 mg. per cent tyrosine residue)
after cortisone. He reports the normal value of the carbo-
hydrate residue to be about 16 mg. per cent.

FIG. 6. POTASSIUM, SODIUM AND CHLORIDE BALANCE
DATA DURING STUDY 3
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nary calcium come to mind: 1 ) the intensity of the
underlying sarcoid process might have increased;
if this were so larger doses of cortisone might
lower his urinary calcium; 2) this hypercalcuria
might reflect an anti-anabolic effect of cortisone
on the bones; larger doses of cortisone would be
expected to intensify this effect; and 3) a higher
calcium intake at home might be responsible for
the higher urinary calcium excretion. Therefore
a second study was begun to test the effect of cal-
cium intake and size of cortisone dose. Investi-
gated also was the effect of sodium phytate, a
substance reported (14) to increase fecal calcium
excretion.

This 48-day complete balance study includes 18
days fore-control on 150 mg. cortisone daily, 5
days on 300 mg. cortisone daily, 7 days on 150
mg. cortisone daily, 13 days on sodium phytate 8

8 Sodium phytate (Inositol Hexaphosphate) was supplied
on request as a dry powder by E. R. Weidlein, Jr., Corn
Products Refining Company, New York, and is now dis-
tributed by Dr. Douglas B. Remsen, The Squibb Institute,
New Brunswick, New Jersey. A 15 per cent solution in
distilled water had a pH of 7.2. By assay each 100 Gm.
sodium phytate powder contained 970 mEq. sodium, 3.88

3.6 to 9.0 Gm. per day, and 5 days post-control.
Insulin was administered according to the degree
of glycosuria.

Greatest interest attaches to the calcium, phos-
phorus, and magnesium balances. On 150 mg.
cortisone daily the serum calcium was slightly
elevated, the serum phosphorus and the serum
magnesium both remaining normal. On a con-
stant calcium intake of 178 mg. the urinary cal-
cium excretion of the fore-control averaged 551
mg. per day and the fecal calcium 193 mg. per day.
The patient was in moderately positive magnesium
balance.

When the cortisone dose was increased to 300
mg. per day for 5 days there was a small nitrogen
diuresis, a temporary increase in urinary calcium
and phosphorus excretions, and finally a step-like
decrease in urinary calcium which was still con-
tinuing through the 13 days of phytate administra-
tion. Stool calcium was increased very slightly
during and immediately after the larger dose of
cortisone. The serum calcium level did not change
perceptibly but the serum phosphorus decreased
during and after the larger doses of cortisone.
The larger dose of cortisone produced an unsus-
Gm. inorganic phosphorus, 21.2 Gm. total phosphorus, and
4.8 Gm. unaccounted for which is probably water. By
inorganic phosphorus is meant that amount reacting in the
Fiske and Subbarow method (15) before ashing; by total
phosphorus is meant that amount reacting in the Fiske and
Subbarow method after wet ashing of the specimen. The
difference (82 per cent) is assumed to represent phosphorus
organically bound in the phytate molecule.

The theoretical formula for Phytic Acid is as follows
(16):

POsH2
0 C,H180uP6

H

H H

H203PO-C C-OPO0H2 Mol. Wt. = 660

H208POi &-OP03H2
/ \

H H

PO&H2
Assuming that the analyzed 3.88 Gm. inorganic phos-

phorus is a neutral mixture of Na2HPO4 and NaH2PO4
contaminating the current sodium phytate preparation,
the above analysis indicates approximately 8 mEq. Na per
mMphytic acid at pH 7.2 and a molecular weight of
sodium phytate of 836. The exact physical-chemical state
of sodium phytate is not known.
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tained increase in fecal magnesium but no change
in urinary magnesium.

When sodium phytate, 3.6 Gm. per day for 2
days, then 9.0 Gm. per day was administered for
11 days there was a continued fall in urinary cal-
cium to a low value of 120 mg. per day. That this
further fall in urinary calcium was due to sodium
phytate and not to the previous period on 300 mg.
cortisone daily is supported by the observation that
on discontinuing sodium phytate the urinary cal-
cium rapidly rose to 502 mg. per day. The fecal
calcium increased approximately 100 mg. per day
the first 6 days on sodium phytate, was unchanged
the remaining 7 days on sodium phytate, and was
slightly less during the 5 days off sodium phytate.
The calcium balance was less negative on sodium
phytate. The serum calcium fell to normal and
the serum phosphorus rose during sodium phy-
tate; these changes were reversed when sodium
phytate was discontinued.

On sodium phytate the total phosphorus intake
increased 1,873 mg. per day; the fecal phosphorus
increased 500 mg. and the urinary phosphorus in-
creased approximately 1,000 mg. per day to ac-
count for a gain of 300 mg. per day in phosphorus
balance.

The fecal magnesium increased approximately
4 mEq. and the urinary magnesium decreased ap-
proximately 5 mEq. on sodium phytate.

In regard to the three possible reasons why
M. S.'s urinary calcium was higher at home on
150 mg. cortisone than it had been during the first
study on the same dose of cortisone, one can con-
clude that this dose of cortisone had corrected the
excessive calcium absorption but had only par-
tially corrected the high urinary calcium excretion.
The high urinary calcium was not due to the
higher calcium intake at home since the urinary
calcium did not decrease on a very low calcium
intake in this second study. The hypercalcuria did
not reflect an anti-anabolic effect of cortisone on
the bones since increasing the cortisone dosage
decreased rather than increased the urinary cal-
cium. Thus it seems that either the severity of
the sarcoid and its associated abnormality in cal-
cium metabolism had increased or larger doses of
cortisone were required to suppress sarcoid than
to maintain this suppression. Indeed when corti-
sone therapy was reinstituted after the first study
there was no preliminary period on larger doses.

In this study sodium phytate decreased the uri-
nary calcium but did not increase the fecal cal-
cium. The decrease in urinary calcium may have
been due to increased phosphorus intake (see be-
low). Sodium phytate did decrease urinary mag-
nesium by approximately the same amount it in-
creased fecal magnesium.

ow 0 4 a am toM0b 40 St X60 72D a%

FIG. 8. STUDY 4, NITROGEN, PHOSPHORUS,CALCIUM
AND MAGNESIUMBALANCEDATA DURING LoW AND ME-
DIUM CALCIUM INTAKES, SODIUM PHYTATEAND HYDRO-
CORTISONETHERAPYOF M. L., A 37-YEAR-OLD MANWITH
SARCOID

The very high urinary calcium at the beginning of the
study probably reflects a higher calcium intake prior
to this study.

Patient M. L. was in nitrogen balance except for a
period of negative nitrogen balance while on hydrocorti-
sone. He was in slightly negative phosphorus balance dur-
ing the low calcium intake fore-control, in slightly positive
phosphorus balance on the higher calcium intake fore-
control, in positive phosphorus balance on sodium
phytate and in negative phosphorus balance on hydro-
cortisone. Fecal phosphorus was extremely low during
the control periods and increased when the fecal calcium
increased during sodium phytate and hydrocortisone ad-
ministration.

son CALCRORLVtLBATE) POL
r..
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Study 4. Patient M. L. (Figures 8, 9, 10 and
Table III)

This 96-day complete balance study consists of
24 days on a low calcium intake (120 mg.), 12
days on a higher calcium intake (590 mg.) which
was then continued for the rest of the study, 18
days on sodium phytate powder 8.8 Gm. per day,
12 days off medication, 18 days on 200 mg. hydro-
cortisone daily in divided doses, and 12 days after-
control.

The serum calcium values were too variable for
interpretation. Sodium phytate raised the serum
phosphorus slightly. The serum alkaline phos-
phatase was normal throughout the study.

Fecal calcium averaged 8 mg. per day during
the low calcium (120 mg. per day) fore-control
during which time the urinary calcium decreased
from 350 to 130 mg. per day. The patient
achieved calcium equilibrium at the end of the
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FIG. 9. POTASSIUM, SODIUM AND CHLORIDE BALANCE
DATA DURING STUDY 4

Urinary potassium excretion increased abruptly the
first two days on hydrocortisone; the urinary potassium:
nitrogen ratio during these two days was greater than
the normal protoplasmic ratio of these substances. (See
Table III.)

FIG. 10. OTHERDATA OF STUDY 4
The serum CO., pH, NPNand proteins were essentially

constant throughout the study. The initial high serum
iron value was not confirmed by other determinations dur-
ing the fore-control.

low calcium fore-control and was in about 200 mg.
positive calcium balance on the higher calcium
intake, except during and immediately following
hydrocortisone administration.

Sodium phytate markedly increased the fecal
phosphorus and the urinary phosphorus excre-
tions. Note that during sodium phytate adminis-
tration the decrease of urinary calcium (to an
average value of 6 mg. per day!) and of mag-
nesium are of the same magnitude as the increases
in fecal calcium and magnesium. Calcium and
phosphorus balances recovered rapidly when so-
dium phytate was discontinued.

Hydrocortisone increased fecal calcium and
slightly decreased urinary calcium excretion. Fe-
cal phosphorus and urinary phosphorus also in-
creased during hydrocortisone and decreased dur-
ing the brief after-control. The "theoretical"
phosphorus balance during hydrocortisone therapy
agreed with the "actual" phosphorus balance.

SUMMARYOF CALCIUM BALANCES

In Figure 11 are summarized the average cal-
cium balances of the control periods of these 3

8509 GMt,
ol
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CALCIIM BALANCE
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FIG. 11. SUMMARYOF THE CALCIUM BALANCE DATA
OF THREEPATIENTS WITH SARCOID IN CONTRASTTO THE
CALCIUM BALANCEOF 13 NORMALSUBJECTS ON A Low
CALCIUM INTAKE

Each column represents the average of one or more

six-day collection period.

patients with sarcoid as contrasted with the values
for 13 normal controls (17). All these studies
were performed on very low and roughly com-

parable calcium intakes. In each of the patients
with sarcoid the fecal calcium was markedly less
than normal. In studies 1 and 2 the urinary cal-
cium was greater than could be accounted for by
the intake, even with the addition of the 200 mg.

per day which normally is excreted in the feces
even on very low calcium intakes.

The calcium balance was more closely related
to calcium intake in these patients with sarcoid
than it is normally.

Cortisone and hydrocortisone increased the fe-
cal calcium and decreased the urinary calcium in
studies No. 2 and No. 4. In study No. 3 cortisone
normalized the fecal calcium excretion without
normalizing the urinary calcium.

Sodium phytate increased the fecal calcium and
decreased the urinary calcium. In study No. 3
sodium phytate decreased urinary calcium without

markedly altering the already normal fecal calcium
excretion.

INTERPRETATION OF THE CALCIUM BALANCEIN

SARCOID

The abnormalities of calcium metabolism in
these 3 patients with sarcoid are remarkably simi-
lar to and suggestive of hypervitaminosis D.

A. Evidence for the first action of vitamin D-
increased calcium absorption from the intestine.
As shown in Figure 11 all three patients had lower
than normal fecal calcium excretions at low levels
of calcium intake. Increased calcium absorption
would explain this and the clinical observation that
most patients with sarcoid do not develop de-
mineralization of the bones despite long-continued
hypercalcuria.

Increased calcium absorption has been noted
with vitamin D and dihydrotachysterol administra-
tion (18) and may be present to some degree in
patients with hyperparathyroidism and idiopathic
hypercalcuria (19). Although Albright, Bauer,
Ropes, and Aub (20) concluded that administered
parathyroid hormone was without effect on the
fecal calcium yet their studies (21, 22) reveal that
patients with hyperparathyroidism may have ex-

tremely low fecal calcium values. It may be ar-

gued that the low serum phosphorus of hyper-
parathyroidism favors increased absorption of cal-
cium and phosphorus from the intestine even as it
may favor increased resorption of calcium and
phosphorus from bone. Against this is a study
(22) in which the fecal calcium excretion was

slightly less rather than more when the serum

phosphorus was raised to normal by means of a

huge phosphorus intake in a patient with hyper-
parathyroidism.

Note that the hypercalcemia and hypercalcuria
which might result from increased absorption in
sarcoid would be dependent upon and limited in
degree by the calcium intake.

TABLE II

FecaJ nitrogen, sodium, and potassium values in patients M. S. and M. L.

Normal values (24)
Patient Substance Average control value Average Range

M. S. nitrogen 0.78 gm./day 1.283 (0.43- 2.30)
sodium 0.24 mEq./day (0.2% Intake) 3.1 (0.35- 7.68)

M. L. potassium 6.33 mEq./day (8 %Intake) 9.0 (2.94-17.13)
sodium 0.82 mEq./day (1.6% Intake) 3.1 (0.35- 7.68)
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B. Evidence for the second action of vitamin action of vitamin D (18). The hypercalcemia and
D-the parathyroid-hormone-like action. In stud- hypercalcuria which result from this action of
ies No. 1 and No. 3, and initially in study No. 4, vitamin D are dependent upon bone as a source
the urinary calcium excretion was greater than for calcium and are not limited in degree by the
the calcium intake, a phenomenon unaccounted for level of calcium intake.
by increased calcium absorption alone. The ad- When parathyroid hormone is administered the
ministration of large doses of vitamin D to pa- "actual phosphorus excretion" initially is greater
tients with hypoparathyroidism (18) may increase than the "theoretical phosphorus excretion"
the urinary phosphorus excretion, decrease the (vide supra) ; the reverse is true when parathyroid
serum phosphorus, raise the serum calcium, and hormone is discontinued (20). If the second
finally raise the urinary calcium to levels greater action of vitamin D were present in these patients
than the intake. This sequence of events has and were corrected by cortisone one might ex-
been epitomized as the parathyroid-hormone-like pect the actual phosphorus excretion to fall below

TABLE III

Complete balance study data for M. L., study 4
(each period is six days)

Calcium mg./24° Phosphorus mg./24°

Period Urine Feces Intake Balance Urine Feces Intake Balance Urine

IA
lB
2A
2B
3A
3B
4A
4B
SA
SB
SC
6A
6B
6C
7A
7B
7C
8A
8B
8C
9A
9B
9C

IOA
lOB
loC
11A
llB
llC
12A
12B
12C
13A
13B
13C
14A
14B
14C
lSA
1SB
1SC
1SD
16A
16B
16C

301
310
244
207
185
137
120
120
193
237
226
208
198
185

12
4

10
S

2
2
2
5

8
125
231
231
238
176
171
137
105
97
48

127
104
139
115
95

235
224
166
164
132
142

68

6
6
8
8

10
10
12
12

160
160
160
155
155
155
431
431
431
320
320
320
453
453
453
211
211
211
249
249
249
264
264
264
475
475
475
516
516
516
549
549
549
549
496
496
496

110
110
110
110
110
110
110
110
582
582
582
582
582
582
582
582
582
582
582
582
582
582
582
582
582
578
574
574
574
574
574
574
574
574
574
574
574
574
574
574
574
574
574
574
574

-197
-206
-142
-105
- 85
- 37
- 22
- 22
+229
+185
+196
+219
+229
+242
+139
+147
+141
+257
+260
+260
+127
+124
+121
+246
+140
+136
+ 87
+149
+154
+173
+205
+213
+ 51
- 28
-5
- 81
- 57
- 37
-210
-199
-141
-139
- 54
- 64
+ 10

743
774
740
772
730
687
649
668
620
586
593
549
654
561

1,043
1,360
1,244
1,312
1,339
1,393
1,342
1,530
1,697

934
660
685
599
577
547
549
734
741
909
884
894
826
789
746
475
640
530
485
432
419
423

112
112
139
139
127
127
143
143
158
158
158
131
131
131

1,064
1,064
1,064

747
747
747
821
821
821
218
218
218
174
174
174
176
176
176
309
309
309
363
363
363
307
307
307
307
235
235
235

800
800
800
800
800
800
800
800
800
800
800
800
800
800

2,666
2,666
2,666
2,666
2,666
2,666
2,666
2,666
2,666

800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800
800

- 55
- 86
- 79
-111
- 57
- 14
+ 8
- 11
+ 22
+ 56
+ 49
+120
+ 15
+108
+559
+242
+358
+607
+580
+526
+503
+315
+148
-352
- 78
-103
+ 27
+ 49
+ 79
+ 75
-110
-117
-418
-393
-403
-389
-352
-309
+ 18
-147
- 37
+ 8
+133
+146
+142

7.92
8.44
9.42
9.08
9.15
8.67
8.05
8.45
8.82
8.30
7.93
7.81
8.40
8.84
8.62
8.99
7.53
7.92
7.76
7.77
7.33
7.72
8.75
9.58
8.49
9.43
9.66
9.10
9.43

10.09
12.19
12.37
13.77
13.41
15.24
14.33
13.32
12.58
11.37
11.72

9.27
8.30
8.08
7.48
6.99

Nitrogen Gm./24°

Feces Intake

1.43 11.03
1.43 11.03
1.50 11.03
1.50 11.03
1.31 11.03
1.31 11.03
1.48 11.03
1.48 11.03
1.38 11.03
1.38 11.03
1.38 11.03
1.33 11.03
1.33 11.03
1.33 11.03
1.72 11.03
1.72 11.03
1.72 11.03
1.31 11.03
1.31 11.03
1.31 11.03
1.63 11.03
1.63 11.03
1.63 11.03
1.31 11.03
1.31 11.03
1.31 11.03
1.67 11.03
1.67 11.03
1.67 11.03
1.22 11.03
1.22 11.03
1.22 11.03
1.64 11.03
1.64 11.03
1.64 11.03
1.79 11.03
1.79 11.03
1.79 11.03
2.16 11.03
2.16 11.03
2.16 11.03
2.16 11.03
1.87 11.03
1.87 11.03
1.87 11.03

Balance

+1.68
+1.16
+0.11
+0.45
+0.57
+1.05
+1.50
+1.10
+0.83
+1.35
+1.72
+1.89
+1.30
+0.86
+0.69
+0.32
+1.78
+1.80
+1.96
+1.95
+2.07
+1.68
+0.65
+0.14
+1.23
+0.29
-0.30
+0.26
-0.07
-0.28
-2.38
-2.56
-4.38
-4.02
-5.85
-5.09
-4.08
-3.34
-2.50
-2.85
-0.40
+0.57
+1.08
+1.68
+2.17
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TABLE III-Continued

Potassium mEq./24° Sodium mEq./24° Magnesium mEq./24° Urine
Urine_FeenaeaacrieFcsItaeBlnernItk aane mq/4chloride

Urine Feces Intake Balance Urine Feces Intake Balance Urine Feces Intake Balance mEq./24'
49.78
55.32
64.02
55.46
54.65
52.98
56.80
58.19
58.80
54.26
51.88
51.61
53.32
54.48
53.30
44.33
39.33
45.15
44.56
43.28
45.76
50.62
48.28
56.45
61.01
63.58
61.46
60.22
62.28
75.03
60.10
68.65
75.43
70.14
73.23
77.22
64.31
65.67
48.78
60.31
52.85
57.27
58.32
59.67
57.87

9.00
9.00
9.87
9.87
8.50
8.50

10.10
10.10

8.50
8.50
8.50
8.35
8.35
8.35

15.30
15.30
15.30
10.83
10.83
10.83
10.57
10.57
10.57

5.00
5.00
5.00
5.27
5.27
5.27
4.47
4.47
4.47
8.18
8.18
8.18
9.85
9.85
9.85
7.17
7.17
7.17
7.17
6.03
6.03
6.03

62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40
62.40

+ 3.62
- 1.92
-11.49
- 2.93
- 0.75
+ 0.92
- 4.50
- 5.89
- 4.90
- 0.36
+ 2.02
+ 2.44
+ 0.73
- 0.43
- 6.20
+ 2.77
+ 7.77
+ 6.42
+ 7.01
+ 8.29
+ 6.07
+ 1.21
+ 3.55
+ 0.95
- 3.61
- 6.18
- 4.33
- 3.09
- 5.15
-17.10
- 2.17
-10.72
-21.21
-15.92
-19.01
-24.67
-11.76
-13.12
+ 6.45
- 5.08
+ 2.38
- 2.04
- 1.95
- 3.30
- 1.50

26.78
25.45
36.84
27.80
27.99
30.88
36.72
36.66
32.91
28.45
32.69
35.39
31.46
41.85
59.74

111.62
113.36
109.40
102.00
119.85
103.92
121.86
117.38

97.52
47.27
27.66
25.02
20.76
29.58

9.62
6.59
8.37

10.30
13.41
17.76
17.28
15.23
17.44
89.01

251.05
125.96

63.14
44.83
28.23
28.60

0.95
0.95
0.85
0.85
0.94
0.94
0.50
0.50
0.55
0.55
0.55
1.15
1.15
1.15
5.90
5.90
5.90
3.63
3.63
3.63
2.47
2.47
2.47
0.60
0.60
0.60
0.80
0.80
0.80
0.91
0.91
0.91
1.87
1.87
1.87
2.20
2.20
2.20
4.63
4.63
4.63
4.63
2.13
2.13
2.13

52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10

141.84
141.84
141.84
141.84
141.84
141.84
141.84
141.84
141.84

52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10
52.10

+ 24.37
+ 25.70
+ 14.41
+ 23.45
+ 23.17
+ 20.28
+ 14.88
+ 14.94
+ 18.64
+ 23.10
+ 18.86
+ 15.56
+ 19.49
+ 9.10
+ 76.20
+ 24.32
+ 22.58
+ 28.81
+ 36.21
+ 18.36
+ 35.45
+ 17.51
+ 21.99
- 46.02
+ 4.23
+ 23.84
+ 26.28
+ 30.54
+ 21.72
+ 41.57
+ 44.60
+ 42.82
+ 39.93
+ 36.82
+ 32.47
+ 32.62
+ 34.67
+ 32.46
- 41.54
-203.58
- 78.49
- 15.67
+ 5.14
+ 21.74
+ 21.37

6.39
7.74
6.30
6.77
7.05
6.90
6.65
7.67
8.01
7.62
7.76
6.43
6.72
7.48
3.77
3.60
2.46
2.29
2.94
3.23
2.16
2.53
2.89
6.82
7.14
8.79
9.72
8.40
8.95

12.77
9.97

13.59
17.84
18.21
15.62
22.49
15.62
17.40
15.79
16.83
14.28
13.75
11.94
14.55

6.25

7.37
7.37
9.37
9.37
8.94
8.94
9.31
9.31

10.10
10.10
10.10

8.52
8.52
8.52

13.89
13.89
13.89
11.04
11.04
11.04
16.91
16.91
16.91

8.66
8.66
8.66

10.44
10.44
10.44

3.40
3.40
3.40
7.73
7.73
7.73

11.04
11.04
11.04
12.37
12.37
12.37
12.37
10.41
10.41
10.41

14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32
14.32

+ 0.56
- 0.79
- 1.35
- 1.82
- 1.67
- 1.52
- 1.64
- 2.66
- 3.79
- 3.40
- 3.54
- 0.63
- 0.92
- 1.68
- 3.34
- 3.17
- 2.03
+ 0.99
+ 0.34
+ 0.05
- 4.75
- 5.12
- 5.48
- 1.16
- 1.48
- 3.13
- 5.84
- 4.52
- 5.07
- 1.85
+ 0.95
- 2.67
-11.25
-11.82
- 9.03
-19.21
-12.34
-14.12
-13.84
-14.88
-12.33
-11.80
- 8.03
-10.64
- 2.34

34.31
26.90
36.64
28.92
26.33
27.13
33.19
33.00
35.10
30.88
34.62
31.90
29.80
33.70
30.82
27.64
28.00
37.67
40.18
40.66
47.61
48.71
46.03
79.74
67.10
45.98
42.35
39.00
54.84
25.55
19.55
23.26
24.32
29.82
29.39
48.00
34.84
36.46
96.09

208.78
110.94

84.23
66.74
53.87
46.46

the "theoretical" phosphorus excretion when corti-
sone or hydrocortisone therapy was begun. In
fact the "theoretical phosphorus balance," as indi-
cated by the dotted lines on the phosphorus bal-
ances in Figures 1 and 8, agrees well with the
"actual phosphorus balance." It has been noted
in other studies (23) that cortisone and hydro-
cortisone may increase the actual phosphorus ex-
cretion above the "theoretical" phosphorus excre-
tion initially, an effect opposite to the one antici-
pated in this study and one which might explain
the failure of the "theoretical" phosphorus to devi-
ate from the actual phosphorus balance in these
studies. A parallel phenomenon, potassium diu-

resis in excess of that predicted from the nitrogen
balance, was observed at the start of cortisone and
hydrocortisone therapy in studies No. 2 and No. 4.

In the second study on patient M. S., fecal cal-
cium was greater than the intake which suggests
that this dose of cortisone had corrected the first
action of vitamin D. However, the urinary cal-
cium remained high, showing that the two sus-
pected actions of vitamin D, if present in these
patients, are separable and not necessarily related.
It is suggested that sodium phytate decreased the
urinary calcium in study No. 3, not by decreasing
calcium absorption, but by supplying the inorganic
phosphorus for the phosphorus-diuretic activity
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present, thus sparing the bones from increased
resorption and thereby decreasing the serum
calcium.

C. Evidence for a third action of vitamin D-
increased absorption of nitrogen, sodium, potas-
sium, magnesium, and iron. In Table II are sum-
marized some control fecal values of the sarcoid
patients as contrasted with normal values.

These fecal values of the sarcoid patients are
consistently though not dramatically less than
normal.

In Figures 12 and 13 attention is called to the
lower values noted for fecal nitrogen, magnesium,
sodium, and potassium at the beginning of the
study (days 0 to 4) and at the height of AT-10
(dihydrotachysterol) action (days 36 to 40) than
those noted in the rest of the study. These ex-
amples of increased absorption coincided with

FIG. 12. THE EFFECT OF PARATHYROIDEXTRACT AND
AT-10 (DIHYDROTACHYSTEROL)ONTHE NITROGEN, PHOS-
PHORUS, AND CALCIUM BALANCES OF A PATIENT WITH
PSEUDOHYPOPARATHYROIDISM

The patient received sufficient AT-10 immediately be-
fore and again during this study to cause moderate hy-
percalcemia.

By the serum diffusible calcium is meant that amount
passing a cellophane filter under pressure. These meas-
urements were made by Dr. John Dawson.

O 2 4 6 6 1014 WU t4 g 0 3 X 34 A 4t 44 " 4 .

FIG. 13. THE EFFECT OF PARATHYROIDEXTRACTAND
AT-10 ON THE POTASSIUM, SODIUM AND MAGNESIUM
BALANCESAND URINARY CHLORIDE OF A PATIENT WITH
PSEUDOHYPOPARATHYROIDISM

-Note that minimum fecal values occurred during days
0 to 4 and 36 to 40 and coincided with the episodes of
maximum hypercalcemia.

hypercalcemia produced by large doses of AT-10,
a vitamin D congener, just before the study be-
gan and again during the study. Vitamin D and
AT-10 are closely related compounds and have
markedly similar effects in man (25).

Since the initial high serum iron values in pa-
tient M. L. could not be demonstrated a second
time there is not adequate evidence for increased
iron absorption in this condition. It would seem
that increased absorption of many substances may
occur in sarcoid. It remains for future studies to
determine whether iron, a substance normally
poorly absorbed, is also better absorbed in sarcoid.

DISCUSSION

These studies strongly suggest, though they do
not prove, that the hypercalcuria of sarcoid is due
to endogenous hypervitaminosis D. If this is so,
are these patients photosensitive in such a way
that their skin forms excessive vitamin D on nor-

sA!LEW j54
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mal actinic exposure? Are they unable to inacti-
vate vitamin D? Does the sarcoid tissue form a
vitamin D-like substance? Is the intestinal flora
in sarcoid capable of forming vitamin D-like sub-
stances? In favor of the first suggestion is the
dry pigmented skin noted generally in M. S. and
on the face in patient M. L. Both these patients
have recently had recrudescence of hypercalcemia
in the summer. In favor of the second suggestion
is the observation by Larsson, Liljestrand, and
Wahlund (26) of hypercalcemia in 12 of 24 pa-
tients with sarcoid treated with 30,000 to 140,000
units vitamin D daily for 6 to 124 days. Non-
sarcoid subjects are rarely poisoned with less than
200,000 units administered for months to years.
Weknow of no observations pertinent to the other
two possibilities and there are undoubtedly other
possible explanations for the changes noted.

The mode of action of ACTH, cortisone and
hydrocortisone in sarcoid is obscure. It is known
that these drugs may temporarily or permanently
cause the disappearance of sarcoid granulomata
(27). Since vitamin D and cortisone possess simi-
lar structural formulae there may be a direct an-
tagonism between these substances. However, in
our experience (24) patients with Cushing's syn-
drome do not have unusually high fecal calcium
excretion nor does cortisone administration in-
crease fecal calcium except in patients with
sarcoid.

Dent, Flynn, and Nabarro (28) in 1953 dem-
onstrated correction by cortisone of hypercalcemia
and depressed renal function in patients with sar-
coid. They concluded that bone destruction was
the cause of the hypercalcemia. More recently
Anderson, Harper, Dent, and Philpot (29) have
concluded that increased calciu'm absorption is the
cause of hypercalcemia in sarcoid. Lack of pub-
lished standards for normal calcium balance on
calcium intakes of 800 to 1,000 mg. daily and lack
of control data after cortisone administration
weaken their evidence for increased calcium ab-
sorption in these later studies. It is of interest
that most of the instances of increased symptoms
due to sarcoid in Dent's patients were reported to
occur in the summer months.

SUMMARYAND CONCLUSIONS

Four complete balance studies on three patients
with' sarcoid demonstrate the following abnor-
malities of calcium metabolism:

1. Increased calcium absorption from the in-
testine.

2. Hypercalcemia.
3. Increased calcium excretion in the urine.
4. Urinary calcium excretion greater than can

be accounted for by increased absorption
alone.

These changes strongly suggest endogenous
vitamin D intoxication, in which the following se-
quence of events is observed:

Vitamin D

1st Action

Fecal Calcium -

Serum Calcium +

Urine Calcium +

2nd Action

Urine Phosphorus +
4

Serum Phosphorus -
4

Bone Resorption +
i

Serum Calcium +

Attention is called to evidence for a possible third
action of vitamin D . . . the property of increas-
ing intestinal absorption over a wide spectrum of
substances. Thus, increased absorption of ni-
trogen, sodium, potassium and magnesium was
noted in one of these studies and in a patient with
pseudohypoparathyroidism in whom hypercalce-
mia was produced by excessive doses of AT-10, a
vitamin D congener.

Cortisone increased the fecal calcium and de-
creased the urinary calcium excretion of two pa-
tients. The mode of action of cortisone in this
disease is not known. Sodium phytate also de-
creased urinary calcium excretion, apparently pri-
marily by increasing fecal calcium excretion.

Sodium phytate appears to be the treatment of
choice of the hypercalcuria of sarcoid and its use
is suggested for other instances of increased cal-
cium absorption such as vitamin D poisoning, idio-
pathic hypercalcuria, and idiopathic hypercalcemia
of infants (30).
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