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Extensive investigations of the parathyroid
glands were instigated by the cure of generalized
osteitis fibrosa cystica by surgical removal of a
parathyroid adenoma by Mandl (1) in 1925. It
was early noted that renal calculi were often
found in cases of parathyroid tumor (2). Later
work showed that these stones consisted chiefly
of calcium phosphate and that the tendency to
their formation was definitely decreased when the
urine was made more acid (3). Removal of the
parathyroid tumor. resulted in the disappearance
of this tendency to calculus formation and of the
alkalinity of the urine.

Albright, Baird, Cope, and Bloomberg (4), in
their discussion of 83 cases of parathyroid tumor
with hyperparathyroidism, brought out the fact
that 43 of these showed clinical evidence of renal
damage. These kidney lesions were attributed to
damage resulting from the deposition of calcium
in the renal parenchyma or to the formation of
calculi in the pelves, such calcium depositions
being manifestations of primary hyperparathy-
roidism. However, these authors suggested the
possibility that parathyroid enlargement may be
secondary to renal impairment: “ It seems con-
ceivable therefore that a chronic renal insuf-
ficiency with phosphate retention and a high in-
organic phosphorus level might likewise cause
hyperplasia of all parathyroid tissue which might
go on to multiple tumor formation” and later,
“In these cases the kidney damage may be the
cause and not the result of the parathyroid
tumors.”

Bergstrand (5) studied the parathyroid glands
in an extensive series of autopsies, and in most
of the cases where he found them enlarged, there
was also some damage to the kidneys. Pappen-
heimer and Wilens (6) carefully weighed the
parathyroid glands from a large series of necrop-
sies. They found the parathyroids taken from
unselected nephritics to average more than 50 per
cent greater in weight than those taken from
non-nephritic controls. Seven severe nephritics

showed an increase of 109 per cent over the same
control series. The enlargement was diffusely
hyperplastic in character, resembling the enlarge-
ment which has been reported in rickets (7, 8),
and which may exist in pregnancy (9, 10). Ade-
nomata were found in only three of 56 nephritics
and in two of 74 controls. Jarrett, Peters, and
Pappenheimer (11) report that they have induced
a similar enlargement of the parathyroids by pro-
ducing chronic renal insufficiency in rats.

In previous reports from this laboratory evi-
dence of functional hyperactivity of the para-
thyroid glands in rickets (12) and in pregnancy
(13) has been presented. We have used the
same approach in our investigation of parathyroid
activity in the present series of nephritic patients,*
to determine whether the hyperplasia noted by
Pappenheimer and Wilens (6) is accompanied by
a hyperfunction. The patients were selected on
the basis of elevation of the blood urea nitrogen,
most of them having chronic rather than acute
renal insufficiency. The controls were thirty-
eight normal persons—thirty women and eight
men. Determinations of calcium and phosphorus
were usually done on the same samples of blood
which were used for the experimental work.

METHODS

Serum calcium was determined by the method
of Fiske and Logan (14). Serum phosphorus
was determined by the method of Fiske and Sub-
barow (15). The method of Hamilton and
Schwartz (16), slightly modified (17), was used
to detect hyperactivity of the parathyroid glands.
This method consists of measuring the rise of the
serum calcium of a rabbit into which 30 cc. of
the patient’s blood have been injected intramuscu-
larly. Calcium chloride is given the rabbit by
stomach tube immediately after injection and one,
three, and five hours later. Blood is drawn from

1 The authors gratefully acknowledge the cooperation

of Dr. Andrew ]. Brislen, Dr. Edward J. Stieglitz, and
Dr. Louis Leiter in obtaining material for this study.
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the rabbit before beginning the test and seven
minutes after each of the last two administrations
of calcium chloride. A rise of 0.30 mM. calcium
or more per liter of rabbit serum is taken as in-
dicative of an abnormally large amount of para-
thyroid hormone in the injected blood.

RESULTS

Blood from each of 23 nephritic patients was
injected into rabbits, and the rise of the serum
calcium of the rabbits was determined. The
blood of all but three of these 23 patients pro-
duced a rise of more than 0.30 mM. calcium per
liter of rabbit serum, which indicates that more
than normal amounts of parathyroid hormone
were present in the injected blood. The results
of these parathyroid function tests are shown in
Table I, together with the other data on the com-

TABLE I

Parathyroid function tests, blood constituents and
arterial tensions
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mM,. per | nitrogen |mgm. | mgm.| mgm.|grams
liser mgm. | per | per | per | per mm.
rabbit per 100 | 100 | 100 | 100 Hg
serum | 100 cc. | cc. cc. cc. cc.
1| 0.30 1220 | 5.6 | 10.2 | 4.8 | 6.31 [0.81 228/154
0.65 10.3| 5.4
0.35 103 | 5.5
2| 0.33 73.7 | 5.1 9.6 5.93 | 1.65| 3.0| 200/116
0.35 10.1
3| 0.50 61.1 | 3.0 | 11.0| 3.1} 6.78 [0.85| 5.0| 168/90
4| 0.35 42.7 | 1.9 98| 4.2 3.50 |0.48 [17.0| 148/88
5| 0.50 138.7 | 5.8 8.4 | 188 | 5.57 | 1.34| 1.9| 168/118
6| 0.00 92.9 4.3 | 16.6 | 5.28 |0.71] 2.0| 135/90
7] 035 130.0 100] 4.1 6.73 | 1.15| 2.1} 260/150
8| 0.50 489 | 2.2 5.8 | 8.08 |1.49} 9.0| 230/144
9| 0.37 15.0 98| 5.2 280/170
10| 045 122.0 |12.0 98| 7.1 170/105
11} 0.88 40.0 | 2.5 9.1 10.0 155/90
121 045 410 | 2.45]| 102 | 7.1 220/154
13} 0.25 233.0 |14.5 89| 44 220/130
14 0.47 350 | 2.5 9.2 | 6.7
151 0.00 18.7 8.0 | 43
16| 0.55 400 | 2.5
‘171 0.85 94.9 9.0 | 10.6 | 5.60 | 1.38 | 3.3] 154/68
18] 0.35 41.5 | 2.6 9.8 260/140
19! 0.38 168.0 | 8.0 9.0| 9.4 110/90
20| 0.40 53.0 | 3.3 | 104 2.7 140/90
21| 0.50 49.0 | 2.6 90| 3.8 90/0?
22| 0.67 87.0 | 8.3 92| 8.0 220/110
23] 0.33 700 | 6.0 | 11.0| 6.7 170/1

position of the blood and on the arterial tension.
Where more than one determination of a blood
constituent was made, that which was done at the
date nearest to the performing of the parathyroid
function test was tabulated. Of the 38 controls
all but three showed rises of less than 0.10 mM.
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calcium per liter of rabbit serum, and none was
higher than 0.23. A comparison of the normal
and the nephritic series is made in Table II. It

TABLE II
Parathyroid function test in normal persons and in
nephritic patients
.. . Normals— Nephritice—

Rise in rabbit
serum calcium ng:l;:;:f ngglbee;tgf
mM. per liter
000t00.09................. 35 2
010t00.19................. 1
020t00.29................. 2 1
030t00.39................. 10
040t0049................. 4
050t00.59................. 5
060andup................. 4

38 26*

* Three tests were performed on Case 1 and two on
Case 2.

is obvious from the figures in Table I that there
is no direct correlation between the degree of
hyperactivity of the parathyroid glands, as meas-
ured by this procedure, and the amount of eleva-
tion of the serum phosphorus; nor is there a
direct relationship between the parathyroid ac-
tivity and the blood urea nitrogen. However, the
correlation between increased parathyroid activity
and chronic nephritis is clear cut.

In order to exclude the possibility that some
of the substances which are present in the blood
of uremic patients in more than normal amounts
were the direct cause of the effect on the blood
calcium of the rabbit, 30 cc. of a solution con-
taining the following substances were injected
intramuscularly into each of four rabbits: urea,
200 mgm. per 100 cc. ; uric acid, 10 mgm. per 100
cc.; creatinine, 5 mgm. per 100 cc.; sodium car-
bonate, 5 mgm. per 100 cc.; cystine, 10 mgm. per
100 cc.; sodium chloride, 900 mgm: per 100 cc.
The same technique was followed as in the tests
for parathyroid hormone. None of these rabbits
showed a positive test.

DISCUSSION

As has been suggested by Pappenheimer and
Wilens (6), “It is probable that the cases with
severe clinical nephritis had phosphate retention,
and since any increase in PO, ions will decrease
the amount of Ca ions in the blood (Thomson
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and Collip (18)) this may incite the parathyroids
to increased activity and overgrowth.” Since
parathyroid hormone tends to elevate blood cal-
cium, hyperfunction of the parathyroids in this
instance would constitute a defense against hypo-
calcemia.

We have shown that there is no proportionality
between the increase in parathyroid function and
the rise of the inorganic phosphorus of the serum
in nephritis; but inasmuch as the phosphorus was
generally elevated in the cases which showed in-
creased parathyroid function, our data are not
in discord with the theory proposed by the above
authors. However, one patient in our series
(Case 6, Table I) had developed high arterial
tension, albuminuria, and convulsions during
pregnancy one and one-half years before the last
admission, and had delivered a stillborn child.
On the last admission she showed no evidence
of parathyroid hyperactivity; the serum phos-
phorus was extremely high; and the serum cal-
cium in this case alone was below the tetany level.
Two weeks after. admission in uremia she devel-
oped convulsions and died a week later, showing
signs of pulmonary edema and shock. Here we
may assume that the lack of compensatory para-
thyroid hyperfunction allowed a profound imbal-
ance of the calcium metabolism.

The failure to elicit an elevation of the rabbits’
blood calcium by the injection of the solution con-
taining certain constituents of uremic blood indi-
cated that these substances in uremic blood are
not responsible for the reaction. This experi-
ment, however, does not in any way eliminate the
possibility that other substances in uremic blood
are responsible for the rise.

We agree with the hypothesis of Pappenheimer
and Wilens that the hyperphosphatemia of renal
insufficiency is the initiating factor in the chain of
events which leads to parathyroid hyperplasia.
We have shown, moreover, that the hyperplasia
demonstrated by the above authors is accompanied
by hyperfunction. It is conceivable that this in-
crease in parathyroid activity constitutes a bio-
logical defense against impending hypocalcemia
secondary to phosphate retention.

CONCLUSION

There is increased activity of the parathyroid
glands in chronic renal disease, as measured by
the method of Hamilton and Schwartz (16).
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