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INTRODUGCTORY

HISTORICAL

(1)
Shelling, in his book, divides the historical

development of the physiology of the parathyroids into five
periods: First, is the half ceﬁtury from 1835 to 1885, during
which time thyroidectomies were done without cognizance of
the existence of the parathyroids as a distinct anatomical
entity. The second period is marked by the discovery of the
external parathyroids by Sandstrom in 1881, and their re-
discovery by Gley in 1885. The description of the internal
parathyroids by Kohn in 1895 represents the third perlod.
The fourth period is marked by the discovery in 1908 by
McCallum and Voegtlin (2)of the relationship of the nervous
disorders following extirpation of the parathyroids to the
level of blood cgelecium. Finally, the present epoch in the
understanding of the physiology of the parathyroids began
when ean extrazct from these glands was prepared which would
raise the blood calcium level, and in so doing relieve
parathyroprivic tetany. This was finally achieved in 1924
when Berman, Hanson and Collip (S)Were_able to show that
their extracts would elevate blood calecium levels in normal
and in parathyroidectomized animals.
EMBRYOLOGY, ANATCMY AND PATHOLOGY CF PARATHYROIDS.
" The parathyroid glands arise as paired structures from

the endoderm of the third and fourth branchial clefts. There

are two pairs of glands. Tne superior pair develop from the
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fourth branchial cleft, and the inferior pair develop from
the third.

The superior parathyroids are fairly constent in their
position on the medial aspect of the dorsal surface of each
lobe of the thyroid at the Jjunction of the upper and middle
thirds. In man they are usually imbedded in the thyroid
substance and are for that reason often called 'internal'.
The inferior pair are situated more caudally on the dorsal
surface of each lobe of the thyroid, are less constant in
their position, and are usually external in that they are
well separated from the capsule of the thyroid gland. The
parathyroid glands are small, yellow-brovwn, usually oval
but occasionally pyriform bodies. In man there are usually
fdur, and sometimes five, of these bodies. In the adult,
each body on the average weighs 0.035 Gm. and measures
6 to 7 mm. by 3 to 4 mm. by 1.5 to 2 mm. In addition,
aberrant parathyroids occur not infrequently in the thyroid
or thymus, or in the connective tissue between them. 1In
all normal cases, the tissue of the parathyroids is separated
by a connective tissue capsule from the contigous tissues.

The parathyroid glands are composed of densely packed
groups of cells which are sometimes arranged in cords.
Between the cells is a framework of reticular fibers and a
richly anastomosing network of sinuscidal capillaries. Two
main types (4) of epithelial cells have been described in

it, prinéipal cells and oxyphil cells.



The most important of these are probably the principsal
‘cells. Their clesr cytoplasm practically never contains
granules; these cells have a‘relatively large vesicular
nucleus. It issald that these are the only cells found
in human parathyroids until about the age of ten years.
In some cases the principal cells form a continuous mass
while in other csses they form trabeculae separéted by
sinuses. Occesionally they may give rise to acini with a
colleidel materigl in their lumen. These glands are sub-
jeet to considerable change in number, position and size.
and weight. Instences of inflammation, filbrosis, idio-~
pathlic degeneration, = amyloid infiltration, hemorrhsge,
cystic degeneration, hypoplesia, tumefaction, malignsncy
and other pathological changes have been recorded in the
literature.
PHYSIOLOGY

Although it was early lmown that parathyroprivic
tetany weas accompenied by a decrease in the calcium
content of the blood, 22 it was also believed that other
conditions were necessarily associated. Paton 2 and his
colleagues thought that guanidine appeared in the blood
following loss of the parathyroids snd tetany was caused
by the toxic effect of guanidine. Underhill (V)attribﬁted
the tetany following parathyroidectomy to hypoglycemia;
Wilson, Thurlow, and Stearns found an inecresse in the

excretion of ammonia during tetany and considered that,

after parathyroidectomy, the first stage was ean elkalosis.
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The development of the most recent concepts of normsal

and pathologic physiology of the parathyroid glends has
(6)s (8), (9), (10), (11)
followed the work of Albright,
(12) (13)

Thompson and Collip - and others.

Albright 32 writes, "The parsthyroid hormohe has
a marked influence on the metsbolism of calcium and
phosphorus. Its primery action, in my opinion, 1s on
phosphorus metabolism and the changes in the metabolism
of caleium are dependent on the preceding changes in the
metabolism of phosphorus."”

CALCIUM METABOLISM

The metabolism of calcium is considerably simpler
than that of phosphorus. Over 99 per cent of the body's
calcium 18 in the form of a calcium phosphate-calcium
carbonate compound which is deposited in the organic
matrix of bone snd teeth. In addition, there are small
amounts of calcium in body fluids. The calcium in the
blood except for a negligible part is in two forms,
calcium ions end calcium proteinate. i) The para-
thyroid hormone apparently regulates the level of éalcium
ions. There is good evidence that the stimulus for the
parathyroid glands to produce more hormone is a serum
célcium jon level below normal. Even when calcium is
ebsent from the dliet, a congsiderable amount is exéreted
in the urine, since the normal serum calcium Value

(10.5 mg. per hundred cubic centimeters) is above the

threshold (approx. 8.5 mg. per cent) for calecium excretion.



Calcium is also excreted in the feces. There is evidence
that fecal calcium represents not only calcium which has
not been absorbed by the gastro-intestinal tract but ‘
calcium which has been excreted into the intestinal tract.(IS)
The latter portion, however, is of small quantitative sig-
nificance except in hyperthyroidism. s Two other routes
of calcium loss from the body are the lactating breast and
the placentea. Since the amount of calcium which can be
held in the body fluids is small and quite constant, it
follows that if the calcium intake is greater than the
calecium output the balance must for the most part be
represented by the calcium deposited in bones or possibly
in teeth. The converse must be true if a negative calcium
balance exists.

Under normeael conditions both calcium deposition and
calcium absorption from bone are going on at all times.
One process, to be sure, may be more active than the other,
depending on the calcium balance as a whole. There 1s no
such meteplasia of tissue in the teeth.

PHOSPHORUS METABOLISM

Phosphorus, likewise, is found in large amdunts in
bones and teeth (calcium to phosphorus ratio, approx.
2 to 1), and in émaller amounts injbody fluids. The normal
blood level for adults is 3.5 mg. per 100 cc. of serum,

plus or minus 0.7 mg. It is higher in children.



There sre, in addition, in the body meny organic phosphate
compounds, such aé phosphoprotein, phospholipids and various
phosphate esters, which liberate phosphate ions on hydrd-
lysis. Thus, a postive phosphorus balance does not
necessarily mean that phosphates are entering the bones.

RELATION OF CALCIUM METABCLISM TO PHOSPHORUS METABOLISM

IN DISEASE OF THE PARATHYROIDS.

If one stops substitution therapy with parathyroid ex-

tract in a parathyroidectomized patient, four cardinal

metabolic changes occur. There is first an immediate de-

crease in the phosphorus excreted in the urine; second, the
serum phosphorus level rises; almost simultaneously the
serum calcium level falls; finally, with the fall in serum
calcium there is diminished excretion of calcium in the
urine. If one administers parathyroid extract to a normal
person b

the opposite directions; i.e., one obteins hyperphosphat-
uria, hypophosphatemia, hypercaslcemia and hypercalciuria.
There are two schools of thought as to the mechanism by
which these four cardinal metabolic effects are medisted.
One school holds that the hormone acts on bone tissue
(ostecclasts) and tends to dissolve or oth??w%se remove
calcium phosphate deposits from the: bones \Lz). Such a
theory might explain the hypercalcemia, hypercalciuris,
and hyperphosphaturia; it does not explaiﬁ the hypophos-

phatemia unless one hypothesizes some secondary adjustment.
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The other theory is based on the hypothesis that the hormone
affects phosphgtes in the circulating body fluids in such a
way that their excretion in the urine is increased. This
would explain the immediate hyperphosphaturia on adminisg-
traetion of parathyroid extract and the resulting
hypophosphétemia. Furthermore; because of the lowered level
of serum phosphorus, it is contended that the serum would be
less ssturated with respect to csleium phosphate and there

would be an increased tendency for calcium phosphate to

enter the serum from the gastro-intestinal tract or from the

bone. This would lead to hypercalcemia, and finally the
hypercalcemia would lead to hypercalciuria.

Collip recently (18)contributed considerable evidencs
in favor of the theory that the action of the parathyroid
hormone is primarily upon phosphate excretion by the kidney.
He was able to show that parathyroid extracts produced no
effects on the serum calcium in rats, cats, or dogs
immediately following bilateral nephrectomy or ligation of
the renal vessels or ligation of both ureters. Reesteblish-
ment of urine flow in one cat by cutting the ligated ureters
was followed by a normsal parathyroid hypercalcemia. During
enuria induced by posterior piltuitary extract no parathyroid
hypercalcemia was noted. Injection of parathyroid extract,
followed by repeated intravenous edministrations of sodium
acid phosphate to maintain a’cénstant gserum phosphate level,

prevented the customary rise in serum calcium.



In rickets of the varieiy associated with spasmophilisa
there is a constant stimulus for increased parathyroid
activity (hypocalcemia) with the result that the parathyroid
glands become hypertrophied. It is believed that the hyper-
trophy occuring in rickets, osteomalacia, multiple myelomata,
carcinomatous metastases to bone, experimental rickets and
osteoporosis, is due to a secondary compensatory change in
the glandskresulting from disturbed calcium metabolism.

This must be differentiated from osteitis fibrosa cystics,
(Von Recklinghausen's disease of bone) in which the para-
thyroid tumor is primary and the disordered calcium metabo-. ..
lism secondary thereto.

In diseases wherein bone formation isAfaulty because of
disorders in the mechanisms responsible for maintaining
optimal levels of calcium and phosphorus, phosphatase levels
are elevated. Normally the concentration of calcium ions
and phosphate ions is such that the solubility product of
calcium phosphate is approached but not attained. If the
values given as normel are considered to represént the ion
concentrations, (Calcium 10.5 milligrams per cent; phos-
phorus 4.0 milligrams per cent) the product of these values
will normally be somewhat in excess of 40, numerically.
Arbitrarily it is tsken as a rule that if this product is
less than 30, clinicel rickets exists, between 30 and 40

rickets may exist, and, above 40 healing rickets may exist.
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In the region of the osteoblasts the solubility product
of calcium phosphate may be locally exceeded by the
liberation of phosphate ion as & result of the sction of
phosphatase on serum organic phosphates. Normally, this
mechanism is local, and since a condition of saturation of
calcium phosphate is spproached, no excess amount of phos-
phate needs be released to effect a precipitaetion of in-
soluble salts in the bone. In conditions wherein the
product of the ion concentrations does not so closely
apbroach the solubility product of the salt, this mechanism
may compensate by increased phosphatase sctivity. Blood
levels of phosphatase may be greatly increased due to the
dissemination of this enzyme into the blood stream. In
active rickets, characterized by failure of the bones to
grow at the epiphyseal line, this mechanism has failed to
compensate. It is significant that healing of rickels may
take place at the epiphysesal line simultaneously with loss
of mineral from the bones generally, due to a combination
of antirachitic treatment and parathjroid activity.

REVIEW OF THE WORK OF ALBRIGHT
- The basis for the evolution of these concepts follows
in part from a series of metabolic studies by Albright and
coworkers carried out on patients with hypoparathyroidism,
rickets, etc., the essentials of the results of which will

be reviewed here:
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(8)
GRAPH 1 shows the results of a typical study on a

case of idiopathic hypoparathyroidism in a male. (14 year
0ld Italian boy).

The effects upon the urinary excretion and serum levels
of calcium and phosphorus following, first, the administra-
tion of parathormone and, second, changes in the phosphorus
intake are noted. The following comments seem indicated:

1. The hypoparathyroid state is characterized by an
essentially normal phosphate excretion, phosphatemia, hypo-
calcemia, and a very low urinary calcium excretion.

2. Administration of parsathormone results in incressed
phosphorus excretion, lowered serum phosphorus, elevated
serum calcium, and increased urinary calcium.

z, Cessation of perathormone is followed by a fall in
phosphorus excretion, a rige in serunm phosphorus, a fall
in serum calcium, and a fell in calcium excretion. The
latter is less precipitous than the fall of phosphorus
excretion. |

4. Decrease in phosphorus intake,was‘followed by a
decrease in phosphorus excretion, and no signifidant
change in the serum level of either phosphorus or calcium.

5. Great increase in phosphorus (primary sodium
phosphate) intake was followed by afmarked increase in
phosphorus excreiion, and a slight tendency for serum

phosphorus to increase and serum calcium to fall.
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(10)
GRAPH 11 shows the results of a metabolic study

on & boy of 14 years who was suffering from "vitamin D
resistant rickets". The six consecutive studies indicated
were as follows: Study 1, low calcium diet; 11, identical
conditions except that 5 grams of calcium lactate was given
daily by mouth; 111, unchanged except that 0.575 gms. of
phosphate was given dally by intravenous route§ IV, same
except that 600,000 units daily of vitamin D were added;

V, intravenous administration of phosphate changed to orsal
administration; VI, vitamin D discontinued.

The remarkable result here is the fall inburinary
phosphorus excretion on administration of large dosss of
vitamin D, and the subsequent rise when vitamin D was
discontinued.

GRAPH III shows results on a patient with an extrseme

degree of hypoparathyroidism. The five studies indicated
were as follows: I, low calcium, moderately low phosphate
diet; II, same except that 1.63 grams of calcium (as
gluconate) was given intravenously each day; III, same
regime as study number 1; IV, 1.63 grams of calcium (as
gluconate) by mouth; V, no change from previous regime
except that 600,000 units of vitamin D (Viosterol) were
given daily. |

Note here that urinary phosphorus excretion fell

about 300 mg. per cent following intravenous calcium,
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GRAPH 111
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and rose following adminlstration of wvitamin D.

GRAPH IV shows results of study on another patlent with

severe hypoparathyroldism. This was done more clearly to
evaluate the effect of vitamin D. The four gstudies indicat-
ed were as followg: I; contirol period with low celcium and
moderately low phosphorus intake; II, 200,000 units of
vitamin D daily; III, 400,000 units of vitamin D déily;

IV, vitamin D discontinued. During this entire study the
patient received 5 grams of cealcium gluconate dally by
mouth. Since thers is no parathyroid activity in this
case; the increase of ufinary phosgphate excretion follow-
ing administration of vitamin D is intrepreted as an
additional function of wvitamin D.

(21)
GRAPH V shows results of studies on a boy with

severe hypoparathyroidism. A.T.10 tended to stimulate
absorption of cealecium from the gut, and stimulated
excretion of phosphates in the urine. Vitamin D is the
more potent in the former and A.T. 10 more potent in
the latter effect. Obviously‘the effect of the vitamin
D lasts much longer then that of the A.T. 10.

GRAPH VI shows subsequent studies, in which vitamin

(11)
D, A.T.10, and parathormone were compared. " The

subject here was not a hypoparathyroid but rather a case
of chronic, "Vitamin D resistant” rickets. It will be
noted that urlnary phosphorus excretion was slightly

depressed by vitamin D. From these metabolic studies and
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other similar studies the followlng concepts of the mode of

sction of these three substances upon the metabolism of

calcium and of phosphorus may be formulated:

(Antirachitic) (Toxic)
Calcium absorption Phosphorus excretion
Vitamin D XXX X
A. T. 10 | X proiois
Parathormone 0 D 9:0,0.0.8

The inter-relations of the resulting alterations may

be shovm échematically as follows:

SUBSTANCE (Vitemin D, A.T.10 or

//)7——————7L\\\Efrathormone)

(1) ANTIRACHITIC EFFECT (2) ";OXIC" EFFEQI

Ve ~~1 b
CALCIUM ABSORP TION# URINARY P#

v Vo
FECES CA~- - SERUM P:
FECES P~ SERUM CA# : BONE FORM=-
B s VR
v v

SERUM P# SERUM CA#

URINE CA#

BONE FORMATION# PARATHYROIDS  URINE CA#

[ , ACTIVI TY-
L
SERUM P- URINARY P-
v
SERUM P#

The figure '#' indicates increase and the sign '-'

indicates decrsase.
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From this it may be seen that vitamin D and ATl
have at least two actions. The antirachitic effect
following increased csalcium absorption results in incrsased
bone formation, while the so called toxic effect resulting
from increased phosphorus excretion in the urine results
in lessened bone formation or loss of mineral from bone.
Whether these substences cause one or the other of these
results depends upon which one of these two effects
dominates. The healing of rickets with vitamin D admlinis-
tration represénts the entirachitic or ‘'Calciuric' L
effect, while the osteoporosis of hyperparathyroidiém
represents the other extreme. |

THERAPY IN HYPOPARATHYROIDISM

Therapy in cases of hypoparathyroidism has in the

past been limited to preventing tetany, or to maintaining

the patient on a regime that would keep the blood calcium

levels within a normal range. e The condition of the

patient at any time may be evaluated by geveral clinical

and laboratory tests:

(1) Leboratory determinations of serum calcium and
phosphorus.

(2) The Chvostek sign.

(3) Erb's sign.

(4) The Sulkowitch test.

The patient is assumed to be bordering on tetany if

the Chvostek sign is positive, in which case tapping the
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cheek over the facisl nerve causes regpid coatractions Qf
the muscles supplied by it.
| Erb's sign is elicited by the use of galvanic currents,
which reveals signs of hyperexcitability in the peripheral
nerves. If these two signs are negative the patient is
assumed to be safely out of the range of hypocalcemia
agsociated with tetany.

The Sulkowitch test shows the presence of significant
amounts of calcium in the urine and so indicates that the
blood level is abbve the kidney threshold (8.5 milligrams
per 100 cc¢.) and that the patient is accordingly not
bordering on tetany (6 mg. per ceunt.}. Conversely, absence
of calcium in the urine as shown by this test is a strong
indication that the patient is bordering on tetany.

The medicatlons used (lg)are as follows: Calcium
salts, dlhydrotachysterol (A.T.10), vitamin D, parathyroid .
extracts;, acidifying preparations,; and various comblnations
of these. In severs tetany intravenous administration of
5 to 20 cc. of 5% calcium chloride or 5 to 20 cc. of 10%
calcium gluconate may be given. Also in 40 to 60 units
of parathormone may be given intravenously. For the
maintenance of patients with hypoparathyroidism the use of
parathyroid extracts has been almosﬁ entirely abandoned in
favor of A.T.10 or vitamin D preparétions, both of which are
used with calcium preparations by mouth. Repeated

administration of parathormone results in the development
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of an increasing tolerance for the drug. Since the hormone
ig itself a protein in nature, this is undoubtedly an
immune body reaction invol#ing the development of anti-
bodies. A.T.10 1s a derivative of cholesterol and is
chemically related to vitamin D and, like vitamin D, is
not antigenic and may be given over long periods of time

without the development of tolerance.
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EXPERIMENTAL

METABOLIC STUDIES IN THREE CASES OF
HYPOPARATHYROIDISM

OBJECTIVES:

The objectives of the study may be listed as follows:
(1) To repeat the work of Albright on the distribution of
calcium. and phosphorus in patients with hypoparathyroldism.
(2) To study the alterations in excretion of calcium and
phosphorus under various dietary and therapeutic regimes.
(3) To determine the balance of»caléium and phosphorus
under various dietary and therapeutic regimes.

(4) To establish, if possible, a therapeutic test to
indicate the presence of active parathyroid tissue.

(5) To arrive at an optimum therapeutic regime for the
patient in question.

In view of the actions of the drugs used in patients
with hypoparathyroidism, it is well within the realm of
possibility for a patlent to show normal blood levels of
calcium and of phosphorus and be free of tetany, but be
in a constant state of negative balance so far as calcium
and phosphorus is concerned. Thus, after yesrs of other-
wise successiul trea@ment a patient may develop osteo-
porosis, sponteneous fractures, and other symptbms of

generalized bone decalcification. Therefare, it seems

indicated that in any study of methods for handling these

patients one should keep in mind the long time balance of
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calcium and phosphorus as an essential part of the treat-
ment. PFurthermore, since each patient will show individual
differences 1in absorption, émount of parathyroid tissue
remaining, kidney function etc., it 1s suggested that
every patientvmay require individusl metabolic balance
studies to arrive at an optimum regime of treatment that
will not only prevent tetany and spasmophllia, but also
maintain a positive balance of these bone bullding elements.
PROCEDURES AND METHODS:

Eighteen studies were made. All, except two, were
five day studies, in which all the feces and all the urine
were collected for five consecutive days. In each study
the patient was brought into equilibrium by controlling
end establishing a éonstant dietary and therapeutic
regime several days before collections were started. In
some cases large amounts of vitamin D were given to the
patients. Since the effect of vitamin D is known to
persist for about 30 days, at least a month was allowed
to elapse following adminigtration of vitamin D before
subsequent studies were started. Determinations of both
calcium and phosphorus were made on sach 24 hour sample
of urine and feces. Blood levelg were not followed dally,
but during each study at least one blood sample was taken,
and calcium and phosphorus levels in the serum determined,

Anglytical procedures were in most casesg modified to

better adapt them to the studies. In each case the method
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wag checked against known preparations to assure accuracy.

The steps in the analytical procedures used are as
follows: . |
I. Urinary Phosgphorus.

1., Pipette 25 cc. sample into digestion flask.

2. Boil out toluol. (2 minutes).

3. AGA 4 cc. conc. nitric acid; boil to red fumes.

4. Cool.

5. Add 2 ecc. conc. sulphuric acid; boil until red fumes
are gone.

6. Cool.
7. Add 1 ce. perchloric ascid (60%); boil 5 minutes.
8. Make up to 100 cc. in volumetric flask; shake.
9., Pipette 10 cc. of this into 100 cc. volumetric flask.
10. Add 40 to 50 cc. water; adjust PH to neutral.
11. Pipette 5 ce¢c. of standard solution (containing 0.50
mg. phosphorus per 3 cc. solution) into another
100 c¢c¢. volumetric flask.
12. Proceed as in feces phosphorus determination.
II. Ufinary calcium.

1. Shake up urine sample thoroughly.

2, Pipette 10 cc. of urine into a 15 cc. éentrifuge
tube.

3. Adjust pH acid to congo red.
4, Add 2 cc. of 4% smmonium oxalate. Adjust pH to 5.5.
5. Proceed as in procedure for feces calcium.

III. Preliminary preparation of feces:

1. Dilute sampls to 1000 cc. with 10% sulfuric acid.
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Take 50 cc. sample of this; neutralize with
m%Naﬁ.

Eveporate to dryness; powder well with pestie.
Mix with 4 grams of well powdered sodium nitrete.
Heat (hot) over Fischer burner until bleached.

Teke up with about 30 cc. of HCl. (Use HCl made
from one part of conc. HCl and two parts of water).

Dilute to 10C cc. in volumetric flesk.

Filter. Filtrate 1s used for calcium and phosphorus
determinations. ,

IV. Feces phosphorus.

1.

2.

Se

4
S,
Se

7

Pipette 10 c¢c. of above filtrate into 100 cc. -
volumetric,

Adjust pH to neutral (pH 6.5 to 7.0).

Pipette 5 cc. of standard solution (containing 0.5
mgm. of phosphorus per 5 cc. solution) into snother
100 cc. volumetric flask. '

Add 40 to 50 cc. of water to each flask.

Add 10 cc. molybdate solution to eech flask.

Add 4 cc. redueing solution to each flask.

Dilute to mark; compsare in colorimeter after 10 min.

V. Feces calcium.

1.

2.
Se
4o
5.
6.
T

Pipette 10 ce. of above filtrate into 15 cc.
centrifuge tube.

Add 2 cc. of 4% ammonium oxalate.

Adjust pH to 5.5 to 6.0,

After 2 hours centrifuge, invert, drain.
Wash down with dilute ammonia; stir.
Centrifuge, invert, drain.

A44 10 cc. 1.N sulphuric acid; place 1in boiling
water bath.
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Titrate with 0.01 N. Potassium permanganate while
hot.

VI. Serumn caleium. Total.

1.

Ee
7.

8e

To 2 cec. ¢f clear serum add 2 cc. of water and
1 cc. of 4% ammonium oxalsate.

After two hours, centrifuge, until sediment 1is.
packed.

Decant off the supernatant liguid.

Invert tube on clean filter paner and allow to drain
for five minuves.

Ad4 3 ¢c¢. of dilute ammonia, stir up with a glass
rod.

Centrifuge, decant and drain as before.
Add 2 ecc. of N. sulphuric scid. Stir.

Titrate with 0,01 N. Potassium permanganate.

VII. Serum calcium. Diffusible.

VIII.
1.
2.
3e
4.
5.

Place 6 cc. of clear serum in a high pressure fllter.

(200 1bs. per square inch pressure for 25 minutes).

Collect spprox. 2.8 cc. of ultrafiltrate.

To 2 ¢c., of thig filtrate add 2 cc. of water and
2 cc. of 49 ammonium oxalate solution.

Proceed as in total serum calcium determination.

Serum phosphorus.

Use 2 cc. of serum.

Add 8 cc. of 10% trichloracetic acid. Shake well.
Filter.

Place 5 cc. of filirate 1n is cc. test tube.

Add 1.5 cc. of 2.57 ammonium molybdate in 3 N.
sulphuric acid.
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6. Add 0.6 cc. of reducing egent. Walt 10 minutes.
7. Compare with standard, which is made as follows:
Stendard solution:

(a) Use 5 cc. of steandard containing 0.5 mg.
phosphorus per 5 cc.

(b) Add 10 cc. of 2.5% ammonium molybdate in 5. N.
sulphuric acid.

(c) Add 4 cc. of reducing agent.
(&) Dilute to 100 cc. in volumetric flask.

The early phosphorus determinations were made by
comparison with a standard in a comparison colorimeter.
Later a Klett-Sumerson phoio-electric colorimeter was used.

DESCRIPTION OF TABLE I

Three patients with hypoparathyroidism were studied.#

Subject "K" ( J. K. #L04209 ) is a 53 year old men
with a moderate degree of idiopathic hypoparathyroidisnm.
Eight studies were done and are referred to as K-l, K-2 etc.

Subject "S" ( G. S. #38790 ) 1is a 36 year old women
with a very severe case of post-cperative (thyroidectomy)
hypoparathyroidism. This patient suffered tetany unless

‘active treatment was maintéined, and therefore was not
sulteble for many studies that were carried out on the other
two subjects. Two studies were done and are referred to as
S-1 and S-2. -

Subjeect "C" ( Z. C. #106403 ) is a 55 year old woman
with a moderately severe hypoperathyroidism. She was the

subject of eight studies, which are referred to as C-1, C-Z2.

3% Multnomeh County Hospital, Portland, Ofegon.
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The studlies carried out are described in the chart
(page 28) in which the following heeadings are listed:
Medicaetion: The medication used.

Calcium diet: The daily inteke of calcium (in grams)in the
diet. ~ : '

Celcium Lact.: The daily intake of calcium (grams) as
lactate.

Calcium total: The sum of the above.

Celcium serum: The serum calcium level in milligrams per
100 ¢ec. of serum. Sample taken gome time
during studye.

Calcium bal.: The balance of calcium in milligrams.

"-" indicates negative balance. No sign
indicates positive balance.

Phosphorus diet: Phosphorus intake in Ul

Phosphorus serum: The s