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Fraser, Jaco, Yendt, Munn and Liu (1957) and
Fraser, Geiger, Munn, Slater, Jahn and Liu (1958)
reported healing of rachitic lesions in vitamin D-
deficient and in hypophosphataemic refractory
rickets by intravenous administration of phosphate.
The concentration of serum inorganic phosphorus,
which initially had been very low, was kept at
normal levels for a period of five to seven days.
The authors concluded that vitamin D was not
obligatory for healing in these types of rickets.
The metabolic defect in cystinosis leading to

severe amino-aciduria, glycosuria, metabolic acidosis
and deposition of cystine crystals in various organs,
in addition to hypophosphataemia and rickets,
is undoubtedly more severe than in infantile and
primary refractory rickets. But there is no valid
reason to suppose that the pathogenesis of rachitic
lesions is different from that in other types of
rickets, in which an insufficiency of calcium and a
low concentration of serum inorganic phosphorus
inhibit proper calcification of the bone matrix.
However, this has never been proved. It was
therefore decided to find out whether improved
calcification could be obtained by inducing a lasting
rise in the concentration of serum phosphorus in
the absence of vitamin D and alkalizing agents.
Simultaneously, the effect of the induced rise in the
concentration of serum phosphorus on the concen-
tration of serum calcium and on the product of
these concentrations was studied.

Case Report
The subject of this investigation was a 9-month-old

boy, the fifth child of healthy parents who were first
cousins. At the age of 6 months the first symptoms of
the disease appeared (polyuria, polydipsia, failure to
thrive); two months later he entered the Children's
Hospital. On admission, physical examination revealed
moderate malnourishment, craniotabes, rachitic rosary
and thickening of the wrists. A slit-lamp examination
of the cornea revealed the presence of numerous tiny

crystals. Radiographs of the skeleton showed severe
rickets.
Serum concentrations of calcium and inorganic

phosphorus were 10-0 and 1.9 mg./100 ml. respectively;
the serum level of alkaline phosphatase was 17-8
Bodansky units. Plasma sodium, potassium and CO2
combining power were 137-0, 4.0 and 13-5 mEq/litre
respectively. Results of liver function tests (thymol
turbidity and cholesterol partition) were within normal
limits. The creatinine clearance was 100 ml./min./1-.73
sq. m. The specific gravity of the urine varied between
1,010 and 1,014; the 24-hour volume ranged from
600 to 800 ml. The urine contained a trace of albumen
and 0 5 to 1 %/ of reducing substances; the ratio amino-N
to total N was 0-19.

Methods
Serum phosphorus was determined according to the

method of Briggs (1922). Serum calcium was estimated
colorimetrically by titration with ethylene diamino tetra-
acetate, using murexide as indicator.
For the infusion a sterile stock solution was prepared

containing 1-8807 g. of Na2HPO4 2 aq. and 0-4502 g.
of NaH2PO4 2 aq. per 100 ml. of water. The pH of this
solution was 7-3; it contained 416-6 mg. of inorganic
phosphorus per 100 ml. and it was isotonic with blood.
The total volume infused per 24 hours was 500 ml.

It consisted of a mixture of 5% dextrose in water and the
phosphate solution. The amount of phosphate infused
initially was 750 mg. per 24 hours. Later it was derived
by trial and error from the concentration of serum
phosphorus, which was determined at least once every
day. The aim was to obtain a serum level of at least
3.5 mg./100 ml.
The fluid was administered by way of a polyethylene

catheter which had been introduced in a saphenous
vein. The rate of flow was kept constant throughout
the time the infusion lasted.

Results
The effects of the infusion of inorganic phosphate

on the serum levels of calcium and phosphorus are
presented in the Table and Fig. 1. The induced
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FIG. 1.-Relation between serum levels of calcium and phosphorus
and rate of phosphate infusion.

TABLE
EFFECT OF CONTINUOUS INTRAVENOUS INFUSION OF
PHOSPHATE ON SERUM LEVELS OF CALCIUM AND IN-

ORGANIC PHOSPHORUS

Serum/ Serum/ Intravenous
Day Time Calcium Phosphorus Phosphate Solution

(mg./100 ml.) (mg./100 ml.) (mg./hr)
1 17.00 9.8 2.0 31 (start infusion)
2 9.30 7-8 3 5

17.00 7-4 3-9 21
22.00 9.1 3-9

3 9.30 9.4 3 0
17.00 26

4 9.30 8-7 3.5
17.00 29
21.00 8-0 3 9
22.00 26

5 9.30 8-7 3-4
17.00 27.5

6 9.30 8 0 3.7
17.00 29

7 9.30 8-7 3-8
17.00 30

8 9.30 9 3 3-8
9 9.30 8-4 3-8
10 9.30 8 - 3 4- 1
11 9.30 8 5 4.0 (stop infusion)

15.00 9-8 2.9
21.00 9.9 2-9

12 9.30 10.0 2-4
15.00 2.5

13 9.30 22
14 9.30 2-2

rise in serum phosphorus was accompanied by a
corresponding fall in serum calcium. Subsequently,
serum calcium rose slightly but did not attain its
previous normal value until the infusion ceased.
The infusion was continued for 10 days; two days
later serum phosphorus reverted to its previous
low value.

Radiographs of the right wrist were taken before
the infusion, seven days after the beginning of the
infusion, two days after the infusion had been
discontinued and one week later. After seven days
no signs of improved calcification were visible
(Fig. 2a and b). Distinct lines of Mueller were
present on the next radiograph however (Fig. 2c).
After another week, during which no treatment
was given, there was only negligible further deposi-
tion of bone salt (Fig. 2d).

Subsequent administration of vitamin D (50,000
I.U. per day) led to additional improvement, but
complete healing was not achieved (Fig. 2e and 2f).
The moderate acidosis and the intense amino-

aciduria persisted during the administration of
phosphate.

It can be concluded that the metabolic defect in
cystinosis does not prevent increased deposition of
bone salt at the rachitic metaphyses after intra-
venous administration of phosphate in the manner
described and in the absence of vitamin D.

Discussion
Hypocalcaemia. It is not easy to explain satis-

factorily the hypocalcaemia which accompanied the
induced rise in serum phosphorus. In normal
individuals and in patients with primary hyper-
parathyroidism, given a large intravenous phosphate
load, serum calcium shows a slight decrease which
is corrected spontaneously within a very short time
(Haak and Steendijk, 1960). After a large oral
phosphate load serum calcium drops to very low
levels in patients with vitamin D deficient rickets,
but does not decrease in normal children (Jonxis,
1959). Apparently, the mechanism which maintains
serum calcium at a normal level in the face of a rise
in serum phosphorus is interfered with in rachitic
conditions. Whether this should be ascribed to
a diminished response of bone to endogenous
parathyroid hormone (Jonxis, 1959), a different
solubility of bone salt in rickets (Nicolaysen and
Eeg-Larsen, 1956; Sobel, 1953), or a limited avail-
ability of calcium (Howard, 1953) is not known at
present.

Source of Calcium Deposited. From the data
obtained it cannot be concluded whether only a
redistribution of skeletal calcium occurred, without

Serum-Ca.
1-1~ _ mg %

Serumrn-P
mg%

m /hour
I~~~~~~~~~~~~~~~

2 3 1 5 6 7 6 9 /0 II 12 13
days
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FIG. 2.-Radiographs of the right wrist.

(a) Before phosphate infusion.
(b) On seventh day of phosphate infusion.
(c) Two days after phosphate infusion.

change in retention, or, whether in addition,
retention improved due to diminished urinary
excretion or increased intestinal absorption of
calcium.

Rate of Calcification. Approximately 40 years
ago it was established empirically that the product
of the concentrations of calcium and inorganic
phosphate in serum (Ca x P product) served as an
index for the presence or absence of rickets. If the
value of this product was too low, i.e. below 30, it
was thought that bone salt could not precipitate,
thus leading to the development of rickets (Howland
and Kramer, 1921). Recently it has been estab-
lished that precipitation in the true sense of the
word does not occur in bone. The mechanism
by which the crystals are deposited is a different
one, involving catalysed crystal nucleation, the
precise nature of which is still a matter of dispute
(Neuman and Neuman, 1958; Glimcher, 1959).
All the same, it is now known that the rate of calci-
fication (or the rate of nucleation and subsequent
crystal growth) increases with an increasing ion-
activity product of calcium and phosphate in the
fluid bathing bone. At a fixed pH and ionic
strength, the relationship between this product and
the former Ca x P product is a linear one (McLean

(d) 10 days after phosphate infusion.
(e) After three weeks of subsequent treatment with vitamin D.
(f) After nine weeks of subsequent treatment with vitamin D.

and Urist, 1955). Therefore the Ca x P product
is a reliable index for the rate of calcification and
has lost none of its previous usefulness.

Parenthetically it must be stated that the Ca x P
product is not valid as an index for the rate of
calcification in conditions of rickets associated with
a severe glomerular insufficiency.

In the patient described the value of the Ca x P
product before the infusion was 19-6, indicating
a very slow rate of calcification and the presence of
severe rickets. The average values for the concen-
trations of calcium and phosphorus during the
infusion were 8.7 and 3.5 respectively; the average
Ca x P product was 30 4. In normal children
of the same age this product is about 50; moderate
rickets is present at a value of 30. Even so, by a
rise of the product from 20 to 30, the rate of calci-
fication was markedly increased, considering the
fairly rapid appearance of lines of Mueller on the
radiographs.
From experiments in vitro (Thomas, Connor and

Howard, 1956; Sobel, Burger and Nobel, 1958), it
was concluded that for initiation of calcification of
rachitic cartilage a higher Ca x P product was
necessary than for crystal growth once crystal
nuclei had been deposited. Rachitic cartilage was
found to show a considerable degree of calcification
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in solutions in which the Ca x P product was low,
if brief, previous incubation in a more concentrated
solution had taken place. Mere incubation in a
weak solution resulted only in a slight degree of
calcification. These observations led to the sup-
position that in clinical rickets 'intravenous infusion
of phosphate for short periods might accomplish
a benefit for the skeleton far beyond the short
duration of the effects evident by alteration of the
serum' (Thomas et al., 1956).
From our results a continuation of the fairly

rapid rate of calcification, which occurred during
the infusion, was not apparent one week after the
infusion had been discontinued (Figs. 2c and 2d).
Although comparison of the degree of calcification
by radiography is a rough method, the similarity
of Figs. 2c and 2d rules out anything but a very
slight difference. Apparently conditions in vivo
are different from the conditions prevailing in the
experiments in vitro quoted above.
By the daily administration of 50,000 I.U. of

vitamin D, which was started 10 days after the
infusion had been discontinued, the Ca x P
product was again increased to 30 and maintained
at this level. As expected, although further con-
solidation of the initial improvement was induced,
the value of the Ca x P product was too low for
complete healing (Figs. 2e and 2f). As adminis-
tration of larger amounts of vitamin D led to hyper-
calcaemia and could not therefore be continued,
it was impossible to achieve complete cure.

Summary
Continuous intravenous infusion of inorganic

phosphate, causing a substantial rise in serum
phosphorus, led to improvement of the rachitic
lesions in a 9-month-old boy, suffering from
cystinosis.

This shows that the disturbance of calcification

in this disease is the result of a deranged metabolism
of calcium and phosphate, as in other less compli-
cated types of rickets.
The data obtained are discussed with reference

to the modern concepts of the mechanism of calci-
fication.

The help of Dr. R. P. Mesker and Dr. S. de Vries
(Department of Ophthalmology, University of Amster-
dam) with the slit-lamp examination of this patient, and
of Dr. J. C. de Jong and Dr. L. A. Donk (Pharmacy,
Binnengasthuis, Amsterdam) with the preparation of the
phosphate solution, is gratefully acknowledged.

REFERENCES

Briggs, A. P. (1922). A modification of the Bell-Doisy phosphate
method. J. biol. Chem., 53, 13.

Fraser, D., Geiger, D. W., Munn, J. D., Slater, P. E., Jahn, R. and
Liu, E. (1958). Calcification studies in clinical vitamin D
deficiency and in hypophosphatemic vitamin D-refractory
rickets: the induction of calcium deposition in rachitic cartilage
without the administration of vitamin D. Amer. J. Dis. Child.,
96, 460.

-, Jaco, N. T., Yendt, E. R., Munn, J. D. and Liu, E. (1957). The
induction of in vitro and in vivo calcification in bones of children
suffering from vitamin D-resistant rickets without recourse to
large doses of vitamin D., Ibid., 93, 84.

Glimcher, M. J. (1959). Molecular biology of mineralized tissues
with particular reference to bone. Rev. mod. Phys., 31, 359.

Haak, A. and Steendijk, R. (1960). Unpublished observations.
Howard, J. E. (1953). Normal calcium and phosphorus transport

and body fluid homeostasis. In Transactions ofthe Fifth Conference
on Metabolic Interrelations, p. 11. Josiah Macy Jr. Foundation,
New York.

Howland, J. and Kramer, B. (1921). Calcium and phosphorus in
the serum in relation to rickets. Amer. J. Dis. Child., 22, 105.

Jonxis, J. H. P. (1959). Phosphate metabolism in rickets and tetany.
Helv. paediat. Acta, 14, 491.

McLean, F. C. and Urist, M. R. (1955). Bone, an Introduction to
the Physiology of Skeletal Tissue. Chicago University Press,
Chicago.

Neuman, W. F. and Neuman, M. W. (1958). The Chemical Dynamics
of Bone Mineral. Chicago University Press, Chicago.

Nicolaysen, R. and Eeg-Larsen, N. (1956). The mode of action of
vitamin D. In Bone Structure and Metabolism, Ciba Foundation
Symposium, ed. G. E. W. Wolstenholme and C. M. O'Connor,
p. 175. Churchill, London.

Sobel, A. E. (1953). The effect of vitamin D on the solubility of
calcium and phosphorus in serum. In Transactions of the Fifth
Conference on Metabolic Interrelations, p. 43. Josiah Macy Jr.
Foundation, New York.

-, Burger, M. and Nobel, S. (1958). Calcification XXI. Detec-
tion of nuclei of crystallization in rachitic cartilage. Proc. Soc.
exp. Biol. (N.Y.), 99, 341.

Thomas, W. C., Jr., Connor, T. B. and Howard, J. E. (1956). Some
physico-chemical aspects of calcification in vitro. Bull. Johns
Hopk. Hosp., 99, 287.

copyright.
 on M

ay 15, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.36.187.321 on 1 June 1961. D
ow

nloaded from
 

http://adc.bmj.com/

