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addition radiotherapy offers useful palliation, es-
pecially 'where a solitary metastasis in a lung is
producing haemoptyses.

Radioiodine is used 'in those patients whose
metastases take on function'after total thyroidec--
tomy. It may prolong life and greatly increase
the patient's sense of well be'ing. Probably not
more than 15 per cent. of all patients with car-
cinoma of the thyroid gland seen at the present
time are capable of being treaLed in this manner.
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ANNOTATION

The Phosphatases
Alkaline Phosphatase

In 1923 Dr. R. Robison, of the Lister Institute,
London, began a series of experiments on the
phosphatase enzyme of bone, which has led to a
clearer conception of the process of bone formation
and a better understanding of the mechanism of
calcium and phosphate deposition. The enzyme,
which is shown to be present in bone and ossifying
cartilage, can be extracted by breaking up the bone
and treating with chloroform water. This extract,
added to a solution of a primary ester of phosphoric
acid, will liberate phosphorus from its organic

combination: and in the presence of inorganic
calcium the liberated phosphate is deposited as
calcium phosphate. Robison suggested that the
bone enzyme in the hypertrophic cells of the
tissue where calcification takes place liberates free
phosphate from the organic esters of phosphorus
contained in the fluids bathing the bone and
cartilage, thus giving a local increase of the amount
of inorganic phosphate in solution. According to
the law of mass action any increase in the con-
centration of phosphate ion will, in the presence
of the ionic calcium of the plasma, lead to a
deposition of bone salt. This bone enzyme phos-
phatase is invariably present in bone or ossifying
cartilage, while unossifying cartilage fails to show
any phosphatase activity. Young, rapidly-growing
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bones have much more of the enzyme than older
or adult bone; while the bones of rachitic children
and animals have'considerably more than those of
normal children of' the same age.

In addition to being present in bone, phos-
phatase also occurs in the blood. Plasma of
normal individuals contains a small amount of
phosphatase corresponding to about 5-10 phos-
phatase units per ioo ml.-the arbitrary term in
which'it is the custom to express the amount of the
enzyme. It was shown by Kay (I93I) that in
conditions of generalized bone disease'the phos-
phatase seems to leak out of the bone into the blood'
and to accumulate there in large amounts. As a
consequence, it is of considerable diagnostic value
to determine its concentration in the serum or
plasma of persons suffering from rickets, osteo-
malacia, Paget's disease, von Recklinghausen's
disease (osteitis fibrosa cystica) and also in many
cases of malignant bone disease. In this regard the
papers by Franseen, Simmonds and MacLean
(I939) and the review which appeared in this
journal by King and Delory (I948) are useful
summaries of the results obtained.

Children have more of the enzyme in the plasma
than adults. Gray and Carter (I949) give the
average value as I7 units per i00 ml., and the
range as 7-20 units. The phosphatase in 54 cases
of clinical rickets fell for the most part between 25
and 40 units per ioo ml., with an extreme range of
76 units. In early rickets, with symptoms but no
signs, the average value of 35 units per ioo ml. In
osteomalacia, Paget's disease and von Reckling-
hausen's disease values between zo and 8o units
per ioo ml. are frequently encountered, and figures
greater than ioo units are not uncommon.

In addition to its place in the study of bone
disease, estimation of the enzyme may also be
usefully employed in the differential diagnosis of
jaundice. Roberts (1930) showed that a marked
accumulation of the enzyme takes place in the
serum in cases of obstructive jaundice. Armstrong,
King and Harris (I934) and Bodansky and Jaffe
(1934) demonstrated an enormous increase in the
amount of the enzyme in the plasma of dogs in
whom experimental obstructive jaundice had been
produced by ligating the common bile duct. On
release of the obstruction, the concentration of the

enzyme in the blood returned slowly to normal..
In experimental toxi'c jaundice the rise was not so-
marked, and in haemolytic'jaundice the enzyme
did not increase above the normal limit. In man
the concentrations of phosphatase encountered
clinically'are'fully set out by Herbert (1935) and
discuss'ed by Cantarrow and'Nelson (I937), and'
Sherlock (1946). The relation of alkaline phos-
phatase to other tests of liver function is fully
discussed by MacLagan (i947), Sherlock (1946),
and King (I949). The pla'sma of normal persons
has I0 or less units per ioo ml. and this value is
not exceeded in cases of haemolytic jaundice.
Cases of infective and toxic jaundice, and of
obstructive jaundice, where the obstruction is inter-
mittent or only partial, show values above normal,
which usually lie between io and 30 units per ioo
ml. In obstructive jaundice, where the obstruction
is complete or of long standing, the plasma phos-
phatase may be very greatly increased. Values
above 30 units per Ioo ml. al-e usually encountered,
and sometimnes they may be over ioo and even as
high as 2oo urv ts per ico ml.
The amount of the akiiAL-ne phosphatase is

measured in the plasma by determining the
amount of hydrolysis which takiek place when the
enzyme in a measured amount of plasma is
allowed to act on a suitable substrate, i.e. an ester
of phosphoric acid such ?s glycerophosphate or
phenylphosphate, under standard conditions of
temperature, alkaline pH (9 to To) and time. T'he
amount of phosphate or phenol set free is taken as
a measure of the amount of' enzyme present.
Well known methods of estimating phosphatase
are those of Jenner and Kay (I932), King and
Armstrong (1934) and Bodansky (I933). The
King-Armstrong method and units of phosphatase
are most commonly used in this country. This
and the J'enner and Kay procedure yield almost
equal results. The methods are described in King's
'Micro-analysis in Medical Biochemistry' (I95I).

Acid Phosphatase
In addition to the alkaline phosphatase men-

tioned above, there is an acid phosphatase which
is pretty well confined to the prostate gland, but
which also occurs in small amounts in the blood
plasma. Unlike bone phosphatase, this enzyme
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is optinally active at an acid reaction, namely, a
pH of 5. In prostatic conditions, particularly in
carcinoma of the prostate with secondaries in the
bone, large amounts of the enzyme are found in
the plasma, coming in part from the prostate and
in part from the secondary growths in the bone.
Normally there are 1-3 acid phosphatase units per
1OO ml. of plasma. In carcinoma of the prostate
with secondaries in the bone values above 5 units
per Ioo ml. and up to 30 units per ioo ml. are
commonly encountered, and in occasional cases
100 or even more units of the enzyme may be
found per ioo ml.

This enzyme has- been used extensively in the
investigation of prostatic disease, and has been
particularly investigated by Gutman and Gutman
(I938), Huggins et al. (I94I), Watkinson et al.
(I944), and the results have been reviewed by King

and Delory (1948). Not only is acid phQsphatase
a very useful diagnostic adjunct in the study of
prostatic carcinoma, but it may also be used with
great advantage in following the effects of stil-
boestrol therapy.

Because of the great difference in the pH at
which these two phosphatases act optimally, it is
possible to estimate one in the presence of the
other. The same substrate is used for both, but
different buffers are employed; and it is merely
necessary to allow the enzyme to act on its sub-
strate at the characteristic pH of 5 for acid
phosphatase and io for the alkaline one. The esti-
mations are simple, quick and easily executed, and
their use has become routine practice in all modern
biochemical laboratories attached to hospitals.

E. J. KING, Ph.D., D.Sc.,
Postgraduate Medical School of London.

BIMOGRAPHY
ARMSTRONG, A. R., KING, E. J., and HARRIS,

R. J. (I934), Canad. med. Ass. J., 31, 14.
BODANSKY, A. (I933), J. biol. Chem., 101, 93.
BODANSKY, A., and JAFFE, H. L. (I934), Arch. int.

Med., 54, 88.
CANTARROW, A., and NELSON, J. (1937), Arch.

int. Med., 59, 1045.
FRANSEEN, C. G., SIMMONDS, C. G., and

MAcLEAN, R. (I939), Surg. Gyn. Obst., 68, 1038.
GRAY, J. D., and CARTER, F. S. (I949), Arch. Dis.

Child., 24, I89.
GUTMAN, A. B., and GUTMAN, E. B. (1938), J.

clin. Invest., 17, 473.
HERBERT, F. K. (1935), Brit. J. exp. Path., x6, 365.
HUGGINS, C., and HODGES, C. V. (1941), Cancer

ReS., I, 293.
JENNER, H. D., and KAY, H. D. (x932), Brit. J. exp.

Path., 13, 22.

KAY, H. D. (I93I), J. biol. Chem., 85, 235; Physiol.
Rev., 12, 384.

KING, E. J. (X949), Irish J. med. Sci., 6th Series, No.
282, 245.

KING, E. J. (x950), 'Microanalysis in Medicai Bio-
chemistry,' London, J. & A. Churchill.

KING, E. J., and ARMSTkONG, A. R. (I934), (?aad.
med. Ass. Y., 31, 376.

KING, E. J., and DELORY, G. E. (1948), Poctgrad.
med. J., 24, 299.

MAcLAGAN, N. F. (I947), Brit. med. J., ii, xc,.
ROBERTS, W. M. (1930), Brit. med. J., X,734.
ROBISON, R. (1923), Biochem. J7., I7, 286.
SHERLOCK, S. V. P. (1946), J. Path. Bat., 58, 523.
WATKINSON, J. M., DELORY, G. E., KING,

E. J., and HADDOW, A. (I944), Brit. med. J.,
ii, 492.

An Address Book for the Medical profesion, showing how to reach the various Colleges, Societies, Institutes and Hospitals in
and near London. Third edition: 1950.

Published by the

FELLOWSHIP OF POSTGRADUATE MEDICINE
I Wimpole Street, London, W. I

Price 2s. 6d.

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.27.304.64 on 1 F

ebruary 1951. D
ow

nloaded from
 

http://pmj.bmj.com/

