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Value of differential thermostability, urea inhibition,
and gel filtration of alkaline phosphatase in the

identification of disease states'
JAMES J. FENNELLY, MUIRIS X. FITZGERALD, AND KEVIN McGEENEY

From the Department ofMedicine and Therapeutics, University College, Dublin, and
St Paul's Chemotherapy Unit, Harold's Cross, Dublin, 6

The problem of identifying the source of raised
serum alkaline phosphatase level is one which often
baffles the clinician. Of the many methods so far
investigated, none has been adapted to clinical work
generally. Starch gel studies, while valuable in some
hands, have at times produced conflicting results,
particularly as regards the origin of normal serum
phosphatase. Chiandussi, Greene, and Sherlock
(1962) and Kowlessar, Haeffner, and Riley (1961),
using starch gel electrophoresis, Dunne, Fennelly,
and McGeeney (1967), using gel filtration, and
Posen, Neale, and Clubb (1965), using heat inactiva-
tion, suggested an osseous origin for control serum
enzyme, while Hodson, Latner, and Raine (1962)
using similar techniques, and Yong (1967), using
agar gel, concluded 'normal serum phosphatase is
of hepatic origin'. Immunological studies of Boyer
(1963) have shown definite cross reaction between
skeletal and hepatic phosphatase, so that method is
not suitable for application to clinical work in terms
of differential diagnosis. Inhibition of phosphatase
by L-phenylalanine was shown by Fishman, Green,
and Inglis (1962) to be specific for intestinal enzyme
though later publications show definite inhibition of
placental (Yong, 1967) and hepatic enzymes (Posen,
Neale, Birkett, and Brudenell-Woods, 1967).
L-Phenylalanine-sensitive phosphatase contributes
10 to 20% of total phosphatase in control serum, the
actual amount being related to blood group status
(Langman, Leuthold, Robson, Harris, Luffman, and
Harris, 1966), and the presence of a slow moving
component on cellulose acetate electrophoresis
(Posen et al, 1967).
The purpose of this communication is to present

observations on serum alkaline phosphatase iso-
enzyme patterns as reflected by (a) varying molecular
size, (b) differential heat inactivation, and (c)
differential urea inhibition, in so far as either alone
'A paper presented to the annual meeting of the British Society of
Gastroenterology, Dublin, November 1967.

or in combination they may explain enzyme patterns
obtained in disease. We consider that heat inactiva-
tion and urea inhibition both provide a useful and
relatively simple means of differentiating the
alkaline phosphatase pattern.

MATERIALS AND METHODS

Blood was drawn from four groups: medical and
laboratory personnel and blood donors (controls);
(2) patients with hepatobiliary disease (metastatic liver
disease, cirrhosis, amyloidosis, tuberculosis, and common
bile duct obstruction): almost all of these patients had
histologically verified disease, while the others had
clinical and biochemical parameters indicating such
lesions. (3) Patients with skeletal disease such as Paget's
disease, hyperparathyroidism, and metastatic malignant
osseous disease: in the latter group there was no clinical
or biochemical evidence of liver dysfunction and brom-
sulphalein excretion was normal. (4) Patients with neo-
plasm who had biochemical and radiological evidence of
both hepatic and osseous involvement.

Differential thermostability of serum alkaline phos-
phatase was measured by incubating serum which had
been at room temperature to 56°C for 10 minutes in a
water bath (Grant Instruments, Cambridge, Type SB 2)
accurate to 0 01 °C and checking constantly with a
thermometer of similar sensitivity (Posen et al, 1965).
To terminate heat inactivation, the serum tubes were
placed in ice-cold water. Alkaline phosphatase was
measured using p-nitrophenyl-phosphate as substrate
according to the Bessey-Lowry-Brock method (1946).
The enzyme activity was compared with that of unheated
serum and the results for sera incubated for 10 minutes
were expressed as a percentage of baseline activity.
Samples with very high activity were diluted to produce
a level equivalent to 10 to 15 King Armstrong units.
This dilution did not affect the thermostability.

Gel filtration studies were carried out as previously
described (Dunne et al, 1967) by eluting 1 ml serum
diluted with 2 ml of buffer through a 50 x 21 cm column
of dextran gel (Sephadex G 200) containing 1 molar Tris
NaCI buffer at pH 8.0. The rate of filtration was con-
trolled by an LKB type 4912A Re-Cychrom infusion
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pump. Eluted samples were collected in 2 ml fractions
using an LKB automatic fraction collector and were
checked at 280 mi for protein using an LKB Uvicord
absorptiometer, and assayed for phosphatase as already
described. The full separation usually took 16 to 24 hours.
The three protein peaks obtained, ie, 19S macroglobulin,
7S gamma globulin, and 4S albumin, were used as refer-
ence points for the enzyme peaks obtained. Heat inactiva-
tion and urea inhibition were subsequently applied to the
separated enzyme peaks. Tissues and tumours were pre-
pared in Tris NaCI bufferpH 8-0 as described (Fennelly,
Dunne, and McGeeney, 1966) using an Ultraturrax high
speed homogenizer. Homogenization was carried out for
10 x 10 second intervals for three minutes. The homo-
genates were centrifuged at 6,000 g for two hours and
the supematants were used for assay.
Urea was dissolved in sodium carbonate and sodium

bicarbonate buffer pH 10 before being incorporated into
the substrate containing phenylphosphate to produce a
final urea concentration ranging from 0 to 4 molar,
similar to the technique of Bahr and Wilkinson (1967)
and Birkett, Conyers, Neale, Posen, and Brudenell-
Woods (1967). Enzyme was assayed according to the
method of Kind and King (1954) except that MgCI2,
0-1525 g/l, was incorporated with phenylphosphate. This
was particularly essential with the partially purified
protein peaks obtained in gel filtration as these were
devoid of magnesium.

RESULTS

DIFFERENTIAL THERMOSTABILITY Figure 1 is a
scattergram of results in the four groups studied.

a
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It can be seen that there is a clear-cut separation
between the two single disease groups selected for
study. Serum in patients with skeletal disease
showed marked thermolability compared with that
of those patients with hepatic disease. The percentage
enzyme remaining at 10 minutes in 43 controls
ranged from 17 to 35% (mean ±SD = 26.2 ±
4.9 %), in 44 patients with hepatic disease from 41
to 75% (mean ±SD = 50 ± 8.6%), and in 15
patients with skeletal disease from 6 to 26%
(mean ±SD = 18.3 ± 5.5%) (Table I). There was
no overlap between the levels in patients with
hepatic and skeletal diseases. When the group with
skeletal disease was subdivided further into (a)
those with non-malignant disease such as Paget's
disease, hyperparathyroidism (11 cases), and (b)
neoplastic disease (five cases) the mean of the former
group was 17% and of the latter 23 %. The means of
(a) hepatic and skeletal and (b) hepatic and control
sera were significantly different at the P < 0.0001
and < 0.001 level respectively. Though the means
of controls and those with skeletal disease differed
at the P < 0-0001 level there was much overlap
between these two groups. Of the 13 patients who
had evidence of combined liver and bone involve-
ment, the mean figure was 40% with a range from
16 to 63 %. The wide range in the last group can be
attributed to the presence in some sera of enzyme of
predominantly osseous type, while in others the
enzyme is of predominantly hepatic origin. In the

0

[]m

|- neoplstic l

non neoplastic

0

o~
0

8 Occo

v FIG. 1. Scattergram of
alkaline phosphatase
thermostability in the

v groups described. Figures
represent percentage

v enzyme remaining after
v 10 minutes' heating at
v 560C.

v

v

v

v

v

v

0

Hepatic Normal Skeletal Combined
disease controls disease skeletal + hepatic

disease

60%-

50%-

40% -

30% -

20%

10% -

m

* neoplastic

0 parenchymal
*a obstructive

x
XX

X xxxxx
X X
X x x
.XX
x xx x x x
xXX

XX
X
X

46

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.10.1.45 on 1 January 1969. D

ow
nloaded from

 

http://gut.bmj.com/


Diagnostic value ofpatterns of circulating alkaline phosphatase

TABLE I
SERUM ALKALINE PHOSPHATASE PATTERN AS REFLECTED IN
HEAT INACTIVATION AT 56°C, UREA INHIBITION, AND

GEL FILTRATION

Heat Inactivation Urea Inhibition Gel Filtration
(10 minutes) (2 Molar) (Sephadex G 200)

Controls 262 ±5%
Skeletal disease 18*3±5-5%
Hepatic disease 50 ± 86%

19S 7S
18.8±7.02% 2% 98%
15-7±4.53% <1% <99%
44.8±5-55% 31±7%% 69±7%

subjects with liver disease the underlying lesion,
whether it was hepatitis, cirrhosis, or granulomatous
infiltration, did not appear to affect the pattern
obtained, and similar patterns resulted when serum
from patients with extrahepatic obstruction (eg,
common bile duct stone and common bile duct
carcinoma) was compared with that from patients
with intrahepatic disease. The different patterns
were not purely a reflection of the total degree of
enzyme elevation as similar changes in percentage
thermostability were noted at high as well as at
minimal peaks of total activity (Fig. 2).

UREA INHIBITION The effect obtained on urea treat-
ment bears some qualitative resemblance to that
obtained on heat inactivation. As shown in Fig. 3
at concentrations from 01 to 1.0 molar urea there
is a low rate of inactivation which is similar for all
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FIG. 2. Relation of total alkaline phosphatase level to
enzyme thermostability.
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groups studied, though the enzyme in hepatic disease
and placental tissue appears a little more stable.
At 2 molar strength the patterns diverge clearly, viz,
in 14 with hepatic disease a mean ±SD = 44-8 ±
5 55% of enzyme remains, in eight with skeletal
disease mean ±SD = 15.7 ± 4.53 %, while in nine
control subjects a mean ±tSD = 18.8 + 7.02% of
enzyme remains (Fig. 4). The separation between
the two disease groups was highly significant
(p < 0.001) and there was a great deal of overlap
between control subjects and those with skeletal
disease.

100 -

90 -

80 -

70 -

60 -

z

- 50 -

40 -

N 30
z

Z o

0 20

10

PLAC E N TA

BONE LIVER

CONTROL j-

IM 2M 3M 4M

MOLAR UREA CONCENTRATION

FIG. 3. Urea inhibition of alkaline phosphatase in serum
from controls, patients with skeletal disease, hepatic
disease, and in placental extract (phenylphosphate used as
substrate). Each point represents a mean of eight cases
with skeletal disease, 14 cases with hepatic disease, and
nine controls.

When differential thermostability was compared
with urea inactivation in 29 subjects it was found
that there was a close correlation (Fig. 5) between
these properties of the enzyme (r = +0.83).
When tissues were treated with urea the pattern

of hepatic and skeletal tissues resembled those of
the sera already described. Enzyme from placental
tissue showed marked resistance, 69% remaining at
2 molar concentrations compared with 48 % for liver
extract and 16% for bone extract.

GEL FILTRATION Dextran gel (Sephadex G 200)
separates human serum protein into three main
peaks, 19S macroglobulin, 7S gamma globulin, and

T~~~~~~
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FIG. 4. Scattergrams of urea inhibition (2 molar) of
phosphatase in serum from hepatic disease O, controls M
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4S albumin (Fig. 6). These peaks are used as refer-
ence points for enzyme peaks obtained. Phosphatase
in serum from controls and in patients with skeletal
disease (shown on the right side of Fig. 6), showed
one main peak of enzyme moving in the 7S gamma-
globulin region with occasionally a trailing of activity
to the 19S region. Patients with hepatic disease of
various types (the left hand side Fig. 6) showed in
addition to the 7S moving enzyme, another definite
peak in the 19S macromolecular region. The macro-
molecular moving peak formed a mean ±SD of
31 ± 7% of total activity in those with hepatic
diseases and a mean of less than 1 % in those with
skeletal disease. In some of those with metastatic

osseous disease there was a small peak in the macro-
molecular region, while those with Paget's disease
showed no macroglobulin moving enzyme. The 19S
macromolecular peak of enzyme activity was most
prominent in 10 patients with neoplastic liver disease,
such as hepatoma and metastatic liver disease,
35 + 6% of total activity as compared with six with
hepatitis and cirrhosis-mean 21 ± 8 %. One patient
with tuberculous granulomatous hepatitis showed
only 9% of enzyme in the macroglobulin region;
however, the thermostability pattern was that of
liver disease (64% at 10 minutes). The pattern
of extrahepatic obstruction resembled closely that
of intrahepatic disease.

PROPERTIES OF SEPARATED ENZYME PEAKS When heat
inactivation was applied to the partially purified
enzyme, ie, peaks obtained on gel filtration, both
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HEAT INACTIVATION (561C-10mins)
METASTATIC LIVER DISEASE
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FIG. 7. Effect of heating at 56°C for 10 minutes on

19S peak (on left) and 7S peak (on right) of serum phos-
phatase in liver disease.

peaks (19S and 7S) of phosphatase in patients with
hepatic disease (14 patients) had a thermostability
similar to that of that particular whole serum (Fig. 7)
ie, 47% ± 6 and 48% ± 5 respectively while the
single 7S enzyme peak in 10 patients with skeletal
disease showed marked thermolability 14.5 4%.
Thus the 7S enzyme peak which is common to
hepatic and skeletal disease is markedly different as
regards thermostability.
When the separated enzyme peaks were treated

with urea in varying concentrations both the 19S
and 7S peaks displayed the characteristics again of
the whole serum, ie, both peaks in liver disease
showed relative resistance compared with the
marked sensitivity displayed by the 7S enzyme peak
obtained in skeletal disease.

SEQUENTIAL STUDIES Many patients were followed
over many months during which time some showed
marked change in circulating enzyme patterns.
Figure 8 illustrates the case of a patient with breast
carcinoma with diffuse osteomalacia and vertebral
collapse, who initially had a bromsulphalein reten-
tion of 20% but a phosphatase gel filtration pattern
(one 7S peak) and thermostability (22%) typical of
skeletal disease. The pattern remained similar for
about eight months, when, as the liver size increased
there was an increase in enzyme thermostability up
to 35% associated with a rise in bromsulphalein
retention to 28% and the appearance of a prominent
19S enzyme peak. The changing enzyme pattern
was associated with increasing evidence of liver
involvement, while the total enzyme level remained
unchanged.

J.F. (Fig. 9), a patient with Paget's disease of
bone, was admitted in November 1966 with oeso-

FIG. 8. Change in pattern of phosphatase with develop-
ment of hepatic enlargement in addition to skeletal
metastases.

phageal bleeding secondary to hepatic cirrhosis.
Gel filtration at that time showed two enzyme peaks,
ie, the hepatic type. When he was admitted some six
months later for investigation of Paget's disease,
the hepatic status having improved, his phosphatase
pattern now showed one 7S peak and thermol-
ability of skeletal disease. The value of sequential
studies will be the subject of a separate com-
munication.
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OESOPHAGEAL VARICES +
BLE

- PHOSPHATASE

,,'I "
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MARCH 1967

PAGETS DISEASE

EEDINGI
PHOSPHATASE

FIG. 9. Change in phosphatase enzyme pattern in a

patient with hepatic cirrhosis and Paget's disease showing
improvement in hepatic status.

DISCUSSION

From these studies we find that the differential
thermostability, urea inhibition, and gel filtration
patterns of control phosphatase enzyme resemble
much more those found in skeletal disease of various
types rather than those of hepatic disease. This does
not support Yong's contention that 'normal adult
serum contains little or no bone enzyme' (1967). His
impression was based on agar gel separation, but he
noted no L-phenylalanine inhibition of this pre-
sumed hepatic enzyme, whereas Posen et al (1967)
have noted 40% inhibition of hepatic enzymes with
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less than 20% inhibition in the case of osseous
enzyme. The higher thermostability and urea
resistance of control serum compared with that of
skeletal disease may represent either an additional
hepatic or intestinal component. The observation of
Fishman, Green, and Inglis (1962) that intestinal
enzyme constitutes up to 20% of the total serum
phosphatase has been borne out by subsequent
workers such as Langman et al (1966) and Posen
et al (1967), who observed that up to 17% of control
enzyme is of intestinal origin. The effect of age on
the enzyme pattern must not be overlooked, since
in the 10-to-20-year age group marked thermol-
ability and urea sensitivity will be found because of
increased osteoblastic activity in these subjects.

Because of the known heat resistance of placental
phosphatase to heat inactivation and urea inhibition,
pregnant subjects were excluded from the present
study, since it has been shown that in the later stages
of pregnancy an increasing amount of heat-stable
phosphatase is found in the serum. From our studies
we conclude that in the presence of a raised enzyme
level a thermostability of over 32% at 10 minutes in
a non-pregnant patient is strong evidence that
excess hepatic phosphatase is being released into
the serum, and if under 25% remains it is strong
evidence for the existence of osseous disease. The
finding of a circulating enzyme characteristic of one
tissue, say osseous, does not exclude the possibility
of there being disease of hepatic origin as well. We
have found that while some patients with combined
osseous and skeletal disease produce a hepatic type
of phosphatase in the serum, others may produce an
osseous pattern.
Heat inactivation is a simple method which has

given a clear-cut separation of the enzyme pattern
in the groups studied here. The change in qualitative
pattern is not necessarily dependent on a quantitative
change in total enzyme. It is important to remember
that some conditions may predispose to a combina-
tion of hepatic and skeletal disease, for example,
neoplasm, biliary cirrhosis, osteomalacia secondary
to malnutrition or malabsorption. In such groups
it is to be expected that the enzyme pattern will not
be so clear cut. The separation of the different
groups was even clearer than that noted by Posen
et al (1965); however, this may be a reflection of the
larger numbers now studied, or else a different
method of case selection.
Urea inhibition at 2 molar strength shows some

resemblance to the patterns of heat inactivation in
that placental enzyme is heat resistant and urea
resistant, hepatic enzyme is partially resistant to
both heat and urea, while osseous enzyme is most
sensitive to both treatments. The degree of separa-
tion between different groups is also of a similar

order. Bahr and Wilkinson (1967) observed definite
activation of hepatic enzyme at the 0.5 molar con-
centration, but this has not been constant in our
experiments, and we could not use it from a diag-
nostic point of view. They and Birkett et al (1967)
noted similar qualitative differences between hepatic
and skeletal phosphatase.

Birkett et al (1967) considered that the urea
inhibition at low concentrations was of a reversible,
non-competitive type, whereas the inhibition at
higher concentrations was of an irreversible type.
It is not possible at present to explain the dependence
of this inhibition on the use of phenylphosphate as
substrate.
Gel filtration of serum enzyme gives a clear

separation of patterns because a prominent macro-
globulin moving enzyme peak is present in liver
disease in addition to the 7S moving peak present
in control serum and in that of patients with skeletal
disease. The 7S moving enzyme peak represents an
enzyme of molecular weight 130 to 150,000. The 19S
moving enzyme peak in liver disease may represent
a protein-bound enzyme complex or a polymer, but
this is not yet clear. The method as used in this
study entails a 16-hour separation of enzyme, so
although it gives clear separation it is suitable only
for research purposes.

SUMMARY

The patterns of circulating alkaline phosphatase
have been studied using gel filtration, differential
thermostability, and urea inhibition. Serum alkaline
phosphatase in skeletal disease is markedly thermo-
labile, sensitive to 2 molar urea and moves in one
7S peak on gel filtration, whereas serum in hepatic
disease is relatively thermostable, more resistant to
urea, and moves as two peaks (19S and 7S) on gel
filtration. The pattern of control serum enzyme
resembles more that of skeletal disease. Both heat
and urea inactivation provide simple and rapid
methods of differentiating the origin of a raised
serum alkaline phosphatase level.
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