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Intestinal alkaline phosphatase in bile: evidence for an
enterohepatic circulation
T W WARNES,* P HINE, G KAY, AND A SMITH

From the Liver Section, University Department of Gastroenterology,
Manchester Royal Infirmary, Manchester

SUMMARY The isoenzyme characteristics of alkaline phosphatase in human bile obtained from
patients with gallstones have been determined by means of electrophoresis on polyacrylamide gel,
both before and after preincubation with neuraminidase, and also by means of inhibition tests with
heat, urea, and L-phenylalanine. Bile alkaline phosphatase is shown to be partly secreted by the
liver cell, but partly derived from the small intestine. The presence of small-intestinal alkaline
phosphatase in bile implies an enterohepatic circulation of this high molecular weight glycoprotein.
The significance of this finding is discussed in relation to the mechanism whereby large protein
molecules may pass across the plasma membrane of the liver cell.

There are two main theories concerning the
origin of alkaline phosphatase in bile. The first
is that serum alkaline phosphatase, primarily
derived from bone, is excreted into bile; the
other postulates that the alkaline phosphatase in
bile is formed by the liver cells.' Most of the
experimental evidence suggests that the biliary
tree is not an important excretory route for
serum alkaline phosphatase and supports the con-
cept of 'over-production' by the liver as the
most important cause of the increased serum
alkaline phosphatase in biliary obstruction.2 3
The most convincing evidence has been provided
by the many experiments in which infused homo-
logous alkaline phosphatase has failed to accumu-
late in the liver or be excreted in the bile in the
experimental animal.4- Furthermore, infused
placental alkaline phosphatase is not excreted
into bile in the human.8 However, in the experi-
mental animal, there is some evidence that the
intestinal enzyme, unlike alkaline phosphatase
derived frcm other organs, may be secreted
into bile.9 10 Serum alkaline phosphatase exists
in the form of isoenzymes which can be differen-
tiated by immunological means, by inhibition
tests with heat, urea and L7phenylalanine, and
by electrophoresis.

*Address for correspondence: Dr T W Warnes, Liver Section
University Department of Gastroenterology, Manchester Royal
Infirmary, Oxford Road, Manchester M13 9WL, England.

Received for publication 13 January 1981

A number of immunological studies of alka-
line phosphatase isoenzymes have been made,
but immunological cross-reactivity of the iso-
enzymes has created problems. Boyerll showed
cross-reactivity between intestinal and placental
alkaline phosphatase and also between both of
these and a minor kidney component. More re-
cently it has been shown that intestinal alkaline
phosphatase consists of two isoenzymes, one of
which shows cross-reactivity with placental alka-
line phosphatase and the other with liver
alkaline phosphatase.12 Mulivor et al.13 have
shown that at least three genetic loci are in-
volved in determining the various forms of
human alkaline phosphatase, one for the placen-
tal form, at least one for the intestinal form,
and at least one or more for the liver, bone,
and kidney isoenzymes. Lehmann14 has shown,
however, that it is possible to prepare a mono-
specific antiserum against intestinal alkaline
phosphatase by absorbing out other components
and, therefore, immunological methods may
have an important role to play in the identi-
fication of intestinal alkaline phosphatase.
The amount of small-intestinal alkaline phos-

phatase in serum is known to be genetically
determined, individuals who are blood group 0
of B having higher levels than those of blood
group A.' In addition, there is an effect of
secretor status. Thus, within any given blood
group, individuals who possess the glycoprotein
secretor substances in saliva show higher levels
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of intestinal alkaline phosphatase in serum.
On electrophoresis of serum, liver, bone, and

intestinal bands may be found and in serum
from 78% of patients with liver disease an origin
band may be observed. This may represent a
complex of the liver isoenzyme with lipopro-
tein.'5 The intestinal band can be easily dis-
tinguished on electrophoresis, as it is inhibited
by L-phenylalaninel' and its electrophoretic
mobility is unaltered after treatment with neur-
aminidase."7

Electrophoretic separation of the bile alkaline
pihosphatase isoenzymes has largely made use of
the older techniques of paper or starch gel elec-
trophores.is and conflicting results have been
obtained regarding the number and origin of the
bands so obtained.17-2' Keiding,22 after electro-
phoresis of human bile on starch gel, noted the
presence of a zone of alkaline phosphatase
activity which appeared to be identical with that
found in intestinal fluid and lymph. Rosenberg19
had previously made a similar observation,
although he did not specifically suggest that it
represented intestinal alkaline phosphatase. The
present study of the alkaline phosphatase iso-
enzymes in human bile uses polyacrylamide gel
electrophoresis (PAGE), which is known to give
a superior resolution of alkaline phosphatase
isoenzymes,' to confirm and extend these earlier
observations.

Methods

Twen.ty-four samples of bile were obtained from
17 patients either from the gall-bladder (10),
hepatic duct (five), or common bile duct (one)
at the time of operation, or from the common
bile duct by means of a T-tube drain after opera-
tion (eight). One patient with carcinoma of the
pancreas and one with chronic relapsing pan-
creatitis were found to have no gallstones at
operation, while one patient with acute relapsing
pancreatitis and one with chronic relapsing pan-
creatitis were found to have gallstones. The
remaining 20 samples of bile were obtained at
the time of routine cholecystectomy in patients
with gall-stones.

Alikaline phosphatase was measured by a modi-
fication of the King-Armstrong method23 and
the isoenzyme characteristics determined by in-
activation with heat (56°C for 15 minutes) and
IM urea, and by inhibition with 0.005M
L-phenylalanine.24 Electrophoretic separation of
the bile isoenzymes was performed by PAGE
and the enzyme bands located by staining with
beta-naphthyl phosphate and Fast Blue BB.15 In
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some experiments, L-phenylalanine was incor-
porated into the staining mixture. Samples were
also treated with neuraminidase (type IV Cl.
perfringens, Sigma Chemical Co.) before electro-
phoresis, using a modification of the method of
Robinson and Pierce.'7 The enzyme was ex-
tracted from human liver obtained at necropsy,
and from small-intestinal mucosa obtained at
operation, by a modification of the butanol
method of Morton.25
The results were analysed statistically by

Schiffe's method of adjusted significance levels.
Blood-groups in serum were determined by
standard serological techniques.

Results

Bile alkaline phosphatase was significantly dif-
ferent from small-intestinal alkaline phosphatase
in its sensitivity to heat (P<0-001), urea
(P<0O001), and L-phenylalanine (p<0001) and
also from the liver isoenzyme after heat
(P<0001), urea (P<0-001), and L-phenylalanine
inhibition (P<0.01) (Table 1). Gall-bladder bile
differed from T-tube bile on heat inactivation
(P<0001), urea inactivation (P<0-005), and L-
phenylalanine inhibition (p<0-005) and also from
hepatic duct bile after heat inactivation
(p<0005) and L-phenylalanine inhibition
(P<0.02), though not after urea inactivation.
Small-intestinal alkaline phosphatase was signi-
ficantly different from liver alkaline phosphatase
after heat inactivation (P<0001), urea inactiva-
tion (P<0001), and L-phenylalanine inhfibition
(p<O0001).

After PAGE the main alkaline phosphatase
bands found in the extracts of liver and small
intestine corresponded to the positions of the
liver and small-intestinal bands found in serum.
In 12 of the 19 samples of bile that were electro-
phoresed a fast-running liver-type band (L) was

Table 1 Isoenzyme characteristics of bile, liver,
and small-intestinal alkaline phosphatase

Heat Urea L-phenylalanine
% remaining % remaining % inhibition

Hepatic duct (5) 24-5+ 8-6 29-8+17.3 9-6+ 5-4
Gall bladder (10) 44.6±19-8 42.6+15-0 18.2+16.5
T-tube (8) 26-1+ 8-3 26.6±14-9 9-2±10-2
Common bile duct (1) 25-9 11-4 18-6
All bile (24) 34-0±16-9 33.2+16.7 13.3±13.0
Liver extract (3) 13-2±10-8 8-2± 6-7 8-3+ 1-4
Small-intestinal

extract (5) 78.3±12-9 44.2± 7-6 78.9± 6-6

Samples were heated at 56°C for 15 minutes, inactivated with IM urea
and inhibited with 0.005M L-phenylalanine. Results are given ±S.D.
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Table 2 Electrophoretic bands observed in bile, liver
and small-intestinal alkaline phosphatase

Liver Intestinal Origin Other
band band band

Hepatic duct (4) 2 2 4
Gall bladder (9) 8 7 6 -

T-tube (5) 2 3 5 2
Common bile duct (1) - 1 1 -

All bile (19) 12 13 16 2
Liver extract (3) 3 - - -

Small-intestinal
extract (5) 2* 5 2 1

*The liver band in small-intestinal extract was very faint.

Fig. 1 Polyacrylamide gel disc electrophoresis
showing the liver band (L), origin band (0), and
intestinal band (I). A. Serum from a patient with liver
disease. B. Gall-bladder bile. C. Small-intestinal
extract. D. Liver extract.

Fig. 3 The effect of
phenylalanine on the
ALP isoenzymes of
bile. A. T-tube bile-
normal stain.
B. T-tube bile-stain
incorporating
L-phenylalanine.

Fig. 2 The effect of neuraminidase on
electrophoretic mobility. A. Liver extract.
B. Small-intestinal extract. C. Hepatic-
duct bile. The right-hand gel of each pair,
superscript N, has been preincubated
with neuraminidase.
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seen, and 16 had an origin band (0) identical
with that previously described15 in the serum of
patients with liver disease (Fig. 1). In 13 samples
of bile a slower band (I) was found which was
identical in position with both the main band
of small-intestinal extract and with the small-
intestinal band in serum. When samples of bile
demonstrating band I were incubated with neur-
aminidase before electrophoresis the electro-
phoretic mobility of this slower band, like that
of small-intestinal extract, was unaltered, while
the main band L of bile was slowed in a similar
manner to that of liver extract alkaline phos-
phatase (Fig. 2). When L-phenylalanine was in-
cor,porated into the staining mixture the slower
band I decreased in intensity, while both the liver-
type band (L) and the origin band (0) were un-
altered (Fig. 3). The small-intestinal band was
seen in the majority of samples of bile, whether
the sample was obtained from gall-bladder, hepa-
tic duct, common bile duct, or by T-tube
drainage (Table 2). In two samples of bile an
additional minor band was found running ahead
of the liver band.
Blood group data were available for 14

patients; bile samples from 11 of these were
eJectrophoresed and the incidence of intestinal
bands in these samples from patients of known
blood group is shown in Table 3.

Table 3 The incidence of intestinal bands in bile
from patients of known blood group

Blood group No. Intestinal band

Present Absent

0 2 1 1
A 6 4 2
B 2 2 0
AB 1 1 0

There was no significant difference in incidence of intestinal bands
between individuals in blood group A and those in blood groups
0 and B combined (p= 1, Fischer's exact test).

Discussion

Substances secreted by the liver, absorbed by the
intestine, and resecreted by the liver have an
enterohepatic circulation, which may be portal
as with bile salts or extraportal as in the case of
lipids. Apart from phospholipids and choles-
terol, a number of other substances such as bile
pigments, folate, and certain steroid hormones
and antibiotics undergo this latter form of entero-
hepatic circulation,'6 but there is no concrete
evidence that high molecular weight substances
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such as proteins undergo an enterohepatic
circulation.
The isoenzyme characteristics of bile alkaline

phosphatase as determined in the present study
are similar to those previously reported by
Horne et al.'7 As these lie intermediate between
those of liver and small intestinal alkaline phos-
phatases, they are compatible with the thesis
that bile alkaline phosphatase represents a mix-
ture of the other two isoenzymes. The inhibition
data by themselves are, however, not conclusive.
We have shown that on electrophoresis two

main isoenzymes of alkaline phosphatase are
found in bile. One is identical with that of liver
extract and with the liver main band in serum,
and this finding is in agreement with the report
of previous workers.28 The other appears to be
small-intestinal alkaline phosphatase and, like
the latter, is unaltered in electrophoretic mobility
by neuraminidase. The decrease in intensity of
this band when L-phenylalanine is incorporated
into the staining mixture (Fig. 3) confirms its
small-intestinal origin.
The higher levels of intestinal alkaline phos-

phatase in the serum of individuals in blood
groups 0 or B are thought to be mainly due
to an increased synthesis or release of the iso-
enzyme into the serum. If this were the over-
riding factor, then one would expect also to find
higher levels of intestinal alkaline phosphatase
in the bile of these patients. However, if the
higher levels were due to a slower rate of elimi-
nation of the isoenzyme then one might expect
to find lower levels in the bile of individuals in
blood groups 0 or B, and correspondingly higher
levels in the bile of individuals in blood group
A. In the present study we found no significant
difference in the incidence of intestinal bands in
bile between patients of blood group A and
those of blood groups 0 and B. However, in
serum the differences are known to be quantita-
tive rather than qualitative, and this may well
also be the case with bile. If this is so, then an
immunological method for measuring intestinal
alkaline phosphatase in bile may clarify this
point, providing the problems of cross-reactivity
can be overcome.
Three possible explanations for the presence

of small-intestinal alkaline phosphatase in bile
have to be considered. The first is that it is due
to direct reflux from duodenal juice into bile.
However, the 'small-intestinal' isoenzyme has
been identified in samples taken as high as the
he.patic ducts and radiological observations
taken at the time of endoscopic retrograde
cholangiography suggest that free reflux of con-

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.22.6.493 on 1 June 1981. D

ow
nloaded from

 

http://gut.bmj.com/


Intestinal alkaline phosphatase in bile 497

trast into the common bile duct does not occur
under the conditions obtaining-that is, in the
absence of a previous sphincterotomy or of con-
comitant administration of CCK-pancreozymin.
The second possibility is that the 'small-intes-
tinal' alkaline phospatase found in bile is, in
fact, derived from the gall-bladder epithelium.
This is extremely unlikely in view of the fact
that the isoenzyme was i;dentified in three out
of five specimens of T-tube bile obtained after
removal of the gall-bladder; in these samples
the small-intestinal band was still present one
week after cholecystectomy. The third, and, in
our opinion most likely, possibility is that the
intestinal isoenzyme arises in bile after direct
passage through the hepatocyte. Thus, alkaline
phosphatase in the bile of these patients appears
to consist largely of an isoenzyme secreted by
the hepatocyte, and another derived from the
small-intestinal brush borders which has tra-
versed the liver cell and been excreted into bile.
Small-intestinal alkaline thosphatase is released
into duodenal juice by the hormones secretin
and CCK-pancreozymin.29 Histological studies
have shown30 that, after feeding of long chain
triglycerides, the isoenzyme passes from the brush
border across the small intestinal epithelium and
into the lymphatic system.' Thus, in demonstrat-
ing the presence of small intestinal alkaline phos-
phatase in bile, the present study implies that
alkaline phosphatase undergoes an enterohepa-
tic circulation.

Recent studies have elucidated the mechanism
whereby glycoproteins are able to traverse the
plasma membrane of the hepatocyte. Ashwell
and Morell31 have shown that sialic acid, which
occurs only in the terminal portion of glycopro-
tein carbohydrate side chains, plays an impor-
tant role in determining the circulating life of
serum glycoproteins. Thus, removal of the termi-
nal sialic acid groups and exposure of the pen-
ultimate galactosyl group of the carbohydrate
side chain of a glycoprotein results in rapid
clearance from the circulation of many serum
glycoproteins which can then be recovered in
the liver.32 33 It has also been demonstrated
that isolated hepatic cell plasma membranes con-
taiin specific saturable binding sites for the
desialylated glycoproteins. It is therefore rel-
evant that small-intestinal alkaline phosphatase
is unique among the alkaline phosphatase iso-
enzymes in lacking terminal sialic acid residues,
as shown electrophoretically by its resistance to
neuraminidase. Our study is consistent with pre-
vious work in both man and the experimental
animal in that, apart from the liver isoenzyme

which is presumably secreted into bile by the
hepatocyte, no sialic acid-containing isoenzymes
of alkaline phosphatase are present in bile.

Until very recently, no definite evidence was
available that galactosyl rece,ptors specific for
small-intestinal alkaline phosphatase existed on
the plasma membrane of the hepatocyte,
although our findings suggested that they should
exist and might play a part in the uptake of
small-intestinal alkaline phosphatase into the
liver. However, work has now been published
by Scholtens et al.35 which demonstrates con-
clusively that, in the experimental animal, a
galactosyl receptor for small-intestinal alkaline
phosphatase exists on the hepatocyte plasma mem-
brane, strongly supporting the theory that small-
intestinal alkaline phosphatase does undergo an
enterohepatic circulation.

We wish to thank Professor HT Howat for his
help and encouragement and Mr HB Torrance
for providing the samples of bile. Material on
which this paper is based was presented to the
European Association for the Study of the Liver.36
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