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Alkaline phosphatase exists in a wide va- 
riety of tissues in different molecular forms. 
Characterization of these isoenzymes is pos- 
sible on the basis of their resistance to various 
physical and chemical manipulations. As 
early as 1944, Nothmann (1) reported that 
ligation of the pancreatic duct in dogs pro- 
duced an increase in serum alkaline phospha- 
tase, but there have been few attempts to 
measure this enzyme in pancreatic juice. 
Warnes and Bulmer (2) demonstrated the 
presence of alkaline phosphatase in the duct 
system, islet cells, and acini of the human 
pancreas. Warnes et al. ( 3 )  extracted alkaline 
phosphatase from normal human pancreas 
and pancreatic tumors and showed that these 
enzymes have distinctive isoenzyme charac- 
teristics when compared with the enzymes of 
the small intestine and of normal serum. 

The present study was designed to examine 
the isoenzyme characteristics of alkaline 
phosphatase in canine pancreatic secretory 
fluid. The availability of pure human pan- 
creatic juice from a patient with a traumatic 
fistula allowed us to conduct similar obser- 
vations in this fluid. 

Methods. Six adult mongrel dogs, weighing 
14-18 kg, were previously prepared with gas- 
tric and pancreatic fistulas fitted with 
Thomas cannulas in the stomach and duo- 
denum (4). Animals were not studied until 
3 4  weeks after this operation and were de- 
prived of food but not water for approxi- 
mately 18 hr prior to each study. A continu- 
ous iv infusion of 0.15 M sodium chloride 
was given at a rate of 50 ml/hr. Observations 
were carried out in conscious animals during 
continuous intravenous infusion of secretin, 
0.5 U/kg per hr. The secretin used in these 
studies was from a single batch purchased 
from the Gastrointestinal Hormone Research 
Unit, Karolinska Institute Chemistry Depart- 
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ment, Stockholm, Sweden. The gastric can- 
nula was kept open during all observations to 
prevent the entry of acid into the duodenum. 
The duodenal cannula was opened and a 
glass cannula was inserted into the pancreatic 
duct under direct vision. Pancreatic secretion 
was collected continuously as 10-min speci- 
mens. 

Pancreatic juice also was collected from a 
patient who had an established posttraumatic 
pancreatic fistula that was draining clear, al- 
kaline juice, 400-600 ml/day, with a bicar- 
bonate concentration of 68 meq/liter and an 
amylase concentration of 120,000 Somogyi 
U/100 ml. Fluid was collected by direct can- 
nulation of the fistula with a sterile catheter 
after appropriate skin cleansing to minimize 
the liklihood of bacterial contamination. 

Alkaline phosphatase, expressed in inter- 
national units, was determined by the method 
of Roy (5) with thymolphthalein monophos- 
phate as the substrate. 

Isoenzyme characterization, based on dif- 
ferent susceptibilities of alkaline phosphatase 
isoenzymes to inhibition by urea and L-phen- 
ylalanine (6-8) and heat inactivation (9), was 
performed in all specimens. The method of 
Kind and King (10) was used for alkaline 
phosphatase measurements in these isoen- 
zyme studies. 

Isoenzymes present in the human pan- 
creatic fistula fluid were examined by acryl- 
amide gel electrophoresis and compared to 
the electrophoretic behavior of alkaline phos- 
phatase of known human origin from liver, 
bone, and intestine. Liver alkaline phospha- 
tase was obtained from the serum of patients 
with known liver disease and intestinal al- 
kaline phosphatase was purchased from 
Dade Corporation. Bone alkaline phospha- 
tase was obtained from shavings of bone 
extracted with butanol to remove insoluble 
material and break the protein-lipid bond. 
The alkaline phosphatase obtained from the 
pancreatic fistula fluid was concentrated ten 
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ing after phenylalanine inhibition was 67% in 
canine pancreatic juice compared to 85% in 
human juice. The mean values after urea 

fold before electrophoresis. All samples to be 
electrophoresed were dialyzed for twelve 
hours against two changes of electrophoresis 
buffer. Alkaline phosphatase isoenzymes ~~ PHOS 

were separated by Raymond's method of con- REMAINING PHENYLALANINE INHIBITION 

tinuous- polyacrylamide gel electrophoresis in 
a vertical cell (1 1). 

Results. At the low dose of secretin infusion 
utilized in the canine studies, pancreatic se- 
cretory volumes varied from 5 to 10 m1/10 
min. The mean (+ SEM) alkaline phospha- 
tase concentration in specimens from all six 
animals (87 collections) was 15.4 f 1.1 
mU/ml. Alkaline phosphatase concentration 
in pancreatic fistula fluid collected from the 
patient was 17.8 mU/ml. 

Figure 1 shows the percentage of alkaline 
phosphatase remaining in pancreatic juice 
from each of the six dogs after incubation of 
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specimens with urea or phenylalanine or after 
heat inactivation. There was relative uniform- 
ity among the animals in that the isoenzyme 
exhibited relative resistance to phenylalanine 
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inhibition, intermediate inhibition dby urea, 
and marked thermal lability. FIG. 2. Mean percent of alkaline phosphatase re- 

maining in canine pancreatic juice and the percentage of 
enzyme remaining in human pancreatic fistula fluid after 
incubation with urea or L-phenylalanine or after heat 
inactivation. Bars at left represent mean f SEM of all 

'soenzyme characteristics Of phos- 
phatase in and in human pancreatic 
secretory fluid are compared in Fig- 2. The 
mean alkaline phosphatase activity remain- collections from six dogs. 
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FIG. 1. Percentage alkaline phosphatase remaining in pancreatic juice after incubation with urea or L-phenylal- 
anine or after heat inactivation. Each bar represents the mean +. SEM of all 10-min collections in a single animal 
during continuous intravenous infusion of secretin, 0.5 U/kg per hr. n = number of observations in each mean. 
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inhibition were 30% and 3496, respectively, 
and after heat inactivation were 7.5% and 
2 1 % respectively. 

Figure 3 shows the electrophoretic mobility 
of the alkaline phosphatase isoenzyme in the 
human pancreatic fistula fluid compared to 
mobilities of isoenzymes derived from other 
human tissue sources. The pancreatic enzyme 
exhibited a pattern of mobility clearly differ- 
ent from that of any of the isoenzymes of 
other tissues sources. 

Discussion. When Nothmann (1) found 
that ligation of the pancreatic duct in dogs 
resulted in a progressive increase in serum 
alkaline phosphatase activity, he assumed 
that this increased activity was of pancreatic 
origin. Subsequent studies (12, 13) have 
shown a significant increase in alkaline phos- 
phatase concentration in duodenal juice after 
CCK-pancreozymin stimulation. The dem- 
onstration, by histochemical techniques, of 
this enzyme in various cellular components 
of the human pancreas (2) and the subsequent 
identification of distinctive isoenzyme char- 
acteristics of pancreatic alkaline phosphatase 
(3) are consistent with the presence of this 
enzyme in pancreatic secretory fluid. 

Our data are in agreement with the fmd- 
ings of Warnes et al. (3) who showed that 
pancreatic alkaline phosphatase was much 
more sensitive to heat inactivation and urea 
inhibition than was the enzyme from the 
small intestine, but, in contrast, was largely 
unaffected by L-phenylalanine. 

The question of whether increased serum 

FIG. 3. Electrophoretic patterns (acrylamide gel) of 
alkaline phosphatase isoenzymes from human sources: 
1, bone; 2, mixed liver and intestine; 3, intestine; and 4, 
pancreatic fistula fluid. Vertical electrophoresis in pH 
9.0 Trismalein acid buffer (0.283 M and 0.019 M, re- 
spectively) at 4"; 300 V for 3 hr; stained with sodium a- 
naphthyl acid phosphate (1 hr). 

total alkaline phosphatase values may at 
times reflect a predominant increase in the 
pancreatic isoenzyme remains unanswered 
and must await isoenzyme characterization 
studies in subjects with acute inflammatory 
as well as neoplastic disease of the pancreas. 
Additional techniques, such as acrylamide gel 
electrophoresis, will doubtless aid in further 
refining our means of identifying the source 
of different serum isoenzymes (14). 

Summary. Alkaline phosphatase activity 
was measured in hormonally stimulated pan- 
creatic juice from six dogs and in pancreatic 
fistula fluid from a human subject. Isoenzyme 
characterization studies, based on different 
susceptibilities to urea and L-phenylalanine 
rnhibition and to heat inactivation indicated 
similarities between canine and human pan- 
creatic secretory alkaline phosphatase. Com- 
pared to intestinal alkaline phosphatase, the 
pancreatic isoenzyme was much more sensi- 
tive to heat inactivation and urea lnhibition 
but much more resistant to L-phenylalanine 
inhibition. The electrophoretic mobility of 
the enzyme present in human pancreatic juice 
was different from that of human hepatic, 
bone, or intestinal alkaline phosphatase. 
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