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Alimentary tract and pancreas

Enzyme transfer from pancreas to plasma during acute
pancreatitis. The contribution of ascitic fluid and
lymphatic drainage of the pancreas
A D MAYER, M AIREY, JAHAN HODGSON, AND M J McMAHON

From the University Department ofSurgery, General Infirmary, Leeds

SUMMARY Acute pancreatitis was induced in anaesthetised dogs in order to investigate the
relative contribution of peritoneal ascitic fluid and thoracic duct lymph as routes of transfer of
pancreatic enzymes from the inflamed gland to the blood. In eight animals the exudate from the
gland was collected in a plastic bag and continuously drained away, and in a further eight it was
allowed to accumulate within the peritoneal cavity. The thoracic duct was cannulated and in four
of the animals of each group the lymph which drained was discarded; in the other four it was
returned via a venous cannula. The initial rise of plasma amylase and lipase was probably because
of the direct transfer of enzyme into veins draining the pancreas or peri-pancreatic tissues.
Thereafter transfer of enzyme via the thoracic duct significantly influenced plasma concentrations
of amylase and lipase. The majority of enzyme released from the gland accumulated within the
peritoneal ascitic fluid, but this intraperitoneal accumulation did not appear to have a significant
influence upon lymph or plasma concentrations of amylase or lipase.

Rapid rises in the plasma concentration of pancrea-
tic enzymes are a characteristic and, in consequence,
usual diagnostic feature of acute pancreatitis. The
level to which plasma enzymes can rise is probably
determined by the enzyme producing capacity of the
gland and may be more closely related to the
aetiology of the pancreatitis than to its severity.
Thus attacks of pancreatitis associated with the
migration of a gall stone along the biliary tract
generally exhibit higher peak plasma concentrations
of amylase and lipase than those associated with
alcohol. ' 2 This is probably because acute gall stone
pancreatitis usually develops in a previously normal
gland whereas the pancreas is often chronically
damaged in patients with acute pancreatitis associ-
ated with alcohol abuse.

Patients with severe acute pancreatitis frequently
exhibit evidence of multisystem failure, which has
been attributed to the presence of active pancreatic
enzymes in the plasma or to toxic products which
result from enzymic activity in the pancreas, the
peripancreatic tissues or in ascitic fluid. Recent
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studies have shown that activated proteolytic en-
zymes form complexes with antiproteases within the
intraperitoneal ascitic fluid3 and that this fluid has
toxic effects both in vivo and in vitro.4 5 Plasma
concentrations of cX2-macroglobulin, the principal
antiprotease in plasma, are rarely severely depleted
even in the most severe forms of acute pancreatitis6
and the majority of 02-macroglobulin is free to
inhibit proteolysis.7 By contrast, antiproteases have
limited access to the peritoneal cavity and it has
been suggested that proteolytic activity within the
peritoneal cavity may result in the formation of toxic
products of the hydrolysis of proteins. Antiprotease
therapy for patients with acute pancreatitis has been
delivered principally by the intravenous route.813 If
the peritonea! cavity is the principal source of the
toxic component which underlies the systemic re-
sponse to severe acute pancreatitis then intravenous
therapy may be misdirected, and intraperitoneal
therapy more appropriate.

Increases in the plasma concentrations of amylase
and lipase occur very rapidly after the induction of
acute pancreatitis in experimental animals. This
finding, combined with the observation that enzyme
concentrations in peripheral venous blood, portal
venous blood and thoracic duct lymph were of
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similar magnitude during the first hour of ex-
perimental acute pancreatitis, led to the suggestion
that the principal determinant of plasma enzyme
concentrations during acute pancreatitis was direct
venous absorption of enzymes from the inflamed
gland 14 15 From a series of experiments carried out
in dogs in which experimental pancreatitis was
induced, Egdahl concluded that although the initial
rise in plasma enzyme concentration may have been
due to direct enzyme transfer into the portal venous
blood, the dominant route later in the course of the
attack was via the thoracic duct lymph and he
suggested that this was because of transperitoneal
absorption of enzyme-rich fluid into peritoneal
lymphatics. 16 Subsequently, Waterman and
Walsky17 found that the raised plasma amylase
observed 24 hours after induction of experimental
pancreatitis in guinea pigs, could be prevented by
enclosing the pancreas in a drained latex tube, thus
isolating the gland from the peritoneal cavity. They
concluded that transperitoneal absorption was the
principal determinant of the serum amylase concen-
tration. Many of the attachments of the pancreas,
however, which may have included most of the
lymphatics draining the gland, were divided during
the experimental preparation. In view of these
conflicting data we have carried out further experi-
ments designed to investigate the relative import-
ance of transperitoneal absorption from the ascitic
fluid, and direct absorption into pancreatic veins
and lymphatics, in dogs with experimental acute
pancreatitis. Although serine proteases and phos-
pholipase A2 may be the most important enzymes in
the pathogenesis of acute pancreatitis, amylase and
lipase were studied as markers of enzyme transfer
because specific inhibitors of these enzymes are not
present and routine bioassay techniques were there-
fore applicable.

Methods

DOGS
Sixteen mongrel dogs weighing between 16 and 26
kg were studied. Anaesthesia was induced using
intravenous sodium pentabarbitone (30 mg/kg) and
maintained with a halothane/nitrous oxide/oxygen
mixture administered through an endotracheal tube.
All animals were given an intravenous infusion of
physiological saline at a rate of 30 ml per hour.
Arterial blood pressure was monitored continuously
throughout the experiment via a cannula in the
femoral artery. A cannula was inserted into the
innominate vein in order to obtain peripheral
venous blood samples, and a silicone catheter (Nutri-
cath, Vygon BP, Ecouen, France; 0*8 mm ID) was
inserted into the abdominal trunk of the thoracic

duct which was occluded around the catheter using a
silk ligature. Lymph was allowed to drain freely
through this catheter and was collected over ice. The
lymph volume was recorded every 30 minutes, and
in eight dogs, a 2 ml sample of lymph was retained
for enzyme assay, the remainder of the 30 minute
lymph collection being returned via the venous
cannula. In the other eight animals, all the drained
lymph was retained. All samples of blood and lymph
were replaced with equal volumes of a plasma
expander containing 35 g/l polygeline (mole-
cular weight 35 000) (Hemacell, Hoechst UK,
Hounslow).

In eight animals (four in which lymph was
returned and four in which lymph was drained) the
pancreatic exudate was drained without the oppor-
tunity for contact with the peritoneal cavity. This
was achieved by suturing a polyethylene bag around
the margins of the pancreas, the sutures being
placed where possible in the wall of the stomach and
duodenum, care being taken not to damage the
pancreas itself. A sump drain was placed into the
polyethylene bag and was aspirated continuously,
the exudate being collected over ice. The volume
that accumulated over each 30 minute period was
measured, and retained for enzyme assay. In the
other eight animals, a polyethylene bag was also
sutured around the gland (as a sham procedure) and
was then removed in order to allow the pancreatic
exudate to pool within the peritoneal cavity as
ascitic fluid. Acute pancreatitis was induced by
infusing 10 ml of a 10% solution of sodium
taurocholate containing 1 ,ug per ml of enterokinase
into a cannula secured by a ligature within the main
pancreatic duct. The abdomen was closed by suture
after induction of pancreatitis.
Blood and lymph samples were collected immedi-

ately before and immediately after induction of
acute pancreatitis and then at 30 minute intervals for
six hours. The abdomen was then reopened and the
pancreas examined for evidence of acute pancreati-
tis and pancreatic necrosis. Free ascitic fluid was
collected by suction drainage and swabbing with dry
gauze, increase in weight being used to measure the
amount of absorbed fluid. The animals were then
killed.

All samples of plasma, lymph, pancreatic exudate
and free ascitic fluid were preserved at -70°C
before enzyme assay. Amylase was assayed by a
chromogenic technique (Phadabas, Pharmacia Di-
agnostics AB, Uppsala, Sweden), and lipase by a
turbidometric technique (Lipase UV-system 10,
Boeringer Diagnostica, Mannheim, West Ger-
many).

Wilcoxon's rank sum test was used to test for
statistical significance.
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Results

In each animal, acute haemorrhagic pancreatitis and
focal pancreatic necrosis were noted on reopening
the abdomen at the conclusion of the experiment
but hypotension (systolic blood pressure <100 mm
Hg) was not observed during the six hour period of
the study nor did any of the animals die during this
time.
The plasma concentrations of amylase (Fig. 1)

and lipase (Fig. 2) were not reduced by drainage of
the pancreatic exudate during the course of the
experiment. By contrast, when the thoracic duct
lymph was removed from the animal there were
significantly lower plasma concentrations of both
plasma amylase (Fig. 3) and lipase (Fig. 4) than
when the lymph was returned to the venous system.
Within 30 minutes of the start of the intraductal
infusion of the taurocholate and enterokinase solu-
tion, plasma concentrations showed a rapid and
statistically significant rise above the baseline con-
centration (p<OO1) which was not influenced by
drainage of the thoracic duct lymph.
The Table shows the total amounts of fluid, lipase

and amylase which accumulated in the pancreatic
exudate, thoracic duct lymph and ascitic fluid during
the six hours of the experiment, in the dogs in which
the pancreatic exudate was drained and those in
which the exudate was allowed to pool in the
peritoneal cavity. The small amounts of both amy-
lase and lipase in the ascitic fluid from the animals
with pancreatic drainage confirmed the efficiency of
the bag in preventing leakage of exudate into the
peritoneal cavity. The volume of exudate drained
from the gland was very similar to the volume of
ascitic fluid which was recovered from the animals
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Fig. 2 Influence ofpancreatic drainage upon the plasma
lipase concentration. Data points indicate the median for the
group with representative upper and lower quartiles. n = 8
for each group.

which did not have pancreatic drainage and the total
amount of enzyme (amylase or lipase) recovered
from the exudate was also similar to that recovered
from the ascitic fluid. In both groups of animals, the
enzyme accumulation in the exudate of the drained
dogs, and in the ascitic fluid of those which were not
drained was much greater than the total transfer of
enzyme via thoracic duct lymph (Figs. 5 and 6).
Drainage of the pancreatic exudate did not reduce
the amount of amylase or lipase in the thoracic duct
lymph.

Discussion

Plasma levels of both amylase and lipase climbed
rapidly during and immediately after induction of
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Fig. 1 Influence ofpancreatic drainage upon the plasma
amylase concentration. Data points indicate the median for
the group with representative upper and lower quartiles. n =

8for each group.

Fig. 3 Influence ofthoracic duct drainage upon the plasma
amylase concentration. Data points indicate the median for
the group with representative upper and lower quartiles.
Significance levels are indicated. n = 8for each group.
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Fig. 4 Influence ofthoracic duct drainage upon the plasma
lipase concentration. Data points show the median for each
group and representative upper and lower quartiles.
Significance levels are indicated. n = 8for each group.

acute pancreatitis. The rapidity of the rise, and the
fact that it was not prevented by draining the
thoracic duct lymph, suggest that direct passage of
enzymes into veins draining the pancreas was the
most likely route of transfer of the enzymes during
the initial stages of the experiment. After the first
hour, enzyme levels in the plasma tended to reach a

plateau, the height of which was significantly less
when thoracic duct lymph was prevented from
reaching the circulation. This suggests that transfer
of enzyme via lymphatic channels which enter the
thoracic duct is an important determinant of plasma
concentration. In this respect our findings were in
agreement with those of Egdahl,16 but our data do
not support the concept that it is the peritoneal fluid
which is the source of the enzyme in the thoracic
duct lymph.

It was not possible to comment upon the actual
amount of enzyme entering the plasma, but the
relatively modest accumulation in the lymph sug-
gests that the total quantity of enzyme which
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Fig. 5 Amylase accumulation in ascitic fluid, pancreatic
exudate and thoracic duct lymph during six hours ofacute
pancreatitis. The histogram represents the median for each
group and the error bar the upper quartile. n = 8for each
group.

accumulated in the peritoneal cavity far exceeded
that which gained access to the plasma. Moreover,
the total amount of amylase or lipase measured in
the drained pancreatic exudate was similar to that
which remained at six hours in the ascitic fluid of
animals without pancreatic drainage. This implies
that the majority of amylase and lipase which
entered the peritoneal cavity was neither destroyed
nor transferred to the blood during the initial stages
of acute pancreatitis. We must conclude therefore
that the lymphatics draining the pancreas and
peripancreatic tissues are the principal source of
enzyme entering the thoracic duct.

Table Accumulation offluid, amylase and lipase in peritoneal exudate, asciticfluid and lymph after the induction ofacute
pancreatitis. Data are median total output over the six hour period and the interquartile range

Thoracic duct lymph Pancreatic exudate Asciticfluid

Exudate drained
(n=8)

volume (ml) 87 (69-135) 171 (113-223) 47 (32-66)
amylase (IU) 571 (318-972) 8 410 (7368-20 733) 554 (341-1031)
lipase (U) 594(188-888) 13 240 (6169-18 495) 151 (97-335)

Exudate not drained
(n=8)

volume (ml) 78(51-174) 177 (141-289)
amylase (IU) 536 (252-862) 11 039 (3789-17 494)
lipase (U) 649 (217-886) 99 039 (3789-1794)

t~ ~ I* I
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Fig. 6 Lipase accumulation in ascitic fluid, pancreatic
exudate and thoracic duct lymph during six hours of acute
pancreatitis. The histogram represents the median for each
group and the error bar the upper quartile. n =8for each
group.

it is possible to cannulate the thoracic duct in
man.18 Amylase levels in thoracic duct lymph were
found to be higher than in simultaneous plasma
samples, and normalised during the course of the
first week of the attack.'19 It was suggested that the
establishment of a thoracic duct lymphatic fistula
conferred therapeutic benefit upon the patients.

Patients with mild pancreatitis caused by gall
stones frequently display high concentrations of
plasma amylase with little or no free peritoneal
fluid. Our data suggest that in these mild attacks of
acute pancreatitis, high plasma concentrations of
amylase result from direct transfer of enzyme to
lymphatic vessels which drain the pancreas, even
though the damage suffered by the gland is insuffi-
cient to result in significant formation of ascitic
fluid. If the pancreas was previously normal, very
high concentrations of enzyme collect in the oedema
fluid immediately deep to the pancreatic serosa.16

Furthermore, in the patient with a severe attack of
pancreatitis in whom large volumes of ascitic fluid
accumulate, our data would be quite consistent with
a relatively modest enzyme response even though
high concentrations of amylase and lipase are often
present in the ascitic fluid. In addition, if the
findings of our study are applicable to patients with
acute pancreatitis, removal of intraperitoneal fluid
should have little influence upon the plasma concen-

trations of enzyme. This indeed was one of the
findings of a multicentre study of therapeutic
peritoneal lavage which has recently been con-
cluded.20
Although our data suggest that little amylase or

lipase leaves the peritoneal sump of fluid, there is
evidence that large molecular weight proteins such
as OC2-macroglobulin gain access to it.3 It is unlikely
that intraperitoneal x2-macroglobulin originates
from sites other than plasma, and it is probable that
this protein (molecular weight 725 000 daltons) is
either a component of the exudate from the in-
flamed pancreas, or migrates through the peritoneal
mesothelium subsequently. The data suggest that
the majority of the enzymes released from the
inflamed pancreas during acute pancreatitis collect
within the peritoneal cavity, although we have only
studied amylase and lipase and we cannot be certain
that the same fate is shared by pancreatic proteases.
By the generation of bioactive peptides, intraper-
itoneal proteolytic activity may be of importance to
the pathogenesis of acute pancreatitis,3 and it has
been suggested that the biological activity of the
ascitic fluid is largely resident within molecules of
about 1000 daltons.1 Such relatively small mole-
cules might pass more readily into the plasma, either
directly into capillaries beneath the peritoneal
mesotheliem or into peritoneal lymphatics. Thus
while our data suggest that the intraperitoneal
ascitic fluid contributes little to enzyme concentra-
tions in the plasma during acute pancreatitis, they
do not eliminate the possibility that the intraper-
itoneal enzyme collection is an important deter-
minant of the systemic response to the attack.
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Amelie Waring Foundation, The West Riding
Medical Research Trust, The Special Trustees of the
General Infirmary at Leeds and Bayer UK Limited,
without whose support this study would not have
been possible. We are grateful to Carol Nutman for
technical assistance and to Mrs Margaret Richard-
son for the preparation of the manuscript.
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