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Objective
To examine the relation between hepatic reticuloendothelial
system (RES) dysfunction and the development of acute biliary
pancreatitis. In an opossum model, the authors tested the hy-
pothesis that RES blockade can turn the mild pancreatitis seen
after pancreatic duct obstruction (PDO) into the severe form.

Summary Background Data
Biliary obstruction is considered the decisive event in gall-
stone pancreatitis. Suppression of the RES occurs during bili-
ary obstruction.

Methods
Eighteen opossums were placed into three groups of six ani-
mals each: group A, RES blockade with l-carrageenan;
group B, PDO; and group C, PDO and RES blockade with
carrageenan. The severity of pancreatitis was evaluated by
enzyme serum levels and percentage of pancreatic tissue ne-
crosis. RES capacity was measured by dynamic liver scintig-
raphy, and hepatic blood flow was documented using the

hydrogen clearance technique.

Results
No changes in hepatic blood flow occurred in groups A to C.
RES capacity was suppressed in groups A and C; in group B,
RES function remained unchanged. In group A, amylase and
lipase levels remained normal, 3 6 1.9% of pancreatic tissue
were necrotic. The animals in group B developed mild edem-
atous pancreatitis with an increase in amylase and lipase lev-
els and 15 6 10% of pancreatic necrosis. In group C, amy-
lase and lipase increased significantly and histology revealed
severe necrotizing pancreatitis, with 72 6 11% of necrotic
areas.

Conclusions
Artificial RES blockade can promote the progression from
mild pancreatitis as observed after PDO to the severe necro-
tizing form of the disease. Thus, RES dysfunction resulting
from biliary obstruction might be an important cofactor in the
pathogenesis of bile-induced pancreatitis.

Acute biliary pancreatitis is an inflammatory disease that
varies in severity and outcome. Mild edematous pancreatitis
usually results in morphologic and functional recovery,
whereas severe necrotizing pancreatitis is often associated
with multisystemic complications and a death rate of 10% to
50%.1 The reason for this variety in manifestation is not
known. The identification of factors determining the sever-
ity of acute pancreatitis is essential to improve the under-

standing of the pathophysiology of bile-induced pancreatitis
and its complications.

Obstruction of the terminal biliopancreatic ductal system
is considered to be the triggering event in human gallstone
pancreatitis. Opie,2 in 1901, postulated that reflux of bile,
caused by a gallstone impacted in a common terminal
biliopancreatic duct, initiates the process of pancreatic in-
flammation. Today, most authors disagree with this so-
called common channel theory, and not reflux of bile but
simultaneous obstruction of the biliary and the pancreatic
ducts and their pathophysiologic consequences are consid-
ered to be the determining factors in the development of
severe pancreatitis.3–5

Suppression of the hepatic part of the reticuloendothelial
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system (RES) is one of the multiple changes occurring
during extrahepatic cholestasis.6–9 The most important
function of the RES is to clear the portal blood of foreign
particles and endotoxins before they can enter the peripheral
circulation, and failure of RES function is associated with
many diseases.10,11The results of clinical and experimental
studies have shown that RES dysfunction also plays an
important role in the pathogenesis of acute biliary-type
pancreatitis.12–15 Recent studies using the opossum model
showed that biliary obstruction causes significant suppres-
sion of hepatic RES function. Additional obstruction of the
pancreatic duct results in severe hemorrhagic pancreatitis
and an even greater decrease in RES capacity, whereas
pancreatic duct obstruction (PDO) alone leads to mild pan-
creatitis without alteration of hepatic macrophage func-
tion.16 These results suggest that RES dysfunction, coincid-
ing with a predamaged pancreatic gland, might trigger the
progression from mild to severe acute pancreatitis. Never-
theless, it cannot be excluded that impairment of the RES is
simply a consequence of the inflammatory disease.

We designed the present study to examine the relation
between hepatic RES dysfunction and the development of
experimental acute pancreatitis and to test the hypothesis
that artificial RES blockade can turn a mild edematous
pancreatitis into the severe necrotizing form of the disease.

METHODS

Animals

Eighteen female adult North American opossums(Didel-
phis virginiana)were obtained from Ray Singleton (River-
view, FL). The opossums weighed 3,250 to 4,850 g; all
were healthy, dewormed, and free ofSalmonella. Animals
were housed in individual steel cages, maintained on an
artificial 12-hour day/night cycle, and fed standard labora-
tory chow and water ad libitum. A schematic overview of
the experimental setup is given in figure 1.

Surgical Procedures

After a 12-hour overnight fast, anesthesia was induced by
an intraperitoneal injection of 25 mg/kg pentobarbital
(Nembutal, 6 g/100 mL; Sanofi Ceva, Du¨sseldorf, Germa-
ny), a dose that allowed spontaneous breathing. The animals
then underwent surgery under sterile conditions. A central
venous line was placed in the internal jugular vein and the
catheter was externalized to the back. After the abdomen
was entered using a midline laparotomy, hepatic microper-
fusion was measured using the hydrogen clearance tech-
nique. The opossums were then randomly placed into three
experimental groups of six animals each. The animals in
group A underwent mobilization of the pancreatic duct and
served as sham-operated controls with solitary artificial
RES blockade. This group was designed to exclude possible
toxic effects of the substance used for RES blockade on the

pancreas itself. In groups B and C, the pancreatic duct was
ligated using prolene 4-0. Care was taken to exclude and, if
present, close accessory pancreatic ducts. In group B, soli-
tary PDO was performed. The animals in group C under-
went additional RES blockade as described below. All ex-
periments were performed in accordance with German
legislation on the protection of animals and the “Guide for
the Care and Use of Laboratory Animals.”

Dynamic Liver Scintigraphy

The animals were allowed to recover from anesthesia and
surgery and were given free access to food and water. Two
days after the surgical procedures and before induction of
artificial blockade, RES capacity was determined by dy-
namic liver scintigraphy. The opossums were anesthetized
with an intravenous injection of 0.5 mL Nembutal and
placed under a computerized gamma camera. Nanocoll
(Sorin Biomedica GmbH, Du¨sseldorf, Germany), an albu-
men colloid with a diameter of 25 to 50 nm, was marked
with 99mTc and used as a test substance. An injection of 20
MBq in a volume of 2 mL Nanocoll colloid solution was
given rapidly through the central venous line. The system
was then flushed with 0.9% sodium chloride to avoid accu-
mulation of radioactive particles in the catheter. Gamma
camera pictures were taken every 4 seconds for the first 8
minutes and at intervals of 30 seconds for the next 12
minutes. To calculate the net liver uptake of the test sub-
stance, one region of interest was placed above the liver and
another was used to mark an area in the lower abdomen to
measure background radiation. Time-activity curves were
generated for both regions of interest, and the resulting net
uptake by the hepatic RES was calculated using a computer
(Fig. 2) To obtain a parameter that quantitatively describes
RES capacity, natural logarithmic regression of the data
obtained from the gamma camera was performed using the
formula: count rate (MBq/sec)5 R 3 ln(time) 1 S, where
S reflects the curve position in the coordinate system and R
describes the shape of the uptake curve and therefore is well
suited to quantify RES uptake capacity. It is referred to as
“regression parameter R.”

Scintigraphic measurements were repeated in an identical
manner on days 1, 2, 5, and 6 after RES blockade.

RES Blockade

After the initial RES capacity was determined, artificial
blockade of the RES was induced in the sham-operated
animals of group A and in group C, where PDO had been
performed. l-Carrageenan, a high-molecular-weight sul-
fated polygalactan, was used to block macrophage function.
To provide a sufficient depression of RES function for the
entire duration of the experiment, 25 mg/kg was injected
twice a day at 12-hour intervals. The animals in group B did
not undergo RES blockade and served as controls with
solitary PDO.
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To detect carrageenan in liver tissue, 5-mm slices were
fixed in 9% buffered formalin and embedded in paraffin.
Sections were stained with alcian blue at pH 2.5 and exam-
ined by light microscopy.

Hydrogen Clearance Technique
To exclude changes in hepatic blood flow as a possible

cause of RES suppression, we measured the microperfusion
of the liver before surgery and application of the test sub-
stances and at the end of the experiment in all animals using

the hydrogen clearance technique described by Auckland et
al.17 During the surgical procedure, the liver was exposed
and two platinum electrodes (18G) were inserted in the
parenchyma of each lobe. The terminals of the electrodes
were connected to an amplifier-recorder device (Ameflow,
Ameda AG Medical Equipment, Hu¨neberg, Switzerland).
After a short stabilization period of 5 minutes, technically
pure hydrogen was added to the air and supplied over a tube
that was placed in the mouth of the spontaneously breathing
animals for 1 minute. The flow rate of hydrogen gas was 1

Figure 1. Experimental time table
of surgical procedures, injections of
carrageenan (CAR), and measure-
ments of reticuloendothelial (RES) ca-
pacity, pancreatic enzyme activity,
and liver perfusion performed in
groups A to C.

Figure 2. Count rates of the re-
gions of interest placed above the
liver and the abdomen (background
radiation) and calculation of the re-
sulting net liver uptake curve after in-
jection of 20 MBq 99mTc–Nanocoll,
according to Baas et al.16
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L/min. Measurements were taken at 0 and 15 minutes after
insufflation and the mean value was calculated. Hepatic
blood flow was expressed in mL/min/100 g.

Amylase and Lipase

Blood samples for analysis of serum amylase and lipase
activity were obtained from the central venous line before
surgery (day 0) and on the last day (day 6) of the experi-
ment. The samples were analyzed using an Hitachi Analyzer
(Roche Diagnostics, Mannheim, Germany).

Morphology

On day 6 the animals were killed by an overdose of
Nembutal. The pancreas was harvested and fixed in 9%
buffered formalin. Five random cross-sections from the
head, body, and tail of each pancreas were embedded in
paraffin, sectioned (1.5mm), and stained with hematoxylin
and eosin for light microscopy. The extent of pancreatic
tissue necrosis was quantitated by morphometric analysis.
Extrapancreatic lesions such as fatty tissue necrosis were
not considered. For morphometric analysis, a representative
area of each cross-section was photographed at365 mag-
nification; photomicrographs were printed on glossy paper
and coded. Thirty photomicrographs per group were ana-
lyzed by an experienced morphologist unaware of the ex-
perimental group under investigation. The extent of marked
necrotic pancreatic tissue was determined using a computer
program (Paint Shop Pro 6.0, Jasc Software Inc. Micro
Basic, Munich, Germany) and expressed as a percentage of
the total microscopic field.

Statistical Analysis

All data are expressed as means6 standard deviation.
Results were analyzed using the Wilcoxon test for paired

and unpaired samples. Differences were considered signif-
icant atP , .05 and highly significant atP , 0.005.

RESULTS

Surgery

The average operating time for central venous catheter
placement, laparotomy, hydrogen clearance measurement,
and PDO was 100 minutes. All surgical manipulations were
completed without any intra- or perioperative complica-
tions. One opossum in group C died on day 5 after RES
blockade because of severe necrotizing pancreatitis. This
diagnosis was confirmed at autopsy. All other animals sur-
vived for the duration of the experiment.

Hepatic Tissue Perfusion

Neither surgical manipulations nor application of carra-
geenan and induction of RES blockade influenced hepatic
blood flow. In groups A to C, values of hepatic blood flow
measured before the killing of the animals on day 6 did not
differ from values obtained immediately after laparotomy
(day 0) (Fig. 3).

RES Phagocytic Capacity

When RES phagocytic capacity was initially determined
in groups A to C after the animals had recovered from
surgery (day 0), no significant differences in RES function
were noted between the three groups. The mean values of
regression parameter R were 4.06 0.38, 4.286 0.22, and
4.286 0.36, respectively (Table 1).

In group A (solitary RES blockade), regression parameter
R dropped significantly on the first day after application of
carrageenan. With daily injections of carrageenan as de-
scribed above, significant RES suppression in this group

Figure 3. Hepatic blood flow in
groups A to C. Values on day 0 were
obtained during the surgical proce-
dure, values on day 6 before the ani-
mals were killed. Data are presented
as means 6 standard deviation.
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continued until day 6. In group B (solitary PDO), there was
no remarkable change in RES function. Regression param-
eter R dropped discretely over the course of the experiment,
a change that could eventually be explained by the surgical
manipulation. The animals in group C (PDO and RES
blockade) showed a significant decrease in hepatic RES
function that, as in group A, occurred on day 1 after carra-
geenan injection and continued until day 6.

The scintigraphic results were confirmed by the histo-
logic liver sections stained with alcian blue that showed
carrageenan in Kupffer cells (Fig. 8); no alcian blue stain
was observed in group B.

Serum Amylase and Lipase Activity

Amylase (2026 19 to 2476 36 U/L) level did not
increase significantly after artificial RES blockade in group
A. In group B, PDO resulted in significantly elevated amy-
lase levels toward the end of the experiment (2496 42 to
745 6 68 U/L). The highest amylase levels were observed
after the combination of PDO and RES blockade in group C.
The increase in amylase from day 0 to day 6 (2066 16 to
3,4706 1,418 U/L) in the latter group and the difference
between amylase levels on day 6 in groups B and C (7456
68 U/L and 3,4706 1,418 U/L) were significant (P , .05;
Fig. 4). Lipase activity remained nearly unchanged (60.16
13 to 806 21 U/L) in group A. In groups B (566 9 to 1006
14 U/L) and C (556 8 to 9506 404 U/L), lipase serum levels

were elevated toward the end of the experiment. However, this
increase was significant only in group C (P , .05).

Morphologic Findings

The pancreas of the animals of group A (RES blockade)
appeared normal. Only 36 1.9% (0–8%) of pancreatic
cells were necrotic (Fig. 5) (Table 2). The animals in group
B, who underwent PDO without RES blockade, developed
mild edematous pancreatitis typically characterized by in-
traacinar distention, intralobular edema, and periductal and

Table 1. DEVELOPMENT OF
REGRESSION PARAMETER R

Day
Group

A
Group

B
Group

C

0 4.00 6 0.38 4.28 6 0.22 4.28 6 0.36
1 0.43 6 0.30* 4.18 6 0.24 0.87 6 0.51*
2 0.55 6 0.30* 3.95 6 0.23 0.23 6 0.10*
5 0.38 6 0.19* 3.81 6 0.18 0.23 6 0.15*
6 0.41 6 0.24* 4.06 6 0.23 0.20 6 0.09*

Data are presented as mean 6 SD.
* Significant (P , .05) suppression of regression parameter R after artificial reticu-

loendothelial blockade.

Table 2. PERCENTAGE OF PANCREATIC
TISSUE NECROSIS

Group
% Tissue
Necrosis

A 3 6 1.9(0–8)
B 15 6 10 (7–46)
C 72 6 11*(42–88)

* Significant (P , .05) differences between tissue necrosis in mild (group B) and
severe (group C) pancreatitis.

Figure 4. Comparison between preoperative (day 0) amylase and
lipase levels and pancreatic enzyme activity at the end of the experiment
(day 6) in groups A to C. *, significantly elevated enzyme levels. **,
significant differences between groups B and C. Data are expressed as
means 6 standard deviation.
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interstitial inflammatory infiltrations. The percentage of ne-
crotic pancreatic tissue in this group was 156 10% (7–
46%; Fig. 6, Table 2). PDO combined with artificial RES
suppression as performed in group C resulted in the histo-
logic reflection of severe necrotizing acute pancreatitis. The
extent of pancreatic tissue necrosis, accompanied by extra-
parenchymal damage such as hemorrhage and fatty tissue
necrosis, reached 726 11% (42–88%). This was signifi-
cantly higher than in group B (P , .05; Fig. 7, Table 2).

DISCUSSION

Most cases of acute pancreatitis manifest as mild edem-
atous inflammation of the gland, but at least 10% of patients
with acute pancreatitis develop a severe form of the disease
associated with high rates of death and complications. De-
spite intensive research, the pathomechanisms that determine
the severity of acute pancreatitis remain unclear. Because of
this lack of understanding of pancreatitis pathophysiology,
nospecific causal therapy is known, and clinical management
still concentrates on symptomatic treatment and prevention of

complications.
Biliary obstruction is the major causal factor of acute

pancreatitis. The results of studies by Acosta and Ledesma18

have shown that bile-induced pancreatitis is precipitated by
the passage of a gallstone into or through the terminal
biliary system. The mechanism by which stone passage
triggers acute pancreatitis is still a subject of discussion. The
Opie theory has been challenged by reports that bile can be
infused through the pancreas at physiologic pressures with-
out causing pancreatitis19,20 and that a common channel is
present in only a small percentage of the population.21 Further,
it has been observed that pancreatic ductal pressure exceeds
biliary ductal pressure,22 suggesting that even if a common
channel existed, reflux of pancreatic juice into the bile duct
rather than flow of bile into the pancreas would be expected.

Senninger et al4 demonstrated in the American opossum
that necrotizing pancreatitis can be produced by separate
ligation of the bile and pancreatic ducts, a situation when

Figure 5. Normal glandular architecture of the pancreas in an animal
from group A after artificial reticuloendothelial blockade without pancre-
atic duct obstruction (hematoxylin and eosin stain, 3125).

Figure 6. Mild edematous pancreatitis resulting from solitary pancreatic
duct obstruction in an animal from group B. Interstitial edema and moder-
ate leukocyte infiltration are typical (hematoxylin and eosin stain, 3125).

Figure 7. Severe necrotizing pancreatitis resulting from combined
pancreatic duct obstruction and artificial reticuloendothelial blockade in
an animal from group C. Remnants of pancreatic tissue are surrounded
by extensive tissue necrosis and leukocyte infiltration (hematoxylin and
eosin stain, 3125).

Figure 8. Liver tissue of an animal from group C showing carrageenan
within Kupffer cells (arrows; alcian blue stain, 3400).

Vol. 233 ● No. 4 Schleicher and Others 533



reflux of bile is excluded, as well as by obstruction of the
combined biliopancreatic duct. Others even described se-
vere acute pancreatitis in the opossum after solitary PDO.5

Therefore, we must conclude that the most important factor
in the development of severe necrotizing pancreatitis is not
reflux of bile but biliary and pancreatic duct obstruction and
their pathophysiologic consequences.

Increased pancreatic exocrine secretion,23 increased bile
acid concentrations in pancreatic juice,24 decreased myo-
electric activity of the duodenum and the sphincter of
Oddi,25 and increased bacterial translocation from the gut
and endotoxemia26,27 are among the changes that follow
biliary obstruction. Interestingly, none of these isolated
factors caused severe necrotizing pancreatitis when it was
experimentally combined with PDO.

Another well-known alteration occurring during extrahe-
patic obstructive jaundice is RES dysfunction.6–8 The RES
consists of wandering and sessile mononuclear macro-
phages that are derived from a common stem cell in the
bone marrow. These macrophages are responsible for the
identification and clearance of foreign particulate matter
from the bloodstream. The Kupffer cells of the liver form
the major functional mass of total body RES and account for
90% of total clearance capacity. They are located at a
juxtaposition between the portal and systemic circulation
and therefore are of highest importance for the phagocytosis
of gut-derived bacteria and endotoxins before they can enter
the peripheral bloodstream.9,10 In former studies using the
opossum model, we have shown that ligation of the chole-
dochal duct before its junction with the pancreatic duct
results in a significantly reduced clearance capacity of the
Kupffer cells, but causes only hyperemia in the pancreas.
Additional obstruction of the pancreatic duct, however,
resulted in an even higher decrease in RES function and
caused severe necrotizing pancreatitis.16

Whether RES suppression is a pathogenic cofactor that
triggers the severity of pancreatitis in this model or just a
systemic reaction to the inflammatory disease had not been
answered. The results presented here show that artificial
blockade of the hepatic RES directly influences the devel-
opment of acute pancreatitis by promoting the progression
from the mild to the severe form of the disease.

In studies by other groups, the influence of the RES
functional status on the development of pancreatitis was
examined using an experimental design where necrotizing
pancreatitis was induced first and then the effect of blockade
or stimulation of the RES on the outcome of pancreatitis
was evaluated.15 To demonstrate a direct relation between
hepatic RES dysfunction and the development of severe
acute pancreatitis, we needed an experimental setup that
allowed us to examine selectively whether RES suppression
induced in animals with mild pancreatitis can turn it into
severe necrotizing pancreatitis.

The duct obstruction model used in the North American
opossum is a suitable model to examine mechanisms of
gallstone pancreatitis. The opossum has a long and easily

identified extrahepatic bile duct that is joined by the pan-
creatic duct 2 to 3 cm before it drains into the duodenum.
Thus, ligation of the bile and pancreatic ducts is easily
accomplished and surgery can mimic the kind of obstruction
that would occur during the passage of a gallstone or its
impaction into the papilla of Vater in the clinical situation
with little manipulation of the choledochopancreatoduode-
nal junction. Depending on the site of ligation, standardized
circumstances of varying severity of pancreatitis may be
examined: pancreatic hyperemia and hypersecretion by sol-
itary ligation of the bile duct, mild edematous pancreatitis
by obstruction of the pancreatic duct alone, and necrotizing
pancreatitis by ligation of the common biliopancreatic duct
or bile and pancreatic ducts.4 In contrast to the opossum,
obstruction of the common channel in the rat results in mild
edematous pancreatitis followed by pancreatic atrophy
without the development of necrosis. That is why the rat
obstruction model was not appropriate to show the histo-
logic appearance of severe necrotizing pancreatitis after
RES blockade. The other frequently used model of acute
pancreatitis in the rat, cerulein-induced edematous pancre-
atitis, differs from the pathogenesis of gallstone pancreatitis
and therefore is hampered by its lack of clinical relevance.
As for the opossum model, its clinical relevance, combined
with the morphologic similarities between human and opos-
sum pancreatitis of varying severity, suggests that the opos-
sum is an ideal experimental animal with which to address
questions of pancreatitis pathophysiology.

However, opossums cannot be bred in captivity, so ani-
mals captured from the wild must be used. Large parasite
andSalmonellaburden and high interanimal variability are
the major problems associated with the use of wild opos-
sums in the laboratory.28,29 Our animals were pretreated
with antibiotics and anthelmintics by the vendor. Because
the animals of the three groups did not differ in initial RES
capacity, an influence of variable bacterial burden on the
results of RES measurement and the severity of pancreatitis
is not very likely.

We used carrageenan to induce depression of RES func-
tion. Carrageenan is a high-molecular-weight sulfated po-
lygalactan extracted from marine algae. After intravenous
injection, it is taken up by the macrophages and produces
osmotic swelling and cell death. The use of this substance to
depress Kupffer cell function in rats is frequently described
in the literature,30,31whereas in the opossum artificial RES
blockade had not been performed yet. An important factor
that had to be considered was the susceptibility of RES
phagocytic capacity to changes in hepatic blood flow. To
achieve comparable results of macrophage function in the
different groups, the effects of carrageenan and also pan-
creatic obstruction on the perfusion of the liver had to be
documented. We measured hepatic microperfusion by the
hydrogen clearance technique before surgery and applica-
tion of carrageenan and toward the end of the experiment in
all groups. The results of these measurements showed that
neither carrageenan nor pancreatic obstruction altered liver
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perfusion, and hepatic blood flow remained unchanged in
all three groups.

In group A (sham-operated animals with carrageenan
application), the regression parameter R representing RES
function significantly dropped after the injection of carra-
geenan. This low level of phagocytic activity was preserved
by daily repetition of the carrageenan dose. Because carra-
geenan is also known to induce acute inflammatory edema
of the rat hind paw after subcutaneous injection,32 a toxic
effect of this substance on the pancreas itself could not be
excluded from the start. Nevertheless, neither a change in
the serum activity of amylase and lipase nor any pathomor-
phologic changes occurred in the animals with solitary
carrageenan-induced RES blockade.

As performed in group B, PDO caused interstitial edema
of the pancreas with mild inflammatory cell infiltration and
only small areas of necrosis. Serum levels of amylase and
lipase were increased. These results confirm earlier obser-
vations reported by our group4,16 using the opossum model
and observations made by others who used different animal
models.33,34 Hepatic RES capacity was not significantly
decreased in this mild form of pancreatitis. The results from
groups A and B clearly indicate that neither RES dysfunc-
tion alone nor solitary pancreatic obstruction can cause
necrotizing pancreatitis in this experimental setup. Addi-
tional carrageenan-induced blockade of the RES, as per-
formed in group C, resulted in an increase of amylase and
lipase activity that was significantly greater than in group B.
Morphometric analysis in this group revealed severe acute
pancreatitis with a significantly higher percentage of ne-
crotic areas, hemorrhage, and extensive fatty tissue necrosis.
Because any other alterations observed after mechanical
biliary obstruction were excluded in our model by artificial
suppression of the RES, we conclude from these results that
RES dysfunction can turn the mild form of pancreatitis into
the severe necrotizing form. It does not seem to be impor-
tant whether suppression of the RES is a result of biliary
obstruction or is induced pharmacologically.

The mechanism by which diminished RES phagocytic
capacity triggers severe pancreatitis cannot be explained by
our results. Our results show that mild inflammatory dam-
age of the pancreas, as induced by duct obstruction, seems
to be a precondition for the development of severe pancre-
atitis after macrophage blockade. PDO is known to result in
increased pancreatic duct pressure and ductal permeability,
thus enabling pancreatic enzymes such as trypsinogen to
enter the blood vessels and the lymphatic system. When
entering the circulation, these proteases are complexed by
a2-macroglobulin. The complexes remain enzymatically ac-
tive and can still activate various enzymes such as trypsin,
chymotrypsin, kallikrein, and elastase.35 Normally, the pro-
teinase–inhibitor complexes are rapidly cleared from the
bloodstream by receptor-mediated phagocytosis by the
RES.36 If this clearance is not adequately performed, these
complexes could further damage the pancreas and other

tissues, thereby inducing a vicious circle culminating in
necrotizing pancreatitis and multisystemic complications.

Another possible explanation would be that the deficit of
pancreatic enzymes in the duodenum during duct obstruc-
tion results in maldigestion and consecutive overgrowth of
endotoxin-producing bacteria in the gut.6 Bacterial endotox-
ins activate macrophages and mediate the production of
different cytokines. These cytokines are known to activate
neutrophil granulocytes that develop metabolic hyperactiv-
ity in severe acute pancreatitis.37 Elevated cytokine levels
and granulocyte hyperactivation are associated with im-
paired function of the phagocytic cells,38,39 again resulting
in an inadequate clearance of endotoxin and harmful pro-
tease–antiprotease complexes.

Further research will be necessary to prove or disprove
these arguments and to clarify the significance of the com-
plex mechanisms of local and systemic immune function in
the progression from mild to severe acute pancreatitis.
Whether support or substitution of impaired macrophages
can influence the outcome of acute biliary pancreatitis must
be investigated in further studies with our model. The effi-
ciency of a so-called artificial RES for eliminating protease-
complexeda2-macroglobulin has been proven in vitro.40

However, as for the clinical situation, our results show that
dysfunction of the hepatic RES like that found in obstructive
jaundice promotes the progression from mild to severe acute
pancreatitis, and early biliary decompression is necessary in
acute pancreatitis to avoid further damage to the RES.
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