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Clinical relevance of experimental
models of acute pancreatitis
J. MAYERLE, F. U. WEISS and M. M. LERCH

INTRODUCTION

Acute pancreatitis is one of the most common diseases in gastroenterology. The
incidence of acute pancreatitis per 100000 population ranges from 10 to 46 per
year; 2% of all patients admitted to hospital are diagnosed with acute
pancreatitis. Nevertheless even in the 21st century neither the aetiology nor
the pathophysiology of the disease is fully understood and causal treatment
options are not at hand. This fact has prompted numerous researchers to study
the initial triggering events of acute pancreatitis in order to develop new
treatment strategies. Much of our current knowledge regarding the onset of
pancreatitis was gained not from studies involving the human pancreas or
patients with pancreatitis, but from animal or isolated cell models. There are
several reasons why these models have been used. (I) The pancreas is a rather
inaccessible organ because of its anatomical location in the retroperitoneal
space; unlike the colon or stomach, biopsies of human pancreas are difficult to
obtain for ethical and medical reasons. (2) Patients who are admitted to
hospital with acute pancreatitis have usually passed through the initial stages
of the disease where the triggering early events could have been studied.
Particularly the au to digestive process that characterizes this disease has
remained a significant impediment for investigations that address initiating
pathophysiological events. Therefore, the issue of premature protease activation has mostly been studied in animal models of the disease, before
randomized placebo-controlled trials to evaluate new therapeutic concepts in
humans could be performed. Experimental models are now irreplaceable tools
in studying aetiological factors, pathophysiology, and new diagnostic tools, as
well as treatment options in acute pancreatitis. The advantages of animal
models are the possibility to isolate specific aspects of a complex and varying
disease course, the high degree of standardization and reproducibility, and the
reduction of the required sample size eliminating variability in the study
population.
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Animal models can be grouped into invasive in-vivo models, non-invasive invivo models and ex-vivo models. The mode of onset and development, the
disease severity, the extent of inflammation and the associated mortality vary
considerably among different models.

NON-INVASIVE MODELS
Secretagogue Induced pancreatitis

It is generally believed that the morphological changes that characterize acute
pancreatitis result from digestion of the gland by enzymes that are normally
synthesized and secreted by pancreatic acinar cells 1-3. Evidence which supports
this notion includes the observations that: (a) the morphological changes of
severe pancreatitis resemble those that are typical of digestive necrosis 4 ; (b)
pancreatic acinar cells synthesize digestive enzymes which, when activated,
lead to digestive necrosis of the gland 5 ; and (c) activated digestive enzymes have
been detected within the gland during severe pancreatitis 6 . Most of the
potentially harmful digestive proteases of acinar cells are normally synthesized
and secreted as inactive zymogens and activated in the duodenum by brushborder enzymes?
As early as 1895 Mouret reported that excessive cholinergic stimulation is
associated with the development of pancreatic injury determined by acinar cell
vacuolization and necrosis8 . Mouret suggested that the activation of trypsin
might be actively involved in the development of acute pancreatitis. This
hypothesis was in accordance with the hypothesis of Hans Chiari, who in
1986 proposed autodigestion as the consequence of premature zymogen
activation to be the pathomechanism underlying acute pancreatitis I. Subsequently experimental animal models employing cholinergic agonists such as
carbamy1choline and charbachol, cholesystokinin (CCK) and its analogues, as
well as scorpion venom, were shown to induce pancreatic injury in a time- and
dose-dependent manner9- 13 . In rodents CCK plays a major role in regulating
exocrine pancreatic secretion after stimulation by food ingestion. However,
human pancreatic acinar cells do not directly respond to CCK stimulation, but
are regulated by cholinergic pathways that involve neurogenic CCK stimulation l4 . In 1977 Lampel and Kern characterized the clinical and biochemical
pattern of acute interstitial pancreatitis in rats after administration of excessive
doses of pancreatic secretagogue l5 . The most prominent clinical characteristic
is the development of excessive oedema as early as I h after the onset of the
disease 16. Since that time the model of pancreatitis induced by caerulein (a
CCK analogue derived from the Australian tree frog Litoria caerulea) in
rodents is widely used, and one of the best characterized.
The primary physiological effect of CCK and its analogues on the pancreas is
to stimulate protein-rich secretion, and it has a lesser effect on fluid and
electrolyte secretion. Doses of CCK that lead to continued maximal stimulation of enzyme secretion are associated with increased rates of both protein
synthesis and the movement of newly synthesized proteins through the
secretory pathway. The increase in protein synthesis is outpaced by the rate of
14

EXPERIMENTAL MODELS OF ACUTE PANCREATITIS

protein secretion. Thus, following stimulation with maximal secretory doses of
caerulein, the enzyme stores of the exocrine pancreas may be reduced by 75%
within several hours. Increasing the concentration of CCK by an order of
magnitude over the levels that produce maximal secretion is known as
supraoptimal stimulation, supramaximal stimulation or hyperstimulation 16.
Compared to maximal stimulation, supramaximal stimulation generates a
distinct pancreatic response that includes diminished secretion, accumulation
of secretory proteins within the pancreas and pancreatic injury. The route of
administration for caerulein that induces acute pancreatitis differs in various
rodents, as does the severity of the disease I 7 - 2o . While in rats caerulein can be
continuously intravenously infused either via a polyethylene catheter placed
either into the external jugular vein or into the tail vein, in mice caerulein is
generally injected repeatedly into the peritoneal cavity21. The caerulein concentration that results in pancreatic oedema, increased serum levels of
pancreatic enzymes, inflammation and necrosis ranges between 5 and 10 Itg/
kg per h in rats, and thereby exceeds the maximal secretory dosesI0-20-fold.
Maximal pancreatic injury occurs after 12 h of continuous infusion, but
changes can be monitored as early as 15 min after the start of the caerulein
infusion and resolve spontaneously after 24--48 h. One of the earliest consequences of hyperstimulation is the formation of pancreatic oedema. This
increase in pancreatic fluid, which occurs within the first hour of caerulein
hyperstimulation, is probably the result of several factors: increased vascular
permeability, increased hydrostatic pressure from the constriction of small
vessels and increased tissue oncotic pressure from the interstitial release of
pancreatic enzymes and hydrolytic products. At present the exact mechanism
which leads to the formation of massive oedema is not fully understood, but
from its time-course a primary signalling effect of caerulein, which does not
parallel acinar cell damage, is suggested. Under the conditions of supramaximal caerulein stimulation secretion of zymogens into the pancreatic duct is
virtually abolished, premature zymogen activation can be observed after a
sustained intracellular calcium rise and a breakdown of the actin cytoskeleton 22 . These events lead to a systemic inflammatory response syndrome which
eludes extrapancreatic damage such as pancreatitis-related lung injury23.
The caerulein model of experimental pancreatitis is now widely used for the
analysis of intracellular events in the early phase of pancreatitis. The model
offers several advantages: it is non-invasive since no surgical intervention
affecting the bile duct or pancreatic duct is necessary, it allows easily controlled
grades of injury, it is highly reproducible and it is applicable in several animal
species such as mice, rats, hamsters and dogs. The most important limitation of
this model is that only a mild, self-limited disorder is generated, which is of
limited use to study the destructive effects of the disease which confer clinical
morbidity and mortalit/4-30 (Figure I).
L

-Arginine-induced pancreatitis

Despite medical treatment severe acute pancreatitis is still burdened with a
high mortality rate of up to 20-40%31 . With the aim of establishing a noninvasive animal model burdened with a significant mortality, in 1984 Mizu15
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Figure 1 A: The macroscopic findings of the pancreas after supramaximal caerulein stimulation
in rats. Note the gelatinous mass of the pancreas marked with a black circle, which comprised
90% water content. B, C: Light microscopy of pancreatic tissue: pancreatic tissue was fixed,
embedded in paraffin wax and haematoxylin-eosin-stained. Note the development of interstitial
oedema, the infiltration of inflammatory cells and the development of vacuoles in the animals
treated with supramaximal concentrations of caerulein (C). B: Tissue section from control
animals. 0 , E: Light microscopy of lung tissue. Lung tissue was fixed, embedded in paraffin wax
and haematoxylin-eosin-stained. The morphological changes in the lungs of animals with
caerulein-induced pancreatitis consisted of alveolar fluid accumulation and a progressive
thickening, hyperaemia and neutrophil infiltration of the interalveolar tissue. D: Lung tissue
from a control animal

numa et al. developed a new type of experimental pancreatitis by intraperitoneal administration of high concentrations of L-arginine in rats 3 . In
subsequent studies it was shown that L-arginine leads, in a dose-dependent
manner, to acinar cell necrosis of up to 100%. At 24 h after the first
intraperitoneal injection the pancreas doubles its weight and ultrastructural
examinations reveal partial distension of the endoplasmatic reticulum. At 48 h
after the onset of pancreatitis dissociation and necrosis of acinar cells was
noted. Subsequently necrotic cells are replaced by interstitial tissue composed
of leukocytes and fibroblasts 33- 35 . The mechanism by which L-arginine causes
pancreatitis is not fully understood, and so far the crucial question of whether
excessive concentrations applied intra peritoneally cause premature intracellular zymogen activation is not solved. Several reports suggest that oxygen-free
radicals, nitric oxide and inflammatory mediators might playa key role. Longterm administration of L-arginine for 30 days induces pancreatic atrophy with
exocrine pancreatic insufficiency resembling the clinical picture of chronic
pancreatitis 36 .
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Choline-deficienUethionlne-containlng diet

Acute haemorrhagic necrotizing pancreatitis, first reported in 1939, can be
induced by the administration of a choline-deficient/ethionine-supplemented
(CDE) diet to young female mice 37 •38 . The animals develof haemorrhagic
necrosis of the pancreas with a lethal course within 5 days 3 . The mortality
rate can be titrated between 0% and 100% by the duration of diet feeding.
Oestrogens and/or a reduced capacity to neutralize active pancreatic enzymes
probably mediate the sex differences in the response to the dietary regime40 .
Feeding only ethionine in mice, rats and dogs leads to acute oedematous
pancreatitis but no signs of necrosis. This variant of the disease usually leads
to acinar cell regeneration and the deposition of fibrotic tissue. Similar to the
pathophysiological mechanism of caerulein hyperstimulation feeding of a CDE
diet leads to blockage of zymogen secretion and the fusion of z~ogen granules
and Iysosomes, which are retained in the cytoplasm 41 •4 . This leads to
premature intracellular zymogen activation and this supported, for the first
time, the hypothesis of autodigestion of the gland put forward by Hans Chiari
in 1896 in an animal model l . The underlying signalling mechanism was
investigated by the group of Steer et al.. Their observations indicated that the
CDE diet interferes with stimulus-secretion coupling in mouse pancreatic acini
at a step subsequent to hormone-receptor binding and prior to Ca2 + release.
This conclusion was confirmed by the finding that the hormone-stimulated
generation of eHjinositol phosphates (inositol trisphosphate, inositol bisphosphate, and inositol monophosphate) from acini labelled with eHjinositol
phosphates is markedly reduced in acini prepared from mice fed the CDE diet.
This reduction is not due to a decrease in phosphatidylinositol-4,5-bisphosphate43 . Most interesting for this model is the large extent of acinar cell
damage compared to ductal cells and islet of Langerhans. The underlying cause
of this phenomenon has so far not been studied in an experimental approach.
In conclusion the CDE diet feeding model of acute necrotizing pancreatitis
in young female mice shares similarities with the clinical course of pancreatitis
in humans. Diet-induced pancreatitis shows a lengthy time-course which
resembles the human disease better than other, usually rapidly progressive,
experimental models, and the biochemical course and the gross and histological appearance of pancreatic inflammation correspond closely to the human
disease. This model is therefore suitable for studying necrotizing pancreatitis as
well as the efficacy of new therapeutic substances by assessing survival,
biochemical and histological features.
Immune-Induced acute pancreatitis

Animal models which are based on immunological mechanisms are either
invasive or non-invasive. In 1954 Thai and Brackney reported that when
Escherichia coli or meningococcal toxin was injected into the pancreatic duct
of goats and rabbits, and 24 h later the same toxin was applied intravenously, a
haemorrhagic form of necrotizing pancreatitis interpreted as a local Shwartzman reaction was observed 44 . Subsequently the authors of this study reported
on necrotizing and edematous pancreatitis as a result of the Arthus phenom17
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enon45 . First the animals were sensitized by subcutaneous application of
ovalbumin and later ovalbumin was injected into the pancreatic duct. The
underlying pathophysiological mechanism which leads to the clinical picture of
pancreatitis is most likely determined by vascular factors 46 . Pancreatitis can
also be induced by intraperitoneal application of serum samples from different
animal species. The clinical picture of a septic shock syndrome characterizes
this animal model, and one can speculate that the interaction between serum
complement factors and the acinar cell membrane induces a cytotoxic immune
response which leads-to pancreatitis. Since experiments with these models have
a limited specificity, and are mainly based on a generalized immunological
response, and they face difficulties inducing a graded response, as well as the
fact that induction is technically difficult, they have found limited acceptance.
In addition, the high mortality rate in most experiments makes investigations
addressing the pathogenesis or treatment difficult. Clinically relevant information can probably only be derived from early drug- or toxin-induced acute
pancreatitis. The clinical relevance of this model, however, remains doubtful.
Recent advances in our knowledge concerning autoimmune pancreatitis IS
likely to lead to the development of clinically more relevant models.

INVASIVE MODELS

Invasive animal models of acute pancreatitis mainly mimic biliary pancreatitis.
Until today three different hypotheses, which try to explain how the impaction
of a gallstone in the common bile duct leads to the development of pancreatitis,
have been controversially discussed:
I. The impaction of a gallstone at the papilla Vateri causes obstruction not
only of the common bile duct but also of the pancreatic duct. Behind the
impacted stone a common channel is created which allows bile to enter the
pancreatic duct. This hypothesis is simulated by retrograde injection of bile
or bile salts into the pancreatic duct3.47.48.
2. The impacted stone causes mechanical obstruction of the main pancreatic

duct, which subsequently increases duct pressure, which in turn leads to
blockage of secretion and damage to pancreatic acinar cells and ductal cells.
In most animal models that make use of this hypothesis the main pancreatic
duct is surgically ligated 48 . The pancreatic duct obstruction leads to mild
. . as recent Iy sown
h
byour group4950
acute pancreatItIs,
. .
3. The third hypothesis predicts that the passage of a gallstone through the
sphincter of Oddi leads to transient or permanent sphincter insufficiency
and therefore retrograde influx of duodenal secretion into the pancreatic
duct. Recent studies from our own group have excluded this mechanism as
the underlying cause of human acute pancreatitis 5o .51 .
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Duct infusion/InJection modes

In 1856 Claude Bernard, the father of French physiology, injected olive oil and
later bile into the pancreatic main duct of a dog, which resulted in an episode of
acute necrotizing pancreatitis 52 . Since that time numerous combinations of bile
and activated proteases have been tested for their ability to induce acute
necrotizing pancreatitis after injection into the duct ofWirsung. Some evidence
suggests that pancreatic lifase might be actively involved in the destruction of
the pancreas in this model 3. The major limitation of this model is that not only
the toxic effect of the solutions injected affects the development of acute
pancreatitis, but several other factors influence its severity, which limits its
reproducibility. Even non-toxic substances such as saline can induce the
disruption of cell junctions and damage of acinar cell membrane if injected at
a sufficiently high pressure 54 . To prevent any pressure-related damage it is a
prerequisite for any model to apply a constant low pressure and inject
compounds over a predetermined time period. Moreover, there are differences
in the composition of the bile salts injected which influence the severity of the
animal model. Several studies show that non-conjugated bile salts display an 8
times higher toxicity compared to chenodeoxycholic acid and deoxycholic
acid 55 . Combinations of bile salts with trypsin or pancreatic juice increases
the severity of the disease 56 . The infusion of sodium taurocholate has been best
standardized and characterized. Injection of 0.2 ml of a 3%, 4.5% or 5%
sodium taurocholate solution into the duct of Wirsung leads to a mortality of
0%, 23.5% or 71 % over the following 72 h. The development of acute
necrotizing pancreatitis is associated with mild-oedema in the animals treated
with saline, and involves severe pancreatic necrosis in the taurocholate groups.
Most likely the toxic effect of sodium taurocholate on pancreatic acinar cells is
mediated by its detergenic effect which dissolves the lipid bilayer membrane.
Whether this effect mimics any pathophysiological conditions in humans is
doubtful. We have reasons to believe that the pressure in the pancreatic duct is
higher than that in the common bile duct and therefore reflux into the duct of
Wirsung seems unlikely 57 . Furthermore, we were able to disprove Opie's
second hypothesis which suggested that reflux of bile into the main pancreatic
duct is responsible for the development of acute pancreatitis 5 1•58
A different approach was established by Reber and his group, who used a
prograde injection of toxic mediators such as ethanol or as~irin followed by
activated pancreatic proteases into the main pancreatic duct 9. In this animal
model of oedematous pancreatitis in cats the toxic solutions were infused via a
catheter placed into the main duct via the pancreatic tail. The advantage of this
model is that the pressure applied on the pancreatic duct epithelium does not
exceed a physiological range (20 cmH 2 0). In addition the model can be
converted into a model of haemorrhagic necrotizing pancreatitis by the
application of prostaglandin E260. The Reber model has not been adopted by
many researchers to study acute pancreatitis, but has its place for the
investigation of chronic pancreatitis.
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Pancreatic duct ligation

Several clinical conditions such as gallstones, motility dysfunction of the
sphincter of Oddii, inflammatory oedema or adenoma of the papilla Vateri, as
well as parasites, can cause a complete or partial obstruction of the duct of
Wirsung. Temporal obstruction of the pancreatic duct in rats and rabbits
produces mild interstitial pancreatic oedema, while ligation of the common
biliopancreatic duct in rats induces early pancreatitis, posthepatic obstructive
jaundice and a clini~al syndrome similar to multi-organ failure seen in
humans 61 . The ultra-structural analysis of this model confirms the development of pancreatic oedema, inflammatory infiltrates, and considerable dilation
of the small pancreatic duct, combined with structural damage to the acinar
cell membrane62 . This model mimics several early events of acute pancreatitis
in humans. In the opossum, ligation of both ducts results in haemorrhagic
necrotizing pancreatitis associated with a l4-day mortality rate of 100%63.
Furthermore, as the pancreaticobiliary anatomy of the opossum is very similar
to that in humans this model has been used to study the pathophysiology of
acute biliary pancreatitis. It is therefore not surprising that the essential finding
that pancreatitis begins in acinar cells and not, as previously proposed, in the
periductular or peri lobular space, was made in this model 3. In addition we
were able to demonstrate in this model that bile reflux into the pancreatic duct,
via a common biliopancreatic channel, is not reqired for the development of
pancreatitis due to gallstones51 .64.65. Duct ligation models are easy to perform
and avoid the addition of artificial agents. Nevertheless, while duct ligation
models have demonstrated that impairment of pancreatic secretion, rather than
a theoretical reflux of bile into the pancreatic duct, triggers gallstone pancreatitis, an unphysiolo&ical pressure in the pancreatic duct may still serve as a
pathogenetic factor (Figure 2).
Closed duodenal loop

As early as in 1910 Seidel and co-workers developed the closed duodenal loop
technique as one of the first experimental models for acute necrotizing
pancreatitis66. In this experimental setting in mongrel dogs the first 10 cm of
the duodenum distal to the pylorus were mobilized and the common bile duct
ligated. Therefore only the main pancreatic duct communicated with the blind
loop. Subsequently a gastroduodenostomy was performed to bypass the blind
duodenal loop. After 4 h oedematous swelling of the pancreatic head and body
was observed, and haemorrhagic pancreatitis developed during the next 9- 12
h. The pathophysiological hypothesis of this model was based on the idea that
the duodenal loop is overdistended and that brush-border-activated proteases
will reflux into the main pancreatic duct67 . This model has been utilized in
numerous studies on a number of animal species and has undergone a variety
of modifications, such as additional ligation of the pancreatic duct, performing
gastrojejunostomy and insertion of a bypass cannula (Herrera fistula); restoration of the continuity of the gastrointestinal tract with an intraduodenal tube
before ligating the duodenal loop under pressure; and temporary oCclusion of
the duodenum and the common bile duct for 2 min with administration of
20
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Figure 2 Experimental pancreatitis induced by pancreatic duct ligation in the American
opossum. Early macroscopic changes can be observed after 24 h (A) and consist of haemorrhage
(filled arrow) and extrapancreatic fat necrosis (winged arrows). After 7 days (8) pancreatic
parenchymal necrosis is extensive (asterisks) and also involves the mesentery (open arrow). The
advantages of the opossum model include its anatomy which permits testing of the various
hypotheses that have been proposed to explain gallstone pancreatitis. These ducts can be ligated
separately, such as the cystic duct (A), the common pancreatic-bile duct (8), and the bile duct
without the pancreatic duct (C)

sodium taurocholate and trypsin intraluminally68,69. The closed duodenal loop
model has mainly been used to clarify the aetiology of acute pancreatitis.
Various degrees of severity of acute pancreatitis can be mimicked in this model,
and it was therefore also used to test new treatment strategies. However, the
main focus in investigating the model of the closed duodenal loop was to
determine the pathophysiological role of duodenal reflux for the development
of acute pancreatitis. Recent studies by our own group have shown that
duodenal reflux is not an event required or associated with human gallstoneinduced pancreatitis5l . The disadvantages of this model are clear: the surgical
intervention not only causes SIRS by itself but the pressure applied on the
pancreatic duct far exceeds physiological conditions, and the model shares the
problems of pancreatitis induction by sodium taurocholate.

FROM ANIMAL EXPERIMENTS TO CLINICAL USE - FROM BENCH TO
BEDSIDE
Protective or dangerous proteases

About a century ago the pathologist Hans Chiari suggested that the pancreas
of patients who had died during episodes of acute necrotizing pancreatitis 'had
succumbed to its own digestive properties', and he postulated that pancreatic
'autodigestion' is the underlying pathophysiological mechanism of the disease l .
Since then many attempts have been made to prove or disprove the role of
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premature and intracellular zymogen activation as an initial or an initiating
event in the course of acute pancreatitis. Only recent advances in biochemical
and molecular techniques have allowed investigators to address some of these
questions conclusively. The issue of premature protease activation has mostly
been studied in animal models of the disease 2 ,24,25. These models can be
experimentally controlled, are highly reproducible and recapitulate many of
the cellular events associated with clinical disease. Issues relating to the site and
mechanisms responsible for initiating pancreatitis have not been easily
resolved. Early hypotbeses were based on autopsy studies of patients who had
died in the course of pancreatitis. An early theory based on morphological
studies of human material predicted that peripancreatic fat necrosis represents
the initial event from which all later alterations are derived 7o . This hypothesis
was attractive because it implicated pancreatic lipase, an enzyme that is
secreted from acinar cells in its active form and does not require activation by
brush-border hydrolases, as the culprit for pancreatic necrosis. Another
hypothesis suggested that periductular cells represent the site of initial damage,
and that the extravasation of pancreatic juice from the ductal system was
responsible for initiating the disease4 . Subsequent controlled studies performed
in animal models that simulate human disease have demonstrated that the
acinar cell is the initial site of morphological damage 3 . This conclusion has
been supported by genetic studies that linked the hereditary form of pancreatitis to mutations in the trypsinogen gene 71 ,72. Trypsinogen and other pancreatic proteases are synthesized in the acinar cell as inactive proenzyme precursors
(zymogens) and stored in membrane-bound zymogen granules. However,
premature activation of large amounts of trypsinogen can overwhelm these
protective mechanisms. This may lead to damage of zymogen-confining
membrane and release of activated zymogens into the cytosol. Moreover,
release of large amounts of calcium from the zymogen granule into the cytosol
may activate calcium-dependent proteases such as calpains that contribute to
cell injury. The suggestion that zymogen activation plays a central role in the
pathogenesis of pancreatitis is based ' on the following observations: (a)
pancreatic trypsin and elastase activities both increase early in the course of
experimental pancreatitis 5 ,6; (b) the activation peptides of trypsinogen and
carboxypeptidase AI (PCA I), which are cleaved from the respective proenzyme
during the process of activation, are released into the serum early in the course
of acute pancreatitis 73; (c) serine protease inhibitors reduce injury in experimental pancreatitis 74,75; and (d) forms of the hereditary variety of pancreatitis
associated with mutations in the trypsinogen gene that could render trypsinogen more prone to premature activation or may render active trypsin more
resistant to degradation by other proteases 76,77. These observations, mostly
derived from different animal models and investigations employing isolated
pancreatic acini, provide compelling evidence that the premature and intracellular zymogen activation plays a critical role in initiating acute pancreatitis.
A number of recent studies involving patients have made therapeutic use of
this concept and greatly contributed to understanding the role of zymogen
activation in pancreatitis. A clinical trial in which a small molecular weight
protease inhibitor (41. 7 kDa) was administered to patients before they underwent ERCP reduced the incidence of ERCP-related pancreatitis 78 . Although
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protease inhibitors have been shown to be ineffective when used therapeutically
in patients with clinically established pancreatitis79 , the result of the ERCP
study suggests that the activation of pancreatic proteases is an inherent feature
of the onset of the disease, and that its prevention can potentially lower the
incidence of pancreatitis. In this multicentre double-blind placebo-controlled
trial, conducted by Cavallini et aI., gabexate was applicated for the prevention
ofpost-ERCP pancreatitis in 418 patients. Gabexate (ethyl-guanidine-hexanoloxy-dibenzoate-methyl-sodium-sulphonate) is a protease inhibitor with broadspectrum inhibitor capacity with effects on trypsin, kallikrein, plasmin, ely
macroglobulin, thrombin and antithrombin III, phospholipase A2 and CIesterase. Sixteen patients in the placebo group and only five in the gabexate
treatment group developed acute pancreatitis. This study gave evidence that
prophylactic anti~roteatic treatment is effective in reducing pancreatic damage
related to ERCP -80. This report might function as one example in which a
pathophysiological hypothesis was evaluated in several animal models and
found its way from bench to bedside as a treatment option for the prevention
of post-ERCP pancreatitis.
Immunomodulatory therapy

A change in the understanding of the pathophysiology of acute pancreatitis
occurred with the suggestion that the initial phase of severe acute pancreatitis
depends on neutrophil activation, accompanied by the systemic inflammatory
response syndrome (SIRS)81-83. Platelet-activating factor (PAF) was implicated as playing an important role as a proinflammatory cytokine for the
development of SIRS. PAF is involved not only via increasing the vascular
permeability, by inducing leucocyte infiltration, oedema and tissue injury, but
also has a negative inotropic effect. This made PAF a particularly promising
target for the therapy of acute pancreatitis as its administration was shown to
induce acute experimental pancreatitis, and PAF antagonist ameliorated the
severity of acute pancreatitis in several models of the disease. Lexipafant is a
potent PAF inhibitor for which therapeutic administration in a phase II trial
enrollinj 133 patients showed a significant improvement in organ failure
scores 84 . 5. Subsequently a multicentre, double-blind, placebo-controlled, randomized parallel-group phase III study was designed, and as primary objective
the frequency of systemic or local complications in a patient cohort of 290
patients after lexipafant treatment during the first 72 h after the onset of pain
due to acute pancreatitis was evaluated. To the authors' surprise the adequately
powered study showed that the inhibition of PAF activity by itself was not
sufficient to ameliorate SIRS in severe acute pancreatitis. As an explanation
why the study failed to demonstrate its primary endpoint the investigators
stated that patients admitted to the participating hospitals already suffered
from established organ failure, which made this primary endpoint unemployable 86. In contrast to the gabexate trial for the prevention of ERCP pancreatitis
the lexipafant trial illustrates that even carefully conducted animal studies, as
well as a promising concept, cannot necessarily predict a beneficial effect in a
clinical trial.
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CONCLUSION
No model is entirely appropriate to re-create all events causing and characterizing acute pancreatitis in humans. It is equally impossible to study either the
initial subcellular events in a model of fulminant severity, or the pathogenesis
of necrosis in a self-limiting mild model, or the validity of treatment in a model
of irreversible pancreatic damage. However, when appropriate models are
chosen to address specific cell biological, pathophysiological or clinical questions regarding pancr~atitis they are an extremely useful and quite irreplaceable
tools for pancreatic research. Whether a treatment modality found beneficial in
an animal model of pancreatitis will find its way into clinical practice, even
after the most careful selection of the appropriate model, will always have to be
determined in controlled, preferably multicentre clinical trials.
References
I.
2.

3.
4.
5.
6.
7.
8.
9.
10.
II .
12.
13.
14.
15.
16.

Chiari H. Ober die Selbstverdauung des menschlichen Pankreas. Z Heilk 17, 69- 96, 1896
Gorelick FS, Adler G, Kern HF: Cerulein-induced pancreatitis. In: Go GVLW, Di Magno
EP, Gardner JD, Lebenthal E, Reber HA, Scheele, GA, editors. The Pancreas: Biology,
Pathobiology, and Disease. New York: Raven Press, 1993:501- 26.
Lerch MM, Saluja AK, Runzi M, Dawra R, Saluja M, Steer ML. Acute necrotising
pancreatitis in the opossum: earliest morphologic changes involve acinar cells. Gastroenterology. 1992; I03:205-13.
Foulis AK. Histological evidence of initiating factors in acute necrotizing pancreatitis in
man. J Clin Pathol. 1980;33:1125- 31.
Bialek R, Willemer S, Arnold R, Adler G. Evidence of intracellular activation of serine
proteases in acute cerulein-induced pancreatitis in rats. Scand J Gastroenterol. 1991;26:
190-6.
Luthen R, Niederau C, Grendell JH. Intrapancreatic zymogen activation and levels of ATP
and glutathione during caerulein pancreatitis in rats. Am J Physiol. 1995;268:G592-604.
Rinderknecht H. Activation of pancreatic zymogens. Normal activation, premature
intrapancreatic activation, protective mechanisms against inappropriate activation. Dig
Dis Sci. 1986;31 :314-21.
Mouret 1. Contribution it (,etude des cellules glandulaires (pancreas). J Anat Physiol. 1895;
31:221-36.
Adler G, Gerhards G, Schick J, Rohr G, Kern HF. Effects of in vivo cholinergic stimulation
of rat exocrine pancreas. Am J Pbysiol. I 983;244:G623- 9.
Niederau C, Ferrell LD, Grendell JH. Caerulein-induced acute necrotizing pancreatitis in
mice: protective effects of proglumide, benzotript, and secretin. Gastroenterology. 1985;88:
1192-204.
Saluja A, Saito I, Saluja M et al. In vivo rat pancreatic acinar cell function during
supramaximal stimulation with caerulein. Am J Physiol. 1985;249:G702- 10.
Watanabe 0 , Baccino FM, Steer ML, Meldolesi 1. Supramaximal caerulein stimulation and
ultrastructure of rat pancreatic acinar cell: early morphological changes during development of experimental pancreatitis. Am J Physiol. I 984;246:G457-67 .
Pantoja JL, Renner IG, Abramson SB, Edmondson HA. Production of acute hemorrhagic
pancreatitis in the dog using venom of the scorpion, Buthus quinquestriatus. Dig Dis Sci.
1983;28:429- 39.
Ji B, Bi Y, Simenone 0, Mortensen RM, Logsdon CD. Human pancreatic acinar cells do
not respond to cholecystokinin. Pharmacol Toxicol. 2002;91 :327- 32.
Lampel M, Kern HF. Acute interstitial pancreatitis in the rat induced by excessive doses of
a pancreatic secretagogue. Virchows Arch Pathol Anat Histol. 1977;373:97- 117.
Scheele G, Palade G. Studies on the pancreas of the guinea pig - parallel discharge of
exocrine enzyme activities. J Bioi Chern . 1975;250:2660-70.

24

EXPERIMENTAL MODELS OF ACUTE PANCREATITIS

17.
18.
19.
20.
21 .
22.
23 .
24.
25.
26.
27.
28.
29 .
30.
31.
32.
33.
34.
35.
36.
37 .
38.
39.
40.
41.
42.

Lerch MM, Albrecht E, Ruthenburger M, Mayerle 1, Halangk W, Kruger B. Pathophysiology of alcohol-induced pancreatitis. Pancreas. 2003;27 :291"{;.
Lerch MM, Lutz MP, Weidenbach H et al. Dissociation and reassembly of adherens
junctions during experimental acute pancreatitis. Gastroenterology. 1997; 113: 1355-66.
Lerch MM, Saluja AK, Runzi M, Dawra R, Steer ML. Luminal endocytosis and
intracellular targeting by acinar cells during early biliary pancreatitis in the opossum. J
Clin Invest. 1995;95:2222- 31.
Lerch MM, Saluja AK, Dawra R, Saluja M, Steer ML. The effect of chloroquine
administration on two experimental models of acute pancreatitis. Gastroenterology. 1993;
\~..\ l\','b-l~.
Adler G, Rohr G, Kern HE Alteration of membrane fusion as a cause of acute pancreatitis
in the rat. Dig Dis Sci. 1982;27:993- 1002.
Jungermann J, Lerch MM, Weidenbach H, Lutz MP, Kruger B, Adler G. Disassembly of
rat pancreatic acinar cell cytoskeleton during supramaximal secretagogue stimulation. Am
J Physiol. 1995;268:G328- 38 .
Halangk W, Lerch MM, Brandt-Nedelev B et al. Role of cathepsin B in intracellular
trypsinogen activation and the onset of acute pancreatitis. J Clin Invest. 2000; I 06:773- 81 .
Lerch MM, Adler G. Experimental pancreatitis. Curr Opin Gastroenterol. 1993;9:752- 9.
Lerch MM, Adler G. Experimental animal models of acute pancreatitis. Int J Pancreatol.
1994;15:159- 70.
Lerch MM, Halangk W, Kruger B. The role of cysteine proteases in intracellular pancreatic
serine protease activation. Adv Exp Med BioI. 2000;477:403- 11 .
Mooren F, Turi S, Gunzel 0 et al. Calcium-magnesium interactions in pancreatic acinar
cells. FASEB 1. 2001;15:660-72.
Kruger B, Weber lA, Albrecht E, Mooren FC, Lerch MM. Effect of hyperthermia on
premature intracellular trypsinogen activation in the exocrine pancreas. Biochem Biophys
Res Comm. 2001;282:159- 65.
Halangk W, Kruger B, Ruthenburger M, Stiirzebecher J, Lippert H, Lerch M. The role of
trypsin in premature, intrapancreatic trypsinogen activation and inactivation of trypsin
activity. Am J Physiol Gastrointest Liver Physiol. 2002;282:G367- 74.
Lerch MM, Albrecht E, Ruthenburger M, Mayerle J, Halangk W, Kruger B. Pathophysiology of alcohol-induced pancreatitis. Pancreas. 2003;27:291"{;.
Mayerle J, Simon P, Lerch MM. Medical management of acute pancreatitis. Gastroclin N
Am. 2004 (In press).
Mizunuma T, Kawamura S, Kishino Y. Effects of injecting excess arginine on rat pancreas.
J Nutr. 1984; 114:467- 71.
Tani S, Itoh H, Okabayashi Yet al. New model of acute necrotizing pancreatitis induced by
excessive doses of arginine in rats. Dig Dis Sci. 1990;35:367-74.
Delaney CP, Me Greeney KF, Dervan P, Fitzpatrick JM. Pancreatic atrophy: new model
using serial intraperitoneal injections of L-arginine. Scand J Gastroenterol. 1993;28: I 08690.
Weaver C, Bishop AE, Polak JM . Pancreatic changes elicited by chronic administration of
excess L-arginine. Exp Mol Pathol. 1994;84:147- 56.
Hegyi P, Rakonczay Z, Sari R et al. L-Arginine-induced experimental pancreatitis. World J
Gastroenterol. 2004; I0:2003- 9.
Griffith WH, Wade NJ. The occurrence and prevention of hemorrhagic degeneration in
young rats on a low choline diet. J BioI Chern . 1938;131:567- 77.
De Almeida AL, Grossman Ml. Experimental production of pancreatitis with ethionine.
Gastroenterology. 1952;20:554-77.
Lombardi B, Estes LW, Longecker OS. Acute hemorrhagic (massive necrosis) with fat
necrosis induced in mice with DL-ethionine fed with a choline deficient diet. Am J Pathol.
1975;79:465-80.
Niederau C, Luthen R, Niederau MC, Grendell JH, Ferrell LD. Acute experimental
hemorrhagic pancreatitis induced by feeding a choline-deficient, ethionine-supplemented
diet. Methodology and standards. Eur Surg Res. 1992;24:40-54.
Gilliland L, Steer ML. Effects of ethionine on digestive enzyme synthesis and discharge by
mouse pancreas. Am J Physiol. I 980;239:G418- 26.
Rao KN, Eagon PK, Okamura K et al. Acute hemorrhagic pancreatic necrosis in mice.
Induction in male mice treated with estradiol. Am J Pathol. 1982;109:8- 14.
25

Citation: J. Mayerle, F. U. Weiss and M. M. Lerch, Clinical relevance of experimental models of acute
pancreatitis, chapter 2, pages: 13-25.
In: R.W Ammann, M.W. Büchler, G. Adler, E.P. DiMagno, M. Sarner, Pancreatitis: Advances in
Pathobiology, Diagnosis and Treatment, FALK Symposium 143, Springer 2004, ISBN-10: 1-4020-28954; ISBN-13: 978-1-4020-2985-4.

