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Specific aspects of acute pancreatitis
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Abstract: Acute pancreatitis (AP) is still a disease with a significant mortality rate, mainly concerning the
severe forms of this disease. Mortality in acute pancreatitis has 2 peaks. The first peak is caused by systemic
inflammatory response syndrome (SIRS), which takes place in the first week of the disease. Sepsis is responsible for a second peak. It begins 1 to 3 weeks after the onset of acute pancreatitis and is caused by pancreatic
superinfection. Sepsis as a result of infected pancreatic necrosis is the most serious complication in late
phase of severe acute pancreatitis (SAP) and contributes to the high mortality rate of this disease. This complication is thought to be a result of the bacterial translocation from the gastrointestinal tract. The damage of
the microvessels and the subsequent onset of systemic cascade reactions plays also an important role during
acute pancreatitis. Recent experimental data suggest also the role of nervous system in etiopathogenesis of
acute pancreatitis. We assume that the diagnostic and treatment strategy can not improve without a thorough
knowledge of the physiology and patophysiology of acute pancreatitis. Therefore the aim of this paper is to
highlight certain specific situations of high importance that are activated in the human organism during acute
pancreatitis (Ref. 100). Full Text (Free, PDF) www.bmj.sk.
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Acute pancreatitis (AP) has an annual incidence of 540 per
100 000 population (1) with an overall mortality approaching 1
5 per 100 000 population (1). Approximately one-third of patients develop pancreatic necrosis, which has an associated mortality rate approaching 30 % (3). This severe form of the disease
is characterized by pancreatic necrosis, cytokine activation, systemic inflammatory response syndrome (SIRS) and multiple organ dysfunction syndrome (MODS) (4). Necrotic pancreatic and
peripancreatic tissue may become infected, further increasing
morbidity and mortality (4). Pancreatic perfusion and hypoxia
have a significant impact on the early stages of the disease and
play an important role in the pathogenesis of pancreatic necrosis
(5). There is accumulating evidence in human and animal studies that changes of perfusion, particularly to the microvasculature, are significant events in the progression of AP. Microvascular compromise has been suggested as the critical event in the
development of severe pancreatitis, and treatment aimed at the
microvasculature may decrease necrosis and disease severity (6).
Interestingly, recently accumulated data indicate that also innervation of pancreas may play an important role in the initiation
and maintenance of the pancreatic inflammation (97).
AP is described to have a wide range of severity from a mild,
self-limiting condition to a fulminant illness resulting in death
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within a few days of onset. Mortality in AP has 2 peaks. The first
peak is caused by SIRS, which takes place in the first week. Sepsis accounts for a second peak. It begins 1 to 3 weeks after the
onset of pancreatitis and is caused by pancreatic superinfection.
The origin of this infection arises from translocation of intestinal bacteria. The disruption of gut mucosal barrier during AP
contributes to the genesis of infection (74). Severe acute pancreatitis (SAP) is a difficult clinical condition, the prognosis of which
has not been significantly improved till present. One of the reasons may be that the treatments do not fully aim at the key event
of AP (47).
The aim of this article is to describe the complexity of biological interactions and point out some specific situations occurring during AP. The role of pancreatic microcirculation as well
as innervation in the pathogenesis and progression of AP are
described.
Pathophysiology and diagnostics
In the last two decades many studies have shown that severe
AP is characterized by the increase in serum levels of numerous
inflammatory mediators, which are thought to be directly related
to tissue damage. Several cytokines and acute-phase proteins have
been studied for prediction of severity in AP. Among them, the
pro-inflammatory IL-6 and CRP have demonstrated to be effective predictors, even more accurate than APACHE II score. However, time elapsed from AP onset must be considered when using these markers, given that IL-6 attains its peak concentration
2448h before CRP. Another cytokine, the anti-inflammatory
IL-10 has also been described as a useful marker of severity. The
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pancreatitis associated protein (PAP) is an acute-phase protein
secreted by the exocrine pancreas in response to tissue damage.
In normal subjects the circulating level of PAP is almost undetectable, althought it significantly increases during AP. Experimental models have demonstrated that PAP has a rapid and strong
induction during AP in response to circulating cytokines, and it
has been postulated an early and specific acute-phase protein to
establish the presence and degree of pancreatic injury (57).
Biliary calculi and alcohol abuse are the most common causes
of AP. Other causes such as iatrogenic factors, sphincter of Oddi
dysfunction (SOD) and eating disorders also cannot be omitted.
Blockage of duodenal papilla or ampulla of Vater is common
characteristics of AP. Once the blockage appears, the occurrence
of pancreatic duct obstruction and bile reflux is inevitable. Obstruction of the pancreatic duct leads to increased intraductal
pressure, which results in damage to the integrity of the duct
system to a certain extent. Bile reflux can activate trypsin and
once trypsin is activated, it activates a variety of injurious pancreatic digestive enzymes with subsequent release of a series of
inflammatory mediators. Pancreatic duct obstruction and bile
reflux probably are the key events of AP induced by a variety of
other upstream causes. Whenever pancreatic duct obstruction and
bile reflux are triggered simultaneously, activated digestive enzymes and inflammatory mediators can infiltrate into the parenchyma of the pancreas through impaired pancreatic barrier and
induce AP. Blocking the key event of AP is of a great interest
with potential therapeutic implications. Endoscopic sphincterotomy (EST) and nasobiliary drainage, which target the cause of
AP, may prevent the transformation from AP to SAP and this
may be adopted as an sesential treatment strategy (47).
Inflammation
One recent study has focused on the neuropeptide, substance
P and its role in pancreatic inflammation. Ramnath et al (2008)
reported that expression of the substance P gene (preprotychykinin-A, PPT-A) and neurokinin-1 receptor (NK-1R), the
primary receptor for substance P, were increased in caeruleintreated mouse pancreatic acinar cells. Ramnath et al also showed
that substance P stimulated early protein kinase C (PKC)-α activation, followed by increases in mitogen-activated protein kinase kinase (MAPKK), mitogen extracellular response kinase
kinase (MEKK1), MAP kinases, extracellular signal-regulated
kinase (ERK) and c-Jun N-terminal kinase (JNK) activities as
well as activating nuclear factor kappa B (NFκB) and activator
protein-1. This led to production of the inflammatory protein
(MIP)-19 and MIP-2. This study highlights the importance of
the substance P pathway in pancreatic inflammation (17).
Tumor necrosis factor (TNF)-α, a key regulator of proinflammatory genes, may be a target for the treatment of AP. In caeruleininduced AP, the TNF-α inhibitor thalidomide was found to reduce disease by Malleo et al (2008) (8). N-acetylcysteine (NAC),
a potent antioxidant, has been demonstrated to be able to inhibic
tumor necrosis factor (TNF)-α production in acinar cells and
circulating monocytes at early stages of bile-pancreatic duct obstruction-induced AP (16).

The proto-oncogene Tpl2 (tumor progression locus-2) can
modulate some inflammatory processes. Van Acker et al (2007)
showed that Tpl2 ablation markedly reduced pancreatic and lung
inflammation in secretagogue-induced or bile salt-induced pancreatitis but did not alter pancreatic injury/necrosis in either
model (62).
Animal models of SAP and chronic pancreatitis have recently
been developed. Several unexpected protective mechanisms,
mediated by the protease activated receptor 2 and heat shock
protein 70, have been described. A genetic study suggested that
polymorphisms in toll-like receptor-4 might affect the risk of
developing infections in AP (43).
The study of Malleo et al (2008) undercors the fact that there
are changes in multiple inflammatory cytokines/chemokines during AP and these have distict mechanisms for causing injury.
One implication of such findigs is that clinical therapies may
need to target multiple inflammatory mediators (43).
Procalcitonin (PCT) is the inactive 116 amino acid pro-peptide of the biologically active hormone calcitonin. In 1993,
Assicot et al (61) first described significantly increased concentrations of PCT in patients with bacterial and fungal infections
and sepsis.Hence, it has been largely confirmed that PCT is the
only one among a large array of biochemical parameters, which
closely correlates with the inflammatory host response to microbial infections. In acute pancreatitis, PCT has been shown to
predict the development of infected necrosis accurately. In other
series, PCT was found to be an excellent predictor of severity
and organ silure within the first 24 hours after hospital admission or onset of symptoms. However, a number of subsequent
studies have shown opposite results, and the clinical usefulness
of this parameter in acute pancreatitis still remains controversial. In the absence of representative studies, we addressed this
isme by conducting the first prospective international multicenter
trial in patients with severe acute pankreatitis (67).
Apoptosis
The severity of pancreatitis may depend on the mechanism
of cell death; greater levels of apoptosis over necrosis favor milder
disease. To examine the mechanisms of apoptosis, Baumgartner
et al (33) used the oxidative stressor menadione and identified
two independent apoptotic pathways in pancreatic acinar cells.
The first is the classical caspase-9-mediated pathway that is Ca2+-dependent, mediated by mitochondria and is rapidly initiated.
The second is much slower, mediated by caspase-8, depends on
the lysosomal activities of cathepsins and is used when the
caspase-9 pathway is disabled. This information might be used
to develop strategies for lifting cell death pathways to favor
apoptosis during AP.
Genetic factors
Two studies have highlighted the importance of genetic factors in predisposing patients to acute pancreatitis (22, 37). Gao
et al (37) investigated why some patients are more prone to pancreatic infection during AP. LPS or endotoxin may cross leaky
paracellular barriers in the colon or be released into the blood
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stream by circulating Gram-negative bakteria during AP. LPS
can then bind to toll-like receptors (TLRs) on the surface of the
acinar cell, producing a host defense response. However, in some
patients, a polymorphism in TLR-4 led to impaired signaling
and lack of a defensive response, rendering them more prone to
infection. In another genetic study, Chang et al (22) found that
mutations on the cystic fibrosis transmembrane conductance regulator (CFTR) predisposed patients with elevated lipids to developing hypertriglyceridemic pancreatitis. Further studies that use
newer genome-wide analysis will likely reveal additional genetic
factors that affect the risk of developing acute pancreatitis or its
severity.
Arteficial neural networks
Arteficial neural networks (ANNs) are a family of data analysis algorithms. They are designed to resemble biological nervous system. They differ in structure and function from conventional data analysis models, as ANNs are able to learn from the
data presented to them, thereby improving their predictive ability. ANNs have been used in medicine in a wide variety of clinical situations as decision support aids to analyse complex clinical problems (48). Several authors have used ANNs to develop
predictive models for the assessment of patients with AP, with
varying degrees of success (89).
Keogan et al used an ANN to identify patients with AP whose
hospital stay exceeded the mean of 8.4 days. They did not find
any difference between the predictive ability of the ANN and
stepwise linear discriminate analysis. This study was limited by
small cohort size and the retrospective nature of the study design
(66). ANNs can predict mortality in the early phase of predicted
SAP. They appear to be more accurate than the APACHE II and
Ranson systems (26). One recent study suggest that ANNs are
significantly more accurate than conventional scoring systems
(APACHE II and Glasgow outcome scores) at predicting the development of SAP, multiorgan dysfunction and death (89).More
complex predictive models, such as genetic algorithms, are also
accurate predictors of outcome (21).
Vascular effects
Both major vessel and microvascular pathology are present
in acute pancreatitis in humans. Haemodynamic dysfunction is
often a feature of severe disease at the onset of AP (43), which is
secondary to reduced circulating volume, due to increased capillary permeability (44). As a result, splanchnic perfusion falls (45),
with subsequent impairment in renal blood flow, leading to renal
failure and acute tubular necrosis. Other vascular complications
include intestinal ischaemia (46), hepatic hyperaemia, subcutaneous fat necrosis and vascular retinopathy (50). Coagulopathy
is common and there is documented incidence of splenic vein
thrombosis and thrombotic microangiopathies leading to haemolytic uraemic syndrome and thrombocytopenic purpura (51).
Complications related to large vessel in acute pancreatitis tend
to occur late in the course of disease (52), and range from arterial spasm to pseudoaneurysm (53). Angiographic changes cor546

relate with the severity of disease (54). Animal models of pancreatitis, both mild and severe, can be used to characterize
further the large vessel and microvascular derangement in acute
pancreatitis. Haemodynamic changes as haemoconcentration,
tachycardia, and decreased mean arterial pressure, cardiac index
and central venous pressure are common (57). Despite improved
cardiac function and splanchnic blood flow with aggressive fluid
resuscitation, the pancreatic perfusion remains altered, owing to
independent microvascular changes (60). In fact, pancreatic perfusion decreases disproportionately to the reduction in cardiac
output (63). Reduced tissue blood flow in pancreatitis is related
to its severity (64). Severe pancreatitis is associated with reduction of tissue perfusion, pancreatic oxygen tension, oxygen saturation of haemoglobin and reduction of pancreatic oxygen consumption (68). Mild pancreatitis, on the other hand, may be associated with a relative hyperaemia, increased tissue oxygen tension and increased oxygen saturation of haemoglobin (70). Other
studies suggest that pancreatic blood flow in severe pancreatitis
is inadequate to flush the tissue of enzyme breakdown products,
possibly leading to increased disease severity (71).
Capillaries in the pancreas are richly fenestrated, and have
much greater permeability than those in other tissues such as
heart or skeletal muscle. Physiological shunts divert approximately 10 % of blood flow from the acini (18). Regulation by
hormonal and neural mechanisms allows perfusion of the normal pancreas to be maintained through a range of systemic conditions (20) to a lower limit of 40 ml per minute per 100 g tissue.
In health, the whole gland is perfused evenly (19). Blood flow is
tightly linked to exocrine secretion, and is modulated by somatostatin, secretin and cholecystokinin (23). The structural and
functional anatomy of the pancreas renders it extreme susceptible to ischaemia. Autopsy studies often demonstrate subclinical pancreatitis in patients subjected to hypovolaemia and shock
(24). Vascular and perfusion derangements leading to pancreatic
ischaemia may promote the development of pancreatitis. These
include vasculitis, cardiac surgery and pancreatic transplantation (30). In addition, vascular insufficiency is likely to be a factor in AP associated with diabetes and increasing age (31). Experimental evidence supports a role for ischaemia in the development of acute pancreatitis. Temporary vascular occlusion
causes a transient rise in serum amylase (32) and prolonged ischaemia can induce histological pancreatitis (34), albeit relatively
inconsistently owing to the abundant collateral supply of the organ. Ischaemia and hypoperfusion (38) can convert oedematous
pancreatitis into haemorrhagic and necrotic pancreatitis. Phenylephrine infusion and water immersion both cause vasoconstriction, and can increase the severity of inflammation (40).
Acute intestinal ischaemia itself is well known to be critical, and experimental investigation of ischaemic injury of the
intestinal mucosa has been performed to study pathophysiology of necrotizing enterocolitis or nonoclusive mesenteric ischaemia (91).
The major obstacle to the development of effective therapies
is our limited understanding of the pathogenesis of AP. Despite
a number of theories have been proposed to explain the patho-
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genesis from various aspects, but there are still controversies about
the mechanism of the disorder (90).
Microvascular impairment during AP
Microcirculation disturbance is one of the main causes of
injuries of the pancreas and other organs during AP. The gastrointestinal tract is one of the most frequently affected organs (93).
Little is known of the microvascular derangements in the
patients, because it can be studied only indirectly. Histological
patterns of necrosis occur in a specific model, which is characterized by ischaemic damage (72). Vessel wall necrosis, infiltration of leucocytes, local haemorrhage and intravascular microthrombi are also seen. Microangiographic studies of pathological specimens show large areas of poor filling, as well as extravasation of contrast medium, which correlate with disease
severity (73). Functional microcirculatory dysfunction is proportional to disease severity. It occurs later and with lesser severity
in oedematous pancreatitis than in severe disease (75). Vasoconstriction appears to be an early event in pancreatic inflammation
(78), leading to ischaemia and blood stasis. Pancreatic blood flow,
red cell density and red cell velocity decrease within 8 hours of
the onset of pancreatitis (79), although some changes may be
seen as early as 6 minutes of initial phase of disease (80). Changes
of the microvascular circulation are not confined to the pancreas
but may affect the gastrointestinal tract and liver (86).
As a systemic pathological change, abnormal hemorheology
can not only influence pancreatic microcirculation, but also cause
microcirculation disturbance of extra-pancreas organs, especially
the intestine. On the other hand, microcirculation disturbance
may be directly or indirectly caused by a number of cytokines
and vasoactive substances induced by activation of elastinase
and excessive inflammatory reactions. Microcirculation disturbance includes decreases of regional blood flow and blood flow
rate, increases of leukocyte adhesion and capillary permeability,
and a functional decrease of capillary density (93). Clinical manifestation of septicemia and septic shock during severe acute pancreatitis (SAP) resides in mutual interaction of invading microbes
and immune mechanisms of the body. A vicious circle develops on the level of microcirculation, namely between the decreasing tissue perfusion and progressive deterioration of capillary endothelium. This process incurs damage to the tissues.
If the vitious circle is not interrupted, the state has a lethal outcome (95).
In SAP, microcirculatory disturbances and ischeamic changes
of the gut have been reported to play important roles for the development of bacterial translocation (91).
Bacterial translocation and intestinal mucosal barrier
Sepsis due to infected pancreatic necrosis is the most serious
complication in late phase of SAP and contributes to the high
mortality rate of this disease. This complication is thought to be
a result of the bacterial translocation (BT) from the gastrointestinal tract (91).

Bacterial translocation plays an important role for infectious
complications in SAP. Alteration of intestinal mucosal integrity
may increase intestinal permeability and may be implicated in
BT. It is suggested that increase in intestinal permeability is correlated with the changes of tight junction and/or apoptosis in
intestinal epithelial cells (90).
Despite advances in intensive medical management, the
mortality rate in SAP is still high, and death from SAP occurs
mainly from two different causes. During the first week of hospitalization, patients with SAP tend to have the complication of
multiple organ failure as a consequence of SIRS. Thereafter, infectious complication such as infected pancreatic necrosis or sepsis is the problem in the management for patients with SAP (2).
This complication is thought to be a result of BT and endotoxin
translocation from the gastrointestinal tract (7). Such translocation is induced by the gastrointestinal derangements that may
disrupt mucosal integrity, accompanied by increase in permeability of gastrointestinal tract (30). However, detail of the mechanism of increasing intestinal permeability during SAP is still
unknown.
The intestinal epithelium forms a relatively impermeable
barrier between the lumen and the submucosa. This barrier function is maintained by a complex of proteins composing the tight
junction that is located at the subapical aspect of the lateral membranes of cells. Tight junction consists of numerous proteins, in
which zonula occludens and occludin are well characterized (9).
These proteins are considered to be involved in the regulation of
paracellular permeability. Recently, it has been reported that disruption of the intestinal epithelial barrier as a consequence of a
disorganization of the tight junction leads to an increase in
paracellular permeability in inflammatory bowel disease and intestinal infections (10).
In SAP, since apoptosis-inducing activity for kidney cells in
pancreatitis-associated ascitic fluid (PAAF) in 1995 was identified (11), authors have demonstrated that apoptosis occurred in
renal tubular cells, hepatocytes, thymocytes (15), peripheral lymphocytes and intestinal epithelial cells (25, 35) and that apoptotic
cell injury may be involved in the mechanism of multiple organ
failure and infectious complications in this disease (28). Therefore, it is possible that apoptosis of intestinal epithelial cells is
implicated in the mechanism of increasing intestinal permeability in SAP.
The intestinal mucosa forms an effective barrier to the intraluminal bacteria and toxins, as well as absorbs the nutrient.
The mechanisms underlying gut barrier dysfunction in AP are
complex and still not fully elucidated. In early phase of AP, gut
mucosa hypoperfusion resulting from hypovolemia and systemic
inflammatory response causes intestinal muscosal damage and
is the possible reason of high intestinal permeability and absorptive capacity disruption. Early intestinal mucosal damage may
play an important role in the pathophysiology of SAP, and it has
long been involved in the development of sepsis and multiple
organ failure as a major cause of death in AP (74).
Studies have also found that mast cells, endotoxin, cytokines,
and other inflammatory mediators such as platelet-activating fac547
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tor (PAF) contribute to early pancreatitis induced systemic epithelial barrier dysfunction. Endotoxin is an important product of
gram-negative bacteria, which often originates from the gut and
goes through the epithelial mucosa. So endotoxemia is one of
the evidences of mucosal damage. Production of a wide array of
cytokines was found in SAP. TNF-α is one kind of main proinflammatory cytokines in disruption of epithelial barrier function. The relationship between TNF-α and gut barrier dysfunction is not clear yet. The normal intestinal mucosa forms an effective barrier to the intraluminal bacteria and toxins, as well as
absorbs nutrients. Gastrointestinal mucosal damage takes place
in early phase of AP resulting from local or systemic inflammation response, hypovolemic shock, and gut ischaemia. Intestinal
flora enters into circulation following dysfunction of the gut barrier, which was considered to be the main mechanism resulting
in secondary infection in pancreatitis patients (74).
The intestinal mucosa forms an effective barrier to the intraluminal microorganisms and toxins. In AP, splanchnic hypoperfusion has been found to be caused by early hypovolemia
(36). Splanchnic hypoperfusion causes ischaemic reperfusion
injury, which along with gut mucosal damage represents one of
the possible mechanisms of increased gut permeability. Disruption of this protective mechanism with increased intestinal permeability may allow the excess shifting of intestinal bacteria and
toxin into local tissues and distant organs (39). Translocation of
potentially harmful bacteria and toxins has been shown to occur
in patients with burns, shock, and bowel obstruction and in patients after major surgery (41). Complications like sepsis and
organ failure derived from infected pancreatic necrosis have been
incriminated as a major cause of death in AP. Normal intestinal
flora represents the most common microbes found in infected
necrosis (42). Reduction of pancreatic infection by selective digestive decontamination (49) suggests that BT does occur from
the bowel during AP. In experimental pancreatitis, the bacterial
translocation has been shown to occur via different routes, such
as transmurally through large bowel, transperitoneally through
lymphatic ducts, or haematogenously (55). In human pancreatitis, the proof of BT is based on indirect evidence of intestinal permeability, and there are only few direct studies to support this fact.
Under stringent states, such as SAP, trauma, operation, radiotherapy, chemotherapy and severe infection, the structure and
function of intestinal mucosa is damaged. Electron-microscopically manifested exuviations in microvillus of the intestinal mucosa, significantly reduced height, width and area of microvillus, damaged cell tight junction and increased apoptotic cells
and other pathologic alternations are found during condition related to gut mucosa damage. Therefore, it will lead to an increase of intestinal permeability, causing translocation of bacteria and endotoxin, activation of endothelial cells, release of inflammatory mediators and cytokines, and initiation of SIRS and
multiple organ dysfunction syndrome (MODS) (93).
The actual route of migration of microorganisms from intestinal lumen to the pancreatic and/or peripancreatic necrosis is
not clearly understood. Breakdown of intestinal integrity is considered to be implicated in the mechanism of BT (91). Yasuda et
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al (2006) demonstrated that breakdown of intestinal mucosa via
accelerated apoptosis increases intestinal permeability in rat SAP
(92). Therefore, it is presumed that acceleration of apoptosis in
intestinal epithelium causes the increase of intestinal permeability and subsequent BT (91).
Bifidobacteria may play a protective role against bacterial
translocation via immunologic mechanisms. When bifidobacteria
administered orally to germ-free (GF) mice, they colonize the
intestinal tract and reach a concentration of 109 1010 x g-1 of intestinal content in 23 days. Translocation of bifidobacteria to
mesenteric lymphatic nodes, liver, lungs, kidneys, spleen occurs
for short but then disappears. In contrast, bifidobacterial translocation persist in nude mice is stopped by inoculation of T-cells
from bifidobacteria-associated mice. Bifidobacterial translocation could be regulated through the T-lymphocyte mediated immunity. Moreover, experimental gut colonistian of ex-GF mice
with human bifidobacteria inhibits E.coli translocation. All grampositive enteric bacteria are not capable of such effect. Peptococcus induces the inhibition of E. coli translocation, whereas
Lactobacillus acidophilus is ineffective. As for the regulation of
the bifidobacterial translocation, T-cell mediated mechanism is
implicated in the regulation of E. coli passage from the gut as
shown by the disappearance of E. coli in internal organs of T-cell depleted mice following transfer of T-lymphocytes (13).
Taken together, the studies carried out in gnotobiotic animals strongly suggest the elicitation of an immune response by
bifidobacteria allowing the host to control bacterial translocation from the gut. In infants, breast-feeding, known to favour the
bifidobacterial population, is also associated with the absence of
bacterial translocation during the two first weeks after birth (13).
Vascular endothelial growth factor and endothelial dysfunction
A MODS is the most serious complication in the early phase
of SAP, and it remains the main contributing factor to the high
mortality of this disease (56). Evidence has accumulated of the
significance of apoptotic cell death in the systemic manifestations associated with SAP (58). Since the authors identified
apoptosis-inducing activity in pancreatitis-associated ascitic fluid
(59), a number of investigators, have reported, through animal
experiments, that apoptosis occurred in the parenchymal cells
constituting organs, such as alveolar epithelial cells in the lung,
renal tubular cells in the kidney, and hepatocytes in the liver, and
that apoptotic cell injury was involved in the mechanism of
MODS in AP (65).
Vascular endothelial growth factor (VEGF), also known as
vascular permeability factor (69), is a heparinbinding glycoprotein with potent angiogenic, mitogenic, and vascular permeability-enhancing activities specific for endothelial cells (91). VEGF
can also stimulate cell migration and inhibit apoptosis (14, 91).
VEGF has been suggested to be important mediator for inflammation during normal and pathological angiogenesis, a process
that is associated with wound healing, embryonic development,
and growth and metastasis of solid tumours (77). Elevated levels
of VEGF have been reported in synovial fluids of rheumatoid
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arthritis (81) and in sera from cancer patients (82, 83). Several
studies have shown that high serum levels of VEGF are associated with poor prognosis in cancer patients. Shinzeki et al reported that serum VEGF concentrations significantly increased
in patients with AP (84), but relationships with severity indexes
or prognosis were not analyzed. In this study, serum VEGF levels increased in AP, but are not related to its severity or prognosis. Thus, serum VEGF levels are not as useful as a clinical marker
for disease severity or prognosis. Increased vascular permeability and development of tissue oedema are pathognomonic features of AP. Although VEGF can increase vascular permeability,
administration of VEGF did not affect the water content of lung,
volume of ascitic fluid or hematocrit in this experimental study.
It is unlikely that systemic release of VEGF plays a major role in
alterations of vascular permeability.
In normal tissues, VEGF expression has been found in activated macrophages (85), keratinocytes (87), renal glomerular
visceral epithelium and mesangial cells (88), hepatocytes, smooth
muscle cells, Leydig cells, embryonic fibroblasts and bronchial
and choroids plexus epithelium (29).
Endothelial dysfunction plays an important role in all stages
of atherosclerosis, and is characterized by an increased activity
of vasoconstricting factors, proinflammatory and prothrombotic
mediators. Ang II with AT(1) receptor are through several mechanisms implicated in the progression of atherosclerosis. Stimulation of AT(1) receptor increases oxidative stress especially through
activation of NADH/NADPH oxidase in the vascular cells. Oxidative stress is associated with activation of the inflammatory
processes. Ang II via AT(1) receptor increases expression of adhesion molecules and stimulates the induction of monocyte
chemoattractant protein-1 (MCP-1). AT(1) receptor enhances the
activation of nuclear factor NF-kappaB, which stimulates the
production of proinflammatory cytokines. Proinflammatory
cytokines on the other side may induce acute-phase response in
the liver. Activation of AT(1) receptor via inducible cyclooxygenase (COX)-2 promotes biosynthesis of matrix metalloproteinases (MMPs). Ang II is implicated in the process of angiogenesis. Via AT(1) receptor takes part in the regulation of VEGF,
which is one of the most angiogenic factors and stimulates the
activity of endothelial progenitor cells. Recently some patents
were reported discussing role of different compounds for the treatment of cardiovascular disease, renovascular disease nephropathy, peripheral vascular disease, portal hypertension and ophthalmic disorders, are cyclooxygenase-2 inhibitors (94).
The role of the nervous system in etiopathogenesis of acute
pancreatitis
The vagus nerve constitutes highly complex system that
modulates various activity of an organism (99). Experimental
data showed that efferent pathway of the vagus nerve exert strong
inhibitory influence on immune system activity (cholinergic antiinflammatory pathway) (98). Activation of vagal anti-inflammatory pathway might influence progression of wide spectrum of
diseases with inflammatory components. It was found that inhi-

bition of vagal anti-inflammatory pathway results in enhanced
severity of experimental pancreatitis. Conversely, increased activity of peripheral component of vagal anti-inflammatory pathway attenuated severity of experimental pancreatitis. These data
suggest that cholinergic anti-inflammatory pathway plays important role in regulation of inflammation during experimental pancreatitis (100). Importance of modulation of immune function by
the nervous system in pancreatitis supports the idea of neurobiological view of etiopathogenesis of peripheral tissues diseases (96).
Conclusion
It is necessary to point out some very specific aspects of AP.
Especially the severe form of acute pancreatitis (SAP) that could
be described as a very intricate and complicated disease, involves many of the depicted processes.
Haemodynamic dysfunction during AP is secondary to reduced
circulating volume, due to increased capillary permeability. The
damage of splanchnic perfusion causes subsequent impairment of
renal blood flow, leading to renal failure and acute tubular necrosis. Reduced tissue blood flow during AP is related to its severity.
Microcirculation disturbance is one of the major causes of
pancreatic damage and other organs durig AP. Functional microcirculatory dysfunction is proportional to disease severity. It occurs later and with lesser severity in oedematous pancreatitis than
in severe form of disease. Abnormal hemorheology can not only
influence pancreatic microcirculation, but also causes microcirculation disturbance of extrapancreatic organs, espetially the intestine. Splanchnic hypoperfusion causes ischemic reperfusion
injury, which along with gut mucosal damage represents one of
the possible mechanisms of increased gut permeability.
During SAP microcirculatory disturbances and ischemic
changes of the gut play important roles for the development of
bacterial translocation. Sepsis due to infected pancreatic necrosis is the most serious complication in the late phase of SAP and
contributes to the high mortality rate of AP. This complication is
thought to be a result of the bacterial translocation from the gastrointestinal tract. Alteration of intestinal mucosal integrity may
increase intestinal permeability and may be implicated in bacterial translocaion.
Increase of intestinal permeability is correlated with the
changes of tight junctions and/or apoptosis of intestinal epithelial cells. VEGF has been suggested to be important mediator for
inflammation during normal and pathological situations.
Activation of vagal anti-inflammatory pathway might influence progression of a wide spectrum of diseases with inflammatory components. Inhibition of vagal anti-inflammatory pathway
results in enhanced severity of experimental pancreatitis. The
cholinergic anti-inflammatory pathway plays an important role
in regulation of inflammation during experimental pancreatitis.
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