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physiology impairment and a hypotensive state. Hypotension is a risk factor for death and is associated with a
significant hyporesponsiveness to vasoconstrictors. This
indicates that stabilization of the patient, once this pathological situation has been established, would be a very
difficult task. Therefore, it seems particularly necessary
to understand the pathological mechanisms involved in
the first phases of AP to avoid damage beyond the pancreas. Moreover, efforts must also be directed to identify
those patients who are at risk of developing SAP.
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Acute pancreatitis (AP) is a common and potentially
lethal acute inflammatory process. Although the majority of patients have a mild episode of AP, 10%-20%
develop a severe acute pancreatitis (SAP) and suffer systemic inflammatory response syndrome (SIRS) and/or
pancreatic necrosis. The main aim of this article is to
review the set of events, first localized in the pancreas,
that lead to pancreatic inflammation and to the spread
to other organs contributing to multiorganic shock. The
early pathogenic mechanisms in SAP are not completely
understood but both premature activation of enzymes
2+
inside the pancreas, related to an impaired cytosolic Ca
homeostasis, as well as release of pancreatic enzymes
into the bloodstream are considered important events
in the onset of pancreatitis disease. Moreover, afferent
fibers within the pancreas release neurotransmitters in
response to tissue damage. The vasodilator effects of
these neurotransmitters and the activation of pro-inflammatory substances play a crucial role in amplifying the
inflammatory response, which leads to systemic manifestation of AP. Damage extension to other organs leads to
SIRS, which is usually associated with cardiocirculatory
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INTRODUCTION
According to the Atlanta Symposium held in 1992, acute pa
ncreatitis (AP) is defined as an acute inflammatory process
of the pancreas that frequently spreads to peripancreatic
tissues and/or remote organ systems[1].
Alcohol abuse and gallstone migration are the esta
blished risk factors for the development of AP. Moreover,
in recent years, genetic factors and obesity have also
been identified as risk factors for the development of
this disease[2]. AP normally runs a benign course causing
minimum organ dysfunction and an uneventful recovery



February 6, 2010|Volume 1|Issue 1|

200

150

Increase over basal

B

b, c
b

100

50

0

8

6

Control

Pancreatitis
(Taurocholate)

Pancreatitis
(Caerulein)

Control
Pancreatitis (Taurocholate)
Pancreatitis (Caerulein)

4

2

0

b

b

b

-10

b

-9
Log [CCK] (mol/L)

Figure 1 Basal and CCK-stimulated cytosolic calcium homeostasis are
impaired in two different models of experimental AP. Experimental AP was
induced in rats by infusing 5% (wt/vol) sodium taurocholate through the pancreatic
duct (Taurocholate) or by subcutaneous injections of caerulein at a dose of 20 μg/kg
(Caerulein). Cytosolic calcium concentration was measured in isolated pancreatic
acini loaded with Fura-2 both in basal conditions and after CCK stimulation.
A: Basal [Ca2+]i in acini isolated from control and pancreatitic rats. Results are
mean ± SE and are expressed as calcium concentration in nmol/L. (bP < 0.01
vs control, cP < 0.05 vs taurocholate, n = 6 for each treatment); B: Response of
[Ca2+]i to 10-10 and 10-9 mol/L CCK in acini from control, taurocholate and caeruleininduced acute pancreatitic rats. Results are mean ± SE and are expressed as
increase over basal (set at 1) (bP < 0.01 vs control, n = 6 for each treatment). CCK:
Cholecystokinin; AP: Acute pancreatitis.

Sustained elevation of cytosolic Ca2+, described as
occurring during the onset of AP, depend on both release
of Ca2+ from intracellular stores and uptake from the
extracellular milieu[22-24]. Store-operated channels have
been recently involved in Ca 2+ influx in AP [25], while
the acid granular calcium stores, regulated by inositol
1,4,5-trisphosphate, as well as stores regulated by the
ryanodine receptor, could be involved in intracellular
Ca2+ release[23,26]. These mechanisms, and those previously
described[27], may be involved in the pathological Ca2+
increase in the early phase of AP.
The effect of Ca 2+ on zymogen activation within
acinar cells seems to be mediated by calcineurin, a Ca2+/
calmodulin-dependent serine/threonine phosphatase,
which could be activated in the early phase of AP leading
to formation of active trypsin[28,29].
In addition to cytosolic calcium impairment, oxidative
stress has also been involved in abnormal enzyme acti
vation during the early phase of AP[30]. Excessive oxygen
radical formation from activated leukocytes[31] leads to
oxidative stress and pathological processes. In experimental

INITIAL PATHOPHYSIOLOGICAL EVENTS
IN AP
AP is caused by the premature intracellular activation of
trypsinogen and other zymogens within the pancreatic
acinar cells, accompanied by disruption of normal signal
transduction and secretion[6,16,17]. Unregulated activation
of pancreatic enzymes is related to an impaired cytosolic
Ca2+ homeostasis[18,19]. Thus, we have demonstrated, by
using two different AP experimental models[20,21], that
basal levels of cytosolic Ca2+ are significantly increased in
pancreatic acini isolated from pancreatitic rats with respect
to control animals (Figure 1A). Moreover, an important
reduction in calcium response to cholecystokinin is
also observed in rats with AP (Figure 1B)[20,21]. Calcium
signalling alteration seems to be one of the earliest events
in AP development since it is observed previous to enzy
matic secretion impairment in pancreatic acini[21].
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in most patients. However, 10%-20% of patients develop
severe acute pancreatitis (SAP) and suffer systemic
inflammatory response syndrome (SIRS) and/or pancreatic
necrosis[3]. Despite improvements in clinical care, SAP
causes death in 10%-25% of patients[4,5].
AP occurs when pancreatic enzymes are prematurely
activated inside the pancreas leading to autodigestion of
the gland and local inflammation[6]. These enzymes can
also reach the bloodstream, stimulating the production
of inflammatory cytokines and tumor necrosis factor-α
(TNF-α) from leukocytes. The release of those substances
triggers an inflammatory cascade, which leads to the SIRS[7].
Morbidity of SAP takes place in two phases: the first
phase normally characterizes the first 14 d of the disease.
It is related to organ or multiorgan failure, secondary to
SIRS, and is not necessarily related to the presence of pan
creatic necrosis[8]. The late phase, starts 14 d after the onset
of the disease and is marked by infected necrosis of the
gland, septic systemic complications and multiorgan failure
syndrome, causing a significant increase in mortality[9,10].
Reports from various countries have shown an increase
in AP incidence[11,12], perhaps in relation to rising obesity
rates, which would increase the development of gallstone
pancreatitis[13]. Moreover, although fatalities associated with
AP have decreased over time, the population mortality rate
has remained unchanged[10,14].
The lack of advances in the management of AP
reflects both the limited understanding of the early AP
pathophysiological mechanisms and the difficulty in
identifying the patients who are at risk of developing
severe disease[3,10]. Accurate diagnosis of SAP on admission
to the hospital is of paramount importance[15] and there is,
therefore, agreement about the need for finding predictors
of severe disease to identify patients who are at risk of
morbidity and death.
The main aim of this article is to review the set of
events, first localized in the pancreas, that contribute
to pancreatic inflammation, and then explain how this
local reaction spreads to other organs and contributes to
multiorganic shock.

Basal [Ca ]i (nmol/L)
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AP, superoxide radical accumulation could lead to cell
cytoskeleton dysfunction leading to intracellular transport
impairment and premature activation of digestive
enzymes[30]. Moreover, increased oxidative stress causes
an antioxidative capacity reduction and increases lipid
peroxidation, and both effects could also play an important
role in acinar cell damage[30].
Other early events that take place in the onset of AP
is cytoskeletal proteins breakdown, probably mediated by
cytosolic proteases activation[32] and disruption of acinar cell
membranes, which could allow the influx of calcium and
the exit of molecules, such as enzymes, from acinar cells[33].
Trypsin activation, which is a consequence of the pro
longed elevated cytosolic Ca2+ and also of the deficient
lysosomal degradation[34], occurs in post-exocytotic endo
cytic vacuoles[35]. After this event, several enzymes such as
elastase and phospholipases and other mediators are acti
vated[36], with increased leukocyte migration to the pancreas.

Both SP and CGRP, and possibly other vasodilators,
could be involved in this microcirculatory impairment.
It has been recently shown that SP mediates pancreatic
microcirculatory dysfunction during the development of
experimental AP[41]. Thus, SP, through the neurokinin 1
receptor, would lead to vasodilation and plasma extravasation
causing leukocyte adhesion, infiltration, and edema[42].
However, actions of these vasodilator neurotransmit
ters can go further. SP can specifically stimulate infiltrated
leukocytes promoting inflammatory mediators release[43].
Pro-inflammatory molecules, such as cytokines, hista
mine or TNF-α, produced by lymphocytes, monocytes,
macrophages and mast cells, would enhance tissue dam
age and further increase leukocyte recruitment. All these
mechanisms contribute to amplify the inflammatory and
systemic manifestation of AP[44].
Furthermore, SP could mediate the inflammatory
response by directly activating tachykinin receptors in
pancreatic acinar cells, leading to release of both enzyme
and inflammatory mediators from these cells[45,46].
In this early phase of AP, acinar cells would be the pri
mary source of inflammatory mediators and the relative im
balance between pro-inflammatory and anti-inflammatory
responses could be the crucial issue for the progression and
severity of the disease[44]. Damage, which is first confined
in the pancreas, can finally be disseminated throughout the
body and may cause the feared multiorganic failure.
SAP progression includes different events that lead
to the vascular endothelial barrier dysfunction with an
increased permeability and transendothelial migration of
leukocytes and harmful enzymes to various tissues[47,48]. In
the following section, we will describe the different path
ways that can lead to this injury.

NEUROGENIC INFLAMMATION IN AP
Initial events, described above, take place within the
pancreas and lead to the damage of gland tissue and
pain arising in the damaged area. The detection and
transmission of painful stimuli depend on stimulation of
sensory neurons. These neurons have their bodies located
at dorsal root ganglia, their axonal projections running
centrally to the spinal chord and their dendrite projections
innervating specific organs, including the pancreas.
Stimulation of these primary sensory neurons activates
second neurons in the spinal chord, relaying the signal pain,
but this can also lead to neurotransmitter release from their
ends in the peripheral tissues. These neurotransmitters
exert bioactive actions, especially vasodilator effects, which
could lead to neurogenic inflammation[37].
Substance P (SP) and calcitonin gene-related peptide
(CGRP) are neurotransmitters that are released from these
sensitive neurons, which seem to account for neurogenic
inflammation in the pancreas. They can interact with
endothelial cells, arterioles, mast cells and other immune
cells to induce vasodilation, edema and inflammatory cell
infiltration[38].
Concerning SP, it has been shown to play an important
role in many inflammatory states[38]. SP has been detected
within the pancreas and its levels are increased in caeruleininduced AP[38]. Moreover, we have recently shown that both
neurotransmitters, SP and CGRP, are massively released
from sensitive fibers within the pancreas of rats with
taurocholate-induced SAP[21] suggesting that neurogenic
inflammation is important in SAP development.
Vasodilator peptides release is supposed to be a prot
ective mechanism since these molecules could improve
pancreatic blood perfusion, avoiding ischemic damage.
However, in a way that is not completely understood, they
can also lead to deleterious effects in AP, which contribute
to later SAP damage. During the last years, a set of expe
rimental studies have confirmed the hypothesis that
microcirculatory derangement plays a pivotal role in the
pathogenesis of SAP[39,40].

WJGPT|www.wjgnet.com

FROM LOCAL PANCREATIC DAMAGE TO
SYSTEMIC EFFECTS
Despite all the research on pathophysiological mechanisms
involved in SAP development, the explanation for how
the inflammatory process extends and affects different
organs is unknown. SIRS, which is the main life-threaten
ing complication in patients with SAP[7,8], is characterized
by pulmonary, cardiovascular and renal insufficiency[49].
Moreover, SIRS can be associated with an impaired car
diovascular function characterized by hypotension, which
has been considered as a risk factor for death on admis
sion at the hospital[50].
A recent review focusing on the reasons for multiple
organ dysfunction in SAP concluded that injury incidence
is lower in organs located farther from the pancreas[51].
The authors suggested that enzymatic proteases, especially
trypsin, are the main culprits in damage spread. In mild
cases, trypsin remains confined to the pancreas, whereas
in SAP it enters the blood circulation and could affect
other tissues[51].
Moreover, the overwhelming production of pro-inflam
matory mediators, as well as oxidative injury, has also been
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Figure 3 Response of arterial blood pressure to endothelin and angiotensin
Ⅱ is impaired in pancreatitic rats. Taurocholate was retrogradely infused through
the pancreatic duct. Once mean arterial pressure in animals with pancreatitis
diminished to around 20 mmHg with respect to basal values or at an equivalent
time in controls, both endothelin (4 nmol/kg) and angiotensin Ⅱ (225 ng/kg)
were administered by means of injection through the femoral vein. The mean
arterial pressure changes caused by both vasoconstrictors were calculated by
considering basal values those obtained after taurocholate retrograde infusion.
Results are mean ± SE (bP < 0.01 vs control, n = 6 for each treatment and for
each substance tested).

Figure 2 Hypotension associated with severe acute pancreatitis (SAP) is
prevented with previous infusion of S-nitroso-N-acetylpenicillamine (SNAP).
Mean arterial pressure (MAP) values along the experimental time in rats that
were infused with 5% taurocholate through the pancreatic duct for 10 min (black
horizontal bar) (Pancreatitis) or 5% taurocholate through the pancreatic duct for
10 min and intravenously infused with SNAP (200 μg/kg per hour) for 1 h (gray
horizontal bar) (Pancreatitis + SNAP). Results are mean ± SE of changes above or
below the basal MAP value (n = 6 for each treatment).

involved in extending the inflammation to other organs
different from the pancreas. Thus, inflammatory mediators,
such as ICAM-1, could contribute to the exit of activated
pancreatic enzymes from the circulation by increasing
capillary permeability[52] and a reduction of hepatic dam
age after antioxidant agentsadministration has been shown
during experimental AP[53].
As we have mentioned above, inflammation of differ
ent organs and multiorganic failure is usually associated
with a dramatic fall of arterial blood pressure. Although the
mechanisms underlying hypotension associated with SAP
are still not completely understood, a failure in the physi
ological equilibrium between vasodilator and vasoconstric
tor mediators has been proposed[54]. In two recent studies,
we have analyzed whether an overwhelming production of
vasodilators or a diminished response to vasoconstrictors
occur in SAP-associated hypotension[55,56] and in the follow
ing paragraphs we will summarize our main conclusions.
Nitric oxide (NO), an important vasodilator, has been
implicated in the pathophysiology of AP. However, there
is not agreement about its beneficial or detrimental role
in this disease[57]; moreover, an increase in NO has been
suggested in SAP in humans[58], but this issue is not yet
clear[59]. We have demonstrated, by using an experimental
model of necrotizing AP in rats, that NO and other va
sodilators may exert a beneficial effect on SAP when they
are administered before induction of pancreatitis[55]. Thus,
retrograde infusion of 5% sodium taurocholate through
the pancreatic duct caused SAP associated with a fall of
approximately 25 mmHg in mean arterial pressure in rats
2 or 3 h after pancreatitis induction (Figure 2). Treatment
with a NO donor, S-nitroso-N-acetylpenicillamine (SNAP),
previously to pancreatitis induction, led to a stabiliza
tion of arterial pressure in pancreatitic animals (Figure 2).
Since enhancement of capillary blood flow protects isch
emic areas in the pancreas from becoming necrotic[60], we
postulated that NO, as well as other vasodilators, would

WJGPT|www.wjgnet.com

35

reduce the systemic circulatory derangement derived from
the development of SAP by increasing blood flow in the
gland[55]. Moreover, we have observed that in later phases
of SAP, when hemodynamic impairment is established,
NO still plays an important role in regulating the vascular
tone[56] and controlling arterial pressure in this condition.
But, what is the physiological role of vasodilators and va
soconstrictors once the hypotensive phase associated with
AP has been reached?
Our work has demonstrated that hypotension associ
ated with SAP could be related to a marked decrease in
the response to vasoconstrictor substances, such as endo
thelin and angiotensin Ⅱ[56]. Both endothelin and reninangiotensin system (RAS) are increased in SAP[61,62]. The
hypertensive response to exogenously administered vaso
constrictors is lower in animals with pancreatitis than in
control rats (Figure 3), perhaps due to the fact that their
receptors are occupied by the endogenous endothelin and
angiotensin Ⅱ released during AP. Although the pressor
responsiveness to angiotensin Ⅱ is reduced in animals with
pancreatitis, we have demonstrated that RAS plays a very
important role in maintaining arterial pressure in these ani
mals, since angiotensin Ⅱ synthesis inhibition aggravates
the physiological homeostatic response of the cardiovascu
lar system in SAP[56], which could finally lead to the animal’
s death. This demonstrates the importance of RAS in the
hypotensive status.
In conclusion, AP is a common inflammatory disease
with increasing incidence. Although the majority of pa
tients have a mild episode of AP, some of them develop
a severe course and suffer SIRS. It seems that once hy
potension is fully established, opportunities to ameliorate
the disease state and reverse the situation are limited. This
means that therapeutic efforts should be directed towards
earlier phases of the disease. It is particularly important to
understand the pathophysiological mechanisms that occur
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at the first phases of AP to avoid damage spreading out
of the pancreas. Moreover, efforts should also be directed
to know why AP develops to become a severe disease in
some patients but not in others, and to identify the pa
tients who are at risk for developing severe disease in the
earliest phases of AP.

22
23

REFERENCES
1

2
3
4
5
6

7
8
9
10
11
12
13
14
15
16
17
18
19

20

21

24

Bradley EL 3rd. A clinically based classification system for
acute pancreatitis. Summary of the International Symposium
on Acute Pancreatitis, Atlanta, Ga, September 11 through 13,
1992. Arch Surg 1993; 128: 586-590
Jha RK, Ma Q, Sha H, Palikhe M. Acute pancreatitis: a
literature review. Med Sci Monit 2009; 15: RA147-RA156
Muddana V, Whitcomb DC, Papachristou GI. Current
management and novel insights in acute pancreatitis. Expert
Rev Gastroenterol Hepatol 2009; 3: 435-444
Gloor B, Müller CA, Worni M, Martignoni ME, Uhl W, Büchler
MW. Late mortality in patients with severe acute pancreatitis.
Br J Surg 2001; 88: 975-979
McKay CJ, Imrie CW. The continuing challenge of early
mortality in acute pancreatitis. Br J Surg 2004; 91: 1243-1244
Hirano T, Manabe T. A possible mechanism for gallstone
pancreatitis: repeated short-term pancreaticobiliary duct
obstruction with exocrine stimulation in rats. Proc Soc Exp Biol
Med 1993; 202: 246-252
Norman J. The role of cytokines in the pathogenesis of acute
pancreatitis. Am J Surg 1998; 175: 76-83
Uomo G. Do we really need a new category of severity for
patients with acute pancreatitis? JOP 2009; 10: 583-584
Beger HG, Rau B, Mayer J, Pralle U. Natural course of acute
pancreatitis. World J Surg 1997; 21: 130-135
Tonsi AF, Bacchion M, Crippa S, Malleo G, Bassi C. Acute
pancreatitis at the beginning of the 21st century: the state of
the art. World J Gastroenterol 2009; 15: 2945-2959
Yadav D, Lowenfels AB. Trends in the epidemiology of the
first attack of acute pancreatitis: a systematic review. Pancreas
2006; 33: 323-330
Frey CF, Zhou H, Harvey DJ, White RH. The incidence and
case-fatality rates of acute biliary, alcoholic, and idiopathic
pancreatitis in California, 1994-2001. Pancreas 2006; 33: 336-344
Lowenfels AB, Maisonneuve P, Sullivan T. The changing
character of acute pancreatitis: epidemiology, etiology, and
prognosis. Curr Gastroenterol Rep 2009; 11: 97-103
Skipworth JR, Pereira SP. Acute pancreatitis. Curr Opin Crit
Care 2008; 14: 172-178
Mofidi R, Patil PV, Suttie SA, Parks RW. Risk assessment in
acute pancreatitis. Br J Surg 2009; 96: 137-150
Weiss FU, Halangk W, Lerch MM. New advances in pan
creatic cell physiology and pathophysiology. Best Pract Res
Clin Gastroenterol 2008; 22: 3-15
Frossard JL, Steer ML, Pastor CM. Acute pancreatitis. Lancet
2008; 371: 143-152
Krüger B, Albrecht E, Lerch MM. The role of intracellular
calcium signaling in premature protease activation and the
onset of pancreatitis. Am J Pathol 2000; 157: 43-50
Mooren FCh, Hlouschek V, Finkes T, Turi S, Weber IA, Singh
J, Domschke W, Schnekenburger J, Krüger B, Lerch MM.
Early changes in pancreatic acinar cell calcium signaling after
pancreatic duct obstruction. J Biol Chem 2003; 278: 9361-9369
Bragado MJ, San Román JI, González A, García LJ, López MA,
Calvo JJ. Impairment of intracellular calcium homoeostasis
in the exocrine pancreas after caerulein-induced acute
pancreatitis in the rat. Clin Sci (Lond) 1996; 91: 771
García M, Barbáchano EH, Lorenzo PH, San Román JI,
López MA, Coveñas R, Calvo JJ. Saline infusion through
the pancreatic duct leads to changes in calcium homeostasis

WJGPT|www.wjgnet.com

25

26

27
28

29

30
31

32

33

34

35

36
37
38

39

13

similar to those observed in acute pancreatitis. Dig Dis Sci
2009; 54: 300-308
Raraty MG, Murphy JA, Mcloughlin E, Smith D, Criddle
D, Sutton R. Mechanisms of acinar cell injury in acute
pancreatitis. Scand J Surg 2005; 94: 89-96
Husain SZ, Prasad P, Grant WM, Kolodecik TR, Nathanson
MH, Gorelick FS. The ryanodine receptor mediates early
zymogen activation in pancreatitis. Proc Natl Acad Sci USA
2005; 102: 14386-14391
Petersen OH. Ca 2+ signaling in pancreatic acinar cells:
physiology and pathophysiology. Braz J Med Biol Res 2009; 42:
9-16
Kim MS, Hong JH, Li Q, Shin DM, Abramowitz J, Birnbaumer
L, Muallem S. Deletion of TRPC3 in mice reduces storeoperated Ca2+ influx and the severity of acute pancreatitis.
Gastroenterology 2009; 137: 1509-1517
Gerasimenko JV, Lur G, Sherwood MW, Ebisui E, Tepikin
AV, Mikoshiba K, Gerasimenko OV, Petersen OH. Pancreatic
protease activation by alcohol metabolite depends on Ca2+
release via acid store IP3 receptors. Proc Natl Acad Sci USA
2009; 106: 10758-10763
Sutton R, Criddle D, Raraty MG, Tepikin A, Neoptolemos
JP, Petersen OH. Signal transduction, calcium and acute
pancreatitis. Pancreatology 2003; 3: 497-505
Husain SZ, Grant WM, Gorelick FS, Nathanson MH, Shah
AU. Caerulein-induced intracellular pancreatic zymogen
activation is dependent on calcineurin. Am J Physiol
Gastrointest Liver Physiol 2007; 292: G1594-G1599
Shah AU, Sarwar A, Orabi AI, Gautam S, Grant WM, Park
AJ, Shah AU, Liu J, Mistry PK, Jain D, Husain SZ. Protease
Activation during in vivo Pancreatitis is Dependent upon
Calcineurin Activation. Am J Physiol Gastrointest Liver Physiol
2009; Epub ahead of print
Gül M, Eşrefoğlu M, Oztürk F, Ateş B, Otlu A. The beneficial
effects of pentoxifylline on caerulein-induced acute
pancreatitis in rats. Dig Dis Sci 2009; 54: 555-563
Sweiry JH, Shibuya I, Asada N, Niwa K, Doolabh K, Habara
Y, Kanno T, Mann GE. Acute oxidative stress modulates
secretion and repetitive Ca2+ spiking in rat exocrine pancreas.
Biochim Biophys Acta 1999; 1454: 19-30
Weber H, Hühns S, Lüthen F, Jonas L. Calpain-mediated
breakdown of cytoskeletal proteins contributes to cholecy
stokinin-induced damage of rat pancreatic acini. Int J Exp
Pathol 2009; 90: 387-399
Müller MW, McNeil PL, Büchler P, Ceyhan GO, Wolf-Hieber
E, Adler G, Beger HG, Büchler MW, Friess H. Acinar cell
membrane disruption is an early event in experimental acute
pancreatitis in rats. Pancreas 2007; 35: e30-e40
Mareninova OA, Hermann K, French SW, O'Konski MS,
Pandol SJ, Webster P, Erickson AH, Katunuma N, Gorelick
FS, Gukovsky I, Gukovskaya AS. Impaired autophagic flux
mediates acinar cell vacuole formation and trypsinogen
activation in rodent models of acute pancreatitis. J Clin Invest
2009; 119: 3340-3355
Sherwood MW, Prior IA, Voronina SG, Barrow SL, Woodsmith
JD, Gerasimenko OV, Petersen OH, Tepikin AV. Activation of
trypsinogen in large endocytic vacuoles of pancreatic acinar
cells. Proc Natl Acad Sci USA 2007; 104: 5674-5679
Frossard JL, Hadengue A. [Acute pancreatitis: new physio
pathological concepts] Gastroenterol Clin Biol 2001; 25: 164-176
Liddle RA. The role of Transient Receptor Potential Vanilloid
1 (TRPV1) channels in pancreatitis. Biochim Biophys Acta 2007;
1772: 869-878
Bhatia M, Saluja AK, Hofbauer B, Frossard JL, Lee HS,
Castagliuolo I, Wang CC, Gerard N, Pothoulakis C, Steer ML.
Role of substance P and the neurokinin 1 receptor in acute
pancreatitis and pancreatitis-associated lung injury. Proc Natl
Acad Sci USA 1998; 95: 4760-4765
Klar E, Endrich B, Messmer K. Microcirculation of the
pancreas. A quantitative study of physiology and changes in

February 6, 2010|Volume 1|Issue 1|

García M et al . Cardiocirculatory changes in severe acute pancreatitis

40
41
42

43

44
45

46

47
48

49
50
51

pancreatitis. Int J Microcirc Clin Exp 1990; 9: 85-101
Kaska M, Pospísilová B, Slízová D. Pathomorphological
changes in microcirculation of pancreas during experimental
acute pancreatitis. Hepatogastroenterology 2000; 47: 1570-1574
Ito Y, Lugea A, Pandol SJ, McCuskey RS. Substance P mediates
cerulein-induced pancreatic microcirculatory dysfunction in
mice. Pancreas 2007; 34: 138-143
Bhatia M, Sidhapuriwala JN, Ng SW, Tamizhselvi R,
Moochhala SM. Pro-inflammatory effects of hydrogen sulphide
on substance P in caerulein-induced acute pancreatitis. J Cell
Mol Med 2008; 12: 580-590
Gallicchio M, Benetti E, Rosa AC, Fantozzi R. Tachykinin
receptor modulation of cyclooxygenase-2 expression in
human polymorphonuclear leucocytes. Br J Pharmacol 2009;
156: 486-496
Malleo G, Mazzon E, Siriwardena AK, Cuzzocrea S. Role
of tumor necrosis factor-alpha in acute pancreatitis: from
biological basis to clinical evidence. Shock 2007; 28: 130-140
Broccardo M, Linari G, Agostini S, Amadoro G, Carpino
F, Ciotti MT, Petrella C, Petrozza V, Severini C, Improta
G. Expression of NK-1 and NK-3 tachykinin receptors in
pancreatic acinar cells after acute experimental pancreatitis in
rats. Am J Physiol Gastrointest Liver Physiol 2006; 291: G518-G524
Ramnath RD, Sun J, Adhikari S, Zhi L, Bhatia M. Role of
PKC-delta on substance P-induced chemokine synthesis in
pancreatic acinar cells. Am J Physiol Cell Physiol 2008; 294:
C683-C692
Al Mofleh IA. Severe acute pancreatitis: pathogenetic aspects
and prognostic factors. World J Gastroenterol 2008; 14: 675-684
Frossard JL, Saluja A, Bhagat L, Lee HS, Bhatia M, Hofbauer
B, Steer ML. The role of intercellular adhesion molecule 1 and
neutrophils in acute pancreatitis and pancreatitis-associated
lung injury. Gastroenterology 1999; 116: 694-701
Bhatia M. Inflammatory response on the pancreatic acinar
cell injury. Scand J Surg 2005; 94: 97-102
Andersson B, Olin H, Eckerwall G, Andersson R. Severe
acute pancreatitis--outcome following a primarily nonsurgical regime. Pancreatology 2006; 6: 536-541
Sha H, Ma Q, Jha RK. Trypsin is the culprit of multiple organ
injury with severe acute pancreatitis. Med Hypotheses 2009; 72:
180-182

52
53

54
55

56

57

58

59
60

61

62

Zhang XP, Li ZJ, Zhang J. Inflammatory mediators and
microcirculatory disturbance in acute pancreatitis. Hepatobiliary
Pancreat Dis Int 2009; 8: 351-357
Eşrefoğlu M, Gül M, Ates B, Batçioğlu K, Selimoğlu
MA. Antioxidative effect of melatonin, ascorbic acid and
N-acetylcysteine on caerulein-induced pancreatitis and
associated liver injury in rats. World J Gastroenterol 2006; 12:
259-264
Bhatia M, Brady M, Shokuhi S, Christmas S, Neoptolemos
JP, Slavin J. Inflammatory mediators in acute pancreatitis. J
Pathol 2000; 190: 117-125
Hernández-Barbáchano E, San Román JI, López MA, Coveñas
R, López-Novoa JM, Calvo JJ. Beneficial effects of vasodilators
in preventing severe acute pancreatitis shock. Pancreas 2006; 32:
335-342
García M, Hernández-Barbáchano E, Hernández Lorenzo
MP, Calvo JJ, López Novoa JM, San Román JI. Cardiovascular
homeostasis in hypotension associated with initial stages of
severe acute pancreatitis. Pancreas 2008; 37: 432-439
Ang AD, Adhikari S, Ng SW, Bhatia M. Expression of nitric
oxide synthase isoforms and nitric oxide production in acute
pancreatitis and associated lung injury. Pancreatology 2009; 9:
150-159
Mettu SR, Wig JD, Khullar M, Singh G, Gupta R. Efficacy of
serum nitric oxide level estimation in assessing the severity
of necrotizing pancreatitis. Pancreatology 2003; 3: 506-513;
discussion 513-514
DiMagno MJ. Nitric oxide pathways and evidence-based
perturbations in acute pancreatitis. Pancreatology 2007; 7:
403-408
Foitzik T, Eibl G, Hotz B, Hotz H, Kahrau S, Kasten C, Schneider
P, Buhr HJ. Persistent multiple organ microcirculatory
disorders in severe acute pancreatitis: experimental findings
and clinical implications. Dig Dis Sci 2002; 47: 130-138
Inoue K, Hirota M, Kimura Y, Kuwata K, Ohmuraya M,
Ogawa M. Further evidence for endothelin as an important
mediator of pancreatic and intestinal ischemia in severe acute
pancreatitis. Pancreas 2003; 26: 218-223
Tsang SW, Cheng CH, Leung PS. The role of the pancreatic
renin-angiotensin system in acinar digestive enzyme secretion
and in acute pancreatitis. Regul Pept 2004; 119: 213-219
S- Editor Li LF L- Editor Lutze M E- Editor Yang C

WJGPT|www.wjgnet.com

14

February 6, 2010|Volume 1|Issue 1|

