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Abstract
AIM: Proinflammatory cytokines TNF-α and IL-6 play a main
role in acute pancreatitis (AP). Cytokine biosynthesis runs
through two major signaling pathways at the level of
proteins: nuclear transcription factor-κB (NF-κB) and p38
mitogen-activated protein kinase (p38 MAPK). The aim of
the study was to investigate the effect of NF-κB and p38
MAPK in activated monocytes/macrophages on cytokines of
rats with acute pancreastitis.

METHODS: Taurocholate (3 % and 5 %) at doses of 1 mL/kg
was administered into the biliopancreatic duct of male
Sprague-Dawley (SD) rats to reduce acute edematous
pancreariris (AEP) and acute necrotizing pancreatitis (ANP).
Pancreatic tissues were prepared immediately after death.
At this point, blood was obtained for determination of serum
amylase and pro-inflammatory TNF-α and IL-6. Activated
monocytes/macrophages were captured from blood and so
were ascites. NF-κB and p38 MAPK in activated monocytes/
macrophages were measured by immunohistochemistry
method. Pancreatic tissue samples were prepared for routine
light microscopy, using hematoxylin and eosin (HE) staining.

RESULTS: The serum levels of amylase were 3 056.00±
1 232.35 IU/L and 4 865.12±890.34 IU/L at 3 and 6 hours
in ANP group, which were significantly higher than those
(3 056.00±1 232.35 IU/L and 3 187.17±821.16 IU/L) (P<0.05,
respectively) in AEP group. In ascites the levels were
3.32±1.01 g and 3.76±1.12 g at 3 and 6 hours in ANP group,
which were significantly higher than those (1.43±1.02 g and
2.56±1.21 g) (P<0.05, respectively) in AEP group. The serum
levels of TNF-α were 54.27±23.48 pg/ml and 67.83±22.02
pg/ml in AEP group and 64.28±20.79 pg/ml  and 106.59±
43.71 pg/ml in ANP group, and the serum levels of IL-6 were
428.12±140.30 pg/ml and 420.13±139.40 pg/ml in AEP group
and 1 600.32±309.78 pg/ml and 2 203.76±640.85 pg/ml in
ANP group, which were far significantly higher than those in
sham group (P<0.001, respectively). The serum level of TNF-
α 6 hours after establishment of the studied model and that
of IL-6 at 3 and 6 hours in ANP group were significantly
higher than those in AEP (P<0.05, P<0.001, P<0.05). In
ANP group, the levels of serum TNF-α and IL-6 6 hours
after establishment of the studied model were significantly
higher than those 3 hours after establishment of studied
model (P<0.05, P<0.05, respectively). Three and 6 hours
after establishment of the model, typical pathological changes

of AEP and ANP were found, such as large numbers of
inflammatory cells, edema, hemorrhage, necrosis, large
amount of ascites. In AEP, NF-κB and p38 MAPK in activated
monocytes/macrophages were moderately found at 3 and
6 hours after introduction of the model. However, in ANP,
the expression of NF-κB and p38 MAPK in activated
monocytes/macrophages was upregulated evidently at 3 and
6 hours after introduction of the model, reaching their highest
levels at 6 hours after introduction of the model, which were
consistent with the levels of TNF-α and IL-6.

CONCLUSION: Cytokine TNF-α and IL-6 play a main role
in acute pancreatitis, expression of NF-κB and p38 MAPK in
activated monocytes/macrophages might play a major role
in cytokine transcription and biosynthesis.
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INTRODUCTION
The etiology of acute pancreatitis (AP) is mostly alcoholic or
gallstone. Whatever the etiologic factors are, once the disease
is initiated by an early molecular mechanism (which is still
controversial) in or around acinar cells, a host inflammatory
response is evoked in the pancreas. This locally limited
inflammation is then manifested and amplified by the actions of
diverse inflammatory mediators, such as cytokines (tumor
necrosis factor-α (TNF-α), interleukin-1(IL-1) and interleukin-
6(IL-6)), reactive oxygen species, proteolytic enzymes, lipids,
as well as gaseous mediators, resulting in the induction of
systemic inflammatory response syndrome (SIRS)[1-3]. Although
SIRS is principally considered to be the normal host response to
the insults, sustained or exaggerated SIRS, followed by the
development of multiple organ dysfunction syndrome (MODS),
is ultimately responsible for most pancreatitis- associated
mortality and morbidity. Thus, the most distinctive feature of
AP could be defined as its propensity to propagate locally limited
inflammation into SIRS, and subsequently into MODS[4,5].
      In AP, the very early phenomena that appear to occur are
monocytes and neutrophils in the circulation migrating into
the pancreatic interstitial space, mainly mediated by adhesion
molecules on leukocytes[6,7]. These infiltrating cells accelerate
further production and secretion of cytokines, as well as other
inflammatory mediators. As a result, leukocytes in the
circulation, as well as endothelial cells, in the pancreas and
specific distant organs such as the lung, liver and spleen, are
activated, eliciting further microcirculatory derangements, such
as increased vascular permeability and accelerated leukocyte
transmigration. The contribution of cytokines during this cascade
of events has been increasingly apparent in the past decade, as
indicated by several clinical and experimental studies exhibiting
increased levels of cytokines in plasma, lymph, and ascites,as
well as enhanced activitity of circulating leukocytes. Of the
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various kinds of inflammatory mediators, TNF-α and IL-1 are
regarded as most prominent “first-line” cytokines[8-10]. IL-6 is
well known to be the primary inducer of acute-phase response.
Therefore, IL-6 was recently reported to be the best prognostic
parameter of pulmonary failure[11]. IL-6, IL-8 and TNF-α can
be synthesized by monocytes/macrophages, neutrophils,
endothelial cells, and even pancreatic duct cells.
      Recent experimental studies appeared to have shed some
light on the intracellular signaling pathway in the inflammatory
cascade in AP. For example, recent evidence strongly suggested
the crucial role of NF-κB in the initiation of AP, not only in
pancreatic acinar cells and monocytes/macrophages but also
in specific distant organs, such as the lung. NF-κB is able to
mediate a variety of inflammatory mediators involved in AP,
including cytokines and adhesion molecules, as well as specific
inducible isoform of nitric oxide synthase enzymes[12-21].
Additionally, recent evidence has also shown the contribution
of p38 MAP kinase to the mechanism underlying cytokine
expression in pancreatic acinar cells and monocytes/
macrophages. An in-vitro experiment showed that cytokine
expression of acinar cells was mediated by two separate signal
pathways, i.e, NF-κB and p38 MAP kinase. of which p38 MAP
kinase is now suggested to play a major role[22-27]. The definitive
role of these intracellular signaling cascades may lead to new
designs for cytokine modulation therapy.
      This study was to investigate the effect of NF-κB and p38
MAPK in activated monocytes/macrophages on pro-
inflammatory cytokines of mice with acute pancreatitis and to
explore the biosynthesis mechanism of pro-inflammatory
cytokines TNF-α and IL-6.

MATERIALS AND METHODS

Materials
Sixty pathogen-free male Sprague-Dawley (SD) rats (Animal
Center, Xi’an Jiaotong University), weighing 250-300 g, were
used in this experiment. The animals were kept at a constant
room temperature of 25  with a 12-hour light-dark cycle,
and were allowed free access to water. The animals were
housed in the animal facility for at least seven days prior to
use in order to stabilize their intestinal flora. All procedures
including the rats receiving a very small amount of
methoxyflurane for induction and pentobarbital intra-peritoneal
injection (50 mg/kg) for anesthesia were performed under
sterile conditions. SD rats were divided into subgroups of
pancreatitis and controls. Taurocholate (3 % and 5 %, Sigma)
at doses of 1 mL/kg was administered into the biliopancreatic
duct of the rats to establish acute edematous pancreatitis (AEP)
and acute necrotizing pancreatitis (ANP). In the sham group,
the mice were only operated but not infused anything. All
values reported were from animals killed at defined time points.
During experiments the rats were closely observed, and
pancreas tissues were prepared immediately after death. At
this point, blood was obtained for determination of serum
amylase and TNF-α and IL-6. The activated monocytes/
macrophages were captured from blood and ascites respectively.

Macroscopic assessment of the pancreas
Necrosis, hemorrhage and edema of the pancreas were each
graded from 0 to 3 as follows: (a) necrosis: no necrosis =0,
isolated necrotic lesion (<5 % of the pancreas)=1, necrotic areas
5-25 %=2, necrotic areas >25 % and partial destruction of the
organ=3; (b) hemorrhage: not evident=0, single focal
hemorrhage=1, multiple disseminated hemorrhagic dots=2,
massive confluent hemorrhage=3; (c) edema: normal size=0,
enlargement of the pancreas=1, recognizable accumulated fluid
in the tissue=2, massive swelling and fluid accumulation=3.

The scores of these parameters were summed, and the highest
possible total score for an individual rat was 9[28].

Microscopic assessment of the pancreas
Pancreas tissue samples were prepared for routine light
microscopy, using hematoxylin and eosin (HE) staining and
examined by a pathologist who was unaware of the source of
specimens. HE-stained pancreas sections were observed with
a standard light microscope to evaluate morphologic alterations
following AP.

Pancreatic water contents
The wet weight-dry weight ratio of the pancreas was obtained
after about 200 mg of freshly prepared pancreatic tissue was
dried for 20 h at 105 .

Amylase assay
Amylase activity in plasma was determined using the a-amylase
EPS assay purchased from Roche (Sigma) at 37 .

Serum of TNF-α and IL-6
Blood was collected and centrifuged (3 000 rpm/min, for 5 min).
The serum was captured and stored at -30 . The pro-
inflammatory TNF-α and IL-6 were measured by enzyme-
linked immunosorbent assay (ELISA).

NF-κB and p38 MAPK in activated monocytes/macrophages
The activated monocytes/macrophages were captured from
blood and ascites, respectively. They were separated and pasted
for 12 hours in 10 % calf serum of 1640. NF-κB and p38 MAPK
in activated monocyte/macrophage were measured by
immunohistochemistry method (S-ABC). In brief, endogenous
peroxidases were blocked for 15 min with methanol-H2O2, and
after several washes unspecific-binding sites were blocked for
2 h with 3 % normal horse serum. Samples were then incubated
overnight in a humidified chamber at 4  with the primary
antibody against NF-κB and p38 MAPK(Sigma) diluted 1:200.
This was followed by biotinylated goat anti-mouse antibody
diluted 1:200 for 1 h, and the avidin-biotin complex (ABC kit,
Vector Laboratories) (1:100) for 1 h. The reaction was
developed with 0.05 % diaminobenzidine and 0.03 % H2O2.
Negative controls were carried out by omission of the primary
antibody in the overnight incubation. Several sections were
counterstained with hematoxylin.

Statistical analysis
The values were expressed as the mean ±standard error (SEM).
The data were analyzed for statistical significance using
Student’s t test. There were six animals in each group at each
time point. As the values in some data sets were not normally
distributed or exhibited unequal standard deviations, the
nonparametric Wilcoxon rank sum test was used to test for
statistical differences between groups. In all instances P<0.05
was considered to be significant.

RESULTS

Amylase assay and ascites
The serum levels of AMS and ascites in AEP and ANP groups
were significantly higher than those in sham group (P<0.01).
The serum levels of AMS and ascites at 3 and 6 hours after the
establishment of the studied model in ANP group were
significantly higher than that in AEP (P<0.05). In ANP group,
the levels of serum AMS and ascites 6 hours after the
establishment of the studied model were not significantly
higher than those 3 hours after the establishment of the studied
model (P>0.05) (Table 1).



Table 1  Levels of AMS and ascites of AEP and ANP(x±s)

                          AMS (IU/L)                                    Ascites (g)
Group

             3 h                              6 h                      3 h                   6 h

Sham    792.80±265.08         793.8 0±265.08              0                      0
AEP 3 056.00±1232.35b       3 187.17±821.16b     1.43±1.02b       2.56±1.21b

ANP 4 345.30±1005.77ab    4 865.12±890.34ab    3.32±1.01ab     3.76±1.12ab

bP<0.01 vs sham, aP<0.05 vs AEP.

Pancreatic water contents
The extent of pancreatic edema was determined as the wet
weight/dry weight ratio of the tissue, and the macroscopic
appearance of the pancreas was evaluated by a score (Table
2). In pancreatitis both parameters were significantly increased
compared to the control (P<0.05).

Table 2  Macrocopic appearance and edema of pancreas in
AEP and ANP (at 6 hours after of model)

 n        Sham      AEP  ANP

Score 0.2          1.1        6.9a    6.3ac

ww/dw 4.3          5.3        7.1a    8.2ac

The macroscopic appearance of the pancreas was scored. For
an individual rat the highest possible score was 9. Pancreatic
water content was estimated as the wet weight/dry weight
ratio (ww/dw) of the tissue. N: untreated animals, anesthesia
omitted; S: sham operations. aP<0.05 compared to the untreated
group; cP<0.05 compared to the control group at 6 hours after
induction of model.

Serum levels of TNF-α and IL-6
The serum levels of TNF-α and IL-6 in AEP and ANP groups
were far significantly higher than those in sham group (P<0.001).
The serum levels of TNF-α and IL-6 6 hours after establishment
of the model in ANP group were significantly higher than those
in AEP (P<0.05, P<0.001, P<0.05). In ANP group, the levels
of serum TNF-α and IL-6 6 hours after establishment of the
studied model were significantly higher than those 3 hours
after establishment of the studied model (P<0.05) (Table 3).

Table 3  Serum levels of TNF-α and IL-6 in AEP and ANP (x±s)

          TNF-α (pg/ml)                                 IL-6 (pg/ml)
Group

        3 h                    6 h                        3 h                          6 h

Sham   4.13±2.5         55.87±3.79          100.79±53.89         151.04±91.79

AEP 54.27±23.48b    67.83±22.02b      428.12±140.30b      420.13±139.40b

ANP 64.28±20.79b  106.59±43.71abc  1 600.32±309.78ab   2 203.76±640.85abc

bP<0.001 vs sham group; aP<0.05 or 0.001 vs AEP group; cP<0.05
vs 3 h group.

Morphological examination
After induction of the AEP and ANP models, the pancreas showed
mild edema and congestion. Three and 6 hours after introduction
of the model, typical pathological changes of AEP and ANP
were found, such as large numbers of inflammatory cells, edema,
hemorrhage, necrosis, large amount of ascites (Table 1).

NF-κB and p38 MAPK in activated monocytes/macrophages
The expression of NF-κB and p38 MAPK in activated
monocytes/macrophages at 3 and 6 hours was assessed by
immunohistochemistry. In AEP, mild expression of NF-κB and
p38 MAPK in activated monocytes/macrophages was found 3
and 6 hours after introduction of the model. However, in ANP,
the expression of NF-κB and p38 MAPK in activated monocytes/

macrophages was upregulated evidently 3 and 6 hours after
introduction of the model, reaching their highest levels at 6
hours after introduction of the model (Figures 1,2,3 and 4).

Figure 1  Moderate expression of NF-κB in the cytoplasm/
nucleolus of monocytes in AEP (6 hours) 10×100.

Figure 2  Strong expression of NF-κB in the cytoplasm/nucleo-
lus of monocytes in ANP (6 hours) 10×100.

Figure 3  Moderate expression of p38MAPK in the cytoplasm/
nucleolus of monocytes in AEP (6 hours) 10×100.

Figure 4  Strong expression of p38MAPK in the cytoplasm/
nucleolus of monocytes in ANP (6 hours) 10×100.
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DISCUSSION
The clinical manifestations of AP vary significantly from mild
to lethal, severity of the disease is largely determined by the
actions of various kinds of inflammatory mediators, including
cytokines, reactive oxygen species, proteolytic enzymes, and
lipids, as well as gaseous mediators. Despite increasing
knowledge implicating the involvement of cytokines in the
progression of AP, no clinical trials pertaining to cytokine
modulation have been performed so far. Progress in intensive
care technologies has contributed to the improvement of
mortality and morbidity rates in severe AP in the past decade.
However, it appears to be reasonable for clinicians to “line up
their sights” on the modulation of cytokines as a direct treatment.
     Pro-inflammatory cytokines played a main role in acute
pancreatitis and complications due to acute pancreatitis[29,30].
Failure of different organ systems is a frequent problem in
severe acute pancreatitis. The majority of fatalities in patients
with severe acute pancreatitis are associated with the failure
of at least one or more organ systems. Organ failure in severe
acute pancreatitis has to be regarded as part of the inflammatory
response following the liberation of activated enzymes from
the pancreas. The mediators involved in this process include
IL-1, TNF-α, IL-6, platelet activating factor, and IL-8. Of the
various kinds of inflammatory mediators, TNF-α and IL-1 are
regarded as the most prominent “first-line” cytokines. The
primary involvement of TNF-α was demonstrated by elevation
of TNF-α levels in rat severe AP models. This was confirmed
by subsequent TNF-α antagonism experiments, using anti-
TNF-α antibodies or a recombinant dimeric form of p55 TNF
receptor. Similarly, the concurrent blockade of cytokines
showed no additional benefit in the amelioration of pancreatic
injury, however, it attenuated the systemic response, as
indicated by reduced IL-6 levels and decreased mortality rates.
With few exceptions, most studies carried out with the purpose
of blocking proximal cytokines, such as TNF-α, IL-1 or IL-6,
during the progression of AP showed favorable results in
experimental settings. However, neither TNF-α nor IL-1 has
a causative role in the initiation of AP. For example, exposure
of isolated acinar cells to TNF-α and IL-1 in vitro did not induce
either intracellular zymogen activation or release of enzymes.
In addition, these cytokines were not able to induce either
biological or histological evidence of pancreatitis by in-situ
perfusion of isolated human pancreas[31].
     As to the primary site of cytokine production, infiltrating
macrophages in the pancreas and ascites are suggested to be
the initial cellular origins of TNF-α. In a mouse cerulein AP
model, the expression of TNF-α messenger RNA within the
inflamed pancreas was observed as early as 30 min after the
induction of AP, and was followed by elevation of intrapancreatic
and serum TNF-α levels. In addition, neutrophils that have
migrated into the inflamed pancreas appear to be equally
involved in the production of TNF-α, IL-6 and IL-1. The
production of these cytokines was subsequently observed in
specific distant organs, such as the lungs, liver, and spleen. In
particular, production of TNF-α and IL-1 in the lung was
known to be closely associated with the development of adult
respiratory distress syndrome (ARDS), which was the major
cause of early death in patients with SAP[32].
      IL-6 is well known to be the primary inducer of acute-phase
response, while its level in circulation during AP reaches the
maximum value 24-48 h before the maximal C-reactive protein
level is reached. Therefore, IL-6 has been recently reported to
be the best prognostic parameter of pulmonary failure. IL-6 is
synthesized by monocytes/macrophages, neutrophils,
endothelial cells, and even pancreatic duct cells. It is able to
stimulate neutrophil chemotaxis and release of enzymes,
thereby leading to tissue destruction when overproduced. In

clinical settings, some authors have reported elevated IL-6
levels in AP patients, particularly in those with complications.
This observation has been supported by in-vitro studies, using
isolated blood monocytes from patients with AP, in which
systemic complications were found to be closely associated
with enhanced secretion of IL-6 and IL-8 from the cells. Based
on an increasing body of evidence, both IL-6 and IL-8 are
now considered to be early and excellent predictors of patient
outcome, and are widely used as secondary end points in
clinical trails[33].
     Recent experimental studies have shed some light on the
intracellular signaling pathway in the inflammatory cascade
in AP. For example, recent evidence strongly suggested the
crucial role of NF-κB in the initiation of AP, not only in
pancreatic acinar cells, monocytes/macrophages and
neutrophils, but also in specific distant organs such as the lung.
NF-κB is able to mediate a variety of inflammatory mediators
involved in AP, including cytokines and adhesion molecules,
as well as specific enzymes. NF-κB plays a key role in the
transcriptional regulation of adhesion molecules, enzymes and
cytokines involved in acute inflammatory diseases. NF-κB is
a key transcription factor for the expression of various
proinflammatory molecules such as chemokines, cytokines,
and adhesion molecules. This notion has recently been verified
by adenoviral-mediated gene transfer of an active subunit,
RelA/p65, into acinar cells delivered through an injection into
the rat pancreatic duct. The overexpressed RelA/p65 protein
trans-activated NF-κB and induced pancreatic inflammation,
a pathological state very similar to acute pancreatitis. In
addition to the importance of NF-κB in the pathogenesis of
acute pancreatitis, it was also reported that NF-κB activation
in macrophages was a key event both in the development of
generalized complications during severe acute pancreatitis and
as a cause of the high mortality in this condition. Studies also
showed that glucocorticoids were one of the most potent
inhibitors of NF-κB, which might be attributable to the
inhibition of this key transcription factor both in acinar cells
and in inflammatory cells such as monocytes/macrophages. It
is known that the mechanism of the inhibition of NF-κB by
corticosteroids is multifactorial. One is via the induction of
IκBa, the inhibitor molecule of NF-κB, which can form a
complex with NF-κB in the cytoplasm, inhibiting the
translocation of NF-κB into the nucleus, where it enhances
the transcriptional activation of various proinflammatory genes.
The other is a cross-coupling mechanism of inhibition between
activated glucocorticoid receptors and activated NF-κB.
Because the activation of NF-κB is an early event in the
pathogenetic mechanism of acute pancreatitis, it is reasonable
that in most studies corticosteroids showed beneficial effects
on acute pancreatitis[34].
      Moreover, inflammatory mediators released during acute
diseases activate multiple intracellular signalling cascades
including the MAPK signal transduction pathway, which plays
a significant role in the recruitment of leukocytes to sites of
inflammation. Stimulation of leukocytes by pro-inflammatory
cytokines is known to result in activation of MAPK isoform
p38. However, the functional consequences of p38 MAPK
activation during leukocyte recruitment, including adhesion,
migration and effector functions such as oxidative burst and
degranulation, are only just beginning to be elucidated.
Recently, p38 MAPK has been implicated in the activation of
NF-κB. Several groups have demonstrated that p38 MAPK-
specific inhibitor SB203580 potently attenuated NF-κB-
dependent transcription. However, phosphorylation of NF-κB
subunits, nuclear translocation and DNA binding to NF-κB
were not affected by this p38 inhibitor. This suggests that NF-
κB and p38 MAPK are activated by separate effector pathways,
which might converge further downstream in the cell nucleus.
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So recent experimental studies have shed some light on the
intracellular signaling pathway in the inflammatory cascade.
Cytokine transcription and biosynthesis bifurcate into two
major signaling pathways at the level of proteins. One runs
through the NF-κB inducing kinase route, which regulates
phosphorylation of inhibitory-kb (IκB) protein, the cytosolic
inhibitor of NF-κB which allows NF-κB complex to translocate
to the nucleus and promotes gene expression. The other is
mediated through p38MAPK pathway and makes p38MAPK
phosphorylated and activated[35].
    So in recent years, much effort has been focused on
delineating intracellular signaling cascades in inflammatory
pathways. The intracellular signaling pathways used by
leukocytes in response to pro-inflammatory stimuli have only
begun to be unravelled. Much attention has been given to MAPK
superfamily owing to their activation by pro-inflammatory
cytokines IL-6 and TNF-α, which play a central role during
inflammatory responses and in inflammatory diseases.
     In this study, it showed that retrograde infusion of sodium
taurocholate into the pancreatic duct resulted in an increase of
amylase activity and ascites 3 and 6 hours after pancreatitis.
The levels of serum AMS and ascites in AEP and ANP groups
were far significantly higher than those in sham group (P<0.01).
The serum levels of TNF-α and IL-6 in AEP and ANP groups
were far significantly higher than those in sham group (P<0.001).
The serum level of TNF-α of the studied model and the serum
level of IL-6 3 and 6 hours in ANP group were significantly
higher than that in AEP (P<0.05, P<0.001, P<0.05). In ANP
group, the levels of serum TNF-α and IL-6 6 hours after
establishment of the studied model were significantly higher
than those 3 hours after establishment of the studied model
(P<0.05, P<0.05).
      After induction of AEP and ANP models, pancreas showed
mild edema and congestion. Three and 6 hours after
introduction of the model, typical pathological changes of AEP
and ANP were found, such as large numbers of inflammatory
cell, edema, hemorrhage, necrosis, large amount of ascites.
    The expression of NF-κB and p38 MAPK in activated
monocytes/macrophages at 3 and 6 hours after pancreatitis was
assessed by immunohistochemistry. In AEP, moderate
expression of NF-κB in activated monocytes/macrophages was
found 3 and 6 hours after introduction of the model. However,
in ANP, the expression of NF-κB and p38 MAPK in activated
monocytes/macrophages were upregulated evidently 3 and 6
hours after introduction of the model, reaching their highest
levels 6 hours after introduction of the model. So the expression
of NF-κB and p38 MAPK in activated monocytes/macrophages
at 3 and 6 hours assessed by immunohistochemistry was
consistent with the increase of pro-inflammatory cytokines
TNF-α and IL-6.
     Thus, increased understanding of the signal transduction
pathways involved in the regulation of cytokine production
and cytokine signaling in inflammatory cells has opened the
door for the discovery of novel therapeutics for treating a
variety of inflammatory diseases in which cytokine production
or signaling is implicated. The availability of potent and
selective inhibitors of such signaling pathways also provides
a means to further dissect the pathways to increase our
understanding about the complex events underlying a particular
immune mediated event at the cellular and molecular level.
NF-κB and p38 MAPK are the most studied signaling
molecules in this regard and their relevance to such disease
states has been established primarily through the use of
inhibitors. Indeed, selective inhibition of NF-κB and p38 MAP
kinase inhibitors has demonstrated efficacy in a variety of
animal models[36-40]. Specific p38 inhibitors and selective
inhibition of NF-κB aimed at reducing the production of
inflammatory mediators are now being developed, and might

in the future provide more effective treatment for inflammatory
diseases. At present, it may be too early to take an optimistic
view of therapeutic cytokine modulation in AP. There are many
obstacles to overcome. However, direct therapy by cytokine
modulation sounds very attractive to clinicians.
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