Protective effects of etanercept and methylprednisolone on
pancreatic damage in cerulein-induced acute pancreatitis
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Objectives: To examine the pharmacological effect
of etanercept and methylprednisolone (MP) on
acute pancreatitis (AP) induced by cerulein in an
experimental rat model.

394

Methods: The present study was carried out in the
Experimental Research Center, Ondokuz Mayis
University, Samsun, Turkey between December 2008
and October 2009. Forty adult Sprague-Dawley
rats were divided into 5 groups (n=8): 1 - sham, 2
- cerulein induced pancreatitis (over 20 hours), 3 -
etanercept (5 mg/kg, intraperitoneal), 4 - MP (10 mg/
kg, intramuscular), 5 - etanercept plus MP. The rats in
groups 3, 4, and 5 were cerulein-induced pancreatitis
at 20 hours, as well. After the treatment, the pancreas
and blood were taken for histopathological and
biochemical analysis.

Results: All  cerulein-treated rats  developed
biochemical and histopathological AP after 20 hours.
Histological findings of pancreatitis and serum levels
of amylase and lipase were lower in group 5 compared
to group 2. Pancreatic inflammation and total
pathological score were statistically reduced in the
tissues of the pancreas at 20 hours after the treatment
of etanercept plus MP in group 5 compared to groups
2, 3, and 4.

Conclusion: In the early stage of cerulein induced
AP, the administration of etanercept plus MP
attenuated pancreatic inflammation and significant
damage in rats.
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Acute pancreatitis (AP) is an inflammatory condition
of the pancreatic tissue with a high mortality rate
(approximately 10%). Biliary tract stones, alcohol
abuse, hyperlipidemia, hypercalcemia, post-endoscopic
retrograde  cholangiopancreatography (ERCP), and
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intoxication are common causes of AP. This disease may
cause life-threatening events resulting in different organ
failure as well.'? It is characterized by local pancreatic
inflammation with recruitment of leukocytes. Evidence
from experimental models*” suggests that premature
activation of trypsinogen represents a critical initiating
event that leads to acinar cell damage. The activated
pancreatic digestive enzymes contribute at an early
stage to injury of acinar cells, and consequently to the
inflammation of the pancreas. In this condition, tissue,
and cell membranes break down causing edema, vascular
damage, hemorrhage, and necrosis. Meanwhile, the
acinar cell damage results in local activation of the
immune system, including macrophages, fibroblasts,
T cells, and endothelial cells among others.>® Once
the disease process is initiated, common inflammatory
and repair pathways may also be provoked. The disease
can progress in 3 phases: local inflammation of the
pancreas, a generalized inflammatory response, and
the final stage of multiorgan dysfunction. Clinically,
it may be assumed that in some patients, clinical and
histological findings of pancreatic local inflammation
can be resolved with supportive treatment. However,
the disease may progress to systemic illness for some
unfortunate patients. Uncontrolled local inflammation
leads to systemic inflammatory response syndrome,
and it is believed that this systemic response is
ultimately responsible for most of the morbidity
and mortality.” In recent reports,’ inflammatory
factors seem to play a major role in the pathogenesis
of pancreatitis. Pro-inflammatory cytokines (such as
interleukin (IL)-1, IL-6, and tumor necrosis factor-
alpha (TNF)-a) act as modulators directly correlated
to most pancreatitis-associated mortality.” In particular,
TNF-a overproduction occurs from the early stages
of AP, and is pivotal in the induction of inflammatory
genes, cell death, endothelial up-regulation, and in
the recruitment and activation of immune cells.!
There is no specific treatment for AP and treatment
remains mostly supportive, based on etiology. Effective
therapeutic agents are required to reduce morbidity and
mortality rates of acute pancreatitis-associated life loss.
Etanercept, which is a soluble TNF-a binding agent,
was shown to diminish the development of cerulein-
induced AP, but it is ineffective in the prevention
of mild to moderate post-ERCP pancreatitis, as
stated in the literature.®»'' Like most corticosteroids,
methylprednisolone (MP) is typically used for its anti-
inflammatory effects. However, the therapeutic role of
MP in AP is less known. The function of etanercept plus
MP is unclear as a therapeutic agent in the prevention,
and treatment of AP? The aim of the present study was
to investigate whether etanercept, MP, and etanercept
plus MP can prevent, or diminish pancreatic damage

in cerulein-induced AP, as defined by enzyme elevations
and histopathological findings.

Methods. Animals. Forty adult Sprague-Dawley rats
(age: 7-8 months) weighing 250-270 g were used for
this experimental research. The rats were kept in cages
with wood chip bedding, and fed on standard laboratory
chow and water ad-libitum. They were maintained
on a 12 hour light/dark cycle, with a constant room
temperature at 22 + 1°C. The local ethical committee
of Ondokuz Mayis University approved all animal
procedures, and the experimental protocol. This study
was carried out in the Experimental Research Center,
Ondokuz Mayis University, Samsun, Turkey between
December 2008 and October 2009.

Animal treatment. Rats were randomly allocated into
the following groups (n=8): 1. sham-treated group in
which identical treatments to group 2 were performed,
except that the saline was administered instead of
cerulein (intraperitoneally [i.p.]); 2. cerulein-induced
pancreatitis group (at 20 hours): rats were treated hourly
(5 times) with cerulein (total 80 pg/kg, i.p., suspended
in saline solution), and an additional 15 hours was
allowed to pass for a complete pancreatitis induction.
3. etanercept group, except for the administration of
etanercept (5 mg/kg, i.p., dissolved in saline solution),
that was given hourly (2 times) at the end of the fifth
hour after the last cerulein application; 4. MP group,
the administration of MP (10 mg/kg, intramuscular
[i.m.]) which was given hourly (2 times) at the end
of the fifth hour after the last cerulein application; 5.
etanercept plus MP group, the administration of MP
(10 mg/kg, i.m.) along with etanercept (5 mg/kg, i.p.)
that was given hourly (2 times) at the end of the fifth
hour after the last cerulein application. At the end of the
experiments, the rats were anesthetized by intramuscular
injection of ketamine. After blood samples were obtained
by direct intracardiac puncture with an injector, all rats
were sacrificed by exsanguinations under anesthesia at
20 hours after the induction of pancreatitis. The rats
in group one were killed at 20 hours. The pancreas
was resected with midline laparotomy under sterile
conditions, and this organ was fixed in 10% buffered
formaldehyde for histopathological examination. Serum
pancreatic amylase, lipase, and lactate dehydrogenase
(LDH) levels were measured by a clinical chemistry
laboratory at 20 hours.

Histopathological study. For light microscopy, part
of the pancreas was fixed with 24 hours buffered neutral
formalin, and processed for routine tissue follow-up
with Shandon Citadel 2000 apparatus (Thermo Fisher
Scientific Inc., Waltham, Maryland, USA). The tissues
were embedded in paraffin blocks, and then cut at
4-6 pm thick for histologic evaluation. The histologic
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section was stained with hematoxylin and eosin. The
stained sections were evaluated by a pathologist who
was uninformed of the groups. The histopathologic
findings such as edema, inflammation, vacuolization,
and necrosis in the pancreas were evaluated. Each
histopathologic finding was scored from 1-4 according
to the criteria defined by Rongione et al.’> Edema was
scored semi-quantitatively: score 0 - no tissue edema;
scores 1 (+), 2 (++), 3 (+++) - for diffuse expansion of
interlobar septa. Inflammation was scored with respect
to the severity of inflammatory cell infiltration in
the parenchyma: score 0 - no inflammation; 1 - only
around the ductus; 2 - <50% of lobules; 3 - 51 to 75%
of lobules, 4 - >75% of lobules. Necrosis was scored
according to necrotic cells count at a high power field
(HPF) with the following scale: score 0. no necrosis; 1.
one-4 necrotic cells/yHPF; 2. 5-10 necrotic cells/HPF;
3. 11-16 necrotic cells/HPF; 4. >16 necrotic cells/HPE
Vacuolization was scored semi-quantitatively: score 0
- no vacuolization; 1 - periductal; 2 - focal; 3 - diffuse;
4 - severe.

Statistical analysis was performed using the
Statistical Package for Social Sciences version 15.0
software for Windows (SPSS Inc., Chicago, IL., USA).
The Kruskall-Wallis analysis of variances was used
to compare the whole groups, and then the pairwise
comparisons were carried out by Mann-Whitney U test
with Bonferroni correction. Biochemical parameters
were normally distributed, so the statistical evaluations
were carried out by one-way analysis of variance, and
then the pairwise comparisons were carried out by
Tukey multiple comparison test. A p-value of <0.05 was
considered to be statistically significant.

Results. Biochemical parameters. Serum levels of
pancreatic amylase and lipase were significantly higher

in group 2 than in group 1 (p=0.001). Both enzyme
values were decreased in group 3 when compared to
group 2. In addition, their levels were much lower in
group 5 compared to group 2 as shown in Table 1.

No elevation in the serum values of pancreatic
amylase and lipase, and histopathological alterations was
observed in the pancreatic tissue from group 1 (Figure
la, Table 2), excluding the least of edema compared to
the other groups. Histopathological examination of
pancreas sections after cerulein administration revealed
tissue damage characterized by edema, vacuolization,
inflammation, and cell necrosis (Figure 1b, Table 2).

Effect of etanercept on pancreatic damage during
the experimental AP In the pancreas tissue, sections
obtained from group 3 rats, 20 hours after cerulein
injection, pathologist of the study indicated that there
was less tissue damage in group 3 (Figure 1¢). Additionally,
the total pathological score was significantly lower in
group 3 than in group 2 (Table 2) (p=0.01).

Effect of MP on pancreatic damage during
experimental AP Evidence of AP is the accumulation
of neutrophils in the pancreas, which augment the

Table 1 - Serum levels of pancreatic amylase, lipase, and LDH in the
experimental groups (n=8/group).

Groups Pancreatic Lipase LDH
amylase (U/L) (U/L) (IU/L)

1 1291.3 £217.4 7.5+0.9 474.3 £ 156

2 5172 + 2557 110.1 + 87 2319.6 + 831

3 3085 + 1228 54 + 46 1725.6 + 880

4 4243 + 2341 87.3+79 1910.3 £ 776

5 3836 + 1399 28.8+19 2732.6 + 440

Data are expressed as mean + standard deviation.
LDH - lactate dehydrogenase

Table 2 - Effectiveness of etanercept-methylprednisone treatment, and pancreatic damage according to pathological findings.

Groups n Pathological findings Total score
Edema Inflammation Vacuolization Necrosis

1 8 0.25 + 0.46 0.0 £0.0 0.0+£0.0 0.0 £0.0 0.25 + 0.46
0.0 (0;1) 0.0 (0;0) 0.0 (0;0) 0.0 (0;0) 0.0 (0;1)

2 8 0.50 + 0.53* 2.14 + 0.83" 1.25 + 0.46° 1.25 + 0.70¢ 5.12 £ 1.55
0.5 (0;1) 2.0 (1;3) 1.0 (1;2) 1.0 (052) 5.0 (3;8)

3 8 0.13 +0.35 1.63 + 0.74 0.63 £ 0.74 0.13 +0.35 2.50 + 1.41¢
0.0 (0;1) 1.50 (1;3) 0.50 (0;2) 0.0 (0;1) 2.0 (1;5)

4 7 0.14 £ 0.37 1.14 £ 0.90 0.57 +0.53 0.14 + 0.37 2.00 + 1.41f
0.0 (0;1) 1.0 (0;2) 1.0 (051) 0.0 (051) 3.0 (0;3)

5 8 0.0 £ 0.0 0.75 + 0.46 0.13 £ 0.35 0.0 £ 0.0 0.87 + 0.64¢
0.0 (0;0) 1.0 (0;1) 0.0 (0;1) 0.0 (0;0) 1.0 (0;2)

Data are expressed as mean + standard deviation, and median (minimum;maximum) under each pathological finding. Statistical
differences are indicated as follows: p=0.001 versus group 5 for edema; *p=0.01 versus group 5 for inflammation; p=0.01 versus group
5 for vacuolization; 4p=0.001 versus group 5 for necrosis; p=0.01 versus group 2, »=0.01 versus group 2, £=0.001 versus group 2 for
total score
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Figure 1 - Morphologic changes of pancreatitis at 20
hours after the administration of cerulein
in hematoxylin and eosin stained slides.
Representative photo of pancreas: a) shows
normal pancreas histology in group 1 (x200),
b) demonstrates tissue damage characterized
by interstitial edema, acinar cell necrosis, and
inflammatory infiltrates in group 2 (x400). On
the contrary, rats that had received etanercept
ata dose of 5 mg/kg c) or methylprednisolone
(MP) at a dose of 10 mg/kg (x200) d) showed
less histo-pathological alterations (x400),
however, e) rats that were treated with
etanercept plus MP at the above dose indicate
significantly, the least degree of pancreatic
damage when compared to the total scores of
groups 2 and 3 (x100). Note: white arrows -
inflammatory cells, black arrows - acinar cell
necrosis, stars - edema

tissue damage. Their infiltration into inflamed tissue
contributes to the inactivation of foreign antigens, and
to remodeling of the injured tissue, but an exaggerated
recruitment into the pancreas accounts for tissue
destruction via the production of reactive oxygen
species, granule enzymes, and cytokines that further

amplify the inflammatory response.”” Therefore, we
determined a higher inflammation, necrosis, and total
score in group 2 compared to group one. However, the
treatment of MP during rat AP statistically led to lower
inflammation, necrosis, and total pathological score in
group 4 compared to group 2 (p=0.01) (Figure 1d, Table
2).
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Effects of etanercept plus MP on pancreatic damage
during experimental AP 'The levels of pancreatic
amylase and lipase were found to be lower in the blood
of rats in group 5 with the application of etanercept
plus MP than those of group 2 (Table 1). In addition,
total histopathological score was found significantly
lower in group 5 (Figure le, Table 2) (»=0.001). In the
administration of etanercept plus MD, it is important to
note that the total pathological score was considerably
near to normal with respect to group 1.

Discussion. The AP is one of the common causes
of an acute abdomen in clinic with a rapid onset and
dangerous pathological condition. Its incidence has
been elevating over recent years."®* However, evidence-
based pharmacological approaches are limited in the
treatment of AP, and none of the therapeutic agents
used for therapy are effectively curative.?

The TNF-a is a key pro-inflammatory cytokine
that causes vasodilation, enhances microvascular
permeability, activates leukocytes, and induces the
release of other cytokines and the expression of cellular
adhesion molecules, which propagate the inflammatory
cascade. It induces acute inflammation and release
superoxide anion.*> It plays an integral role in the
development of cerulein-pancreatitis,® and a role in the
pathogenesis of AR'%" In previous studies, differentanti-
TNEF-a strategies have been evaluated in experimental
pancreatitis. Inhibition of TNF-o attenuated the
disease’ severity, and improved survival in experimental
models of AP'®" In addition to these reports, Oruc et
al'® indicated that Infliximab (a monoclonal anti-TNF-
o antibody) diminishes the course of edematous and
necrotizing pancreatitis in rats. As cited previously in the
text, etanercept, a novel anti-TNF-a agent, which binds
specifically to TNF and blocks its interaction with cell
surface TNF receptors, reduced the development of AP
in mice. Bug, it is ineffective in the prevention of mild
to moderate post-ERCP pancreatitis in canines. These
animal model studies are interested in the prevention
of the development of AP. Our study is different from
the last 2 reports, as we planned to treat with etanercept
in the early stages of AP and during the course of the
disease, and etanercept (5 mg/kg, i.p.) was given hourly
(2 times) at the end of the fifth hour after the last
cerulein injection. In the former study, etanercept was
administered at one hour after the first cerulein injection
(5 or 10 mg/kg), and in the latter study, etanercept was
administered one day prior to post-ERCP pancreatitis
(1 mg/kg, subcutaneous). Malleo et al’> and Granell et
al" indicated that during the early stages of pancreatitis,
TNEF-a and its soluble receptors are released to systemic
circulation and maintained at high concentrations. The
TNF-a reduction by etanercept may slow pancreatic
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inflammation and damage in AP. As the plasma levels
of TNE-a reported by Malleo et al® were significantly
reduced in etanercept-treated animals with AP after 24
hours, our findings is in agreement with this study that
etanercept has a protective effect on pancreatic damage
in the course of AP at 20, or 24 hours.

Corticosteroids are widely used for the suppression
of inflammatory responses.”’ Currently these drugs
are being used in a wide variety of inflammatory
diseases affecting many organs, such as rheumatoid
arthritis, acute gouty arthritis, and systemic lupus
erythematosus. For instance, MP, which is a synthetic
glucocorticoid drug can be used to achieve prompt
suppression of inflammation.*"** The MP (5-40 mg/kg,
6-72 hours) pre-treatment reduced the serum amylase
activity, the pancreatic levels of TNF-at and IL-6, the
pancreatic myeloperoxidase activity, and morphological
parameters of the disease during cholecystokinin
octapeptide-induced AP in rats.”! Dexamethasone (0.5
mg/kg) administered after induction of AP ameliorated
the inflammatory mediators, pancreatic damage,
and then improved the survival rate of rats with AP*
Kimura et al® reported that glucocorticoids attenuated
pancreatic damage by protecting acinar cells during
cerulein-induced AP. In our study, MP at the dose of 10
mg/kg in cerulein-induced AP led to decreased serum
pancreatic amylase (17.9%), and lipase (20.7%) levels
in group 4 compared to group 2 (Table 1). In addition,
pancreatic inflammation was suppressed by 46.7%,
and pancreatic necrosis was reduced by 88.8%, and
also total pancreatic pathologic score was significantly
attenuated by 60.9% in pancreas tissues from the rats
in group 4 compared to group 2. As a result of these
findings, MP has a protective effect against damage in
AP Similarly, Takaoka et al* suggested that the beneficial
effects of MP arose both from the inhibition of the
local inflammation in the pancreas, and the blockade
of generalized inflammation through the activation of a
cytokine cascade, and hemodynamic disturbance.

In the present study, we hypothesized whether
treatment with etanercept plus MP could be given in
the early stages of pancreatitis, the long-term effects,
or the pancreatic pathological features during of the
disease might be diminished or prevented. In our study,
pancreatic inflammation was ameliorated by 64.9%
in group 5 compared to group 2. Pancreatic amylase
and lipase values decreased in the blood 20 hours after
the treatment of these drugs. Moreover, this combined
treatment prevented pancreatic necrosis and edema
formation, as these findings did not appear in the
pancreatic tissues from the rats in group 5 with AP after
the application of these 2 drugs. It is important to note
that pancreatic summary score was statistically reduced
by 83% in this group. Furthermore, the summary score
was considerably near to normal with respect to group
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one as shown in Table 2 and Figure le. Inflammatory
cells in particular, neutrophils, which play a crucial role
in the development and full manifestation of AP are
very active in this disease.”” Etanercept plus MP therapy
in inflamed pancreatic tissue may result in a significant
reduction in inflammatory activity.

In conclusion, these findings suggest that treatment
with etanercept and MP diminishes pancreatic damage
during the early stages of cerulein-induced AP in
rats. The pharmacological effect of MP in pancreatic
inflammation and total tissue damage seems to be
better than etanercept, and the combination of these
drugs makes the best of pharmacological therapy in this
study. Simultaneous usage of these drugs may be a novel
target by therapeutic applications for treating pancreatic
inflammation. However, there are deficiencies of
research materials such as, low number of experimental
animals, the values of IL-1a. and TNF-o not measured
in the pancreas or blood in this study. Therefore,
studies concerning the use of etanercept plus MP in the
treatment of AP should be undertaken in the future.
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