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Curcumin protects the pancreas from acute pancreatitis via
the mitogen-activated protein kinase signaling pathway
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Abstract. Curcumin has been demonstrated to reduce markers
of inflammation during acute pancreatitis (AP). However, the
underlying mechanisms of the protective effects of curcumin
are unknown. In the present study the effects of curcumin in
an AP animal model and cell models was examined and the
underlying mechanisms were investigated. An AP animal
model was established by injection of 5% sodium taurocholate
into the biliopancreatic duct of rats, and the cell model was
established by treatment with 0.5 nM cerulein with an optimal
concentration of lipopolysaccharide in AR42J rat pancreatic
cancer cells. Amylase activity and arterial blood gas compo-
sition were assessed by automatic biochemical and blood
gas analyzers. Pathological alteration of the pancreas was
determined by hematoxylin and eosin staining. Interleukin
(IL-6), tumor necrosis factor (TNF)-a and C-reactive protein
(CRP) levels were measured by ELISA. Cell viability was
determined by Cell Counting Kit-8 and protein expression
levels were assessed by western blotting. Curcumin reduced
the ascites volume after 12 and 24 h, the weight of pancreas
after 12, 24 and 36 h of surgery, but also attenuated injury
to the pancreas. Serum expression levels of TNF-a and CRP
were reduced by curcumin. In addition, curcumin decreased
the cell viability, amylase activity and the phosphorylation of
p38 in AR42J cells, but did not affect the intracellular levels
of IL-6 and TNF-a. Curcumin may lower the severity and
inflammatory response via the mitogen-activated protein
kinase-signaling pathway, to some extent. However, future
studies are required to fully understand the protective effects
of curcumin on AP.
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Introduction

Acute pancreatitis (AP) is a common acute clinical disease,
which, if left untreated may be fatal (1). AP can also
induce organ failure with systemic inflammatory response
syndrome (2,3), and its pathogenesis is not completely under-
stood (2). Accelerated or excessive secretion of pancreatic
juices caused by gallstones or overeating, if not excreted in time,
will induce the activation of inactive pancreatic enzymes and
produce a digestive effect on the autologous pancreas and the
surrounding tissues, leading to various effects on the body (4).
When AP occurs, the body releases a variety of cytokines and
inflammatory mediators such as interleukin (IL)-1, IL-6, IL-8
and tumor necrosis factor (TNF)-a in response to the stimuli,
leading directly or indirectly to the inflammatory cascade,
stimulating organs and eventually causing acute respiratory
distress syndrome (5). Therefore, it is necessary to find a drug
that can effectively control the progress of such a disease.

Curcumin is a phenolic pigment extracted from the rhizome
of turmeric (6) and possesses anti-inflammatory, antioxidant
and anticancer effects (7). Anchi et al (8) demonstrated that
sustained-release curcumin decreased the serum amylase and
lipase levels, and inflammatory cytokines in cerulein-induced
acute pancreatitis. Zhu et al (9) demonstrated that curcumin
may protect the kidney from acute renal injury in an AP
animal model (9). Therefore, curcumin may be a potential
therapeutic option for the treatment of AP; however, the
underlying mechanisms of the protective effects of curcumin
are not completely understood.

Therefore, the role of curcumin in animal and cell models
of AP was investigated. Additionally, the underlying mecha-
nism was also examined to improve our understanding of the
therapeutic effects of curcumin. The present study indicated
the potential of curcumin in the treatment of AP.

Materials and methods

Establishment of an animal model of AP and sample
collection. The present study was approved by The Ethical
Board of Qilu Hospital of Shandong University. A total of 48
12 week-old female Sprague Dawley rats (200-220 g) were
purchased from The Model Animal Research Center of Nanjing
University. Rats were fed in a climate-controlled room (20+1°C
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at 50% humidity) under a 12/12 h light/dark cycle and supplied
with clean water and food daily. All rats were randomly divided
into three groups (Sham, AP and CUR), with 16 rats in each
group. For the AP (acute pancreatitis alone) and CUR (acute
pancreatitis + curcumin) groups, rats were fasted for 12 h before
the surgery and were anesthetized by intraperitoneal injection
of 4% chloral hydrate at room temperature. A laparotomy in
the midline of abdomen was performed. At the level of the
hepatic hilum, the biliopancreatic duct was blocked with a
vascular clip and cannulated transduodenally with a catheter.
A solution of 5% sodium taurocholate (Sigma-Aldrich; Merck
KGaA; 1 ml/kg of bodyweight) was slowly injected into the
biliopancreatic duct. For animals in the Sham group, their
biliopancreatic ducts were injected with an equal volume of
sterile physiological saline. Animals in the CUR group were
acute pancreatitic rats receiving an intraperitoneal injection of
curcumin solution (Sigma-Aldrich; Merck KGaA; 200 mg/kg
of body weight) dissolved in DMSO immediately after surgery.
Subsequently, rats were fed in the climate-controlled environ-
ment 4 h after the surgery. At 12, 24 and 36 h after surgery,
animals were sacrificed by CO, suffocation separately. Blood,
ascites and pancreatic tissues were collected. The weights of the
pancreatic tissues were recorded immediately. The ascites were
gathered from the abdominal cavity with a syringe and trans-
ferred to tubes to immediately measure the volume of ascites.

Assessment of amylase activity and arterial blood gas (ABG).
The partial pressure (Pa)O, and PaCO,, and the serum amylase
activity, were measured by taking blood samples from the
abdominal aorta. Samples were centrifuged at 3,000 x g for
5 min at 4°C. The supernatant was collected and stored at
-80°C. The amylase activity of the serum and AR42]J cells was
determined by the G7-PNP method (amylase activity assay kit;
MAKO009-1KT; Sigma-Aldrich; Merck KGaA) using a 7600
automatic biochemical analyzer (Hitachi, Ltd.). The PaO, and
PaCO, in serum were analyzed by an ABL80 automatic blood
gas analyzer (Radiometer Medical ApS).

Hematoxylin and eosin staining. Pancreatic tissues were
fixed with 4% formaldehyde at room temperature for 2 h after
sampling. Tissues were cut into 1 cm x1 cm x1 cm cubes and
embedded in paraffin and further cut into sections (thickness,
5 um) and mounted onto slides. The sections were dewaxed as
follows: i) 5 min in xylene I; ii) 5 min in xylene II; iii) 5 min
in absolute ethanol I; 5 min in absolute ethanol II; iv) 5 min
in 95% ethanol; v) 2 min in 90% ethanol; vi) 2 min in 80%
ethanol; vii) 2 min in 70% ethanol; and viii) 2 min in distilled
water. The sections were stained with hematoxylin and eosin
as follows: i) Stained with hematoxylin for 10 min; ii) washed
with distilled water for 1 min; iii) placed in 1% acidic alcohol
differentiation for 5 sec; iv) washed with distilled water for
1 min; v) placed in 0.2% ammonia for 30 sec; vi) washed with
distilled water for 1 min; vii) stained with eosin for 5 min;
and viii) washed with distilled water for 30 sec. All steps were
performed at room temperature. The sections were then sealed
with neutral balsam and observed under a light microscope
(magnification, x100 and x200).

Cell culture and modeling. The AR42]J rat acinar cell line
was purchased from the Type Culture Collection of the
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Chinese Academy of Sciences, and cultured in RPMI-1640
medium (Thermo Fisher Scientific, Inc.) supplemented with
10% FBS (Thermo Fisher Scientific, Inc.). Cerulein (CR; cat.
no. C9026) and lipopolysaccharide (LPS; cat. no. L2630) were
both purchased from Sigma-Aldrich (Merck KGaA) and were
used to mimic AP in the AR42J cells. The cells were cultured
in flasks at 37°C with 5% CO, and passaged every 2-3 days.
To optimize the AP cell modeling, the cells were treated as
follows: i) Medium only; ii) 0.5 nM CR and 0.1 yg/ml LPS;
iii) 0.5 pg/ml LPS; iv) 1.0 ug/ml LPS; v) 0.5 nM CR and
0.1 ug/mlLPS;v)0.5nM CR and 0.5 yg/ml LPS; and vi) 0.5 nM
CR and 1.0 pg/ml LPS, and termed the Blank, CR, LPS 0.1,
LPS 0.5,LPS 1, CR + LPS 0.1 and CR + LPS 0.5 and CR +
LPS 1 groups, respectively. To investigate the role of curcumin,
the cells were treated with either: i) Medium only; ii) 0.5 nM
CR with 1.0 gg/ml LPS; iii) 2.5 mg/l curcumin; iv) 5 mg/l
curcumin; v) 10 mg/1 curcumin; vi) 2.5 mg/1 curcumin, 0.5 nM
CR and 1.0 yg/ml LPS; vii) 5 mg/l curcumin, 0.5 nM CR and
1.0 ug/ml LPS; and viii) 10 mg/l curcumin, 0.5 nM CR and
1.0 ug/ml LPS, and were termed the Blank, CR + LPS, CUR
2.5,CUR 5,CUR 10, CUR 2.5+ CR + LPS,CUR 5 + CR +
LPS and CUR 10 + CR + LPS groups, respectively.

Measurement of IL-6, TNF-a and C-reactive protein (CRP)
levels. The rat IL-6 ELISA kit (cat. no. RAB0311-1KT) rat
TNF-a ELISA kit (cat. no. RAB0480-1KT) and rat CRP
ELISA kit (cat. no. RAB0097-1KT) were all purchased from
Sigma-Aldrich (Merck KGaA) and were used to measure the
levels of IL-6, TNF-a and CRP, respectively, in the serum of
rats or in AR42J cells.

Cell Counting Kit 8 (CCK-8) assay. Cell viability was tested
using a CCK-8 assay (MedChemExpress). A total of 4x10*
ARA42] cells/well were plated in a 96-well plate in RPMI-1640
medium. The cells were incubated in a CO, incubator at
37°C for 24 h, after which time the cells were further mixed
with 10 ul CCK-8 solution, according to the manufacturer's
protocol, and further incubated in the incubator for 60 min.
The optical density (OD) values of wells were read at 450 nm
using a Multiskan™ microplate reader (Thermo Fisher
Scientific, Inc.).

Western blotting. AR42J cells were lysed in RIPA buffer
(Beyotime Institute of Biotechnology), according to the
manufacturer's protocol (Thermo Fisher Scientific, Inc.) (10),
and centrifuged at 4°C at 16,000 x g for 30 min. The protein
concentration was measured using a bicinchoninic acid protein
assay kit (Beyotime Institute of Biotechnology). The proteins
(20 pg/lane) were resolved using a 10% SDS-PAGE for
100 min at 100 V. Subsequently, the proteins were transferred
to a PVDF membrane for 20 min at 80 V, followed by washing
the membrane PBS with 0.2% Tween-20 (PBST) three times,
and blocking with 5% non-fat milk for 1 h at room temperature.
The membranes were incubated with the following primary
antibodies: i) Anti-p38 (phospho T180 + Y182) antibody
(cat. no. ab4822); ii) anti-p38 antibody (cat. no. ab170099);
or iii) anti-GAPDH antibody (cat. no. ab9485), all at a 1:500
dilution at 4°C in a shaker overnight. The membranes were
washed three times with PBST and incubated with a immuno-
globulin G H+L-horseradish peroxidase-conjugated secondary
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antibody (cat. no. ab6721; 1:2,000) for 1 h at room temperature.
All antibodies used for western blotting were purchased from
Abcam. To visualize the signals, 150 ul Pierce™ enhanced
chemiluminescence western blotting substrate (Thermo Fisher
Scientific, Inc.) was added for 1 min. Membranes were visual-
ized using a ChemiDoc MP (Bio-Rad Laboratories, Inc.). The
gray levels of the blots were measured using ImageJ (version
1.42; National Institutes of Health). GAPDH served as an
internal control.

Statistical analysis. Data are presented as the mean + SD
from three independent experiments. Differences between
groups were analyzed using one-way ANOVA followed by
Bonferroni's post hoc test. Analysis was performed using SPSS
version 16.0 (SPSS, Inc.). P<0.05 was considered to indicate a
statistically significant.

Results

Curcumin reduces the severity of AP. To determine whether
the severity of AP was attenuated by curcumin, alterations of
several hallmarks representing the severity of AP, as well as
the pathology of the pancreas from the rats, were examined.
The volume of ascites in the AP group was significantly larger
compared with the Sham group 12, 24 and 36 h after the
surgery (Fig. 1A; P<0.01). The ascites volume in the curcumin
group was decreased compared with the AP group at 12 and
24 h after the surgery (P<0.05), although there was no signifi-
cant difference between the curcumin and AP groups at 36 h
after surgery (Fig. 1A).

The PaO, level in the AP group was lower compared with
the Sham group (P<0.05) and the PaCO, in the AP group
was elevated compared to the Sham group (Fig. 1B; P<0.05).
However, there was no significant difference between the
curcumin and AP groups in terms of PaO, or PaCO, level
(Fig. 1B).

Similarly, the amylase in the AP group was significantly
higher compared with Sham group at 12, 24 and 36 h after
surgery (P<0.01); however, there was no significant difference
between the curcumin and AP groups (Fig. 1C). The weight
of the pancreas in the AP group was significantly heavier in
the Sham group at 24 and 36 h after surgery (P<0.01), and
the weight was significantly lighter in the curcumin group
compared with the AP group at all time points (P<0.01;
Fig. 1D). As presented in Fig. 1E, the hematoxylin and eosin
staining demonstrated that there was no observable necrosis
of acinar cells in the Sham group, which had clear lobular and
interstitial structures, with no notable infiltration of inflamma-
tory cells apart from a few edematous acinar cells (Fig. 1E).
The acinar cells in the AP group were swollen and flaky with
a disordered lobular structure, and a notably larger number
of inflammatory cells. There was also a large amount of
inflammatory exudation in the pancreas tissue in the widened
and ruptured interstitial space and microvessels, with a large
number of overflowing erythrocytes (Fig. 1E). The acinar cells
in the curcumin group were edematous, but the pancreas also
displayed a widened and edematous interstitial space. Necrosis
of acinar cells, infiltration of a large number of inflammatory
cells, inflammatory exudation between the lobes and micro-
vascular rupture, as well as the effusion of erythrocytes, were
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also seen in the pancreas tissue; however, these pathological
changes were notably reduced compared with the AP group
(Fig. 1E). Taken together, the results demonstrated that
curcumin may reduce the severity of AP.

Curcumin reduces the inflammatory response in an animal
model of AP. To determine whether the inflammatory response
was affected by curcumin, the levels of IL-6, CRP and TNF-a
were measured by ELISA. The levels of IL-6 and TNF-a in the
AP group were significantly higher compared with the Sham
group, whereas the TNF-a level in the curcumin group was
significantly lower compared with the AP group (all P<0.01;
Fig. 2A). However, there was no significant difference in the
levels of IL-6 between the AP and curcumin groups (Fig. 2A).
Furthermore, CRP levels in the AP group were significantly
higher compared with both the Sham and curcumin groups
(P<0.01; Fig. 2B), indicating that the inflammatory response
was reduced due to the treatment with curcumin in the AP
model.

Curcumin reduces cell viability and downregulates amylase
activity in AR42J cells. To further determine the effect
of curcumin on AP, an AR42J cell line based model was
established by treating with cells with CR and LPS. The cell
viability and amylase activity were measured in addition to
the levels of IL-6 and TNF-a. Cell viability was decreased
when the cells were treated with 20 mg/l curcumin, compared
to the cells without treatment (Fig. 3A; P<0.01). Furthermore,
amylase activity in the CR group was increased compared with
the blank group, and the blank group had reduced amylase
activity compared to the CR + LPS 0.1, CR + LPS 0.5 and
CR + LPS 1 groups (Fig. 3B; P<0.01). Based on the results
presented in Fig. 3B, 1 pg/ml LPS alone had no significant
effects on amylase activity. Therefore, 1 ug/ml LPS was used
in combination with CR for the establishment of an AP cell
model. Amylase activity in the Blank group was significantly
decreased compared with the CR + LPS group (P<0.01), and
the CR + LPS group had elevated levels of amylase activity
compared to the CUR 2.5 + CR + LPS (P<0.05), CUR 5 +
CR + LPS (P<0.01) and CUR 10 + CR + LPS groups (P<0.01;
Fig. 3C). The levels of IL-6 and TNF-a in cells treated with
CR + LPS were significantly increased compared with the
Blank group, although they did not differ significantly from
those in the CR + LPS, CUR 2.5 + CR + LPS,CUR 5+ CR +
LPS or CUR 10 + CR + LPS groups (Fig. 3D and E; P<0.01).
Based on these results, curcumin may attenuate AP in AR42J
cells, but did not affect the inflammatory response.

Curcumin downregulates the phosphorylation of p38 in
AR42]J cells. Activation of p38 in AR42J was measured to
determine whether the mitogen-activated protein kinase
(MAPK) signaling pathway was involved in curcumin-medi-
ated apoptosis. The ratio of phosphorylated (p)-p38/total
(t)-p38 in the Blank group was significantly lower compared
with CR + LPS group, and the CR + LPS group had a
significantly higher p-p38/t-p38 ratio compared with the
CUR 10 + CR + LPS group (P<0.01; Fig. 4). The change
in the ratio suggests that the MAPK signaling pathway may
be deactivated following treatment with curcumin in the AP
cell model.
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Figure 1. Extent of AP-induced damage in the Sham, AP and CUR groups. (A) Ascites volume in each group 12, 24 and 36 h after surgery. (B) ABG level
(PaO, and PaCO,) in each group. (C) Amylase activity in each group at 12, 24 and 36 h after surgery. (D) Weight of the pancreas in each group at 12, 24 and
36 h after surgery. (E) Hematoxylin and eosin staining of pancreatic tissue in each group at x100 and x200 magnification. "P<0.05, “P<0.01. Sham, control;
AP, acute pancreatitis; CUR, curcumin; ABG, arterial blood gas; Pa, partial pressure.

Discussion

In the present study, curcumin treatment reduced the severity
of AP and the inflammatory response to AP in an AP animal
model. Furthermore, the viability and amylase activity were
also reduced in an acinar cell line when treated with curcumin.
Therefore, deactivation of p38, the key molecule in the MAPK

signaling pathway, may underlie the beneficial effect of
curcumin on AP.

Ascites volume in the AP animal model was decreased
when treated with curcumin at 12 and 24 h after surgery,
and the weight of the pancreas was additionally reduced
at 12, 24 and 36 h after surgery. In addition, pathologically,
the degree of pancreatic injury was notably reduced when
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Figure 3. Measurement of cell viability, amylase activity, and levels of IL-6 and TNF-a in a cell model of AP. (A) OD values in cells treated with different
concentrations of CUR. (B) Amylase activity in cells treated with different combinations CR and LPS to establish a cell model of AP. (C) Amylase activity
in the cell model of AP treated with different concentrations of CUR. (D) IL-6 levels in the cell model of AP treated with different concentrations of CUR.
(E) TNF-a levels in the cell model of AP treated with different concentrations of CUR. “P<0.05, “P<0.01.IL-6, interleukin 6; TNF-a, tumor necrosis factor-a;
OD, optical density; CUR, curcumin; CR, cerulein; LPS, lipopolysaccharide; AP, acute pancreatitis.

treated with curcumin. Curcumin treatment did not alter
the ABG or amylase activity in the animal model of AP.
Dugernier et al (11) demonstrated that the concentration of
pro-inflammatory factors in ascites was significantly higher
compared with that in the lymph fluid and plasma, and this
may underlie injury to the pancreas. Furthermore, the forma-
tion of ascites was closely associated with the prognosis of
patients with AP (11). Therefore, the measurement of ascites
may reflect the severity of AP indirectly. ABG is addition-
ally closely associated with the prognosis of patients with
AP (12), thus PaO, and PaCO, were considered important
for assessing the severity of AP. Blood amylase activity is the
first physiological indicator to be altered in acute pancreatitis,

and may directly indicate the severity and therapeutic effect
of AP (13). In the process of AP, the liquid in the pancreatic
tissue is increased, which is an important hallmark of patho-
logical changes in the pancreatic tissue (14). This buildup of
fluid ultimately leads to edema of the cells (14). Therefore, the
pancreatic weight is measured as an indication of the liquid
contained in the pancreatic tissue (14). Based on the results
of the present study, curcumin may somehow promote the
metabolism or removal of fluid from the pancreatic tissue,
resulting in a reduction of the ascites volume and pancreas
weight, thereby preventing further damage to the pancreatic
cells. However, curcumin may not regulate the activity of
amylase and ABG in vivo.
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Figure 4. p-p38/t-p38 ratio in the cell model of AP treated with different concentrations of CUR. (A) Representative western blots of p-p38 and t-p38 expression
in each group of AP model cells. (B) Densitometric analysis of the p-p38/t-p38 ratio in each group, normalized to GAPDH. “P<0.01. p, phosphorylated; t, total;

AP, acute pancreatitis; CUR, curcumin; CR, cerulein; LPS, lipopolysaccharide.

TNF-a is secreted by activated macrophages and
lymphocytes, and is a critical pro-inflammatory cytokine in
the body (15,16). It serves a role in initiating the development
of AP by inducing the expression of IL-1, IL-6, IL-8 and
other inflammatory markers, leading directly or indirectly to
the uncontrolled release of the inflammatory mediators (5).
IL-6 promotes the upregulation of neutrophil function and
regulates the secretion of cytokines, adhesion molecules
and inflammatory mediators such as nitric oxide, which are
associated with the severity of AP (5,17). CRP is a sensitive
indicator of infectious and non-infectious inflammation (18).
Normally, CRP serum levels are relatively low; however,
when the body is experiences trauma or during an inflam-
matory response, CRP is an early indicator, upregulated
during the earliest stages of the inflammatory response, and
thus it is often used as an indicator for the detection of an
inflammatory response in the body (18). In the AP animal
model, TNF-a and CRP levels were downregulated by
curcumin, whereas IL-6 was not. Zhong (19) demonstrated
that curcumin had a protective effect in a rat model of severe
AP, resulting in reduced TNF-a levels. Gulcubuk et al (20)
demonstrated that curcumin markedly reduced serum TNF-a
and IL-6 levels in the late phase of AP, but did not prevent
injury to the pancreatic tissue. Fisic ef al (21) demonstrated
that CRP was significantly increased and may be a valuable
prognostic factor of the severity and systemic complications
of AP. Based on these studies, curcumin may suppress the
inflammatory response during the initial stages of inflamma-
tion in AP, to some extent.

Furthermore, curcumin decreased cell viability and down-
regulated amylase activity in the AP cell model. However, the
levels of IL-6 and TNF-a were not significantly affected in
this model. Bimonte et al (22) demonstrated that curcumin
inhibited tumor growth in a mouse model of human pancreatic
cancer (22). These results suggest the possibility that curcumin
may decrease the cell viability of acinar cells in pancreatic
tissues. There are numerous in vitro models of AP in acinar
cells, the most frequently used of which was used in the
present study (23-25), and it was demonstrated that 0.5 nM

CR in combination with 1 gg/ml LPS resulted in the largest
increase in amylase activity, a critical hallmark of AP. Based
on the results of the present study, 2.5, 5 and 10 mg/1 curcumin
(below the concentration that significantly deceased the cell
viability) all significantly decreased amylase activity in the AP
cell model compared with the control. Yu ez al (26) addition-
ally demonstrated that pretreatment with curcumin reduced
the amylase activity in AP rats as well as the levels of IL-6 and
TNF-a. This suggests the possibility that other factors may
exist in pancreatic tissue that affect the activity of curcumin
in AP. Therefore, the mechanism underlying the activity of
curcumin in vitro compared with in vivo in models of AP
require further study.

Phosphorylation of p38 was when cells were treated
with curcumin in the AP cell model, suggesting that the
MAPK signaling pathway was deactivated by curcumin. The
MAPK signaling pathway is a ubiquitous signaling pathway
in eukaryotic cells and includes proteins that belong to the
serine/threonine protein kinase family. This family consists
of three primary types of proteins: p38 MAPK, c-Jun
N-terminal kinase (JNK) and extracellular regulated protein
kinases (ERKs) (27). p38 MAPK is a stress-responsive
MAPK and is a pivotal protein during intracellular signal
transduction (28). p38 MAPK participates in the regulation
of various physiological and pathophysiological processes,
including cell differentiation, proliferation, migration
and apoptosis (28). Inflammatory factors such as IL-1f
and TNF-a activate the p38 MAPK signaling pathway by
inducing activation of macrophages to promote apoptosis of
tissue cells (29,30). Phosphorylation of p38 MAPK promotes
the activation of NF-xB and its translocation to the nuclear
domain, thereby stimulating the synthesis of inflammatory
factors such as TNF-a (29,31). However, it stills remains to
be determined which specific regulatory pathway is affected
by curcumin treatment, and whether the same pathway is
affected both in vitro and in vivo.

In conclusion curcumin may lower the severity of the
inflammatory response via the MAPK signal pathway, to some
extent, in in vitro and in vivo models of AP. Further studies
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are required to elucidate the specific underlying mechanisms
regulated by curcumin treatment. However, the present
study highlighted the therapeutic potential of curcumin for
treating AP.
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