
Abstract. Curcuma longa (CL) has been reported to possess
a variety of pharmacological activities. However, the effects
of CL on acute pancreatitis (AP) have not yet been determined.
To this end, we examined the effects of CL on cerulein-
induced AP. Cell viability and cytokine productions were
measured in pancreatic acini. Mice were divided into 3
groups: i) Normal group, ii) normal saline-treated group, iii)
group treated with CL at a dose of 0.05, 0.1, 0.5 and 1 g/kg.
CL was administered orally to mice for 7 days. The mice
were intraperitoneally injected with the stable cholecystokinin
analogue, cerulein (50 μg/kg), every hour for a total of 6 h.
The mice were sacrificed 6 h after the completion of the
cerulein injections. Blood samples were obtained to determine
serum amylase, lipase and cytokine levels. The pancreas was
rapidly removed for morphological examination, measurement
of tissue myeloperoxidase activity, as well as the level of
cytokines and heme oxygenase-1 (HO-1). The CL treatment
reduced cerulein-induced cell death and cytokine production
in pancreatic acini. The administration of CL significantly
ameliorated the severity of pancreatitis and pancreatitis-
associated lung injury, as was shown by the reduction in
pancreatic edema, neutrophil infiltration, vacuolization,
necrosis, serum amylase, lipase and cytokine levels, and
mRNA expression of multiple inflammatory mediators such
as interleukin (IL)-1ß and -6 and tumor necrosis factor
(TNF)-·. In order to identify the regulatory mechanism of
CL on cerulein-induced pancreatitis, we examined the level
of HO-1 in the pancreas. We found that the administration

of CL induced HO-1. Our results suggest that CL plays a
protective role in the development of AP and pancreatitis-
associated lung injury.

Introduction

The incidence of acute pancreatitis (AP) is increasing world-
wide and 20% of cases are associated with substantial
morbidity and mortality (1,2). AP is, therefore, one of the more
prominent emerging diseases. AP, which is characterized by
interstitial edema, vacuolization, inflammation and acinar
cell necrosis, is commonly caused by excessive ethanol
consumption, biliary tract disease, certain medications, and
invasive procedures of the biliary and pancreatic ducts (3-6).
The pathophysiology of AP is poorly understood, and its
clinical course is unpredictable (7).

Pancreatic acinar cells synthesize and release cytokines
and chemokines, resulting in the recruitment of inflammatory
cells such as neutrophils and macrophages. This leads to
further acinar cell injury, resulting in the elevation of various
pro-inflammatory mediators such as interleukin (IL)-1ß and
IL-6, and tumor necrosis factor (TNF)-· (8,9). The release of
inflammatory mediators such as TNF-· and IL-1ß during AP
propagates a complex cascade of events between tissue
vasculature and inflammatory cells. These inflammatory cells
and mediators, besides modulating pancreatic acinar cell
injury, play a role in the systemic manifestations by blocking
the cytokine cascade in its early stage, and ameliorating the
disease and its systemic complications (10).

The rhizomes of Curcuma longa L. (CL), commonly
known as turmeric, are widely used in food and medicine.
Turmeric extracts have been shown to possess powerful anti-
oxidant, anti-inflammatory, lipid-reducing, chemo-preventive,
immunomodulatory, and sedative properties (11,12). In the
present study, we determined the preventive effects of CL on
cerulein-induced AP. In order to gain better insight into the
mechanism of action of the observed anti-inflammatory
effects of CL, we investigated the effects of CL in 2 ways:
The first one involved in vitro experiments using pancreatic
acinar cells, and the other one involved in vivo experiments
including pancreatic histology, pancreatic weight/body
weight (PW/BW) ratio, serum amylase, lipase and cytokine
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levels, and mRNA levels of pro-inflammatory mediators,
such as TNF-·, IL-1ß and -6, as well as lung histology and
myeloperoxidase (MPO) activity.

Materials and methods

Chemicals and reagents. Avidin-peroxidase, 2'-azino-bis
(3-ethylbenzithiazoline-6-sulfonic acid) tablets, cerulein,
Tris-HCl, NaCl, Triton X-100, hexadecyltrimethylammonium
bromide, curcumin and tetramethylbenzidine, were purchased
from Sigma (St. Louis, MO, USA). Anti-mouse TNF-·, IL-1ß
and IL-6 antibodies, recombinant TNF-·, and IL-1ß and -6,
were purchased from R&D Systems (Minneapolis, MN, USA).
Anti-heme oxygenase-1 (HO-1) antibody was purchased
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).

Preparation of CL. CL was purchased from a standard
commercial source (Omni Herb, Seoul, Korea). The identity
of the herb was confirmed at the Korean drug test laboratory.
Voucher specimens were deposited at the College of Oriental
Medicine Herbarium of Wonkwang University. CL was
prepared by decocting the dried prescription of herbs (100 g)
with boiling distilled water (1 l). The decoction time was ~2 h.
The water extract was frozen at -80˚C, then freeze-dried in
order to be powdered (20.8 g). The yield of extract was
20.8%. The powder was extracted with distilled water and
filtered. The filtrates were stored at 4˚C until use.

Animal models. All experiments were performed according
to the protocols approved by the Animal Care Committee of
the University. Female C57BL/6 mice (6-7 weeks old,
weighing 18-20 g) were purchased from Orient Bio Co.
(Sungnam, KyungKiDo, Republic of Korea). All animals
were bred and housed in standard shoebox cages in a climate
controlled environment with an ambient temperature of
23±2˚C and a 12-h light-dark cycle for 7 days. The animals
were fed standard laboratory chow, given water and were
randomly assigned to the control or experimental groups. The
mice were fasted for 18 h before the induction of AP. Six
mice were included in each experimental group.

Experimental design. AP was induced by a supra-maximal
concentration of cerulein (50 μg/kg), a stable cholecystokinin
(CCK) analogue, by administering it intraperitoneally every
hour for a total of 6 h, as described previously (13). The mice
were fed orally with CL (0.05, 0.1, 0.5 and 1 g/kg, n=6 each)
or normal saline (control group, n=6) for 7 days, followed by
the intraperitoneal injection of cerulein (50 μg/kg) or saline
every hour for a total of 6 h. The mice were sacrificed 6 h
after the completion of the cerulein injections. Blood samples
were obtained in order to determine serum amylase, lipase
and cytokine levels. The pancreas was rapidly removed for
morphological examination and scoring. A portion of the
pancreas was stored at -70˚C and prepared for the measure-
ment of tissue MPO activity, an indicator of neutrophil
sequestration, and for reverse-transcriptase (RT) polymerase
chain reaction (PCR) and real-time RT-PCR measurements.

Histological analyses. From each treatment group of 6 mice,
the entire pancreas was examined and semi-quantified based

on the degree of necrosis, vacuolization, inflammation and
edema. Using a previously described method (13), entire
sections (a minimum of 100 fields) of pancreas were examined
from each sample and scored on a scale of 0-3 (0 being
normal and 3 being severe), based on the number of necrotic
acinar cells, and the presence of vacuolization, interstitial
edema and inflammation. The characteristics included were:
The presence of acinar-cell ghosts, vacuolization and swelling
of the acinar cells, and/or the destruction of the histoarchi-
tecture of whole or parts of the acini.

Enzyme-linked immunosorbent assay (ELISA). ELISA for
TNF-·, IL-1ß and -6 (R&D Systems) was carried out in
duplicate in 96-well plates (Nunc, Denmark), coated with
each of the following: Aliquots (100 μl) of anti-mouse TNF-·,
IL-1ß and -6 monoclonal antibodies at 1.0 μg/ml in PBS at
pH 7.4, and they were then incubated overnight at 4˚C. The
plates were washed in PBS containing 0.05% Tween-20
(Sigma) and blocked with PBS containing 1% BSA, 5%
sucrose and 0.05% NaN3 for 1 h. After additional washes, the
standards, acinar cell supernant and blood samples, were
added and incubated at 37˚C for 2 h. After incubation for 2 h
at 37˚C, the wells were washed, and 0.2 μg/ml of bio-
tinylated anti-mouse TNF-·, IL-1ß and -6 were added, and
they were again incubated at 37˚C for 2 h. After the wells
were washed, avidin-peroxidase was added and the plates
were incubated for 20 min at 37˚C. The wells were again
washed and ABTS substrate was added. Color development
was measured at 405 nm using an automated microplate
ELISA reader. A standard curve was run on each assay plate
using recombinant TNF-·, IL-1ß and -6 in serial dilutions.

Measurement of serum amylase and lipase levels. Arterial
blood samples for the determination of serum amylase and
lipase levels were obtained 6 h after the last induction of
pancreatitis. The mice were anesthetized with an intraperito-
neal injection of ketamine (80 mg/kg) and xylazine (4 mg/kg).
After anesthetization, blood samples were withdrawn from
the heart. The serum amylase level was measured using Adiva
1650 (Bayer, USA). The serum lipase level was measured
using a Cobas Mira (Roche, USA).

Real-time RT-PCR. mRNA transcripts were analyzed by real-
time RT-PCR in mouse pancreatic acini and tissues. Total
RNA was isolated from the mouse pancreas and pancreatic
acini using TRIzol and was subjected to reverse transcription
using SuperScript RT (Invitrogen). TaqMan quantitative RT-
PCR with the LightCycler System was carried out according
to the instructions of the manufacturer (Roche). For each
sample, triplicate test reactions and a control reaction lacking
reverse transcriptase were analyzed for the expression of the
gene of interest, and the results were normalized to those of
the ‘housekeeping’ HPRT mRNA. Arbitrary expression units
were calculated by the division of the expression of the gene
of interest by ribosomal protein HPRT mRNA expression.
The forward, reverse and probe oligonucleotide primers for
multiplex real-time TaqMan PCR were as follows: For mouse
TNF-· (forward, 5'-TCT CTT CAA GGG ACA AGG CTG-3';
reverse, 5'-ATA GCA AAT CGG CTG ACG GT-3'; probe,
5'-CCC GAC TAC GTG CTC CTC ACC CA-3'), for mouse
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IL-1ß (forward, 5'-TTG ACG GAC CCC AAA AGA T-3';
reverse, 5'-GAA GCT GGA TGC TCT CAT CTG-3'; uni-
versal probe, M15131.1-Roche Applied Science), for mouse
IL-6 (forward, 5'-TTC ATT CTC TTT GCT CTT GAA TTA
GA-3'; reverse, 5'-GTC TGA CCT TTA GCT TCA AAT
CCT-3'; universal probe, M20572.1-Roche Applied Science),
for mouse HPRT (forward, 5'-GAC CGG TCC CGT CAT
GC-3'; reverse, 5'-CAT AAC CTG GTT CAT CAT CGC
TAA-3'; probe, 5'-ACC CGC AGT CCC AGC GTC GT-3').
For mouse HO-1, we purchased a custom primer from Applied
Biosystems.

MPO estimation. Neutrophil sequestration in the pancreas
was quantified by measuring the tissue MPO activity (13).
Tissue samples were thawed, homogenized in 20 mmol/l
phosphate buffer (pH 7.4), centrifuged (10,000 x g, 10 min,
4˚C), and the resulting pellet was resuspended in 50 mmol/l
phosphate buffer (pH 6.0) containing 0.5% hexadecyl-
trimethylammonium bromide (Sigma). The suspension was
subjected to 4 cycles of freezing and thawing and was further
disrupted by sonication (40 sec). The sample was then
centrifuged (10,000 x g, 5 min, 4˚C), and the supernatant
used for the MPO assay. The reaction mixture consisted of
the supernatant, 1.6 mmol/l tetramethylbenzidine (Sigma),
80 mmol/l sodium phosphate buffer (pH 5.4), and 0.3 mmol/l
hydrogen peroxide. The mixture was incubated at 37˚C for
110 sec, the reaction was terminated with 2 mol/l of H2SO4,
and the absorbance was measured at 540 nm. This absorbance
was then corrected for the DNA content of the tissue sample
(fold increase over control).

Preparation of pancreatic acinar cells. Pancreatic acini were
obtained from the mouse pancreas by collagenase treatment
as previously described (13). Briefly, the fresh pancreases
were infused with buffer A (mM: 140 NaCl, 4.7 KCl, 1.13
MgCl2, 1 CaCl2, 10 glucose and 10 HEPES, pH 7.3)
containing 200 IU/ml type IV collagenase and 0.5 mg/ml
soybean trypsin inhibitor. The tissue was minced and
incubated in a shaking water bath for 10 min at 37˚C. In
order to obtain dispersed acini, the digested tissue was passed
through small pipette tips. The cells were then passed
through a solution of 50 mg/ml bovine serum albumin and
then washed twice with buffer A before further experiments.

MTT assay. Pancreatic acinar cells were seeded in a flat-
bottomed, 24-well plate at 2x105 cells/well in Waymouth
medium plus 10% FBS. The cells were pre-treated with CL
at the indicated doses, then incubated with cerulein for 6 h.
Before harvesting, 50 μl of the vital dye MTT (Sigma-
Aldrich) in PBS (5 mg/ml) were added to the cultures. The
blue dye taken up by the cells after 30-min incubation was
dissolved in DMSO (200 μl/well). Readouts were taken at a
540 nm wavelength using an automated micro-plate reader.

Western blot analysis. The pancreases were homogenized in
RIPA buffer. Then the supernatants were extracted, and used
as cell lysates. Whole cell lysates were made by boiling acinar
cells in sample buffer (62.5 mM Tris-HCl, pH 6.8, 2% sodium
dodecyl sulfate (SDS), 20% glycerol and 10% 2-mercapto-
ethanol). Proteins in the cell lysates were then separated by

10% SDS-PAGE and transferred to a nitrocellulose membrane.
The membrane was then blocked with 5% skim milk in PBS-
Tween-20 (PBST) for 2 h at room temperature and then
incubated overnight with antibodies against HO-1. After
washing 3 times in PBST, each blot was incubated with
secondary antibody for 1 h and the antibody-specific proteins
were visualized using an enhanced chemiluminesence
detection system (Amersham, Piscataway, NJ) according to
the manufacturer's instructions.

Statistical analysis. The results were expressed as the means
± SD. The significance of change was evaluated using the
Student's t test. Differences between the experimental groups
were evaluated by using the analysis of variance. Values of
P<0.05 were considered to be statistically significant.

Results

Effect of CL on cerulein-induced cytokine production in acinar
cells. AP is characterized by pancreatic acinar cell death.
Therefore, we examined the effects of CL on pancreatic
acinar cell death. Pancreatic acinar cells, were pre-treated for
1 h with CL and then stimulated with cerulein for 6 h.
Cerulein induced pancreatic acinar cell death. However, CL
significantly increased the viability of pancreatic acinar cells
in a dose-dependent manner (Fig. 1A). The cytokine
expression has been found to be up-regulated in cerulein-
stimulated pancreatic acinar cells in the absence of inflam-
matory cells (5). Therefore, we investigated the effects of CL
on the production of inflammatory mediators in isolated
pancreatic acini. CL inhibited the cerulein-induced production
of inflammatory mediators such as TNF-·, IL-1ß and -6
(Fig. 1B). In addition, RNA was extracted from isolated
pancreatic acinar cells, and real time RT-PCR was performed.
Similar to the in vitro results, CL inhibited the levels of
TNF-·, IL-1 ß and -6 mRNA expression (Fig. 1C).

Effect of CL on pancreatic histology during cerulein-induced
AP. In normal mice, the histological features of the pancreas
were typical of a normal architecture. Mice treated with intra-
peritoneal injections of cerulein developed acute necrotizing
pancreatitis. Histological examination of the pancreas (6 h
after the final injection of cerulein) revealed tissue damage
characterized by inflammatory cell infiltrate and acinar cell
necrosis. The CL pre-treatment resulted in a significant
reduction in pancreatic injury (Fig. 2A). Edema, inflammation,
vacuolization and necrosis in the CL-pre-treated group, were
significantly reduced compared to the normal saline-pre-
treated group, in a dose-dependent manner (Fig. 2B).

Effect of CL on PW/BW ratio, serum amylase and lipase
activity in cerulein-induced AP. In order to assess the effect
of CL on the PW/BW ratio, the PW was divided by the BW
of the mice. CL reduced the PW/BW ratio, compared to the
normal saline-treated group (Fig. 3A). Serum amylase and
lipase levels are most commonly obtained as biochemical
markers of pancreatic disease, particularly AP. Serum amylase
activity has been used for many years for the evaluation of
patients with acute abdominal pain and suspected pancreatic
disorders (14). The elevation of serum pancreatic lipase levels
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is often considered to be the most sensitive and specific
marker of AP (15). The serum amylase and lipase levels are
commonly used as markers of AP (14-16). Therefore, we
examined serum amylase and lipase activity during cerulein-
induced AP. The administration of CL significantly reduced
the serum amylase and lipase levels (Fig. 3B and C).

Effect of CL on TNF-·, IL-1ß and -6 in cerulein-induced AP.
Several inflammatory mediators have been shown to increase
in AP (16). Therefore, in order to examine the effect of CL
on the occurrence of a systemic inflammatory response
during cerulein-induced AP, the productions of TNF-·, IL-1ß
and -6 were measured in serum. The serum levels of pro-
inflammatory cytokines, such as TNF-·, IL-1ß and -6, were
increased during cerulein-induced AP. The increase of these
inflammatory mediators in serum was significantly attenuated
by the administration of CL (Fig. 4A). In addition to the

measurement of inflammatory mediators in serum, we also
determined the levels of TNF-·, IL-1ß and -6 mRNA in the
pancreas during cerulein-induced AP. As shown in Fig. 4B,
the administration of CL significantly reduced the pancreatic
tissue mRNA expressions of inflammatory mediators such as
TNF-·, IL-1ß and IL-6.

Effect of CL on lung histology during cerulein-induced AP.
Lung injury commonly develops early in AP. AP-associated
lung injury is characterized by edema and inflammation (16).
In addition to the pancreas, we assessed the lungs after
cerulein administration. Histological examination of lung
sections (6 h after the final injection of cerulein) revealed
tissue damage characterized by edema and inflammatory cell
infiltrate. The CL pre-treatment resulted in a significant
reduction in lung injury. The histological sections were
scored for edema and inflammation. The lungs from the CL-
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Figure 1. The protective effects of CL on cerulein-induced acinar cell damage. The cells were pre-treated with CL for 1 h at the indicated dose. (A) After 6-h
cerulein (final concentration 1 nM) incubation, the cell viability was measured as indicated in the experimental protocol. (B) After 12-h cerulein (final
concentration 1 nM) incubation, the cytokine levels were examined in isolated pancreatic acinar cells by ELISA. (C) The levels of mRNA were quantified by
real-time RT-PCR for TNF-·, IL-1ß and -6. Results shown are the means ± SD. *P<0.05 vs. saline treatment, +P<0.05 vs. cerulein treatment alone.
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pre-treated mice had significantly less edema and inflam-
mation compared to those from the saline-injected control
animals (Fig. 5A and B).

Effect of CL on MPO activity during cerulein-induced AP.
As an additional quantitative assessment of the severity of
the inflammatory response, we measured MPO activity, an
indicator of neutrophil sequestration, in the pancreas and

lung following the induction of AP in the CL-pre-treated
mice and saline-injected control animals. MPO activity in the
pancreas and lung in the CL-pre-treated mice was significantly
lower compared to the saline-injected control animals (Fig. 6A
and B).

Effect of CL on HO-1 induction during cerulein-induced AP.
Curcumin is a polyphonic compound with immunomodulatory
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Figure 2. Effects of the CL on pancreatic inflammatory changes following pancreatitis. (A) Representative H&E-stained sections of pancreas in control mice
who were not given cerulein, in those given cerulein, and in those given CL at the indicated doses. (B) Histological sections of pancreas harvested 6 h after
the final cerulein injection. The results were scored from 0 (normal) to 3 (severe) for edema, inflammation, vacuolization and necrosis. *P<0.05 vs. saline
treatment, +P<0.05 vs. cerulein treatment alone. Shown are the results of 1 experiment in which 6 mice were tested per group. The results obtained were
similar to those in 3 additional experiments. Original magnification, x200. CON, control mice; CAE, cerulein.

Figure 3. Effects of CL pre-treatment on the (A) PW/BW, (B) serum amylase activity, and (C) serum-lipase activity in cerulein-induced AP. The study groups
were treated as indicated in the experimental protocol. The means ± SD of 6 animals are shown. *P<0.05 vs. saline treatment, +P<0.05 vs. cerulein treatment
alone. The results obtained were similar to those in 3 additional experiments.
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properties derived from the rhizomes of the CL plant (17).
Curcumin has been known to induce HO-1, which exhibits
certain biological properties, including anti-inflammatory
(18-21) and antioxidant (22) properties. Therefore, we
examined the effect of CL on HO-1 induction in comparison

to curcumin during cerulein-induced AP. Mice treated with
intraperitoneal injection of curcumin or CL for 6 h. As shown
in Fig. 7A and B, curcumin induced HO-1 expression
dramatically in the pancreas. The HO-1 expression in the CL-
treated group was lower compared to that in the curcumin-
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Figure 4. Effects of CL on (A) serum level and (B) mRNA levels of TNF-·, IL-1ß and -6 secretion in cerulein-induced AP. Mice were treated as indicated in
the experimental protocol. Levels of serum cytokine were measured by ELISA and pancreatic mRNA was quantified by real-time RT-PCR. The means ± SD
of 6 animals are shown. The study groups were treated as indicated in the experimental protocol. *P<0.05 vs. saline treatment, +P<0.05 vs. cerulein treatment
alone. The results obtained were similar to those in 3 additional experiments.

Figure 5. Effects of CL on AP-associated lung injury. (A) Representative H&E-stained sections of the pancreas in control mice who were not given cerulein,
in those given cerulein, and in those given CL at the indicated doses. (B) Histological sections of the lung harvested 6 h after the final cerulein injection. The
results were scored from 0 (normal) to 3 (severe) for edema, inflammation, vacuolization, and necrosis. *P<0.05 vs. saline treatment, +P<0.05 vs. cerulein
treatment alone. Shown is one experiment in which 6 mice were tested per group. The results obtained were similar to those in 3 additional experiments.
Original magnification, x200. CON, control mice; CAE, cerulein.
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treated group. Nevertherless, HO-1 was induced by CL signifi-
cantly, in comparison to the saline-injected control group.

Discussion

CL has long been used in traditional Asian medicine to treat
gastrointestinal upset, arthritic pain, urinary tract infection,
and liver ailments (23,24). However, the precise pharmaco-
logical mechanism of CL is still unknown. The main
component of CL, curcumin, has also been shown to possess
anti-inflammatory, antioxidant and antimicrobial properties
(25). The present study investigated whether CL inhibits
cerulein-induced AP as well as cell death in isolated
pancreatic acinar cells. We show that CL improves the severity
of AP (Fig. 2) as well as the viability of pancreatic acinar
cells (Fig. 1A).

The results of the present study indicate that cerulein
caused significant morphological abnormalities in the

pancreas, as was demonstrated by the appearance of
vacuolization, inflammatory infiltration and changes in the
histoarchitecture of the pancreatic acini. The pre-treatment
with CL inhibited acinar cell death as well as the infiltration
by inflammatory cells in cerulein-induced AP. In order to
rule out interference by the binding of cerulein to CCK
receptors on pancreatic acinar cells, we examined the effects
of CL on pancreatic acinar cells. CL did not have any cyto-
toxic effect after 6 h. However, CL inhibited cerulein-induced
acinar cell death in a dose-dependent manner (Fig. 1A-C).
These results suggest that CL improved the severity of
pancreatitis through the inhibition of pancreatic acinar cell
death.

Growing evidence suggests that the activation of pro-
inflammatory cytokines, such as TNF-·, IL-1ß and -6, could
play an important role in the development of AP (26,27).
TNF-· has been shown to be an important initiator of local
and systemic damage occurring in AP and the blocking of the
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Figure 6. Effects of CL on the cerulein-induced MPO activity. The MPO activity was measured in the pancreas 6 h after completion of the cerulein injections
and in the saline-injected control mice. The data are expressed as MPO activity (U/mg protein). *P<0.05 vs. saline treatment, +P<0.05 vs. cerulein treatment
alone. The results obtained were similar to those in 3 additional experiments. CAE, cerulein.

Figure 7. Effects of CL on HO-1 expression. DMSO, saline, curcumin or CL were injected, then 6 h later, the pancreas was harvested. Curcumin was injected
as the reference compound. (A) The protein level of HO-1 was measured by Western blot analysis. (B) The mRNA expression of HO-1 was measured by real-
time RT-PCR. The procedure is described in detail in Material and methods. The results obtained were similar to those in 3 additional experiments.

53-61.qxd  18/11/2010  08:57 Ì  ™ÂÏ›‰·59



action of this cytokine has been shown to delay the onset of
AP (9). Additionally, serum TNF-· levels have been found to
be correlated with the severity of AP in humans (28). IL-1ß
has been shown to be a significant cytokine for the develop-
ment of AP and the inhibition of its production has been
shown to decrease the severity of AP (29,30). It has been
shown that IL-6 levels in severe pancreatitis were signifi-
cantly elevated compared to mild pancreatitis. Therefore, IL-6
is a principal mediator of acute phase response and is
released from activated mononuclear phagocytes (31,32).
Taken together, our results demonstrate that CL significantly
reduces the production of inflammatory mediators such as
TNF-·, IL-1ß and -6 during cerulein-induced AP and also
inhibits the cerulein-induced production of pro-inflammatory
cytokines (Fig. 4A and B).

The initial attack of AP is closely followed by a second
stage consisting of the immigration of leukocytes into the
pancreas as early as 3 h after the application of the first
noxious stimulus (13). As the condition develops, leukocytes
migrate into the pulmonary interstitium and increase endo-
thelial permeability, resulting in tissue edema. Pulmonary
injury is a potentially devastating complication in AP and, in
its most severe form (i.e. adult respiratory distress syndrome),
is associated with a mortality rate of ~30% (13). In accordance
with the reduction in MPO activity, the severity of lung injury
was significantly reduced in the CL-treated mice (Fig. 5).
Our results suggest that CL can improve the systemic
inflammatory changes in the lung which are associated with
pancreatitis.

HO-1, the inducible isoform of heme oxygenase that
catabolizes heme into free iron, carbon monoxide and
bilirubin/biliverdin, has been shown to possess anti-
inflammatory properties (33). The anti-inflammatory action
of HO-1 is mediated by the reduction in leukocyte adhesion,
thus diminishing the production of pro-inflammatory
cytokines (34). Hemin, the agent for HO-1 induction, offers
protection against injury in experimental AP (35). In the
present study, the administration of CL induced HO-1
expression in the pancreas (Fig. 7). These results suggest that
CL can inhibit cerulein-induced pancreatitis through the
induction of HO-1.

In conclusion, this study demonstrates that CL attenuates
the severity of cerulein-induced AP and pancreatitis-associated
lung injury through the inhibition of tissue injury and pro-
inflammatory cytokine production and also inhibits acinar
cell death and cytokine production. CL exerts potent anti-
inflammatory activities in AP and could be a beneficial agent
in AP and its pulmonary complications.
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