
 Acute pancreatitis (AP) is a common cause of 
emergency hospital admission, with an increase in 
the incidence rate during the past 30 years1-4. Studies 
have demonstrated that inflammatory cytokines play 
an important role in the induction and severity of AP5. 
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Background & objectives: Curcuma longa (turmeric) has a long history of use in Ayurvedic medicine 
as a treatment for inflammatory conditions. The purpose of the present study was to investigate the 
preventive effects of curcumin against acute pancreatitis (AP) induced by caerulein in mouse and to 
elucidate possible mechanism of curcumin action.
Methods: Curcumin (50 mg/kg/day) was intraperitoneally injected to Kun Ming male mice for 6 days, 
followed by injection of caerulein to induce AP. GW9662 (0.3 mg/kg), a specific peroxisome proliferator-
activated receptor gamma (PPARγ) antagonist, was intravenously injected along with curcumin. Murine 
macrophage RAW264.7 cells were treated with 100 μmol/l curcumin for 2 h, and then stimulated with 0.1 
μg/ml lipopolysaccharide (LPS). Serum amylase and transaminase levels were measured at 10 h after AP. 
TNF-α level in mouse serum and cell culture medium were detected by ELISA. Expression of PPARγ and 
NF-кB were analyzed by RT-PCR and Western blot.
Results: Curcumin significantly decreased the pancreas injury and reversed the elevation of serum 
amylase, ALT and AST activities and TNF-α level in mice with AP. Curcumin treatment inhibited the 
elevation of NF-кB-p65 in the nucleus of mouse pancreas AP group and RAW264.7 cells, but significantly 
increased the expression of PPARγ. GW9662 could abolish the effects of curcumin on serum levels of 
amylase, ALT, AST, TNF-α, and NF-кB level.
Interpretation & conclusions: Our results suggest that curcumin could attenuate pancreas tissue and 
other organ injury by inhibiting the release of inflammatory cytokine TNF-α. These effects may involve 
upregulation of PPARγ and subsequent downregulation of NF-кB.
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Clinical and experimental studies have shown that 
serum tumour necrosis factor-α (TNF-α) and some 
interleukins (IL) are increased in patients with AP6-8. 
These inflammatory cytokines expressed by activated 
macrophages, locally increase the severity of AP9. A 
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key regulator of cytokine induction is nuclear factor-
κB (NF-κB), which is usually elevated in the pancreas 
during AP. Inhibition of NF-κB activation results in a 
decrease in the release of inflammatory cytokines7.

 Curcumin, a yellow coloured phenolic pigment 
extracted from the rhizome of herb Curcuma longa, 
is widely reported to have potent anti-oxidative, anti-
inflammatory and anti-carcinogenic effects. The anti-
inflammatory action of curcumin seems to be closely 
related to inhibition of TNF-α and other inflammatory 
cytokines production and suppression of NF-κB 
activation by blocking phosphorylation of inhibitory 
factor I-kappa B kinase (IκB)10-12. 

 Peroxisome proliferator-activated receptor 
gamma (PPARγ), a ligand-activated transcriptional 
factor, plays an important role in inflammation. 
Studies have demonstrated that ligand activation of 
PPARγ inhibits the activity of NF-кB, and negatively 
regulates inflammatory responses in vivo13,14. A study 
demonstrated that curcumin can activate PPARγ and 
thus may be used as an agonist of PPARγ15. Therefore, 
the present study was focused on the preventive effect 
of curcumin in AP in mouse model and to investigate 
the possible mechanism of action.

Material & Methods

Reagents: Curcumin, caerulein, PPARγ antagonist 
GW9662 and LPS were purchased from Sigma (USA). 
TRIzol reagent was purchased from Invitrogen (USA). 
The reverse transcription kit, Taq DNA polymerase, 
and PCR kit were purchased from Fermentas (USA). 
Rat anti-PPARγ, anti-NF-кB-p65, anti-β-actin and anti-
lamin B antibodies were purchased from Santa Cruz 
Biotechnology (USA), and Goat anti-mouse IgG from 
GenScript Company (Nanjing). The EasyECL assay kit 
and nuclear protein extraction kit were purchased from 
Biomed Company, China. The BCA kit was purchased 
from Galen Company, Hongkong. The ELISA kit 
specific for rat TNF-α was from Wuhan Boster 
Biological Technology, Ltd., China. DMEM medum 
was purchased from Gibco, USA and foetal bovine 
serum was purchased from Biochrom (Germany). 

Animals: Four-week old Kun Ming male mice, weighing 
30±2 g, were purchased from the Experimental Animal 
Center of Shandong University School of Medicine, 
Shandong, PR China. The animals were housed 6 per 
cage under standardized conditions (25±3°C, 12 h 
light/dark cycle, humidity 50±10%) with free access 

to pelleted food and tap water. All experiments were 
conducted in the Department of Biochemistry and 
Molecular Biology, Shandong University School 
of Medicine with the approval of the Institutional 
Experimental Animal Care and Use Committee of 
Shandong University.  

Animal treatment procedures: A total of 40 healthy 
Kun Ming male mice were randomly divided into four 
groups and were fasted for 12 h with free access to 
water. AP was induced by intraperitoneal injection of 
50 μg/kg bodoy wt. (bw) caerulein (dissolved in normal 
saline) once per hour, repeated 7 times16. In the negative 
control group, caerulein was replaced by normal 
saline. In curcumin group, prior to caerulein injection, 
mice were intraperitoneally injected with 50 mg/kg bw 
curcumin (dissolved in 10% DMSO)11 once a day for 6 
consecutive days. To block PPARγ activity, a separate 
group of animals was treated with PPARγ antagonist, 
GW9662 (0.3 mg/kg bw) along with curcumin through 
intravenous injection prior to AP induction. Ten hours 
after AP induction17, the animals were killed and blood 
and tissue samples were collected.

Detection of serum amylase and transaminase 
activities: Blood was drawn from ophthalmic arteries, 
allowed to clot and centrifuged at 12000 g/min for 
10 min. The serum was preserved at -80°C prior to 
analysis. The serum amylase, ALT and AST activities 
were analyzed by an automatic biochemical analyzer.

Pathological examination of mice pancreas: The mice 
were euthanized and pancreases were removed. The 
general morphologies of the pancreases were observed 
and recorded. Each pancreas was divided into two 
sections. One half was used to make paraffin-embedded 
sections, which were stained by hematoxylin and 
eosin (H & E) and pathologically examined. Schmidt 
criterion was employed for histopathological scoring in 
pathological evaluation18. The other half was subjected 
to RNA and protein extraction.

Curcumin treatment of murine macrophage RAW264.7 
cells: Murine macrophage RAW264.7 cells (kindly 
provided by Prof. Chengjiang Gao from the 
Immunology Institute of Medical School of Shandong 
University) were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM) supplemented with 10 
per cent foetal bovine serum, 50 units/ml penicillin 
and 50 μg/ml streptomycin at 37°C in a humidified 
CO2 incubator (5% CO2, 95% air). RAW 264.7 cells 
were plated at a density of 6×105/well in a 6-well 
plate. For all experiments, cells were grown to 80-90 
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per cent confluence. Cells were incubated in serum-
free DMEM for 2 h and incubated with 100 μmol/l 
curcumin (dissolved in DMSO) at 37°C for another  
2 h. After that, lipopolysaccharide (LPS) was added to 
achieve a final concentration of 0.1 μg/ml. Stimulation 
continued for 4 h, after which the supernatant was 
collected for TNF-α determination and cells were lysed 
for subsequent RNA or protein isolation. Triplicate 
samples were used for each treatment.

ELISA detection of TNF-α level: Enzyme-linked 
immunosorbent assays (ELISAs) were used to detect 
TNF-α level in mouse serum and the culture medium 
of RAW264.7 cells according to the manufacturer’s 
instructions. All TNF-α determinations were performed 
in duplicate serial dilutions.

Reverse transcription-polymerase chain reaction 
(RT-PCR) for PPARγ mRNA expression in pancreases 
and RAW264.7 cells: Total RNAs in pancreases and 
RAW 264.7 cells were extracted with Trizol reagent 
according to the manufacturer’s protocol and quantified 
by UV spectrophotometry. A total of 3 μg RNA was 
reverse transcribed into cDNA, and the resulting 
product was used as a template for PCR amplification 
of PPARγ genes. The PCR reaction system was set as 
50 μl. β-actin was used as an internal reference under 
the same experimental conditions. Primers for PPARγ 
and β-actin were synthesized by Shanghai Sangon 
Biological Engineering Technology & Service Co., 
Ltd. Primers for PPARγ (477 bp) were: sense, 5’-
CGTGATGGAAGACCACTCGC-3’, antisense, 5’- 
AACCTGATGGCATTGTGAGA-3’; for β-actin (218 
bp) were: sense, 5’-TGGTGGGAATGGGTCAGA-3’, 
antisense, 5’-ACGGTTGGCCTTAGGGTT-3’. The 
cDNA was subjected to denaturation at 94°C for 2 min, 
followed by 32 cycles of 94°C for 30 sec, 56°C for 30 
sec, and 72°C for 1 min, followed by a final extension 
step at 72°C for 10 min. PCR products were separated 
on 1 per cent agarose gel by electrophoresis, and the 
images were captured with the Gel Imaging System. 
Quantity One Software (? Source) was used to analyze 
the relative quantity of each band. The relative amount 
of PPARγ mRNA was normalized to β-actin.

Western blot analysis of NF-кB and PPARγ protein 
expression in pancreases and RAW264.7 cells: Total 
cellular and nuclear proteins in pancreas and RAW264.7 
cells were extracted and quantified with the BCA 
protein assay kit. Equal amounts of protein (50 μg) were 
separated by sodium dodecylsulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and then transferred 
to a polyvinylidine difluoride (PVDF) membrane. The 

membrane was blocked for 1 h in TBS buffer (20mM 
Tris-HCl, 150mM NaCl, pH7.5) containing 5 per cent 
defatted milk at room temperature. The membrane 
was then incubated with primary antibody (mouse 
antihuman NF-кB-p65, PPARγ, β-actin or lamin B 
antibody; diluted at 1:1000) at room temperature for 
2 h and at 4°C overnight. After washing in TBS buffer, 
the membrane was incubated with a HRP-coupled 
secondary antibody diluted 1:2000 for 1 h. Membrane-
bound horse radish peroxidase-labelled protein bands 
were detected with enhanced chemiluminescent 
reagents and chemiluminescent signals were detected 
using X-ray film. The relative amount of each band 
was analyzed with Quantity One software. The ratios 
of PPARγ:β-actin and nuclear NF-кB:lamin B were 
employed to express the relative amounts of both 
proteins.

Statistical analysis: The data were analyzed with 
SPSS 10.0 software (SPSS Co., II, USA). Inter-group 
comparisons were performed with one-way ANOVAs. 
P<0.05 was considered as statistically significant.

Results

Pathological examination of mouse pancreas: 
Compared with the control group (histopathological 
scoring: 1.5±0.2, Fig. 1A), the mouse pancreas in the 
AP group (histopathological scoring: 13.2±1.7, Fig. 1B) 
showed haemorrhage and exudation. The pancreatic 
acinuses were diffusely expanded, the pancreatic 
cells underwent necrosis, and the inter-lobular and 
perivascular regions were infiltrated with multiple 
leukocytes. The necrosis rate and inflammatory cell 
infiltration were significantly (P<0.05) decreased in 
the pancreas in the curcumin group (histopathological 
scoring: 6.9±0.8, Fig. 1C) as compared to the AP 
group.

Effect of curcumin on serum amylase and transaminase 
activities: Five hours after induction of AP, mice in the 
control group were still active, whereas mice in AP 
group were sick and reduced their physical activities. 
Ten hours after induction of AP, the serum amylase, 
ALT and AST activities of mice in the AP group were 
increased in comparison with those in the control 
group (P<0.01, Table). However, curcumin treatment 
significantly reversed the elevation of serum amylase, 
ALT and AST activities in AP mice (P<0.05, Table).

Effect of curcumin on the release of TNF-α: In the in 
vivo experiment, mouse serum TNF-α level increased 
in the AP group at 10 h after induction of AP (P<0.05) 
compared to control, whereas curcumin treatment 
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significantly reduced the serum TNF-α level in AP mice 
(P<0.05) (Table). TNF-α levels in the culture media 
of RAW264.7 cells were significantly elevated after 
LPS stimulation (P<0.05) compared to control which 
significantly reduced in the presence of curcumin 
(P<0.05).

Effect of curcumin on nuclear NF-кB expression: 
Western blotting revealed that expression of NF-кB-
p65 was significantly (P<0.05) increased in the nucleus 
of pancreas in AP group compared to the control group. 
Curcumin treatment inhibited the elevation of NF-кB-
p65 in AP mice (Fig. 2). After LPS stimulation, NF-
кB expression was significantly increased (P<0.05) 
in RAW264.7 cells and considerably decreased in the 
presence of 100 μmol/l curcumin (Fig. 3).

Effect of curcumin on PPARγ expression: PPARγ 
expression was reduced at both the mRNA and protein 
levels in the pancreas of AP group, and this effect 
was significantly (P<0.05) reversed by curcumin 

Table. Effect of curcumin on serum amylase and transaminases (ALT/AST) and TNF-α
Groups Serum amylase (U/l) Serum ALT (U/l) Serum AST (U/l) Serum TNFα (pg/ml)
Control 510 ± 44 37 ± 3 39 ± 4 127 ± 26
AP 7654 ± 1021* 126 ± 10* 209 ± 13* 214 ± 35*

Curcumin 4015 ± 488** 43 ± 4** 45 ± 4** 165 ± 24**

Curcumin + GW9662 7498 ± 996++ 122 ± 10++ 220 ± 15++ 210 ± 33+

Values are mean SD (n=10)
*P<0.05, **<0.01 compared to control group; +P<0.05 compared to AP group; ++P<0.01 compared to curcumin group

Fig. 1. Pathological changes in the mouse pancreas (HE staining, 
200X). A: Pancreatic histopathology in control group. B: Pancreatic 
histopathology in AP group. C: Pancreatic histopathology in 
curcumin group.

Fig. 2. Effect of curcumin on nuclear NF-кB expression in the 
pancreas of AP mice. (A) Western blot analysis of nuclear NF-кB 
expressionin in pancreas. (B) The graph shows densitometric analysis 
of the NF-кB relative to lamin B. *P <0.05 vs control group; #P <0.05 
vs AP group. Values are mean±SD of 10 mice/group.
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treatment (Fig. 4 A and B). Similarly, after LPS (0.1 
μg/ml) stimulation, PPARγ was decreased at both the 
mRNA and protein levels in RAW264.7 cells and was 
significantly (P<0.05) increased compared to control 
at both levels in the presence of 100 μmol/l curcumin 
(Fig. 5 A and B).

Effect of the PPARγ antagonist GW9662: GW9662 
partially counteracted the effects of curcumin on serum 
amylase, ALT, AST and TNF-α in AP mice (Table). A 
Western blot analysis of NF-кB expression showed that 
curcumin-mediated downregulation of nuclear NF-кB-
p65 protein was significantly (P<0.05) suppressed by 
GW9662 (Fig. 6).

Discussion

 Curcumin has been shown to suppress multiple 
signaling pathways by interacting with a wide variety 
of proteins and modify their expression and activity, 
including inflammatory cytokines and enzymes, 
transcription factors, and gene products linked with cell 
survival, proliferation, invasion, and angiogenesis19. 
The aim of the present study was to investigate the 
potential preventive effect of curcumin to AP generation 
by using caerulein-induced pancreatitis in mouse 
model. Our results demonstrated that intraperitoneal 
injection of caerulein caused necrosis and haemorrhage 
and neutrophils infiltration in the mouse pancreas in 
AP group. Serum amylase and transaminase activities 
and TNF-α levels were all significantly elevated in the 
AP group. Curcumin treatment significantly decreased 

Fig. 3. Effect of curcumin on NF-кB expression in RAW264.7 cells. 
(A) Western blot analysis of NF-кB expressionin in RAW264.7 
cells. (B) The graph shows densitometric analysis of the NF-кB 
relative to lamin B. *P <0.05 vs control group; #P <0.05 vs LPS 
group. Values are mean±SD (n=3).

Fig. 4. Effect of curcumin on PPARγ expression in the pancreas of 
AP mice. (A) RT-PCR analysis of PPARγ mRNA expression in the 
pancreas. (C) The graph shows densitometric analysis of PPARγ 
relative to β-actin. *P <0.05 vs control group; #P <0.05 vs AP group. 
(B) Western blot analysis of PPARγ protein expression in the 
pancreas. (D) The graph shows densitometric analysis of PPARγ 
relative to β-actin. *P <0.05 vs control group; #P <0.05 vs AP group. 
Values are mean±SD of 10 mice / group.

Fig. 5. Effect of curcumin on PPARγ expression in RAW264.7 
cells. (A) RT-PCR analysis of PPARγ mRNA expression in 
RAW264.7 cells. (C) The graph shows densitometric analysis of 
PPARγ relative to β-actin. *P <0.05 vs control group; #P <0.05 vs 
LPS group. (B) Western blot analysis of PPARγ protein expression 
in RAW264.7 cells. (D) The graph shows densitometric analysis of 
PPARγ relative to β-actin. *P <0.05 vs control group; #P <0.05 vs 
LPS group. Values are mean±SD of (n=3).
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Fig. 6. Effect of curcumin plus GW9662 on nuclear NF-кB-p65 
protein levels in the pancreas. *P <0.05 vs curcumin group. 



the histopathological score and reversed the elevation 
of serum amylase, ALT and AST activities and TNF-α 
levels. Pancreatic cell injury and enzyme release induce 
activation of pro-inflammatory cells, thereby resulting 
in the production of a large number of inflammatory 
mediators, which cause a systemic inflammatory 
response and multiple organ injury20,21. Our results 
showed that curcumin not only attenuated pancreatic 
tissue injury, but also attenuated other organ injury by 
inhibiting the release of inflammatory cytokine TNF-α. 
Consistent with the in vivo experiment, TNF-α levels in 
the culture media of RAW264.7 cells were significantly 
elevated after LPS stimulation, while being significantly 
reduced in the presence of curcumin. Previous 
studies showed that curcumin has profound effects 
on modulation of TNF-induced signaling, as well as 
inhibition of expression of TNF. Curcumin treatment 
inhibited LPS or phorbol methyl acetate (PMA)-
induced TNF-α levels in dendritic cells, macrophages, 
monocytes alveolar macrophages, and endothelial and 
bone marrow cells19. Curcumin inhibited the expression 
of TNF mRNA in the livers of copper uploaded rats 
and CCl4-induced hepatic fibrosis22. Our results were 
in agreement with Gukovsky et al11 who demonstrated 
that curcumin prominently reduced tissue injury as 
well as cytokine damage in both cerulein- and ethanol-
induced pancreatitis, and curcumin’s inhibitory effect 
on inflammatory mediators resulted in improvement 
in disease severity as measured by histology, serum 
amylase, pancreatic trypsin, and neutrophil infiltration. 
Gulcubuk et al23 demonstrated that curcumin failed in 
the reduction of tissue injury, and suggested that the 
failure might have been associated with the type of the 
experimental model used and the observation period 
and the level of cytokine.

 The mechanism by which curcumin induces its 
anti-inflammatory effects is yet to be elucidated. 
Activation of transcription factor NF-кB, a key 
regulator of inflammatory molecule expression, 
is an early event in experimental pancreatitis and 
correlates with the inflammatory response. The 
present study revealed that expression of NF-кB-p65 
was significantly increased in the nucleus of mouse 
pancreas in AP group and curcumin treatment inhibited 
the elevation of NF-кB-p65. After LPS stimulation, 
NF-кB expression was significantly increased in 
RAW264.7 cells and considerably decreased in 
the presence of curcumin. Samuhasaneeto et al24 
suggested that curcumin treatment improved liver 
histopathology in early stage of ethanol-induced 
liver injury by reduction of oxidative stress and 

inhibition of NF-кB activation. Gukovsky et al11 
reported that curcumin decreased inflammation 
by markedly decreasing activation of NF-κB and 
activator protein-1 (AP-1) as well as inhibiting mRNA 
induction of IL-6, TNF-α, and inducible nitric oxide 
synthetase (iNOS) in the pancreas in two rat models 
of experimentally-induced pancreatitis, assessed by 
DNA binding and degradation of inhibitory I-κB 
proteins. They indicated that blocking key signals of 
the inflammatory response ameliorates pancreatitis in 
both ethanol and nonethanol models8. Under normal 
physiological circumstances, inactivated NF-кB is 
sequestered by the inhibitor I-кB in the cytoplasm. 
When cells are stimulated by inflammatory factors, 
I-кB is phosphorylated and degradated through the 
ubiquitin-proteasome system. Then NF-кB is activated 
and translocates to the nucleus to initiate transcription 
of TNF-α and multiple pro-inflammatory factors25. 
Curcumin completely blocks TNF-induced NF-κB 
activation through the inhibition of phosphorylation 
of NF-κB, leading to suppression of cell survival, 
proliferative and inflammatory gene products26. 
Other studies showed that curcumin inhibited TNF-
induced NF-κB activation by inhibiting proteasomal 
activities instead of IκBα kinase (IKK) activation in 
MCF-7 cells27. Our results indicated that elevation 
and activation of NF-кB might be a key process in 
the pathogenesis of AP, and that inhibition of NF-κB 
by curcumin should be explored as a preventive and 
therapeutic means of AP control and treatment.

 Previous studies reported that curcumin 
significantly inhibited cell proliferation, induced 
apoptosis, inhibited of hepatic stellate cells (HSC) 
activation and suppressed hepatic fibrogenesis, 
attenuated STZ-induced memory deficits, eliminated 
ox-LDL stimulated HSC activation by stimulating 
PPAR-γ activity. Blocking the trans-activity by 
PPAR-γ antagonist significantly decreased these 
effects of curcumin26,28-31. Studies performed by 
Jacob et al32 suggested that the anti-inflammatory 
effect of curcumin is mediated by the upregulation 
of PPAR-γ activation. Combined usage of GW9662 
significantly impaired the function of curcumin 
in an experimental model of sepsis33. The present 
study showed that PPARγ expression was reduced 
at both the mRNA and protein levels in AP group 
mouse pancreas and in LPS-stimulated RAW264.7 
cells, and curcumin treatment significantly increased 
the expression of PPARγ. Activation of PPAR-γ 
suppressed inflammatory responses by inhibiting 
the release of IL-1β, IL-6, TNF-α and expression 
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of NF-κB and the adhesion molecule ICAM-134,35. 
Concurrent administration of curcumin and GW9662 
in the mouse with acute pancretitis abolished the 
effects of curcumin on serum levels of amylase, 
the liver enzymes ALT and AST, and TNF-α. A 
Western blot analysis of NF-кB expression showed 
that curcumin-mediated downregulation of nuclear 
NF-кB-p65 protein was significantly suppressed by 
GW9662, which suggests that downregulation of 
NF-кB by curcumin is mediated through PPAR-γ. 
Investigation conducted by Ghosh et al36 in Sprague-
Dawley rats with chronic renal failure suggested that 
curcumin in a dose dependent manner antagonized 
the TNF-α-mediated decrease in PPAR-γ and 
blocked transactivation of NF-кB and repression 
of PPARγ. Collectively, these results suggest that 
the preventive effects of curcumin against AP were 
associated with PPAR-γ upregulation and subsequent 
NF-кB downregulation, indicating an important role 
of curcumin as a PPAR-γ agonist. 

 In summary, this study showed that curcumin 
induced anti-inflammatory effects caused by the 
upregulation of PPAR-γ were associated with the NF-
κB pathway. Future studies are warranted to confirm 
this conclusion.
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