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Abstract Severe acute pancreatitis (SAP) is a common

acute abdominal disease. This study was designed to in-

vestigate the preventive effects of curcumin on SAP and its

possible mechanism of action. We observed increased

volume of ascites, serum AMY, IL-6, and TNF-a levels,

and expression of TLR-4 and NF-jB mRNA and protein in

a rat model of SAP. Application of curcumin resulted in

lower ascites volume and serum AMY. The levels of serum

cytokines IL-10 and TNF-a were also significantly reduced

after curcumin treatment, as evident from ELISA analysis.

RT-PCR analysis showed down-regulation of TLR4 and

NF-jB expressions as a function of curcumin treatment.

Our results demonstrate the protective effect of curcumin

in a rat model of SAP via the involvement of TLR-4/NF-

jB signaling pathway.
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Introduction

Severe acute pancreatitis (SAP), which has acute onset,

rapid progression, and bad outcomes, is a common clinical

acute abdominal disease [1, 2]. The traditional view of the

mechanism for SAP includes self-digestion induced by

trypsin, and obstacles in pancreatic microcirculation and

infection [3–5]. However, the detailed molecular mechan-

ism of SAP pathogenesis is still not clear. Recent reports

have highlighted the role of the activation of inflammatory

factors and the signal pathway in pancreatic tissues in the

process of SAP [6, 7]. Activation of IL-6, TNF-a, and
inflammatory infiltration cells in early SAP phase can lead

to pathological injury not only to the pancreatic tissue, but

also in extra-pancreatic organs, through activating down-

stream inflammation mediators by amplifying a series of

cascade reaction [8]. The injuries would further induce

systemic inflammatory response syndrome (SIRS) or even

multiple organ dysfunction syndrome (MODS) [9, 10].

Toll-like receptors (TLRs) are key modulators of the

intrinsic immune response [11]. Members of the TLR

family recognize and bind to their corresponding ligand to

activate signal transduction pathways and thus produce

different biological functions in response to the various

stimuli [12]. TLR4 is the first reported TLR by which the

mediated signal pathway can non-specifically bind in

pathogen-associated molecular patterns (PAMPs) [13]. NF-

kB, a nuclear transcription factor present in a wide variety

of cells, shares an upstream/downstream relationship with

TLR4 [14]. NF-kB mainly functions at the level of

regulating inflammation, cell survival, and apoptosis [15].

Under normal circumstances, members of the NF-kB forms

homomeric or heteromeric dimers in cytoplasm, which

exert the function of activation/inhibition of transcriptions

[16]. With the activation of the TLR4-mediated signal

transduction pathway, the NF-kB activation and tran-

scription of related proinflammatory cytokines is then

stimulated [17]. Several studies have confirmed that the

expression and activation of TLR4 and NF-kB were

upregulated, and a large amount of neutrophils and in-

flammatory mediators were detected in the SAP rat model

induced through various ways [18]. Thus, it is highly likely

that the TLR-4/NF-kB signaling pathway is closely related

to the occurrence and development of SAP.
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Curcumin is the main active ingredient extracted from

the rhizome of herbs [19]. A number of experimental

studies have demonstrated the protective properties of

curcumin for anti-inflammatory, antiviral, antioxidant, an-

ti-cancer, anti-fibrosis, and liver- and kidney-protection

[19]. Curcumin exerts its inhibitory effects on both acute

and chronic inflammation, by reducing the infiltration of

neutrophils, inhibiting lipid peroxidation, and down-

regulating NF-jB [20, 21].

In the present study, we investigate the expression of

TLR-4 and NF-jB signaling pathway in SAP rat model and

evaluate the effect of curcumin on the prevention and

treatment of SAP (Research projects in education depart-

ment of sichuan province, NO.15ZB0254).

Materials and Methods

Animal Preparation, Grouping, and Model Building

54 healthy clean male SD rats (aged 3–4 months, weight

180–250 g) were purchased from experimental animal

center of our facility. All procedures were approved by

local ethics committee and were performed in accordance

with the Guideline for the Care and Use of Laboratory

Animals of the first affiliated hospital of Chengdu medical

college. Rats were fed for adaption in the laboratory

1 week before experiment, and were allowed to drink water

but restricted to food intake 12 h prior to the experiment.

Rats were randomly divided into 3 groups: normal

group, severe acute pancreatitis model group (SAP Group),

and curcumin pretreating group. Each group was further

subdivided into 3 groups as 3, 6, 12 h according to the time

course in the experiment (each sub-group had 6 rats).

SAP Model Procedure

SD rats were anesthetized with intraperitoneal injection of

4 % chloral hydrate (0.6 ml/kg). After routine shaving and

draping, surgical incision was made into the abdomen from

the lower abdominal midline under sterile conditions. A

1-ml-small syringe needle tip was then inserted into the

pancreatic duct through duodenal papilla opening. Occlu-

sions in pancreatic puncture and biliary bile duct respectively

were made with two pieces of small artery clipping. 5 %

sodium taurocholate was then pressurized at 0.1 ml/min in

4 min. The injection was suspended for 5 min to confirm

pancreatic tissue edema in these animals after which the

vascular clamp was removed and the abdomen was closed

layer by layer.

Animals in the normal group underwent the same op-

erational procedure but without injection of sodium tau-

rocholate in pancreatic duct. Rats in curcumin group were

intraperitoneally injected with curcumin solution (100 mg/

kg) 30 min before the establishment of model. All animals

after surgery were subcutaneously injected with saline

(0.2 ml/kg) in order to make up for the missing liquid.

Animals were allowed to drink water but restricted to food.

Ascitic Volume, Serum AMY Determination, and IL-6,

TNF-a Measurement

Dry cotton balls were prepared for measuring the ascite

weight. After the rats were sacrificed at each certain time

point, ascites were suctioned by dry cotton balls. Weights

of dry and wet cotton balls were recorded before and after

the suction. The volume of ascites was calculated based on

the difference of the wet and dry cotton weight (density of

the ascite was assumed to be 1 mg/ml).

Blood samples were obtained from each group 3, 6, 12 h

after the model was built and was stored at 4 �C overnight.

The sera were separated and stored at -20 �C. Serum

samples were analyzed with automatic biochemical

analyzer (Automatic Analyzer 7600) through G7-PNP

method to detect the level of serum AMY.

Enzyme-Linked Immunosorbent Assay (ELISA) kits

were used to detect the level of IL-6 and TNF-a in rat serum

by strictly following the manufacturer instructions [22].

Detection of Expression of TLR-4/NF-kB Through

Semi-Quantitative RT-PCR

The cDNA sequences of NF-jB and TLR-4 were retrieved

from theGenbank to design primers aided byOligo software.

Specificity of all primers was confirmed by NCBI BLAST

software, and the primers were synthesized by Shenggong

Biological Engineering Technology Co., Ltd. (Shanghai,

China). Sequences ofRT-PCRprimers are shown inTable 1.

Semi-quantitative PCR was performed with the use of

SYBR green chemistry on an ABI PRISM 7000 sequence

detection system (Applied Biosystems) as previously re-

ported [22]. Regression analysis of the mean values of four

multiplex RT-PCRs for the log10 diluted cDNA was used

to generate the standard curves. Mean values generated at

individual time points were compared with Student’s t test.

Western Blotting

Total proteins were extracted from the rat SAP Model cells

using RIPA buffer (Thermo). Proteins were separated by

SDS-PAGE on a 10 % gel. Primary antibodies are rabbit

NF-jB (Abcam), TLR-4 (Santa Cruz), and GAPDH (Santa

Cruz). Secondary antibody is HRP-conjugated anti-rabbit

antibody (Jackson Labs). The bound antibody was assayed

with a chemofluorescence detection kit (Amersham, Pis-

cataway, NJ). The representative images are shown.
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Statistical Analysis

The ascetic volume and Schimidt scores are presented as

the Mean ± standard deviation (SD). STATA 12.0 Soft-

ware (STATA, Texas, Data Analysis and Statistical Soft-

ware, USA) was employed to determine the statistical

significance. All inspection levels were set to 0.05. Two-

by-two comparison was proceeded with SNK (Student-

Newman-Kewls) method. P\ 0.05 was taken as statisti-

cally significant.

Results

Effect of Curcumin on Ascitic Volume and Serum

AMY Level

The volume of ascites in SAP group is significantly higher

than that in the normal group and curcumin group, respec-

tively (P\ 0.01, P\ 0.01), especially at 12 h. Moreover,

volume of ascites in SAP group increases during the time

course ofmodel building, while volume of ascites in C group

shows a decrease from 3 to 12 h (P\ 0.01, Fig. 1a).

The data were transferred into log for convenient ana-

lysis. A statistical difference among the three groups (each

P\ 0.01) could be seen. The serum AMY levels in both

the SAP group and the curcumin group were higher than

that in the normal group. Generally speaking, serum AMY

level in the normal and SAP groups both increased. In SAP

group, AMY level increases at 3 h, reaching the peak at

6 h, and decreases at 12 h. But the level at 12 h still re-

mained higher than that at 3 h. It is interesting to note that

the serum AMY level of curcumin group significantly de-

creased from 3 to 6 h (P\ 0.05), but slightly from 6 to

12 h (P[ 0.05 Fig. 1b).

Effect of Curcumin on Serum IL-6 and TNF-a Levels

Compared with the normal group, the serum IL-6 level in

the SAP group and curcumin group is significantly higher

(P\ 0.01). Moreover, serum IL-6 level at each time point

in curcumin group could be seen as significantly

(P\ 0.01) lower than that in the SAP group. In the SAP

group, the increase is most significant at 6 h, while in the

curcumin group, the whole overall trend of serum IL-6

level appears to be declining (Fig. 2a).

Trend of serum TNF-a in the three groups was similar to

the IL-6 level in the three groups. Levels in SAP group and

curcumin group were all significantly higher than that in the

normal group (P\ 0.01). Compared to the SAP group, there

Fig. 1 The volume of ascites and serum AMY level in each group at

different time points (mean ± SD). a Ascitic volume and b lg (Serum

AMY) in pancreatic tissue. For better equal variance, data of Serum

AMY were transferred into log for analysis. P\ 0.01: *compared to

Normal group; #compared to SAP group

Table 1 The primer sequences and fragment size of rat gene RT-PCR

Gene Primer sequence Size (bp) Annealing temperature (�C)

TLR4 Upstream: 5-CTGCCACCATTTACAGTTCGTC-3 312 56

Downstream: 5-ATCCAGCCACTGAAGTTGTGAG-3

NF-kB Upstream: 5-AGCCCTATGCCTTTTCMCAT-3 347 57

Downstream: 5-CACTCCTGGGTCTGTGTTGTT-3

b-actin Upstream: 5-CCCATACCCACCATCACACC-3 207 55

Downstream: 5-GAGAGGGAAATCGTGCGTGAC-3
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was a significant decrease of serumTNF-a at each time point

in the curcumin group (P\ 0.01, Fig. 2b). 6 h is a very

significant time point for peaking of the levels of both IL-6

and TNF-a in both SAP and curcumin groups (P\ 0.01).

The Expression of TLR-4 and NF-jB mRNA

and Protein in Pancreatic Tissue

Compared with the normal control group, the mRNA ex-

pression of NF-jB and TLR-4 in the pancreatic tissue of

SAP model shows a significant increase (P\ 0.01).

However, significant reduction (P\ 0.01) in the gene ex-

pression of both TLR-4 and NF-jB in the curcumin group

compared to the SAP group could be seen (Figs. 3, 4).

To further determine the expression of TLR and NF-jB
at the proteins levels, Western Blot assays were applied.

The protein expression of NF-jB and TLR-4 in the pan-

creatic tissue of SAP model shows a significant increase

when compared with the normal control group (P\ 0.01).

However, significant reduction (P\ 0.01) in the protein of

Fig. 2 The serum IL-6 and TNF-a levels in each group at different time points (mean ± SD; pg/ml). a IL-6 and b TNF-a in pancreatic tissue.

P\ 0.01: *compared to Normal group; #compared to SAP group

Fig. 3 The expression of TLR-4 and NF-jB in each group at different time points (mean ± SD). a TLR-4 and b NF-jB in pancreatic tissue.

P\ 0.01: *compared to Normal group; #compared to SAP group

Fig. 4 TLR-4 and NF-jB
mRNA expression in pancreatic

tissue. a TLR-4 expression and

b NF-jB expression in

pancreatic tissue after 12 h.

b-actin was used as marker
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both TLR-4 and NF-jB in curcumin group compared to

SAP group could be seen (Fig. 5).

Discussion

We describe the effects of curcumin on the prevention and

treatment of SAP in rat animal model. The expression of

TLR-4 and NF-jB signaling pathway in SAP rat model

was also studied with or without the presence of curcumin.

We observed that volume of ascites and serum level of

AMY increased after the SAP model was built and de-

creased when curcumin was injected. Moreover, both IL-6

and TNF-a levels also showed the similar trend. It was

interesting to note 6 h as the possible peak time for the

development of SAP. In addition, the expression of TLR-4

and NF-jB mRNA in pancreatic tissue was also found to

be downregulated in the presence of curcumin, while both

of these were activated and upregulated in untreated SAP

model.

The molecular mechanism of SAP pathogenesis is not

clearly understood [5]. However, it is generally believed

that SAP is a SIRS [9] and MODS [10] as a result of

trypsin activation and release-induced pancreatic self-di-

gestion, hemorrhage, and necrosis [6]. In the pathology of

SAP, synthesis and release of a large number of cytokines

and inflammatory mediators play a very important role in

the pancreatic gland damage and subsequent SIRS and

MODs [5, 6, 10]. Thus, blocking the related signal pathway

and inhibiting the transcription and translation of mediators

of inflammation-related genes at the molecular level would

in turn decrease the synthesis and release of cytokines and

inflammatory mediators which can effectively alleviate the

damage to pancreatic tissue and ameliorate inflammatory

process [7].

Toll-like receptor 4 (TLR-4), reported for the first time

in 1997, is a kind of inflammatory trans-membrane receptor

[23]. When the corresponding ligands interact with TLR-4,

downstream signal transduction pathway is activated im-

mediately, resulting in specific biological functions [24].

TLR4 mainly recognizes LPS and some gram-negative

bacteria PAMPs by forming homologous dimers [25, 26].

TLR4 expressed by epithelia in pancreatic ducts and acinus

activates a series of signal molecules through a combina-

tion of corresponding ligands via the MyD88 signal path-

way [27]. Signal molecules, including TNF receptor-

associated factor 6 (TRAF-6), IL-10 receptor-associated

kinase (IRAK) and TGF-b-activated kinase (TAK1), would
eventually lead to the activation of transcription factors

such as nuclear factor jB (NF-jB) [28] and initiate target

gene transcription and release of inflammatory mediators

such as IL-10 and TNF-a thereby regulating the inflam-

mation process [29]. Studies from Gukovsky et al. [30]

confirmed that in normal rat pancreatic cells, NF-jB acti-

vation is not obvious. However, in the model of acute

pancreatitis, NF-jB is activated, especially in patients with

SAP, suggesting that NF-jB plays an important role in the

development and also prognosis of SAP [31]. Our results

also showed that after the SAP model was built, NF-jB and

TLR-4 were upregulated along with IL-10 and TNF-a,
further confirming the previous theories.

Curcumin is one of the main active ingredients made

from rhizome of herbs [19]. Current studies have confirmed

that curcumin exerts various effects including anti-inflam-

matory, antiviral, antioxidant, anti-cancer, and anti-fibrosis

[21]. By reducing the infiltration of neutrophils, inhibiting

lipid peroxidation and downregulation of NF-jB [21], in-

hibitory effect of curcumin on acute and chronic inflam-

mation can be achieved. Earlier results have demonstrated

that curcumin has obvious inhibitory effects on the acti-

vation of TLR-4/NF-jB signaling pathway [30]. In the

present study, intraperitoneal injection of curcumin dis-

played a protective effect on SAP in rats. PCR results

showed that TLR-4/NF-jB protein expression in curcumin

group was significantly lower than that in the SAP group,

suggesting that curcumin may block TLR-4/NF-jB ex-

pression upstream of the signaling pathways at the mole-

cular level. Moreover, volume of ascites and serum AMY

level in rats of curcumin group were significantly reduced

when compared with that in the SAP control group. In

addition, IL-10 and TNF-a levels also declined in the

curcumin group, further suggesting that the therapeutic

effect of curcumin was probably achieved through the

TLR-4/NF-jB signaling pathway.

To conclude, the effect of curcumin was studied in the

established rat model of SAP and was found to have a

positive effect on the treatment for SAP. Experimental

evidences to understand the mechanism of curcumin action

revealed the importance of TLR-4/NF-jB signaling path-

way in the activation and development of SAP.

Fig. 5 TLR-4 and NF-jB protein expression in pancreatic tissue.

TLR-4 expression and NF-jB expression in pancreatic tissue after

12 h. GAPDH was used as marker
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