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p65 protein, as well as the degradation of IκB-
α, and IκB-β (Figure 5C). As our in vivo results 
demonstrated that AA significantly down-regu-
lated the production of inflammatory cytokines, 
we further detected the production of IL-1β, IL-6 

and TNF-α in CCK-induced AP in vitro. As shown 
in Figure 5D, AA obviously decreased the re- 
lease of inflammatory cytokines in CCK-induced 
AP, suggesting that AA has anti-inflammation 
effects in experimental pancreatitis.

Figure 4. Effect of AA on NF-κB activity in cerulein-induced AP in vivo. A. Nuclear NF-κB p65, IκB-α and IκB-β protein 
levels were assayed in western blots with Lamin-A and β-actin as internal references for nuclear proteins and cyto-
plasmic proteins, respectively. B. Immunohistochemical staining of NF-κB p65 detect nuclear translocation (magni-
fication ×400). Results are means ± SD of three independent experiments.
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Discussion

Most AP patients experience mild disease with 
a low complication rate, but several develop 
acute respiratory distress syndrome, or multi-
ple organ dysfunction, and eventually die due 
to the lack of specific therapy [4, 24]. AP is char-
acterized by a complex cascade of events, 
including pancreatic inflammation, destruction 
of pancreatic tissue, and systemic inflamma-
tion [8]. The complex molecular events that 
underlie these changes remain largely unknown 
and there are no therapeutic agents to treat AP. 
AA has a variety of potent pharmacological 
effects, and a role in AP is yet to be established, 
but we found it to have a protective effect in a 
mouse model of cerulein-induced AP. 

Expression of the proinflammatory cytokines 
IL-1β, IL-6 and TNF-α, which are involved in the 
development of pancreatitis, are up-regulated 
in experimental AP models, and their blockade 
has been shown to slow the progression of pan-

creatitis [25]. Previously, Norman et al. showed 
that IL-1, IL-6, and TNF-α secretion increased 
with the presence of inflammatory macro-
phages in cerulein-induced AP [26], and Rau et 
al. found that inhibition of secretion of those 
cytokines reduced the severity of AP [27, 28]. 
The number of neutrophils infiltrating the pan-
creas can be estimated by assaying tissue MPO 
activity [29]. A decrease of serum amylase and 
lipase concentrations, improved histological 
features, reduced MPO activity, and decreased 
IL-1β, IL-6 and TNF-α serum protein and mRNA 
expression in vivo and in vitro all indicate that 
AA attenuated the severity of pancreatitis 
induced in the mice by cerulein.

Recent studies show that AA can inhibit the 
stimulation of IL-1β, TNF-α and other inflamma-
tory cytokines to reduce functional damage 
and fibrosis of liver cells [11, 30]. Huang et al. 
showed that the anti-inflammatory mecha-
nisms of AA might be related to a decrease of 
iNOS and NF-κB via increases of catalase, 

Figure 5. Effect of AA on CCK-induced AP in vitro. A, B. Mouse pancreatic acinar cells were cultured with or without 
CCK 200 nmol/l and AA 0, 10, 25, 50 μmol/l for 12 h. Cell viability was assayed with a Cell Counting Kit-8 and 
the amount of ATP present. C. Expression of nuclear NF-κB p65, IκB-α and IκB-β proteins was assayed in western 
blots with Lamin-A and β-actin as the internal references for nuclear and cytoplasmic proteins, respectively. D. The 
levels of mRNA expression of IL-1β, IL-6 and TNF-α were measured by quantitative RT-PCR. GAPDH was used as the 
housekeeping control. Results are means ± SD of three independent experiments. *P<0.05, vs. controls; #P<0.05, 
vs. CCK induction.
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superoxide dismutase, and glutathione peroxi-
dase activity [17]. Pakdeechote et al. reported 
that AA alleviated hemodynamic and metabolic 
alterations by restoring eNOS/iNOS expression 
and reducing oxidative stress and inflammation 
in rats with diet-induced metabolic syndrome 
[31]. The transcription factor NF-κB is activated 
early in AP, and promotes inflammationby regu-
lating the expression of inflammatory media-
tors. In this process, cytoplasmic NF-κB is re- 
leased from its association with inhibitory pro-
teins in the IκB family, such as IκB-α and IκB-β. 
This allows NF-κB to translocate into the nucle-
us and activate the expression of specific tar-
get genes [8, 32]. Previous studies have shown 
a correlation between NF-κB activation and 
experimental AP [6, 9], and NF-κB p65 has 
been identified as the key transcription factor 
involved in pancreatitis [33]. These findings 
have led to interest in investigating NF-κB inhi-
bition as a novel approach in treating AP. As 
activation of NF-κB is an early event in AP, we 
investigated NF-κB activity at 6, 9 and 12 h 
after the first cerulein injection. The western 
blots revealed that pretreatment with AA mark-
edly reduced the degradation of IκB-α and IκB-
β, resulting in down-regulation of NF-κB p65 
expression in the nucleus. The nuclear translo-
cation of NF-κB p65 was subsequently con-
firmed by immunohistochemistry, and the re- 
sults showed a significant reduction in the 
staining intensity of nuclear NF-κB p65 in mice 
treated with AA. AA greatly increased the in vivo 
viability of acinar cells from mice with AP, and 
suppressed expression of NF-κB. The results 
warrant further investigation of the therapeutic 
effect of AA in AP.

The mechanism of AP is complex and remains 
unclear. In this experimental mouse model, AA 
alleviated the severity of AP, reduced pancreat-
ic tissue damage, decreased proinflammatory 
cytokine production and MPO activity, and 
increased the viability of acinar cells. The sup-
pression of NF-κB activation was involved in the 
mechanism of AA effects on pancreatitis. AA 
deserves further experimental and clinical eval-
uation as a potential treatment of AP.
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