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Aim: Chronic pancreatitis (CP) is a complex and intractable disease mainly manifested as chronic inflammation and fibrosis. Aspirin 
(acetylsalicylic acid, ASA) has been reported to be used in the treatment of acute pancreatitis (AP), but its effectiveness on CP is 
unclear. This study aimed to investigate the therapeutic effects of ASA in CP mice.
Methods: A murine model of CP was induced by intraperitoneal injection with 20% L-arginine. After one week of L-arginine 
administration, mice in the ASA treatment group were administered aspirin (100mg/kg/d) by intragastric gavage. At two, four, and six 
weeks after the first injection of L-arginine, mice were euthanized and the pancreas was collected for histological and molecular 
analysis. A second model of CP (caeruelin-induced) was used as a validation experiment to test the effect of ASA.
Results: L-arginine-induced CP resulted in over-expression of the inflammatory enzyme cyclooxygenase (COX)-2. COX-2 expression 
decreased after ASA treatment. Pancreatic-injury inflammatory response (measured by changes in amylase, CK-19, F4/80, CD3, MCP- 
1, IL-6) and fibrosis degree (measured by expression of COL1A1, MMP-1 and TIMP-1) was reduce in ASA -treated mice model. The 
therapeutic effect of ASA was also observed in caeruelin-induced CP.
Conclusion: ASA has an ameliorating effect in murine models of CP through inhibition of pancreatic inflammation and fibrosis, 
which may be a promising option for clinical treatment.
Keywords: chronic pancreatitis, fibrosis, inflammation, aspirin, COX-2

Introduction
Chronic pancreatitis (CP) is a progressive inflammatory and fibrotic disease in which the pancreatic parenchyma is 
destroyed and replaced by fibrotic tissue.1 The pathogenesis of CP remains obscure, thus current therapeutic strategies are 
limited and focus mainly on alleviating clinical symptoms.2

Studies have found that cyclooxygenase (COX)-2 is strongly increased in pancreatic specimens from patients with CP.3,4 

As an important pathway regulating inflammation, COX-2 participates in the synthesis of prostaglandins in a variety of 
inflammatory diseases and can be elevated through the stimulation of inflammatory mediators and oxidative stress.5,6 These 
studies revealed that COX-2 was localized to atrophic pancreatic acinar cells, islets, and duct cells. Moreover, the over-
expression of COX-2 in patients with CP is significantly related to the frequency of acute pancreatitis (AP), which suggests 
that COX-2 is involved in the inflammatory response and disease progression of CP in patients. Reding et al7 explored the role 
of COX-2 in animals with CP and found a different response between WBN/Kob rats and C57/Bl6 mice. In rats, the pancreatic 
pathological lesions were ameliorated by a specific COX-2 inhibitor (rofecoxib), but there was no obvious improvement for 
histopathological alteration in caerulein-induced CP mice treated with rofecoxib, even with a specific knockout of COX-2 in 
the pancreas. Thus, the researchers concluded that COX-2 modulates the inflammatory process during the development of 
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pancreatitis in a species-specific manner. Huang et al8 produced mice that overexpressed COX-2 specifically in pancreatic 
acinar cells via a conditional transgenic mouse model and observed interesting results: the mice with elevated COX-2 levels in 
the pancreas spontaneously initiated the processes of fibrosis, which eventually developed into chronic pancreatitis with 
preneoplastic lesions.

Aspirin(acetylsalicylic acid, ASA) is the oldest and most widely used non-steroidal anti-inflammatory drug (NSAID) and 
is one of the inhibitors of the COX enzymes.9,10 Recent research has found that ASA can be used to treat AP. Akyazi et al11 

reported that ASA pretreatment for 100 days could ameliorate acute histopathological alterations caused by caerulein in rats. 
Lu et al12 showed that ASA could reduce the severity of pathological lesions in the pancreas and lungs of mice with severe 
acute pancreatitis. Several other studies on cancer, including pancreatic cancer (PC), indicated that ASA had beneficial effects 
in preventing cancer.13–16 The occurrence of CP may be associated with recurrent episodes of acute pancreatitis,17 and CP is 
considered one of the risk factors for PC.18 However, the pathogenesis of CP is not exactly the same as that of AP. The 
pathological manifestations of CP are more concentrated in acinar atrophy, chronic inflammatory cell infiltration and 
irreversible fibrosis. Therefore, although ASA is effective in the treatment of AP and prevention of PC, its role in CP must 
be verified. In view of this, it is worth exploring whether ASA is also effective in ameliorating CP.

L-arginine has been reported as an inexpensive and stable inducer of CP. In mice, this L-arginine-induced CP mimics 
features of human CP including pancreatic atrophy, fibrosis, inflammation, exocrine insufficiency and loss of architecture.19 In 
this study, we induced Kunming and C57BL/6 mouse models with CP using L-arginine and caerulein, respectively, and treated 
the mice with ASA, aiming to explore the role of ASA in the progression of CP, and to identify a potential mechanism.

Materials and Methods
Animals
Male C57BL/6 mice (18–23g) were obtained from the Animal Experiment Center of the Medical College of Xi’an Jiaotong 
University (Certificate SCXK [Shaan] 2018–001). Male Kunming mice (20–25 g) were obtained from the Experimental 
Animal Center of the Fourth Medical University of PLA (Certificate No. 0014945). Mice experiments were approved by the 
Animal Care and Use Committee of Shaanxi University of Chinese Medicine (YXSY (Shaanxi) 2017–0002). All experi-
ments were performed in accordance with the principles and guidelines of YXSY (Shaanxi) 2017–0002. The mice were 
maintained in a temperature-controlled room (22 ± 3°C; relative humidity: 60% ± 5%) under a 12 h light/dark cycle.

CP Models and Experimental Design
Mice were randomly divided into three groups (n = 8 per time point in each group): control group, CP group, CP+ aspirin 
group. To induce CP, mice were intraperitoneally injected with 20% L-arginine (3 g/kg, twice per day with an interval of 
1 h, one day per week) for six weeks, or caerulein (50 μg/kg, six times per day, three days per week) for six weeks. 
A control group comprised mice injected with the same volume of saline. After one week of L-arginine or caerulein 
administration, the mice in the aspirin group were administered ASA (100 mg/kg/d, this dose correspond to the low dose 
for humans, 11mg/kg per day) by intragastric gavage based on Ibrahim’s and Lu’s experiment for AP.11,12 The dosage of 
ASA was determined through a pre-experiment where CP-induced mice were treated with 175 mg/kg and 100 mg/kg 
ASA respectively. Both doses had the effect of alleviating CP, and there was no significant difference between the two 
doses. Considering the side effects of ASA, we chose a lower dose for treatment in this experiment. ASA was purchased 
from Bayer Inc. and was dissolved in ethyl alcohol (1 g/mL) and further diluted to appropriate concentrations in saline 
solution (4 mg/mL). The mice in the control group were administered only normal saline at the same time point.

H&E and Masson’s Staining
For morphological analyses, the mice were sacrificed at two, four, and six weeks after treatment with caerulein (Toronto Research 
Chemicals, Darmstadt, Germany) or L-arginine (Sigma–Aldrich), and the pancreases of the mice were immediately immersed in 
4% neutral phosphate-buffered paraformaldehyde for 12 hours, embedded in paraffin, and sectioned (3 μm). The sections of the 
specimens were stained with H&E or Masson’s staining, and morphological changes and fibrosis in the pancreas were observed 
under a light microscope. Pancreatic sections were assessed at 20× objective magnification over 10 separate fields to determine 
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the severity of pancreatitis by scoring for oedema, inflammation, atrophy and fibrosis. Lesion size scores on edema, fibrosis, and 
acinar atrophy were evaluated as follows: 0 = absent; 1 = only a limited part of section; 2 = slightly shown in lobule or intralobular 
region; 3 = a lesion across lobule and intralobular region or with destruction of lobular architecture. Inflammatory cell infiltration 
scores were determined by counting the cell number: 0 = 0–10 per field; 1=11–30 per field; 2 = 31–100 per field; 3 = 101~ per 
field.8,20

Immunohistochemistry and Immunofluorescence
Immunohistochemistry (IHC) and immunofluorescence analyses were performed according to standard protocols. IHC 
was performed using a ready-to-use StreptAvidin Biotin-Complex (SABC) kit (Boster Biological Technology Co. Ltd., 
Wuhan, China). Sections were incubated with a rabbit anti-F4/80 antibody (Santa Cruz Biotechnology Inc., Dallas, TX, 
USA; 1:500 dilution), a rabbit anti-CK-19 antibody (Bioss; 1:200 dilution), a rabbit anti-amylase antibody (Bioss; 1:200 
dilution), a rabbit anti-CD3 antibody (Bioss; 1:200 dilution), and a goat anti-COX-2 antibody (Santa Cruz; 1:200 
dilution) for 48 h at 4°C. The corresponding secondary antibodies were subsequently incubated for 1 h at room 
temperature. Images were captured using a ZEISS Imager A1 microscope (Carl Zeiss AG, Oberkochen, Germany).

For double staining of immunofluorescence, a 1:200 dilution of COX-2 antibody and a 1:400 dilution of F4/80 
antibody or CK-19 antibody was incubated in a humid chamber for 48 h at 4°C, and a 1:500 dilution of FITC-labeled 
anti-goat or CY3-labeled anti-rabbit secondary antibodies was incubated for 1.5 h. Nuclei were counterstained with 
4’,6-diamidino-2-phenylindole (DAPI) (Roche) for 5 min, dehydrated, and mounted on a coverslip with anti-fade 
mounting medium. Images were captured with a ZEISS Imager A2 fluorescence microscope (Carl Zeiss AG).

Western Blotting
For Western blotting analysis, proteins were prepared from the mouse pancreas using standard methods. Protein 
concentrations were determined using the BCA method (Boster Biological Technology) and adjusted to 4 ug/ul. 
Samples were boiled at 95°C for 4 min before loading and then subjected to SDS-polyacrylamide gel electrophoresis 
(40 ug/sample) and blotted to PVDF membranes. The membranes were probed with the following antibodies: anti- 
COL1A1 (Cell Signaling Technology; 1:1000), anti-COX-2 (Santa Cruz; 1:500), and anti-β-actin (Boster Biological 
Technology; 1:2000). A low–molecular weight protein marker was used to determine the size of the detected bands in 
the Western blot. Detection and image capturing were performed using an enhanced chemiluminescence illuminating 
system.

Total RNA Extraction and Real-Time Polymerase Chain Reaction
Total RNA was extracted from pancreatic tissue using a commercial RNA extraction kit (Takara Biotechnology, Dalian, 
China) and transcribed into complementary DNA using oligo primer and reverse transcriptase kits (Takara 
Biotechnology) according to the manufacturer’s guidelines. For real-time polymerase chain reaction (RT-PCR), 100 ng 
of complementary DNA was used as a template for each reaction and amplified. The RT-PCR was performed using 
a SYBR Green kit (Takara Biotechnology). Amplification and detection were accomplished using an ABI 7500 Fast RT- 
PCR system (Thermo Fisher Scientific). All experiments were performed in triplicate, and expression levels were 
normalized to β-actin and calculated using the2–ΔΔCt method. The primer sequences are shown in Table 1.

Statistical Analysis
Our statistical analyses were performed using GraphPad Prism and SPSS. Data were expressed with mean ± standard 
deviation (SD) and compared by the unpaired Student’s t-test and the one-way analysis of variance (ANOVA). T-tests 
were used to determine differences between CP mice and control mice and ANOVAs were used to assess differences 
between three or more groups. A P value of < 0.05 was considered statistically significant.
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Results
L-Arginine Can Induce CP and Overexpression of COX-2 in Mice
As shown in Figure 1A and B, 20% L-arginine can successfully induce CP in Kunming mice, in which the typical 
histopathological changes of chronic pancreatitis can be observed, including pancreatic acinar cell necrosis, 
inflammatory cell infiltration, tubular complexes, and a large amount of fibrotic tissue formation. 
Immunohistochemical staining showed that the number of COX-2 positive cells significantly increased in the 
pancreas of the CP mice, and the positive staining of COX-2 was mainly found in infiltrating inflammatory cells 
and tubular complexes (Figure 1C). The Western blot showed that the protein level of COX-2 increased continu-
ously with the process of modeling (Figure 1D). To further ascertain the cell location of COX-2, we performed 
double immunofluorescence labeling with the following markers: F4/80, as a monocyte-macrophage marker, and 
COX-2, or CK-19, as a pancreatic acinar tubularization marker, and COX-2. The results showed that co-expression 
of F4/80 and COX-2 as well as that of CK-19 and COX-2 could be observed in the pancreas (Figure 1E and F). 
These results demonstrated that L-arginine-induced CP results in the over-expression of COX-2 in the pancreatic 
tissues of mice, and that COX-2 was also predominantly expressed by infiltrating inflammatory cells and tubular 
complexes.

Aspirin Inhibits the Pancreatic Overexpression of COX-2 in L-Arginine-Induced CP
As shown in Figure 2A and B, there was no COX-2 expression in the control group, but protein and mRNA levels of 
COX-2 in the CP-induced group progressively increased at two, four and six weeks. However, after intervention with 
ASA, the elevated COX-2 levels were significantly reduced. COX-2 IHC staining showed similar results (Figure 2C).

Aspirin Improved the Functional and Morphological Changes in Acinar Cells in 
L-Arginine-Induced CP
Firstly, our results display the effect of aspirin on the pancreas-to-body weight ratio in mice. As shown in Figure 3A, with the 
majority of pancreatic lobules loose induced by L-arginine, a reduced relative pancreatic weight was shown in the CP mice 
and ASA treatment restored this loss of pancreatic weight. We next observed the effect of ASA on pancreatic injury in CP 
mice. HE staining showed that aspirin treatment ameliorated the pancreatic histopathological changes with decreased 
histopathological scores in CP mice, including pancreatic oedema, necrosis, inflammatory cell infiltration, acinar atrophy 
and fibrosis (Figure 3B). Expression of amylase in the serum and pancreatic tissue increased at the initial stage of the disease 
(at 2 weeks), but reduced by six weeks with the progression of CP, due to considerable pancreatic vacuolization, acinar cell 
atrophy, and tubular complex formation (Figure 3C and D). Ductal tubular complex is an important pathological manifesta-
tion of CP that can be observed by the expression of CK-19, a sensitive duct marker. As shown in Figure 3E, as CP 
progressed, a large number of acinar cells changed to a flat shape and formed a tube-like structure with strong staining of CK- 
19. After ASA treatment, the expression of amylase was reversed and the expression of CK-19 decreased. These results 
further indicated that ASA was able to protect acinar cells from injury and preserve the exocrine function of the pancreas.

Table 1 Primer Sequences Used for Real Time-PCR

Gene Forward Primer (5’-3’) Reverse Primer (5’-3’)

MCP-1 GTTGGCTCAGCCAGATGCA AGCGTACTCATTGGGATVATCTTG
IL-6 GAAGTAGGGAAGGCCGTGG CTCTGCAAGAGACTTCCATCCAGT

COX-2 CCACAGCATCGATGTCACCATAG GACCACTATGCCGCGCTCTT
MMP-1 GTGAATGGCAAGGAGATGATGG ACGAGGATTGTTGTGAGTAATGG

TIMP-1 CATCTCTGGCATCTGGCATCC CGCTGGTATAAGGTGGTCTCG

β-actin CATCCTGCGTCTGGACCT TCAGGAGGAGCAATGATCTTG
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Aspirin Attenuates Inflammatory Cells Infiltration and the Expression of Inflammatory 
Factors in CP
As shown in Figure 4A and D, two weeks after disease induction, mice showed increased macrophage and lymphocytes 
infiltration in the pancreas (assessed as F4/80 or CD3 positive staining cells). ASA treatment significantly reduced F4/80 and 
CD3 positive staining cells in the pancreas, indicating that macrophages formed an important population of inflammatory cells 
during the development of CP. As shown in Figure 4B and C, the mRNA expression of inflammatory factors, including 
monocyte chemoattractant protein (MCP)-1 and interleukin (IL)-6, was elevated in the CP group, but after treatment with 
ASA, these inflammatory factors all decreased. The results suggest that ASA is able to inhibit inflammatory cells infiltration 
and inflammatory responses in L-arginine-induced CP.

Figure 1 Over expression of COX-2 in pancreatic tissue of mice following treatment with 20% L-arginine to induce CP. (A and B) H&E and Masson’s trichrome staining in 
the pancreas following L-arginine treatment (original magnification: 200×). (C) The expression of COX-2 in the pancreas by IHC staining (original magnification: 400×). (D) 
COX-2 protein expression in pancreatic tissues as detected by Western blot. β-actin served as a loading control (representative blot). (E and F) Double-labeled 
immunofluorescence of incorporated COX-2 and CK-19 (E) or COX-2 and F4/80 (F). COX-2 showed green, CK-19 or F4/80 showed red (Original magnification, 400×).
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Aspirin Inhibits Pancreatic Fibrosis by Regulating the Balance of Matrix 
Metalloproteinase (MMP)-1 and Tissue Inhibitor of Metalloproteinase (TIMP)-1
We observed a considerable amount of extracellular matrix (ECM) deposition in the pancreas at six weeks after 
L-arginine administration by Masson’s trichrome stain (Figure 5A). The expression of collagen type 1 alpha 1 chain 
(COL1A1), which is known to be predominant in pancreatitis-related fibrosis, was also over-expressed at six weeks 
post-CP-induction, compared to two weeks L-arginine treatment and control mice (Figure 5B). Analyzing the 
variation in enzymes regulating ECM production, we detected the expression of MMP-1 and TIMP-1 mRNA in 
the pancreas after CP. As shown in Figure 5C and D, compared with the control group, the MMP-1 expression level 
increased at two weeks and four weeks, but showed a significant reduction at six weeks (P < 0.01). The TIMP-1 
mRNA level was significantly increased two weeks after modeling (P < 0.01) and fell back at four weeks, but it was 
still higher than that of the control group (P < 0.05) and sustained this level until six weeks. These results suggest 
that an imbalance of MMPs/TIMPs may be a relevant factor leading to extensive fibrosis deposition in CP induced 

Figure 2 Aspirin inhibits the expression of COX-2 in mice with chronic pancreatitis induced by L-arginine. (A) Schematic diagram of animal experiment with 20% L-arginine 
induced CP. (B) COX-2 protein expression in pancreatic tissues was detected by Western blot. β-actin served as a loading control (representative blot). (C) COX-2 mRNA 
expression in pancreas was determined by real time PCR. Fold change values were normalized to β-actin mRNA (each group, n=6). Compared with control: **P<0.01; 
Compared with CP model group: ΔP<0.05, ΔΔP<0.01. (D) The expression of COX-2 in pancreas by immunohistochemistry staining (original magnification: 200×).
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Figure 3 Histopathological changes in experimental CP mice and aspirin treatment. (A) Ratio of pancreatic/body weight (n=6). (B) H&E staining in the pancreas of the CP models 
induced by L-arginine (original magnification: 100×). Histological scoring of edema, inflammation, fibrosis, and acinar atrophy was performed as described in methods. Values are 
expressed as mean ± SD (n = 6). (C) The amylase level in serum at different time-points. Results are expressed as mean ± SD (n = 6). (D) IHC staining for amylase in the pancreas 
(original magnification: 400×) and morphometric analysis. (E) Immunohistochemistry staining for CK-19 in pancreas (original magnification: 400×) and morphometric analysis. 
*P<0.05, **P<0.01 vs control group; ΔP <0.05, ΔΔP <0.01vs. CP group.
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by L-arginine. Pancreatic fibrosis of CP mice was alleviated after ASA treatment, compared to the CP group, based 
on a decrease of ECM deposition, the decrease of COL1A1 protein expression, the increase of MMP-1 expression 
and the decrease of TIMP-1 expression.

Figure 4 Aspirin attenuates inflammatory infiltration in the pancreas of mice treated with 20% L-arginine. (A) IHC staining for F4/80 in pancreas (original magnification: 
200×) and F4/80 positive cell count analysis. (B) MCP-1 and (C) IL-6 mRNA expression was analyzed by RT-PCR, fold changes were normalized to β-actin mRNA. Results 
were expressed as Mean±SD (each group, n=6). **P<0.01 vs control group; ΔP<0.05, ΔΔP<0.01vs. CP group. (D) IHC staining for CD3 in pancreas (original magnification: 
200×) and CD3 positive cell count analysis.
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Aspirin Attenuates Caerulein-Induced Chronic Pancreatic Injury in C57BL/6 Mice
The above results indicate that aspirin has the effect of improving pancreatic injury in L-arginine-induced chronic 
pancreatitis in Kunming mice. In the following experiments, we adopted different modeling methods (repeated intraper-
itoneal injection of caerulein to induce chronic pancreatitis in C57BL/6 mice) to verify the beneficial effect of ASA on 
CP (Figure 6A). Mouse pancreas-to-body weight ratios showed that the caerulein treated group exhibited lower 
pancreatic weights due to chronic pancreatic injury, while ASA treatment increased the pancreatic weights 
(Figure 6B). HE staining showed that ASA could ameliorate caerulein-induced pancreatic histopathological changes in 

Figure 5 Aspirin inhibits pancreatic fibrosis in pancreas of mice treated with 20% L-arginine. (A) Masson’s trichrome staining (original magnification: 100×), histograms 
showing the quantitative analysis of the % fibrotic area. (B) COL1A1 protein level in pancreatic tissues was detected by Western blot. β-actin served as loading control 
(representative blot). The relative protein abundance was quantified through densitometry analysis normalized against β-actin. (C and D) MMP-1 and TIMP-1 mRNA 
expression were determined by real time PCR. Fold change values were normalized to β-actin mRNA (each group, n=6). Results are expressed as mean ± SD. Compared 
with control: *P<0.05, **P<0.01; Compared with CP model group: ΔP<0.05, ΔΔP<0.01.
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C57BL/6 mice (Figure 6C). Histological staining showed that collagen fiber deposition was significantly reduced in the 
aspirin-treated CP mice compared with the CP group (Figure 6D). Amylase and CK-19 immunohistochemical staining 
showed the inhibitory effect of ASA on caerulein-induced pancreatic acinar loss and tubularization (Figure 6E and F). 
The reduction in the number of F4/80-positive cells further suggested the beneficial effect of ASA in reducing caerulein- 
induced inflammatory cell infiltration (Figure 6G).

Discussion
Chronic pancreatitis (CP) is a progressive and irreversible disease, in which chronic abdominal pain, weight loss, and 
persistent diarrhea as the main clinical manifestations.2 A recent study showed that low-grade inflammation is 
a characteristic of CP and an important factor in the development of pancreatic ductal adenocarcinoma.21

As an important pathway regulating inflammation, COX-2 participates in a variety of inflammatory diseases, 
including pancreatitis.22,23 In CP patients, the overexpression of COX-2 in the pancreatic tissue suggests that it is related 
to the occurrence of CP and could be a potential target for treatment of CP.3,4 However, the results of inhibiting COX-2 in 
experimental CP studies have been controversial. Alberto et al24 compared the role of COX-2 in a model of caerulein- 
induced CP using COX-2-deficient mice (COX-2−/−) and wild-type (WT) mice. They found that the histopathological 
scores of the juvenile COX-2−/− mice were lower than those of the WT mice, but there was no significant difference in 

Figure 6 Aspirin attenuates caerulein-induced chronic pancreatic injury in C57BL/6 mice. (A) Schematic showing the experimental design of aspirin treatment of caerulein- 
induced CP in C57Bl/6 mice. (B) Ratio of pancreatic/body weight (n=6). (C) H&E staining in the pancreas of the CP models induced by caerulein (original magnification: 
100×). Values of histological scoring were expressed as mean ± SD (n = 6). (D) Masson’s trichrome staining (original magnification: 100×), histograms showing the 
quantitative analysis of the % fibrotic area. (E) IHC staining for amylase in pancreas (original magnification: 400×) and morphometric analysis. (F) IHC staining for CK-19 in 
pancreas (original magnification: 400×) and morphometric analysis. (G) IHC staining for F4/80 in pancreas (original magnification: 400×) and morphometric analysis. **P<0.01 
vs control group; ΔP<0.05, ΔΔP<0.01 vs CP group.
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the histological scores of the two groups of adult mice. Therefore, they concluded that the effect of COX-2 on 
experimental CP is limited and possibly age-dependent. This conclusion is inconsistent with the results of a previous 
study on the treatment of CP rats with the COX-2 inhibitor rofecoxib,7 which showed that rofecoxib significantly 
suppressed inflammation and fibrosis and delayed the progression of CP. Recently, Huang et al8 produced mice that 
overexpressed COX-2 specifically in pancreatic acinar cells (COX-2/Cre mice). They found that COX-2/Cre mice were 
able to initiate the processes of fibrosis, which eventually developed into spontaneous CP with preneoplastic lesions. The 
above studies suggested that the role of COX-2 in chronic pancreatitis is controversial and may be different amongst 
species. In our study, we used Kunming mice to induce a CP model with L-arginine and observed that the expression of 
COX-2 increased significantly with the progression of CP (Figure 1C and D). In addition, we found COX-2 was 
predominantly expressed in infiltrating inflammatory cells and damaged acinar cells or tubular complexes during the 
progression of CP (Figure 1E and F). Based on the above, our study provides evidence that COX-2 plays an important 
pro-inflammatory role in experimental chronic pancreatitis models, and targeting COX-2 may be an available strategy to 
both prevent and treat CP.

As a cyclooxygenase inhibitor, ASA has been used for several decades as an anti-inflammatory agent against multiple 
types of inflammatory disease, and can inhibit the activity of COX-2.7,9,25 In our study, the effect of ASA treatment on 
reducing COX-2 expression in the pancreatic tissue of CP mice was observed, and it was also found that aspirin could 
reduce COX-2 expression at both the protein and gene levels (Figure 2B and D). Two studies have reported that ASA 
pretreatment was valuable in the prevention of pancreatic histopathological alteration and improved some parameters that 
represent the degree of pancreatic lesion, including high levels of serum amylase and cytokines (IL-6, IL-1β, etc.) in AP 
in rats and mice.11,12 Moreover, the side effects (inflammation or bleeding) related to ASA administration have not been 
observed in the gastrointestinal tract in macroscopic and histopathological examinations. As we know, recurrent attack of 
acute pancreatitis is a risk factor for CP.26–28 However, the pathogenesis of CP is different from that of AP. The 
pathological manifestations of CP are more concentrated in acinar atrophy, chronic inflammatory cell infiltration and 
irreversible fibrosis. Therefore, it is worth exploring whether ASA, which is effective in the treatment of AP, can also 
effectively improve CP.

In the present study, we investigated the effect of ASA in an experimental CP model. The results showed that aspirin 
significantly alleviated pancreatic injury, as shown by the morphological changes in the mice (Figure 3A and B). At the 
same time, the parameters related to the function of pancreatic acinar cells, including the level of amylase and the 
expression of CK-19, were improved after ASA treatment (Figure 3C and E). In addition, we found ASA inhibited the 
infiltration of inflammatory cells in the pancreas and the mRNA expression levels of MCP-1 and IL-6 in the pancreas 
(Figure 4), which are critical for creating the inflammatory microenvironment in CP.29 Our study also explored the role of 
ASA in pancreatic fibrosis, and our results showed that aspirin can reduce the expression of COL1A1, which is known to be 
highly expressed in pancreatitis-related fibrosis (Figure 5A and B). Pancreatic fibrosis is associated with increased synthesis 
and decreased degradation of ECM, while ECM degradation is regulated by matrix metalloproteinases (MMPs) and tissue 
inhibitors of metalloproteinases (TIMPs). Our analysis of MMP and TIMP levels in this study suggests that the inhibitory 
effect of aspirin on collagen deposition may be related to regulating the balance of MMP-1/TIMP-1 in the pancreatic tissue 
of CP mice (Figure 5C and D) The above results all confirmed that aspirin can reduce pancreatic acinar cell damage, 
inflammation and fibrotic lesions, and played a beneficial therapeutic role in L-arginine-induced CP in mice. This beneficial 
effect of aspirin was also verified in another species of mouse CP model, the caerulein-induced CP model (Figure 6), where 
ASA treatment reduced markers of disease pathogenesis.

In summary, the present study demonstrated that ASA treatment alleviated pancreatic damage and fibrosis in 
experimental CP. These beneficial effects of ASA can be explained by its elimination effect of inflammatory infiltration 
and the protective effect of acinar cell loss. Our results may provide a new experimental basis for the clinical promotion 
of ASA.
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