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Abstract. The aim of the present study was to detect the 
expression of resistin in rats with acute pancreatitis (AP) and 
investigate its significance in the pathogenesis of AP. In total, 
40 Sprague‑Dawley rats were randomly divided into four groups 
(n=10), including the normal control, sham‑operated, acute 
edematous pancreatitis (AEP) and acute necrotizing pancre-
atitis (ANP) groups. Following the establishment of animal 
models, the levels of serum resistin, C‑reactive protein (CRP), 
tumor necrosis factor‑α (TNF‑α) and interleukin (IL)‑1β were 
measured using ELISA. Resistin expression in the pancreatic 
tissues was detected using an immunohistochemical method. 
In addition, the mRNA expression of resistin in the pancreatic 
tissues was analyzed with quantitative polymerase chain reac-
tion. The levels of serum amylase, serum resistin, TNF‑α, IL‑1β 
and CRP were all significantly higher in the AEP and ANP 
groups when compared with the control and sham‑operated 
groups (P<0.01), as were the pancreas/body weight ratios and 
pathological scores of the pancreas. These increases were more 
significant in the ANP group than in the AEP group (P<0.05). 
The mRNA expression levels of resistin in the pancreatic tissues 
were markedly higher in the AEP and ANP groups when 
compared with the control and sham‑operated groups (P<0.01), 
particularly in the pancreatic tissues of the ANP group, which 
exhibited notably higher levels compared with the AEP group. 
The serum resistin level was found to positively correlate with 
the serum levels of CRP, TNF‑α and IL‑1β, and the pathological 

scores of the pancreatic tissues. In conclusion, the results indi-
cated that resistin may be associated with the occurrence and 
development of AP; thus, the protein may be a valuable indicator 
for assessing the severity of AP.

Introduction

The incidence of pancreatitis is markedly increased with the 
improvement of living conditions, particularly acute pancreatitis 
(AP). AP is a common clinical disease, and one of the main 
causes of it is hypertriglyceridemia (1). The prognosis of the 
majority of cases of AP is good; however, some types, particu-
larly severe AP, may lead to multiple organ failure, resulting in 
serious adverse consequences for the patient (2). Currently, the 
cause and mechanisms of AP are not completely clear, and there 
is no specific drug used to treat AP. The predominant treatment 
method is comprehensive therapy (3). It is believed that AP may 
be closely associated with obesity, trypsin activation, inflamma-
tory mediator activation, pancreatic blood circulation disorder, 
pancreatic cell apoptosis and other factors (4,5). AP includes 
acute edematous pancreatitis (AEP) and acute necrotizing 
pancreatitis (ANP). AEP has moderate clinical symptoms, and 
often doesn't require treatment; whereas ANP has severe clinical 
symptoms. ANP easily causes complications and sequelae, and 
may be life‑threatening (6). 

Obesity is considered an independent risk factor for the 
development of severe AP (7,8); however, the underlying mecha-
nism remains unknown. Resistin is a newly identified peptide 
hormone, secreted specifically by adipocytes (9). Resistin can 
cause obesity and hypertriglyceridemia, due to its association 
with insulin resistance (10). Previous studies have revealed that 
resistin is also an important cytokine in inflammatory reactions, 
and the regulation of other cytokines (11,12). Resistin levels 
are increased in the pancreatic tissues of patients with AP, and 
the increased expression has been shown to correlate with the 
severity of AP (13‑15). Thus, resistin may play an important 
role in the pathogenesis of AP. The aim of the present study 
was to investigate the association between resistin expression 
and AP, in order to provide a novel target for the treatment of 
pancreatitis.

Materials and methods

Animal grouping and modeling. A total of 40 healthy male 
Sprague‑Dawley rats (eight weeks old, weighing 200‑250 g), 
provided by the Experimental Animal Center of Nanjing 
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Medical University (Nanjing, China), were housed in a 
specific‑pathogen‑free room at a constant temperature of 
22‑28˚C and a relative humidity of 40‑70%. The rats were 
divided at random into four groups (n=10 for each group), 
which included the control, sham‑operated, AEP and ANP 
groups. The rats were fasted for 12 h, but had free access 
to water. Caerulein  (40 µg/kg; Sigma‑Aldrich, Steinheim, 
Germany) was administered to the rats in the AEP group 
twice by intraperitoneal injection, with an interval of 1 h. At 
12 h after the first injection, a successful model of AEP was 
established. Rats in the ANP group were treated with arginine 
using the same method (2 g/kg; Sigma‑Aldrich). The ANP rat 
model was established successfully at 24 h after the first injec-
tion. Rats in the sham‑operated group were treated identically, 
but with an equivalent dose of physiological saline. Rats in 
the control group were fasted and received no further treat-
ment. Following the successful establishment of the models, 
all the rats were anesthetized with 3% pentobarbital sodium 
(30 mg/kg) by intraperitoneal injection, and weighed. This study 
was conducted in strict accordance with the recommendations 
in the Guide for the Care and Use of Laboratory Animals of 
the National Institutes of Health. The animal use protocol was 
reviewed and approved by the Institutional Animal Care and 
Use Committee of Nanjing Medical University.

Blood and specimen collection. The abdominal cavity of each 
rat was opened for blood sample collection from the inferior 
vena cava and removal of the pancreas. Serum was isolated 
from the blood samples by centrifugation at 1,409 x g for 
10 min at 4˚C, and was stored at ‑80˚C. The pancreases were 
weighed and fixed in formalin for histopathological examina-
tion.

Measurement of serum amylase. According to a reported 
method (16), serum amylase levels were measured using an 
Hitachi‑7150 automatic biochemistry analyzer (Hitachi Corp., 
Tokyo, Japan) according to the manufacturer's instructions.

Pancreatic histopathology scoring. The pancreases were 
fixed with 10% neutral buffered formalin for 18‑24 h, they 
were then dehydrated and embedded in paraffin. The samples 
were cut into 4‑µm sections, deparaffinized and stained with 
hematoxylin‑eosin. The sections were observed under a light 
microscope (Olympus, Tokyo, Japan) and scored histopatho-
logically, according to the Schmid scoring criteria (17).

ELISA. ELISA kits specific for serum resistin, C‑reactive 
protein (CRP), tumor necrosis factor‑α (TNF‑α) and inter-
leukin (IL)‑1β were purchased from R&D Systems, Inc. 
(Minneapolis, MN, USA). The tests were performed following 
the manufacturer's instructions.

Immunohistochemistry. The paraffin‑embedded sections 
were roasted in an oven at 59˚C overnight, and were then 
immersed twice in xylene, for 15 min each time. The sections 
were successively immersed in 100%, 95%, 90% and 85% 
ethanol for 1 min, and then with phosphate‑buffered saline 
three times, for 5 min each time. The endogenous peroxidase 
activity was blocked with 1% H2O2 for 15 min, followed by 
antigen retrieval in citrate buffer (pH 6.0). Following cooling to 

room temperature, the sections were incubated overnight with 
a polyclonal rabbit anti‑rat resistin antibody (1:200 dilution; 
cat. no. A00100‑01; Beijing Aidibo Biological Technology Co. 
Ltd., Beijing, China) at 4˚C, and then treated with a horseradish 
peroxidase‑conjugated mouse anti‑rabbit immunoglobulin G 
secondary antibody (1:200 dilution; cat. no. A0303; Shanghai 
Long Island Antibody Diagnostic Reagents Co., Ltd., 
Shanghai, China) for 30 min at room temperature. Reactivity 
was detected with a diaminobenzidine kit (Shanghai Long 
Island Antibody Diagnostic Reagents Co., Ltd.), and the nuclei 
were counterstained with hematoxylin.

RNA extraction and quantitative polymerase chain reaction 
(PCR). Pancreatic tissues were dissolved in TRIzol reagent 
(Invitrogen Life Technologies, Carlsbad, CA, USA) and the 
total RNA was extracted and reverse transcribed using a 
PrimeScript RT reagents kit (Invitrogen Life Technologies), 
according to the manufacturer's instructions. The cDNA 
concentration and purity were subsequently measured using 
an ND‑1000 ultraviolet spectrophotometer (NanoDrop 
Technologies, Inc., Wilmington, DE, USA).

Quantitative PCR was performed with an ABI  7500 
Real‑time PCR System (Applied Biosystems Life Technologies, 
Carlsbad, CA, USA), using the SYBR Green PCR Master kit 
(Sigma‑Aldrich). The PCR conditions were set as follows: 
95˚C for 1 min; 95˚C for 15 sec, 60˚C for 15 sec, and 72˚C for 
45 sec (40 cycles); followed by 95˚C for 15 sec, 60˚C for 60 sec 
and 99˚C for 15 sec. The following gene‑specific primer pairs 
were used: Resistin forward, 5'‑TGCCAGTGCGGAAGC 
ATAGA‑3' and reverse, 5'‑TCCAGACCCTACTCTCGTTT‑3'; 
β‑actin forward, 5'‑ATACTCCTGCTTGCTGATCC‑3' and 
reverse, 5'‑CCTGTACGCCAACACAGTGC‑3'. The PCR 
product sizes for resistin and β‑actin were 196 and 201 bp, 
respectively.

Statistical analysis. Statistical analysis was performed with the 
SPSS v13.0 software program (SPSS, Inc., Chicago, IL, USA). 
Measurement data are presented as the mean ± standard devia-
tion and were compared using the t test or Mann‑Whitney U 
test. Numeration data were analyzed using the χ2 test. Pearson's 
correlation analysis was used to analyze the associations 
among the levels of serum resistin, CRP, TNF‑α and IL‑1β 
and the pancreatic histopathological scores. For all the tests, 
two‑sided P<0.05 was considered to indicate a statistically 
significant difference.

Results

Serum amylase, pancreas/body weight ratio and histopatho‑
logical changes. Serum amylase levels in the rats from the 
AEP and ANP groups were significantly higher compared 
with those in the normal control and sham‑operated groups 
(P<0.01). Furthermore, serum amylase levels in the rats from 
the ANP group were significantly higher compared with 
the AEP group (P<0.05). Rats in the AEP group exhibited a 
small amount of effusion in the abdominal cavity and their 
pancreases were evidently swollen. Comparatively, rats in the 
ANP group exhibited greater effusion in the abdominal cavity 
and their pancreases were presented with evident swelling, 
sporadic ecchymosis and regional saponification spots. 
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Pancreas weight in the AEP and ANP group rats increased 
markedly, contributing to the increased pancreas/body 
weight ratios. When compared with the normal control and 
sham‑operated groups, the pancreas/body weight ratios in 
the AEP and ANP groups increased significantly (P<0.01), 
particularly in the ANP group, which exhibited a statisti-
cally significant difference when compared with the AEP 
group (P<0.05). Histopathologically, pancreases in the AEP 
group presented with evident edema, enlarged interlobular 
septum, inflammatory cell infiltration and acinus edema. In 
addition to these changes, pancreases in the ANP group also 
presented with regional necrosis, lobular structural damage 
and intraparenchymal hemorrhage. Pancreases in the normal 
control and sham‑operated groups exhibited no significant 
histopathological changes. Through scoring the histopatho-

logical changes according to the Schmid scoring criteria, the 
ANP group score was shown to be notably higher compared 
with the AEP group (P<0.05), while both were markedly 

Table II. Serum resistin, TNF‑α, IL‑1β and CRP levels in the four groups.

Groups 	 Cases (n)	 Resistin (ng/ml)	 IL‑1β (pg/ml)	 TNF‑α (pg/ml)	 CRP (ng/ml)

Normal control	 10	 4.79±0.7	 106.03±29.38	 103.41±18.95	 2664.19±150.20
Sham‑operated	 10	 5.13±0.74	 108.74±31.03	 106.44±21.31	 2894.56±165.34
AEP	 10	 10.21±1.34a	 184.18±45.24a	 194.24±44.81a	 3585.85±63.03a

ANP	 10	 15.14±0.84b	 349.31±94.54b	 315.59±37.04b	 4345.04±244.14b

Data are expressed as the mean ± standard deviation. aP<0.01, vs. normal control and sham‑operated groups; bP<0.05, vs. AEP group. IL‑1β, 
interleukin‑1β; TNF‑α, tumor necrosis factor‑α; CRP, C‑reactive protein; AEP, acute edematous pancreatitis; ANP, acute necrotizing pancreatitis.

Figure 1. Expression of resistin in the pancreatic tissues of the (A) AEP 
and (B) ANP group rats (hematoxylin‑eosin; magnification, x400). AEP, 
acute edematous pancreatitis; ANP, acute necrotizing pancreatitis.

Table III. Resistin mRNA expression in the pancreatic tissues 
of the four groups.

		  mRNA expression 
Groups	 Cases (n)	 of resistina

Normal control	 10	 0.83±0.05
Sham‑operated	 10	 0.88±0.08
AEP	 10	 2.04±0.19b

ANP	 10	 3.29±0.30c

Data are expressed as the mean ± standard deviation. aRelative quan-
titation value. bP<0.01, vs. normal control group and sham‑operated 
group; cP<0.05, vs. AEP group. AEP, acute edematous pancreatitis; 
ANP, acute necrotizing pancreatitis.

Table I. Serum amylase, ratio of pancreas/body weight and histopathological scores in the four groups.

			   Pancreas/body	 Histopathological
Groups 	 Cases (n) 	 Amylase (U/l)	 weight ratio (g/kg)	 scores

Normal control	 10	 1230.3±58.58	 4.24±0.37	 0.54±0.05
Sham‑operated	 10	 1442.2±182.76	 4.34±0.42	 1.1±0.21
AEP	 10	 4376.70±342.95a	 8.67±1.43a	 5.39±0.26a

ANP	 10	 6750.2±321.81b	 9.33±1.76b	 7.81±0.28b

Data are expressed as the mean ± standard deviation. aP<0.01, vs. normal control and sham‑operated groups; bP<0.05, vs. AEP group. AEP, 
acute edematous pancreatitis; ANP, acute necrotizing pancreatitis.

  B

  A
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higher compared with the normal control and sham‑operated 
groups (P<0.01; Table I). 

Levels of serum resistin, CRP, TNF‑α and IL‑1β. Serum 
resistin, CRP, TNF‑α and IL‑1β levels were all elevated in the 
AEP and ANP groups, as compared with those in the normal 
control and sham‑operated groups (P<0.01). In addition, the 
levels were significantly higher in the ANP group compared 
with the AEP group (P<0.05; Table II). 

Correlation analysis. Pearson's correlation analysis was 
performed to analyze the correlations among the levels of 
serum resistin, CRP, TNF‑α and IL‑1β and the pancreatic 
histopathological scores. The serum resistin level was found 
to positively correlate with the serum CRP (r=0.711, P<0.01), 
TNF‑α (r=0.871, P<0.01) and IL‑1β levels (r=0.794, P<0.01). 
Furthermore, the serum resistin level was shown to positively 
correlate with the pancreatic histopathological scores (r=0.812, 
P<0.01), as were the serum levels of CRP, TNF‑α and IL‑1β 
(r=0.796, 0.899 and 0.788, respectively, P<0.01).

Location of resistin. The location of resistin in the pancre-
atic tissues was detected by immunohistochemical analysis. 
Resistin was shown to be primarily located in the cytoplasm of 
the pancreatic acinar cells and strongly expressed in the islet 
cells. The expression of resistin was increased markedly in 
the pancreatic tissues of the rats in the AEP and ANP groups 
(Fig. 1).

Resistin mRNA expression. The mRNA expression levels of 
resistin in the pancreatic tissues of the rats in the ANP and 
AEP groups were significantly higher compared with the 
control and sham‑operated groups (P<0.01). In addition, 
mRNA expression was significantly higher in the ANP group 
compared with the AEP group (P<0.05; Table III).

Discussion

AP is a common clinical disease. Although the etiology and 
pathogenesis are not yet fully understood, the pathogenesis of 
AP is associated with a disordered blood circulation and cell 
apoptosis in the pancreas (18,19).

The present study revealed that serum resistin levels, as 
well as resistin mRNA and protein expression, in the pancre-
atic tissues increased significantly in the AEP and ANP 
groups, as compared with those in the normal control rats 
(P<0.01). These results indicated that resistin in the pancreatic 
tissues had been activated and was associated with the degree 
of inflammation. Moreover, the mRNA and protein expression 
levels of resistin increased more notably in the ANP group 
compared with the AEP group, indicating that resistin is acti-
vated in the pathogenesis of AP and is involved in pancreatic 
tissue damage.

In the pathogenesis of AP, particularly in ANP, patients 
may develop multiple organ dysfunction syndrome, the 
mechanism of which is hypothesized to be associated with 
systemic inflammatory response syndrome (SIRS). SIRS is 
considered to be an inflammatory cascade effect involving 
cytokines, immune cells and the complement system. Various 
pathogenic factors damage the pancreas glandular cells and 

activate immature trypsin, which may further damage the 
autologous pancreatic tissues in an autocrine manner and acti-
vate monocyte‑macrophage cells. Cytokines and chemokines 
released from monocyte‑macrophage cells recruit inflam-
matory cells into the pancreas and other organs, including 
the lungs, kidneys and liver. Consequently, the inflammatory 
cells release more cytokines, oxygen free radicals and nitric 
oxide synthase, which may cause a cascade effect and lead 
to a vicious circle (20). TNF‑α and IL‑1β are two of the first 
cytokines to increase in the pathogenesis of AP, which can 
initiate a variety of cytokines to promote the formation of 
pancreatic tissue edema, hemorrhage, necrosis and systemic 
toxemia. In addition, these cytokines may act on vascular 
endothelial cells to induce systemic symptoms, such as shock, 
and increase the deterioration of pancreatitis (21). Moreover, 
IL‑1β is an important factor in sustained pancreatic necrosis 
and systemic deterioration. IL‑1β induces the release of 
TNF‑α and initiates a feedback loop that plays an important 
role in the onset and development of inflammation (22). Thus, 
TNF‑α and IL‑1β are hypothesized to be associated with the 
progression of AP, and inhibiting their activity may reduce the 
severity of AP and improve the survival rate in rats (23,24).

Norman et al (22) confirmed that the mRNA and protein 
expression levels of TNF‑α and IL‑1β in the pancreatic 
tissues increased significantly in the early stages of AP; 
however, the increase was delayed in other remote organs. 
In the damaged organs, TNF‑α and IL‑1β levels increased 
significantly and were associated with the degree of organ 
damage (25).

The present study also demonstrated that serum TNF‑α 
and IL‑1β levels were significantly elevated in the pathogen-
esis of AEP and ANP, particularly in ANP. In addition, the 
levels were found to correlate with the severity of pancreatitis. 
Furthermore, serum resistin levels were shown to positively 
correlate with the serum TNF‑α and IL‑1β levels, indicating 
that resistin activation stimulated the release of TNF‑α and 
IL‑1β. The underlying mechanism may involve the activation 
of nuclear factor‑κB by resistin, which subsequently stimulates 
the release of TNF‑α and IL‑1β, thereby increasing the inflam-
mation of the pancreas. Thus, overproduction of obesity‑related 
circulating resistin and associated low‑grade inflammation 
may result in mild injury to pancreatic acini, increasing the 
risk and severity of AP (26,27).

CRP is an acute phase protein that is synthesized in the 
liver and can react to the pneumococcal polysaccharide C. 
The functions of CRP include binding nucleic acids and 
phosphatidyl choline, activating the complement system and 
promoting phagocytosis and immunoregulation. In addition, 
CRP is a very sensitive indicator for acute inflammation, 
particularly in AP. Thus, CRP has been used to analyze the 
severity of AP and evaluate the prognosis of patients with 
AP (28).

In the present study, the levels of CRP were shown to 
positively correlate with the pathological scores of AP. In 
addition, the serum resistin levels were found to correlate 
with the CRP levels and with the histopathological scores, 
indicating that resistin may also be used as an indicator for 
evaluating the severity of AP and the prognosis of patients 
with AP. Inflammatory cytokines, including IL‑6, TNF‑α 
and leptin, are known to be important inducers of CRP (29). 
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With regard to the increased expression of resistin observed 
in AP, and the associations with CRP and the severity of AP, 
it was hypothesized that resistin may also be a CRP inducer.

In conclusion, resistin was demonstrated to be activated 
in the pathogenesis of AP and involved in the injury process 
of pancreatic tissues. The expression of resistin was found to 
be associated with the severity of the damage in the pancre-
atic tissues. Therefore, resistin may be used as an indicator 
to assess the severity and prognosis of AP, and the hormone 
may prove a prime target for future therapeutic interventions.
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