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A B S T R A C T

Aims: Pancreatitis is characterized by inflammatory disease with severe tissue injury in pancreas, and the in-
cidence of pancreatitis has been recently increasing. Although several treatments of acute pancreatitis have been
developed, some patients have been resistant to current therapy. Chlorogenic acid (CGA) is one of the poly-
phenols, and is known to have an anti-inflammatory effect. In this study, we investigated the effects of CGA on
experimental pancreatitis in mice.
Materials and methods: Pancreatitis was induced by twice injection of L-arginine (5 g/kg body weight). Mice were
intraperitoneally injected with CGA (20 mg/kg or 40 mg/kg) 1 h before administration of L-arginine.
Key findings: Administration of 40 mg/kg of CGA decreased the histological severity of pancreatitis and pan-
creatitis-associated lung injury. Moreover, administration of CGA inhibited the levels of pancreatic enzyme
activity. Interestingly, CGA reduced the serum and pancreatic levels of macrophage migration inhibitory factor
(MIF) in mice with L-arginine-induced pancreatitis.
Significance: Our results suggest that CGA has an anti-inflammatory effect on L-arginine-induced pancreatitis and
pancreatitis-associated lung injury.

1. Introduction

Pancreatitis is characterized by the inflammatory infiltration and
tissue injury of pancreas, and the incidence of pancreatitis has been
recently increasing [1]. Furthermore, severe acute pancreatitis often
leads to necrotizing pancreatitis and lethal multiple organ failures [1].
In fact, about 30% of patients with acute severe necrotizing pancreatitis
and its complication die [2]. Although various treatments for acute
pancreatitis such as proteinase inhibitors have been used, some patients
are resistant to current therapies. Thus, the fatality rate of severe
pancreatitis has been still high [3]. The mechanism underlying the
development of pancreatitis has been well investigated. Several cyto-
kines such as IL-8 contribute to development of pancreatitis and pan-
creatitis-associated complication [4–6]. Recently, in vivo study has
indicated that blockade of chemokine bioactivity ameliorates the se-
verity of pancreatic injury in experimental pancreatitis [7].

Chlorogenic acid (CGA) is one of the polyphenols, and it is abundant
in a variety of plant foods such as coffee bean and apple [8]. Interest-
ingly, CGA has anti-inflammatory, anti-cancer and anti-oxidant prop-
erties [9–11]. CGA suppresses the production of proinflammatory

cytokines in vitro [12–14]. In vivo study, CGA has protected against
inflammation and tissue injury in rheumatoid arthritis, hepatitis and
colitis [15–17]. Although the benefit of CGA is well-investigated in
many kinds of inflammatory diseases, the effects of CGA on pancreatitis
have not been examined. In this study, we tested the effect of CGA on
acute pancreatitis using a mouse model of L-arginine-induced pan-
creatitis. A mouse model of L-arginine-induced pancreatitis is well
known as a mimic of clinical pancreatitis, and is commonly used to
evaluate the effects of products [18,19].

2. Materials and methods

2.1. Animals and grouping

Eight week-old male C57B6 mice (20-24 g) were obtained from
CLEA Japan Inc. (Tokyo, Japan). Mice were bred and housed in stan-
dard cages in a climate-controlled room with comfortable temperature
(23 ± 2 °C) and a 12 hour light-dark cycle. All animal procedures were
conducted according to the guidelines of the Hokkaido University
Institutional Animal Care and Use Committee under an approved
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protocol.
Mice were randomly divided into 3 groups: non-treated normal

group, phosphate buffered saline (PBS)-pretreated and L-arginine-
treated group, CGA-pretreated and L-arginine-treated group. In histo-
logical evaluation of pancreas tissue, doses of 20 and 40 mg/kg of CGA
were used. In the other experiments, 40 mg/kg of CGA was used for
evaluation and analyses.

2.2. Administration of chlorogenic acid

Mice were treated by intraperitoneal injection of 20 or 40 mg/kg of
CGA (Sigma-Aldrich, St. Louis, MO, USA) in 0.1 mL of PBS solution
(Sigma-Aldrich, St. Louis, MO, USA) 1 h before initial administration of
L-arginine (Sigma-Aldrich, St. Louis, MO, USA). Mice injected with only
PBS (0.1 mL) were served as control.

2.3. Induction of L-arginine-induced pancreatitis

Acute pancreatitis was induced by L-arginine as described pre-
viously with minor modification [19]. Mice were intraperitoneally in-
jected with L-arginine (5 g/kg body weight) hourly for 2 h. Seventy two
hours after injection of L-arginine, mice were sacrificed and pancreatic
and lung tissues were removed, and blood samples were collected.
Blood samples were coagulated at 4 °C overnight, and serum samples
were separated from blood samples after centrifugation at 3000g for
15 min. Pancreas tissues were weighed and homogenized in PBS solu-
tion with protein cocktail inhibitor (Roche Diagnostics, Indianapolis,
IN, USA). The homogenates were centrifuged at 22,000g for 10 min at
4 °C, and then the supernatants were collected. The protein con-
centrations in the supernatants were measured with a Micro BCA pro-
tein assay kit (Thermo Scientific, Rockford, IL, USA) in accordance with
protocols. Separated supernatants and serum samples were stored at
−20 °C in the freezer until analyses.

2.4. Histological evaluation of pancreatitis and lung injury

Samples of pancreas and lung tissues were fixed in 10% neutral
buffered formalin solution, and embedded in paraffin blocks. Thin slice
samples of pancreas and lung were stained with hematoxylin and eosin
(H & E). Histological examination was performed at a light microscope.
Histological severity of pancreatic damage were scored in interstitial
edema, inflammatory infiltrate and acinar cell necrosis using scoring
system on a scale of 0–3 (0: none, 1: mild, 2: moderate, 3: severe) as
described previously [19]. Histological evaluation of pancreatitis-as-
sociated lung injury was also performed using scoring system as de-
scribed previously [19]. Microscopic findings of lung sections were
scored in alveolar thickness and inflammation on a scale of 0–3 (0:
none, 1: mild, 2: moderate, 3: severe).

2.5. Measurement of serum lipase and amylase activities

Lipase and amylase activities in serum were determined with the
QuantiChrom lipase/amylase activity kits (BioAssay Systems, Hayward,
CA, USA) according to protocol.

2.6. Measurement of macrophage migration inhibitory factor, interleukin-6
and macrophage inflammatory protein-2

In the supernatants isolated from pancreatic tissues and serum
samples, the levels of interleukin-6 (IL-6) and macrophage in-
flammatory protein-2 (MIP-2) were measured with Milliplex MapMouse
Cytokine/Chemikine Magnetic Bead Panel kit according to manufac-
turer's instructions. Furthermore, the level of macrophage migration
inhibitory factor (MIF) in these samples was measured with MIF-ELISA
kit (USCN Life science, Wuhan, China) according to protocol.

2.7. Myeloperoxidase staining in lung in L-arginine-induced pancreatitis

A slice of tissue cells on a slide glass was deparaffinized and in-
cubated with an antigen activator (Nichirei Science, Tokyo, Japan) at
95 °C for 20 min. After washing with Tris buffered saline (TBS) solution,
the sample was incubated with 0.3% H2O2 at room temperature (RT)
for 10 min. Then, the sample was incubated with an anti-myeloperox-
idase (MPO) antibody (dilution 1:300) at 4 °C overnight following twice
TBS washing. After twice washing, sample was incubated with Histfine
simplestain MAX-PO® (Nichirei Bioscience, Tokyo) at RT for 30 min.
The sample was reacted with 3,3′-Diaminobenzidine
Tetrahydrochloride at RT for 5 min, and was stained with hematoxy-
line. Numbers of MPO-positive staining cells were counted in high
power field (HPF) at a microscope.

2.8. Statistical analysis

All results were shown as average ± standard error. In results from
histological scores, Mann-Whitney U test was performed. In the other
results, one-way analysis of variance (ANOVA) was performed followed
by Bonferroni's post hoc test. Values were considered as significant at
p < 0.05.

3. Results

3.1. Effect of CGA on histological findings in L-arginine-induced pancreatitis

At 72 h after initial injection of L-arginine, none of mice died in all
groups. Histological findings were evaluated in the pancreas tissue of
mice with L-arginine-induced pancreatitis (n = 10 in each groups).
Administration of L-arginine induced the moderate to severe pancrea-
titis in mice. Histological findings showed the acinar cell necrosis,
edema and inflammatory infiltrate in mice with L-arginine-induced
pancreatitis (Fig. 1A). Remarkable increases of histological scores for
edema (1.9 ± 0.2), inflammatory infiltrate (1.9 ± 0.2) and acinar
cell necrosis (0.7 ± 0.2) were observed in the pancreas tissues of mice
with L-arginine-induced pancreatitis (Fig. 1B). On the other hand,
40 mg/kg of CGA treatment significantly reduced the histological
scores for edema (0.8 ± 0.1), inflammatory infiltrate (1.1 ± 0.1) and
acinar cell necrosis (0.1 ± 0.1) in the pancreas tissues of mice (Fig. 1A
and B). In mice treated with 20 mg/kg of CGA, histological findings of
pancreatic damage seemed to be reduced, but the histological scores
were not statistically significantly decreased (edema;1.4 ± 0.2, in-
flammatory infiltrate; 1.3 ± 0.2, acinar cell necrosis; 0.3 ± 0.2)
(Fig. 1A and B).

3.2. Effect of CGA on the levels of serum lipase and amylase activities in L-
arginine-induced pancreatitis

In lipase and amylase activities in serum, administration of L-argi-
nine increased the levels of both activities in the serum from mice
compared to those in normal mice (Table 1). Administration of CGA
significantly suppressed the increases of these activities in mice with L-
arginine induced pancreatitis (n = 5 in each groups) (Table 1).

3.3. Effect of CGA on increase of serum and pancreatic tissue levels of IL-6,
MIP-2 and MIF in L-arginine-induced pancreatitis

The levels of IL-6, MIP-2 and MIF were markedly increased in the
levels of serum and pancreatic tissue of mice with acute pancreatitis
induced by L-arginine (Tables 2 and 3). In contrast, increases of the
serum and pancreatic levels of IL-6, MIP-2 and MIF were significantly
suppressed by CGA treatment in the mice compared to PBS-treated mice
72 after injection of L-arginine (Tables 2 and 3).
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