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Acute pancreatitis (AP) is associated with significant morbidity and mortality; however, there is no
specific treatment for this disease. Our objective is to study how Flos Lonicerae, an herbal medicine
used for treating inflammation within oriental medicine practices, affects inflammation and acinar cell
injury during the early phase of AP. A total of twenty-four male Sprague-Dawley rats were randomly
allocated into a normal group, a control group, and two AP with F. lonicerae extract groups. A single
dose of F. lonicerae water extract (100 or 200 mg/kg) was co-administered with caerulein 2 h before AP
induction. Plasma amylase activities, the concentration of platelet activating factor (PAF), tumor
necrosis factor (TNF-a), and interleukin 6 (IL-6) were measured. Pancreatic sections were histological
and COX-2 immunohistologically assessed for abnormal acinar cells and interstitial space. AP induction
produced a sevenfold increase in plasma amylase and a threefold increase in interstitial space.
Observations also showed that 90% of the acinar cells were abnormal. For rats from the AP F. lonicerae
extract groups, serum amylase and IL-6 were reduced by 86 and 84% relative to the control group (p <
0.05) at 6 h, respectively. Histological severity of pancreatitis, graded on the basis of pancreatic edema,
acinar cell vacuolization and inflammation, was reduced in the F. lonicerae extract administered rats.
These results suggest that F. lonicerae water extract has an ameliorative effect for suppressing
inflammation on caerulein-induced AP in rat.
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INTRODUCTION

Acute pancreatitis (AP) is an inflammatory disease of the
pancreas as a result of significant morbidity and mortality
(Pandol et al., 2007). Various cause, including gallstones,
alcohol, trauma, infections and genetic alterations, have
been implicated in the causation of this disease (Andrew
and O’Reilly, 2006; Pandol, 2006). It is characterized by
intra-acinar cell activation of digestive enzymes,
pancreatic inflammation, cell damage and a systemic
inflammatory response governed by the release of
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Abbreviations: AP, Acute pancreatitis; PAF, platelet activating
factor; TNF-a, tumor necrosis factor; IL-6, interleukin 6; DAB,
3,3—diaminobenzidine tetrahydrochloride; SPSS, statistically
package for social sciences; mRNA, messenger ribonucleic acid.

proinflammatory cytokines (Pandol, 2006). AP has been
the subject of investigations for many years. In addition to
the hypotheses of premature trypsinogen activation,
changes in the cytoskeleton, the colocalization
hypothesis and the disruption of exocrine protein
transport, cytokines have become a new focus in the
investigation of the pathophysiology of pancreatitis
(Bhatia et al., 2001).

Here, TNF-a and IL-6 as proinflammatory cytokines
play a predominant role (Bhatia and Moochhala, 2004). In
previous reports, chlorogenic acid, one of the major
components in F. Lonicerae, has been widely adopted to
control the quality of F. lonicerae owing to its high content
and antibiotic property (Chai et al., 2005; Song et al., 2006;
Chen et al., 2007). To date, few reports exist on the role of
the F lonicerae in regulating exocrine pancreatic
secretion. We studied whether the administration of
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herbal medicine, F. lonicerae has long been known for its
anti-inflammatory and cancer chemopreventive activities
and is used in the traditional Chinese medicine (Joo et al.,
2010), was able to reduce inflammation in an
experimental model of caerulein-induced AP in rats.
Hyperstimulating doses of caerulein (50 pg/ Kkg)
administered in five injections per mouse given at hourly
intervals produced the following: high serum amylase
activity; increases in TNF-a and IL-6; and pancreatic
injury evaluated by histological analysis. There is a
growing interest in natural compounds for the treatment
of various inflammatory disorders. In this study, we tested
whether F. lonicerae is effective for in vivo application in
caerulein-induced pancreatitis. We found that F. lonicerae
inhibited the inflammatory response and significantly
ameliorated pancreatitis in both models.

MATERIALS AND METHODS
Animals and experimental design

Male Sprague dawley rats (210+10 g) were obtained from the
(Samtaco Company Korea). The experimental procedures were
approved by the Animal Experimentation Ethics Committee of
Dongshin University of Korea. The animals were housed in
temperature-controlled (23 + 2°C) rooms with a 12 h light-dark cycle.
The rats had free access to water and all rats were fed a standard
laboratory diet until an overnight fast before the experiment. Rats
were allocated to the following groups (n = 6): normal (Nor), control
(Con), and F. Lonicerae water extracts administration (100 or 200
mg/kg).

Administration of herbal extract and induction of pancreatitis

Rats were given caerulein (50 pg/kg body wt) by intraperitoneal
injection at hourly intervals for a total of five injections and killed at 6
h. Some animals were pretreated with 100 or 200 mg/kg of F
lonicerae (Lonicerae japonicae) extract 2 h before the start of
caerulein administration.

Measurement of pancreatic edema

Pancreas was obtained 6 h after the first caerulein injection to
weigh a wet tissue weight. The Pancreatic weight ratios were
calculated as the wet pancreas weight/wet body weight. Pancreatic
edema was expressed in terms of pancreatic-to-body mass (Chan
and Leung, 2006).

Serum amylase concentration

Mixed arteriovenous blood was centrifuged for 10 min at 1,500 g.
The serum amylase concentration was measured with a Fuji
DRI-CHEM (FDC 4000i, FUJI, Japan) as instructed by the
manufacturer, and serum amylase was expressed as milligrams per
milliliter.

Determination of platelet-activating factor (PAF)

PAF levels were determined using a commercially available PAF
acetylhydrolase assay kit (Cayman, USA). Each sample was

measured in duplicate with a microplate reader (SpectraMax M2,
Molecular Device, USA).

Determination of TNF-a and IL-6 levels

TNF-a and IL-6 levels were measured using a commercially
available ELISA kit for rat TNF-a and IL-6 (BD, USA) according to
the manufacturer's protocol. Each sample was measured in
duplicate with a microplate reader (SpectraMax M2, Molecular
Device, USA).

Histology

Portions of the pancreas were fixed overnight at room temperature
in a pH-neutral, phosphate-buffered, 10% formalin solution. The
tissue was then embedded in paraffin, sectioned at 5 um, stained
with hematoxylin and eosin and examined with a light microscope
connected to a digital camera (Coolpix 4500, Nikon, Tokyo, Japan).

Immunohistochemistry

Sections of 5 ym were cut from one representative block for each
case and collected on gelatin-coated slides. The slides were
deparaffinized and rehydrated in an alcohol series. Endogenous
peroxidase was blocked by immersion in 3% hydrogen peroxide.
Deparaffinized tissue sections were subjected to heat-induced
antigen retrieval (water bath at 98°C) with antigen retrieval solution
(DAKO, SA, Denmark, pH 6.0). Next, the slides were incubated at
4°C for 16 h with a primary rabbit monoclonal anti-goat Cox-2
antibody (SP21, 1:20, Lab Vision, Freemont, CA) and an anti-goat
Cd31 mouse monoclonal (JC70A, 1:50, DAKO), 14 followed by the
EnVision polymer HRP and Envision+ (DAKO) for | h at 37°C. The
sections were stained with the chromogen 3,3-diaminobenzidine
tetrahydrochloride (DAB Substrate System, Lab Vision), incubated
for 10 minutes and counterstained with Mayer's hematoxylin and
examined with a light microscope connected to a digital camera
(Coolpix 4500, Nikon, Tokyo, Japan).

Statistical analysis

All data are expressed as mean + S.E. values. The statistical
analyses were performed on a statistically package for social
sciences (SPSS) (Chicago. IL) program. T-tests were used to the
differences between groups. Student's t-test was used to compare
the differences between groups. Values of p < 0.05 were
considered significant.

RESULTS

Effect of F. lonicerae extract pretreatment on
caerulein-induced pancreatic edema

Rats were given caerulein and kiled at 6 h. The
pancreatic weight ratios were calculated as the wet
pancreas weight/wet body weight. Figure 1 shows intense
edema in the control group compared with the normal
group and two experimental groups. As shown in Figure 1,
F. lonicerae extract pretreatment at a single dose of 200
mg/kg b.wt significantly (*p < 0.05) reduced the degree of
edema, whereas 100 mg/kg b .wt treatment was less
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Figure 1. The comparison of pancreas/body weight. Normal group (Nor) was administrated with saline
only. Control group (Con) was administrated with saline treatment with caerulein. Experimental groups
were pretreated with F. lonicerae extract at 100 or 200 mg/kg body weight 2 h before the start of
caerulein administration. All values are mean + S.E. (n = 6). Significant differences were compared with
normal/control at ‘p < 0.05/*p < 0.05.
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Figure 2. The changes of serum amylase activities. Nor was administrated with saline only. Con was
administrated with saline treatment with caerulein. Experimental groups were pretreated with F.
lonicerae extract at 100 or 200 mg/kg body weight 2 h before the start of caerulein administration. All
values are mean + S.E. (n = 6). Significant differences were compared with normal/control at ‘p <
0.05/*p < 0.05.
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effective.

Amylase activities

The induction of AP produced about a fivefold increase in
plasma amylase activity (Figure 2). F. lonicerae extract
pretreatment with caerulein reduced plasma amylase
activity by up to 236% compared with the activity in the
AP-alone control group, the reduction in amylase release

by pancreatic cells was significant (p < 0.05) and
dose-dependent.

The changes of serum platelet activating factor (PAF)
activities

The induction of AP produced about a twentyfold increase
in the plasma PAF activities compared with the Nor
(Figure 3). F. lonicerae  extract pretreatment with
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Figure 3. The changes of serum PAF activities. Nor was administrated with saline only. Con was
administrated with saline treatment with caerulein. Experimental groups were pretreated with F. lonicerae extract
at 100 or 200 mg/kg body weight 2 h before the start of caerulein administration. All values are mean + S.E. (n =
6). Significant differences were compared with normal/control at ‘p < 0.05/*p < 0.05.
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Figure 4. The changes of IL-6 concentrations. Nor was administrated with saline only. Con was
administrated with saline treatment with caerulein. Experimental groups were pretreated with F. lonicerae
extract at 100 or 200 mg/kg body weight 2 h before the start of caerulein administration. All values are
mean + S.E. (n = 6). Significant differences were compared with normal/control at "p < 0.05/*p < 0.05.

caerulein reduced plasma PAF activities by up to 600%
compared with the activity in the AP-alone control group.
The reduction in PAF activities were significant (*p < 0.05)
and dose-dependent.

The changes of serum interleukin-6 (IL-6)

concentration

IL-6 was evaluated because of their direct involvement in
the prime and amplification of inflammation mechanisms.
The induction of AP produced about a sixfold increase in

the plasma IL-6 concentration compared with the normal
group (Figure 4). F. lonicerae extract pretreatment with
caerulein reduced plasma IL-6 concentration by up to
31% compared with the activity in the AP-alone group
and the reduction in IL-6 concentrations were significant
(*p < 0.05) and dose-dependent.

Tumor necrosis factor (TNF-a) activities

TNF-a were evaluated because of their direct
involvement in the prime and amplification of
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Figure 5. The changes of TNF-a activity. Nor was administrated with saline only. Con was administrated with saline treatment with
caerulein. Experimental groups were pretreated with F. lonicerae extract at 100 or 200 mg/kg body weight 2 h before the start of caerulein
administration. All values are mean + S.E. (n = 6). Significant differences were compared with normal/control at 'p < 0.05/%p < 0.05.

inflammation mechanisms. Figure 5 showed that the
activities of these pro-inflammatory cytokines were not
stimulated in caerulein-untreated normal rats. Otherwise,
TNF-a activity were significantly unregulated in the
animals given only caerulein of the control group. The
pretreatment of F. lonicerae extract was able to reduce by
up to 186% compared with the activity in the AP-alone
control group and the reduction in TNF-a activities were
significant (“p < 0.05) and dose-dependent.

Histological studies of pancreas in caerulein-induced
pancreatitis: Effect of F lonicerae extracts
pretreatment

Saline-injected normal rats showed no evidence of
pancreatic edema or other characteristics of AP (Figure
6a). Caerulein treatment of control rats resulted in AP
characterized by increased edema, inflammation,
vacuolization and necrosis. The interstitial space of
pancreas increased threefold and about 90% of the

acinar cells were observed as being abnormal (Figure 6b).

In contrast, treatment of F lonicerae extract with
caerulein led to markedly attenuated inflammatory
changes that would normally be associated with AP
including vacuolization, necrosis and inflammation
(Figure 6c¢, d).

COX-2 Expression in normal pancreatic tissues

COX-2 expression was not detected in epithelial cells of
normal pancreatic ducts or in normal acinar cells (Figure

7a), but COX-2 expression was strongly detected in the
epithelial cells of the caerulein induced control rats
(Figure 7b). COX-2 expression was slightly more
decreased in the F. lonicerae extract preadministered rats
than control rats (Figure 7c and d).

DISCUSSION

It has been well accepted that the development of AP is a
multi-step process. Whereas the onset is triggered by
early acinar events, the severity and systemic
inflammation is determined by consecutive extra-acinar
events (Mofidi et al., 2006). The activation of trypsinogen
to trypsin plays a key role in this process, leading to cell
injury in experimental models of acute pancreatitis and in
isolated acinar cells (Saluja et al., 1997; Li et al., 2009).
The subsequent extra-acinar events consist mainly of a
distinct immune response, in which proinflammatory
cytokines play a major role (Bhatia et al., 2001; Mayer et
al., 2000; Schmid and Adler, 1999; Simon and Sarah,
2011). Surprisingly, although amylase and lipase are
important for the diagnosis of AP, neither one was
included in the scores of severity. Indeed, these factors
are imprecise in predicting the outcome of the disease. In
AP, the normal secretory pathway of the acinar cell
appears to fail. Zymogen granules are discharged into
the intracellular spaces from the basolateral cell surface
rather than into the duct lumen and trypsinogen is
prematurely converted into trypsin. The release of
activated zymogen and the presence of trypsin and other
activated proteases as well as amylase and lipase
contribute to acinar cell injury (Ranson, 1982).
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Figure 6. Light micrographs of pancreatitis at 6 h. Morphological changes in cerulein-induced pancreatitis. Representative
hemotoxylin-eosin-stained sections of pancreas were examined by light microscopy in normal rats; A, caerulein treatment control
rats; B, F. lonicerae extract 100 mg/kg preadministered; C and Lonicera Flos extract 200 mg/kg preadministered rats; D. Original
magnification set at x 400.

Figure 7. COX-2 immunohistochemical analysis at 6 h. Normal pancreatic tissue epithelial cells of the pancreatic duct or acinar cells
are negative for COX-2; A. Pancreas from rat injected with caerulein alone shows extensive COX-2 expression; B. Pancreas from rat
injected with F. lonicerae extract 100 mg/kg; C and 200 mg/kg; D show weakly positive staining for COX-2 in acinar cells. LI,
Langerhans islet. COX-2 immunostain, Original magnification set at x400.



F. lonicerae extract pretreatment in this study was
associated with reduced hyperenzymemia.

AP is an inflammatory process which occurs in a
normal organ and which is diagnosed mainly by acute
abdominal pain associated with a concomitant rise of
serum amylase and lipase concentrations (Steinberg and
Tenner, 1994; Cheng et al., 2010). Several studies have
shown that pancreatic acinar cells express chemokines
and cytokines including IL-6 and TNF-a (Schafer et al.,
2005). For IL-6, its role as a proinflammatory cytokine in
AP so far is unclear. Suzuki et al. (2000) reported that
over expressing human IL-6 in transgenic mice increased
the severity of pancreatitis, suggesting it is
proinflammatory. Another study suggested that IL-6 is in
fact of an anti-inflammatory cytokine (Cuzzocrea et al.,
2002). TNF-a is a pleiotropic cytokine with effects on cell
growth, gene expression and cell death and pancreatic
acini have been shown to activate, release and respond
to TNF-a by apoptosis (Gukovskaya et al., 1997). The
activation of pancreatic enzymes is not the only finding
involved in the pathophysiology of the disease. A local
inflammation is initiated which results in the local
production of inflammatory mediators. Experimental
studies show that pancreatic injury is mediated by the
release of proinflammatory mediators such as IL-1, 6 and
8. TNF is released by macrophages within pancreatic
tissue, correlates with the severity of the experimental
disease (Norman et al., 1996; George et al., 2011). The
present study clearly demonstrates that F. lonicerae
extract treatment has a therapeutic effect in the protection
of the development of severe acute experimental
pancreatitis in rats.

The main findings of this study are as follows. First,
data supported the anti-inflammatory role of F. lonicerae
extract in acute experimental pancreatitis. It is also known
that pro-inflammatory and cytotoxic cytokines play an
important role in the cell injury during AP (Pereda et al.,
2006). In our study, the treatment of AP in rats with F.
lonicerae extract was able to prevent cell damage
induced by caerulein treatment. Cyclooxygenase-2
(COX-2) and its products are crucially involved in various

types of inflammatory responses (Park and Christman, 2006).

COX-2 Messenger ribonucleic acid (MRNA) and protein
levels were increased during experimental pancreatitis, but
the role of COX-2 in pancreatitis has not been well defined.
Moreover, accumulating evidence indicates the essential
contribution of COX-2 to cerulein-induced AP, because
inhibition of the COX-2 pathway also aeliorates pancreatitis
(Ethridge et al., 2002). Evidence is accumulating based on
the anti-inflammatory effects of inhibitors that PGE2, a
product of COX-2, is indispensable for the development of
AP (Song et al., 2002). Our data show that F. lonicerae
extract ameliorates pancreatitis in experimental models by
inhibiting the inflammatory response. The results suggest a
potential therapeutic role for F. lonicerae extract, which is
currently in clinical trials for the treatment of pancreatitis. The
mechanism underlying F. lonicerae extract's beneficial effect
on AP is incompletely understood, butthe present findings
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provide some insight. Therapeutic administration of F
lonicerae extract at the dose of 100 or 200 mg/kg used in this
study was not completely effective. However, this may not be
the optimal dose. In summary, this study has demonstrated
that F. lonicerae extract can ameliorate AP. This observation
is of particular clinical significance because of the mortality
rate attributed to severe AP.
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