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Abstract. Severe acute pancreatitis (SAP) is the sudden onset 
of pancreatic inflammation, which is characterized by edema, 
acinar cell necrosis, hemorrhage and severe inflammation of the 
pancreas and is associated with a high mortality rate. Daphnetin 
has been shown to alleviate organ injury in a variety of preclin-
ical animal models of coagulation disorders. The aim of the 
present study was to investigate the protective effects of daph-
netin on severe acute pancreatitis in a rat model. Severe acute 
pancreatitis in the rat model was induced by retrograde infusion 
of 5% sodium taurocholate (1 ml/kg) into the bile-pancreatic 
duct. Daphnetin (4 mg/kg) was administered intraperitoneally 
at 30 min prior to the infusion of sodium taurocholate. The 
severity of pancreatitis was evaluated by various analyses of 
serum amylase and lipase, tumor necrosis factor-α (TNF-α) and 
interleukin-1β (IL-1β) levels, myeloperoxidase (MPO) activity 
and malondialdehyde (MDA) content, as well as by histological 
grading. The levels of TNF-α and IL-1β in the serum were 
measured by ELISA. The results revealed that the daphnetin-
treated SAP rat group (SAP-D) exhibited a lower pathological 
score of the pancreas compared with the SAP group (SAP). 
Further analyses demonstrated that the SAP-D group had lower 
levels of serum amylase, lipase and pro-inflammatory cytokines, 
including TNF-α and IL-1β, and a decreased MPO activity and 
MDA content 3, 6 and 12 h subsequent to the infusion of sodium 
taurocholate compared with the SAP group (SAP). These find-
ings indicated that daphnetin exerted a protective function in 
the SAP rat model. Therefore, daphnetin may be considered as 

a potential compound for the therapy and prevention of acute 
pancreatitis.

Introduction

Acute pancreatitis (AP) is the sudden onset of inflammation 
of the pancreas. The majority of acute pancreatitis cases are 
mild, self-limiting and have few or no complications. However, 
20-25% of acute pancreatitis progress to severe acute pancre-
atitis (SAP), a serious disease associated with a high morbidity 
rate of 10-20% (1,2). The mechanisms of AP remain to be 
fully identified. Activation of digestive enzyme zymogens 
within pancreatic acinar cells is hypothesized to be a critical 
initiating event. Once the disease process is initiated, the 
inflammatory response is invoked and results in local pancre-
atic injury. If this inflammatory reaction is significant, it leads 
to a systemic inflammatory response syndrome and subse-
quent multiple organ dysfunction syndrome (1,3). Previous 
studies have revealed that pancreatic damage due to SAP leads 
to the release of pro-inflammatory cytokines (4-6). Among 
the family of pro-inflammatory cytokines, tumor necrosis 
factor-α (TNF-α) and interleukin-1β (IL-1β) are believed to 
be the most significant ones; they have potent properties in 
terms of enhancing local tissue destruction, inducing distant 
organ complications and increasing the overall mortality rate 
of acute pancreatitis (7). Numerous anti-inflammatory cyto-
kine therapies have been tested in SAP animal models and 
were demonstrated to be effective (8). However, clinical trials 
of anti-inflammatory cytokine therapies have at present failed 
to achieve similar effects (9). Thus, further investigation is 
required to test novel therapeutic approaches.

Dracaena marginata (D.  marginata) is a well-known 
flowering plant. The roots, stems, leaves and flowers of 
D. marginata can be used as medicinal materials, which exert 
a variety of biological functions, including reducing inflam-
mation, promoting blood circulation, relieving blood stasis 
and eliminating blood stagnation to relieve pain. The chemical 
composition of D. marginata mainly includes bisflavones, 
lignans and coumarins (10). Among these coumarins, daph-
netin has been reported to exhibit significant contributions to 
the analgesic and anti-inflammatory activity of Daphne odora 
(D. odora). As shown in Fig. 1, daphnetin (7,8-dihydroxy-
coumarin), an active monomer ingredient extracted from 
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D. marginata, has a potent inhibitory effect on serum TNF-α 
and IL-1 in adjuvant-induced arthritic rats (11), and can be 
used to treat various autoimmune diseases including rheu-
matoid arthritis and systemic lupus erythematosus. Despite 
of the increasing knowledge implicating the involvement of 
TNF-α and IL-1 in the progression of acute pancreatitis, no 
animal study or clinical trial directly pertaining to daphnetin 
treatment of pancreatitis has been reported yet. Therefore, the 
present study was designed to investigate the protective effects 
of daphnetin on SAP in a rat model.

Materials and methods

Reagents. Daphnetin (a monomeric compound) was isolated 
from D.  marginata extract by Tauto Biotech Co., Ltd. 
(Shanghai, China). The purity of daphnetin used in the present 
study was >99.2%. Sodium taurocholate was purchased from 
Sigma‑Aldrich (St. Louis, MO, USA).

Animals. Male Wistar rats (200-250 g) were obtained from 
the Center of Experimental Animals of Hubei Academy of 
Medical Sciences in China (Hubei, China). The animals were 
fed with standard rat chow and tap water ad libitum, and were 
hosted in plastic cages with controlled temperature (20-22˚C) 
and humidity  (50-52%). The room was maintained on a 
12 h light-dark cycle throughout the study. All the rats were 
acclimated for at least one week prior to use. Food was with-
drawn 12 h prior to the experiment. The experiments were 
performed in accordance with the Guide for the Care and Use 
of Laboratory Animals (National Research Council of USA, 
1996), and it was approved by the local Ethics Committee of 
Wuhan University (Wuhan, China).

Induction of SAP. Prior to the experiment, rats were deprived 
of food, but drinking water was available ad libitum. An SAP 
model was induced as the method described previously (12) 
with minor modifications. Anesthesia was administered by 
intraperitoneal injection of 10% chloraldurat (3 ml/kg) and 
rats underwent sterile laparotomy. The bile-pancreatic duct 
was cannulated through the duodenum and SAP was induced 
by a standardized pressure-controlled retrograde infusion of 
5% sodium taurocholate (0.1 ml/kg; Sigma-Aldrich Chemie 
GmbH, Steinheim, Germany) into the bile-pancreatic duct. 
Following infusion, the section of the bile-pancreatic duct 
entering the duodenum was clipped by a non-invasive vascular 
clip for 5 min. The vascular clip was then removed and the 
abdomen was closed. The sham-operated group underwent the 
same procedure as the SAP group but sterile saline was used 
instead of 5% sodium taurocholate.

Experimental design. A total of 72 male Wistar rats were 
randomly divided into four groups, two of which did not recieve 
treatment (groups 1 and 3) and two (groups 2 and 4) that were 
treated with daphnetin (4 mg/kg). Daphnetin was dissolved 
in saline. Group 1 (SAP group, n=18): SAP was induced with 
an injection of 5% sodium taurocholate into the common 
biliopancreatic duct, daphnetin was not administered. Group 2 
(SAP-D group, n=18): SAP was induced with an injection of 
5% sodium taurocholate into the common biliopancreatic 
duct, 4 mg/kg daphnetin was administered intraperitoneally 

30 min prior to sodium taurocholate. Group 3 (SO group, 
n=18): Rats were sham-operated and daphnetin was not 
administered. Group 4 (SO-D group, n=18): Rats were sham-
operated and daphnetin was administered at a dose of 4 mg/kg 
intraperitoneally 30 min prior to modeling. Following surgery, 
1 ml saline solution per 100 g body weight was administered 
subcutaneously for fluid replacement.

Six rats from each group were randomly sacrificed under 
chloraldurat anesthesia at respective time points (3, 6, and 12 h) 
subsequent to the induction of pancreatitis or sham-surgery. 
Rats underwent thoracotomy by midsternal incision and >3 ml 
blood was obtained from the left ventricle of the heart. Blood 
samples were centrifuged at 3,000 x g for 15 min, and serum 
was stored at -20˚C until further analysis. The heads of the 
pancreas were harvested and fixed with 40 g/l formaldehyde 
for histological analyses. The rest of the pancreatic tissues 
were rinsed with saline, blotted dry, snap frozen in liquid 
nitrogen and stored at -80˚C for further use.

Histopathological analysis. Sections of the paraffin‑embedded 
tissues were prepared for pathological analysis with hematox-
ylin and eosin (H&E) staining. Morphometric documentation 
for pancreatic sections under light microscopy (Olympus 
Optical Ltd., Tokyo, Japan) was evaluated by two independent 
pathologists who were blinded to the study. The sections of 
pancreatic tissue were scored for the severity of pancreatitis 
based on edema, inflammation, vacuolization and necrosis 
according to the scale described by Schmidt et al (13).

Measurement of serum amylase and lipase. Amylase and 
lipase levels were measured using standard techniques with 
a Full Automatic Chemistry analyzer (Olympus AU 2700 
Analyzer, Olympus Inc., Tokyo, Japan).

Measurement of tissue MPO and MDA. Myeloperoxidase (MPO) 
activity was determined by a spectrophotometric method using 
a commercial assay kit according to the manufacturer's instruc-
tions (Nanjing Jiancheng Bioengineering Institute, Nanjing, 
China). The absorbance was tested at a wavelength of 460 nm 
during a period of 5 min. The results were expressed as units of 
enzyme activity of MPO per gram of wet tissue (U/g wet tissue).

The pancreatic malondialdehyde (MDA) content was 
measured to evaluate the severity of pancreatic peroxidation 
injury by a thiobarbituric acid colorimetric method using an 
MDA assay kit (Nanjing Jiancheng Corp., Nanjing, China). 
The harvested pancreas tissue was homogenized with 10% 
(w/v) of 20  mmol/l potassium phosphate buffer (pH  7.4) 
containing 30 mmol/l KCl and then centrifuged at 1500 x g 
for 15 min. The MDA concentration was calculated from the 
standard curve and presented as nmol/mg.

Figure 1. Structure of daphnetin.
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TNF-α and IL-1β determination. Serum concentrations 
of TNF-α and IL-1β were determined by the commercially 
available enzyme-linked immunosorbent assay (ELISA), 
according to the manufacturer's instructions (R&D Systems, 
Minneapolis, MN, USA). The absorbance was read on an auto-
mated microplate reader (Thermo Multiskan MK3; Thermo 
Fisher Scientific Oy, Vantaa, Finland) and the concentrations 
were calculated according to the standard curve run on each 
assay plate. All the samples were assayed in duplicate.

Statistical analysis. The data are expressed as the mean ± stan-
dard deviation. Following comparison of the homogeneity of 
variance (homogeneity of variance test), one-way analysis of 
variance was used to determine whether there were any signifi-
cant differences among the means of different treatment groups, 
followed by the Student-Newman-Keuls multiple comparison 
test to determine the difference between two groups within 
the multiple groups demonstrating significant differences. All 
statistical analyses were performed by statistical software (SPSS 
Base 17.0 for Windows, SPSS Inc., Chicago, IL, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

Pretreatment with daphnetin reduces inf lammatory 
changes in the pancreas. Example images of the pancreas 
tissue stained with H&E are shown in Fig. 2A-E. Sodium 
taurocholate‑induced pancreatic damage was verified by 
increased edema, inflammatory cell infiltration, vacuoliza-
tion and necrosis. Pretreatment with daphnetin reduced the 
inflammatory changes in the pancreas. The pathological 
scores of the pancreas injury in the SAP and SAP-D groups 
were significantly increased at 12 h compared with the SO and 
SO-D groups (P<0.01). In the SAP-D group, the total score 
of pancreas injury was significantly lower compared with the 
SAP group at 12 h (P<0.05).

Effects of daphnetin on serum amylase and lipase. As shown 
in Fig. 3, baselines of serum amylase and lipase were detected 
in the SO group. Compared with baseline levels, serum 
amylase and lipase levels were not significantly altered in 
the SO-D group, but were significantly increased in the SAP 
group at each time point (P<0.01). Peak serum amylase and 

Figure 2. Representative hematoxylin and eosin staining sections of the pancreas. (A) SO group at 12 h. (B) SAP group at 12 h. (C) SAP-D group at 12 h. 
(D) SO-D group at 12 h. (E) Comparison of the total pathological score of the pancreas. SO, sham-operated control group; SAP, sodium taurocholate group; 
SAP-D, sodium taurocholate + daphnetin group; SO-D, sham-operated + daphnetin group. *P<0.01 vs. the SO group; #P<0.05 vs. the SAP group (original 
magnification, x200). SAP, severe acute pancreatitis.
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lipase levels were observed at 12 h in the SAP group, but were 
significantly reduced at 3, 6 and 12 h in the SAP-D group, 
compared with the SAP group (P<0.05).

Daphnetin significantly decreases MDA content and MPO 
activity. The MDA content and MPO activity of pancreatic 
tissue in the SAP group was significantly increased at each 
time point compared with the SO group and SO-D group 

(P<0.01), but there were no significant differences between the 
SO group and SO-D group. Daphnetin significantly decreased 
the MDA content and MPO activity of pancreatic tissue at 
each time point in the SAP-D group compared with the SAP 
group (P<0.05; Fig. 4).

Effects of daphnetin inhibition on pro-inflammatory cyto-
kine production. The serum levels of TNF-α in the SAP 

Figure 3. Levels of (A) serum amylase and (B) lipase. SO, sham-operated group as the control group; SAP, sodium taurocholate group; SAP-D, sodium 
taurocholate + daphnetin group; SO-D, sham-operated + daphnetin group. *P<0.01 vs. the SO group at the same time point; #P<0.05 vs. the SAP group at the 
same time point. SAP, severe acute pancreatitis.

Figure 4. Pancreatic tissue (A) MDA content and (B) MPO activity. SO, sham-operated control group; SAP, sodium taurocholate group; SAP‑D, sodium 
taurocholate + daphnetin group; SO-D, sham-operated + daphnetin group. *P<0.01 vs. the SO group at the same time point; #P<0.05 vs. the SAP group at the 
same time point. MDA, malondialdehyde; MPO, myeloperoxidase; SAP, severe acute pancreatitis.

Figure 5. Effects of daphnetin inhibition on pro-inflammatory cytokine production. Serum levels of TNF-α and IL-1β were quantified by ELISA. Results 
are expressed as the mean ± standard error of the mean. SO, sham-operated group as the control group; SAP, sodium taurocholate group; SAP-D, sodium 
taurocholate + daphnetin group; SO-D, sham-operated + daphnetin group. *P<0.05 vs. the SO group at the same time point; #P<0.05 vs. the SAP group at the 
same time point. TNF-α, tumor necrosis factor-α; IL-1β, interleukin-1β; SAP, severe acute pancreatitis.
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group were significantly higher compared with that in the 
SO group (P<0.01). However, the serum level of TNF-α in 
the SAP-D group subsequent to treatment with daphnetin 
(4 mg/kg) was significantly lower compared with that in the 
SAP group at each time point (P<0.05). There was no signifi-
cant difference between the SO-D and SO groups (Fig. 5A).

A significant difference was identified in the serum IL-1β 
levels between the SAP group and SO group (P<0.01). However, 
there was no significant difference between the SO-D and SO 
groups. Following treatment with daphnetin (4 mg/kg), the 
serum IL-1β in SAP-D group was significantly lower compared 
with that in the SAP group at each time point (P<0.05; Fig. 5B).

Discussion

Daphnetin, regarded as the active principal for quality control 
of Zushima-Pian, has been used in China as an oral treatment 
for rheumatoid arthritis (14,15). Several studies have shown 
that daphnetin is involved in analgesic and anti-inflammatory 
activity, exerts antidiarrheal, antihypoxic, antiparasitic and 
larvicidal properties, inhibits protease activity and produces 
therapeutic effects in collagen-induced arthritis  (16-19). A 
previous study also demonstrated that daphnetin exhibited a 
potent inhibitory effect on the serum TNF-α and IL-1 levels 
in adjuvant-induced arthritic rats (11). In the present study, a 
sodium taurocholate-induced pancreatitic rat model was used 
to assess the protective effect of daphnetin on SAP. 

SAP characterized by edema, acinar cell necrosis, hemor-
rhage and severe inflammation of the pancreas, is a common 
disease in which the underlying mechanisms of the local 
initiating events in the pancreas have not been fully clarified. 
However, the inflammatory mediator theory proposed previ-
ously provides a basis for further investigation (20). In the 
early stage of AP the excessively activated pancreatic enzymes 
damage adjacent pancreatic cells and lead to local infiltration 
of inflammatory cells including macrophages and neutrophils. 
These cells and pancreatic cells produce and release signifi-
cant pro-inflammatory cytokines. It was shown in the present 
study that among various inflammatory mediators correlated 
with AP, TNF-α and IL-1β are currently hypothesized to be 
the most significant in terms of enhancing local tissue destruc-
tion, producing distant organ complications and increasing 
the overall mortality rate of acute pancreatitis (7). TNF-α and 
IL-1β are known to mediate tissue injury by upregulating the 
levels of adhesion molecules, producing nitric oxide, activating 
inflammatory cells to release other cytokines and oxygen free 
radicals, which result in lipid peroxidation, cellular swelling 
and cell death, thus these are significant parameters that indi-
cate the severity of AP (21). In the present study, daphnetin 
was found to exhibit an inhibitory effect on serum TNF-α 
and IL-1β, and reduced the severity of sodium taurocholate-
induced necrotic pancreatitis without side effects.

At present, the standard treatment of AP remains based 
on supportive care, the search for novel therapies that alter 
the natural history of the disease is a continuing challenge 
for a number of researchers. Emerging evidence indicates that 
inflammatory cytokines are promising therapeutic targets for 
improving the course of the disease. Several agents have been 
tested in an attempt to inhibit the effects of inflammatory 
mediators that have an established role in the pathogenesis 

of AP (22). Inhibition of TNF-α or IL-1β reduces the local 
and systemic inflammatory response. These findings provide 
a potential development in the treatment of AP. Previously, 
different inhibition therapies have been evaluated in experi-
mental pancreatitis (23,24). The present study provides the 
evidence that treatment with daphnetin significantly reduces 
the development of taurocholate-induced pancreatitis in rats, 
diminishes necrotic areas, pancreatic hemorrhage and inflam-
mation, and lipid peroxidation.

Patients with AP present with elevated blood levels 
of pancreatic digestive enzymes, including amylase and 
lipase  (20). In the present study, marked elevation of the 
pancreatic enzymes was observed in the SAP group. However, 
pretreatment with daphnetin in the SAP-D group significantly 
reduced serum amylase and lipase levels as compared with 
the SAP group. In addition, daphnetin significantly decreased 
the MPO activity and MDA content in pancreatic tissue in the 
treated groups with taurocholate-induced pancreatitis.

Neutrophils are crucial in the development of AP (25). 
Their infiltration into inflamed tissue contributes to the inac-
tivation of foreign antigens and to the remodeling of injured 
tissue; however, exaggerated recruitment into the pancreas 
accounts for tissue destruction via the production of reactive 
oxygen metabolites, granule enzymes and cytokines that 
amplify the inflammatory response (26). In the present study, 
daphnetin reduced neutrophil infiltration to the inflamed area 
of the pancreas in daphnetin-treated rats, which represents a 
significant additional mechanism for its protective anti-inflam-
matory effects. The possible cause of the ameliorative effect of 
daphnetin on the histopathological and biochemical findings 
of AP may be attributed to the prevention of lipid peroxidation, 
which results in a decrease of the inflammatory reaction and 
oxygen free inhibition of TNF-α and IL-1β activity.

Daphnetin exerted multiple effects, including inhibiting 
TNF-α and IL-1β activity, decreasing the levels of amylase and 
lipase, reducing the secretion of inflammatory cytokines and 
ameliorating the injury of pancreatic tissue, which resulted in the 
protection of the rats with SAP. However, these novel observa-
tions are based on animal models, and the definite mechanisms 
of how daphnetin affects AP remain to be fully elucidated. 
On account of species differences that exist between humans 
and rats, more emphasis in further studies should be placed on 
human in vivo studies to elucidate the role of daphnetin in health 
and disease at different stages of pancreatitis.

In conclusion, administration of daphnetin decreased the 
severity of sodium taurocholate-induced acute pancreatitis in 
rats, which was associated with inhibition of the TNF-α and 
IL-1β activity. Daphnetin exerted a protective effect in the 
pancreatitis model, and may be a potential novel therapeutic 
agent for SAP.
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