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Emodin has a protective effect in cases of severe acute
pancreatitis via inhibition of nuclear factor-xB
activation resulting in antioxidation
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Abstract. Severe acute pancreatitis (SAP) accounts for up to
20% of acute pancreatitis (AP) cases. The absence of effec-
tive treatment options has resulted in a high rate of morbidity
and mortality. Emodin is a major component of the Chinese
herb rhubarb, which has been widely used in the treatment
of numerous diseases, including inflammation and cancer.
There are a limited number of studies however, that have
investigated the effectiveness of emodin in the treatment of
SAP. The present study used a rat model of SAP, to investigate
the effect and molecular mechanisms of emodin treatment.
Administration of emodin was identified to significantly
attenuate SAP, as determined by serum amylase analysis and
histological assessment of edema, vacuolization, inflammation
and necrosis (P<0.01). Furthermore, treatment with emodin
markedly inhibited nuclear factor (NF)-xB DNA-binding
activity (P<0.01) and the serum expression levels of tumor
necrosis factor-a, interleukin (IL)-6 and IL-1p (P<0.05). This
attenuation was associated with decreased malondialdehyde
and increased superoxide dismutase levels in the pancreatic
tissues and serum (P<0.05). This study indicated that admin-
istration of exogenous emodin had therapeutic effects on the
severity of SAP. The mechanism may be due to inhibition of
NF-«kB activation resulting in an antioxidation response, which
can subsequently suppress the expression of cytokines.
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Introduction

Acute pancreatitis (AP) is one of the most common pancre-
atic diseases. Although ~80% of AP can present as a mild
self-limiting disorder, severe acute pancreatitis (SAP)
accounts for ~20% of the cases and is associated with a high
rate of morbidity and mortality. The mechanisms underlying
the disease remain unclear, however, studies have suggested
an association with oxidative stress. Upon acinar cell injury,
activation of the proinflammatory cascade can lead to
local pancreatic necrosis, systemic inflammatory response
syndrome as well as distant organ dysfunction in human
and experimental animal models (1). Proinflammatory
cytokines from activated monocytes and macrophages, such
as interleukin (IL)-1p, tumor necrosis factor (TNF)-a, IL-6
and IL-8, are hypothesized to have an important function in
this cascade, and this provides a challenge in the treatment
of SAP. The close association between the severity of AP
and oxidative stress, suggests that the antioxidant system is a
promising therapeutic target for SAP.

Emodin is an anthraquinone compound consisting of
three cyclic rings. Emodin is a major component of the widely
used Chinese herb, rhubarb, which has various physiological
effects, including immunomodulatory (2), antitumor (3),
chemopreventive (4) and anti-inflammatory (5) properties.
Despite these findings, the potential therapeutic mechanism
underlying the effect of emodin in acute pancreatitis has not
been addressed.

Nuclear factor (NF)-kB is a sequence-specific transcrip-
tion factor known to be involved in the inflammatory and
immune response. It functions in numerous physiological and
pathologic conditions as an inducible nuclear factor. NF-kB
mediates various inflammatory mediators involved in acute
pancreatitis, including cytokines and adhesion molecules, as
well as modulating oxidation. Pyrrolidine dithiocarbamate
(PDTC) is a potent inhibitor of NF-xB, which has been
administered to rats to inhibit NF-xB activation (6). The
present study aimed to evaluate the protective roles of emodin
and its possible molecular mechanisms of action in SAP. The
effects of emodin in a rat model with SAP were investigated,
and rats treated with PDTC were used as a control.
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Materials and methods

Animals and treatment groups. All experiments were
conducted with the consent of the University Animal Ethics
Committee (Ruijin Hospital, School of Medicine, Shanghai
JiacTong University, Shanghai, China) for the use of Sprague
Dawley (SD) rats of the Shanghai Experimental Animals
Center of the Chinese Academy of Sciences (Shanghai, China).
Healthy male SD rats weighing 220-230 g were housed in
standard cages, under climate and temperature (22+2°C)
control, in a 12-h light/dark cycle. Rats were fed with standard
laboratory chow and water ad libitum. The rats were fasted
overnight prior to each experiment.

The rats (n=72) were randomly divided into four groups,
with each group containing 18 animals: Control group (SO),
SAP group, emodin treated group and PDTC treated group.
SAP models were established in the SAP, emodin and PDTC
treated groups by injection of 200 ul of 5% sterile sodium
taurocholate (NaTc; Sigma, St. Louis, MO, USA) into the
biliary-pancreatic duct (BPD) for 2 min. The control (SO)
group was administered with saline. Pyrrolidine dithiocarba-
mate (PDTC) was administrated intraperitoneally 1 h prior to
the initiation of pancreatitis at a dose of 100 mg/kg. Emodin
was administered once at a dose of 1 mg/kg, following the
initiation of pancreatitis. The rats were sacrificed by exsangui-
nation at 1, 3, 6, and 12 h, and blood samples and pancreatic
tissues were harvested.

The effects of emodin on the survival of SAP-induced
rats were assessed 72 h after the induction of SAP. Healthy
rats (n=30) were randomly divided into three groups, with
10 animals per group: SAP group (S), Emodin-treated group
and PDTC-treated group. SAP was induced, and PDTC and
emodin were administered, as described for the previous
groups used in this study.

Serum amylase assay. Serum amylase was determined using
a commercially available kit (Randox Laboratories, Crumlin,
UK) and by a BeckmanDU 530 Life Science UV/VIS
spectrophotometer (Beckman Coulter, Fullerton, CA, USA).

Cytokine assay. Serum TNF-a, IL-1§ and IL-6 levels were
detected by enzyme-linked immunosorbent assays (ELISA)
using commercially available kits (Rat Quantikine ELISA
kits; R&D Systems, Minneapolis, MN, USA) according to
the manufacturer's instructions. The optical density (OD) was
measured using a spectrophotometer at 450 nm with a correc-
tion wavelength set at 570 nm. The sensitivities for TNF-a,
IL-1p and IL-6 were 15,5 and 5 pg/ml respectively.

Oxidative stress analyses. Pancreatic tissue was homogenized
in ice-cold physiological saline. The superoxide dismutase
(SOD) content was measured using a xanthine oxidase
technique, based on the spectrophotometric monitoring of
SOD-mediated reduction of DTNB at an OD of 550 nm.
The concentration of malondialdehyde (MDA) was quanti-
fied by a thiobarbituric acid (TBA) reaction, in which MDA
or MDA-like substances and TBA react with the production
of a pink pigment having an absorption maximum at an OD
of 532 nm. SOD and MDA levels were expressed as nm/mg
protein.
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NF-xB DNA-binding assay. DNA-binding affinity was
measured using the TransAM NF-kB Chemi kit (Active
Motif, Carlsbad, CA, USA) according to the manufacturer's
instructions. Serial dilutions (1:2) were made of the nuclear
extracts and 20 ul of each dilution and 30 pl binding buffer
were added to a microtiter plate (Active Motif) coated with an
oligonucleotide containing the B site of the immunoglobulin
(Ig) light chain gene promoter (GGGACTTTCC). The wells
were incubated at room temperature for 1 h and were then
washed three times in 200 ul washing buffer. Subsequently,
the wells were incubated with NF-kB antibody (1:1,000; Active
Motif) for 1 h, and were washed three times in washing buffer.
The wells were then incubated for a further 1 h with horse-
radish peroxidase-conjugated goat anti-rabbit IgG secondary
antibody (1:10,000; Active Motif). The wells were then
washed four times, prior to the addition of chemiluminescent
substrate (Active Motif). Luminescence was measured using a
spectrophotometer set at an OD of 485 nm with a correction
wavelength set at 535 nm.

Western blot analysis. Cells were lysed with radioim-
munoprecipitation lysis buffer (Beyotime, Jiangsu, China)
supplemented with 1 mM phenylmethanesulfonyl fluoride
(Sigma). Anti-NF-kB p65 (phospho S529) antibody was
purchased from Abcam (Cambridge, MA, USA). Signals were
detected using an Odyssey infrared imaging system (LI-COR,
Lincoln, NE, USA) after incubating with IRDye 800 goat
anti-rabbit IgG (H + L) (LI-COR Biosciences, Lincoln, NE,
USA) secondary antibodies. Quantification was performed
using Image J software (National Institutes of Health,
Bethesda, MD, USA).

Histological examination. The tail of the pancreas was fixed
in 5% paraformaldehyde, then dehydrated and embedded in
paraffin wax. Sections (3-um thick) were cut, dewaxed and
stained with hematoxylin and eosin for histological exami-
nation. The assessment was performed by an experienced
pathologist blind to the experimental design. For the pancreas,
a scale of 0 to 4 was used to grade the interstitial edema
and hemorrhage, inflammatory cell infiltration, and acinar
cell vacuolization and necrosis, consistent with the method
described by Schmidt et al (7).

Statistical analysis. The data are presented as the mean + stan-
dard error of the mean. A one-way analysis of variance was
performed by SAS 6.12 (SAS Institute Inc., Cary, NC, USA).
Mortality was evaluated using the log rank method. P<0.05
was considered to indicate a statistically significant difference.

Results

Serum amylase levels. The SAP group showed a marked
increase in the level of serum amylase (P<0.05) after the infu-
sion of 5% NaTc into the BPD, as compared with the SO group.
The application of emodin or PDTC significantly decreased
this elevation at each time point (Fig. 1).

Serum cytokine levels. The serum levels of TNF-a, IL-18 and
IL-6 increased when SAP was induced, whereas the serum
levels decreased when emodin or PDTC was administered. In
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Figure 1. Serum levels of amylase. Serum amylase levels were significantly
higher in rats with SAP, as compared with the SO group at 1,3, 6 and 12 h
("P<0.05). The application of emodin attenuated this increase at 3,6 and 12 h
("P<0.05, as compared with SAP group). The application of PDTC attenu-
ated this increase of SAP at 6 and 12 h (*P<0.05, as compared with SAP
group). SO, control group; SAP, severe acute pancreatitis; PDTC, pyrrolidine
dithiocarbamate.
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Figure 2. Serum levels of (A) TNF-a, (B) IL-1§ and (C) IL-6. The induc-
tion of SAP increased the serum levels of TNF-a, IL-1f3 and IL-6 at 1, 3, 6
and 12 h ("P<0.05, as compared with the control group). The application of
emodin and PDTC markedly decreased TNF-a expression levels at 3, 6 and
12 h, IL-1pB levels at 1,3 and 6 h and IL-6 levels at 1, 3, 6 and 12 h ("P<0.05,
as compared with the SAP group). SO, control group; SAP, severe acute pan-
creatitis; PDTC, pyrrolidine dithiocarbamate; IL, interleukin; TNF-a, tumor
necrosis factor-a.

comparison with the SAP group, the emodin and PDTC treated
group had a significantly lower level of TNF-a at 3,6 and 12 h
(P<0.01), a lower level of IL-1f3 at 1, 3 and 6 h (P<0.01), and a
lower level of IL-6 at 1, 3, 6 and 12 h (Fig. 2).
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Figure 3. Oxidative stress analyses of (A) MDA levels in the serum and
(B) pancreatic tissue, and (C) SOD levels in serum and (D) pancreatic tissue.
Induction of SAP markedly increased the activation of NF-«xB in the pancre-
atic tissue, while application of emodin or PDTC was observed to inhibit this
elevation at 3, 6 and 12 h. SO, control group; SAP, severe acute pancreatitis;
PDTC, pyrrolidine dithiocarbamate; SOD, superoxide dismutase; MDA,
malondialdehyde.

Oxidative stress analyses. There was a significantly higher
level of MDA in the pancreatic tissue (P<0.05), and depleted
SOD level (P<0.05) at each hourly time point investigated in
the SAP group. The application of emodin or PDTC markedly
decreased the expression levels of MDA and increased the
expression level of SOD at 1, 3, 6 and 12 h (Fig. 3).

NF-kB DNA-binding assay. NF-xB was shown to be activated
in the pancreatic tissue at 1, 3, 6 and 12 h after the induction of
SAP. Emodin and PDTC were observed to inhibit this activa-
tion (Fig. 4).

NF-kB p65 western blot assay. NF-xB p65 protein was
detected by western blotting in the pancreatic tissue at 1, 3, 6
and 12 h after the induction of SAP. Emodin and PDTC were
observed to inhibit this activation (Fig. 5).
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Table I. Changes of histological scores.
Group 1h 3h 6h 12h
SO 0.5+0.55 0.67+0.52 0.83+0.41 1.1740.41
SAP 5.67+0.52 9.67+0.52 12.5+1.05 13.83+1.17
Emodin 4.67+0.52 7.67+0.82*° 10.33+1.03*° 11.17+0.98*°
PDTC 4.67+0.52° 8.67+0.82° 10.67+0.832*° 11.83+0.75*

Pancreatic tissue sections were stained with hematoxylin and eosin and examined at x40 magnification, for damage scoring. The scores were
higher in the SAP animals in all categories. The histological score was lower in the rats treated with emodin and PDTC, as compared with the
SAP group. Data are presented as the mean =+ standard deviation for six animals. “P<0.01 vs. the control group; *P<0.05 vs. the SAP group. SO,
control group; SAP, severe acute pancreatitis; PDTC, pyrrolidine dithiocarbamate.
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Figure 4. NF-kB activation in pancreatic tissue. The activation of NF-kB in
pancreatic tissue was higher after induction of SAP at 1,3,6 and 12 h (‘'P<0.01,
as compared with control group, respectively), while application of emodin
or PDTC inhibited this elevation (*P<0.01, as compared with SAP group,
respectively). SO, control group; SAP, severe acute pancreatitis; PDTC, pyr-
rolidine dithiocarbamate; NF-«kB, nuclear factor kappa-light-chain-enhancer
of activated B cells.
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Figure 5. Western blot analysis of NF-kB p65 was detected in the pancreatic
tissue at 1, 3, 6 and 12 h after the induction of SAP, while application of
emodin or PDTC inhibited NF-xB p65 elevation. "P<0.01, as compared with
the control group. Data are presented as the mean + standard deviation. SO,
control group; SAP, severe acute pancreatitis; PDTC, pyrrolidine dithiocar-
bamate.
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Figure 6. Kaplan-Meier survival curves. The survival rate of rats with severe
acute pancreatitis was significantly improved, upon treatment with emodin
or PDTC. The most marked effect was observed in animals treated with
emodin. Only one animal survived to the end of the experiment (72 h) in the
SAP group.

Histological findings. The grade of pancreatitis was evaluated
based on the Schmidt histological scoring system (5). Large
areas of necrosis, together with infiltration of inflammatory
cells and hemorrhage, were identified in the SAP group, which
had a higher histological score as compared with the control
group (Table I). Following emodin and PDTC treatment, less
inflammation and hemorrhage was observed, and necrosis was
detected in <30% of the total areas.

Survival. The majority of the SAP rats died within two days
when no treatment was applied. By contrast, emodin or PDTC
could significantly improve the survival rate, with 40% of the
rats still alive at the end of the study (three days) (Fig. 6).

Discussion

The present study used an experimental SAP rat model to
determine whether emodin could significantly improve the
oxidative stress and morphological injury in pancreatic tissues.
Previous studies have indicated that emodin may influence
antioxidant function, cytokine production and TGF signaling,
which has been demonstrated in an ischemia injury model (8).
Furthermore, it has been proposed that emodin could enhance
tissue regeneration through the regulation of the Smad-TGF-f1
pathway (9). Few studies have focused on the effects of emodin
on SAP. A reliably induced model with severe, acute onset
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of hemorrhagic and necrotic pancreatitis, was established in
rats by retrograde infusion of NaTc in the BPD. It was subse-
quently shown that emodin could decrease the serum levels
of TNF-a and IL-1f, thus improving the morphological
damage and survival rate. Similar results have been reported
demonstrating the effective treatment of clinical and experi-
mental acute pancreatitis by emodin (10-12).

It has been shown that significant lipid peroxidation occurs
in AP (13,14). Reactive oxygen species can activate NF-«B,
which can in turn regulate the expression of inflammatory
cytokines, such as TNF-a and ILs in acinar cells, and lead to
the activation of a cascade of inflammatory cytokines (15).
This is hypothesized to function in the pathogenesis and the
progression of acute pancreatitis and the systemic complica-
tions. PDTC is commonly used as an antioxidant, which can
regulate gene expression by modulating the activity of tran-
scription factors (16). PDTC can block NF-xB from binding
to its target DNA by preventing the degradation of IkB-a
from the ubiquitylation-proteasome proteolytic pathway.
NF-kB is known to regulate numerous proinflammatory
molecules, including IL-6, IL-1, TNF-a, and inducible nitric
oxide synthase, cell surface adhesion molecules (such as
E-selectin, intercellular adhesion molecule-1 and vascular
cell adhesion molecule-1) and cell surface mediators (such as
major histocompatibility complexes class I and II) through
NF-«B binding sites in their promoter regions. It has been
shown that antioxidant treatment could inactivate NF-kB and
inhibit the activation of neutrophils in acute pancreatitis (17).
In the present study, treatment with PDTC significantly
attenuated SAP, as determined by serum amylase and histo-
logical assessment of edema, vacuolization, inflammation
and necrosis (P<0.01). Furthermore, treatment with PDTC
markedly inhibited NF-xB DNA-binding activity (P<0.01,
as compared with the SAP group) and the expression of
TNF-a, IL-6 and IL-1 in the localized tissues and the serum
(P<0.05). The observed attenuation was associated with
decreased MDA and increased SOD levels, in the pancreatic
tissues and serum (P<0.05). This is consistent with previous
studies investigating other inflammatory diseases (18-20).
In the present study, treatment with emodin had a similar
effect to treatment with PDTC. Emodin could inhibit
NF-«B activation and regulate cytokine production, thereby
regulating the oxidative stress response and improving the
histological changes and survival rate. In conclusion, this
study has shown that in an experimental rat model of SAP,
emodin treatment significantly improved the oxidative stress
and morphological injury in the pancreatic tissue, suggesting
antioxidant treatment strategies may have clinical benefits.
Understanding the therapeutic effects of emodin in AP and
SAP, and its mechanisms of action is likely to guide future
studies in this field.
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