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Original Article 
Diosmetin ameliorates the severity of cerulein-induced 
acute pancreatitis in mice by inhibiting the activation of 
the nuclear factor-κB 
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Abstract: Diosmetin (3’, 5, 7-trihydroxy-4’-methoxyflavone), the aglycone part of the flavonoid glycosides diosmin oc-
curs naturally in citrus fruit, was considered to exhibit anti-inflammatory and antioxidant properties. Our study aimed 
to investigate the effect of diosmetin in a murine model of cerulein-induced acute pancreatitis (AP). Experimental 
AP was induced in mice by seven intraperitoneal injection of cerulein (50 ug/kg) at hourly intervals. Diosmetin (100 
mg/kg) or vehicle was pretreated 2 h before the first cerulein injection. After 6 h, 9 h, 12 h of the first cerulein 
injection, the severity of acute pancreatitis was evaluated biochemically and morphologically. Pretreatment with 
diosmetin significantly reduced serum levels of amylase and lipase; the histological injury; the secretion of tumor 
necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6; myeloperoxidase (MPO) activity, trypsinogen activation peptide 
(TAP) level, the expression of inducible nitric oxide synthase (iNOS); and the nuclear factor (NF)-κB activation in 
cerulein-induced AP. This study showed that administration of diosmetin demonstrated a beneficial effect on the 
course of cerulein-induced AP in mice. Therefore, diosmetin may become a new therapeutic agent in future clinical 
trials for treatment of AP.

Keywords: Acute pancreatitis, diosmetin, inflammation, iNOS, cytokine, NF-κB

Introduction 

AP is a potentially lethal inflammatory disease 
with a wide spectrum of clinical presentations 
ranging from a mild self-limited condition after 
supportive therapy to a life-threatening disease 
with high incidence of complications and high 
mortality [1, 2]. Some 10-20% of these die of 
multiorgan failure despite intense experimental 
and clinical tests of potential drugs treatment 
or surgery, which is in part due to insufficiency 
of available pharmacologic options for treating 
AP [3, 4]. It is well-recognized that trypsinogen 
activation, inflammation, oxidative stress and 
activation of nuclear factor (NF)-κB are impor-
tant pathophysiological components in AP [2, 
5, 6]. Intra-acinar cell activation of digestive 
enzymes such as trypsinogen is thought to be 
the triggering event of the disease, resulting in 
inflammation and acinar cell death [7]. During 
AP, acinar cells synthesize and release inflam-

matory mediators, such as cytokines and che-
mokines, resulting in recruitment of inflamma-
tory cells such as neutrophils and macrophages, 
leading to further acinar cell injury and inducing 
a cascade of various proinflammatory media-
tors such as tumor necrosis factor (TNF)-α, 
interleukin (IL)-1β, and IL-6 [8-10]. Imbalance 
between endogenous oxygen-free radical scav-
enger pathways and mechanisms for genera-
tion of these free radicals is one of the forerun-
ners of AP [5, 11].

Diosmetin (3’, 5, 7-trihydroxy-4’-methoxyflavon- 
e) is the aglycone of the flavonoid glycoside 
diosmin (3’, 5, 7-trihydroxy-4’-methoxyflavone-
7-ramnoglucoside) which occurs naturally in the 
legume Acacia farnesiana Wild and Olea euro-
paea L. leaves [12]. Diosmin is hydrolyzed to its 
aglycone diosmetin by intestinal micreflora 
enzymes before its absorption into the body 
[13]. Pharmacologically, it has been established 
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that diosmetin possesses different medicinal 
properties such as anticancer, antimicrobial, 
antioxidant and anti-inflammatory activities 
[14-17].

Although the physiological and protective 
effects of diosmetin related to its potent anti-
inflammatory and antioxidant activity have doc-
umented earlier in many inflammatory diseas-
es, but its effect in AP has not been evaluated 
before. Here, we investigated the effects of 
diosmetin in a murine model of cerulein-
induced AP. 

Materials and methods

Ethics statement

All the animal related procedures were app- 
roved by the Animal Care and Use Committee of 
The Tenth People’s Hospital of Shanghai, Tongji 
University. Permit number: 2011-RES1. This 
study was also approved by Science and 
Technology Commission of Shanghai Muni- 
cipality (ID: SYXK 2007-0006). 

Animal and materials

Male C57BL/6 mice (age 8 weeks, weight 
25-27 g) were purchased from Shanghai 
Laboratory Animal Co Ltd (SLAC, Shanghai, 
China). Animals were maintained on a 12 h 
light/12 h dark cycle at 22°C, given water ad 
libitum, fed standard laboratory chow and 
allowed to acclimatize for minimum of 1 week. 
Mice were randomly assigned to control or 
experimental groups. All the animal-related pro-
cedures were approved by the Animal Ethical 
Committee of Tongji University. Purified dios-
metin (> 98%) was purchased from the National 
Institute for Control Pharmaceutical and 
Biological Products (Beijing, China). Cerulein, 
dimethyl sulfoxide (DMSO), eosin and hematox-
ylin were purchased from Sigma Chemical 
(Sigma-Aldrich, St. Louis, MO). Antibodies 
against NF-κB p65, inducible NO synthase 
(iNOS), Histone-H1 and β-actin were purchased 
from Abcam (Hong Kong). Peroxidase-
conjugated secondary antibody was purchased 
from Santa Cruz Biotechnology Company 
(Santa Cruz, CA, USA).

Experimental design

Diosmetin was dissolved in vehicle (2% DMSO). 
Then three doses (25 mg/kg, 50 mg/kg, 100 
mg/kg) were used to pretreat cerulein-induced 

AP. AP was induced by seven injections of ceru-
lein (50 ug/kg, i.p. at intervals of 1 h) as 
described previously [18]. The normal control 
mice were given saline (0.9% NaCl) solution 
intraperitoneally instead of cerulein (n=8 for 
each group). Vehicle or diosmetin (p.o.) was 
administered 2 h before the first cerulein injec-
tion. All animals were sacrificed at 12 h after 
the first injection of cerulein, a time point at 
which pancreatic damage had already peaked. 
The effect of diosmetin was evaluated by the 
level of serum amylase, an indicator which was 
usually considered to be closely related to pan-
creatic damage, to get an optimal dose. The 
optimal dose of diosmetin (100 mg/kg) was 
used for the next series of experiment. Then 72 
mice were divided into three groups randomly: 
group 1, normal control; group 2, cerulein + 
vehicle-treated; group 3, cerulein + diosmetin-
treated. The induction of AP and administration 
of diosmetin or vehicle were performed the 
same as the preliminary study. Mice were sacri-
ficed at 6 h, 9 h and 12 h after the first cerulein 
injection, 8 mice at every time point in each 
group. Blood samples were taken to determine 
the serum amylase, lipase and cytokine levels. 
A portion of the tail of the pancreas was fixed in 
4% paraformaldehyde in phosphate-buffered 
saline (PBS, pH 7.4) for 12 h, embedded in 
paraffin, and cut into 5-µm thick sections which 
were stained with hematoxylin and eosin to 
observe the morphological changes under a 
light microscope by standard procedures. The 
rest portion of each pancreas was stored at 
-80°C for further investigation.

Serum amylase and lipase assay

The serum activities of amylase and lipase 
were measured by enzyme dynamics chemistry 
using commercial kits according to the manu-
facturer’s protocols in a Roche/Hitachi modular 
analytics system (Roche, Mannheim, Germany).

Trypsinogen activation peptide (TAP) level

Enzyme-linked immunosorbent assay (ELISA) 
was used to determine concentrations of TAP of 
pancreas homogenates. Homogenates were 
prepared by homogenizing pancreatic tissue in 
HEPES buffer (20 mM, pH 7.4) supplemented 
with EDTA (1.5 mM) and a cocktail of protease 
inhibitors (1:100 dilution). Commercially avail-
able ELISA kits were used according to the 
manufacturer’s instructions (Xinqidi biological 
technology Co., Ltd, Wuhan, China). The TAP 
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level was expressed in micrograms per gram of 
tissue.

Determination of serum proinflammatory 
cytokines

Blood samples of each time point were centri-
fuged at 3000 g for 10 min at 4°C. Serum TNF-
α, IL-β and IL-6 were measured in enzyme-
linked immunosorbent assay (ELISA) using a 
commercial kit (Quantikine, R&D Systems, 
Minneapolis, MN, USA). 

Myeloperoxidase (MPO) assay

Neutrophil sequestration in the pancreas was 
quantified by measuring tissue MPO activity 
according to a previously described method. 
The tissue samples were homogenized in 20 
mM phosphate buffer (PH 7.4), and centrifuged 
(12,000 × g for 10 min at 4°C). The pellet was 
resuspended in 50 mM phosphate buffer (PH 
6.0), containing 0.5% hevade cyltrimethylam-
monium bromide (HETAB). The suspension was 
subjected to four cycles of freezing and thawing 
and was further disrupted by sonication for 1 
min. The sample was then centrifuged (12,000 
× g for 5 min at 4°C). Aliquots of supernatant 
were added to the reaction mixture containing 
0.167 mg/ml of o-dianisidine dihydrochloride 
and 0.0005% H2O2 solution, which were pre-
pared in 50 mM of phosphate buffer. The 
change in absorbance at 450 nm was then 
measured for 5 min using a Beckman spectro-
photometer (Beckman DU 640B, CA, USA). One 
unit of MPO activity was defined as that degrad-
ing 1 mmol of peroxide per min at 25°C. The 
activity was expressed in units per milligram of 
tissue.

Western blot analysis

For Western blot analysis, rat or mouse pan-
creas was rapidly ground in liquid nitrogen. The 
resulting powder was reconstituted in ice-cold 
RIPA buffer containing 1 mmol/l phenylmeth-
anesulfonyl fluoride (PMSF) and a cocktail of 
protease inhibitors (1:100 dilution). Samples 
were centrifuged at 4°C for 15 min at 10,000 × 
g. Supernatants were recovered, and total pro-
tein was determined using the BCA method 
(Pierce, Rockford, LA, USA). A 50 µg portion of 
protein or equal proportion concentrated super-
natant was subjected to sodium dodecyl sul-
fate/polyacrylamide gel electrophoresis (SDS-
PAGE), and then blotted following standard 
methods. Non-specific binding to the mem-
brane was blocked by 5% (w/v) dry non-fat milk 

in Tris-buffered saline/0.05% Tween-20 (TBST) 
at room temperature for 1 h in a covered con-
tainer. Blots were incubated overnight at 4°C 
with rabbit polyclonal anti-inducible NO syn-
thase (iNOS) antibody (1:400 dilution) or anti-
NF-κB p65 (1:200 dilution) diluted in 5% BSA. 
Membranes were washed with TBST and incu-
bated with a secondary rabbit anti-mouse IgG 
horseradish peroxidase (HRP) antibody 
(1:2,000 dilution) diluted in 5% (w/v) dry nonfat 
milk in TBST for 1 h at room temperature. 
Finally, membranes were washed with TBST, 
developed using the ECL detection system 
(Santa Cruz Biotechnology), quickly dried, and 
exposed to ECL film.

Immunohistochemistry

Formalin-fixed, paraffin-embedded samples 
were cut into a thickness of 5 μm. Each tissue 
section was deparaffinized and rehydrated with 
graded ethanol. For antigen retrieval, slides 
were boiled in EDTA (1 mM, pH 8.0) for 15 min 
in a microwave oven. Endogenous peroxidase 
activity was blocked with a 0.3% hydrogen per-
oxide solution for 10 min at room temperature. 
After rinsing with PBS, slides were incubated 
overnight at 4°C with anti-NF-κB p65 (1:200 
dilution) diluted in 5% BSA. The antibody bind-
ing was detected with an Envision Detection 
Kit, Peroxidase/DAB, Rabbit/Mouse (Gene 
Tech, Shanghai, China). Sections were counter-
stained with hematoxylin. For negative control, 
isotype-matched primary antibody replaced the 
antibody against NF-κB p65 followed by the 
same secondary antibody used in the other 
sections. Positive areas stained with NF-κB 
p65 were examined in all specimens using a 
microscope (CTR 6000; Leica, Wetzlar, 
Germany).

Statistical analysis

All results were expressed as mean ± standard 
deviation (SD). Statistical analysis was done 
using Student’s t-test for comparison of two 
groups, and ANOVA was used for multiple com-
parisons. In both cases, differences of P < 0.05 
were considered statistically significant.

Results

Effect of diosmetin on pancreas pathology in 
cerulein induced AP

In the preliminary study, the high dose (100 
mg/kg) showed more effective decrease of 
serum amylase and lipase compared with mod-
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erate dose (50 mg/kg) and low dose (25 mg/
kg) at the time point of 12 h after the first ceru-
lein injection which pancreatic damage had 
already peaked (Figure 1A and 1B). Therefore, 
the dose of 100 mg/kg was selected as the 
optimal dose for the next series of experiments. 

To examine the effect of diosmetin on the 
development and severity of AP, mice were pre-
treated with vehicle or diosmetin (100 mg/kg) 
as described in experimental design. Diosmetin 
significantly protected the pancreas from histo-
logical damage induced by cerulein as observed 

Figure 1. Effect of diosmetin on pancreas pathology in cerulein induced AP. Mice (n=8 for each group) were given 
seven hourly injection of cerulein (50 ug/kg). Diosmetin (25 mg/kg, 50 mg/kg, 100 mg/kg; p.o.) or vehicle (p.o.) 
was administrated 2 h before the first cerulein injection. The control group was given saline (0.9% NaCl) solution 
intraperitoneally instead cerulein. Mice were sacrificed 12 h after the first injection of cerulein. Changes in serum 
amylase level (A) and lipase level (B). Data are represented as mean ± SD. #P < 0.05 vs control group, $P < 0.05 
vs vehicle-treated group, &P < 0.05 vs 25 mg/kg group, *P < 0.05 vs 50 mg/kg group. (C) Effect of diosmetin on 
pancreas histology in cerulein-induced AP. Mice (n=24 for each group) were given seven hourly injection of cerulein 
(50 ug/kg). Diosmetin (100 mg/kg; p.o.) or vehicle (p.o.) was administrated 2 h before the first cerulein injection. 
The control group was given saline (0.9% NaCl) solution intraperitoneally instead cerulein. Mice were sacrificed 6 h, 
9 h, 12 h after the first injection of cerulein, five mice at every time point in each group. Representative hematoxylin 
and eosin-stained sections of pancreas are shown. Original magnifications: 200×. 
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by hematoxylin and eosin staining (Figure 1C). 
Pretreatment with diosmetin markedly reduced 
the cerulein-induced histological features of 
pancreatic injury, characterized by lower inter-
stitial edema, less inflammatory cell infiltration, 
and alleviated acinar cell necrosis. 

Effect of diosmetin on AP-induced enzyme 
production and trypsinogen activation

Serum amylase and lipase are most commonly 
obtained as biochemical markers of pancreatic 
disease, particularly AP. Therefore, we assessed 
the severity of AP by measuring enzyme pro-
duction. As shown in Figure 2A and 2B, dios-
metin reduced the levels of amylase and lipase 
in serum significantly. TAP is used as a marker 
of trypsinogen activation reaction where TAP is 
cleaved off and trypsinogen is activated to tryp-
sin. Pretreatment with diosmetin markedly 
reduced cerulein-induced TAP level in pancreas 
tissue (Figure 2C).

Anti-inflammatory effect of diosmetin in 
cerulein-induced AP

During AP, the activation of NF-κB enhanced 
the release of many proinflammatory cytokines 
such as TNF-α, IL-β and IL-6. The production of 

these inflammatory cytokines in serum was 
reduced by diosmetin treatment (Figure 3A-C). 
Neutrophil sequestration in pancreas was 
quantitated by measuring tissue MPO activity, 
and diosmetin reduced cerulein-induced activ-
ity of MPO in pancreas tissue (Figure 3D).

Antioxidant effect of diosmetin in caerulein-
induced AP

The correlation between AP and oxidative-nitro-
sative stress has been documented in pancre-
atic tissue by generation of reactive oxygen 
species and accumulation of products of reac-
tive oxygen species-mediated lipid peroxidation 
[19]. Inducible nitric oxide synthase (iNOS) is a 
marker of oxidative-nitrosative stress and is 
involved in the stimulation of inflammation. The 
level of iNOS from the pancreas tissue was 
quantified by western blot (Figure 4). Pre- 
treatment of diosmetin significantly reduced 
the expression of iNOS in pancreas tissue.

Diosmetin inhibits nuclear translocation of 
NF-κB

NF-κB activation plays a key role in the induc-
tion of several proinflammatory mediators [20]. 
The nuclear translocation of the NF-κB tran-

Figure 2. Effect of diosmetin on AP-induced enzyme 
production and trypsinogen activation. Changes in 
serum amylase level (A) and lipase level (B), and 
pancreatic tissue TAP level (C) in all groups. Data 
are represented as mean ± SD. #P < 0.05 vs con-
trol group at the same time point, $P < 0.05 vs 
vehicle-treated group at the same time point. 
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scription factor is the sign of signal pathway 
activation. To determine the effect of diosmetin 
on NF-κB activity in pancreas, we examined the 
expression level of NF-κB p65 by western blot. 
As shown in Figure 5A, diosmetin reduced 

NF-κB p65 protein expression in mouse pan-
creas, especially obvious at the time point of 6 
h after the first cerulein injection. Immuno- 
histochemical analyses also confirmed that 
diosmetin inhibited NF-κB p65 nuclear translo-

Figure 3. Anti-inflammatory effect of diosmetin in cerulein-induced AP. Serum proinflammatory cytokine such as 
TNF-α, IL-β and IL-6 were measured by ELISA (A-C). Changes in pancreatic tissue MPO activity (D). Data are repre-
sented as mean ± SD. #P < 0.05 vs control group at the same time point, $P < 0.05 vs vehicle-treated group at the 
same time point.

Figure 4. Antioxidant effect of diosmetin in caerulein-induced AP. Pancreatic tissue expression level of iNOS protein 
was detected by western blot (A, B). β-actin was used as the internal reference for total tissue proteins. Data are 
presented as mean ± SD. #P < 0.05 vs control group at the same time point, $P < 0.05 vs vehicle-treated group at 
the same time point. The results were similar in three additional experiments.
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cation at the time point of 6 h after the first 
cerulein injection in mouse pancreas (Figure 
5B).

Discussion

AP is a necroinflammatory pancreatic disease 
with high mortality and significant morbidity 
due to lack of specific therapy [21]. The devel-
opment of AP is a multistep process, the exact 
mechanism of which remains controversial. It is 
widely held that intrapancreatic trypsinogen 
activation is the first step ultimately triggering 
the cascade of other digestive enzyme activa-
tion and is associated with TAP release already 
15 min after pancreatitis induction in some 
models [22, 23]. Injury to pancreatic acinar 
cells causes an increased oxidative stress 
resulting in the oxidation of lipids and proteins 
and disruption of the pancreatic membrane 
[24]. Production of nitric oxide by iNOS has 
been proposed as a pathogenic factor, proin-
flammatory role in AP, and iNOS-deficient mice 
exhibit resistance to the AP caused by cerulein 
in mice [25]. Although the onset of AP is trig-
gered by early acinar events, its severity and 
systemic inflammation are determined by con-

secutive extra-acinar events through the 
recruitment and release of proinflammatory 
mediators, leading to a systemic inflammatory 
response. Recruitment of various inflammatory 
cells leads to further acinar cell injury and 
causes an elevation of various proinflammatory 
cytokines such as TNF-α, IL-1β and IL-6 [10]. 
Serum levels of proinflammatory cytokines 
have been found to correlate with the severity 
of AP. Additionally, it has been reported that the 
suppression of proinflammatory cytokines 
could ameliorate the severity of AP [26]. MPO 
produces hypochlorous acid (HOCl) from hydro-
gen peroxide (H2O2) and chloride (Cl-) during the 
neutrophil’s respiratory burst, so its activity has 
been used to determine quantitatively the 
extent of neutrophils infiltration. Various stud-
ies had clearly shown that diosmetin plays the 
role of anti-inflammatory activity and antioxi-
dant activity in treating inflammatory diseases. 
The effects of diosmetin in these diseases 
could be explained by invoking different mecha-
nisms, including the inhibition of cell cycle pro-
gression as a result of CYP1 enzyme mediated 
metabolism, prevention of LPS-induced up-reg-
ulation of NO production, reduction of proin-
flammatory cytokine secretion, suppression 

Figure 5. Diosmetin inhibits nuclear translocation of NF-κB. Pancreatic tissue expression level of NF-κB p65 protein 
in nucleus were detected by western blot (A, B). Histone H1 was used as the internal reference for nuclear proteins. 
Data are presented as mean ± SD. #P < 0.05 vs control group at the same time point, $P < 0.05 vs vehicle-treated 
group at the same time point. (C) Immunohistochemical analysis of NF-κB p65 in mouse pancreas at 6 h after induc-
tion of AP. Original magnifications: 400×.
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SCF-/UVB-induced melanogenesis by inhibit 
c-Kit signaling [27-30]. In the present study, we 
investigated the effect of diosmetin in a well-
characterized model of AP induced by cerulein 
in mice which is very similar to human AP 
because of rapid inflammation development. 
Our observation demonstrated that diosmetin 
significantly alleviated the pancreatic damage 
in AP, as shown by histological features, TAP 
level and MPO activity, reduced the production 
of proinflammatory cytokines such as in serum 
and, inhibited the level of iNOS protein expres-
sion in pancreas.

The transcription factor NF-κB plays an impor-
tant role in the pathogenesis of AP, and NF-κB 
is widely considered a key element in inflamma-
tory responses based on its ability to regulate 
the expression of inflammatory mediators. 
Among the members of NF-κB family, NF-κB 
p65 is the crucial transcription factor of the 
classical pathway of NF-κB in AP [31]. Activation 
of NF-κB is an early event in pancreatitis paral-
leling and independent of trypsinogen activa-
tion [22]. The level of NF-κB activation corre-
lates with the severity of cerulein-induced AP in 
mice [20]. In this study, we choose 6 h, 9 h and 
12 h after the first cerulein injection as the time 
point to observe the activation of NF-κB respec-
tively. By western blot, we observed that treat-
ment of diosmetin could significantly attenuat-
ed the expression of NF-κB p65 in pancreatic 
nucleus during AP, which was especially obvi-
ous at the time point of 6 h. Furthermore, 
immunohistochemical analyses found that 
diosmetin inhibited NF-κB p65 nuclear translo-
cation in mouse pancreas at 6 h after the first 
injection of cerulein.

Taken together, the study provides an evidence 
that diosmetin attenuates the severity of ceru-
lein-induced AP by alleviating pancreatic tissue 
damage, reducing digestive enzyme production 
and proinflammatory cytokine secretion. More- 
over, the inhibition of NF-κB activation is 
involved in the mechanisms of diosmetin 
effects on AP. It is possible that diosmetin treat-
ment might provide a basis for new experimen-
tal study and clinical investigation of AP.
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