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Oxymatrine Ameliorates L-Arginine-Induced Acute

Pancreatitis in Rats

Zhigiang Zhang,' Yanqing Wang,' Ming Dong,? Jianchun Cui,' Daqing Rong,' and Qi Dong'*

Abstract—The aim of this study was to determine whether oxymatrine has a protective effect
against acute pancreatitis (AP) in a rat model of L-arginine-induced AP. AP was induced by two
intraperitoneal injections of L-arginine (250 mg/100 g) at a 1-h interval. Oxymatrine (50 mg/kg) was
administered every 6 h after the induction of AP. Oxymatrine significantly reduced the plasma a-
mylase, D-lactic acid and tumor necrosis factor alpha concentration, serum diamine oxidase and
lipase activity, and pancreatic myeloperoxidase activity, which were increased in AP rats (P<0.05).
In addition, the pancreatic CD45 expression and the expression of claudin-1, but not zonula occl-
udens-1 (ZO-1) and occludin, in the intestinal tissues were significantly reduced after the induction
of AP. However, oxymatrine increased the expression of claudin-1 and CD45, but did not alter the
expression of ZO-1 and occludin. In conclusion, our results demonstrated that oxymatrine is pote-
ntially capably of protecting against L-arginine-induced AP and attenuating AP-associated intestinal

barrier injury by up-regulation of claudin-1.
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INTRODUCTION

Acute pancreatitis (AP), an acute inflammatory
process of the pancreas, is a potentially life-threatening
disease characterized by tissue edema, acinar necrosis,
hemorrhage, and fat necrosis, as well as perivascular
infiltration in the pancreas [1, 2]. Although there is
continuing improvement in critical care, AP is still
associated with substantial morbidity and mortality
ranging from 15% to 40% in its severe form [3].
Infectious complication in the late phase is one of the
major contributors to high the mortality in AP [4]. This
complication is thought to be a result of the bacterial
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translocation and endotoxin translocation from the
gastrointestinal tract, and intestinal barrier injury has
been implicated in the mechanism [5]. The pathophysi-
ology of AP remains poorly understood; however, it has
been suggested that oxidative stress, inflammatory
cytokines, and leukocytic infiltration play important
roles in the pathogenesis of this disorder [6, 7]. At
present, therapeutic efforts are limited to supportive
treatments and aimed at ameliorating symptoms with
anti-inflammatory agents, steroids, and analgesics [8, 9].
Due to the limitations of conventional therapy, various
ethnobotanical agents are increasingly being pursued as
alternative sources to develop novel and safe therapeutic
agents to treat AP [10-12].

Oxymatrine is an alkaloid compound extracted
from the root of Sophora flavescens Ait (kushen) [13].
It has been used to treat chronic hepatitis B patients in
China for decades with confirmed safety [14]. Recent
evidence has shown that oxymatrine possesses a wide
variety of pharmacological effects, including anti-inflam-
matory, anti-apoptosis, anti-tumor, anti-hepatic fibrosis,
and anti-arrhythmic functions [15-19]. In addition,
oxymatrine has also been reported to exert a protective
effect against end-organ (liver, heart, intestine, and brain)
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ischemia or ischemia/reperfusion injury [20-23]. To
date, however, the possibility that oxymatrine may have
the potential of protection against AP has not yet been
clarified.

The aim of the present study, therefore, was to
investigate whether oxymatrine has a protective effect
against AP in a rat model of L-arginine-induced AP.
Furthermore, we also examined the pancreatic CD45
expression and the expression of claudin-1, zonula
occludens-1 (ZO-1), and occludin, as known compo-
nents of tight junctions in the intestine, in an effort to
elucidate the possible mechanism by which oxymatrine
protects against AP.

MATERIALS AND METHODS

Animals

Adult Wistar rats weighting from 250 to 280 g were
purchased from the Experimental Animal Centre of
China Medical University. They were housed in plastic
cages containing wood shaving and maintained in a
room with a 12-h light cycle with free access to food and
water. The animal study protocol was approved by the
Ethics Committee for Animal Experiments of China
Medical University.

Experimental Protocol

The following three groups of animals, each
comprising of eight rats, are involved. Experimental
AP was induced by two intraperitoneal (i.p.) injections
of 250 mg/100 g body weight of L-arginine as a 20%
solution in 0.15 M physiological saline, at an interval of
1 h (AP group), as previously described [24-26]. The
control rats received an equal volume of 0.15 M
physiological saline at the same times (control group).
Rats in which AP was induced by the administration of
L-arginine received i.p. injections of 50 mg/kg oxy-
matrine every 6 h after the induction of AP (oxymatrine
group). After blood sampling, all rats were killed at 24 h
after the second L-arginine or physiological saline
injection. The pancreas and 5 cm of terminal ileums
were removed and washed with phosphate-buffered
saline (PBS) solution and immersed in liquid nitrogen
until use. Blood samples were anticoagulated with
heparin and centrifuged at 3,000xg for 10 min at 4°C,
and the plasma was kept at —20°C until measurements.
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Measurements of Plasma Amylase, p-Lactic Acid
and TNF-a Concentration, Serum DAO and Lipase
Activity, and Pancreatic MPO Activity

Plasma amylase was determined by using an
amylase detection kit (Jiancheng Bioengineering Co.
Ltd., Nanjing, China). The concentrations of amylase
were expressed as units per liter. Plasma level of D-lactic
acid was measured using a commercially available kit
(Megazyme, Wicklow, Ireland). The concentration of
tumor necrosis factor alpha (TNF-) was also measured
with a commercially available enzyme-linked immuno-
sorbent assay kit (R&D Systems, Minneapolis, MN,
USA) in accordance with the instructions of the
manufacturer, and was detected spectrophotometrically
at 450 nm with a correction wavelength set at 570 nm on
a microplate reader. Plasma lipase activity was also
determined using a commercial kit (Bioassay). These
measurements were performed according to the respec-
tive manufacturer’s instructions. Plasma diamine oxidase
(DAO) activity was assayed according to a colorimetric
method described by Nobumichi et al. [27]. Pancreatic
myeloperoxidase (MPO) activity, as a marker of tissue
leukocyte infiltration, was assessed using the method of
Kuebler ef al. [28].

Morphological Examination

The pancreas and distal ileum tissues were har-
vested for morphological examinations. The 10% buf-
fered formalin-fixed sample was embedded in paraffin,
sectioned at 5-um thickness with a microtome, and
stained with hematoxylin and eosin (H&E) for light
microscopic examination. Villous height (from the tip of
the villus to the villus—crypt junction) was measured at
three different sites in each rat.

Immunohistochemistry

Intestinal and pancreas tissues were fixed in 10%
buffered formalin and processed for embedding in
paraffin. After paraffin-embedded blocks had been cut
into 5-um sections and mounted onto slides, the sections
were pretreated at 60°C for 1 h, then dewaxed in xylene,
hydrated, and washed in 0.01 mol/L citrate buffer
(pH 6.0). Following inhibition of endogenous perox-
idase by 3% H,0, in methanol, the sections were
incubated with rabbit anti-CLDNI1, anti-ZO-1, anti-
OCL, or anti-CD45 polyclonal antibodies (all from
Biosynthesis Biotechnology Co., Ltd, Beijing, China,
1:100 dilution) overnight at 4°C. After thoroughly
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washed with PBS solution, the corresponding secondary
antibodies were applied and incubated at room temper-
ature for 30 min. Reaction products were visualized by
incubation with 3,3’-diaminobenzidine and then counter-
stained with hematoxylin. Negative controls were
achieved by skipping the primary antibodies.

Quantitative Real-Time RT-PCR

Total RNA was isolated from intestinal tissues using
Trizol Reagent (Invitrogen, Carlsbad, CA, USA) accord-
ing to the manufacturer’s instructions. The concentration
and purity of the RNA in each sample was determined
using a spectrophotometer at 260 and 280 nm. Comple-
mentary DNA was synthesized from 1 pg of total RNA
using a PrimeScript RT reagent kit (Tiangen Biotechnol-
ogy Co., Ltd, Beijing, China). Quantitative real-time RT-
PCR was performed using SYBR Green (Tiangen
Biotechnology Co., Ltd, Beijing, China) on an Exicy-
cler™ 96 real-time quantitative thermal block (Bioneer,
Daejeon, Korea). The PCR primer sequences were
designed according to the rat claudin-1, ZO-1, occludin,
and {3-actin gene sequences reported in GenBank and
were chemically synthesized: claudin-1, forward 5'-
GTGCATGAGGTGCTTAGAAG-3' and reverse 5'-
CACGTAGTCTTTCCCAGTAG-3'; ZO-1, forward 5'-
GAAGGCTCATAGTTCCACAC-3' and reverse 5'-
GAGGATGCTATTGTCTCTGC-3'; occludin, forward
5'-GGACTGGCTCAGGGAATATC-3" and reverse 5'-
GCAACCAGCATCTGTCTAGG-3'; and [-actin, for-
ward 5'-ACGTTGACATCCGTAAAGAC-3’ and reverse
5'-GAAGGTGGACAGTGAGGC-3". The specificity of
the amplified products was analyzed through dissocia-
tion curves generated by the equipment yielding single
peaks. (-Actin was used as an internal control to
normalize samples. PCR reactions of each sample were
conducted in triplicate. Data were analyzed through the
comparative threshold cycle (Ct) method.

Western Blot Analysis

Total proteins were extracted from frozen intestinal
tissues using radioimmunoprecipitation assay buffer
(Beyotime Institute of Biotechnology, Haimen, China),
and protein concentrations were determined using a
bovine serum albumin standard line. Equal amounts of
protein were separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis and then electro-
transferred to polyvinylidene fluoride membranes. Mem-
branes were blocked with 5% skim milk at room
temperature for 2 h and then incubated overnight (4°C)

with rabbit anti-claudin-1, anti-ZO-1, or anti-occludin
polyclonal antibodies (all from Biosynthesis Biotechnol-
ogy Co., Ltd, Beijing, China, 1:500 dilution), followed
by horseradish peroxidase-conjugated secondary anti-
bodies. Protein bands were visualized with ECL plus
chemiluminescence kit (Millipore, Bedford, MA, USA).

Statistical Analysis

All data were expressed as meanstSEM, and raw
data were analyzed by the unpaired Student’s ¢ test using
SPSS 13.0 software. A P<0.05 was considered to be
statistically significant.

RESULTS

Plasma Amylase, D-Lactic Acid and TNF-«
Concentration, Serum DAO and Lipase Activity,
and Pancreatic MPO Activity

Plasma amylase levels, a specific marker for AP,
were measured to confirm the successful induction of
AP in rat models. As shown in Table 1, compared with
the control group, the concentration of plasma amylase
was significantly elevated in the AP group; however, this
elevation was markedly reduced by oxymatrine treat-
ment. In addition, after induction of AP, the D-lactic acid,
TNF-« concentration, serum DAQO and lipase activity,
and pancreatic MPO activity in the AP group were
significantly higher than those in the control group.
Compared with the AP group, these levels significantly
decreased in the oxymatrine group (Table 1, all P<0.05).

Histopathology and Morphometry of the Pancreas
and the Small Intestine

In the control rats, the histological features of the
pancreas were typical of a normal architecture (Fig. 1a).
Histological examination of pancreatic sections from AP
rats revealed a tissue damage characterized by edema,
inflammatory cell infiltrates, and acinar cell necrosis
(Fig. 1b). Treatment of AP with oxymatrine resulted in a
significant amelioration of pancreatic injury (Fig. 1c).
The ileal villous heights of the AP rats were significantly
shorter compared with those of the control and the
oxymatrine-treated rats, demonstrating the injurious
effects of AP and protective effects of oxymatrine on
the intestinal mucosa (Fig. 1d—g).
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Table 1. Effects of Oxymatrine in Rats with L-arginine-induced AP

Group

Parameter Control AP Oxymatrine
Amylase (U/L) 1,480+301 9,536+985* 3,250+£583%**
DAO activity (KU/L) 0.21+0.05 1.22+0.21* 0.55+0.13%**
D-Lactic acid (pg/ml) 2.87+0.5 8.74+0.42* 5.34+0.53%**
TNF-« (ng/L) 20.79+5.76 279.34+20.57* 54.01+15.92%**
Lipase (U/L) 1,980+287 3,996+501* 2,585+£198***
Pancreatic MPO (U/g) 9.5+1.8 43.1+6.6* 22.343,9%%%

Values are expressed as mean+=SEM (n=8)

DAO, diamine oxidase; TNF-«, tumor necrosis factor &; MPO, myeloperoxidase

*P<0.05 vs the control group; **P<0.05 vs the AP group

Effects of Oxymatrine on Pancreatic CD45
Expression

We examined the expression of CD45 in pancreas
by immunohistochemical staining. The photomicro-
graphs of the immunohistochemical localization of
CD45 in the pancreas are shown in Fig. 2. In the control
pancreases, immunohistochemical expression of CD45
was prominent in acini and isolated acinar cells
(Fig. 2a). The rats in the AP group exhibited a
remarkable decrease in CD45 expression (Fig. 2b).
However, oxymatrine treatment significantly reversed
this change in pancreas (Fig. 2c).

Effects of Oxymatrine on the Expression of Tight
Junction Associated Proteins in the Intestine

We examined ileal mucosa levels of claudin-1, ZO-
1, and occludin to determine whether there were differ-
ences among groups with respect to expression of tight
junction associated proteins. The photomicrographs of
immunohistochemical localization of claudin-1 in ileum
are illustrated in Fig. 3. Immunostaining of claudin-1
was mostly found in the membrane of epithelial cells
along the entire length of the plasma membrane, and
diffuse cytoplasmic staining was rarely observed. There
was an apparent reduction in claudin-1 expression in
tissues from AP group rats. However, after oxymatrine
treatment, claudin-1 immunostaining was markedly
increased in the intestine. The cellular localization of
Z0-1 and occludin proteins had the same appearance as
that of claudin-1. There was no significant difference in
Z0O-1 and occludin expression in ileum among the three
groups (data not shown).

In order to further determine the expression of
claudin-1, ZO-1 and occludin in ileal mucosa, messenger
RNA (mRNA) and protein levels of these genes were

measured by quantitative real-time RT-PCR and Western
blot analysis, respectively. The mRNA level of claudin-1
in the intestine was significantly decreased at 24 h after
the induction of AP. However, rat receiving oxymatrine
demonstrated a significant elevation of claudin-1 mRNA
level in the intestine. There were no significant differ-
ences of ZO-1 and occludin mRNA levels in the
intestine among the three groups (Fig. 3d). Meanwhile,
changes observed by Western blot analysis were in
accordance with the findings in the quantitative real-time
RT-PCR study (Fig. 3e).

DISCUSSION

Elevated serum amylase activity is a good marker
for AP [25]. In the present study, the plasma amylase
activity in the AP group was significantly higher than in
the control group, indicating the successful induction of
AP rat model. However, the plasma amylase activity was
markedly decreased after oxymatrine treatment, suggest-
ing a protective effect of oxymatrine against AP. It has
been suggested that the activity of DAO is closely
associated with villi height, nucleic acid, and protein

Fig. 1. Morphological changes of the pancreas and the small intestine
stained with H&E. No histological alteration was observed in the pa-
ncreas collected from the control group (a). Histological examination
(at 24 h after AP) of pancreatic sections from pancreatitic rats revealed
edema and acinar cell necrosis, as well as inflammatory cells infiltra-
tion, and an important alteration of the pancreas was also present (b). A
significant less histological alteration of the pancreas tissue was obse-
rved in pancreatitic rats, which received oxymatrine treatment (c). R-
epresentative H&E-stained section of the intestine was examined by
light microscopy in the control rats (d), in the pancreatitic rats (e), and
in the pancreatitic rats that received oxymatrine treatment (f). Original
magnification, x 400. g Villous height was measured in different gro-
ups. *P<0.05 vs the control group and *P<0.05 vs the AP group.

>
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Fig. 2. Pancreatic expression of CD45 protein in rats from the control group (a), the AP group (b), and the oxymatrine group as ascertained by

immunohistochemistry. Original magnification, x 400.

synthesis of intestinal mucosal cells, and the high
activity of plasma DAO indicates the impairment degree
of the intestine [29, 30]. In the present study, we
observed that the level of plasma DAO was increased
markedly, and this elevation indicated that the intestine
mucosal barrier function was damaged in AP rats.
Furthermore, oxymatrine treatment significantly dimin-
ished the increase in plasma DAO activity in AP rats.
However, the level of plasma DAO in oxymatrine-
treated rats was still higher than in the control rats,
suggesting that even if treatment of oxymatrine could
lower plasma DAO level, it could not reverse the trend
of mucosa injury.

Accumulating evidence indicates that activated
pancreatic macrophages release proinflammatory cyto-
kines, such as interleukin (IL)-1, IL-6, and TNF-« in
response to local tissue damage in different AP animal
models. These cytokines may act not only locally to
aggravate AP but also both locally and systemically to
increase the capillary permeability and promote leuko-
cyte adherence and extravasation [31, 32]. In the present
study, we consistently found that TNF-o« plasma level
was elevated following AP induction. Various published
data have demonstrated that oxymatrine suppresses

TNF-« in rats with traumatic brain injury, dextran
sulfate sodium-induced colitis, and intestinal I/R injury
[19, 22, 33]. In addition, oxymatrine has been reported
to inhibit the quartz-induced secretion of TNF-o by
pulmonary alveolar macrophages, thereby antagonizing
the damage effect of quartz on the membrane of alveolar
macrophages [34]. However, despite the anti-inflamma-
tory effect of oxymatrine, there have been no previous
reports linking oxymatrine with decreased inflammatory
cytokines in AP model. We investigated this possibility
in the present study and have demonstrated that oxy-
matrine decreased TNF-« in rats with L-arginine-
induced AP. CD45, formerly called leukocyte-common
antigen, is an abundant transmembrane glycoprotein
expressed on the surface of all nucleated hematopoietic
cells and their precursors. Traditionally, it has been
identified as a leukocyte-specific receptor-like protein
tyrosine phosphatase that plays an important role in
regulating immune responses [35]. De Dios ef al. have
reported the down-regulation of CD45 in acinar cells
during AP at both mRNA and protein level [36]. In the
present study, we consistently observed the down-
regulated pancreatic expression of CD45 in the AP rats,
as evidenced by the immunohistochemical staining.
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Fig. 3. The expression of claudin-1, zonula occludens-1 (ZO-1) and occludin in intestinal tissues. (a) Immunohistochemical staining of claudin-1
intestinal tissues from the control group (a), the AP group (b), and the oxymatrine group (c¢) at 24 h after the animal model was established.
Quantitative real-time RT-PCR analysis mRNA levels of claudin-1 in different groups. *P<0.05 vs the control group and *P<0.05 vs the AP group
(d). Western blot analysis of protein levels of claudin-1 in different groups (e). Representative blots are shown, and protein size is expressed in kDa.

However, this change was attenuated by oxymatrine
treatment. Collectively, our data suggest that the protec-
tive effect of oxymatrine against AP may be mediated, at
least in part, by the elevation of CD45 and the inhibition
of inflammatory cytokines.

The intestinal epithelium forms a relatively imper-
meable barrier between the lumen and the submucosa.
The function of this barrier is to prevent toxins in the
lumen from spreading to distant tissues and organs, and
the disruption of the intestinal barrier is known to be a
predisposing factor for bacterial translocation during AP
[37]. D-Lactate is the indigenous metabolic product of

intestinal resident flora. Hence, measurement of elevated
plasma D-lactate level may be useful for assessing the
intestinal barrier injury [38]. In the present study,
increased plasma D-lactate level was observed at 24 h
after the induction of AP, indicating the intestinal barrier
injury in AP rats. Furthermore, we found that oxy-
matrine decreased plasma D-lactate level in rats with
L-arginine-induced AP, which suggests that oxymatrine
may ameliorate the AP-induced intestinal barrier injury.
The intestinal barrier function is maintained by a
complex of proteins composing the tight junction that
is located at the subapical aspect of the lateral
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membranes. The tight junction consists of numerous
proteins, such as claudin-1, ZO-1, and occludin [39].
Previous studies have clearly demonstrated that these
proteins are involved in the regulation of paracellular
permeability. In this study, we found that the expression
of claudin-1, but not ZO-1 and occludin, was signifi-
cantly reduced in the intestinal tissues from L-arginine-
induced AP rats. These results are consistent with
previous findings from Yasuda et al. showing that ZO-1
and occludin were not changed but that apoptosis of
intestinal epithelial cells was accelerated in an experimental
AP model [40]. One of the major findings of our
study is that claudin-1 was down-regulated in the
intestinal tissues after 24 h induction of AP, and this
reduction was reversed by oxymatrine, which suggests
that down-regulation of claudin-1 is involved in the
AP induced intestinal barrier injury, and oxymatrine
may attenuate this barrier injury partly by up-regulation of
claudin-1. However, the precise mechanism by which
oxymatrine up-regulates claudin-1 in AP needs to be
further studied.

In conclusion, our results demonstrated that oxy-
matrine is potentially capably of protecting against L-
arginine-induced AP and attenuating AP-associated
intestinal barrier injury by up-regulation of claudin-1.
The findings of this study suggest that intervention with
oxymatrine is worthy of more detailed experimental and
clinical evaluation in AP.
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