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Abstract
Oxymatrine (OMT) plays a significant role in chemical agents induced intestinal injury. However, its functional role in L-
arginine (Arg) induced acute pancreatitis (AP) following intestinal injury and the corresponding molecular mechanism are
unclear to our knowledge. We investigate OMT function in Arg induced AP following intestinal injury in vivo and vitro.
OMT (4 mg/ml) decreased Arg (from 100 to 600 µM) induced IEC-6 cells growth in dose-dependent manner and inhibited
Arg induced the increase of pAKT, bcl2, and the decrease of Bax. Meanwhile, OMT inhibited Arg (600 µM) induced the
increase of pro-inflammatory cytokines TNF-a, IL-6, IL-1β, and NFkBp65 and the decrease of anti-inflammatory cytokine
IL-10 expression. Moreover, the change of tight junction proteins claudins 1–4 expression induced by Arg was also reversed
by OMT. Consistent with the results in vitro, OMT (50 mg/kg) inhibited Arg (250 mg/100 g) induced AP following
intestinal injury in vivo. In detail, OMT resisted Arg induced inflammatory histology of both pancreas and intestine and
inhibited Arg induced the change of pAKT, Bax, bcl2, TNF-a, IL-6, IL-1β, IL-10, NFkBp65, claudin 1–4 expression.
Moreover, OMT inhibited Arg induced NFkBp65 and ICAM-1 expression in vivo by IHC. Oxymatrine improves Arg-
induced acute pancreatitis following intestinal injury via inhibiting AKT/NFkB and claudins signaling.
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Abbreviations
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qRT-PCR Real-time PCR
WB Western Blot
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Introduction

Acute pancreatitis (AP) is a potentially serious disease
characterized by intrapancreatic activation of multiple pro-
teases and inflammatory reactions in the pancreas and
intestine (Chen et al. 2017a, b). The integrity of intestinal
barrier is closely related to the degree of AP severity and the
origin of systemic inflammation (Chen et al. 2017a, b).
However, the pathogenesis of AP with inflammatory med-
iators (Mayer et al. 2000) and the disfunction of intestinal
barrier (Meriläinen et al. 2012) has not been fully elucidated
to our knowledge.

L-arginine (Arg) plays a significant role in protein
synthesis and cellular functions regulation, including
immune response, hormone secretion, and wound healing
(Visigalli et al. 2010). The Arg induced AP model in rats
has been successfully constructed in previous studies (Chen
et al. 2017a, b; Zhang et al. 2012). Meanwhile, our previous
first study showed oxymatrine (OMT) reversed Arg induced
AP in vivo (Zhang et al. 2012). OMT (Fig. 1), as an alkaloid
compound extracted from the root of Sophora flavescens
Ait, has exhibited various pharmacological activities,
including antiviral (Ma et al. 2013), anti-fibrosis (Liang
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et al. 2010), anti-inflammation (Wen et al. 2014), immune
regulation (Chai et al. 2012), anti-proliferation (Yao and
Wang 2014), and antitumor activities (Li et al. 2017).
Recently, increasing studies focus on the anti-inflammatory
effects of OMT in vitro and vivo (Guzman et al. 2013). For
example, OMT is related to the TLR4/MyD88/NF-κB sig-
naling pathway in pancreatic microvascular endothelial
cells can alleviate inflammatory responses (Lu et al. 2017).
OMT protects against DSS-induced colitis involving PI3K/
AKT signaling pathway in BALB/c mice (Chen et al.
2017a, b); OMT improves intestinal epithelial barrier
function via NFkB-mediated signaling in CCl4-Induced
cirrhotic rats (Wen et al. 2014). However, the definite role
of OMT in AP caused disfunction of intestinal barrier has
been rarely reported to the best of our knowledge, which is
significant to reveal the new treatment for AP.

Materials and methods

Animals

Adult Wistar rats weighting from 250 to 300 g were pur-
chased from Beijing Vital River Laboratory Animal Tech-
nology (Beijing, China). Animals were maintained
according to institutional regulations in facilities approved
by the Animal Care Committee of China Medical Uni-
versity in accordance with Chinese government guidelines
for animal experiments.

Experimental protocol

As described in our previous study (Zhang et al. 2012), 24
rats were divided into three groups: control group (saline
treatment) (n= 8), AP group (Arg treatment) (n= 8), and
OMT group (Arg combining OMT treatment) (n= 8). Each
group comprised 10 rats. 250 mg/100 g Arg (Sigma, St.
Louis, MO, USA) as a 20% solution in 0.15M physiolo-
gical saline was gave (i.p) at an interval of 1 h in AP group.

The control group received an equal volume of 0.15M
physiological saline at the same time points. Arg induced
AP rats received (i.p) 50 mg/kg OMT (Abcam, Cambridge,
UK) every 6 h (OMT group). All rats were killed at 48 h, the
pancreas and 5 cm of terminal ileums were removed for the
late hematoxylin-eosin (HE), immunohistochemistry (IHC),
PCR, and western blot (WB) assays.

Cell culture and treatment

The non-transformed rat small intestinal IEC-6 cells (Bena
Culture Collection, Beijing, China) were cultured as pre-
viously described (Jobin et al. 1997). Cells were plated in 6-
well/96-well plates for late PCR, WB, and MTT assays with
Arg (600 µM) or OMT (4 mg/ml) treatments as described in
result section and previous study (Guzman et al. 2013).
Cells were starved for 2 h with serum-free mediua prior to
Arg or OMT incubation.

Morphological examination

Ileums specimens were stained with HE and blindly
examined under microscopy. As described previously
(Howarth et al. 1996), a total score was derived from the
sum of 11 histologic criteria, including villus fusion and
stunting, surface enterocytes, damage of the brush border,
decrease in the number of goblet cells, crypt loss, archi-
tectural disruption, injury of crypt cells, crypt abscess for-
mation, infiltration of polymorphonuclear cells and
lymphocytes, dilatation of lymphatics and capillaries, and
thickening and edema of the submucosal and muscularis
external layers. Each histologic variable was evaluated by
three professional pathologists and scored from 0 (normal)
to 3 (maximal damage) to finally give a maximum possible
33 scores for each intestinal sample.

MTT assays

IEC-6 cells growth under the various doses of Arg was
detected by MTT. Briefly, IEC-6 cells were harvested,
counted, and then seeded into 96-well plates at the density
of 6000 viable cells per well overnight. After starvation (2
h), Arg were added to the mediua with various con-
centrations and time shown in the “Results Section”. Fif-
teen microliter of MTT (5 mg/ml in PBS, Sigma) was
added and the cells were incubated for 4 h at 37 °C. The
mediua was then removed and 100 µl of dimethyl sulph-
oxide (Sigma) was added to each well for 20 min. Per
experiment group at a wavelength of 570 nm in an ELISA
96-well microtiter plate reader (BIORAD680, USA).
Experiments were performed in triplicates, and data were
presented as the percentage of treated cells compared with
control cells.

Fig. 1 Oxymatrine (matrine oxide, matrine N-oxide, matrine 1-oxide)
is one of many quinolizidine alkaloid compounds extracted from the
root of Sophora flavescens, a Chinese herb (Ku Shen in Chinese). Its
IUPAC Name: (7aS,13aR,13bR,13cS)dodecahydro-1H,5H,10H-
dipyrido[2,1-f:3′,2′,1′-ij][1,6]naphthyridin-10-one 4-oxide
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Real-time PCR

Total RNA was extracted from IEC-6 cells and intestinal
tissue samples with or without Arg (600 µM) and OMT (4
mg/ml) treatments using TRIZOL reagent under the man-
ufacturer’s instruction (Takara Bio, Otsu, Japan). For qRT-
PCR in vitro, the control group received 0.15M physiolo-
gical saline for 4 days; AP group received 600 µM Arg for
4 days; OMT group received 600 µM Arg for 4 days
combining with OMT (4 mg/ml) treatment for the last
2 days. For qRT-PCR in vivo, RNA from intestinal tissues
was extracted from control, AP and OMT groups, respec-
tively. cDNA was synthesized from total RNA by using the
Expand Reverse Transcriptase Kit (Thermo). The expres-
sion of target genes was analyzed in a Light Cycler 2.0 kit
(Takara). The conditions were as follows: 95 °C for 30 s, 40
cycles of 95 °C for 5 s, and 60 °C for 30 s. The primers were
summarized in Table 1. DdH2O was used as a negative
control. Quality of the PCR products was monitored by
post-PCR melt-curve analysis. The expression of these
target genes was quantified using the 2-△Ct (△Ct
=△Ctarget gene-△CGAPDH) method. Each experiment was
repeated three times.

Western blot

Total protein lysates were prepared from IEC-6 cells and
intestinal tissues with or without Arg (600 µM) and OMT
(4 mg/ml) treatments. For WB in vitro, the control group
received 0.15M physiological saline for 4 days; AP group
received 600 µM Arg for 4 days; OMT group received 600
µM Arg for 4 days combining with OMT (4 mg/ml) treat-
ment for the last 2 days. For WB in vivo, protein from
intestinal tissues was extracted from control, AP, and OMT
groups, respectively. Samples were loaded onto 10% SDS-
polyacrylamide gels, transferred to polyvinylidene difluor-
ide membranes (Millipore Corp, Bedford, MA, USA) and
incubated with primary NFkBp65 (Cell Signaling Tech-
nology, Beverly, MA, USA), IkBa (Cell Signaling Tech-
nology), pAKT (Cell Signaling Technology), AKT(Cell

Signaling Technology), Bcl2 (Proteintech, Chicago, IL,
USA), Bax (Proteintech), claudins 1–4 (Abcam, Cam-
bridge, UK) and GAPDH (Proteintech) antibodies overnight
at 4 °C. Membranes were incubated with horseradish
peroxidase-conjugated monoclonal secondary antibody
(Santa Cruz) at room temperature for 1.5 h, respectively.
Immunoreactive protein bands were visualized with an ECL
kit (Millipore, Bedford, MA, USA). Each experiment was
repeated three times.

Immunohistochemistry

Immunohistochemistry (IHC) was performed as described
previously (Zhang et al). Formalin-fixed, paraffin-
embedded 4 μm thick intestinal sections were treated
with freshly prepared 3% H2O2 in methanol avoiding light
for 30 min at room temperature. Nonspecific antibody
binding was then blocked using a specific blocking
reagent for 20 min. NFkBp65 and ICAM-1 (intercellular
cell adhesion molecule 1, ICAM-1) (Abcam) antibodies
were incubated overnight at 4 °C. The corresponding
secondary antibodies were incubated at room temperature
for 30 min. Reaction products were visualized by incu-
bation with 3,3′-diaminobenzidine and then counter-
stained with hematoxylin. Staining intensity was scored as
0 (negative), 1 (weak), 2 (medium), and 3 (strong). Extent
of staining was scored as 0 (0%), 1 (1–25%), 2 (26–50%),
3 (51–75%), and 4 (76–100%) according to the percentage
of the carcinoma involved area that was positively stained.
The final staining scores were determined by three pro-
fessional pathologists.

Statistical analysis

Statistical analysis was performed using SPSS software,
version 13.0 (SPSS, Chicago, IL, USA). The differences of
MTT assays were compared through paired sample t-test.
The differential expression of target proteins in IHC ana-
lysis were compared using paired sample non-parametric
test. The differences of qRT-PCR and WB analysis were
expressed as mean ± SE and compared using Student’s t-
test. A value of P < 0.05 indicated statistic significant.

Results and discussion

OMT inhibits Arg-induced cell growth, inflammation
and disregulation of tight junction claudins in vitro

MTT showed that Arg enhanced cell growth in does-
dependent and time-dependent manner (P < 0.05). As the
increasing concentration and the prolonging action time,
absorbance (OD) exhibited significantly increase, especially

Table 1 Prime sequence for target genes

Gene Sense/antisense Sequences

TNF-a Sense 5′ CACCACGCTCTTCTGTCTACTG 3′
Antisense 5′ AGATAAGGTACAGCCCATCTGC 3′

IL-6 Sense 5′ CCCCAATTTCCAATGCTCTCC 3′
Antisense 5′ CGCACTAGGTTTGCCGAGTA 3′

IL-1β Sense 5′ GGGCCTCAAAGGAAAGAATC 3′
Antisense 5′ TACCAGTTGGGGAACTCTGC 3′

IL-10 Sense 5′ CCTGGTAGAAGTGATGCCCC 3′
Antisense 5′ GATGCCGGGTGGTTCAATTT 3′
Antisense 5′ TGACCTCAAACTTGGCAATACTC 3′

GADPH Sense 5′ CATGAGAAGTATGACAACAGCCT 3′
Antisense 5′ AGTCCTTCCACGATACCAAAGT 3′
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in 600 µM of Arg following 4 days (P < 0.01) (Fig. 2a).
However, OMT (4 mg/ml) significantly inhibited Arg
induced cell growth in Arg-does dependent manner (P <
0.05) (Fig. 2b). Based on above results, we used the same
situation for late PCR and WB assays.

Arg (600 µM) significantly increased pAKT, Bcl2 and
NFkBp65 but decreased Bax expression. However, OMT
reversed Arg induced change of above proteins. It indicated
that OMT inhibits Arg-induced cell growth via AKT and
Bcl2/Bax pathway (Fig. 2c). Meanwhile, Arg significantly
induced claudin 2 but inhibited claudin1, 3, and 4 protein
expressions. OMT also reversed Arg induced change of
above proteins (Fig. 3c).

qRT-PCR showed that Arg (600 µM) significantly
induced pro-inflammatory cytokines TNF-a, IL-6, and IL-
1β and inhibited anti-inflammatory IL-10 mRNA expres-
sion, respectively. However, OMT inhibited Arg induced
the change of TNF-a, IL-6, IL-1β, NFkBp65, and IL-10
expression (Fig. 3).

Histopathology and morphology of the pancreas
and the small intestine

We first found that Arg (250 mg/ml) successfully induced
varying degrees of AP following the disruption of the
intestinal barrier in eight rats.

Fig. 2 OMT inhibited Arg
induced cell growth and
inflammation in vitro. a Arg
induced cell growth in IEC-6
cells in dose-dependent manner.
b OMT inhibited Arg induced
cell growth in Arg dose-
dependent manner. c The protein
levels of NFkBp65, IkBa,
pAKT, AKT, Bcl2, Bax and
claudin 1-4 in the control, AP
and OMT groups in vitro by WB
assays. Bars indicate ± S.E. *P
< 0.05; **P < 0.01 compared
with the control. OMT,
oxymatrine; Arg, L-arginine;
AP, acute pancreatitis; WB,
western blot
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The control group exhibited the normal histological
features of the pancreas (a normal architecture filled with
acinar cells) (Fig. 4a). AP group revealed a tissue damage
characterized by edema, inflammatory cell infiltrates, and
acinar cell necrosis (Fig. 4a). However, AP with OMT
treatment exhibited a significant amelioration of pancreatic
injury (low inflammatory cell infiltrates and relative com-
plete acinus morphology) (Fig. 4a).

Histological examination of intestinal tissue from the
control group rats revealed normal mucosal architecture
with similar histologic scores (Fig. 4b, c). A representative
photograph from the AP group rats showed significant
histologic injury to the intestinal mucosa with denuded villi,
disintegration of the lamina propria, exposed capillaries,
and neutrophil and macrophage infiltration (Fig. 4b, c).

Histological examination of intestinal tissue from the OMT
group rats revealed only capillary congestion and mild
epithelial lifting from the lamina propria (Fig. 4b, c).

Taking together, OMT attenuates Arg induced pancreatic
and intestinal damage.

OMT inhibits Arg-induced inflammatory and the
change of pAKT, bcl2/bax, and claudins expression
in vivo

The significant increase of TNF-a, IL-6, and IL-1β and the
decrease of IL-10 mRNA levels was shown in intestinal
tissues in AP group compared with the control group.
However, OMT reversed the change of above inflammatory
cytokines induced by Arg (Fig. 5).

Fig. 3 The mRNA levels of TNF-a, IL-6, IL-10, and IL-1β in the
control, AP and OMT groups in vitro by qRT-PCR assays. Bars
indicate ± S.E. *P < 0.05 compared with the control. OMT, oxyma-
trine; Arg, L-arginine; AP, acute pancreatitis

Fig. 4 The inflammatory histologic changes of pancreas and intestine
in control, AP, and OMT groups, respectively. a Pancreatic histo-
pathology in the in control, AP, and OMT groups (×200). b Intestinal
histopathology in the intestine in control, AP and OMT groups (×200).

c Histopathologic scoring of intestinal injury was plotted in control,
AP, and OMT groups. Bars indicate ± S.E.*P < 0.05; **P < 0.01
compared with the control

Fig. 5 The mRNA levels of TNF-a, IL-6, IL-10, and IL-1β in control,
AP and OMT groups in vivo by qRT-PCR assays. Bars indicate ± S.E.
*P < 0.05 compared with the control. AP, acute pancreatitis; OMT,
oxymatrine. OMT, oxymatrine; Arg, L-arginine; AP, acute pancreatitis
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Meanwhile, the significantly increase of NFkBp65,
pAKT, Bcl2 and the decrease of bax protein levels in
intestinal tissues was shown in AP group compared
with control group, which was reversed by OMT treatment
(Fig. 6).

Claudin family is the key member of the tight junction
proteins, which plays a significant role in maintenance of
the epithelial barrier function. Consistent with the results
in vitro, Arg significantly induced claudin 2 but inhibited
claudin 1, 3, and 4 protein expression. However, OMT
reversed the change of claudins expression induced by
Arg (Fig. 6), which indicated that OMT inhibited Arg-
induced AP related intestinal injury involving claudin
signaling.

OMT inhibits Arg-induced NFkBp65 and ICAM-1
expression in vivo by IHC

NFkBp65 was localized in both cytoplasm and nuclear in
intestinal tissue, while ICAM-1 was mainly localized in the
cytoplasm (Fig. 7).

AP group showed significantly increase of NFkBp65 and
ICAM-1 expression in intestinal tissues compared with
control group (P < 0.01; P < 0.01, respectively). However,
OMT partially reversed Arg induced NFkBp65 and ICAM-
1 expression (P < 0.05; P < 0.05, respectively) (Fig. 7),
which were consistent with the results in vitro.

OMT has been reported to provide a protective effect in
agents-induced liver, heart, brain and intestinal injury of

Fig. 6 OMT inhibited Arg-induced inflammation in vivo. The protein
levels of NFkBp65, pAKT, Bcl2/Bax, and claudins 1–4 in control, AP
and OMT groups in vivo by WB assays. Bars indicate ± S.E. *P <

0.05; **P < 0.01 compared with the control. OMT, oxymatrine; Arg,
L-arginine; AP, acute pancreatitis
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various animal models (Wen et al. 2014; Hong-Li et al.
2008; Fan et al. 2008). However, the role of OMT in Arg
induced AP following intestinal barrier injury has been
rarely reported to our knowledge. In current study, OMT
reverses Arg induced AP following intestinal barrier in vitro
and vivo.

Accumulating evidence indicates that pro-inflammatory
cytokines are released from activated pancreatic macro-
phages in different AP animal models (Norman 1998).
OMT mediated Arg induced AP resulted in a significant
amelioration of histologic injury of pancreas in current
study. Taking together with our previous study (Zhang et al.
2012), OMT inhibits Arg induce AP via inhibiting pro-
inflammatory cytokines release, which was consistent with
previous study (Yılmaz et al. 2016).

Disfunction of intestinal bacterial including increased
mucosal permeability, reduced bowel motility, and impaired
host defenses, have been identified as possible causes for
bacterial translocation and the severity of AP (Lu et al.
2017). We first found that OMT inhibited Arg induced cell
growth and inflammation in vitro accompanied by the
change of pAKT, bcl2, TNF-a, IL-6, IL-1β, NFkBp65, Bax,
and IL-10 expressions. Though above results in vitro have
not been reported yet to our knowledge, increased levels of
TLR4, MyD88, and NF-κB p65 induced by LPS stimula-
tion, are significantly inhibited by OMT pretreatment in
MS1 cells (Lu et al. 2017). OMT also inhibits LPS-induced
pro-inflammatory (Cxcl2, TNF-a, and IL-6) cytokines
expression in IEC-6 cells (Guzman et al. 2013).

Consistent with the results in vitro, OMT inhibited Arg
induced AP caused intestinal injury in vivo. OMT also act

as a protective role in other agents-induced intestinal injury.
OMT improves intestinal barrier function via NFkB-
mediated signaling pathway in cirrhosis-associated intest-
inal mucosal damage (Wen et al. 2014). OMT protects
against DSS-induced colitis via inhibiting the PI3K/AKT
signaling pathway (Chen et al. 2017a, b). OMT attenuates
intestinal ischemia/reperfusion injury in rats via inhibiting
TNF-α and phosphorylated p38/MAPK signaling (Zhao
et al. 2008). OMT prevents intestinal inflammation through
blockade of IL-6 and IL-1b in vivo (Guzman et al. 2013).
ICAM-1, as a significant inflammatory mediator in colonic
epithelial cells, was activated by Arg. However, OMT
reversed Arg induced ICAM-1 overexpression in current
study. TNF-a, IL-6, IL-10, and ICAM-1 are closely regu-
lated by the key inflammatory mediator of NFkB (Wang
et al. 2011; Santos et al. 2016; Al-Hanbali et al. 2009).
Meanwhile, a strong biological-link between NFkB and the
AKT pathway in inflammatory modulation is shown in a lot
research (Hussain et al. 2012; Han et al. 2017). Thus, we
conclude that OMT improves Arg-induced AP related
intestinal injury involving AKT/NFkB signaling.

Finally, OMT reversed Arg induced change of claudin 1–
4 levels in vitro and vivo. The channel and barrier functions
of claudins have been well studied previously (Günzel and
Yu 2013; Krug et al. 2014). Intestinal injury caused clau-
dins dysregulation is involved both in expression changes
and different distributions (Barmeyer et al. 2015). For
example, the increase of claudin 1 and 2 and the decrease of
claudin 3 and 4 are shown in ulcerative colitis (Oshima et al.
2008; Poritz et al. 2011; Weber et al. 2008; Prasad et al.
2005; Thuijls et al. 2010). A close interaction between

Fig. 7 NFkBp65 a and ICAM-1 b expression in intestine of control, AP and OMT groups by IHC assays. OMT, oxymatrine; Arg, L-arginine; AP,
acute pancreatitis; IHC, immunohistochemistry
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claudins and NFkB-mediated inflammatory response is well
investigated. NFkB-dependent decrease in the Sox18-
Claudin 5 axis is essentially involved in the disruption of
human endothelial cells barrier integrity associated with
LPS-mediated acute lung injury (Gross et al. 2017). The
increasing claudins expression was dependent on NFkB
activation in gastric AGS cancer cells (Chavarría-Velázquez
et al. 2018). Meanwhile, claudin 5, 7, and 18 suppress
proliferation via inhibiting pAKT in human lung squamous
cell carcinoma (Akizuki et al. 2017). Claudin-3 over-
expression in promoting the malignant potential of color-
ectal cancer cells, which is potentially regulated by the
EGF-activated ERK1/2 and PI3K-Akt pathways (De Souza
et al. 2013). Taking together, OMT might inhibit Arg-
induced AP following intestinal injury by AKT/NFkB
mediated claudin activity.

Conclusions

We first find that OMT inhibits Arg induced AP and
intestinal injury in vitro and vivo via regulating AKT/NFkB
and claudins signaling. Various signaling pathways (TGF-
β1/Smad3, JNK/MAPK, TLR4 signaling, and COX-2/
PGI2) are associated with OMT function in ischemia
reperfusion injury. However, the corresponding molecular
mechanism is poorly understood and should be investigated
in our future study.
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