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Severe acute pancreatitis (SAP) is normally related to multiorgan dysfunction and local complications.
Studies have found that local pancreatic renin-angiotensin system (RAS) was significantly upregulated
in drug-induced SAP. The present study aimed to investigate the effects of angiotensin Il receptors
inhibitor valsartan on dual role of RAS in SAP in a rat model and to elucidate the underlying
mechanisms. 3.8% sodium taurocholate (1 ml/kg) was injected to the pancreatic capsule in order for
pancreatitis induction. Rats in the sham group were injected with normal saline in identical locations.
We also investigated the regulation of experimentally induced SAP on local RAS expression in the
pancreas through determination of the activities of serum amylase, lipase and myeloperoxidase,
histological and biochemical analysis, radioimmunoassay, fluorescence quantitative PCR and Western
blot analysis. The results indicated that valsartan could effectively suppress the local RAS to protect
against experimental acute pancreatitis through inhibition of microcirculation disturbances and
inflammation. The results suggest that pancreatic RAS plays a critical role in the regulation of
pancreatic functions and demonstrates application potential as AT1 receptor antagonists. Moreover,

other RAS inhibitors could be a new therapeutic target in acute pancreatitis.

Key Words: ICAM-1, MDA, P-selectin, Renin-angiotensin System, Severe acute pancreatitis

INTRODUCTION

Acute pancreatitis (AP), a pancreatic inflammatory dis-
ease, is one of the most catastrophic upper abdominal dis-
orders [1-6]. The incident rate of this inflammatory disease
is about 150 to 420 and 700 to 800 per million/year in
United Kingdom and United States, respectively, whereas
it ranges from 106 to 205 per million/year in Japan [7].
AP is associated with parenchymaledema, tissue necrosis,
hemorrhage, and inflammatory cell infiltration [1-7]. Severe
acute pancreatitis (SAP) with a mortality approaching 30%
occurred in approximately 20% of the patients with AP be-
cause of multiorgan dysfunction and local complications [4,
6]. The recent studies evidenced that the pancreatic acinar
cell which secret the digestive enzymes into the gastro-
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intestinal tract could initiate of AP [8]. Activation of in-
tra-acinar enzyme results in increased levels of blood pan-
creatic enzymes, multiple organ failure, activation of in-
flammation and other immune responses [2,9-10]. Activation
of the exocrine enzymes, especially trypsin, induces various
activation of protease within the pancreas which would de-
grade lots of cellular protein and eventually result in pan-
creatic lesion [9,10]. In addition, the autoantigens in in-
jured cells trigger immune system, leading to the aseptic
inflammation of the pancreas, and eventually tissue dam-
age and necrosis [9,10]. Until now, although several studies
have paid attention to the pancreatitis pathophysiology, ef-
fective and ideal therapy has still not been demonstrated
for SAP. In clinical treatment, the aseptic inflammation-
mediated damage-associated molecular patterns (DAMPs)
could be prevented and controlled.

The classical renin-angiotensin system (RAS), a circulat-
ing hormonal system, is essential for blood pressure regu-
lation, extracellular fluid volume, absorption of electrolytes
and homeostasis [11-16]. A local function-independent RAS
in the pancreas without association in blood circulating hor-
mones bioavailability was previously proposed in the dogs,

ABBREVIATIONS: SAP, Severe acute pancreatitis; RAS, renin-angi-
otensin system; DAMPs, damage-associated molecular patterns;
ACE, angiotensin-converting enzyme; Ang II, angiotensin II; AT1R,
angiotensin II type 1 receptors; ROS, reactive oxygen species; SOD,
superoxide dismutase; MPO, myeloperoxidase; MDA, malondial-
dehyde; ICAM-1, Intercellular adhesion molecule-1; DMSO, dimethyl
sulfoxide; PBS, phosphate saline buffer.
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rodents and human [15,16]. Pancreatic RAS plays different
roles in the pancreatic physiology and pathophysiology reg-
ulation as recently reviewed [17]. For example, the pancre-
atic RAS may play a critical role for the regulation of pan-
creatic microcirculation and ductal secretion [18]. Overex-
pression of the local RAS components including angiotensi-
nogen, renin and angiotensin-converting enzyme (ACE) sug-
gest a potential role of the pancreatic RAS in AP [13-16].
ACE plays a role in converting angiotensinogen into angio-
tensin II (Ang II), a physiologically active product which
performs activity by binding mainly to its specific receptors
called angiotensin II type 1 receptors (AT1R) and angio-
tensin II type 2 receptors (AT2R) [13-16]. AT1 and AT2 re-
ceptor expression was mainly detected in blood vessels en-
dothelia and pancreatic ductal system epithelia, and at a
smaller intensity in acini [19,20]. As pancreatic micro-
circulatory changes like vasoconstriction, capillary stasis,
decreased oxygen tension, and progressive ischaemia were
demonstrated to occur in the early stage of AP, Ang II,
AT1R and AT2R are responsible for pancreatic micro-
circulatory regulation, which may in turn cause pancreatic
tissue injury in AP [21]. Therefore, pancreatic microcir-
culation in the local RAS plays an essential role in pancrea-
titis. Recent study also demonstrated the association and
the important role of RAS/vitamin D in the genesis or se-
verity of AP of 2 RAS polymorphisms with AP, which sug-
gest the ready potential for pharmacological manipulation
of this system using existing marketed agents [22]. Tsang
et al. [23] also showed the existence of an acinar RAS in
the pancreas of potential importance in the physiological
regulation of digestive enzyme secretion. The results sup-
ported that the differential actions of AT1 and AT2 re-
ceptors and their upregulation may have clinical relevance
to the pathogenesis and management of acute pancreatitis.

Moreover, Ip et al. supported that the potential mecha-
nisms of RAS-mediated oxidative stress in AP involved ROS
generation [24]. Apart from pancreatic microcirculation,
Ang II has biological function for the induction of in-
flammation in pancreas. For activation of RAS, Ang II-in-
duced increases in ROS levels, and then promotes the ex-
pression of proinflammatory cytokines [7]. Indeed, ROS can
promote leukocyte activation, cytokine production, and re-
sult in pancreatic microcirculation dysfunction [7]. For in-
stance, concentration of superoxide dismutase (SOD), an
antioxidative enzyme which converts superoxide radicals to
H-0; in pancreatic tissue, shows negative correlation with
lipid peroxidation products in the gland of rats with acute
pancreatitis [1]. Recent studies also have been proved that
the blood level of myeloperoxidase (MPO) is dependent on
the severity of AP and on cytokine blood levels. Additionally,
the level of malondialdehyde (MDA) is commonly used as
an indicator of ROS formation in AP [1]. Pancreatic in-
flammation leaded to sudden increase of MDA. As a result,
these suggest that RAS activation may relate to aseptic in-
flammation-mediated DAMPS [7,24]. Previous investigation
indicated that the local pancreatic RAS was upregulated
in experimental AP [11-16]. In other words, RAS inhibition
could reduce the effects of pancreatic inflammation and fib-
rosis, which casts a new insight on the role of the pancreatic
RAS in pancreatitis.

A hallmark of the inflammatory process in AP was leuco-
cyte infiltration into the pancreas, which may cause tissue
damage [7]. Leucocyte accumulation at inflammation loca-
tions is a multistep process mediated by expression of adhe-
sion molecules of the selectin and integrin families on leuco-

cytes and endothelial cells [7]. The study of Hartman et
al. revealed that P-selectin play a crucial role in neutrophil
rolling regulation and extravascular infiltration regulation
in AP [3]. In experimental pancreatitis, inhibiting P-selectin
protected against pancreatic tissue injury [3]. Targeting
P-selectin may be an effective way to reduce inflammation
in AP. However, the role of specific adhesion molecules in
mediating leucocyte accumulation in AP was not yet com-
pletely understood.

Neutrophil recruitment also plays an essential role in in-
flammatory responses development in AP [25]. A number
of adhesion molecules and inflammatory mediators are in-
volved in the rolling, adhesion, and transmigration mecha-
nisms. Intercellular adhesion molecule-1 ICAM-1), a glyco-
protein which mainly expressed on the surface of endothe-
lial cells, has been demonstrated to play a vital role in the
development of AP [25]. The recent research showed that
the expression of ICAM-1is significantly upregulated in the
serum of AP patients and in the pancreas of mice with caer-
ulein-induced AP [25].

Angiotensin II AT1 receptor blocker valsartan is non-
peptide competitive antagonist that is mediated by highly
selective blockage of AT1 receptors, which causes the most
detrimental effects of Ang II [26-28]. The specificity of an-
tagonism of ATI receptors is greater about 20,000 times
than that of AT2 receptors [29]. Due to AT 1 receptor block-
age, Ang II level rises and overactivation of AT2 receptors
occurs, which promotes apoptosis, inhibits proliferation and
hypertrophy, inhibits release of aldosterone, improves ven-
tricular and vascular remodeling, improves apotassium-spar-
ing and natriuretic activity, and improves vascular tone
through vasodilation [26-29]. Valsartan is widely used in
treatment of and preventing high blood pressure, coronary
heart diseases, and other vascular mediated diseases be-
cause of many advantages of using valsartan such as high
safety, high efficacy, high tolerability, long action time but
few side effects which have been supported by clinical in-
vestigation [24]. For instance, recent studies indicated that
pulmonary injury with valsartan ameliorated bleomycin in-
duction, hepatic fibrosis with carbon tetrachloride induction,
tubulointerstitial fibrosis with 5/6 nephrectomy induction,
and Dahl salt-sensitive induced concentric left ventricular
hypertrophy in rats by decreased TGF-b1 production. In the
present study, we aimed to examine the effects of valsartan
on the dual role of RAS in SAP in a rat model and elucidate
the underlying mechanisms [26]. The results showed that
valsartan could activate the local RAS to protect against
experimental acute pancreatitis, according to inhibition of
microcirculation disturbances and inflammation. Thus pan-
creatic renin-angiotensin system was supported to play a
vital role in pancreatic functions regulation and the poten-
tial application of AT1 receptor antagonists and other RAS
inhibitors could be a new therapeutic target in acute pan-
creatitis.

METHODS
Materials

Sodium taurocholate and valsartan were purchased from
Sigma. The kits for detection of serum amylase (AMY), ma-
londialdehyde (MDA), and myeloperoxidase (MPO) were ob-
tained from Nanjing Jiancheng Bioengineering Institute.
Angiotensin (Ang II) ELISA kit was acquired from Wuhan
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ColorfulGene Biological Technology Co.,LTD. Moreover, the
primers of ICAM-1 were synthesized by Invitrogen Biotech-
nology Co.,LTD. The FITC labeled P-selectin antibodies
were obtained from Beijing Biosynthesis Biotechnology Co.,
Ltd.

Animals and animal procedures

Male Wistar rats with SPF class were provided by Hubei
Provincial Center For Disease Control and Prevention,
China. The Wistar rats were randomly divided into 3
groups (n=18 for each group) consisting of sham operation
(SO) group, SAP group (SAP-induced), valsartan treatment
group (SAP induced plus valsartan treatment; SAP+V).
Average weight of them in experiment was about 200~ 250
g. Anesthesia was showed with intraperitoneal injection of
10% chloral hydrate 3 ml/kg. The investigation conforms
with the Guide for the Care and Use of Laboratory Animals
published by the US National Institutes of Health (NIH
Publication No. 85~23, Revised 1985), and has been ap-
proved by the Animal Care and Use Committee, Fifth
Hospital of Wuhan.

Model induction procedure

Wistar rats were fasted for 12 h and prevented drinking
for 4 h before the operation. Laparotomy was performed
through a midline incision. A microaneurysm clip was
placed around the common biliopancreatic duct which entry
into the duodenum in the attempt to prevent reflux of en-
teric contents into the duct. After preparation of a 1-ml
U-40 insulin syringe with a 28-gauge, 1/2-inch microfine
intravenous needle, 1 ml/kg 5% sodium taurocholate (Sigma,
St. Louis, MO, USA) was slowly infused into the common
biliopancreatic duct at a volume of 2.0 ml/kg at 0.1 ml/min.
After several minutes, the pancreatic tissue would become
dark purple, swell, and bleed locally and then the abdomi-
nal organs were gently repositioned, and the peritoneal cav-
ity was douched with about 2 ml/kg of normal saline. The
abdominal wall was sutured in the end.

Valsartan was dissolved in DMSO (dimethyl sulfoxide)
before use. In the SAP group, 10% DMSO soulution (2
ml/kg) was injected into the femoral vein of rats. In the
valsartan treatment group, injection of constant volume of
10% DMSO solution with valsartan (5 mg/kg) was also per-
formed in rats after SAP induction for 30 min. In the SO
group, laparotomy was performed after anesthesia and then
the abdomen was closed after flipping the pancreas. After
30 min, 2 ml/kg 10% DMSO solution was injected into femo-
ral vein of these rats. The animals were sacrificed 3 h, 6
h and 12 h after surgery respectively (n=6 for each group
per each time). The ascitic fluid volume was recorded.
Moreover, blood samples were drawn into tubes without an-
ticoagulant (for preparation of serum). Then, the whole
blood was put at room temperature for approximately 1 h.
Centrifugation was then performed to get the serum
fraction. Serum aliquots were stored frozen at —20°C until
analysis. The pancreatic tissues were removed and immedi-
ately frozen in liquid nitrogen and then stored at —80°C
until assay. Portions of this organ were also fixed in paraf-
ormaldehyde for histological examination.

Histopathologic analysis

A part of the pancreas including the main pancreatic duct

from the same anatomical location in each rat was fixed
in 4% paraformalin for 24 h and embedded in paraffin.
Hematoxylin and eosin (H&E) were used to stain each par-
affin section to examine each pancreas. According to scores
for histological examination summed by Schmidt et al., the
tissues were scored with respect to edema, acinar necrosis,
inflammatory infiltrate, hemorrhage, fat necrosis and peri-
vascular inflammation in 20 fields [30].

Determination of serum amylase (AMY) and pancreas-
specific serum lipase

AMY level in serum and lipase level were determined by
Starch-iodine assay and nephelometry respectively. The
kits were purchased from Nanjing Jiancheng Bioengineering
Institute. The experiments were done according to the
instruction.

Biochemical analysis

Superoxide dismutase (SOD) activity was measured as
previously described by Aydin et al. Briefly, a mixture with
50 ml supernatant and 850 ml of substrate solution contain-
ing 0.05 mmol/l. xanthine sodium and 0.025 mmol/L
2-(4-iodophen-yl)-3-(4-nitrophenol)-5-phenyltetrazolium
chloride in a buffer solution which contains 50 mmol/L
3-(cyclohexylaminol)-1-propanesulfonic acid and 0.094 mmol/L
ethylene- diaminetetraacetic acid (pH 10.2) was prepared.
Xanthine oxidase was then added to the mixture and the
increase in absorbance was followed at 505 nm for 3 min.

Lipid peroxidation was estimated by the measurement
of thiobarbituric acid reactive substances in the supernatant.
Briefly, malondialdehyde (MDA) was mixed with thiobar-
bituric acid, the solution was measured spectrophotometri-
cally at 532 nm.

Tissue myeloperoxidase determination

Pancreas tissue myeloperoxidase (MPO) activity was de-
termined by employing a quantitative indicator of neu-
trophil infiltration. Briefly, 0.5 g homogenized pancreas tis-
sues were obtained in a solution containing 0.5% hexa-de-
cyltrimethyl-ammonium bromide dissolved in phosphate
saline buffer (PBS) (pH 6.0). After centrifugation, the su-
pernatant was collected for the assay. After mixing the
sample with TMB chromogen substrate solution, the mix-
ture incubated for 110s. H2SO, was added to stop the
reaction. The MPO activity was analyzed with the absorb-
ance at 450 nm The assay was carried out by using a com-
mercial kit (Nanjing Jiancheng Bioengineering Institute,
China), according to the manufacturer’s instructions.

Radioimmunoassay

The Ang II and renin were detected by radioimmuno-
assay following the manufacturer’s instructions.

Fluorescence quantitative PCR

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was used
to extract total RNA depending on the manufacturer's
protocol. cDNA was formed from reverse-transcription of 2
1g of total RNA by using Super Script III first strand
cDNA synthesis Kit (Invitrogen, Carlsbad, CA, USA).
Real-time PCR was performed with the ABI Prism 7900HT
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Sequence Detection System (Applied Biosystems, Foster
City, CA, USA). The SYBR Green PCR Master Mix kits
(Applied Biosystems, Foster City, CA, USA) were used ac-
cording to the supplier's and the primers please Supple-
mental Table 1.

Thermal cycling conditions were: 95°C for 2 min; 40 cycles
of 10 s denaturation at 94°C, 10 s annealing at 54°C, and
20 s extension at 72°C; and 1 cycle of 5 min at 72°C. The
relative mRNA levels of Ang II, AT1 receptor and ICAM-1
were expressed as ratios compared with GAPDH mRNA
levels, respectively.

Western blot analysis

Total cellular proteins were extracted by incubating cells
in lysis buffer (1X PBS, 1% NP-40, 0.1% sodium dode-
cylsulfate (SDS), 5 mM EDTA, 0.5% sodium deoxycholate,
and 1 mM sodium orthovanadate with protease inhibitors).
bicinchoninic acid assay (BCA) (Pierce) was used to de-
termine the protein concentrations. Equal amount of pro-
teins was loaded in 8% glycine gel-SDS-PAGE per lane.
After electrophoresis, nitrocellulose membrane was used for
transferring separated proteins. Then, 5% non-fat milk in
TBST buffer was used to blocke with the membrane for 1 h.
After that, the membranes were incubated with primary
antibodies of Angll, AT1 receptor, ICAM-1 and £ -actin
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA) at 1:1000
dilutions in 5% non-fat milk overnight at 4°C, and then an-
ti-rabbit IgG monoclonal antibody conjugated with horse-
radish peroxidase (Southern Biotech) at 1:2000 dilution for
1 h at room temperature. Protein bands were detected us-
ing the West Femto system (PIERCE).

Measurement of the P-selectin

We used a standard cytometric assay to measure P-selectin
surface expression in the blood. Within 15 min after blood
sample collection (3.8% sodium citrate), 100 «1 of blood
sample was fixed with 1 ml of 1% paraformaldehyde
(PH7.2, 0.2 #m micron membrane filtered) for ranging
from 1 to 6 h.

Then, 0.5 ml blood sample were transferred into poly-
ethylene test tube and settled down without centrifugation.

Fig. 1. Histological changes in pancreatic tissue sections under the
light microscopy (magnification, x200). (A) Sham-operated group,
pancreatic tissue section shows normal acinar structure. (B) SAP
group, massive destruction was observed in acinar glandular
structure and islet cells of pancreatic tissue. (C) SAP plus valsartan
treatment group, relative preservation in pancreatic structure is
seen compared with the SAP group. The black arrow indicates
necrotic cells, the red arrow indicates edema, and the blue arrow
indicates inflammatory cell infiltrations.

The supernatant with rich platelet was collected and wash-
ed with PBS solution 3 times. The platelets were re-
suspended in PBS solution with 2% BSA to regulate the
concentration of platelets to be 0.5~ 1.0x10°/ml. Then, the
platelets were stained with 10 1 of FITC-conjugated an-
ti-human P-selectin and, after a 20-min incubation in the
dark, were mixed with 1 ml of 1% freshly prepared para-
formaldehyde. Finally, the samples were analyzed by flow
cytometry.

Statistical analysis

The results are expressed as the meantstandard error
of the mean (z+s). The significance of differences in total
histopathologic scores, serum amylase activities and cyto-
kine levels were assessed using one-way analysis of
variance. p<0.05 was considered to indicate a statistically
significant result. All statistical measurements were per-
formed using SPSS PC version 13.0 (SPSS, Inc., Chicago,
IL, USA).

RESULTS
Effects of valsartan on pancreatic histology

In this study, SAP model was set up by injecting 10%
DMSO solution (2 ml/kg) into femoral vein of rats. For the
valsartan treatment group, injection of constant volume of
10% DMSO solution with valsartan (5 mg/kg) was also per-
formed in rats after SAP induction for 30 min. In this mod-
el, valsartan didn’t cause the mortality of SAP rats after
72 h. Therefore, further studies on the effects of valsartan
on pancreatic histology were carried out. The morphology
of pancreas samples were examined and compared among
the treatment groups with an attempt to assess the effects
of valsartan on local pancreatic injury. As shown in Fig. 1,
under the light microscope, histological examination dem-
onstrated that pancreatic tissues in SAP rats exhibited se-
vere edema with large interstitial spaces, vascular con-
gestion, necrosis, and inflammation (Fig. 1B). Part or all
of the acini in the SAP group were showed a high degree
of destruction on the histoarchitecture (Fig. 1B). Valsartan
was indicated to improve the integrity and architecture of
the acini (Fig. 1C). There was no significant necrosis and
the degree of pancreatic tissue hyperemia, edema and in-
flammatory cell infiltration in these rats was reduced. In
the SO group, there was no obvious histological change,
based on complete pancreatic lobules and clear interstitial
space observed. However, further studies are needed to
clarify the changes in the pancreatic histology by using im-
munohistochemistry and/or some other molecular techni-
ques in the future.

Table 1. Histopathological scores in pancreatic tissues in all
groups (r+s, score)

Groups 3 h 6 h 12 h

SO 0.33+0.21 0.37+0.17 0.34+0.18

SAP 7.20+0.44" 9.41+0.57" 10.93+0.78°
SAP+V 4.03+0.31*" 4.97+0.68*" 5.7140.24*"

“represents compared with the SO group, p<0.05.
represents compared with the SAP group, p<0.05.
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Table 1 summarized the scoring of the histological evalu-
ations from three independent assessors. The mean histo-
pathological score of SAP and SAP+V group were remark-
ably higher than that of SO group (p<0.05). On the other
hand, the mean histopathological score of SAP group was
lower (p<0.05) than that of SAP+V groups. In other words,
valsartan treatment caused a clear reduction in the severity
of pancreatitis.

Effects of valsartan on the levels of serum amylase and
lipase

Compared with that of SO group, the levels of serum
amylase and pancreatic lipase significantly increased in a
time-dependent manner (p<0.05). However, the levels of
serum amylase and pancreatic lipase in SAP+V group
were lower than that of SAP group at the same time after
operation (p<0.05) (Table 2).

Effects of valsartan on serum MDA, pancreatic SOD,
and MPO activity

The effects of valsartan on the enzyme activities of serum
MDA, pancreatic SOD, and MPO were also examined in
this study. As shown in Table 3, compared with that of SO
group, there was a greater significant difference in serum
MDA and pancreatic MPO levels (p<0.05) in the SAP and
SAP+V groups. Moreover, the levels of serum MDA and

Table 2. Levels of serum amylase and pancreatic lipase in 3
experimental groups at different time (z+s, U/dL)

Groups Time AMY Lipase
SO 3 h 1196.8+125.4 61.7+14.5
6 h 1244.9+132.7 62.3+17.8
12 h 1483.9+114.3 72.6+25.3
SAP 3 h 6149.7+393.1° 735.9+68.5
6 h 7401.4+578.5% 924.6+84.7
12 h 9142.9+751.8° 1054.3+116.9
SAP+V 3 h 3845.8+304.0*" 548.2463.1
6 h 4462.6+412.9*" 774.5+80.2
12 h 4898.0+408.2*" 802.84+86.3

“represents compared with the SO group, p<0.05.
represents compared with the SAP group, p<0.05.

Table 3. The activities of pancreatic MDA, MPO and SOD
enzyme activities in 3 experimental groups at different time
(z£s, n=18)

Groups Time MDA MPO SOD
(nmol/ml) (Ulg) (nU/ml)
S0 3h 2.88+1.05 0.82+0.15 32.44+4.35
6 h 2.73+0.92 0.89+0.29 30.53+3.97
12 h  3.12+1.14 0.94+0.23 35.67+4.68
SAP 3 h 4.42+1.21° 3.28+0.64° 14.37+2.56°
6 h 5.61+1.17° 4.62+0.87° 16.21+2.85°
12 h  5.95+1.12° 5.22+0.75° 18.12+3.24%
SAP+V 3 h 3.64+0.82" 1.9440.72*"  28.22+3.42"
6 h 3.79+0.71*" 2.3140.81™"  26.54+3.31*"
12 h  3.94+1.03*" 3.18+0.73*"  25.67+4.68"

pancreatic MPO increased with time. On the other hand,
valsartan treatment significantly decreased serum MDA
and pancreatic MPO activities in SAP+V group compared
with the SAP group (p<0.05) at different time in the ex-
periments. In addition, in the SAP group, the serum SOD
activities were significantly lower than the SO and SAP+V
groups (p<0.05). However, the serum SOD activities has ele-
vated due to valsartan treatment in the SAP+V group com-
pared with SAP group.

Effects of valsartan on levels of Ang II and renin

The effects of valsartan on the levels of serum Ang II
and renin were detected by using radioimmunoassay. As
shown in Table 4, in SAP and SAP+V groups, the levels
of Ang II and renin were significantly elevated (p<0.05)
when compared to SO group in a time-dependent manner.
There was no significant difference between the SAP and
SAP+V groups in terms of Ang II and renin.

Effects of valsartan on the expression levels of pancreatic
Ang II, AT1 receptor and ICAM-1

As shown in Table 5, the results of fluorescence quantita-
tive PCR revealed that mRNA levels of pancreatic Ang II,
AT1 receptor and ICAM-1 significantly elevated in the SAP
and SAP+V groups. There was no significant difference of
mRNA levels of pancreatic Ang II and AT1 receptor be-
tween SAP and SAP+V groups. However, the mRNA levels
of pancreatic ICAM-1 in the SAP-induced rats with valsar-
tan treatment were lower than that of SAP-induced rats.

The protein levels of Ang II, AT1 receptor and ICAM-1
were detected through Western blot analysis. As shown in
Fig. 2, the protein level of [-actin indicated that the
amount of protein in each band was equal. According to
the results of the analysis, protein levels of Ang II, AT1

Table 4. Levels of Ang II and renin in 3 experimental groups
at different time (r+s, ng/l, n=18)

Groups Time AnglI (pg/ml) Renin (ng/ml/h)
SO 3 h 60.68+9.95 1.87+0.64

6 h 66.33+11.79 1.92+0.55

12 h 67.28+11.53 1.95+0.61
SAP 3 h 240.90+11.46" 3.12+0.97°

6 h 273.96+17.85" 3.23+1.12°

12 h 355.72+20.77% 3.63+1.32°%
SAP+V 3 h 254.33+15.72% 3.18+1.03*

6 h 282.42+18.81*" 3.56+1.25%

12 h 390.28+19.73% 3.87+1.42°

“represents compared with the SO group, p<0.05.

Table 5. Fluorescence quantitative PCR of Ang II , AT1 receptor
and ICAM-1 (n=18)

Groups Ang 11 AT1 receptor ICAM-1
SO 1 1 1
SAP 1.7° 1.8° 3.4°
\Y 1.85° 2.0° 2.3

“represents compared with the SO group, p<0.05.
represents compared with the SAP group, p<0.05.

“represents compared with the SO group, p<0.05.
represents compared with the SAP group, p<0.05.
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Fig. 2. Western blot analysis of the expression levels of Ang II, AT1 receptor and ICAM-1. Each bar represents the mean+SD from three
samples (*p<0.05 vs. control).
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Fig. 3. P-selectin expression on pla-
telets in three experimental groups
by using flow cytometric analysis.
The values represent the percentages
7= of P-selectin positive cells.

receptor and ICAM-1 significantly increased in SAP and sponsible for the pancreatic ductal adenocarcinoma devel-
SAP+V groups compared with SO group. In contrast, val- opment, through stimulation of angiogenesis and pre-
sartan treatment caused a significant increase in the ex- vention of chemotherapy toxicity, and AP initiation and
pression levels of Ang II, AT1 receptor and ICAM-1 in SAP+ propagation [31]. The present study aimed to investigate
V groups when compared to SAP group. the effects of Ang II receptors inhibitor valsartan on dual
role of RAS in SAP in a rat model and to elucidate the
Effects of valsartan on the level of platelet P-selectin underlying mechanisms. Our results suggest that pancre-
atic RAS plays a critical role in the regulation of pancreatic
In the present study, P-selectin expression in platelets functions and demonstrates application potential as AT1
in different groups by using flow cytometry. As shown in receptor antagonists.
Fig. 3, in the SO, SAP and SAP+V groups, the level of Key RAS components expression and localization in the
P-seletin were 15%, 34%, and 23% respectively. The level acinar and endothelial cells of the exocrine pancreas are
of P-selectin was significantly higher in SAP and SAP+V found in recent studies. Moreover, these RAS components
groups (p<0.05), according to the results of SO, SAP, and are responsible to ROS generation responding to chronic
SAP+V groups. However, valsartan treatment signifi- hypoxia and acute pancreatitis [32-36]. For instance, Green-
cantly reduced the P-selectin level in SAP-induced rats stein et al. reported increased plasma RAS activity in pa-
(p<0.05). tients with acute pancreatitis [32]. They evidenced that

normal plasma renin content in the patients with AP is
5 times higher than that of normal people [32]. renin Pupilli

DISCUSSION et al. found thatAng II contributed to the inflammatory ede-

ma by promoting the synthesis and secretion of vascular

In the past years, a number of researches about the ini- permeability factor of the vascular smooth muscle cells [33].
tiation and propagation of AP have been done, but to date Additionally, Schieffer et al. found that Ang II can induce
no fully effective drugs or treatment is available. Studies oxygen free radicals and activation of JAKs and STAT,
have found that local pancreatic RAS was significantly up- which increased the synthesis of proinflammatory cytokines

regulated in drug-induced SAP [11-16]. Ang II may be re- like IL-6 TNF-a, IL-1b and so on [35]. Indeed, severe ische-
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mia and/or hypoxia conditions could be induced by an in-
creased sensitivity of Ang II-mediated vasoconstriction in
pancreatic microcirculation, which could result in oxidative
stress, overexpression of proinflammatory factors and mi-
gration/adhesion of monocytes and leukocytes, ultimately
leading to pancreatic cell inflammation and injury [11,12].
Based on the information mentioned above, RAS plays an
essential role in inducing inflammation and microcir-
culatory regulation in the pancreas, which may in turn lead
to pancreatic tissue injury in AP. Therefore, we hypothe-
sized that RAS inhibition may be a new therapeutic target
in AP. For example, prophylactic administration of sar-
alasin, a nonspecific antagonist for AT1 and AT2 receptors,
was protective against AP [35]. At the same time, pancre-
atic and systemic inflammation could be improved by the
AT1 receptor antagonist losartan [36]. In the present study,
we showed that, valsartan could be used as a therapeutic
agent against SAP-induced damage. In detail, the ex-
pression levels of serum Ang II, renin and AT1 receptors
were significantly increased in SAP group.

Nowadays, many studies proved that vasoconstriction
plays a vital in the pathological process of AP [26-29].
Pancreatic blood flow dramatically reduced in the acute ne-
crotizing pancreatitis. As a result, persistent pancreatic is-
chemia, reduction of blood perfusion and microcirculation
disturbances promote the development of edema, hemor-
rhage, necrosis and eventual AP. Our results showed that,
the pathological features of SAP changed from edema to
hemorrhage and necrosis after preparation of SAP models.
In addition, the trend of pathological damage and the
change of plasma Ang II level were consistent. Interestingly,
comparing with SAP group, valsartan suppressed the level
of serum amylase that is the most common indicator of
trypsin during SAP exposure. Moreover, comparing with
the SAP group, the pancreatic histopathological scores were
significantly decreased in SAP+V group. These results sug-
gested that valsartan exhibits the therapeutic potential
against SAP.

The occurrence of local inflammation and systemic com-
plications of the AP has been found associated with ROS
and reactive nitrogen species [1]. In the present study,
MDA concentration markedly increased, while SOD activ-
ities was markedly decreased after 3, 6 and 12 h of SAP
treatment (Table 3). Moreover, SOD level were inversely
proportional with AMY level, but opposite trend was found
for MDA level. These results revealed that production of
ROS remarkably increased in SAP group, on the other
hand, the ability of scavenging ROS dramatically decreased
since levels of SOD and MDA related to ROS production
leading to development of SAP. Furthermore, comparing
with SAP group, the activity of SOD was higher and the
concentration of MDA was lower in the SAP+V group. The
results proved that valsartan inhibited ROS generation and
reduce cellular membrane damage induced by SAP.

The extent of the invasion of neutrophils into the pancre-
atic tissue was shown by measuring the MPO activity in
tissue samples [1]. Under inflammatory conditions, valsar-
tan acts as an important immunoregulatory factor that af-
fects the synthesis of cytokines. In our study, the pancreatic
MPO levels were significantly elevated in rats with SAP
in a time-dependent manner. However, the levels of MPO
were dramatically decreased after co-treatment with
valsartan. It may be because that Ang II can be able to
stimulate the synthesis and secretion of VPF, leading to
cell invasion and exudation of plasma macromolecules.

Also, Ang II can induce the synthesis of adhesion molecules
and chemokines, promoting the migration and adhesion of
monocytes and neutrophils [25]. These factors led to the
formation of edema and inflammation of the pancreas.
Studies also showed that selective AT 1 receptor antago-
nists could be used to reduce the inflammation and damage
of the pancreatic cells [26-28]. In this study, it was found
that MPO activity in pancreatic tissue decreased after val-
sartan treatment. Therefore, valsartan may demonstrate
anti-inflammatory effect to prevent the infiltration of neu-
trophils and consequently reducing the release of in-
flammatory cytokines in pancreatic tissue.

A number of proinflammatory mediators, such as adhe-
sion molecules, chemokines, cytokines and transcription
factors were significantly associated with RAS [3,25,37].
Thanks to neutrophils invasion into inflamed tissue, foreign
antigens were destructed and the injured tissue were bro-
ken down and remodeled [3,25]. ICAM-1, one of these adhe-
sion molecules, has been showed to be upregulated in AP.
ICAM-1 exhibits a crucial role in binding white blood cells
to endothelial cells lining the blood vessels, therefore the
blood cells are able to migrate out of the bloodstream into
a tissue which is closely related to SAP [25]. In this study,
the results of fluorescence quantitative PCR and Western
blot analysis revealed that, the expression level of tissue
ICAM-1 in SAP groupwas increased and was higher than
those of other groups. Consistently, Wei et al. demonstrated
that the extremely high levels of serum ICAM-1 in SD rats
with AP associated lung injury.

Apart from ICAM-1, the adhesion molecule P-selectin is
known to be upregulated in AP, and they also play a delete-
rious role if the disease by neutrophil recruitment into pan-
creas and distant organs. Folch et al. have demonstrated
that, in rats with AP, the expression levels of P-selectin
in lung and pancreas remarkably increased, and the tissue
infiltration of leucocytes were observed and showed high
MPO activity [38]. However, the MPO activities in lung and
pancreas were inhibited by anti-P-selectin antibody [38].
Telek et al. indicated that intense, heterogeneous acinar
oxygen free radicals (OFR) production, strong P-selectin,
and increasing NF-kappa B activation were showed in early
AP samples [39]. Tsang et al. also explored the antagonism
of Angll receptors on the AP-induced pancreatic injury se-
verity [16]. They showed that, cerulein-induced pancreatic
injury could be dramatically improved by losartan which
blocked the AT1 receptor. In the present study, P-selectin
expression was decreased in the SAP+V group by compar-
ing with SAP group. blockade of the AT1 receptor by valsar-
tan could markedly inhibit the ROS generation. Possibly,
the blockage of the AT1 receptor inhibited the activation
of RAS mediated AT1 receptor-ROS-NF « B pathway and
ICAM-1 expression, the accumulation of inflammatory cells
decreased. It could reduce the oxidative stress and control
the pancreatic injury caused by aseptic inflammation.
Studies have showed that, inflammation can influence the
balance between NO and ROS, which may lead to dysfunc-
tion of microcirculation [40,41]. The consumption of a large
amount of NAPDH was caused by inflammation in the pa-
tients with SAP. Inhibition of superoxide and ROS gen-
eration resulted in suppression of NO production, ex-
acerbating local microcirculation disturbances [42,43]. Then,
leukocyte adhesion increased due to local microcirculatory
hemodynamic changes [42,43]. Ischemia and reperfusion
could cause oxidative stress, release of inflammatory cyto-
kines, leukocyte adhesion, and other inflammatory reactions.
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In conclusion, the present study has clearly evidenced
that, the inhibition of AT1 receptor by valsartan can acti-
vate the local RAS to protect against experimental acute
pancreatitis through inhibition of microcirculation dis-
turbances and inflammation. As an alternative approach,
the AT1 receptor antagonist and other RAS inhibitors ex-
hibit application potential in clinical treatment of AP in fur-
ther research.

SUPPLEMENTARY MATERIALS

Supplementary data including one figure can be found
with this article online at http:/pdf.medrang.co.kr/pa-
per/pdf/Kjpp/Kjpp019-04-01-s001.pdf.
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Table S1. Primers for quantitative PCR

Gene
Angiotensinogen
ATl
ICAM-1

GAPDH

L B LS B L L

Primer sequences

5-TACAAGATGCTGAGTGAGG-3'
5-ATCCAACGATCCAAGGTAG-3'
5-CCACTCAAGCCTGTCTACG-3'
5-GAACCTGTCACTCCACCTC-3'
5-GTGAACTGCTCTTCCTCTTG-3'
5-AGTGGTCTGCTGTCTTCC-3'
5-AAGTTCAACGGCACAGTCAAG-3'
5'-CATACTCAGCACCAGCATCAC-3'

Product
sizes (bp)

102
110
137

121

Accession no.
NM_134432
NM_030985
NM_012967

NM_017008
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