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Abstract
AIM: To study the expression of neurokinin-1 receptor (NK-
1R) and neurokinin-2 receptor (NK-2R) in distal ileum of
acute necrotizing pancreatitis (ANP) and to evaluate the
relationship between expression of these two receptors and
intestinal mucosal damage.

METHODS: A total of 130 adult Sprague-Dawley rats were
randomly divided into two groups: the rats in ANP group
(n=80) were induced by the retrograde intraductal infusion
of 30 g·L-1 sodium taurocholate. And the rats in normal control
group (n=50) received laparotomy only. Sacrifices were
made 6 h, 12 h, 24 h and 48 h later in ANP and normal
control group after induction respectively. Intestinal mucosal
permeability was studied by intrajejunal injection of 1.5mCi
radioactive isotope 99mTc-diethlene triamine pentacetic acid
(DTPA) and the radioactivity of 99mTc-DTPA content in urine
was measured 6 h, 12 h, 24 h and 48 h after induction.
Then the pancreas and intestine were prepared for
pathology. Reverse transcription polymerase chain reaction
(RT-PCR) was used to determine the mRNA expression of
NK-1R and NK-2R, and Western blot was used to investigate
the protein level of NK-1R and NK-2R.

RESULTS: In ANP rats, serious histologic damages in
intestinal mucosa were observed, and the radioactivity of
99mTc-DTPA in urine increased significantly in the ANP group.
RT-PCR revealed that NK-1R and NK-2R mRNA level was
overexpressed in the distal ileum of ANP as compared with
the normal control group. Western blot discovered stronger
NK-1R (14-fold increase) and NK-2R (9-fold increase)
immunoreactivity in the intestinal mucosa of ANP rats.
Moreover, the overexpression of NK-1R was associated with
mucosal pathological score (r=0.77, P<0.01) and intestinal
permeability (r=0.68, P<0.01) in ANP rats.

CONCLUSION: NK-1R and NK-2R contribute to disrupted
neuropeptides loop balance, deteriorate intestinal damage,
and are involved in pathophysiological changes in ANP.
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INTRODUCTION
Acute necrotizing pancreatitis (ANP) has a complicated and
ill-defined pathophysiology. It is associated with a high
complication rate and unpredictable outcom, with a mortality
rate of 10-45 %[1]. The hypothesis that ANP promotes bacterial
translocation, leading to infection in the inflamed pancreas and
peripancreatic tissue, has been studied in rats fed with
fluorescent beads, sensitive inert markers of translocation[2].
The results suggested a translocated bacteria route for
pancreatic infection. Normal intestinal mucosal barrier can keep
the bacteria from translocation, however, this barrier is
damaged in ANP[3,4]. The mechanism, which leads to the
dysfunction of mucosal barrier, remains unclear [5-9].
      Recent studies have revealed the important role of
Substance P (SP) and its receptors in ANP[10-13]. However, the
expression of SP’s two receptors- neurokinin-1 receptor (NK-
1R) and neurokinin-2 receptor (NK-2R) in intestinal mucosa
of ANP, remains unclear. And their roles in mucosal damage
has not been revealed.
     Therefore, in the present study the mRNA of NK-1R and
NK-2R in intestinal mucosa of ANP was analyzed using reverse
transcription polymerase chain reaction (RT-PCR), the protein
level of these two receptors was analyzed by Western blot.
And the relationship between mRNA level and intestinal
mucosal damage/intestinal permeability was also investigated.

MATERIALS AND METHODS
Animals
Adult Sprague-Dawley rats weighing 250-300 g were obtained
from the Laboratory Animal Center of Southeast University, and
fed with standard rat chow. Animals were fasted overnight
and anesthetized with 20 g·L -1 sodium pentobarbital
(intraperitoneal injection). ANP models (n=80) were induced by
the retrograde intraductal infusion of 30 g·L-1 sodium taurocholate
(0.1 ml·min-1·kg-1). And the rats in normal control group (n=50)
received laparotomy, the duodenum was taken out of the
abdominal cavity and the pancreas was turned over for three times.
      Sacrifices were made 6 h, 12 h, 24 h and 48 h later in ANP
and normal control group after induction respectively. The
distal ileum, pancreas and blood in portal vein were obtained
for further studies. Freshly removed tissue samples were
immediately fixed in paraformaldehyde solution for 12-24
hours and paraffin-embedded for routine histopathologic
analysis. Concomitantly, tissue samples destined for RNA and
protein extraction were immediately snap-frozen in liquid
nitrogen and maintained at -80  until use. Blood was obtained
for serum amylase determinations.

Pathological examination for intestinal mucosa and pancreas
Paraffin-embedded tissue sections (2-3 mm thick) were
subjected to hematoxylin & eosin staining. Intestinal mucosal
damage was evaluated blindly under microscope by two
pathologists[14, 15].

Determinatins of intinstinal mucosal permeability
Intestinal mucosal permeability was investigated by intrajejunal



injection of 1.5mCi radioactive isotope 99mTc (Chinese Institute
of Nuclear Power)-diethlene triamine pentacetic acid (DTPA,
Chinese Institute of Nuclear Power) and the radioactivity of
99mTc-DTPA content in urinary were measured 6 h, 12 h, 24 h
and 48 h after induction. Urinary volume was measured and
radioactive impulse was determined using radio-immunity γ
counter. Intestinal mucosal permeability was calculated using
the following formula: Intestinal mucosal permeability (%)=
99mTc-DTPA excretory rate (%)=[(urine-background)×volume]
/(sdandard-background)×100%[16, 17].

RNA extraction and RT-PCR
Total RNA was extracted using the single-step guanidinium
isothiocyanate method, as previously reported[18,19]. Following
DNAse treatment, total RNA was reversely transcribed into
cDNA using random hexamers according to the manufacturer’s
instructions (Roche Diagnostics, Rotkreuz, Switzerland). The
primers were designed using Primer Express software
(Germany) and synthesized by Amplimmun (Amplimmun AG,
Madulain, Switzerland). The sequence is shown in Table 1.

Table 1  The sequence of primers used for RT-PCR

Primers Sequence Primer size (bp) PCR products size (bp)

NK-1R

Forward primer 5'- CAT CAA CCC AGA TCT CTA CC -3' 20 380

Reverse primer 5'- GCT GGA GCT TTC TGT CAT GGA -3' 21

NK-2R

Forward primer 5'-CAT CAC TGT GGA CGA GGG GG-3' 20 491

Reverse primer 5'-TGT CTT CCT CAG TTG GTG TC-3' 20

GAPDH

Forward primer 5'- TGA AGG TCG GTG TCA ACG GAT TTG GC-3' 26 999

Reverse primer 5'- CAT GTA GGC CAT GAG GTC CAC CAC-3' 24

      PCR amplification was carried out using either NK-1R or
NK-2R or GAPDH in a final volume of 25 µl with a Perkin-
Elmer GeneAmp System 9 700 and 0.625 U of Taq DNA
polymerase (Roche Diagnostics GmbH, Mannheim, Germany).
Cycling conditions were as follows: 35 cycles of denaturation
at 94  for 1 min, annealing at 62  for 1 min and elongation
at 72  for 2.5 min. The first PCR cycle was preceded by
denaturation at 94  for 3 min, and last PCR cycle was
followed by incubation at 72  for 10 min.
      For each PCR reaction, an identical tube containing the same
amount of regent, and same amount of water was substituted
for cDNA in these tubes. These tubes served as negative control
of PCR.
    RNA concentrations and PCR were titrated to establish
standard curves to document linearity and to permit
semiquantitative analysis of signal strength[20-22]. Amplified
PCR products were separated by electrophoresis through a 1 %
agarose gel at 45 V for 120 min. The cDNA bands were
visualized by ultraviolet illumination after the gels were stained
with 0.5 g·L-1 ethidium bromide dissolved in Tris-borate-EDTA
buffer (89 mM Tris, 89 mM boric acid, 2.5 mM EDTA, pH 8.2).
The gels were photographed, and the films were scanned and
analyzed with a computerized densitometer (Image-Pro Plus,
Version 3.0.01).

Western blot
Western blot for NK-1R and NK-2R was performed as
previously reported with certain modifications [18,19]. Briefly,
200 mg of tissue samples were powered in liquid nitrogen and

then homogenized in lysis buffer (50 mM Tris-HCl, pH 7.5,
150 mM NaCl, 2 mM EDTA, 1 % SDS) supplemented with a
protease inhibitor cocktail (Roche Diagnostics, Rotkreuz,
Switzerland). The lysate was collected and centrifuged at 4 
for 10 min with 14 000 rpm to remove the insoluble material.
The protein concentration was measured by spectrophotometry
using the BCA protein assay (Pierce, Rockford, IL, USA). For
each sample, 40 mg of protein was separated on 12 % SDS-
polyacrylamide gels and electroblotted onto nitrocellulose
membranes.
      The blots were incubated in blocking solution (50 g·L-1 non-
fat milk in 20 mM Tris-HCl, 150 mM NaCl, 1 g·L-1 Tween-20
[TBS-T]), followed by incubation with 1:1 000 dilution of goat
anti-rat NK-1R antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) or 1:1 000 dilution of goat anti-rat NK-2R
antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
at 4  overnight. The membranes were then washed with TBS-
T and incubated with donkey anti-goat IgG (1:3 000 dilution)
for 60 min at room temperature. Antibody detection was
performed with an enhanced chemiluminescence reaction (ECL
Western blotting detection, Amersham Life Science,
Amersham, UK).

Statistical analysis
Results were expressed as mean ± SD. Statistical analysis was
made using the Prism software (Prism, GraphPad Software
Inc., San Diego, CA, USA). The comparative statistical
evaluations among groups were done using the Mann-Whitney
U test or Chi-square test. Spearmann correlation analysis was
used for correlation analysis of the parameters. Significance
was defined as P<0.05.

RESULTS

Serum amylase and pathological examination
Serum amylase increased significantly in ANP group as
compared with normal controls (P<0.01). The diagnoses of
ANP were confirmed by gross appearance and microscopy. In
ANP group, mucosal edema, epithelia degeneration, necrosis
or even abscission were observed after 6 h. Hemangiectasia,
hemorrhage and inflammatory cell infiltration were revealed
in mucosa or submucosa (Table 2).

Table 2  The pathological score of intestinal mucosa

Groups          0 h    6 h          12 h   24 h         48 h

Control     0.92±0.47     0.90±0.35     0.93±0.38     0.93±0.29   1.07±0.36

ANP                           2.11±0.47a    2.65±0.49b    3.91±0.82b  4.89±1.21b

aP<0.05 vs each time point of control group, respectively; bP<0.01
vs each time point of control group, respectively

Intestinal mucosal permeability change in ANP rats
The intestinal mucosal permeability was determined using
isotope. The results revealed that permeability increased
significantly after 6 h (Table 3).

Table 3  Changes of intestinal mucosal permeability

Groups         0 h                  6 h           12 h  24 h          48 h

Control 0.0411±0.0156   0.0455±0.0174    0.0532±0.0188   0.0693±0.0153  0.0698±0.0223

ANP             0.2367±0.1132a   0.3457±0.0473a   0.6651±0.1411a  0.7021±0.1523a

aP<0.01 vs each time point of control group, respectively
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mRNA expression of NK-1R and NK-2R in distal ileum
The rats were sacrified 6 h, 12 h, 24 h or 48 h after model inducing,
distal ileum was obtained for determination of NK-1R and NK-
2R mRNA. Figure 1 shows the amplification plot at the time point
of 6 h. The gene above had been amplified effectively, and
amplification of GAPDH was comparable in each sample, which
suggested comparable mRNA in each sample (Figure 1B, 1D),
whereas amplification of NK-1R in normal controls was so weak
that some of the samples could only been observed in the gel. In
contrast, the amplification of NK-1R in ANP group was relatively
stronger (Figure 1A). The expression of NK-2R was similar to
NK-1R (Figure 1C). After 12 h, 24 h or 48 h, the expression of
above genes maintained the same pattern as before.

Figure 1  Amplification results of NK-1R,NK-2R and GAPDH
from RT-PCR in control and ANP intestinal tissue. A: amplifi-
cation results of NK-1R; C: amplification results of NK-2R; B,
D: amplification results of GAPDH. N: PCR negative control;
M: PCR Marker (upper to lower: 1 000, 800, 600, 400, 200 and
100bp); 1-5: group of normal control; 6-11: group of ANP

Figure 2  The expression level of NK-AR mRNA was corre-
lated with intestinal mucosal pathological score (A) and mu-
cosal permeability (B) in ANP rats

Correlation of expression of NK-1R and NK-2R with intestinal
mucosal damage
We then evaluated whether there was a relationship between
the expression levels of these two genes and intestinal
mucosal pathological score and permeability. A significant
relationship between NK-1R mRNA and mucosal pathological
score (r=0.77, P<0.01) was found (Figure 2A). Furthermore,
statistical analysis revealed a significant relationship between
NK-1R mRNA and mucosal permeability (r=0.68, P<0.01,
Figure 2B). Although NK-2R mRNA was overexpressed in
ANP, there was no significant relationship between this gene
expression and intestinal mucosal pathological score (r=0.32,
P=0.31) and permeability (r=0.28, P=0.21).

NK-1R and NK-2R protein expression in distal ileum
We then performed the Western blot analysis in controls and
ANP group. All the normal controls exhibited approximately
46 kDa band of NK-1R protein of weak intensity. In contrast,
the ANP samples showed a more intense signal (Figure 3A).
The densitometric analysis demonstrated a 14-fold increase
of NK-1R protein level in ANP ileum compared with the
normal ileum (P<0.01).
     When Western blot analysis for NK-2R was performed,
similar pattern was observed, protein signal was weak in normal
control, but much stronger in ANP group (Figure 3B).
Densitometry revealed a 9-fold increase of NK-2R in ANP
ileum (P<0.01).

Figure 3  Western blot revealed the protein level of NK-1R (A)
and NK-2R (B) in normal control and ANP intestinal tissue

DISCUSSION
Intestinal bacterial translocation is the main source leading to
infection of pancreas, whereas this translocation is dependent,
to some degree, on the function of intestinal mucosal barrier.
Intestinal mucosal barrier is made up of mechanical, biological,
immunologic and chemical barrier, while the mechanical
barrier is the fundamental one, which can prevent large
molecule and bacteria from passing through[23,24]. More and
more evidence showed that gut barrier dysfunction is related
to multiorgan system failure in sepsis and immune
dysregulation[25-35]. Pancreatitis-induced hypovolaemia due to
endothelial barrier leakage and gut arteriovenous shunting
causes intestinal ischaemia and reperfusion injury with
concomitant gut barrier dysfunction. Gut endothelial barrier
dysfunction probably plays a central role. Potential molecular
mechanisms could be associated with alterations in intracellular
signal transduction, intercellular signal and expression of
adhesion molecules on endothelial cells. Bacterial infections are
often seen during the progression of ANP, concomitant with
the potential development of multiple organ dysfunction [36,37].
The mechanisms underlying gut barrier dysfunction in acute
pancreatitis are thus complex and still not fully elucidated.
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      SP is synthesized by small-diameter C sensory ‘pain’ fibers,
and release of this peptide into the dorsal horn of the spinal
cord following intense peripheral stimulation was thought to
promote central hyperexcitability (central sensitization)[38,39].
In addition, it could result in plasma extravasation, neutrophil
infiltration, and vasodilatation. In rats, both SP and NK-1R
selective agonist stimulated pancreatic plasma extravasation,
and this response was blocked by the NK-1R antagonist.
Selective agonist of NK-2R showed no effect[12]. Continuous
infusion of SP stimulated plama extravasation in rat pancreas
via activation of NK-1R[40-42].
    In the present study, expression of NK-1R and NK-2R
mRNA was investigated by RT-PCR and the protein levels of
NK-1R and NK-2R were determined using Western blot
analysis in normal control and ANP intestines. The results
revealed that both NK-1R and NK-2R were overexpressed in
ANP intestines, and the overexpression of NK-1R was
correlated with mucosal damage in ANP rats. Increased level
of SP[43] in ANP, together with overexpression of its receptors-
NK-1R and NK-2R, results in excessive biological effect, such
as aggregation of neutrophilic granulocyte, cascade release of
inflammatory transmitter, tissue fluid and plasma extravasation,
thus resulting in deterioration of intestinal pathological changes
and gut barrier dysfunction, and facilitating gut bacterial
translocation.
     Better understanding of the molecular biological changes
in ANP will provide novel therapies to this disease. Once
specific receptors were identified, selective atagonists which
blocked these receptors would have therapeutic effects.
Antagonists against NK-1R have showed some effects in acute
pancreatitis on animal models[12,42]. Knowledge about the
regulating events will probably make future pharmacological
therapy available for prevention and treatment of the severe
complications of ANP, including gut barrier dysfunction.
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