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Introduction

In gastrointestinal tract, proteinase-activated receptor-2 (PAR-
2) can be activated by endogenous and exogenous proteinases, 
including mast cell and neutrophil derived tryptase and bacterial 
and parasite-derived proteinases to modulate inflammation, 
nociception, permeability, motility, and ion transport [1-5]. 
Numerous reports have also found that the motility disturbances 
has close relationship with inflammation, and the alteration and 
role of  PAR-2 in gastrointestinal motility disturbances under 
intestinal infection or inflammation has also been investigated [6-
10]. As we know, PAR-2 activation can modify the colon motility, 
including enhancement and attenuation [11, 12], it can induces 
relaxation of  guinea pig internal anal sphincter [13], however, the 
regulatory effect of  PAR-2 on the rat rectal motility and it’s role 
following bacillary dysentery is uncertain. The aim of  the present 
work was to investigate the role of  PAR-2 in the control of  rectal 

motility and its change after intestinal infection. We hypothesized 
that PAR-2 inhibited the motility of  rectum and this inhibitory 
effect was changed following the colitis induced by S. flexneri. 
For this purpose, normal and S. flexneri infected rats were used 
to study how rectal motility was affected by the PAR-2 activation 
under control conditions and in different post infectious phases. 
Spontaneous and PAR-2 mediated effect were assessed in vitro 
before and after the S. flexneri infected by tension recording 
system. 

Material and Methods

Bacteria preparation

Clinical isolates of  S. flexneri were obtained from Clinical 
Laboratory, Qi Lu hospital, Ji Nan, China. The strains were 
routinely grown in blood plate at 37°C, overnight.
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Intestinal infection and tissue preparation

All experimental procedures were approved by the Committee on 
Animal Research and Ethics of  Shandong University School of  
Medicine. The model was established according to our previous 
work [8]. Briefly, healthy male wistar rats, weighing 200–220 
g (provided by Animal Center of  Shandong University) were 
paired according to the weight and then divided randomly into 
control and S. flexneri-treated (SF-treated) groups. Rats received 
intragastric administration of  inocula of  108 colony forming units 
(CFU) in 1 ml of  sterile normal saline after an overnight fast 
(water ad libitum). The rats in the control group were treated with 
1ml sterile normal saline. Rats were raised individually in cages 
and sacrificed by cervical dislocation on days 11, 18, 25 and 35 
following the S. flexneri treatment. Rectum (0.5 cm from anus, 
1-2 cm length) was excised and prepared for tension recording.

Recording of  the tension of  colonic muscle strips

A segment (1-2 cm length) of  rectum was immediately removed 
from the control and SF-treated rats. The segment was opened 
along the mesenteric border and pinned flat in a dish filled with 
oxygenated Krebs solution. Full thickness muscle strips parallel 
to the long axis of  the rectum (4 mm wide, 10 mm long) were 
prepared and then suspended in a organ bath which was filled 
with 5 ml Krebs solution, continuously perfused with 95% O2 
and 5% CO2 and maintained at 37 °C. The muscle mechanical 
activity was measured by an external isometric force transducer 
(JH-2B, Instrument Company of  Chengdu, Chengdu, China) 
and a polygraph system (SMUP-PC, Fudan University, Shanghai, 
China). The muscle strips were required an equilibration for at 
least 45 min with flushing every 15 min under a preload of  1 g. 
Then the mechanical response to the PAR-2-AP, SLIGRL-NH2, 
and PAR-2 reverse peptide (PAR-2-RP), LRGILS-NH2 were 
examined. In some experiments, muscle strips were pretreated 
with tetrodotoxin (TTX, 10 μM) for 30 min before administration 
of  PAR-2-AP or PAR-2-RP.

Chemicals

PAR-2-AP (SLIGRL-NH2) and PAR-2-RP (LRGILS-NH2) were 
purchased from CL BIO-SCIENTIFIC CO., LTD (Xi an, China). 
TTX were purchased from Sigma-Aldrich Corp (St Louis, MO, 
USA).

The Krebs solution was composed of  the following reagents 
(mM):
NaCl 120.6, KCl 5.9, CaCl2 2.5, KH2PO4 1.2, MgCl2 1.2, NaHCO3 
15.4 and glucose 11.5.

Statistical analysis

Data are expressed as mean ± SEM. Comparisons between two 
groups were performed by Student’s t-test, and comparisons 
among multiple groups were performed by one-way analysis 
of  variance (ANOVA). p<0.05 was considered as statistically 
significant. The mean value of  the average tension for 3 min 
period before treatment with PAR-2-AP or PAR-2-RP was taken 
as the baseline. R value=the average tension for 2, 4, 6, 8, 10 min 
after each treatment/baseline. For TTX preincubation, baseline 
was the average tension for 3 min period before the application 
of  PAR-2-AP or PAR-2-RP.

Results

Effect of  PAR-2-AP on the spontaneous contraction of  
longitudinal muscle strips of  rectum

PAR-2-AP was shown to inhibit the spontaneous contraction of  
rectal longitudinal muscle strips, but normal saline (NS) and PAR-
2-RP had no apparent effect on the mechanical activity of  strips 
(Figure 1A). Exogenous PAR-2-AP (1-10 μM) dose dependently 
inhibited the spontaneous contraction of  longitudinal muscle 
strips of  rectum at 2 min following PAR-2-AP (5 μM, 10 μM) 
administration (Figure 1B). The contraction of  the rectal muscle 
strips decreased by 0.176 ± 0.04 (p < 0.05 vs RP, n=7) and 0.213 
± 0.04 (p < 0.01 vs RP, n=7) respectively.

Effect of  TTX on relaxation evoked by PAR-2-AP on rectal 
muscle strips

In order to investigate the role of  enteric nervous system (ENS) 
in the relaxation induced by PAR-2-AP, PAR-2-AP and PAR-2-RP 
were administrated 30 min following the pretreatment of  TTX (10 
μM), the specific blocker of  voltage dependent sodium channels 
on the membrane of  nerve fibers. It seemed that pretreatment of  
TTX did not influence the inhibitory effect of  PAR-2-AP on the 
contraction of  rectal muscle strips (Figure 2).

Figure 1. The inhibition of  PAR-2-AP on the spontaneous contraction of  rectal muscle strip of  rat. The representative 
recordings of  the contraction of  rectal muscle strips were shown in A, PAR-2-AP or RP was 10 µM. The dose-response was 

shown in B. *p < 0.01, #p < 0.05 vs RP.

NS

PAR-2-RP

PAR-2-AP

3 min

1.5g

A B

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1 μM 5 μM 10 μM

PAR-2-RP n=6
PAR-2-AP n=7

The concentration of  the PAR-2-AP or RP

R 
va

lu
e



Luo Y, Wang Q, Liu C (2016) PAR-2-Mediated Relaxation of  Rectum is Impaired Following Bacillary Dysentery in Rat. Int J Clin Pharmacol Toxicol. S2:001, 1-5

3

 Special Issue on: Immunopharmacology & Immunotoxicology.   OPEN ACCESS                                                                   http://scidoc.org/IJCPT.php

Changes in PAR-2-AP induced relaxation following 
intestinal infection

The 1 μM PAR-2-AP had no effect on the contraction of  rectal 
muscle strips in both control and SF-treated group (Figure 3), but 
the inhibition induced by 5 μM PAR-2-AP significantly decreased 
in SF-treated group at 11 and 18 days, and this decrease recovered 
to control level at 25 and 35 days (Figure 3). The impaired 
relaxation was only observed at 11 days after the administration 
of  10 μM PAR-2-AP in SF-treated rats (Figure 3).

Comparison of  time course of  5 μM PAR-2-AP induced 
relaxation on the rectal muscle strip prepared from control 
and SF-treated rats

In control group, the 5 μM PAR-2-AP inhibited the mechanical 
activity of  rectal muscle strips at day 11, 18 and 25, the effective 
time was shorten accompanied the time (Figure 4 A, B, C). In the 
infected group, the 5 μM PAR-2-AP impaired the spontaneous 
contraction of  rectal muscle strips only on day 25 (Figure 4 A, 
B, C), there was no inhibitory effect on day 11 and 18. On day 
35, 5 μM PAR-2-AP had no effect on rectal muscle strip in both 
control and SF-treated groups (Figure 4D).

The spontaneous contractility of  rectal muscle strips in both 
control and infectious groups

The spontaneous activity of  the rectal muscle strips increased on 
day 11 post infectious compared to that of  the control group. 
There was no significant difference between control and SF-
treated groups on day 18, 25 and 35 (Figure 5).

Discussion

In this study, we described the inhibitory effect of  PAR-2 
activation on the rectal motility in vitro, we found changes in PAR-
2 function in rats following bacillary dysentery. Results obtained 
showed the impairment in PAR-2 dependent relaxation of  rat 
rectal longitudinal muscle strips on day 11 and 18 postinfection, 
and this alteration recovered to control level on day 25 and 35 
post infection. The basal spontaneous activity of  the rectal muscle 
strips increased on day 11, then returned to control level.

As we know, the function of  gastrointestinal tract is affected by the 

inflammation or infection, which contributes to the development 
of  functional gastrointestinal disease, such as post infectious IBS. 
Rectum is vital in defecation, and the alterations in the pattern of  
defecation is the most common symptom in patients with IBS. 
It’s reported that the compliance, tone and sensation of  rectum 
were changed in patients with IBS [14], and the alterations in 
rectal sensitivity and motility were obersved in children with IBS 
[15]. Because approximately 1/10 of  IBS cases describe a post 
infectious onset and bacillary dysentery is a causative factor in 
PI-IBS [16, 17], so it’s necessary to investigate the alteration of  
rectum motility following SF-infection. It’s known that PAR-2 has 
a close relationship with IBS [18], so in our study, we examined the 
effect of  PAR-2 on the motility of  rectal muscle. Results showed 
a dose-dependent relaxation induced by PAR-2 activation. This 
effect was independent with enteric nervous system indicating 
the functional expression of  PAR-2 on rectal smooth muscle cell. 
The changed expression and function of  PAR-2 was reported in 
colon in chemical colitis models [9]. In Trichinella spiralis-infected 
(14 and 30 days postinfection) rats, the function and expression 
of  PAR-2 on jejunum were also observed. The PAR-2 induced 
relaxation of  jejunum was enhanced on day 14 postinfection 
(early phase),and motor responses were normalized on day 30 
(early phase) [10]. Here, we also found that the inhibitory effect of  
PAR-2 on the motility of  rectal muscle strip changed at different 
time post infection. The relaxation induced by PAR-2 activation 
was impaired on day 11 and 18 postinfection, and according to 
our previous study [8], there was the early postinfectious phase 
(11 and 18 days), then the impairment recovered to control 
level by day 25 and 35 (late phase). Meanwhile, the spontaneous 
contraction of  the rectal muscle strips was tend to increase on 
day 11 (Figure 5) indicating that the changes in motor of  PAR-2 
activation associated with the early postinfectious state might have 
a beneficial role to promote the bacteria expulsion. Interestingly, 
by day 25 and 35 postinfection, both basal motility and diastolic 
responses to SLIGRL-NH2 were normalized. Therefore, changes 
in PAR-2-mediated motor responses were observed in association 
with altered basal motility and would contribute to normalize 
the rectum motility [10]. The change of  the PAR-2 expression 
might be another reason for the impairment of  PAR-2 induced 
relaxation. And several endogenous and exogenous proteinases 
are candidates to modulate postinfectious changes in PAR-2 
expression and functionality. A few studies suggest that PAR-2 
dysfunction is originated by a loss of  receptors [8-10, 19]. This 
loss could be related to enhanced levels of  proteinases including 

Figure 2. The effect of  TTX on the inhibitory effect induced by PAR-2-AP. The muscle strips were incubated with TTX    
(10 µM) 30 min before the treatment of  different concentration of  PAR-2-AP or RP. 
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Figure 3. Comparison of  the inhibitory effect of  different concentration of  PAR-2-AP on rectal muscle strips separated 
from control and SF-treated rats at different time postinfection. #p <0.05 vs control.
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Figure 4. Time course of  the inhibitory effect of  5μM PAR-2-AP on spontaneous contraction of  the rectal muscle strip 
prepared from control and SF-treated rats at days 11(A), 18(B), 25(C), 35(D) postinfection. #P<0.05 vs. normalized baseline, 

*p < 0.05 vs control.
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those produced by the bacteria, which would increase PAR-
2 activation and internalization leading to a reduced receptor 
presence on the cell surface [20]. In this respect, the infiltration 
of  neutrophils after the infection of  S. flexneri is one source of  
endogenous proteinases. Besides, the expression of  PAR-2 was 
regulated by inflammatory cytokines in rat astrocytes and colon 
[21, 22] indicated a possible regulatory mechanism existing in the 

model of  S. flexneri infected rat for the release of  LPS and other 
cytokines by bacteria and immune cells, which might contribute to 
the dysfunction of  PAR-2 in our study. Actually in our previous 
work, the PAR-2 expression was down regulated in distal colon 
after the infection of  S. flexneri [8].

Taken together, the contraction of  rectal longitudinal strips was 
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Figure 5. The spontaneous contractility in control conditions and at different postinfectious phases, expressed as the area 
under the cure (AUC) in 3 min. Data are means ± SEM of  6-10 rectal muscle. #p<0.05 vs control.
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inhibited by the activation of  PAR-2, this relaxation effect was 
impaired on day 11 and 18 postinfectious, the basal contraction 
of  the rectal strips increased on day 11, both the increased basal 
mechanical activity and the impaired PAR-2-AP induced relaxation 
returned to normal level on day 25 and 35 postinfectious. These 
findings are helpful to understand the role of  PAR-2 in the 
development of  rectum related disease under inflammation or 
infection.
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