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Abstract: Noradrenalin as well as dopamine and adrenalin are involved in regulation of gastrointestinal function
including colonic motility and ion transport. Stress is able to enhance colonic motility but the mediated adrenocep-
tors are not well addressed. In the present study, contraction of isolated longitudinal strips (2x10 mm) in rat distal
colon (DC) was measured. Motility of the colon was studied by using strain gauge recording and expression of 3
adrenoceptors in rat colon was examined by immunofluorescence, RT-PCR, and Western blot. The results indicate
that DC manifested automatic rhythm motility, which was greatly enhanced in cold-restrained stress (CRS) rats, from
352458 to 549128 mgmin. Addition of NE dose-dependently inhibited colonic motility in both normal (IC, 2.7x10°
M) and stress condition (IC,, was 3.1x10° M), from 120.45+30.21 mgmin in normal group to 89.32+23.17 mgmin
in the stress group. The suppressive roles were notably reduced by pretreatment with 8, or B, adrenoceptor antago-
nist, atenolol (1x10° mol/L) or cyanopindolol (7.5x107 mol/L). The immunofluorescence activity of B-adrenoceptor
was widely distributed in the distal colon. An obvious difference of the distribution of the B-adrenoceptors in the
smooth muscle layer was observed in different segments of rat distal colon, and protein content of -, but not B,
and B_-adreoceptor increased significantly in CRS rats. There was variation of B-adreoceptors in the location and
segment. B, and B,-adreoceptor involved in NE-induced inhibition on colonic motility, which may play an important
role in the formative process of stress-related colon diseases.
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Introduction clear whether B-adrenoceptors are involved in
motility dysfunction in the acute stress model.
The aim of the present study is to clarify the role
of B-adrenoceptors in mediating the effect of
NE on the colonic motility in stress condition by
using strain gauge recording, immunofluores-
cence, and Western blot. The study will promote
understanding of colonic physiology and pathol-
ogy, and provide more helpful and valuable
experimental evidence for the prevention and

Catecholamines including epinephrine, norepi-
nephrine and dopamine are important neu-
rotransmitters in both the peripheral and cen-
tral nervous systems. Norepinephrine (NE), an
enteric autonomic nerve system transmitter [1]
plays important roles in digestion [2-5]. NE
involves in the regulation of Gl motility, includ-
ing in stress condition. DA-stimulated colonic

ion transport was mediated by B,-adrenoceptor,
not dopamine receptor [6, 7] B-adrenoceptors
have been reported to trigger and mediate
colonic relaxation [8, 9], while noradrenalin had
opposite effects [10]. In the gastrointestinal
tract, acute stress almost immediately stimu-
lates colonic contractile activity, resulting in an
enhanced defecation in rats and mice [1]. One
of the three prominent mediators of stress res-
ponse is norepinephrine [11]. However, it is not

therapy of human colonic diseases in clinic.
Materials and methods

Materials

The colon strips strain gauge recording experi-
ments were carried out in K-HS contained 117

mmol/L NaCl, 4.7 mmol/L KCI, 24.8 mmol/LI
NaHCO,, 1.2 mmol/L KH,PO,, 1.2 mmol/L Mg-
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Table 1. Immunohistochemistry antibodies

Animal models

Antigen Antibody Dilution Source Cold restraint stress (CRS) proce-
B, Rabbit Polyclonal ~ 1:70  Santa Cruz dure was similar to that reported by
B, Rabbit Polyclonal  1:70 Santa Cruz Williams and Barone FC [12, 13].
B, Rabbit Polyclonal ~ 1:70  Santa Cruz Rats were fast caught on the back
Rabbit IgG Goat/FITC 1:60 Zhongshan golden bridge skin, and the four limbs were tied

Biotechnology Co., LTD

with soft ropes secretly. Then the

CI2-6H20, 2.5 mmol/IL CaCI2-2H20, 11.1 mmol/L
glucose. The solution was gassed with a gas
mixture of 5% CO, and 95% O,,. The pH was ad-
justed to 7.4 with NaOH or HCI. Drugs that were
used in the study included dopamine hydro-
chloride, dimethyl sulfoxide (DMSO), (*)-pro-
pranolol hydrochloride, atenolol, ICl 118,551
hydrochloride, R(+)-SCH-23390, sulpiride hydr-
ochloride (Sigma, St. Louis, Mo.), prazosin hydr-
ochloride (Fluka, Buchs, Switzerland), and nor-
epinephrine bitartrate (Jin Yao Amino Acids
Pharmaceutical, Tianjin, China). Stock solutions
of dopamine were dissolved in DMSO; others
were dissolved in aqueous stock solution.

Tissue preparation

Male SD rats weighing 250-300 g (Laboratory
Animal Services Center, Capital Medical Uni-
versity) were housed in group cages under con-
ditions of controlled temperature (22-24°C)
and illumination (12-h light cycle starting at
6:00 AM) before experiments are maintained
on laboratory chow and water. Protocols des-
cribing the use of rats were approved by the
Animal Care and Use Committee, Capital Me-
dical University and in accordance with the
National Institute of Health Guide for the Care
and Use of Laboratory Animals. The animals
were killed by cervical dislocation.

Isolated distal colons (DC, 1.5 cm to anus) were
cut along the mesenteric border into a flat
sheet and flushed with Krebs-Henseleit solu-
tion (K-HS). The DC segments were pinned flat
with the mucosal side up in a Sylgard-lined
petri dish containing K-HS. 2x10 mm longitudi-
nal strips in median were obtained by eye scis-
sors and tied with soft thread around both ends
for strain gauge measurement. The colon seg-
ments were pinned flat with the mucosal side
down to be lightly ripped the smooth muscle
layers for real-time PCR and Western blot tests.

3786

rats were restricted back to boards

by the ropes. The animals were im-
mediately placed in 13+2°C water up to breast-
bone for 70 minutes. Control animals were
allowed to move freely in cages. The rats were
killed by cervical dislocation after CRS.

Strain gauge measurement

The muscle strips, immersed in 10 ml K-HS
chamber maintained at 37°C in the wall water
recirculation from a warm reservoir during the
experiments, were slinged to strain gauge. The
K-HS solution were bubbled with 95% O, and
5% CO, (V,,/V,,) to maintain the pH of the
solution at 7.4. Drugs were added directly to
the K-HS immersing the colon strips. Tension
responses were continuously recorded through
the strain gauge to the computer (Australian
Power Lab Biology Signal Recording System).
The tensions always start at 1 g. After balanc-
ing 50 minutes, the value was calculated on
tension curve area (gx1 minute) before and
after drug administration.

Immunohistofluorescence

Segments of rat colon were embedded in the
optimum cutting temperature medium (McCor-
mick, St. Louis, MO, USA) and frozen in liquid
nitrogen immediately. Sections (5 ym) were cut
at -20°C in a cryostat microtome (Leica CM-
1850, St. Gallen, Switzerland) and thaw-mount-
ed onto Polylysine frost plus slides. The sec-
tions were fixed for 10 minutes in cold acetone
and then washed (3x6 minutes) in 0.3% Triton
X-100 phosphate buffer solution (PBST) to elim-
inate residual fixative. After blocking with 10%
normal goat serum (Sigma-Aldrich, St. Louis,
MO) for 30 minutes at room temperature, the
sections were incubated with primary antibody
(Table 1) diluted in 1% cow serum albumin over-
night. Omitting the primary antibody was used
as the negative control. The sections were then
washed in PBST (3x6 min) and incubated with
the secondary antibody diluted in 1% cow
serum albumin for 1 hour. After the final PBST
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Table 2. Western blotting antibodies

Antigen Antibody Dilution Source
B, Rabbit Polyclonal 1:333 ABR

B, Rabbit Polyclonal 1:333 Abcam
B, Rabbit Polyclonal 1:200  Santa Cruz

GAPDH Rabbit Polyclonal ~ 1:1000 Sigma
Rabbit 1gG Goat/FITC 1:60

ROCKLAND

wash, the sections were cover slipped and ob-
served under a fluorescence microscope (Olym-
pus BX51, Japan). The samples were incubated
with rabbit anti-mouse immunoglobulin (IgG,
Santa) for 1 hour at 37°C and stained with
3,3’-diaminobenzidine (DAB) for 3 minutes and
hematoxylin for 20 seconds. Samples were ob-
served under a microscope (Olympus BX51, Ja-
pan).

RNA extraction and preparation of cDNA

The colon segments were collected in PBS
(0.9% NaCl in 0.01 M sodium phosphate buffer,
pH 7.4), which had been treated with 0.1%
diethyl pyrocarbonate (depc-PBS). After the
wall of each piece of gut was opened, the tissue
was cleaned with depc-PBS and transferred to
Trizol (Invitrogen) for extraction of total RNA,
which was isolated according to the manufac-
turer’s instructions and stored at -80°C for
additional use. Samples of cDNA were gener-
ated by reverse transcription with 1 ug of each
total RNA, 500 ng of oligo (dT) 12-18 primers,
10 nmol dNTPs, DEPC sterile distilled water
incubate at 65°C for 5 minutes, then place on
ice for at least 1 minute and 4 ul 5x first strand
buffer including 250 mM Tris-HCI (pH 8.3), 375
mM KCl and 15 mM MgCIz, 40 U of RNase OUT,
and 200 U of SuperScript lll RT, 0.1 ymol DTT,
was added in a 20 pl reaction volume. Following
brief centrifugation, the tractions were incubat-
ed at 50°C for 50 minutes, then at 70°C for 15
minutes. The completed reverse transcription
reactions were stored at -20°C and used for
PCR without further treatment.

Real-time PCR

Real-time PCR was used to quantify mRNA
encoding (-adrenoceptor in the rat different
colon segment smooth muscle respectively.
Expression of B-adrenergic receptors was nor-
malized to that of 28SrRNA, a housekeeping
gene that is not thought to be subject to regula-
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tion. Transcripts encoding (-adrenergic recep-
tors in samples of rat colon were comparatively
quantified by real-time PCR with the Brilliant
SYBR Green QPCR Master Mix kit (Stratagene)
using a Light Cycler instrument (Stratagene).
The specific primers are listed in Table 2.

Amplifications were performed in a final volume
of 20 ul of a commercial reaction mixture (Stra-
tagene). The primers for the amplification of
cDNA encoding B-actin, B,, B, and B, -adreno-
ceptors were used at a final concentration of
0.2 uM, 0.25 ul of the cDNA prepared from tis-
sue was added to the mixture. A reference dye
ROX was used to normalize for non-PCR related
fluorescence fluctuations occurring well to well
or over time. Within the instrument, the reac-
tion mixture was first incubated at 95°C for 10
minutes to denature the template DNA. Ampli-
fication was then performed for 40 cycles, each
involving denaturation at 95°C for 30 seconds,
annealing for 1 minute at 60°C, and elongation
at 72°Cfor 30 seconds. The appearance of dou-
ble-stranded DNA was quantified by measuring
the fluorescence of SYBR Green after each step
of annealing. A melting point analysis was final-
ly performed to improve the sensitivity and spe-
cificity of amplification reactions detected with
the SYBR Green | dye; samples were incubated
at 95°C for 1 minute, at 55°C for 30 seconds
and then from 55 to 95°C with a transition rate
of 0.2°C-sec™. Data were analyzed with com-
puter assistance using the MxPro-Mx3000P
software.

Western blotting for adrenoceptors

Tissue was harvested from the mucosa of rat
distal colon, washed with PBS, and homoge-
nized in 300 pl cold lysis buffer, pH 7.5, con-
taining Nonidet P-40 (1%), TRIS-HCI (10 mM, pH
8.0), EDTA (1.0 mM), NaCl (150 mM), EGTA (2.0
mM), 10% SDS (0.1%), sodium orthovanadate
(1 mM), deoxycholic acid (0.5%), phenylmeth-
anesulfonyl fluoride (1.0 mM), aprotinin (5 pg/
ml), and leupeptin (5 pg/ml), all purchased
from Sigma. Total tissue homogenates were
sonicated to dissolve completely and then cen-
trifuged at 12,000 rpm for 30 min at 4°C to
separate the membrane-containing fraction
(pellet) from the cytosol. Proteins (100 ug) were
separated by 10% SDS-polyacrylamide gel
electrophoresis. The separated proteins were
electroblotted onto nitrocellulose membrane
(NC membrane, Millipore), and then the mem-
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brane was washed for 10 minutes with TBST
(20 mM TRIS-CI pH 7.5, containing 0.15 M NacCl
and 0.05% Tween 20) and immersed in block-
ing buffer containing 5% nonfat dry milk in TBST
for 1 hour at room temperature. The blot was
washed with TBST and finally incubated over-
night at 4°C with polyclonal primary antibodies
to B, (Affinity BioReagents, USA; diluted 1:500
in 5% nonfat dry milk), B, (Santa Cruz Biotech-
nology, Santa Cruz, Calif.,; diluted 1:500 in 5%
nonfat dry milk) or B, (Santa Cruz Biotechnology,
Santa Cruz, Calif.; diluted 1:500 in 5% nonfat
dry milk). After washed in TBST, the blot was
incubated with secondary antibody to rabbit
IgG (Rockland) for 1 hour at room temperature.
The blot was finally washed with TBST, scanned
by infrared rays with the Odyssey Infrared
Imager (LI-COR, Nebraska, USA), and analyzed
by Odyssey software (version 1.2).

Statistics methods

Motility index (mg:min?) is the area under the
tension curve from the baseline. Nonlinear
regression figure Y axis “ratio of motility index
to the original” was calculated from every time
motility index of different NE dose respectively
divided by the corresponding initial motility
index. Data from at least three independent
experiments performed in triplicates are pre-
sented as the mean + SE. Error bars in the scat-
terplots and the bar graphs represent SE. Data
were examined to determine whether they were
normally distributed with the One-Sample Kol-
mogorov-Smirnov test. If the data were normal-
ly distributed, comparisons of measurement
data between two groups were performed us-
ing independent sample t test and the compari-
sons among three or more groups were first
performed by one-way ANOVA test. If the results
showed significant difference, when the data
were skewed distribution, comparisons were
performedbynonparametrictest. Measurement
data between two groups were performed
using nonparametric Mann-Whitney test. Stati-
stics and graphs were generated using Graph-
Pad Prism 6.0 (GraphPad Software Inc., San Die-
go, CA, U.S.A.). Statistical analysis between two
samples was tested using a Student’s paired or
unpaired t-test and F test of nonlinear regres-
sion comparison. “n” refers to the number of
tissue preparations used from different ani-
mals. Statistical tests were two-tailed and a p
value of less than 0.05 was considered statisti-
cally significant.
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Results

Appearance of segmental discrepancy of mo-
tility in rat distal colon

As shown in Figure 1A, the distal colon was
defined as the 7 cm long segment proximal to
the lymph node, (typically situated 3 cm away
from the anus) as reported elsewhere [14]. The
distal colon was split into four segments termed
DC, (next to lymph node), DC,, DC,, and DC,,
respectively. Because the motility format on
the segment around lymph node (DC)) is very
different from the other three segments and
also the variation from DC, to DC, is gradually
prominent, the DC, and DC, were therefore
chosen to investigate the segmental discrep-
ancy of the rat distal colonic motility and the
possible underlying mechanism. Similar to our
previous investigated there were segmental
discrepancy of the rat distal colonic ion secre-
tion [15]. As shown in Figure 1B, there was seg-
ment discrepancy of the rat distal colonic motil-
ity in term of frequency and amplitude. As
Figure 1C shows that the motility frequency in
segment d (1.69+0.15, n=6) is obviously higher
than that in segment a (1.22+0.08, n=8,
P<0.05) by 27.8%, segment b (1.11+0.07, n=8,
P<0.01) by 34.3% and segment ¢ (0.97+0.06,
n=8, P<0.001) by 42.6%. As Figure 1D indi-
cates, the motility index segment d (85.25+
11.35 mg-min?, n=8) is much lower than that in
other segment a (315.3+44.36 mg:min?, n=9,
P<0.001) by 269.7%, segment b (251.4+35.75
mgmin?, n=9, P<0.001) by 194.9%, segment ¢
(277.9+27 mg:min?, n=9, P<0.001) by 225.9%.
All these results indicate that there is segmen-
tal discrepancy of motility in rat distal colon.

Norepinephrine-induced inhibition of rat DC
motility in normal and CRS condition

Previous studies have shown that NE could
inhibit distal colon spontaneous rhythm motility
[16, 17]. It has also been reported that NE
could inhibit distal colon ion secretion [7]. To
test whether extrinsic NE contribute to the
appearance of segmental discrepancy of motil-
ity in rat distal colon. As Figure 2A shown, NE
inhibits the motility of distal colon with the
dose-dependent curves on different segment
colon strips; segmental a and b curves had
almost same tendency (P>0.05, n=5 pairs), but
both segmental ¢ and d curves were different
from the others (P<0.05-0.01, n=5-8). As the
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Figure 1. Auto-rhythm motility of different segments in the rat colon strip. Demonstration of segments of rat colon,
each segment length is 1 cm (A); Gauge recording curve of different segment strips motility (B). Statistic motility
frequency of different segment colon strips (C). Motility strength of different segment colon strips in motility index
(D). *P<0.05, **P<0.01 comparing d to the other segments (D).

result

of Figure 2B indicated that comparing

the NE dose curves with the initial motility
index ratio to the original 100%, NE inhibitory
effects on a and b segments were less than ¢
and d segments about 72.59% and 51.25% at

the co

ncentration of NE in 107 mol (P<0.05,

n=6-7) respectively. It also has the same ten-

dency

segmental

at the concentration of NE in 10 mol,
a and b were about 59.75%

decreased and segmental ¢ and d were about
42.88% inhibition (P<0.05, n=6-7) respective-
ly. All these investigations illustrate that NE can
induce dose-dependent inhibition of rat distal

colon
menta

motility in normal conditions with seg-
| differences.

Previous investigation showed that CRS could
enhance the spontaneous contractions [18,
19], however the different segments colon
strips reacting to CRS is still vague. In order to
give the direct proof of the different segments

effect
tal col
Figure
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on CRS, the spontaneous motility of dis-
on strips were recorded. As shown in
2C, CRS could make the spontaneous

contractions enhancement in all segments. As
Figure 2D shows, the motility index ratio to the
control group is enhancement from 315.3+44.6
to 549.3+83.24 mg:min* (P<0.05, n=7) about
74.2% in segmental a. There was also an incre-
ase in segmental b and ¢ from 251.44+35.8 to
541.7439.2 mg:-min?t about 115.5% (P<0.001,
n=7) and 266.4+22.7 to 448.0+61.3 mg-min*
by 68.2% (P<0.05, n=7) respectively, and there
was enhancement in segmental d from 85.3+
11.4 to 404.2+49.1 mgmin? about 374.1%
(P<0.001, n=7).

In order to further confirm the hypothesis that
NE could suppress the different segment colon
motility in CRS condition, segmental a, b, ¢c and
d of CRS were compared as control and treat-
ment with NE all the curves in different seg-
ment were recorded simultaneously (Figure
2E). Just as Figure 2F and 2G shown, they had
almost same the tendency with the same colon
segment in same conditions with NE-dose
curve, none of the three segments changed

Int J Clin Exp Med 2019;12(4):3785-3797
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in the motility index; segment a and b curves were almost same, P>0.05, n=5 pairs; both ¢ and d segment curves
were different from the others, segment d curves was lower than others. P<0.05, n=5 pairs (A). Comparing the NE
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dose curves with the initial motility index ratio to the original 100%, NE inhibitory effects on a and b segments were
less than ¢ and d segments in the concentration of 107 and 10® mol/L, P<0.05, n=5 pairs, *P<0.05, comparing
d to the other segments (B) CRS influence on motility of different segments colon strips Gauge recording curve of
different segment strips motility in the CRS condition, the motility indexes were significant enhancement than the
control group (C). The motility in the CRS were enhanced in all segments, especially segment d.*P<0.05, **P<0.01,
***P<0.001, comparing motility index of CRS rat colon to the control one; ¢P<0.05, comparing motility index of
CRS rat colon to the other CRS’s, only b segment was different to d (D). NE inhibitory effect on different segment co-
lon motility in the CRS rat colon (E). Comparing NE dose curves (%) in segment a and b of control and CRS rat colon,
the tendency were same, P>0.05, n=5 pairs (F). Comparing control and CRS rat colon NE dose curves of segment
¢, they were different, P<0.05, n=5 pairs (G). Comparing control and CRS rat colon NE dose curves of d segments,
they were different at the concentration of NE 107 mol/L. p<0.05, n=5 pairs (H). The control NE dose curve of d
segment rat colon strip was different from the CRS’s, P<0.001, n=7 pairs.
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Figure 3. Influence of different receptor antagonists on NE inhibitory on rat different colon strip motility. Pretreat-
ment with B, adrenoceptor antagonist, atenolol 1.0x10° M, or B_-adrenoceptor antagonists, cyanopindolol 7.5x107
M, there were notable differences in NE dose lines of distal colon motility with the control group at the concentration
of NE from 107-10° mol/L (P<0.05~0.01, n=6) (A). Pre-treatment with D, antagonist (SCH-23390, 10° mol/L), D,
antagonist (sulpiride, 10° mol/L), or B, antagonist (ICl 118,551, 1x10° mol/L) respectively, there were no differ-
ence with the NE-induce inhibition in distal colon (P>0.05, n=7) (B). Comparing the motility index ratio to the original
(%) pretreatment with B, adrenoceptor antagonist, atenolol at concentration of 1x10° mol/L or B -adrenoceptor
antagonists, cyanopindolol 7.5x107 mol/L respectively, the NE-dependence dose curves with B,- or B,-antagonist
shifted to the right (P<0.05~0.01, n=7), while pre-treatment with _-adrenoceptor antagonists, ICl 118,551 at con-
centration of 1x10® mol/L the NE dose- curves showed only a partial right shift (P>0.05, n=7) (C). The NE-depen-
dence dose curves with D, antagonist (sulpiride, 10° mol/L), antagonist had no shift (P>0.05, n=7) (D), *P<0.05,
**P<0.01, ***P<0.001, comparing d to the control group.

compared to the control groups (P>0.05, n=7).
But as in Figure 2H shown segmental d, the
change tendency motility were significantly dif-
ferent with the control ones, there was marked
decrease at the same concentration of NE 107
mol/L from 34.9+5.5% to 15.6+2.9% about
55.3% (P<0.01, n=11). All these data indicate
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that NE might also be involved in CRS-induced
the spontaneous contractions enhancement
and the appearance of segmental discrepancy
in CRS condition. All these changes may play an
important role, which could explain that the
number of feces enhanced in the stress condi-
tion [20].
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Specify the difference between the NE-induced
inhibition of DC motility with B-adrenoceptor or
DA-receptor antagonist

Just as Figure 3A shown, comparing the pre-
treatment with either B, adrenoceptor antago-
nist, atenolol at concentration of 1x10° mol/L
or B,-adrenoceptor antagonists, cyanopindolol
7.5%x107 mol/L to the control, there were mark-
edly differences in NE dose lines of distal colon
motility. Furthermore, statistically B, adreno-
ceptor antagonist had stronger prevention to
NE inhibition at the concentration of from 107
to 10 mol/L on the rat distal colon spontane-
ous contractions from 67.4+8.3% to 97.8+3.3%
(P<0.05, n=9) and from 23.8+3.6% to 84.8+
3.2%% (P<0.01, n=9) than that of 3,-adrenoce-
ptor antagonist from 67.4+8.3% to 83.4+3.6%
(P>0.05, n=6) and from 23.8+3.6% to 52.5+
3.9% (P<0.01, n=6). NE at concentration more
than 1x10° M, could almost inhibit by 80% dis-
tal colonic idiopathic rhythmicity motility as
control no matter either pretreated with B, or
B,-adrenoceptor antagonists As shown in Fi-
gure 3B, pretreatment of 3,-adrenoceptor anta-
gonists, ICl 118,551 at concentration of 1x10°
mol/L), D, antagonists, SCH-23390, at concen-
tration of 1x10° mol/L or D, antagonists, sul-
piride, at concentration of 10°° mol/L respec-
tively, all the antagonist curves had the same
manner with control group (P>0.05, n=9). As
shown in Figure 3C, pre-treatment with j3,
antagonist (ICl 118, 551, 10 mol/L), it had the
depressant effect on the motility index ratio to
the original in some degree (P>0.05, n=6), but
with pretreated with B, or B, -adrenoceptor
antagonists, the motility index ratio to the origi-
nal was higher than the control (P<0.001, n=6).
As shown in Figure 3D, all these results indi-
cate that B, and B,-adrenoceptor antagonists
might prevent the NE-induce inhibition in distal
colon. The results suggest that pretreatment
with D, antagonis (SCH-23390, 10° mol/L), D,
antagonist (sulpiride, 10 mol/L), or B, antago-
nists (ICl 118,551, 1x10° mol/L), the motility
index ratio has few different, but no statistically
significant change to the control group only with
the different concentration of NE and has inde-
pendence with the NE-induce inhibition in distal
colon.

Specify distribution and protein content of
B-adrenoceptors in DC

B-adrenoceptors distribution was investigated
by means of the immunohistochemistry and
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protocols in molecular biology. As Figure 4A
and 4B show, there was segmental variability
on the distribution of B-adrenoceptors subtype.
Also, B-adrenoceptors were located in the my-
enteric nerve plexus, smooth muscle layer and
epithelial mucosa [7, 21] in distal colon and
B,-adrenoceptors and mustered in the epitheli-
al mucosa and submucosa.

The Western blot was used to investigate the
effect of CRS on the protein content of 3-adren-
oceptorsin rat DC. As shown in Figure 4C, more
protein content of B-adrenoceptors was obser-
ved in the smooth muscle compared with epi-
thelia (P<0.05-0.01, n=8). Whereas, CRS rat j3,-
adrenoceptors had a little enhancement com-
pared to control (P>0.05, n=8), the B,-adreno-
ceptors had significant increased about 38.11%
(P<0.05, n=8), but not B_,-adrenoceptors. All
these results indicate that B, -adrenoceptors
expression might be enhanced in the CRS con-
dition.

Discussion

Exposure to physical and psychological stress-
ors is largely recognized to alter gastrointesti-
nal functions in humans and in rodents. In
rodents, stress produces gastric ulceration
[22], inhibits gastric motility and emptying and
promotes intestinal propulsive motor activity
[1], enhances epithelial permeability to macro-
molecules in the small and large intestine [4,
23] increases visceral pain in response to rec-
tal distension [24]. Stress is also associated
with development, progression, and relapse of
inflammatory bowel diseases in humans, and
with intestinal inflammatory processes in ani-
mal models [25]. Our previous study revealed
that NE is able to suppress transepithelial ion
transport in rat late distal colon [26] and
B,-adrenoceptors mediate the process [24].
Adrenoceptors have also been found in periph-
eral organs, including the gastrointestinal tract
[27, 28]. However, it is not clear whether there
is a difference with which B adrenoceptors (s)
mediated NE-induced motility in rat distal
colon. The functional role [,-adrenoceptor in
inhibiting human colonic motility has been sug-
gested by the authors of several in vitro func-
tional studies carried out on human muscle-
strip preparations from circular and taenia coli
colonic SMC [8, 29]. It has been assumed that
adrenergic agonists inhibit gastrointestinal
motility by interacting with a heterogeneous
smooth muscle population of B-adrenoceptors,
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Figure 4. Representative immunofluorescence images of rat colon in non-stressed rats. B-adrenoceptors were identified with monoclonal antibody to rat. The dis-
tribution of the B-adrenoceptor subtypes had variability in various segment (green as B-adrenoceptor , blue as nucleus and red as NF, yellow as merge) (A). DAB
staining images of rat colon. LM represents the outer longitudinal muscle layer; CM represents inner circular muscle layer; and the black line arrow represents
cells in which B-adrenoceptors are expressed (representative data from n=5, n represents animal number) (B). Quantitative evaluation of the protein content of
B-adrenoceptors in rats exposed to cold-restraint stress for 100 minutes at 18°C. The bar graph shows quantification of bands by densitometric analysis (C). Each
bar represents the mean + SEM for 8 rats per group (D). *P<0.05, **P<0.01, comparing CRS to the control group.

3793 Int J Clin Exp Med 2019;12(4):3785-3797



Inhibition of noradrenalin on the colonic motility

namely B,, B,, and B, [30]. CRS increased the
automatic rhythm motility of DC in our experi-
ments too much to let the water in content
absorbed completely as normal, so that the
colon content inclined to trigger peristalsis
pushing feces. So, CRS rats have more and
looser bowels than control [13] as other stress
[10, 23].

In our current study, it has been demonstrated
that B, and B,-adrenoceptors, but not 3, recep-
tors, mediate NE-induced colon motility inhibi-
tion in the distal colon of rats, as evidenced by
the following.

1. Pretreatment with B, or B,-adrenoceptors
antagonists, the NE-induced colon motility inhi-
bition in the distal colon of rats was much more
blocked than that of pretreatment with f; 2.
Addition with B -adrenoceptors antagonists or
D, or D, receptors antagonists respectively,
there are no obvious differences with the con-
trol group; 3. There were B-adrenoceptor sub-
types location in the colon epithelial mucosa
and myenteric nerve plexus and the protein
content of B, and B, adrenoceptors, but not B,
which might be increased in the CRS condi-
tion.

By evaluating the direct myogenic contribution
of B-adrenoceptors in mediating rat colonic
smooth muscle relaxation, our study supports
the functional role of -adrenoceptors in both
myenteric nerve plexus, epithelial, and smooth
muscle layers. The presence of B-adrenoceptors
in human colonic SMC was strongly suggested
by the concentration-dependent relaxation
exerted by the selective antagonist [31]. The
plasma concentrations of norepinephrine at 4
and 8 hours after the last stressor were signifi-
cantly greater than the control values prior to
the start of the stress protocol and at 1 hour
after the end of the last stressor [32]. Just as
the previous investigation the contractile
responses in circular muscle strips after the
last stressor of the heterotypic chronic stress
protocol were significantly greater than those in
strips taken from sham-treated controls [32].

Therefore, a common receptor target or a com-
mon signaling pathway might exist between
dopamine- and norepinephrine-induced colonic
motility. Non-selective and selective adreno-
ceptor antagonists were used to investigate
whether adrenoceptor(s) was involved in nor-
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epinephrine-induced colon motility [33]. As oth-
ers reported work that both B, and B, adreno-
ceptors could inhibit colon peristalsis motility
[25] and base tone [34], it was found that NE,
sympathetic nerve transmitter, can inhibit rat
colon automatic rhythm motility through §,- and
mainly B,-adrenoceptors so as to cause less
peristalsis motility pushing feces.

In the immunohistochemisty investigation, the
results show that there was segmental variabil-
ity in distribution of B-adrenoceptors, which
indicated that constriction or secretion-mediat-
ed by B-adrenoceptors may have segmental
variability in different segments. -adrenocep-
tors mainly distributed in both DC smooth mus-
cle as human [34, 35], give direct evidence of
NE decreasing rat DC automatic motility [21].
But B,- and B,-adrenoceptors also appeared at
and worked on colon neurons [36, 37], whether
their functions in the NE inhibition on rat colon
motility through the neurons need to be investi-
gated. As it is seen that B-adrenoceptors also
congregated at apical mucosa epithelium,
coordinating with other forward work [38] most
likely to modulate liquid secretion lubricating
feces.

Many studies have proved B,-, B, and B,-adren-
oceptors mRNAs appearing in colon smooth
muscle of human [29, 35, 39] and rat colon
[40]. Our results further demonstrate that
mRNAs encoding B,- and B,-adrenoceptors
appear in smooth muscle of rat DC [31]. As the
data suggest that the adrenal medulla releases
norepinephrine in peripheral circulation in stim-
ulation [41]. The content B_-adrenoceptors pro-
tein in DC of CRS rats was up-regulated in the
Western blot, which gave the protective struc-
ture basement to help NE effectively correcting
[42] of CRS rats colon to normal as a kind of
self-cure mechanism [43]. So B,-adrenoceptors
might be the main active factor to inhibit rat
colon motility in both normal and CRS rat, addi-
tionally B,-adrenoceptors could compensate
B;-adrenoceptors as consistency as previous
report [44]. The existence of B, -adrenoceptors
is now generally accepted, and these receptors
have been shown to be abundant in a number
of gastrointestinal smooth muscle prepara-
tions [45]. Data in the previous section indicate
that smooth muscle might have hyper-reactivity
to NE increases in a time dependent manner
after the acute stressor.

Int J Clin Exp Med 2019;12(4):3785-3797



Inhibition of noradrenalin on the colonic motility

The Western blotting results also demonstrat-
ed that the B,-adrenoceptor protein in CRS rat
DC smooth muscle was higher than that of the
control group statistically.

In conclusion, NE can inhibit rat DC strip motili-
ty through B,- and mainly [,-adrenoceptors,
CRS stimulated rat DC motility while the up-
regulation of B_-adrenoceptors in DC smooth
muscle of CRS rats should be a compensatory
mechanism that help NE to mitigate the stron-
ger motility caused by CRS to normal condition
[46).

Acknowledgements

The investigation is supported by the National
Natural Science Foundation of China Grant No.
816736713 and 81274173; Beijing National
Science Foundation No. 7122017; Innovation
Fund of Capital Medical University No. XSKY20-
18008; CXZDS2018011.

Disclosure of conflict of interest
None.
Abbreviations

DA, Dopamine; CRS, cold restraint stress; NE,
noradrenalin; DC, distal colon; PC, proximal
colon; Gl, gastrointestinal; PD, Parkinson’s di-
sease.

Address correspondence to: Jing Dong Xu, Depart-
ment of Physiology and Pathophysiology, School of
Basic Medical Sciences, Capital Medical University,
Beijing 100069, China. Tel: +86-10-8391-1469;
Fax: +86-10-8391-1469; E-mail: xu_jdd@ccmu.edu.
cn

References

[1] Tache Y, Martinez V, Million M and Wang L.
Stress and the gastrointestinal tract lll. Stress-
related alterations of gut motor function: role
of brain corticotropin-releasing factor recep-
tors. Am J Physiol Gastrointest Liver Physiol
2001; 280: G173-177.

[2] Nakahata N, Nakanishi H and Suzuki T. De-
pressive effect of epinephrine mediated via
adrenergic beta-receptor in isolated rat colon
and duodenum. Jpn J Pharmacol 1977; 27:
341-349.

[3] Walker JK, Gainetdinov RR, Mangel AW, Caron
MG and Shetzline MA. Mice lacking the dopa-
mine transporter display altered regulation of
distal colonic motility. Am J Physiol Gastroin-
test Liver Physiol 2000; 279: G311-318.

3795

(4]

(5]

(8]

)

(10]

(11]

[12]

(13]

(14]

Santos J, Yang PC, Soderholm JD, Benjamin M
and Perdue MH. Role of mast cells in chronic
stress induced colonic epithelial barrier dys-
function in the rat. Gut 2001; 48: 630-636.

Li ZS, Schmauss C, Cuenca A, Ratcliffe E and
Gershon MD. Physiological modulation of in-
testinal motility by enteric dopaminergic neu-
rons and the D2 receptor: analysis of dopa-
mine receptor expression, location, develop-
ment, and function in wild-type and knock-out
mice. J Neurosci 2006; 26: 2798-2807.
Zhang GH, Zhu JX, Xue H, Fan J, Chen X, Tsang
LL, Chung YW, Xing Y and Chan HC. Dopam-
ine stimulates Cl(-) absorption coupled with
HCO(3)(-) secretion in rat late distal colon. Eur
J Pharmacol 2007; 570: 188-195.

Zhang XH, Zhang XF, Zhang JQ, Tian YM, Xue H,
Yang N and Zhu JX. Beta-adrenoceptors, but
not dopamine receptors, mediate dopamine-
induced ion transport in late distal colon of
rats. Cell Tissue Res 2008; 334: 25-35.
Manara L, Badone D, Baroni M, Boccardi G,
Cecchi R, Croci T, Giudice A, Guzzi U, Landi M
and Le Fur G. Functional identification of rat
atypical beta-adrenoceptors by the first beta
3-selective antagonists, aryloxypropanolami-
notetralins. Br J Pharmacol 1996; 117: 435-
442,

Jun JY, Choi S, Yeum CH, Chang lY, Park CK,
Kim MY, Kong ID, So I, Kim KW and You HJ.
Noradrenaline inhibits pacemaker currents
through stimulation of beta 1-adrenoceptors in
cultured interstitial cells of Cajal from murine
small intestine. Br J Pharmacol 2004; 141:
670-677.

Trischitta F, Denaro MG and Faggio C. Effects
of acetylcholine, serotonin and noradrenalin
on ion transport in the middle and posterior
part of Anguilla anguilla intestine. J Comp
Physiol B 1999; 169: 370-376.

Carrasco GA and Van de Kar LD. Neuroendo-
crine pharmacology of stress. Eur J Pharmacol
2003; 463: 235-272.

Williams CL, Villar RG, Peterson JM and Burks
TF. Stress-induced changes in intestinal transit
in the rat: a model for irritable bowel syndrome.
Gastroenterology 1988; 94: 611-621.

Barone FC, Deegan JF, Price WJ, Fowler PJ, Fon-
dacaro JD and Ormsbee HS 3rd. Cold-restraint
stress increases rat fecal pellet output and co-
lonic transit. Am J Physiol 1990; 258: G329-
337.

Xu JD, Liu S, Wang W, Li LS, Li XF, Li Y, Guo H, Ji
T, Feng XY, Hou XL, Zhang Y and Zhu JX. Emo-
din induces chloride secretion in rat distal co-
lon through activation of mast cells and enteric
neurons. Br J Pharmacol 2012; 165: 197-207.
Xue H, Tian YM, Yan M, Yang N, Chen X, Xing Y
and Zhu JX. Appearance of segmental discrep-

Int J Clin Exp Med 2019;12(4):3785-3797



(16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

3796

Inhibition of noradrenalin on the colonic motility

ancy of anion transport in rat distal colon. Biol
Pharm Bull 2007; 30: 1407-1411.

Gyoneva S and Traynelis SF. Norepinephrine
modulates the motility of resting and activated
microglia via different adrenergic receptors. J
Biol Chem 2013; 288: 15291-15302.
Tsukada F, Sawamura K, Kohno H and Ohkubo
Y. Mechanism of inhibition of small intestinal
motility by restraint stress differs from that
with norepinephrine treatment in rats. Biol
Pharm Bull 2002; 25: 122-124.

Nikiforova AS. Stress-induced gastrointestinal
motility is responsible for epileptic susceptibil-
ity. Med Hypotheses 2014; 82: 442-451.
Kimoto M, Zeredo JL, Ota MS, Nihei Z and Toda
K. Comparison of stress-induced modulation
of smooth-muscle activity between ileum and
colon in male rats. Auton Neurosci 2014; 183:
8-11.

Boggiano MM, Cavigelli SA, Dorsey JR, Kelley
CE, Ragan CM and Chandler-Laney PC. Effect
of a cage divider permitting social stimuli on
stress and food intake in rats. Physiol Behav
2008; 95: 222-228.

Taniyama K, Kuno T and Tanaka C. Distribution
of beta-adrenoceptors associated with cAMP-
generating system in cat colon. Am J Physiol
1987; 253: G378-382.

Senay EC and Levine RJ. Synergism between
cold and restraint for rapid production of stress
ulcers in rats. Proc Soc Exp Biol Med 1967;
124: 1221-1223.

Saunders PR, Santos J, Hanssen NP, Yates D,
Groot JA and Perdue MH. Physical and psycho-
logical stress in rats enhances colonic epithe-
lial permeability via peripheral CRH. Dig Dis Sci
2002; 47: 208-215.

Gue M, Del Rio-Lacheze C, Eutamene H, The-
odorou V, Fioramonti J and Bueno L. Stress-in-
duced visceral hypersensitivity to rectal disten-
sion in rats: role of CRF and mast cells.
Neurogastroenterol Motil 1997; 9: 271-279.
Kiank C, Tache Y and Larauche M. Stress-relat-
ed modulation of inflammation in experimental
models of bowel disease and post-infectious
irritable bowel syndrome: role of corticotropin-
releasing factor receptors. Brain Behav Immun
2010; 24: 41-48.

Zhang X, Li Y, Duan Z and Zhu J. Regulation of
transepithelial ion transport in the rat late dis-
tal colon by the sympathetic nervous system.
Physiol Res 2015; 64: 103-10.

Vaughan CJ, Aherne AM, Lane E, Power O, Car-
ey RM and O’Connell DP. Identification and re-
gional distribution of the dopamine D(1A) re-
ceptor in the gastrointestinal tract. Am J Physiol
Regul Integr Comp Physiol 2000; 279: R599-
609.

Liao D, Frokjaer JB, Yang J, Zhao J, Drewes AM,
Gilja OH and Gregersen H. Three-dimensional

[29]

[30]

(31]

(32]

(33]

(34]

[35]

(36]

(37]

(38]

[39]

surface model analysis in the gastrointestinal
tract. World J Gastroenterol 2006; 12: 2870-
2875.

Atgie C, D’Allaire F and Bukowiecki LJ. Role
of betal- and beta3-adrenoceptors in the reg-
ulation of lipolysis and thermogenesis in rat
brown adipocytes. Am J Physiol 1997; 273:
C1136-1142.

Roberts SJ, Papaioannou M, Evans BA and
Summers RJ. Characterization of beta-adreno-
ceptor mediated smooth muscle relaxation
and the detection of mRNA for betal-, beta2-
and beta3-adrenoceptors in rat ileum. Br J
Pharmacol 1999; 127: 949-961.

Bianchetti A and Manara L. In vitro inhibition of
intestinal motility by phenylethanolaminotetra-
lines: evidence of atypical beta-adrenoceptors
in rat colon. Br J Pharmacol 1990; 100: 831-
839.

Choudhury BK, Shi XZ and Sarna SK. Norepi-
nephrine mediates the transcriptional effects
of heterotypic chronic stress on colonic motor
function. Am J Physiol Gastrointest Liver Phy-
siol 2009; 296: G1238-1247.

Croci T, Cecchi R, Tarantino A, Aureggi G, Bi-
anchetti A, Boigegrain R and Manara L. Inhibi-
tion of rat colon motility by stimulation of atypi-
cal beta-adrenoceptors with new gut-specific
agents. Pharmacol Res Commun 1988; 20:
147-151.

Manara L, Croci T, Aureggi G, Guagnini F, Maf-
frand JP, Le Fur G, Mukenge S and Ferla G.
Functional assessment of beta adrenoceptor
subtypes in human colonic circular and longi-
tudinal (taenia coli) smooth muscle. Gut 2000;
47: 337-342.

Anthony A, Schepelmann S, Guillaume JL,
Strosberg AD, Dhillon AP, Pounder RE and
Wakefield AJ. Localization of the beta(beta)3-
adrenoceptor in the human gastrointestinal
tract: an immunohistochemical study. Aliment
Pharmacol Ther 1998; 12: 519-525.

Nasser Y, Ho W and Sharkey KA. Distribution of
adrenergic receptors in the enteric nervous
system of the guinea pig, mouse, and rat. J
Comp Neurol 2006; 495: 529-553.

Cellek S, Thangiah R, Bassil AK, Campbell CA,
Gray KM, Stretton JL, Lalude O, Vivekanandan
S, Wheeldon A, Winchester WJ, Sanger GJ,
Schemann M and Lee K. Demonstration of
functional neuronal beta3-adrenoceptors with-
in the enteric nervous system. Gastroenterolo-
gy 2007; 133: 175-183.

Roberts SJ, Papaioannou M, Evans BA and
Summers RJ. Functional and molecular evi-
dence for beta 1-, beta 2- and beta 3-adreno-
ceptors in human colon. Br J Pharmacol 1997;
120: 1527-1535.

Severi C, Tattoli I, Romano G, Corleto VD and
Delle Fave G. Beta3-adrenoceptors: relaxant

Int J Clin Exp Med 2019;12(4):3785-3797



[40]

[41]

[42]

3797

Inhibition of noradrenalin on the colonic motility

function and mRNA detection in smooth mus-
cle cells isolated from the human colon. Can J
Physiol Pharmacol 2004; 82: 515-522.
Cernecka H, Pradidarcheep W, Lamers WH,
Schmidt M and Michel MC. Rat beta3-adreno-
ceptor protein expression: antibody validation
and distribution in rat gastrointestinal and uro-
genital tissues. Naunyn Schmiedebergs Arch
Pharmacol 2014; 387: 1117-1127.
Kvetnansky R. Stressor specificity and effect of
prior experience on catecholamine biosynthet-
ic enzyme phenylethanolamine N-methyltrans-
ferase. Ann N Y Acad Sci 2004; 1032: 117-
129.

Misiewicz JJ, Waller SL, Fox RH, Goldsmith R
and Hunt TJ. The effect of elevated body tem-
perature and of stress on the motility of stom-
ach and colon in man. Clin Sci 1968; 34: 149-
159.

[43]

[44]

[45]

[46]

Massimo LM, Bazzari M and Caprino D. Severe
side effects of health migration: stress and an-
ger. Minerva Pediatr 2012; 64: 649-654.
Hutchinson DS, Evans BA and Summers
RJ. beta(l)-adrenoceptors compensate for
beta(3)-adrenoceptors in ileum from beta(3)-
adrenoceptor knock-out mice. Br J Pharmacol
2001; 132: 433-442.

Summers RJ, Roberts SJ, Hutchinson DS and
Evans BA. Beta 3-adrenoceptors: their role and
regulation in the gastrointestinal tract. Proc
West Pharmacol Soc 1999; 42: 115-117.
Berezina TP and Ovsiannikov VI. Changes of
contractile activity of the colon under psycho-
genic stress before and after blockade of M-
and N-cholinergic and beta-adrenoceptors.
Ross Fiziol Zh Im | M Sechenova 2011; 97: 72-
82.

Int J Clin Exp Med 2019;12(4):3785-3797



