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Abstract

AIM: To investigate whether cold water intake into the
stomach affects colonic motility and the involvement of
the oxytocin-oxytocin receptor pathway in rats.

METHODS: Female Sprague Dawley rats were used
and some of them were ovariectomized. The rats were
subjected to gastric instillation with cold (0-4 °C, cold
group) or room temperature (20-25 ‘C, control group)
saline for 14 consecutive days. Colon transit was de-
termined with a bead inserted into the colon. Colonic
longitudinal muscle strips were prepared to investigate
the response to oxytocin /7 vitro. Plasma concentration
of oxytocin was detected by ELISA. Oxytocin receptor
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expression was investigated by Western blot analysis.
Immunohistochemistry was used to locate oxytocin re-
ceptors.

RESULTS: Colon transit was slower in the cold group
than in the control group (P < 0.05). Colonic smooth
muscle contractile response to oxytocin decreased, and
the inhibitory effect of oxytocin on muscle contractility
was enhanced by cold water intake (0.69 + 0.08 vs 0.88
+ 0.16, P < 0.05). Atosiban and tetrodotoxin inhib-
ited the effect of oxytocin on colonic motility. Oxytocin
receptors were located in the myenteric plexus, and
their expression was up-regulated in the cold group
(P < 0.05). Cold water intake increased blood concen-
tration of oxytocin, but this effect was attenuated in
ovariectomized rats (286.99 + 83.72 pg/mL vs 100.56
+ 92.71 pg/mL, P < 0.05). However, in ovariectomized
rats, estradiol treatment increased blood oxytocin, and
the response of colonic muscle strips to oxytocin was
attenuated.

CONCLUSION: Cold water intake inhibits colonic mo-
tility partially through oxytocin-oxytocin receptor signal-
ing in the myenteric nervous system pathway, which is
estrogen dependent.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
Key words: Intragastric cold water stress; Colonic mo-

tility; Estradiol; Oxytocin; Oxytocin receptor; Irritable
bowel syndrome

Core tip: Colon transit was decreased and oxytocin-
induced inhibition of colonic contraction was enhanced
in rats with cold water intake. Atosiban and tetrodo-
toxin inhibited the effect of oxytocin on colonic motil-
ity. Cold water intake increased blood concentration of
oxytocin and expression of oxytocin receptors in colon.
Estradiol regulated blood concentration of oxytocin and
oxytocin-induced colonic contraction. The results sug-
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gested that cold water intake inhibited colonic motility
through oxytocin-oxytocin receptor signaling in the
myenteric nervous system pathway, which is estrogen
dependent. The estradiol-oxytocin-oxytocin receptor-
colonic contractile pathway might be a new therapeutic
target for irritable bowel syndrome in females.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a functional bowel
disorder in which abdominal pain or discomfort is asso-
ciated with defecation and features of disordered bowel
habit!". Throughout the world, about 4%-20% of adults
and adolescents have symptoms consistent with IBS,
and a female predominance has been found by most
studies” . Altered colonic motility, visceral hyperalgesia,
disturbance of brain-gut interaction, abnormal central
processing, autonomic and hormonal events, genetic
and environmental factors, postinfectious sequels, and
psychosocial disturbance are variably involved in the de-
velopment of IBS symptoms'”. Consuming cold meals
and cold drinks is common among some people, espe-
cially in the industrialized countries. Zuo ez al"™'" found
that cold water intake increased plasma 5-HT concen-
trations and lowered visceral perception thresholds in
subjects with IBS. Previous studies also found that cold
meal intake affected gastric myoelectrical and contractile
activities'">"”. Healthy women with excessive exposure to
cold stress show an abnormal intestinal response to in-
coming stimuli' . Cold water intake might alter colonic
motility and be involved in IBS in females.

Oxytocin (OT) is a neuropeptide synthesized by mag-
nocellular neurons in the paraventricular and supraoptic
nuclei of the hypothalamus. It is best known as a critical
social and reproduction hormone!"". OT effects are
more generally associated with trait effects related to so-
cial or emotional functions, particularly in females"®. The
oxytocinergic system selectively influences the functional
response of females, and as such may be involved in nor-
mal and pathologic states that are more common among
females. Our previous studies showed that OT decreased
the contraction of colon, which is ovarian steroid-de-
pendent”™*”. Tn response to a variety of stimuli such as
suckling™] parturition™ 123201

, or certain kinds of stress™ ",
the processed OT is released from the posterior pituitary
into the systemic circulation. Chronic hyperosmotic stress
(drinking water with 2% NaCl solution for 7 d) increased
the secretion of OT®), Whether intragastric cold stress
affects release of OT and then affects colonic contrac-
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tion in females is still unknown.

OT receptors are expressed in the gastrointestinal
tract™., OT has been reported to affect colonic smooth
muscle contraction zia OT receptors' ", OT receptors
are found in the gastric smooth muscle™. the enteric
nervous system (ENS) or intestinal epitheliurnm}z]. In-
tragastric cold stress might also affect expression of OT
receptors in the colon.

Ovarian hormones are found to regulate the expres-
sion of OT receptors in various tissues and the tissue
response to OT™™. Estradiol (E2) is known to regulate
OT expression in the hypothalamusmw].

In the present study, we hypothesized that intragas-
tric cold stress stimulates the sectetion of OT and up-
regulates the expression of OT receptors to affect co-
lonic motility in female rats and that this effect is exerted
via OT receptors in colon, and is estradiol dependent.

MATERIALS AND METHODS

Animals

Female Sprague Dawley rats were housed in a tempera-
ture (22 C)-controlled environment. The use and treat-
ment of animals were approved by the Animal Care
and Use Committee of Tongji University (approval no:
2009-0022). All animals were cared for in compliance
with the Principles of Laboratory Animal Care and the
Guide for the Care and Use of Laboratory Animals,
published by the National Science Council, China. The
experiments conform to the Convention for the Protec-
tion of Vertebrate Animals Used for Experimental and
other Scientific Purposes. The experiments were done
two days after the last intragastric cold stress procedure.
The rats were fasted overnight with water ad /ibitum be-
fore the experiment. Pain or discomfort of the rats was
minimized during the experiments.

Intragastric cold stress protocol

The rats were 6-8-week-old and weighed 180 + 10 g at
the beginning of the treatment. Animals were subjected
once daily at 8 am to gastric instillation with cold (0-4 C)
physiological saline as the cold group or room tempera-
ture (20-25 C) physiological saline (1 mL) as the control
group, for 14 consecutive days. Room temperature regu-
lar drinking water and food were offered to rats in both
groups all the time.

Ovariectomy

Some of the rats were ovariectomized. Ovariectomy was
performed quickly under light ether anesthesia. The ova-
ries were picked out by forceps through a 1-cm incision
made over both flanks. A ligature was placed below the
ovary and the ovary was removed, then the incisions of
the muscle and skin were sewed up by aseptic suture line,
and finally the wounds were disinfected by Iodophors.

Measurement of colonic transit
The rats were lightly anesthetized with sevoflurane. A
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single 3-3.5 mm glass bead was lubricated with vaseline.
The anus was opened with a lubricated glass rod. After
the bead was put into the anus, it was inserted into the
colon (3 cm proximal to the anus) quickly with the glass
rod. The evacuation time was monitored after conscious-
ness was regained.

Preparation of isolated colonic smooth muscle strips

A segment of the colon of approximately 4 cm was col-
lected and put in Krebs solution (composed of NaCl
118.5 mmol/L, KCl 4.8 mmol/L, KH-PO4 1.2 mmol/L,
MgSO4 1.2 mmol/L, CaCl2 1.9 mmol/L, NaHCOs 25.0
mmol/L and glucose 10.1 mmol/L). The segment was
opened along the mesenteric border and pinned mucosa
side up. The mucosa was removed by sharp dissection
and the muscle strip (2 mm wide and 8 mm long) was
cut along the longitudinal axis. Silk thread was attached
to both ends of the muscle strips, and the strips were
mounted in 5-mL organ baths. The organ baths con-
tained aerated (5% CO2, 95% O2) Krebs solution which
was maintained at 37 C. Strips were adjusted in length
to an initial tension of 1 g, and were allowed to stabilize
for 60 min before experimental procedures were initiat-
ed. Isometric tension was measured using external force
transducers (JH-2B, Beijing, China). Force signals were
amplified with a SMUP-PC amplifier (Fudan University,
Shanghai, China), and recorded using an MFlab system.

Western blot

Samples of colon stored at -80 ‘C were homogenized
for protein analysis. The homogenates were centrifuged
at 2000 rpm for 10 min at 4 °C, and the protein content
of the supernatants was evaluated using Protein Quan-
titative Analysis Kit (k3001-BCA; Shenergy Biocolort,
Shanghai, China). Supernatants containing 100 ug protein
were diluted in reducing X 2 sample buffer and loaded
into 12% SDS-PAGE. After separation by SDS-PAGE,
proteins were transferred to nitrocellulose membranes.
Membranes were blocked for 3 h at room temperature in
blocking buffer (5% nonfat dry milk and TTBS), washed
in TTBS (0.1% Tween 20, 50 mmol/L Tris, and 150
mmol/L NaCl) , and incubated overnight with anti-rat
oxytocin receptor IgG (1:400, sc 8102; Santa Cruz Bio-
technology, CA, United States), followed by peroxidase-
conjugated secondary antibodies (1:20000). Finally,
immunoreactive proteins were revealed using twin plate

Color Scanner (T1200; AGFA, Shenzhen, China).

Immunohistochemistry

Immediately after the animals were anesthetized with
sevoflurane, a segment of distal colon was removed and
soaked in 4% paraformaldehyde for 12 h. The fixed tis-
sue was rinsed for 100 min and was dehydrated, cleared
and mounted in wax. The tissue was cut into 4-um sec-
tions, and stained by a two-step method. Activity of
endogenous peroxidase was blocked with 3% hydrogen
peroxide. After three rinses in PBS, 10% normal rab-
bit serum was applied for 15 min, and then the sections
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were incubated with primary goat anti-oxytocin receptor
antibody (Santa Cruz, diluted 1:100 in PBS) overnight
in 2 humid chamber at 4 C. After the sections were
washed, they were incubated with polymer peroxidase-
anti-goat serum (ZSGB-BIO, Beijing, China) for 30 min
at room temperature. After several rinses, peroxidase was
revealed using a 3, 3’-diaminobenzidine tetrahydrochlo-
ride substrate kit (ZSGB-BIO, Beijing, China). Negative
controls were performed without primary antibody.

ELISA assay

To investigate the involvement of sex hormone in the
plasma concentration of OT, female rats were randomly
divided into four groups (# = 6 for each group): gastric
instillation with room temperature saline (hormal group);
gastric instillation with cold saline (cold group); stressed
rats which had been ovariectomized before gastric instil-
lation with cold saline (OVX + cold group); ovariecto-
mized rats treated with E2 (25 pg/kg, s.c.) once daily for
6 d and then gastric instillation with cold saline (OVX +
E2 + cold group). After the animals were anesthetized
with sevoflurane, uteri were removed and weighed. The
blood from the heart was collected with a syringe into a
tube and spun for 10 min at 3000 rpm. Plasma was pipet-
ted out and stored at -80 ‘C for further OT analysis. OT
was determined using an Enzyme Immunoassay Kit (RD,
Inc., M1, United States) at a dose of 100 pL. plasma per
sample per well for the assay, according to the manufac-
turer’s instructions. Samples were analyzed in duplicate in
a single assay.

Statistical analysis

The peak forces of colonic phasic contraction were mea-
sured using an MFlab system (Fudan University, Shang-
hai, China). In each experiment, the peak forces of con-
tractions were evaluated at 0.5 min before and after drug
administration. Mean peak force for the 1-min period
before drug administration was taken as the baseline.
The value of the force after drug treatment was normal-
ized to the baseline value. The ratio of post-treatment
force to baseline force was expressed as the ratio R, so
that the baseline for each experiment was equal to 1.

Western blots were evaluated by determining the gray
scale value of the blot. The value of ratio is the value of
the gray scale division between the experimental group
and control group.

Data were presented as means = SD. Statistical analy-
sis was performed by means of Student’s / test for com-
parisons between two groups or by means of ANOVA
analysis for comparisons among groups. A probability
level of P < 0.05 was considered statistically significant.

RESULTS

Colonic transit test

Figure 1 presents the colonic transit in rats. The time of
the glass bead output was 223.08 * 90.76 s in the cold
group and 102.42 + 20.21 s in the control group. The
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Figure 1 Colonic transit increased in intragastric cold water stressed rats.
Control group: the rats treated with intragastric room temperature physiological
saline; Cold group: the rats treated with intragastric cold physiological saline. °P
< 0.05 vs cold and control rats (n = 10).
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Figure 2 Effects of oxytocin (0.01-0.3 umol/L) on colon contraction in
intragastric cold water stressed rats. A: The dose-dependent contractile
response to oxytocin (OT) in colonic smooth muscle strips in cold and control
groups. OT was administered at the points marked by the arrows. B: Average
response to OT in the colon. °P < 0.05 vs the data prior to OT administration. °P
< 0.05 vs cold and control groups (n = 6).

colonic transit time in intragastric cold water stressed
rats was significantly longer than in control rats (P =

0.029).

Effect of OT on colonic contractility in intragastric cold
water stressed rats

As shown in Figure 2, for the control group, low con-
centrations of OT (0.01-0.3 umol/L) failed to elicit any
effect on the contractions of colonic smooth muscle
strips. When the concentration of OT was increased to
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Figure 3 Atosiban (0.1 mmol/L) blocked oxytocin-induced colonic re-
sponse in intragastric cold water stressed rats. A: Representative traces
of the effect of atosiban on oxytocin (OT)-induced colonic response in the cold
group. The drug was administered at the points marked by the arrows. B: Re-
sults of colonic smooth muscle strips contraction in cold group rats. °P < 0.05 vs
the data of atosiban treatment (n = 8).

1 or 3 umol/L, the ratio of the contractile force of co-
lonic smooth muscle strips decreased respectively to 0.87
+ 0.15 or 0.88 + 0.16 (P < 0.05 compared with the data
prior to OT administration).

In the cold group, OT (0.01-0.1 pumol/L) failed to
elicit any effect on the contractions of colonic smooth
muscle strips. When the concentration of OT was in-
creased to 0.3, 1 or 3 pmol/L, the ratio of the contrac-
tile force of colonic smooth muscle strips decreased
respectively to 0.87 £ 0.15, 0.74 £ 0.12 or 0.69 * 0.08
(P < 0.05 compared with the data prior to OT adminis-
tration). Moreover, the ratio of the contractile force of
colonic smooth muscle strips induced by OT at 1 or 3
umol/L was lower than that in control group (0.74 £ 0.12
s 0.87 £ 0.15, 0.69 £ 0.08 25 0.88 £ 0.16, respectively, P
< 0.05).

Effect of atosiban on OT-induced response of colon in
intragastric cold water stressed rats

OT receptor inhibitor atosiban (0.1 mmol/L) showed
no effect on the contraction of colonic strips in stressed
rats. Thirty minutes after atosiban treatment, OT (0.01-3
umol/L) was added. The ratio of the contractile force
of colonic smooth muscle strips induced by OT at 1 or
3 umol/L almost returned to normal (0.72 £ 0.10 »5 0.95
+0.20, 0.78 £ 0.12 »5 1.0 £ 0.21, respectively, P < 0.05
compared with the data of atosiban treatment, Figure 3).
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Figure 4 Tetrodotoxin (10 umol/L) blocked oxytocin-induced colonic
response in intragastric cold water stressed rats. A: Representative traces
of the effect of tetrodotoxin (TTX) on oxytocin (OT)-induced colonic response in
cold group. The drug was administered at the points marked by the arrows. B:
Results of colonic smooth muscle strips contraction in cold group rats. °P < 0.05
vs data of TTX treatment (n = 6).

Effect of tetrodotoxin on OT-induced response of colon
in intragastric cold water stressed rats

Addition of tetrodotoxin (IT'TX) (10 umol/L) showed no
effect on the contraction of colonic strips in stressed rats.
Thirty minutes after TTX treatment, OT (0.01-3 umol/L)
was added. The ratio of the contractile force of colonic
smooth muscle strips induced by OT (3 pmol/L) recov-
ered from 0.79 £ 0.13 to 0.99 £ 0.08 (P < 0.05 compared
with the data of TTX treatment, Figure 4).

OT receptor expression in the colon of intragastric cold
water stressed rats

Compared with the control group, the expression level
of OT receptor in the colon of stressed rats was signifi-
cantly increased (1.82 £ 0.17 »s 1.00 = 0.31, P < 0.05,
Figure 5A, B). The cells with OT receptor immunoreac-
tivity were located in the myenteric plexus of the colon
and smooth muscle of the rat uterus (Figure 5C, D).

Plasma concentration of OT in rats
As shown in Figure 6A, the weight of the uteri in OVX
rats markedly decreased compared with that of control
rats (0.14 £ 0.12 g »5 0.46 £ 0.09 g, P < 0.05). After the
OVX rats were treated with Ez, the weight of the uteri
recovered to normal (OVX + Ez, 0.51 £ 0.10 g, P < 0.05
»s OVX rats; P> 0.05 p5 control rats).

The plasma concentration of OT was analyzed in
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Figure 5 Intragastric cold water stress increased oxytocin receptor ex-
pression in colon. A: Representative Western blots. B: Densitometry analysis.
C: Positive control of immunoreactivity. Oxytocin (OT) receptor antigen is
expressed in the smooth muscle (arrows) of uterus. D: OT receptor immunore-
activity is expressed in myenteric plexus (arrows) of colon. °P < 0.05 vs control
group (n = 6). OTR: Oxytocin receptors.

these rats. As shown in Figure 6B, the concentration of
OT was significantly increased in the cold group com-
pared with the control group (286.99 £ 83.72 pg/mL vs
212.42 £ 50.62 pg/mL, P = 0.036). After the OVX rats
were subjected to gastric instillation with cold saline,
the concentration of OT decreased compared with the
cold group rats without OVX (100.56 + 92.71 pg/mL
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Figure 6 Estradiol regulated the plasma concentration of oxytocin in
intragastric cold water stressed rats. A: Weight of uterus. B: The plasma con-
centration of oxytocin (OT) in the four groups [control, cold, ovariectomy (OVX) +
cold and OVX + Ez + cold]. Data are expressed as mean + SD (n = 6). °P < 0.05
vs control group. °P < 0.05 vs cold group. °P < 0.05 vs OVX + cold group.

vs 286.99 *+ 83.72 pg/mlL, P < 0.05 »s the cold group).
In OVX + E:z + cold group, the plasma level of OT re-
turned to normal but was still lower than that in the cold
group without any treatment (OVX + Ez + cold group,
201.25 + 80.91 pg/mL; control group, 212.42 + 50.62
pg/mL; cold group, 286.99 * 83.72 pg/mL; P > 0.05 vs
control group, P < 0.05 »s cold group).

Effect of OVX on OT-induced inhibition of colonic
contractility in intragastric cold water stressed rats
After the OVX rats were subjected to gastric instillation
with cold saline, OT at 1 or 3 umol/L still decreased the
contractile activity of colon (0.84 £ 0.13, 0.83 + 0.12,
respectively, P < 0.05 »s the data prior to OT adminis-
tration, Figure 7A, B), but OT-induced inhibition was
weaker in the OVX + cold group than that in the cold
group (0.84 + 0.13 »s 0.67 £ 0.11, 0.83 £ 0.12 5 0.68 *
0.12, respectively, P < 0.05 »s cold group, Figure 7A, B).

DISCUSSION

The present study showed that the colon transit of cold
group rats (stomach irritation with cold physiological sa-
line) was longer than that of control group rats (stomach
irritation with room temperature physiological saline).
Cold irritation enhanced the inhibitory effect of OT on
colonic muscle strips in rats. OT has widespread effects
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Figure 7 Ovariectomy decreased the oxytocin-induced inhibition of co-
lonic contractility in intragastric cold water stressed rats. A: Representa-
tive traces of the effect of ovariectomy (OVX) on oxytocin (OT)-induced colonic
response in cold group rats. The drug was administered at the points marked
by the arrows. OT-induced inhibition of colonic strips decreased after the rats
were ovariectomized. B: The contraction of colonic smooth muscle strips in cold
group rats. °P < 0.05 vs the data in normal Krebs solution. °P < 0.05 vs cold
group and OVX + cold group (n = 6).

on the motility of the gastrointestinal tract. OT has been
shown to inhibit gastric emptying and intestinal transit™'!]
as well as spontaneous contractions of duodenum in
rats?” and colon in rabbits"”. In contrast, it excites gas-
trointestinal motility in rabbits™™, and increases gastric
spontaneous contraction”™ and colonic contraction in
rats”. Our previous study showed that exogenous OT
decreased the contractions of proximal colonic smooth
muscle strips in control mice, while it increased contrac-
tions in antenatal maternal hypoxia mice. OT increased
the contractions of distal colonic smooth muscle strips
in both antenatal maternal hypoxia and control mice!
The effects of OT on gastrointestinal motility might de-
pend on the sex of animal, site of gastrointestinal tract,
concentration of OT, level of OT receptors or even the
stimulation the animal suffered. Cold water intake might
increase the sensitivity of colonic smooth muscle to OT
and then affect the colonic motility, which is involved in
IBS.

Alterations in bidirectional brain-gut interactions are
believed to be involved in the pathogenesis of IBS and
related functional gastrointestinal disorders. The central
nervous system modulates the gastrointestinal tract via
the sympathetic and parasympathetic branches of the
autonomic nervous system and the hypothalamic-pitu-
itary axis'*. OT mRNA expression in the paraventricular
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nucleus was reported to increase following chronic stress
in rats™. The present study showed that intragastric
cold water stress prolonged colon transit. The inhibitory
response of colon to OT was enhanced in intragastric
cold water stressed rats. OT is essential to a wide range
of stress-related disorders**. OT might act as a brain-
gut signal mediator and be involved in IBS by affecting
the colonic motility.

We found that OT receptor antagonist atosiban in-
hibited the effect of OT on colonic motility in intragas-
tric cold water stressed rats. OT acts on the colon viz OT
receptors. The voltage-dependent Na" channel antagonist
TTX blocked the inhibitory effect of OT in the colon.
Our immunoreactivity study showed that OT receptors
were located in the myenteric plexus, rather than in co-
lonic smooth muscle cells. Therefore, OT might affect
colonic smooth muscle contraction zia OT receptors in
the myenteric plexus. Our study further demonstrated
that the expression of OT receptors is up-regulated in
intragastric cold water stressed rats. Chronic isolation was
reported to regulate plasma OT level and gene expres-
sion of OT receptors in the heart of prairie voles™. Up-
regulation of OT receptors may partially account for the
enhanced inhibitory effect of OT on colonic contractility
in the cold group.

Following chronic homotypic stress, OT-knockout
mice fail to restore accelerated colonic transit compared
with wild type mice™”. Proximal colon distension stimu-
lates OT-containing hypothalamic neurons in rats”™. We
also compared the plasma concentration of OT between
the cold group and control group, and found that OT
level was significantly higher in the cold group than in
the control group. Intragastric cold stress might stimu-
late the synthesis and release of OT, and then increase
the concentration of OT in blood. Increased plasma OT
might also be partly responsible for the impaired colon
transit in the cold group.

OT and OT receptor mRNA levels are regulated by
estrogen and are both reduced due to ovariectomy”"?,
Estradiol was reported to affect OT neurons and modu-
late the secretion of OT in response to the increase of
osmolality induced by refeeding in rats®”. For the intra-
gastric cold water stressed rats in our study, the plasma
levels of OT decreased in the OVX rats; when the OVX
rats were treated with estradiol, the plasma levels of OT
were almost the same as the control rats, but were still
lower than that of the cold group without any treatment.
Estradiol also regulates the secretion of OT in response
to intragastric cold stress in rats.

HEstrogens facilitate social recognition by regulating
OT production and OT receptorsm]. Estradiol modulates
the cardiovascular responses induced by hemorrhage iz
enhancement of OT neuron activity[sﬂ. To investigate the
involvement of ovarian hormones in OT-induced colonic
contraction, the rats were ovariectomized and treated
with chronic intragastric cold stress. Our study showed
that the response of colonic muscle strips to OT was at-
tenuated in OVX rats. Estradiol facilitates OT-induced
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colonic contraction in intragastric cold water stressed rats
by increasing OT production. OT concentration changes
in depressed women, suggesting that OT signaling may
provide a mechanism by which to better understand
female-biased risk for the development of depressive
disorders™. OT signaling may also be involved in female-
biased risk for IBS.

In conclusion, we found that cold water intake inhib-
ited colonic motility at least partially through oxytocin-
oxytocin receptor signaling in the myenteric nervous
system pathway, which is estrogen dependent.

COMMENTS

Background

The incidence of irritable bowel syndrome (IBS) is high, predominantly in fe-
males, although the cause is largely unknown. Cold meal intake affects gastric
myoelectrical and contractile activities. Cold water intake increases plasma 5-HT
concentrations in subjects with IBS.

Research frontiers

Oxytocin (OT) is essential to a wide range of stress-related disorders. OT
effects are generally related to trait effects related to social or emotional func-
tions, particularly in females. This study suggests that OT might be a potential
mechanism involved in IBS.

Innovations and breakthroughs

Cold water intake decreased the colonic transit and OT-induced inhibition of co-
lonic contraction. OT decreased colonic contraction via OT receptors in the myen-
teric plexus. Cold water intake also increased blood concentration of OT. Estradiol
regulated blood concentration of OT and OT-induced colonic contraction.
Applications

By understanding how cold water intake affect colonic motility and the involve-
ment of OT in colonic contraction, this study may represent a future strategy for
therapeutic intervention in the treatment of patients with IBS.

Terminology

OT is a neuropeptide synthesized by magnocellular neurons in the paraven-
tricular and supraoptic nuclei of the hypothalamus. OT is released from the
pituitary and goes into the blood. OT receptors are expressed in colon. OT acts
on the OT receptors of the colon and regulates colonic motility. Hypothalamic
OT-colonic OT receptor might be an important brain-gut axis to control colonic
motility.

Peer review

The authors examined the effect of cold water intake on colonic motility and
on OT-induced colonic contraction. The study revealed that cold water intake
inhibited colonic motility at least partly through OT-OT receptor signaling in the
myenteric plexus pathway, which is estrogen dependent. The experimental de-
sign is reasonable and the findings are interesting.
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