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Repeated Water Avoidance Stress Alters Mucosal 
Mast Cell Counts, Interleukin-1β Levels with Sex 
Differences in the Distal Colon of Wistar Rats 
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Background/Aims
This study was aimed at evaluating differences in the effects of repeated water avoidance stress (rWAS) on colonic movement, 
mucosal mast cell counts, cytokine levels, and visceromotor response (VMR) to colorectal distension (CRD) in rats of both sexes.

Methods
Wistar rats were divided into stress and no-stress groups. Rats in the stress group were exposed to rWAS (1 hr/day) for 10 days. 
Mucosal mast cells were immunohistochemically stained with anti-mast cell tryptase antibody and counted. The colonic mucosal 
cytokine levels were measured with enzyme-linked immunosorbent assay. The VMR to CRD (visceral analgesia) was assessed by using a 
barostat and noninvasive manometry.

Results
The mean number of fecal pellets in the rWAS group increased significantly as compared with that in the no-stress group in both 
sexes. After adjustment for body weight, the female rats had a significantly higher pellet output than the male rats. The mucosal mast 
cell count of the female rWAS group was higher than that of the male rWAS group (13.0 ± 0.9 vs 8.8 ± 0.6; P < 0.001). The colonic 
mucosal interleukin-1β level was also higher only in the female rats of the rWAS group than in those of the no-stress group. On days 
10 and 11, a decrease in VMR to CRD was observed at 40 and 60 mmHg in both sexes of the rWAS group, without a sex-based 
difference.

Conclusions
The colonic response to stress appeared to be more sensitive in the female rats than in the male rats. However, stress-induced visceral 
analgesia had no sex-related difference and the underlying mechanism needs to be further evaluated.
(J Neurogastroenterol Motil 2016;22:694-704)
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Introduction  

Irritable bowel syndrome (IBS) is a common functional 
bowel disorder of unclear etiology that is characterized by recur-
rent abdominal pain and altered bowel habits without structural 
abnormalities.1 The possible pathogeneses of IBS includes stress, 
increased mucosal permeability, mucosal immune activation, food 
hypersensitivity, transient infection altering intestinal microbiota, 
neuroplasticity, altered enteroendocrine metabolism, and genetic 
polymorphisms.2,3 Among these, stress is a key factor in the onset, 
maintenance, and aggravation of IBS symptoms.4 Stress induces 
changes of colonic functions, including increase of permeability, 
mucus secretion, motility, myenteric nerve activation, serotonin 
release, and the development of visceral hypersensitivity in rats.5-7 
In particular, water avoidance stress (WAS) is a well-known animal 
model of stress that increases the psychological component and 
imitates the experience of ongoing environmental life in humans.8 
It has been revealed that WAS increased fecal pellet output (FPO), 
colonic mast cell count, mucosal cytokine levels, and intestinal 
permeability.9 In view of visceral pain responses, WAS has been 
reported to induce different responses (hyperalgesia vs analgesia) 
in a differently conditioned rodent model.10 That is, mice that had 
undergone surgery for electromyographic electrode implantation 
and were single-housed subsequently to avoid deterioration of the 
electrodes by cage mates, developed visceral hyperalgesia to colorec-
tal distension (CRD) in response to repeated WAS (rWAS). By 
contrast, mice that were tested by using the noninvasive manometric 
intracolic pressure (ICP) measurement catheter without surgery 
and kept group-housed developed visceral analgesia under the same 
rWAS conditions.11

The importance of mast cells in IBS pathophysiology has been 
shown by many studies.12 Numerous numbers of mast cells have 
been identified in the gastrointestinal tract of patients with IBS.13 In 
the colon, mast cells close to nerves are markedly correlated with the 
severity and frequency of abdominal pain and discomfort in patients 
with IBS.14 Hyperplasia and activation of mast cells, in addition to 
the infiltration of neutrophils and mononuclear cells, and increased 
myeloperoxidase activity, were observed in the mucosa, and mast 
cells induced ultrastructural changes in the epithelial cells in rat 
intestine.15 The expressions of pro-inflammatory cytokines such 
as interleukin (IL)-1β and interferon (IFN)-g also increased after 
chronic WAS.8 These changes in cytokine levels are suggestive of 
low-grade immune activation, another possible mechanism in some 
parts of the patients with IBS.14,16-18

According to a previous meta-analysis, IBS is more prevalent 
in women, with a female-to-male sex odds ratio of 1.67 (95% confi-
dence interval, 1.53-1.82).19 Women are more vulnerable to stress, 
are more prone to develop anxiety and depression, are exposed to 
trauma more often than men are, and present with IBS symptom 
exasperation when under stress. Therefore, sex-specific differences 
in stress responses could explain the female predominance of IBS.20 
So far, several studies have focused on sex-specific stress response 
and visceral hypersensitivity.21-26 To our knowledge, the sex-related 
differences between all kinds of parameters have not been fully 
described in a single report. Therefore, we aimed to elucidate dif-
ferences in colonic movement, mucosal mast cell counts, cytokine 
levels, and visceral sensitivities between the 2 sexes in a stress rat 
model.

Materials and Methods  

Animals
Male and female Wistar rats (Orient Co, Ltd, Seoul, Korea) 

were housed in a cage (2/cage) kept at a temperature of 23oC, with a 
12-hour of light/dark cycle. Moreover, they were housed under spe-
cific pathogen-free conditions, with ad libitum-only Purina rat chow 
and water, without enrichment. After 1 week of adaptation, 7-week-
old male and female Wistar rats weighing 216-282 and 158-202 g, 
respectively, were used. All of the experimental procedures were ap-
proved by the Institutional Animal Care and Use Committee (IA-
CUC) of Seoul National University Bundang Hospital (IACUC 
No. BA1403-149/016-01).

Repeated Water Avoidance Stress
The rWAS was delivered as described elsewhere.27 To avoid 

the stress response variation related to a more comfortable position 
on the platform of female rats that have smaller body weight than 
male rats, we used different sizes platforms for male and female rats. 
That is, depending on sex, each Wistar rat was placed on a different 
glass pedestal (5.8-cm length × 5.8-cm width × 6.0-cm height for 
male rats and 5.0-cm length × 5.0-cm width × 6.0-cm height for 
female rats), which had been fixed to the center of a standard plastic 
cage (26.7-cm length × 48.3-cm width × 20.3-cm height). The 
plastic cage was filled with 25oC water to 1 cm below the height of 
the platform for 1 hour for 10 consecutive days between 8 and 10 
AM. Rats in the sham stress group were placed on the same plat-
form without water for 1 hour. All rats were housed in pairs in their 
home cage and placed individually in their WAS cage, and fecal 
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pellet output was monitored during the WAS session.

Measurement of Fecal Pellet Output
The total number of fecal pellets expelled in each cage was 

counted at the end of each 1-hour session. Accounting weight dif-
ferences between the male and female rats, the result was expressed 
per 100 g of body weight.

Assessment of Visceral Pain Response to Colorectal 
Distension

This visceral pain response to CRD was evaluated by using 
the noninvasive manometric method that Larauche et al27 recently 
developed and validated. Briefly, a PE 50 catheter was taped 3.5 
cm below the pressure sensor of a pressure transducer catheter 
(SPR-524 Mikro-Tip catheter; Millar Instruments, Houston, TX, 
USA). A custom-made balloon (2 cm wide × 5 cm long) made of 
polyethylene plastic bag was tied over the catheter at 1 cm below the 
pressure sensor with a silk suture. Isoflurane (3% in O2) was used 
for anesthesia, and the catheter with lubricated balloon-pressure 
sensor was inserted into the rectum and distal colon. The distal end 
of the balloon was positioned 1 cm from the anus and the catheter 
was fixed to the tail with tape. Each rat was left in a Bollman cage 
covered with a blanket and rested for 30 minutes before the CRD 
procedure. Each balloon was connected to the barostat (Distender 
Series IIR Dual Drive Barostat; G & J Electronics Inc, Toronto, 
Canada), and a pressure sensor, to the preamplifier (PCU-2000; 
Millar Instruments). The ICP signal was acquired by using the 
MATLAB software, while the analysis protocol was programmed 
by W.J. The CRD protocol consisted of two 60 mmHg CRD ses-
sions in which the balloon was unfolded, immediately followed by 2 
series of graded phasic distensions to constant pressures of 10, 20, 
40, and 60 mmHg. Each CRD lasted 20 seconds and was applied 
at 4-minute interstimulus intervals. Data analysis was performed 

by using the method described in a previous study.27,28 The phasic 
component of the ICP (pICP) was extracted from the ICP signal 
recorded by applying the “DC Remove” process with a time con-
stant of 1 second to exclude the slower tonic changes in ICP result-
ing from colonic smooth muscle activity and by applying the “root 
mean square amplitude” process with a time constant of 1 second 
to the resulting trace. The definition of visceromotor reflex (VMR) 
was the increase in the area under the curve of pICP during CRD 
over the mean values of the pre- and post-distension 20-second 
periods and VMR was calculated by using the MATLAB software 
(R2014b; The MathWorks, Natick, MA, USA). Each session of 
CRD was repeated twice, and the pre-, intra-, and post-CRD val-
ues were averaged for each pressure.

Experimental Protocol
The rats in the stress and no-stress groups were trained in Boll-

man cages for 60 min/day for 3 days before day 0. All rats were 
exposed to 1 hour of WAS or sham WAS daily for 10 consecutive 
days (days 1-10). Body weight was measured every day before each 
WAS or sham WAS session, and FPO was monitored during each 
1-hour WAS session for 10 days (days 1-10). On day 0 (baseline), 
day 10 (45-50 minutes after the end of the WAS session), and day 
11 (24 hours after the last WAS session), the rats were subjected to 
the CRD protocol and VMR was measured in both groups. Imme-
diately after the last CRD session on day 11, all rats were sacrificed 
by CO2 inhalation, and blood and distal colon samples were col-
lected (Fig. 1).

Immunohistochemistry
The rats were sacrificed after the experiment. For histological 

analysis, a 1-cm length specimen of the distal colon was obtained 
from each rat and fixed using 10% buffered formalin. The paraffin 
embedded specimens were sectioned perpendicularly to the lumen 

Fecal pellet output

Body weight

D0 D1 D10 D11

Baseline CRD D10 CRD D11 CRD

Sacrifice

Colonic mucosal sample for ELISA

Blood sample

WAS 1 hr/daily

Figure 1. Experimental design. CRD, 
colorectal distention; WAS, water avoid-
ance stress; D0, Day 0; D1, Day 1; 
D10, Day 10; D11, Day 11; ELISA, 
enzyme-linked immunosorbent assay.
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(section thickness, 4 µm), and mounted on a slide glass. The im-
munohistochemistry (IHC) stain was done by using an automatic 
immunostainer (BenchMark XT; Ventana Medical Systems, 
Tucson, AZ, USA) according to the manufacturer’s instructions. 
The negative IHC control omitted the primary antibody. The slides 
were incubated with primary antibodies and a mouse monoclonal 
anti-mast cell tryptase antibody (Abcam Inc, Cambridge, MA, 
USA). Sections were then counterstained with hematoxylin for 
4 minutes to stain the nucleus and then dehydrated, cleared, and 
mounted in synthetic mountant. Photographs of tryptase positive 
cells were obtained from 6 to 8 non-overlapping fields on 2 immu-
nostained slides per rat under a light microscope (Carl Zeiss, Jena, 
Germany) linked to a computer-assisted image analysis system. The 
number of cells stained with the primary antibody was counted in 
all the photographs by the 3 researchers who were blinded to the 
animal groupings, and the cell numbers were expressed as visible 
mast cells in each high-power field (number of cells/hpf).

Measurement of Mucosal Interleukin-1β, Tumor 
Necrosis Factor-a, and Interferon-g Levels

Ten milligrams of mucosa were scraped and homogenized for 
30 seconds with a Polytron homogenizer in 200 µL of ice-cold lysis 
buffer (200 mM NaCl, 5 mM ethylenediaminetetraacetic acid, 10 
mM Tris [pH 7.4], 10% glycerin, 1 mM phenylmethanesulfonyl 
fluoride, leupeptin 1 µg/mL, and aprotinin 28 µg/mL). The cell 
suspensions were centrifuged at 13 000 rpm for 15 minutes. For 
IL-1β, tumor necrosis factor-a (TNF-a) and IFN-g levels, kits 
from the R&D Systems (Minneapolis, MN, USA) were used 
according to the manufacturer’s protocols. Protein concentra-
tions were measured using a Bio-Rad Protein Assay Kit (Bio-Rad 
Laboratories, Hercules, CA, USA). The level of each cytokine is 
expressed in picograms per milligram of protein. All the assays were 
performed in triplicate.

Figure 2. Fecal pellet output induced by repeated water avoidance stress (WAS). Data are expressed as means ± SEM.
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Statistical Methods
Data are expressed as means ± SEM. Sex-related differences 

in FPO and VMR to CRD over time between the WAS and no-
stress groups were analyzed by using one-way ANOVA or 2-way 
ANOVA followed by the Bonferroni post hoc test. Continuous and 

categorical variables were compared between the two groups (WAS 
and no-stress) by using the Mann-Whitney U test and Fisher exact 
test, respectively. P-values of < 0.05 were considered statistically 
significant. All statistical analyses were performed by using the 
SPSS version 20.0 software (SPSS Inc, Chicago, IL, USA).
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Figure 3. Differences in fecal pellet output (FPO) and body weight 
gain differences between male and female rats. (A) Mean number 
of FPO in male and female rats, (B) Cumulative FPO in male and 
female rats, (C) Body weight according to the experimental days, (D) 
Body weight adjusted FPO in male and female rats, (E) Mean num-
ber of FPO on day 1-5 and day 6-10. The mean FPO was higher on 
day 6-10 of repeated water avoidance stress than that of day 1-5 in 
both male (6.0 ± 0.4 vs 7.4 ± 0.5, P = 0.061) and female (5.2 ± 0.4 
vs 8.2 ± 0.4, P < 0.001).
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Results  

Sex-related Difference in Fecal Pellet Output and 
Body Weight Gain During Water Avoidance Stress 

The mean FPO in the WAS group increased significantly 
compared with that in the no-stress group during the experiment in 
both male (6.7 ± 0.1 vs 1.6 ± 0.2/hour; P < 0.05) and female rats 
(6.7 ± 0.2 vs 0.7 ± 0.1/hour; P < 0.05; Fig. 2A and 2B). The 
cumulative FPO also significantly differed between the WAS and 
no-stress groups in the later experimental period (Fig. 2C and 2D). 
The mean FPO (6.7 ± 0.1 vs 6.7 ± 0.2/hour) and cumulative 

FPO did not differ significantly between the male and female rats 
(Fig. 3A and 3B). Male rats had a significant higher body weight 
than female rats at the beginning of the experiment. Both male and 
female rats that were exposed to rWAS showed a consistent increase 
in body weight gain over time (on WAS day 10: 24.4 ± 3.5%, n = 
5 vs 14.6 ± 1.1%, n = 5, respectively), which significantly differed 
between male and female rats (P < 0.05; Fig. 3C). After adjust-
ment for body weight, female rats had a significantly higher mean 
FPO than male rats (number/body weight × 100; P = 0.001; Fig. 
3D). The mean FPO was higher in the last 5 days of rWAS (days 
6-10) than in the first 5 days (days 1-5) in both male (6.0 ± 0.4 vs 
7.4 ± 0.5, P = 0.061) and female rats (5.2 ± 0.4 vs 8.2 ± 0.4, P 
< 0.001; Fig. 3E).
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the water avoidance stress (WAS) group 
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both male and female rats, and showed 
statistical significance in female rats (8.8 
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Sex-related Difference in Mucosal Mast Cell Count 
in the Distal Colon

Mucosal mast cell counts in the distal colon were significantly 
higher in the WAS group than in the no-stress group in both male 
(8.8 ± 0.6 vs 3.8 ± 0.3; P < 0.001) and female rats (13.0 ± 0.9 vs 
4.5 ± 0.5; P < 0.001). The mucosal mast cell counts in the distal 
colon of the female rats of the WAS group were significantly higher 
than those of the male rats of the WAS group (13.0 ± 0.9 vs 8.8 ± 
0.6; P < 0.001), showing a sex-specific difference (Fig. 4).

Mucosal Cytokine Expression in the Distal Colon
Mucosal IL-1β levels (pg/mL) in the distal colon were higher 

in the male rats of the WAS group than in the those of the no-stress 
group (12.7 ± 1.6 vs 17.6 ± 5.4, P > 0.05), and significantly 
higher in female rats of the WAS group than in those of the no-
stress group (18.6 ± 2.4 vs 45.3 ± 11.7; P < 0.05; Fig. 5A). The 
mucosal TNF-a level (pg/mL) in the distal colon was 1.6 ± 0.6 in 
male rats of the no-stress group, 1.5 ± 0.4 in male rats of the WAS 
group, 1.3 ± 0.3 in female rats of the no-stress group, and 1.7 ± 
0.5 in female rats of the WAS group (Fig. 5B). The mucosa INF-g 
level (pg/mL) in distal colon was 3.9 ± 1.1 in male rats of the no-
stress group, 4.4 ± 1.2 in male rats of the WAS group, 5.6 ± 0.5 
in female rats of the no-stress group, and 5.1 ± 0.9 in female rats of 
the WAS group (Fig. 5C). No statistically significant difference in 
mean mucosal TNF-a and INF-g levels in distal colon were found 

Figure 6. Visceral analgesic responses induced by repeated water avoidance stress (WAS) in male and female Wistar rats. (A, B) On day 10 of 
repeated WAS, decreased visceromotor response (VMR) to colorectal distension (CRD) (visceral analgesia) compared to baseline was observed at 
both 40 and 60 mmHg in male rats and female rats. (C, D) On day 11, the same decreasing VMR pattern compared to baseline was observed at 
both 40 and 60 mmHg in male rats and female rats. 
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between male and female rats (Fig. 5B and 5C).

Sex-related Difference in Visceromotor Response to 
Colorectal Distension

In male and female rats of the no-stress group, no statistically 
significant changes in VMR to any CRD pressure were observed 
from baseline (day 0) to days 10 and 11. On day 10 of rWAS, de-
creased VMR to CRD (visceral analgesia) compared with baseline 
was observed at both 40 and 60 mmHg in male rats (VMR: 60.7% 
± 18.7% and 80.4% ± 19.2%, respectively; P < 0.05) and female 
rats (VMR: 58.1% ± 14.3% and 66.1% ± 14.5%, respectively; 
P < 0.05; Fig. 6A and 6B). On day 11, the same decreasing 
VMR pattern compared with baseline was observed at both 40 
and 60 mmHg in male rats (VMR: 58.9% ± 18.6%, 76.1% ± 
19.4%, respectively; P < 0.05) and female rats (VMR: 57.4% ± 
12.6%, 70.1% ± 13.4%, respectively; P < 0.05; Fig. 6C and 6D). 
However, no statistically significant difference was observed in the 
decreased VMR to CRD between days 10 and 11, nor was a sex-
based difference observed in the analgesic response to rWAS.

Discussion  

Here, we demonstrated that chronic psychological stress in-
creased colonic movement, especially in female rats, and that the 
distal colonic mucosal IL-1β level was significantly higher in female 
rats of the WAS group. Stress-induced visceral analgesia was ob-
served in both sexes by using a noninvasive monometric catheter.

The selection of appropriate rat strains was important because 
each showed different anxiety traits. Wistar rat has been known 
to display high anxiety levels, and Gunter et al29 found that highly 
anxious Wistar-Kyoto rats exhibited an exaggerated VMR to CRD 
as compared with low/moderate-anxiety Fisher-344 (F344) and 
Sprague-Dawley (SD) rats. In our preliminary experiment, we also 
observed highly anxious behavior in Wistar rats subjected to WAS. 
Wistar rats showed higher FPO than did SD and F344 rats, espe-
cially female rats (data not shown). Anxiety is linked with visceral 
hypersensitivity, and rats, such as Wistar rats, being predisposed to 
heightened anxiety levels displayed dominant hypersensitivity, can 
be a suitable strain for stress-induced studies.

In our data, the body weight of both male and female rats 
markedly increased and the mean FPO was higher in the last 5 
days of rWAS (days 6-10) than in the first 5 days (days 1-5) in 
both sexes, especially in female rats. We suggest that adaptation 
to a homotypic stressor occurred and the impact of stress may be 
reduced, thereby decreasing the inhibition of food intake. This can 

be reflected in the higher body weight gain during the last 5 days. 
Moreover, defecation is highly correlated with the content of feces, 
which is linked with the increase in food intake. Our data indicate 
that the female rats were more vulnerable to WAS, especially in the 
last 5 days of stress. This finding is similar to that of the previous 
study that demonstrated the sex-related differences after WAS, and 
showed that female rats had higher FPO than male rats.27 How-
ever, another study demonstrated the adaptation of a homotypic 
stressor in male rats that showed decreased FPO after 10 days of 
rWAS,8 which is rather different from our results. Currently, we 
cannot explain this difference, but some confounding stressors such 
as no enrichment, small cages, or cabinet-form housing might have 
affected the experiment results. Many human studies also demon-
strated that women are more vulnerable to life stress, anxiety, and 
present exacerbated IBS symptoms under stress.20 The reason of 
the sex-related differences in IBS remains unknown. However, a 
previous study suggested that the relationship between ovarian and 
stress hormones may be important in the female predominance of 
IBS.30

Our data showed female predominance in mast cell count and 
mucosal IL-1β levels. Mast cells and low-grade inflammation play 
important roles in some patients with IBS.14,16-18 The degranula-
tion of intestinal mast cells can result in the release of histamine, 
serotonin, and cytokines. All these mediators are known to facilitate 
the response of afferent fibers that induce a varietyof visceral pain, 
which is the main symptom reported by patients with IBS.31 Previ-
ous studies have revealed that a mast cell stabilizer suppressed the 
stress-induced rectal hyperalgesia, proposing that it depends on 
mast cell degranulation.32 Bradesi et al8 reported that male Wistar 
rats subjected to rWAS showed anxiety-like behaviors, enhanced 
FPO, and increased mast cell counts and IL-1β and IFN-g expres-
sion levels. Santos et al33 examined the participation of mast cells in 
chronic stress response. After subjecting mast cell-deficient Ws/Ws 
rats and +/+ control rats to WAS or sham stress, they demonstrat-
ed that mucosal mast cell counts were increased in +/+ rats but 
not in Ws/Ws rats. Mast cell number and the amount of histamine 
secretion were higher in female rats than in the male rats.34 In addi-
tion, in human studies, Sohn et al35 showed that women with IBS 
had more mast cells than healthy women volunteers, and this trend 
was more predominant in women than in men. Barbara et al14 also 
showed significantly higher mast cell counts in female IBS patients 
than in male IBS patients. Mast cells are known to have high affin-
ity to estrogen receptors, and estradiol has been shown to augment 
mast cell secretion.30 These previous results suggested sex-related 
differences in IBS, taking into account the immune responses.
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A recently validated noninvasive method that uses manometry 
showed that rWAS can induce stress-related visceral analgesia 
in response to CRD.27,28 This method has an advantage over the 
electromyographic method in that it does not require surgery and 
postsurgical antibiotics and analgesics, which can affect visceral pain 
responses.9 Dual visceral pain responses (hyperalgesia vs analgesia) 
have been reported in rodents exposed to psychological stressors, 
and factors that can affect the response to psychological stressors 
include the tested animal, the social environment of the animal, han-
dling of the investigator, and the methods used to record VMR.19 
Therefore, these factors should be carefully taken into account in 
the design, and interpretation of results of animal studies. Although 
we found increased colonic movement and significant sex-related 
differences in mucosal mast cell count and higher colonic mucosal 
IL-1β levels in rWAS-female rats, we did not observe sex-related 
differences in stress-induced visceral analgesia. In the previous 
study, rWAS for 4 days induced a strong visceral analgesia at 40 
mmHg in both sexes. However, 24 hours later (day 5), female 
rats exhibited visceral hyperalgesia at 60 mmHg and the VMR of 
male rats returned to normal.27 In contrast to the previous study, the 
present study showed sustained visceral analgesia on day 11 in both 
sexes. Our study applied longer rWAS (for 10 days) and both sexes 
of rats showed higher FPO in the last 5 days of rWAS, which is 
inconsistent with the findings of the previous study. The difference 
in stress duration seemed to induce different VMR results. Hence, 
further studies are needed.

In the field of somatic pain, opioid- or non-opioid-dependent 
inhibitory systems can mediate the mechanisms of stress-induced 
analgesia.36 Briefly, stress lead to the release of endogenous opioids 
from presynaptic neurons and endogenous cannabinoids from 
postsynaptic neurons. The activation of cannabinoids or opioid 
(µ-, κ-, and σ-) receptors on g-aminobutyric acid (GABA) ergic 
interneurons inhibits the release of GABA and facilitates neuro-
transmission at glutamatergic synapses, resulting in activation of the 
descending inhibitory pain pathway.36 A non-opioid, neurotensin-
dependent visceral analgesia was observed in SD rats after exposure 
to acute WAS, with male rats exhibiting stronger analgesia than 
female rats.37 In another study, psychological stress induced an im-
mediate post-stress visceral analgesia mediated by an opiate signal 
in females and a naloxone-independent mechanism in males, as well 
as hyperalgesia at 24 hours after repeated stress only in females.27 
These data highlight the importance of sex-specific interventions to 
modulate visceral pain responses to stress.27 In the field of visceral 
responses, most of the preclinical studies conducted were in male 
rodents,37 but few studies in females indicated that sex hormones 

may have an effect on visceral sensitivity in rodents.38,39 Some stud-
ies did not even mention the sex of experimental rodents.33 The use 
of a balanced proportion of male and female rodents in preclinical 
studies and application of sex-based analysis are needed to elucidate 
sex-related differences in the pathophysiological mechanism of IBS. 
In addition, as the response of new drug for IBS and constriction 
is known to be different depending on sex40-43 this approach will be 
more important and useful.

The limitations of this experiment are as follows: we did not 
exactly measure the amount of food intake per day, which is re-
ported to be linked with the frequency and amount of fecal pellets, 
and which can influence the body weight gain in the last 5 days of 
the experiment. The food intake during the 10-day period should 
have been taken into account to clarify the relationship among body 
weight, amount of feces, and stress response. In addition, we used 
a relatively small animal cage without enrichment and the rats were 
housed in a cage that was kept in a cabinet. We think these experi-
mental environments might have acted as a confounding factor for 
stress responses.

In conclusion, chronic stress increased bowel frequency, muco-
sal mast cell count, and mucosal IL-1β levels, especially in female 
Wistar rats. Chronic stress also induced visceral analgesia with the 
noninvasive manometric method in rats of both sexes. However, the 
stress-induced visceral analgesia after 10 days of WAS did not dif-
fer significantly between the sexes. Hence, the underlying mecha-
nism needs to be further evaluated.
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