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Abstract
Objective: The aim of this study was to detect the expression of interleukin (IL)-1β and transforming growth factor
(TGF)-β1 in the colonic tissue and serum of irritable bowel syndrome (IBS) rats, as well as the distribution and expression of corticotropin-releasing factor (CRF) in the spinal cord and brain of the visceral hypersensitivity rats, thus to
ascertain the mechanism of visceral hypersensitivity signal conduction pathway.
Methods: The expression of IL-1β and TGF-β1 in the colonic tissue and serum of IBS rats was screened by the liquid
chip technology and verified by RT-PCR technology. Then the quantitative analysis of CRF in the spinal cord and brain
was achieved by the immunohistochemical method and computerized image system.
Result: The rat model with visceral hypersensitivity was successfully established. Among the screened indicators
of IL-1β and TGF-β1 in colon tissue and serum, only the expression of IL-1β in the model group was up-regulated
(P < 0.05). The immunohistochemical method showed that CRF was expressed in the spinal cord, hypothalamus,
and the third ventricle. The positive index number of the model groups was higher than that of the control group
(P < 0.01).
Conclusion: From the research, it can be inferred that IL-1β may participate in the pathogenesis mechanism of IBS
via regulating the colon function. The increasing expression of CRF linked to stress in the spinal cord, hypothalamus
and the third ventricle indicated that it might play an important role in the mechanisms of visceral hypersensitivity
signal conduction pathway.
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Introduction
Irritable bowel syndrome (IBS) is defined as a functional
gastrointestinal disease without organic abnormalities
and is characterized by chronic abdominal pain or discomfort [1]. Its incidence is about 10–20% in European
and American [2], at least 6.5–10.1% in Asian and it has
been continuing to grow in recent years [3]. Although IBS
is one of the most frequent diagnosis in gastrointestinal
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diseases, the underlying mechanism of its chronic symptoms remains unknown [4]. Some factors like infection,
food, and psychiatric factors have been stated as the
possible etiology connected with the development of
IBS [5]. It is clear that some IBS patients show remarkable inflammation and/or immunological disturbance in
the colon [6]. Further studies revealed that transforming growth factor (TGF)-β1 could suppress the intestinal
inflammation by modulating the growth and differentiation of different immunocytes and non-immunocytes [7].
And interleukin- (IL-)1β was reported to have the effect
of regulating the initial stages of inflammation [8]. The
study has shown that TGF-β1 and IL-1β are connected
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with inflammation, so we suspect they might play a role
in the inflammation progression of IBS. Corticotropinreleasing factor (CRF) is the key regulatory factor in
stress reaction. Some experiments indicated that the
colon would be stimulated when injecting CRF in the
cerebral ventricle or peripheral vein of rats, presented
as the accelerated transmission of the colon and hasty
excrementitious venting [9], which might be connected
with IBS. Therefore, this study was to detect the expression of IL-1β and TGF-β1 in the colonic tissue and serum
of IBS rats by the liquid chip and RT-PCR technology to
find the relationship between them.

Materials and methods
Subjects

20 adult female SD rats, about 200 g of every rat, were
divided into two groups randomly, 10 for the control
group and 10 for the model group. The feeding environment was provided by the experimental animal center of
Zhejiang Chinese Medical University, where the temperature was 22–24 ℃, humidity less than 60 percent, noise
less than 50 decibels.
This study was reviewed and approved by the Medical
ethics committee of Zhejiang Chinese Medical University, including any relevant details. And the rats in our
study were sedated before being killed; all experiments in
this study were performed following relevant guidelines
and regulations.

Experimental procedure and method
Sectionalization
Control group

The condition of rats was observed after 2 weeks’ normal
eating and drinking. Then the visceral sensitivity of normal rats was evaluated by abdominal withdrawal reflex
(AWR).
Model group

IBS model rats were established under the guidance of
previous studies, including conditioned stimulus and
unconditioned stimulus [10]. The conditioned stimulus refers to the special odor of camphor ball, while the
unconditioned stimulus needs rectal distention pressure (> 60 mm Hg (1 mmHg = 0.133 kPa)) combining
with extremities constraint with their extremities and
trunk fixed, rats were put into the camphor ball cage for
45 min. Meanwhile, catheters were inserted into the rectum of rats and fixed at the root of their tails. The distal end of the catheter balloon was 1 cm away from the
anal. The volume of the filled balloon was 1.6 ml (hydrostatic pressure in the balloon more than 60 mmHg) and
it lasted for 60 s, then intermittently exhausted 3 min
and filled gas 10 times once. This was a stressful process.
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There was one stress process on the first day, the same
process was performed on the second day at the same
time. The conditioned stimulus was done on the fourth
day. The completed stress process was repeated once on
the fifth day. The same conditioned stimulus as the fourth
day was performed on the sixth and eighth day. The rats
were fed normally on the third and seventh day. Then visceral sensitivity of the rats was evaluated by AWR.
Model authentication

AWR was used to evaluate rats’ visceral sensitivity
according to our previous studies [10]. First, an 8F urethral catheter was lubricated by liquid paraffin and
inserted per rectum and fixed at the root of the tail. The
distal end of the catheter balloon was 1 cm away from the
anal. Then, the sacculus was filled with water gradually
after rats accommodated the environment, and the water
injection volume was recorded when the rats raised their
abdomen and made the back like a bow. Rectal distention
lasted for 30 s every time and repeated 3 times to take a
mean number.
Experimental sample

After a laparotomy incision, a segment of 2-cm-length
colon tissue was removed and placed in Tyrode’s solution which consists of a mixture of 95% O2 and 5% CO2,
with the temperature held at 37 °C. Then douched the
aorta with 500 ml normal saline and cut the auricle of
the right atrium until the liver completely turned white.
Then we perfused 500 ml fresh fixation fluid (0.1 mol/
IL phosphate buffer with 4% PFA) through the aorta till
the extremities and spinal column turned hard (40 min).
Then we took the brain and spinal column and put them
into the formalin solution quickly.
Experimental procedure

Firstly, the total RNA was prepared, and the primer test
and sample assay were also completed. Then we performed reverse transcription. After creating and setting
up a plate document, we prepared the PCR reaction plate
and run it, finally, we analyzed the result. The main procedure was that [10]: high-throughput sequencing was
conducted on independent samples. Total RNA was
extracted from colon tissues with TRIzol (Invitrogen,
Gaithersburg, MD, USA) using the one-step method.
After purification, RNA concentration was analyzed
using Nanodrop (Nanodrop Technologies, Wilmington,
DE) and quality testing was conducted using BioAnalyzer
(Agilent Technologies, Palo Alto, CA). Small RNA was
purified from total RNA to enrich molecules in the range
of 16–30 nt, and then 3′ and 5′ linker sequences were
attached SuperScript II reverse transcriptase to synthesize cDNA. After that PCR amplification was conducted.
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Luminex 100TM was used to detect the expression of
IL-1β and TGF-β1 in the colonic tissue and serum of rats.
Immunohistochemical evaluation

Two footwork immunohistochemistry technologies were
used [10]: cautiously add, dropwise, 3 percent hydrogen
dioxide on the tissue (spinal cord, hypothalamus, and the
third ventricle of the cerebrum), incubating in dark for
15 min. After flushed by distilled water, the chips were
put into the PBS balanced solution soaking 3 times for
5 min each time. AG dark was repaired. Drop 50-100 ml
CFR antibody fluid on the tissue and make them incubate
for 30 min in the ambient temperature. Next, we washed
the chips with PBS balanced solution and soaked the
chips in it 3 times for 4 min each time. Then we dropped
an appreciable proportion diluted biotin labeling antibody (1% BSA–PBS to dilute) and incubated it for 30 min
in the ambient temperature. After that, we washed the
chips with PBS and soaked them in the PBS balanced
solution 3 times for 5 min each time. Then we dropped
50-100 ml developer DAB fluid and incubated the chips
for 5–20 min till they completely colorated. And then
the tissue was washed by distilled water and successively
dehydrated by 85%, 90%, 95%, 100%, 100%, 100% alcohol. Finally, the chips were put into the xylene solution 3
times for 5 min each time.
Negative control

Replaced CFR antibody with PBS, the consequence was
negative.
Analytical method

The computer image analysis software (the Carl Zeiss
of the Imaging Systems of the Carl Zeiss company) was
conducted to analyze images. We took 10 high power
campus visuals and 40 times object glass (400×) in the
typical places successively. Then we analyzed the masculine expression by quantitative analysis and calculated
photodensity.
Statistical analysis

All data were expressed as mean ± standard. Statistical
analysis was conducted by SPSS package. Two sample’s
mean numbers were compared by the T-test. The significance level was P < 0.05.

Result
The change of the model

After modeling, there was no significant difference
between the behavior of the two groups. Rats of the
model group overreacted when they were frightened or
performed by intragastric administration.
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Model authentication

AWR was used to authenticate the models, thus to compare the amount of water required to cause the same
stress response in two groups. The rectum affusion
amount of the model rats ((0.84 ± 0.23) ml) were lower
than the control group ((1.33 ± 0.43) ml), and the difference between the two groups was statistically significant
(P < 0.01). The results showed that the visceral sensitivity
of the model rats was higher, indicating the success of the
model building.
The screening of cytokine in colon and serum

The expression of IL-1β and TGF-β1 in the colonic tissue and serum of IBS rats was screened by the liquid
chip technology and verified by RT-PCR technology. The
result of IL-1β and TGF-β1 is listed in Table 1. We found
that the expression of IL-1β in the colonic tissue and
serum of the model group was up-regulated (P < 0.05).
However, there was no significant difference in the
expression of TGF-β1 between the two groups (P > 0.05).
Dyeing result

CRF in the spinal cord and brain was achieved by the
immunohistochemical method and computerized image
system. The positive areas of the chips were buffy. And
they were more obvious in the hypothalamus, the third
ventricle of the cerebrum, and spinal cord lumbar intumescentia, but weaker in another place. The typical positive neurons of CRF showed that the endochylema was
buffy, and the nucleus could not be colored. We could
find that positive neurons of CRF in different places have
different shapes, such as fusiform shape, oval shape, polygon, and so on. The masculine neurons of CRF in the
hypothalamus and the third ventricle of the cerebrum
were close and uniform. Their endochylema was colored
buffy and shaped like drops, while the nucleus could not
be colored and some looked like vacuolus. The shapes
were round, fusiform shape, oval shape, and so on. The

Table 1 The expression of IL-1β and TGF-β1 in two groups
of irritable bowel syndrome rats
Marker

Control group x ± s

IL-1β (serum)
IL-1β (colon)
TGF-β1 (serum)
TGF-β1 (colon)

21.18 ± 3.60

1371.60 ± 276.57

11,094.62 ± 4405.44
854.47 ± 336.83

Model group x ± s
28.45 ± 6.04*

1701.58 ± 345.12*

10,785.76 ± 1787.84#
970.04 ± 357.46#

The expression of IL-1β and TGF-β1 in rats with IBS was detected using RT-PCR
technology for quantity analysis. Correlations among the two groups were
analyzed using SPSS24.0 software
*

P < 0.05

#

P > 0.05, vs. control group
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Table 2 Comparison
of
CRF
masculine
of hypothalamus (expressed by x ± s)
Array Positive area µm2
A

2622.41 + 655.38

B

Photodensity

neuron

Positive exponent

6472.61 + 1549.48

0.005 + 0.001

12,480.47 + 2290.70* 45,931.12 + 10,787.41* 0.037 + 0.009*

The expression of CRF masculine neuron of hypothalamus was detected using
ratios of IOD/area, which was performed for immunohistochemical quantity
analysis. Correlations among the two groups were analyzed using SPSS24.0
software
* P < 0.01, vs. control group
A: the control group; B: the model group

Table 3 Comparison
of
CRF
of the diaphragmatic surface
of cerebrum (expressed by x ± s)

masculine
neuron
of third ventricle

Array Positive area µm2 Photodensity

Positive exponent

A

0.005 + 0.001

2764.40 + 435.14

B

Figure1 Immunohistochemical results of CRF in the central nervous
system of the two groups. The brown particles refer to the expression
of CRF. a The expression of CRF in the spinal cord in the control group.
b The expression of CRF in the spinal cord in the model group. c The
expression of CRF in the hypothalamus in the control group. d The
expression of CRF in the hypothalamus in the model group. e The
expression of CRF in the diaphragmatic surface of the third ventricle
of the cerebrum in the control group. f The expression of CRF in the
diaphragmatic surface of the third ventricle of the cerebrum in the
model group

The expression of CRF masculine neuron of the diaphragmatic surface of
third ventricle of cerebrum was detected using Ratios of IOD/area for quantity
analysis. Correlations among the two groups were analyzed using SPSS24.0
software
*

The expression of CRF

Hypothalamus: The positive area was showed, photodensity was high, and the positive exponent of the
model group was higher than the control group (P < 0.01)
(Table 2).
The diaphragmatic surface of the third ventricle of the
cerebrum: The positive area was showed, photodensity
was high, and the positive exponent of the model group
was higher than the control group (P < 0.01) (Table 3).
The spinal cord: The positive area was showed, photodensity was high, and the positive exponent of the
model group was higher than the control group (P < 0.01)
(Table 4).

represents P < 0.01, vs. control group

A: the control group; B: the model group

Table 4 comparison of CRF masculine neuron of spinal
cord (expressed by x ± s)
Array

Positive area µm2

A

1154.93 + 409.45

B

masculine neurons of CRF in the spinal cord were uneven, and the endochylema was colored buffy and looked
like drops, also the nucleus could not be colored and the
number of fusiform shapes was more than others. Furthermore, the volume of the masculine neurons of CRF
was bigger than that in the brain (Fig. 1).

6605.40 + 1155.27

9816.24 + 2393.63* 46,399.50 + 10,461.24* 0.038 + 0.009*

7824.93 + 1169.19*

Photodensity
2671.58 + 1222.93

33,814.07 + 9645.65*

Positive exponent
0.002 + 0.001

0.028 + 0.008*

The expression of CRF masculine neuron of spinal cord was detected using
Ratios of IOD/area for quantity analysis. Correlations among the two groups
were analyzed using SPSS24.0 software
* P < 0.01, vs. control group
A: the control group; B: the model group.

Discussion
IBS is a chronic, intermittent disease characterized by
abdominal pain or discomfort without specific pathophysiologic factors [11]. According to the Rome III criteria, the global prevalence of IBS ranges from 1.1 to 29.2
percent and shows a female predominance [12]. More
than one mechanism contributes to the development
of IBS [13]. It’s known clearly that dysregulation of the
autonomic nervous system, maladjustment of the hypothalamic–pituitary–adrenal axis (HPA), increased pain
sensitivity, imbalanced gut microbial population, and
altered enteric physiology participate in the pathophysiology of IBS [14]. In recent years, extensive attention has
also been paid to the roles of inflammation and immunity
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in IBS. The intestinal inflammatory response to infection
has been stated as a kind of remarkable defense response
[15]. A large number of T cells in different lymphoid
compartments were reported in IBS patients intestine
[16]. And the activated T lymphocytes can produce many
cytokines such as IL-1β, IL-10, and IL-17, which were
closely related to the inflammatory process [15]. Moreover, some studies revealed that the level of IL-1β was
much higher in IBS-D patients [17, 18]. This may have
something to do with the inflammatory response caused
by them [19]. And it is consistent with our results, in our
present research, the IL-1β level in the colonic mucous
membrane and blood of the IBS group was significantly
increased, compared to those of the control group. As
we have known, IL-1β is an important pro-inflammatory factor which can cause an inflammatory reaction
and destruction on the mucosal barrier, or result in constriction and inflammatory pain for its direct action on
mucosa and colonic smooth muscle [17]. However, some
other researches reported that the expression of IL-1β
showed no difference between the IBS group and the
control group. We speculate that it may be related to the
regulation of different T cells and the interaction between
various cytokines. This network structure is worthy of
further study to verify. At present, many studies confirmed that peripheral and local cytokines may affect GI
function. Actually, not only cytokines and inflammatory
reactions, but also psychological factors play pivotal roles
in the development of IBS [20]. Our findings have also
suggested that psychological status effects on the levels
of cytokines, inducing or aggravating the digestive symptoms of IBS rats. Therefore, our further research is supposed to explore whether there is a cross-factor path to
regulate cytokines such as IL-1β in IBS patients.
TGF-β1 is a member of the growth factor supper family. Stadnicki et al [21] reported that the high level of
TGF-β1 was detected in the muscle of pro-inflammation
type IBS, which could last for at least one month and
effectively improve the excitability of smooth muscle.
It was thought to contribute to the inflammation in IBS
[22]. On the other hand, Gonsalkorale’s research [23]
showed no significant difference in the TGF-β1 level
between IBS rats and the normals, which was the same
as our results. This may have to do with the fact that the
production of cytokines is under genetic control. The
genetic susceptibility of specific cytokines with gene
polymorphism may change the sensitivity to certain diseases or affect their clinical expression [23]. What’s more,
it should be noticed that many points need to be considered in the explanation of research findings. TGF-β1
is just one of the cytokines relevant to the regulation of
immune and inflammatory, and the possible involvement
of other cytokines in the process cannot be ruled out.
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Accordingly, the specific role of TGF-β1 in IBS still needs
further study.
CRF is a kind of neuroendocrine peptide, which distributes in the stress-related important area of the central nervous system [24]. As a key regulatory factor in
the stress reaction, CRF can produce a series of biological effects, such as removing the system to consent stress
excitation, accommodating endocrine, autonomic nerve,
immunifaction, and regulating behavioral response [25].
Combining with its receptor, CRF could keep gastrointestinal motility in a stringent state, which accelerates
colonic transmission and causes watery diarrhea [26,
27]. During colonic dynamo-actuation, the nucleus of
the hypothalamus and locus caeruleus were major locus
to stimulate colonic movement. When microinjection of
CRF was done to the nucleus of the hypothalamus and
locus caeruleus of rats, colonic movement time decurtated, and the fecal output effectiveness could increase 20
times [28]. Correspondingly, when the injection of CRF
was done to the centrum of the rats, visceral pain could
aggravate; whereas, peripheral injection of CRF to mankind could degrade the pain threshold of the colon and
increase bowel movement. Besides, some animal experiments found that injection of CRF to the center could
cause turbulence of animals, such as gripping, scratching, and so on. As the dose increases, it could lead to
spastic reactions, such as the increase of defecation and
water sample stool [29]. This suggested that connections
existed between psycho-behavioral changes caused by
CRF with bowel movement. The latest clinical researches
also pointed out that 57% of IBS patients had manifested
visceral hypersensitivity. Based on the above discussion, this study aimed to investigate the distribution and
expression of CRF in the spinal cord and brain of the visceral hypersensitivity rats and to reveal the key factor in
the process of visceral hypersensitivity conduction.
The results showed that the level of CRF was quite
high in the spinal cord, hypothalamus, and the third
ventricle of the cerebrum. While low and sporadic CRF
positive reactant distributed in neuronic endochylema.
This stated that these three places all had neuroendocrine functions for physiological functions. CRF positive reactants in the model group were close, yellow, and
deeper, with a positive index number increased obviously. It was clear that the expression of CRF increased
in the models, and the visceral hypersensitivity was
directly proportional to it. According to previous studies, the release of CRF was connected with emotional
depression, and the special smell could induce depression. Importantly, CRF was expressed obviously in the
hypothalamus, which suggested that central nervous
system changes also occurred in visceral hypersensitivity. CRF and locus caeruleus–arterenol system might
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participate in the formation of visceral hypersensitivity
besides the HPA axis. So we believe that CRF released
in the hypothalamus could affect intestinal movement.
The intestinal sensory receptor in visceral hypersensitivity could induce nervous excitation of CRF in the
hypothalamus and other correlated areas, resulting in
intestinal movement as well as externalization of corporal, which could explain the relationship between IBS
and CRF. The mechanism might be that the release of
CRF increased under a stimulative state, in turn, the
released CRF could increase the releasing frequency of
locus caeruleus, then induce neurofibrae projections
to descend to myelonic sympathetic neuron and cause
overexpression of CRF in the spinal cord. Therefore,
locus caeruleus was the transition of power of bowel
movement to cause visceral hypersensitivity. Through
this experiment, we thought that CRF could be considered as an important factor to study the visceral hypersensitivity conduction system. Combining with many
studies performed on the mechanism of visceral hypersensitivity, we confirmed that CRF could be an original
target to treat IBS. At the same time, it would play an
important role in the evaluation of the curative effect
as well.

Conclusion
This study suggested that increased CRF and IL-1β are
involved in the mechanism of IBS. And CRF may be an
original target in the pathogenesis of IBS. But further
research need to be conducted to detect the interacting
and interadjusting mechanism of IL-1β, TGF-β1, and
other cytokines in IBS.
Acknowledgements
Not applicable
Authors’ contributions
GC completed the experiment and wrote the article. SZ directed the conception or design of the work and did the analysis. ZW revised the article and
optimized the language. XC helped the acquisition and interpretation of data.
All authors read and approved the final manuscript.
Funding
This research was supported by National Natural Science Foundation of China
(82074214, 81973598, 81573760); funding from Zhejiang Provincial Natural
Science Foundation of China under Grant No.LY18H030001; the Medicine
and Health Science and Technology Plan Projects in Zhejiang province
(2017KY413), Traditional Chinese Medicine Science and Technology Plan of
Zhejiang Province (2017ZA089, 2016ZB071, 2015ZZ012, 2014ZA030); Medical
Health Platform Plan Projects of Zhejiang Province (2015RCA020); Zhejiang
Provincial Natural Science Foundation of China (LY16H030010).
Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.
Ethics approval and consent to participate
The study has been approved by the ethics committee of Zhejiang Chinese
medical university.

Page 6 of 7

Consent for publication
Yes.
Ethics approval and consent to participate
The study has been approved by the ethics committee of Zhejiang Chinese
medical university.
Consent for publication
Yes.
Competing interests
There is no conflict of interest.
Author details
Department of Family Medicine, Sir Run Run Shaw Hospital, Zhejiang University, Hangzhou, China. 2 Department of Gastroenterology, The First Affiliated
Hospital, Zhejiang Chinese Medical University, Hangzhou, China.
1

Received: 12 August 2019 Accepted: 2 January 2021

References
1. Xu XJ, Liu L, Yao SK. Nerve growth factor and diarrhea-predominant irritable bowel syndrome (IBS-D): a potential therapeutic target? J Zhejiang
Univ Sci B. 2016;17:1–9.
2. Lovell RM, Ford AC. Global prevalence of and risk factors for irritable bowel syndrome: a meta-analysis. Clin Gastroenterol Hepatol.
2012;10:712–21.
3. Chang FY, Lu CL, Chen TS. The current prevalence of irritable bowel
syndrome in Asia. J Neurogastroenterol Motil. 2010;16:389–400.
4. Zhou Q, et al. Decreased miR-199 augments visceral pain in patients with
IBS through translational upregulation of TRPV1. Gut. 2016;65:797–805.
5. Chey WD, Kurlander J, Eswaran S. Irritable bowel syndrome: a clinical
review. JAMA. 2015;313:949–58.
6. Ohman L, Simrén M. Pathogenesis of IBS: role of inflammation, immunity and neuroimmune interactions. Nat Rev Gastroenterol Hepatol.
2010;7:163–73.
7. Troncone E, Marafini I, Stolfi C, Monteleone G. Transforming growth
factor-β1/Smad7 in intestinal immunity, inflammation, and cancer. Front
Immunol. 2018;9:1407.
8. Baser U, et al. Gingival inflammation and interleukin-1 beta and tumor
necrosis factor-alpha levels in gingival crevicular fluid during the menstrual cycle. J Periodontol. 2009;80:1983–90.
9. Hussain Z, Kim HW, Huh CW, Lee YJ, Park H. the effect of peripheral CRF
peptide and water avoidance stress on colonic and gastric transit in
guinea pigs. Yonsei Med J. 2017;58:872–7.
10. Chao G, Zhang S. Aquaporins 1, 3 and 8 expression in irritable bowel
syndrome rats colon via NF-κB pathway. Oncotarget. 2017;8:47175–83.
11. El-Salhy M, Hatlebakk JG, Hausken T. Possible role of peptide YY (PYY) in
the pathophysiology of irritable bowel syndrome (IBS). Neuropeptides.
2019;79:e101973.
12. Oshima T, Miwa H. Epidemiology of functional gastrointestinal disorders
in Japan and in the World. J Neurogastroenterol Motil. 2015;21:320–9.
13. Herndon CC, Wang YP, Lu CL. Targeting the gut microbiota for the treatment of irritable bowel syndrome. Kaohsiung J Med Sci. 2020;36:160–70.
14. Rej A, Aziz I, Tornblom H, Sanders DS, Simrén M. The role of diet in
irritable bowel syndrome: implications for dietary advice. J Intern Med.
2019;2:e12966.
15. Yang B, Zhou X, Lan C. Changes of cytokine levels in a mouse model of
post-infectious irritable bowel syndrome. BMC Gastroenterol. 2015;15:43.
16. Spiller RC, et al. Increased rectal mucosal enteroendocrine cells, T
lymphocytes, and increased gut permeability following acute Campylobacter enteritis and in post-dysenteric irritable bowel syndrome. Gut.
2000;47:804–11.
17. Gao J. Correlation between anxiety-depression status and cytokines
in diarrhea-predominant irritable bowel syndrome. Exp Ther Med.
2013;6:93–6.

Chao et al. Eur J Med Res

(2021) 26:7

18. Belmonte L, et al. Role of toll like receptors in irritable bowel syndrome:
differential mucosal immune activation according to the disease subtype.
PLoS ONE. 2012;7:e42777.
19. Bashashati M, et al. Cytokines and irritable bowel syndrome: where do we
stand? Cytokine. 2012;57:201–9.
20. Bashashati M, et al. Cytokine imbalance in irritable bowel syndrome:
a systematic review and meta-analysis. Neurogastroenterol Motil.
2014;26:1036–48.
21. Stadnicki A, Machnik G, Klimacka-Nawrot E, Wolanska-Karut A, Labuzek
K. Transforming growth factor-beta1 and its receptors in patients with
ulcerative colitis. Int Immunopharmacol. 2009;9:761–6.
22. Sun X, Lan C. Study on the expression of Runx3 and TGF-β1 protein in the
colonic tissue from rats with irritable bowel syndrome. Asian Pac J Trop
Med. 2011;4:88–91.
23. Gonsalkorale WM, Perrey C, Pravica V, Whorwell PJ, Hutchinson IV.
Interleukin 10 genotypes in irritable bowel syndrome: evidence for an
inflammatory component? Gut. 2003;52:91–3.
24. Normandeau CP, et al. A key role for neurotensin in chronic-stressinduced anxiety-like behavior in rats. Neuropsychopharmacology.
2018;43:285–93.

Page 7 of 7

25. Aisenberg N, Serova L, Sabban EL, Akirav I. The effects of enhancing
endocannabinoid signaling and blocking corticotrophin releasing factor
receptor in the amygdala and hippocampus on the consolidation of a
stressful event. Eur Neuropsychopharmacol. 2017;27:913–27.
26. Czimmer J, Tache Y. Peripheral corticotropin releasing factor signaling
inhibits gastric emptying: mechanisms of action and role in stress-related
gastric alterations of motor function. Curr Pharm Des. 2017;23:4042–7.
27. Kim KJ, et al. Corticotropin-releasing factor stimulates colonic motility via
muscarinic receptors in the rat. World J Gastroenterol. 2017;23:3825–31.
28. Stengel A, Taché Y. Neuroendocrine control of the gut during stress:
corticotropin-releasing factor signaling pathways in the spotlight. Annu
Rev Physiol. 2009;71:219–39.
29. Fukudo S. Role of corticotropin-releasing hormone in irritable bowel
syndrome and intestinal inflammation. J Gastroenterol. 2007;42:48–51.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

