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Abstract

Background: The efficacy of the treatment for irritable bowel syndrome (IBS) with the combination of anxiolytic/antidepressant
has been confirmed by clinical studies, but the central mechanism is unclear.

Objectives: To investigate the effects of flupentixol-melitracen, a mixture of tricyclic antidepressant and a classical antipsychotic
component, on resting-state brain function in IBS patients by using functional magnetic resonance imaging (fMRI).

Patients and Methods: Thirty-two patients with IBS were randomly divided into an observation group (OG, n =16) and control
group (CG, n=16). All patients in both groups were given spasmolytic agent (pinaverium bromide). For the OG group, flupentixol-
melitracen was added. FMRI scans were performed in all patients before and four weeks after the therapy. The scores of gastroin-
testinal symptom rating scale (GSRS), Hamilton depression scale (HAMD-17) and anxiety scale (HAMA-14) were evaluated at the same
time. FMRI regional homogeneity (ReHo) parameters were compared between the two groups before and after treatment using a 2
(therapy) x 2 (time) mixed model analysis of variance (ANOVA) statistical method, and were correlated with the changes of GSRS,
HAMD and HAMA scores in the two groups.

Results: The fMRI results of the mixed-model analysis of covariance (ANCOVA) and post analyses were as follows. When the ther-
apeutic factor was the main effect, ReHo was increased in the left superior and middle occipital gyrus, and the left parietal gyrus,
and decreased in the left thalamus and the lenticular nucleus in both groups after treatment when compared to the unmedicated
state. In addition, the OG group showed decreased ReHo in the left superior temporal gyrus, the right lenticular-putamen nucleus,
the right inferior frontal gyrus, the right insula, the right gyrus rectus and subcallosal gyrus. The CG group showed increased ReHo
in the right angular gyrus. When the interaction between therapy and time was the main effect, the brain region with different
ReHo values was in the left precuneus. In the OG group, the change of ReHo in the left precuneus was negatively correlated with the
decrease of HAMD and HAMA scores.

Conclusion: Flupentixol-melitracen can effectively improve anxiety, depression and gastrointestinal symptoms in patients with
IBS, which may be related to the reversal of abnormal neural activity in the brain regions within the default network and the
prefrontal-limbic-temporal emotional circuit in IBS patients.
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1. Background

Irritable bowel syndrome (IBS) is one of the com-
mon gastrointestinal disorders in clinical practice. Its
main clinical features are recurrent abdominal pain with
changes in bowel habits, but there are no morphological
and biochemical abnormalities that can explain it (1). IBS
is a chronic visceral pain disorder associated with severe
psychological and mental disorders, such as anxiety, de-

pression and the occurrence of suicidal ideation, which
severely impairs the patient’s quality of life (2). Stud-
ies showed that anxiety and depression symptoms in IBS
patients can affect the processing of visceral stimuli in
the central nervous system, leading to further amplifica-
tion of central pain (3-5). With the recognition of the im-
portant role of brain-gut axis in the pathogenesis of IBS,
the treatment has shifted from the traditional therapy fo-
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cusing on the terminal target organ (intestinal tract) to
the comprehensive treatment including psychobehavioral
therapy to adjust the homeostasis of the brain-gut axis.
Combined anxiolytic/antidepressant medications can im-
prove the symptoms of mood disorders and effectively re-
lieve abdominal pain in IBS patients, which is better than
other conventional treatments, including placebo, spas-
modic and antidiarrheal drugs (6-8).

Flupentixol-melitracen is a combination preparation
of has both anxiolytic and antidepressant properties and
has been proven to be safe and effective in the treat-
ment of IBS (9, 10). Flupentixol acts on dopamine re-
ceptors in the presynaptic membrane, and increasing the
amount of dopamine in the synaptic gap to play an an-
tianxiety and antidepressant role. Small doses of melitra-
cen can inhibit the reuptake of norepinephrine and sero-
tonin in presynaptic membrane, and increase the content
of monoamine transmitters in the synaptic space, thereby
exerting an antidepressant effect. These two components
work synergistically and the side effects cancel each other,
so as to effectively and timely improve the neuropsychi-
atric symptoms, regulate the function of the gastrointesti-
nal autonomic nerves, and reduce visceral hypersensitiv-
ity, and finally relieve the physical and mental discomfort.

Rectal stimulation task related functional magnetic
resonance imaging (fMRI) study confirmed that tricyclic
antidepressant reduces activation of some brain regions
during pain which were associated with emotional and
cognitive functions (11). Resting state fMRI can be used to
detect the activity of brain neuronsinresting state, and itis
an effective tool to evaluate the central mechanism of ther-
apeutic efficacy (12). The method of regional homogeneity
(ReHo) measures the synchronization between time series
of a specified voxel and its nearest voxel, thus providing
an effective tool to characterize neural activity in resting
state at the local level (13). Prior studies of our research
group found that IBS patients have ReHo changes in the
prefrontal-limbic cortex in resting state (14). To our knowl-
edge, this is the first study to investigate the effects of anx-
iolytic/antidepressant (flupentixol-melitracen) treatment
on regional brain function of IBS patients as indexed by
ReHo.

2. Objectives

In this study, we hypothesized that combined
anxiolytic-antidepressant (flupentixol-melitracen) treat-
ment could reverse abnormal neural activity in the brain
regions in IBS patients. Therefore, the purpose of this study

was to evaluate the effects of anxiolytic-antidepressant on
resting-state brain activity in IBS patients.

3. Patients and Methods

3.1. Study Population

This trial was supported by the Social Development
Project of Zhejiang Public Welfare Technology Research
(no.: 2015C33292). The research protocol has been ap-
proved by the Ethics Committee of the Affiliated Hos-
pital of Hangzhou Normal University (approval no.:
HZNU20160427). Informed written consent was obtained
from all participants before their enrollment in this study.
Thirty-two native right-handed IBS patients were recruited
from the digestive disease clinic of our hospital between
June 2016 and May 2018. The diagnosis of IBS for each
patient was made by two gastroenterologists based on the
Rome III symptom criteria (15). Patients were excluded
according to the following criteria: (1) any known food
intolerance, malabsorption, history of gastrointestinal
surgery, or a history of organic gastrointestinal diseases;
(2) antidepressant and prokinetic drugs intake for longer
than 2 weeks before enrollment; (3) any current psychi-
atric disorders (e.g., psychosis, major depressive disorder,
or drug and alcohol abuse as defined by diagnostic and
statistic manual of mental health disorders, fourth edition
text revision [DSM-IV-TR] criteria); (4) history of neurolog-
ical disorders or head injury; (5) any contraindications to
MRI scan. A complete medical history was taken for all
patients, and a complete physical examination, blood test,
and colonoscopy were performed in all patients.

Using block randomization design, patients were ran-
domly divided into observation group (OG,n=16) and con-
trol group (CG, n = 16). All patients in both groups were
given spasmolytic agent (pinaverium bromide; 50 mg/day,
tid), the OG group was added flupentixol-melitracen (10.5
mg/day, bid). There were no significant differences in age,
gender, or IBS duration (P> 0.05) between the two groups
(Table1).

3.2. Data Acquisition

Evaluation of clinical symptoms at baseline and fMRI
scans were completed before patients received medica-
tion. After 4 weeks of treatment, patients were reassessed
and rescanned with the same process.

All patients were assessed by two trained physicians on
their Hamilton depression scale (HAMD-17) (16, 17), Hamil-
ton anxiety scale (HAMA-14) (18, 19), and gastrointestinal
symptoms rating scale (GSRS) (20-22).
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Table 1. Demographic Characteristics of Participants®

Characteristic Observation group Control group t value Pvalue
Gender (male/female) 10/6 97 0.719
Age,y 34.38 £ 7.47 32.06 +7.17 0.893 0.379
Duration, mo 2038 +11.92 18.06 =+ 9.61 0.604 0.550

*Values are expressed as mean == SD.

sz Pearson chi-square test.

MRI images were acquired by using a whole-body
3.0 T scanner (GE Discovery MR-750, Waukesha, WI) with
a 12-channel head coil. The collected images include
the resting-state functional blood-oxygen-level-dependent
(BOLD) images and high-resolution three-dimensional Ti-
weighted (3D-T1) image. Details of sequences and parame-
ters used for image acquisition are shown in Table 2. Con-
ventional MRI images were reviewed by two experienced
radiologists, and no significant structural abnormalities
were found in all subjects.

3.3. Data Analysis

The fMRI data analyzer was blinded to the treat-
ment protocols and time session of each data.
Resting-state fMRI data pre-processing was performed
using the Statistical Parametric Mapping (SPMS,
http://www.filion.ucl.ac.uk/spm/) and Data Processing
Assistant for resting state-fMRI (data processing and anal-
ysis for resting state brain imaging [DPABI]) tool (23).
Pre-processing: the image data of the first 10 time points
of the resting-state scan are removed for slice-timing ad-
justment. Head-motion correction is eliminate the head
motion in the X, Y, and Z axis of translation for more than
3 mm or rotation angle more than 3° data subjects; spatial
standardization was carried out to warped the image into
Montreal Neurological Institute (MNI) template (3 X 3 X
3 mm?). Subsequently, Linear drift of data was removed
and 0.01 ~ 0.08 Hz bandpass filter was used to eliminate
physiological noise. By multiple linear regressions, several
nuisance variables were removed from the data, including
head-motion parameters, global brain signal, and average
signal from white matter and ventricles.

After preprocessing, ReHo analysis was performed on
the resting-state fMRI data. First, the Kendall’s coefficient
on the time series of each voxel of the whole brain and its
neighboring 26 voxels was calculated, which is the ReHo
value of the voxels. Each voxel corresponded to a ReHo
value, thus forming a whole-brain ReHo graph. The ReHo
value of each voxel in the entire brain was divided by the
mean value of all voxel ReHo values in the whole brain and
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standardized to obtain the average ReHo graph. Then spa-
tial smoothing (full width at half maximum, FWHM = 6
mm) was performed before statistical analysis (13).

3.4. Statistical Analysis

Demographic and clinical data were analyzed using
SPSS software (Version 18.0, SPSS Inc., Chicago, USA). Differ-
ences between group demographic data were analyzed us-
ing independent t-tests and x? tests. Differences in clin-
ical data between groups were analyzed using indepen-
dent t-tests at the pre-treatment and post-treatment. A
2 (therapy) X 2 (time) mixed model analysis of variance
(ANOVA) was used to compare pre-treatment and post-
treatment differences in the observation group and con-
trol group. Significance was setat P < 0.05. Statistical anal-
yses of ReHo maps were performed using DPABI. To exam-
ine differences in ReHo values among patients with differ-
ent medications, we performed a voxel wise mixed-model
analysis of covariance (ANCOVA) with time (pre-treatment
and post-treatment) and therapy (OG and CG) as factors.
Post analyses were carried out using two-sample t-tests.
Age, gender, framewise displacement (FD) and IBS dura-
tion were included as covariates. The statistical threshold
was set at voxel level, P < 0.01; mass level, P < 0.05, with
AlphaSim correction (24).

Finally, partial correlation analysis was performed to
examine the association between changes in ReHo follow-
ing treatment and reduced HAMD, HAMA and GSRS scores,
controlling for age, sex, FD and IBS duration. The levels
of significance were set at P < 0.05 without correction for
multiple tests.

4. Results

4.1. Demographic Characteristics and Behavioral Results

Demographic details and clinical characteristics of all
patients were summarized in Table 1 and Table 3. There
were no statistically significant differences in GSRS, HAMD
and HAMA scale scores between two groups before treat-
ment (P> 0.05) (Table 3), indicating that the two groups
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Table 2. MRI Sequences and Parameters

Sequences TR/TE, ms FOV, mm Slice thickness, mm Matrix FA,°
BOLD images GRE-SS-EPI 2000/30 192 X 192 4 64 X 64 90
3D-T1image SPGR 8.16[3.18 256 X 256 1 256 X 256 8

Abbreviations: BOLD, blood-oxygen-level-dependent; FA, flip angle; FOV, field of view; GRE-SS-EPI, gradient-echo single-shot echo planar imaging; SPGR, spoiled gradient-

recalled pulse; 3D-T1, three-dimensional Ti-weighted; TR|TE, repetition time/echo time.

had comparable levels of gastrointestinal symptoms, anxi-
etyand depression before treatment. After 4 weeks of treat-
ment, however, analysis of each subtest indicated that the
observation group had significantly lower scores in GSRS
(t = -4122, P < 0.001), HAMD (t = -3.859, P = 0.001), and
HAMA (t=-3.709,P=0.001) compared to the control group.
Two-factor mixed design ANOVA for GSRS (F = 5.819, P =
0.019), HAMD (F =7.707, P = 0.007) and HAMA (F = 6.476, P
=0.014) scale scores also showed significant time and ther-
apy interaction effects (Table 3). Compared with the base-
line level, the scores of GSRS, HAMD and HAMA scales in the
OG group were significantly reduced (P < 0.001), and GSRS
score was significantly decreased in CG group after treat-
ment (P < 0.05). HAMD and HAMA score did not show a
statistically significant difference in the CG group before
and after treatment (P> 0.05).

4.2. Results of ReHo Comparisons in Mixed-Model ANCOVA and
Post Analyses
4.2.1. Therapeutic Factor Was the Main Effect

Following treatment, both groups exhibited signifi-
cantly increased ReHo in the left superior and middle
occipital gyrus, and the left parietal gyrus, whereas de-
creased ReHo was observed in the left thalamus and the
lenticular nucleus. In addition, the OG group showed de-
creased ReHo in the left superior temporal gyrus, the right
lenticular and putamen nucleus, the right inferior frontal
gyrus, the right insula, the right gyrus rectus and the right
subcallosal gyrus. The CG group showed increased ReHo in
therightangular gyrus (AlphaSim corrected, with the level
of voxle P < 0.01 and the level of mass P < 0.05) (Figure 1
and Table 4).

4.2.2. The Interaction Between Therapy and Time Was the Main
Effect

The brain region with statistical difference was left pre-
cuneus (Figure 2A) (AlphaSim corrected, with the level of
voxle P < 0.01 and the level of mass P < 0.05). Compared
with baseline level, ReHo in the left precuneus in the OG
group was increased, while thatin CG group was decreased
after treatment (Figure 2B). The changes of ReHo in the
left precuneus were negatively correlated with reduction

in the HAMD and HAMA scores in the OG group (r =-0.712,
P=0.009;r=-0.646,P =0.023) (Figure 2C and Figure 2D).

5. Discussion

In the present study, we found that the combination of
flupentixol and melitracen was more effective in improv-
ing anxiety, depression and gastrointestinal symptoms
in IBS patients compared with basic treatment, further
confirming that psychotropic drugs can not only control
their own anxiety and depressive symptoms, but also con-
tribute to significantly improving gastrointestinal symp-
toms in IBS patients. We found that both combined with
anxiolytic/antidepressant group and only gastrointestinal
spasmolytic drug group reduced resting-state brain activ-
ity in regions related to “pain matrix”, i.e., thalamus and
lenticular nucleus, and increased in the posterior parieto-
occipital cortex. In addition, the OG group resulted in
more intensive and extensive decreases in brain activity in
the cortices (prefrontal-temporal regions) and the limbic
system, while the CG group resulted in greater increases
in brain activity in the right angular gyrus. Significantly,
we found that anxiolytic/antidepressant treatment was as-
sociated with increased ReHo in the left precuneus, and
changes in this area were negatively correlated with the re-
duction in the HAMD and HAMA score.

The left precuneus is the “hub” of the default mode net-
work (DMN) (25). DMN maintains the memory, attention
and cognitive functions of the brain in resting state, which
is an important node of functional connection of various
brain regions (26). The precuneus and surrounding pos-
teromedial areas are the highest metabolic brain regions
in resting state, which maintain the self-consciousness
function in the internal thinking process related to “self-
reference” during rest state. The dysfunction of this re-
gion may lead to physiological lesions (25). Studies have
reported that IBS patients showed high activation in the
precuneus and surrounding areas under rectal stimula-
tion, and decreased blood perfusion in this region and
its functional connection with multiple brain regions un-
der resting state, which were partially related to the de-
pression score of patients. (27-30). Therapeutic studies
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Table 3. Comparison of Depression, Anxiety and Gastrointestinal Symptoms Between Groups and Before and After Treatment®

Pre-treatment Post-treatment Time X group F

. . value

Observation Control group Group Observation Control group Group

group difference t group difference t

value value
GSRS 3913 £12.06" 37.25 +10.82° 0.463 20.44 + 415 29.75 £ 8.03 41229 5.819"
HAMD 1031+ 522" 9.25 + 6.21 0.524 2254208 83145.93 3.859" 7.707°
HAMA 12.75 £ 5.21° 11.88 £ 7.80 0373 3.00 £ 219 9.63 & 6.80 3.709° 6.476°

Abbreviations: GSRS, gastrointestinal Symptom Rating scale; HAMA, Hamilton anxiety scale; HAMD, Hamilton depression scale.

#Values are expressed as mean = SD.
p<0.01.

‘P< 0.05.

dp<o.001

Table 4. Mixed-Model ANCOVA and Post Hoc Multiple Comparison Results of Brain Regions with Significant Differences in ReHo When Therapeutic Factors Were the Main

Effect
Peak MNI coordinates
Region Cluster size, mm® Peak intensity
X y z
Both group Thalamus (L) 3 21 6 95 18.19
pre-treatment >
post-treatment Lenticular nucleus (L) 15 3 3 64 19.72
Superior occipital -18 -102 18 389 22.73
gyrus (L)
Both group i .
pre-treatment < Middle 0cc1g1tal gyrus
post-treatment (L)
Superior parietal gyrus -45 -69 51 91 20.99
(0]
Superior temporal 36 21 27 59 14.19
gyrus (L)
Lenticular-putamen 21 9 -6 21 17.97
nucleus (R)
Inferior frontal gyrus
Observation group (R)*
pre-treatment >
post-treatment Insula (R)?*
Gyrus rectus (R)a
Subcallosal gyrus (R)*
Control group Angular gyrus (R) 60 -54 48 162 19.48
pre-treatment <
post-treatment

Abbreviations: L, left; MNI, Montreal Neurological Institute; ReHo, Regional homogeneity; R, right.

?Secondary peaks are in italic.

have shown that abnormal activity and recovery of DMN,
especially in the left precuneus, may be a state indicator
for predicting anxiety and depression (31-33). When the
interaction between therapy and time was the main ef-
fect, the region of different brain activity was the left pre-
cuneus. It should be noted that spontaneous activity in
the precuneus was increased after combined treatment
with flupentixol-melitracen, and the regional changes of
ReHo values were negatively correlated with the changes
of HAMA and HAMD scores, indicating that the increase of
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regional function correlated with the alleviation of men-
tal symptoms. These results suggested that the precuneus
would play a role in the pathophysiology for depression
and anxiety; while, flupentixol-melitracen could modulate
complex interactions of dopamine and serotonin (9, 10)
that could also cause upregulation of spontaneous activity
in the precuneus. Thus, we speculate that increased spon-
taneous activity in the precuneus may be a neuromecha-
nism of selective serotonin reuptake inhibitors.

Followed combined anxiolytic/antidepressant treat-
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Figure 1. Brain regions with significantly different regional homogeneity (ReHo) values among groups when therapeutic factor was the main effect in the mixed-model
analysis of covariance (ANCOVA) analysis (P < 0.05, Alphasim corrected). The left side of the images corresponds to the left side of the brain.

ment, IBS patients showed decreased ReHo in the left supe-
rior temporal gyrus, the rightlenticular-putamen nucleus,
the right inferior frontal gyrus, the right insula, the right
gyrus rectus and the right subcallosal gyrus. A large num-
ber of fMRI studies have shown that abnormal prefrontal-
limbic emotional circuits, including the prefrontal cor-
tex, anterior cingulate cortex, hippocampus, basal gan-
glia, amygdala and insula, are potential neuropathologi-
cal mechanisms for anxiety and depression (34). The ma-
jor role of antidepressants is to reverse the negative bias
in the information processing of the loop, so the neu-
ral activity of the loop can predict the efficacy of antide-

pressants (35-37). Some studies have found that the de-
gree of atrophy in temporal lobe may be a predictor of
the course of depression (38, 39), and the high activation
of the superior temporal gyrus may be the neural basis
for the deficits in cost-benefit decision-making in patients
with depression disorder (40). In this study, changes in
brain activity in the prefrontal-limbic system and tempo-
ral lobe were observed only in the OG group, suggesting
thatanxiolytic/antidepressant could significantly improve
the mood disorders by regulating the emotional process-
ing circuits, further promoting the recovery of gastroin-
testinal symptoms. The insula in the emotional circuit is
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Figure 2. Brain regions with significantly different ReHo when the interaction between treatment and group was the main effect in the mixed-model ANCOVA analysis. A,
The region of different ReHo was the left precuneus (red); B, Followed treatment, ReHo in the left precuneus increased in the observation group (OG) and decreased in the
control group (CG); C, D, In the OG group, there was a significant negative correlation between the changes of ReHo in the left precuneus and the reduction in the Hamilton

depression rating scale (HAMD); and Hamilton anxiety rating scale (HAMA) scores.

not onlyrelated to mood change, butalso closely related to
the production and regulation of pain (41). We found that
gastrointestinal symptoms in the CG group were partially
relieved after basic treatment, but no significant changes
in insular activity were observed. This result may be due
to the symptoms of anxiety and depression that have not
been significantly alleviated, leading to further amplifica-
tion of central pain sensation.

When the therapeutic factor was the main effect, the
values of ReHo in both groups after treatment were de-
creased in the left thalamus and the lenticular nucleus,
and increased in the superior and middle occipital gyrus,
and the left parietal gyrus compared to the unmedicated
state. The thalamus is a key component of the steady-state
afferent network and plays a crucial role in central process-
ing of somatic and visceral pain. The most distinctive fea-
ture of the thalamus is its interconnection with the cere-
bral cortex, which can transmit pain information to the
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cerebral cortex (42). Task-state and resting-state fMRI study
found that IBS patients had high thalamic activation and
increased regional synchronization, which were positively
correlated with the severity of gastrointestinal symptoms
(43-47). The basal ganglia is involved in the integration of
information with the cortex, thalamus and three specific
pain processing regions (sensory, emotional/cognitive and
endogenous/regulatory), which is an important part of the
“pain matrix” (48, 49). Lenticular nucleus, an important
partof the basal ganglia, serves a significantrole in regulat-
ing pain (50). Chronic visceral pain can lead to a decrease
in the volume of the left putamen (51). The occipital lobe
has traditionally been associated with visual information
processing. Although no visual impairment associated
with chronic pain has been reported, some rodent stud-
ies have found that the occipital cortex reflects analgesic
effects (52, 53). In addition, several human neuroimag-
ing studies have reported changes in occipital lobe activ-
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ity in patients with chronic pain (54-57). The parietal cor-
tex integrates the signals transmitted by various sensory
information and is related to sensory perception process-
ing, self-consciousness and memory extraction. Stanke-
witz et al. (58) found persistent activation of the posterior
parietal cortex (including the superior gyrus and subpari-
etal lobules) in the perception of pain spatial location in-
formation. The results of our previous study also found
ReHo changes in the parietal and occipital cortex in IBS pa-
tients (14). Based on the above studies, the findings of our
study further indicate that abnormal neuronal activity in
the pain network-related brain regions and the posterior
parieto-occipital cortex in IBS patients could be recovered
after improvement of gastrointestinal symptoms.

In conclusion, anxiolytic/antidepressant could effec-
tively improve anxiety, depression and gastrointestinal
symptoms in IBS patients, which may be related to the
reversal of abnormal neural activity in the brain regions
within the default network and the prefrontal-limbic-
temporal emotional circuit in IBS patients. In addition, ab-
normal neuronal activity in the pain network-related brain
regions and the posterior parieto-occipital cortex in IBS pa-
tients can be recovered after improvement of gastrointesti-
nal symptoms.

This study also had limitations. Frist, the small sam-
ple size of this study may have affected the credibility and
universality of the research results. Second, long-term
follow-up studies are needed to determine whether further
changes in clinical symptoms and brain activity occur at
later stages. Third, ReHo focuses on the functional areas
of the entire brain, but it may be ignoring the functional
characteristics of specific brain regions. Last but not the
least, the results of this study may be influenced by non-
therapeutic factors (for example, the treatment behavior
itself leads to differences in the scale and fMRI results). In
the future, it is necessary to expand the sample size, im-
prove the consistency of the sample size, add the placebo
group, and conduct multimodal research to verify each
other.
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