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To investigate the effect of sacral electroacupuncture (sEA) on the microbiota-gut-brain axis in the treatment of slow transit
constipation, this study established a drug-induced model of slow transit constipation in rats and carried out sEA at the Baliao
acupoints (BL31-BL34). On the 14th day of the therapeutic period (24 h fecal pellets), the aquaporin 3 (AQP3), 5-hydroxy-
tryptamine (5-HT), and substance P (SP) transcripts from the distal colon and hypothalamus were analyzed. 16S rDNA has been
widely used to analyze the diversity of the microbial communities. Therefore, in the present study, changes in the intestinal
microbiota were analyzed by 16S rDNA gene sequencing. The results showed that sEA significantly increased the number of fecal
pellets and the water content in the feces and reduced the reabsorption of intestinal water in 24 h. sEA also upregulated the level of
SP mRNA expression in the distal colon and the hypothalamus, but downregulated the level of 5-HT mRNA expression in the
distal colon. Moreover, sSEA improved the Bacteroidetes to Firmicutes (B/F) ratio, which is beneficial to the general structure of the
intestinal microflora. Our findings suggested that the microbiota-gut-brain axis constitutes a crucial pathological basis in the
development of slow transit constipation. sEA improved the slow transit constipation by regulating the balance of the microbiota-

gut-brain axis.

1. Introduction

Functional constipation (FC) is an idiopathic intestinal disease
and with an increasing prevalence rate, year by year [1]. FC’s
morbidity rate ranged from 1.9% to 40.1% with an average of
14% [2, 3]. The clinical self-test report rate of FC is generally
higher than that obtained from the Rome Diagnostic Criteria,
a guideline for the diagnosis and treatment of functional
gastrointestinal disorders. According to the Rome IV Criteria,
FCis classified into three types: (1) normal transit constipation,
(2) slow transit constipation (STC), and (3) defecation diffi-
culty or rectum defecation difficulty. These three different
types of FC may combine and overlap with each other [1]. STC
is characterized by decreased motility of the colon. Its main
manifestations include decreased defecation frequency (<3
times/week), low desire for defecation, abdominal distention,
and delayed colonic transit time (CTT) [1].

The disorder of gut-brain axis regulation is an essential
pathological foundation of STC [1, 4]. The imbalance of
intestinal microflora also contributes to the generation and
development of STC. These factors (gut-brain axis and
microbiota) may interact with each other [5-9]. Thus, we
proposed that the microbiota-gut-brain axis is involved in
STC pathological mechanisms. The axis consisted of the
intestinal microflora, enteric nervous system (ENS), auto-
matic nervous system (ANS), neuroendocrine-neural im-
mune system, and central nervous system (CNS). These
systems could regulate gastroenteric physiological functions
and STC pathological processes [5, 8, 10]. The hypothalamic-
pituitary-adrenal axis (HPA) is the pivot for the neuroen-
docrine immune network and one of the main communi-
cation networks between the colon and brain [11]. The
“consensus opinion of Chinese chronic constipation ex-
perts” recommended the use of selective 5-HT4 receptor
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agonists and suggested that probiotics could be one of the
treatment options for patients with FC [12]. Mosapride is
widely used in the clinic and has an obvious effect on
promoting gastrointestinal motility. Bacillus licheniformis is
a commonly used probiotic with low incidence of adverse
reactions [13-15]. Probiotics not only relieve STC gastro-
enteric symptoms but also improve anxiety and depression,
which are associated with STC [8, 16-21]. Several findings
demonstrated that the neural regulation of colon motility
and the participation of brain-gut peptides played an im-
portant role in sacral neuromodulation [22, 23]. However,
their relationship to intestinal microflora remains unclear.

Our previous studies have demonstrated that sEA ap-
plied to Baliao acupoints has a benefit for sacral neuro-
modulation [24, 25]. The Baliao acupoints are located
symmetrically in the four pairs of posterior sacral foramina.
Nerve impulses induced by the stimulation of the Baliao
acupoints enter the S1-54 spinal sections near the level of the
sacral medullary defecation center (52-S4) and then triggers
the cortex-lumbar-anorectal nerve pathway to modulate
effector organs and the colon [26-28]. A clinical study has
shown that sEA can increase the frequency of defecation,
relieve straining, improve the sensation of incomplete
evacuation, promote defecation sensation, and eliminate
abdominal distention. During treatment, patients felt their
appetite, fatigue, sleep quality, and emotions improved
[25, 26]. 16S rDNA has been widely used to analyze the
diversity of the microbial community. Therefore, we used
16S rDNA to observe the impact of sEA on the intestinal
microecological environment. Therefore, we sought to de-
termine the role of sEA in STC through the microbiota-gut-
brain axis in a well-accepted model of STC induced by
loperamide in rats.

2. Materials and Methods

2.1. Animal Experiments. All animal procedures were per-
formed following ethical principles in animal research and
approved by the Nanjing University of Chinese Medicine. A
total of 60, 12-week-old Sprague-Dawley (SD) rats (both
gender) with bodyweights of 220-250g were purchased
from Shanghai Super-B&K Laboratory, Shanghai, China.
Animals were kept in Central Animal House, Xianlin
Campus, the Nanjing University of Chinese Medicine. They
were housed at an ambient temperature of 22+2°C and
relative humidity of 50-70%, maintained under a normal 12-
hour light/dark cycle and allowed access to food and water
ad libitum.

After two weeks of acclimatization, the rats were ran-
domly assigned to following 5 groups (n=12 per group;
Figure 1): the normal group in which normal saline was
administered, STC model group, sEA group, Bacillus
licheniformis group in which intestinal microflora was
managed, and mosapride group in which the gastrointestinal
tract and motility were stimulated by an activator of the 5-
HT4 receptor. The STC model was established in all groups
except for the normal group. Loperamide was used to es-
tablish the STC rat model [29, 30]. The suspension of
loperamide (produced by Xian Janssen Pharmaceuticals
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Company, bought from Zhilin Pharmacy, Nanjing, China
with OTC No. H10910085) was administered as 2 ml of
3 mg/kg/d by IG, 1/d for 14d consecutively.

On the 14th day of the therapeutic period, 24h fecal
grains and aquaporin 3 (AQP3), 5-HT, and SP mRNA of the
distal colon and hypothalamus were examined, and changes
in the intestinal microbiota were analyzed by 16S rDNA gene
sequencing (Figure 1).

2.2. sEA Application. sEA was performed in the rat in the
sEA group. Rats have only three pairs of posterior sacral
foramina. Their 2nd and 3rd pairs are similar to those of
humans: Ci Liao (BL 32), Zhong Liao (BL 33), and Xia Liao
(BL 34) [31]. The root section of the tail of the rat was
repeatedly pinched and relaxed to stimulate the active joint,
which is the junction of the 1st coccyx and the sacral bone.
Superiorly, two spinal processes from the junction are
skipped to arrive at the intervertebral space between the 2nd
and 3rd sacral spinal processes. The Ci Liao (BL 32) and
Zhong Liao (BL 33) are located 5-10mm lateral to the
slightly superior border of the 2nd and 3rd intervertebral
space. The Xia Liao (BL 34) is located 5-10 mm lateral to the
slightly superior border of the 3rd and 4th intervertebral
space. The acupuncture needle (0.35%25mm filiform,
produced by Suzhou Medical Sino-foreign Joint Venture
Suzhou Hua Tuo Medical Instruments Co., Ltd., Suzhou,
China) was inserted approximately 15-20 mm with pene-
tration of the skin through the 2nd and 3rd posterior sacral
foramina to touch the anterior branch of the 2nd and 3rd
nerve roots [32, 33]. Electroacupuncture apparatus (Hua
Tuo SDZ-1I, produced by Suzhou Medical Sino-foreign Joint
Venture Suzhou Hua Tuo Medical Instruments Co., Ltd.,
Suzhou, China) was connected to two pairs of electrodes that
were attached bilaterally to needles placed at 2nd and 3rd
pairs of posterior sacral foramina in rats, which mimic Ci
Liao (BL 32)/Zhong Liao (BL 33) and Xia Liao (BL 34) of
humans. sEA was performed with a frequency of 2-15Hz
and a rarefaction-dense wave, lasting for 30 min. The in-
tensity of electric current (1-1.5mA) was controlled as in-
terior rotation or contraction of the rat’s thigh was noted.
sEA treatment was performed daily for 14 days.

2.3. Medical Intervention. Normal saline (2ml) was ad-
ministered once a day by IG in the normal group.

Entrocoordinatibiogen was administered in rats in the
Bacillus licheniformis group. A suspension of entrocoordi-
natibiogen (Shenyang No. 1 Pharmaceuticals Plant, bought
from Zhilin Pharmacy, Nanjing, China with OTC No.
$10950019) was administered as 2ml of 1 billion viable
bacteria/kg/d by intragastrical administration (IG), once a
day for 14 consecutive days.

Mosapride was taken in rats in the mosapride group. A
suspension of mosapride (produced by Jiangsu Hansoh
Pharmaceutical Group Co., Ltd., bought from Zhilin
Pharmacy, Nanjing, China with OTC No. H19990315) was
administered as 2 ml of 3 mg/kg/d by IG, once a day for 14
days.
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FiGure 1: Flow diagram.

2.4. Measuring the Number of 24 h Fecal Pellets and Fecal
Water Content. The feces passed for 24 h in each group were
collected, and the number of pellets was recorded.

Fresh feces of rats were collected for 3 hours. The wet
weight of feces was weighed first, dried the feces in a constant
temperature drying oven, and then, the dry weight of feces
was weighed. The percentage of fecal water content = (wet
weight — dry weight)/wet weight x 100%.

2.5. Testing the Relative mRNA Expression of AQP3, 5-HT, and
SP Using gRT-PCR. We took a total of 150 mg fresh seg-
ment of the distal colon, two cm away from the anus to
examine mRNA expression of 5-HT, SP and AQP3. Ad-
ditionally, the rats’ skulls were broken to remove the brain.
The entire hypothalamus was harvested to test the mRNA
expression of 5-HT, SP, and AQP3. The hypothalamic
tissue was placed into a sterilized EP tube (1.5ml) and
stored in an ultralow temperature freezer at —80°C. The
tissue samples of colon and hypothalamus were processed
to assess mRNA expressions of 5-HT, SP, and AQP3 using
qRT-PCR. The RNA extraction kit (Invitrogen, California,
US) was used to extract genetic RNA. The RNA evaluation
was conducted by ultraviolet radiation or visible range
spectrophotometer (provided by Hangzhou Allsheng In-
struments Co., Ltd, Hangzhou, China/Nanol00), and

agarose gel electrophoresis was used to test the quantity,
purity, and quality of the finally received RNA. Afterward,
the RNA was reversely transcribed into cDNA by using a
reverse transcription kit (Invitrogen, California, US),
which was prepared for the subsequent gene testing. A pair
of primers was designed by using the primer design site
(http://sg.idtdna.com/Primerquest/Home/Index) and
purchased from Hangzhou Qin Ke Zi Xi Biotechnology
Co., Ltd. The primer code sequences were as follows: 5-
HT: forward 5'-AGGACCAGAGCCACAATGAAA-3',
reverse 5'-CGTGAAAGGAAGACGGTGAAG-3'; SP: 5'-
forward CAGAGGGCAGCACTTAGTTTA-3/, reverse
5'-TGAGCGTTCATTCAAGGTAGC-3'; and AQP3: for
ward 5'-GCTGCTGTGCCTATGAACTGA-3/, reverse 5'-
CTTCTTGGGTGCTGGGATTGT-3'. The qPCR fluoresc
ence quantitation kit (Applied Biosystems, California,

US) was chosen, and cDNA template and real-time
fluorescence quota PCR instrument (CFX384 TouchTM
Real-Time PCR Detection System, Bio-Rad Co., Cal-
ifornia, US) were used to test the 5-HT, SP, and AQP3
genes. The reaction was performed in a 10 ul system (5 ul,
0.2ul, 0.2ul, 1ul, 0.2, and 3.4 ul of 2 xChamQ SYBR
qPCR Master Mix, forward primer 10 uM, reverse primer
10 uM, template DNA, 50 x ROX Reference Dye 1, and
nuclease-free H,O, respectively). The program was set to
two steps for real-time quantitation: initial denaturation
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was performed at 95°C for 10 min. Subsequently, each
denaturation was 95°C for 15s, followed by an annealing
elongation at 63°C for 30 s. The above steps composed of
one cycle, and there were 40 cycles in total. The fluo-
rescence value was read during each extension stage, and
the dissolution curve was prepared after the end of the
cycle. Each sample was performed in triplet, and ulti-
mately, the relative expression levels of each gene were
analyzed with the 272" method.

2.6. Extraction of Fecal DNA and Sequencing of 16S rDNA
Gene. A sample of fresh feces (approximately 200 mg, 6~8
grains) was collected and placed in an aseptic centrifuge
tube (2ml). The centrifuge tube was transported to the
laboratory in a dry-ice box, and DNA extraction was
immediately carried out. The genomic DNA of fecal bac-
teria was extracted using a DNA extraction kit (Stool DNA
Kit 200, OMEGA Bio-Tek, Georgia, US). The Phusion
enzyme amplified the corresponding high variable region,
and 25~35 cycles of amplification were performed with
50ng of DNA template in a 25 yL PCR system. Since the
lengths of different species were slightly different, primers
were designed in the target region around the peripheral
conserved areas of V3 and V4 and approximately 468 bp in
length. After one round of amplification, different adapters
and barcodes were added to both ends of the forward and
reverse primers and then amplified further. The amplified
PCR products were purified on AMPure XT beads
(Beckman, Coulter Genomics, Danvers, MA, US) and se-
quenced after a quantitative analysis of Qubit (Invitrogen,
California, US). We analyzed the sequencing data using
[lumina MiSeq 2 x 300 bp paired-end reads. For the dual-
ended data obtained by MiSeq sequencing, first we divide
the samples according to the barcode information, and
then, we divide the combination into labels using the
overlap relationship. We then filtered the data and per-
formed a quality control analysis of Q20 and Q30. The final
clean data were obtained using OTU clustering and tax-
onomic analysis.

2.7. Data Analysis. The sequencing of all microbial groups
was calculated by Verseach (v2.3.4), and clean tags with
sequence similarity greater than 97% were selected as an
OTU. The longest reads were selected as the representative
sequence of the OTU, which was used for species classifi-
cation annotation (RDP database, V 11.3). QIIME was used
to compute (V 1.8.0) rarefaction estimates and the Shan-
non-Wiener index. Based on the results of each sample of
the OTU, the distance between samples was calculated by
weighted UniFrac algorithm, and principal coordinate
analysis (PCoA) was completed.

2.8. Statistical Analysis. All data were expressed as the
mean + SD and analyzed using one-way ANOVA (SPSS 22
statistical software) to determine the differences between
groups, with the least significant difference (LSD). Values
were considered to be significantly different when P <0.05.
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3. Results

3.1. Effects of sSEA on the Number of Feces in STC. As shown in
Figure 2, the number of 24 h fecal pellets in the STC model
group was significantly lower than that in the normal group
(P <0.01). Compared to the STC model group, the number
of 24 h fecal pellets in the SEA group was markedly increased
(P <0.05). The amount of 24 h fecal pellets was even higher
in the mosapride group than that in the sEA group and the
Bacillus licheniformis group (P <0.05). There is no signifi-
cant difference in the 24h fecal pellets between the sEA
group and the Bacillus licheniformis group.

3.2. The Change in Water Content in Feces in STC by sEA.
Aquaporins (AQPs) is a group of small hydrophobic mol-
ecules with a high expression on the surface of the colon that
is directly involved in water absorption and mucus secretion
[33]. We observed that the AQP3 mRNA in the distal colon
in the STC model group was significantly higher than that in
the normal group, indicating that the water absorption in the
distal colon was increased in STC. However, the AQP3
mRNA in STC rats treated with sEA, Bacillus licheniformis,
or mosapride was markedly reduced (Figure 3(a)), compared
to STC rats. There was no significant difference in water
absorption in the distal colon among STC groups treated
with sEA, Bacillus licheniformis, or mosapride.

Compared with the normal group, the fecal water
content in the STC model group was significantly decreased
(Figure 3(b)). Compared with the STC model group, the
fecal water content was increased in sEA, Bacillus lichen-
iformis, and mosapride groups (Figure 3(b)).

3.3. Alterations in mRNA Expressions of SP and 5-HT in the
Distal Colon STC by sEA. It was found that SP mRNA ex-
pression in the distal colon of STC rats treated with or
without acupuncture or a medication (Bacillus licheniformis
or mosapride) was significantly lower than that in normal
controls (P < 0.05; Figure 4(a)). However, compared to STC
without any treatment, sEA and administration of Bacillus
licheniformis but not mosapride significantly increased SP
mRNA expression in the STC distal colon. There was no
difference in the SP mRNA expression between the sEA
group and the Bacillus licheniformis group.

As demonstrated in Figure 4(b), we observed that 5-HT
mRNA expression in STC distal colon was significantly
elevated than that in normal controls. sEA, as well as intake
of Bacillus licheniformis or mosapride, significantly de-
creased 5-HT mRNA expression in the STC distal colon
(P<0.05).

3.4. Influence of sEA on SP and 5-HT in the Hypothalamus.
We observed that SP mRNA expression in the hypothalamus
of rats in the STC model group was significantly lower than
that in the normal group (P < 0.05; Figure 5(a)). Compared
to the STC model group, SP mRNA expression was
markedly increased in the sEA group (P < 0.01) and Bacillus
licheniformis group (P <0.05), but not in the mosapride
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FIGURE 2: Changes in the number of 24 h fecal pellets in STC rats after sEA and medical treatment. * P < 0.05, comparison with the normal
control; “P <0.05, comparison with the STC model; *P < 0.05, comparison with sEA.

##H#

##H#

Colon AQP3

r

###

[] Normal group
Il Model group

- sEA group

[ Bacillus licheniformis group
[] Mosapride group

(a)

80

(=)
[=}
|

[
(=]
|

Fecal water content (%)
[y
o
|

[ Bacillus licheniformis group
[] Mosapride group

[] Normal group

Il Model group

I sEA group
(b)

FIGURE 3: Changes in water content in feces after sSEA and medical treatment. (a) The level of AQP3 mRNA expression in the distal colon. (b)
The fecal water content. ***P <0.001, comparison with the normal control; ###P <0.001, comparison with the STC model; **P <0.01,
comparison with the normal control; “P < 0.05, comparison with the STC model.

group. It was noted that there was no significant difference in
5-HT mRNA expression in the hypothalamus among all
groups (Figure 5(b)).

3.5. Effect of sSEA on the Diversity of Intestinal Microflora.
In this study, a total of 1,318,519 high-quality sequences were
obtained from 60 samples. There was an average of 21,975
sequences per sample. A total of 4,213 OTUs were obtained
at 97% similarity with a proportion of 70 OTUs per sample.
The sparse curve showed that the number of OTUs increased
sharply when the sequence number was less than 4,000, and
the increased number of OTUs tended to be slow as the
sequence number increased to 7,000 (Figure 6(a)). The

Shannon index of all the samples with saturations showed
that this experiment had reflected most species of intestinal
microflora and diversity of rats (Figure 6(b)).

The Chaol index is used to estimate the total number of
species of intestinal flora. The larger values of the Chaol
index correspond to the larger numbers of gut microbiota
[16]. We observed that the Chaol index in the model group
was significantly lower than that in the normal group
(P<0.05; Figure 7). sEA and administration of the
mosapride did not induce significant changes in the Chaol
index in STC rats, compared to the rat in the model group. In
contrast, the administration of the Bacillus licheniformis
significantly increases the Chaol index in STC rats
(P <0.05).
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3.6. Alteration in the Overall Structure of the Intestinal Mi-
croflora Induced by sEA. The dominant intestinal bacteria in
each group were Firmicutes, Bacteroidetes, and Proteo-
bacteria (Figure 8(a)). There was no significant difference in
the composition of the gut flora at the phylum level between
normal control and STC model groups. Compared to
normal and STC groups, the formation of the intestinal
bacteria in STC rats treated with sEA was significantly al-
tered. In this regard, we found that the abundance of
Bacteroidetes increased, the abundance of Firmicutes de-
creased, and the ratio of the Bacteroidetes to Firmicutes (B/
F) elevated significantly (P < 0.05; Figure 8(b)). Besides, the

B/F ratio was markedly higher in the sEA group than that in
the Bacillus licheniformis group and the mosapride group
(P <0.001; Figure 8(b)).

It was found that the main Bacteroidetes at the genus
level in the intestine included Bacteroides, Paraprevotella,
and Prevotella in each group. As shown in Figure 8(c), sEA
induced changes in intestinal bacteria at the genus level, in
comparison with all other groups. These alterations in the
sEA group include an increase in the abundance of Bac-
teroides, Parabacteroides, Hallella, Paraprevotella, and Pre-
votella (all Bacteroidetes), a decrease in the abundance of
Clostridium XI, Oscillibacter, and Ruminococcus in
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Firmicutes, and an elevation in the abundance of Para-
sutterella in Proteobacteria.

4. Discussion

In the present study, we found that SEA exerted an overall
regulatory effect on STC through the microbiota-gut-brain
axis (Figure 9). Meanwhile, sEA significantly increased the
number of 24 h fecal pellets and the water content in feces,
but reduced the reabsorption of intestinal water. sEA could
also improve the B/F ratio, leading to improve the general
structure of the intestinal microflora. Moreover, it showed
that SEA upregulated the SP mRNA expression in the distal

colon and hypothalamus, but downregulated the 5-HT
mRNA expression in the distal colon.

The efficacy of sEA for constipation is controversial.
Previous studies have shown that different stimulation pa-
rameters of SEA may affect the curative effect [34-36]. Our
previous clinical trials and other previously published re-
ports showed that low-frequency (2Hz-15Hz) electro-
acupuncture was superior to high-frequency (100 Hz) for
improving constipation [37, 38]. Therefore, in the present
study, we used the low-frequency (2-15Hz) as a stimulus
parameter for sEA. We found that sEA significantly in-
creased the fecal pellet and water content and accelerated the
distal colon transit time in STC rats, suggesting the action of
sEA was involved in improving constipation. Previous
studies showed that sEA has no effect on gastric emptying
and small intestinal transit time, but mainly affects the distal
colon [38, 39]. Thus, others and our recent findings indicate
that SEA might be beneficial for constipation in the distal
colon.

Mosapride is a 5-HT4 receptor agonist that interacts
directly with 5-HT4R of the intermuscular plexus and affects
the total digestive tract power [40-42]. This interaction may
be one reason why the 24 h fecal pellets in the STC rat treated
with mosapride were significantly higher than those in the
STC rat treated with sEA. The results suggested that the
mosapride was better than sEA in promoting motility. We
think that mosapride is a drug that can improve the entire
gastrointestinal motility, while sEA mainly affects the co-
lorectal portion and alleviates dysfunctions. With an ex-
citatory effect on the ENS, an increased concentration of 5-
HT could induce the abnormal function of colonic circular
muscle, affecting gastrointestinal motility [43]. In contrast,
95% of 5-HT is generated in the gastrointestinal tract, while a
small amount of 5-HT is produced in the brain. Since 5-HT
cannot pass through the blood-brain barrier, the 5-HT exerts
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FIGURE 9: The schematic diagram shows the microbiota-gut-brain loop modulated by sEA in slow transit constipation in rats.

its effect separately in the ENS and CNS [44]. The ENS can
independently regulate gastrointestinal function to a certain
extent, even in the absence of external innervation [45].
Since there was a very low level of 5-HT existence in the
hypothalamus, it may be a reason why there was no dif-
ference in the 5-HT mRNA expression in the hypothalamus
among all experimental groups in the present study. Further
research may require to address the changes in the

hypothalamus in different courses of constipation treated
with or without different types of acupuncture.

It was noted that sEA increased SP mRNA expression
and decreased 5-HT mRNA expression in the distal colon.
Meanwhile, sEA induced an elevation in SP mRNA in the
hypothalamus. Our observations were consistent with other
findings from clinical trials and animal experiments [46-51].
Interestingly, we found no change in the 5-HT mRNA
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expression in the hypothalamus of STC rats following sEA
treatment. There is evidence showing that SP is mainly
distributed in the hypothalamus. The level of SP is lower in
the peripheral nerve system (PNS) than that in the central
nerve system (CNS). The SP is widespread throughout the
entire gastrointestinal tract. It can inhibit the secretion of
gastric acid and stimulate intestinal motility [52], as one of
the important factors that contribute to the initiation of the
acupuncture action on the intestine [37, 39].

It was observed that sEA could transform the overall
structure of STC rat flora toward a more normal composition
by changing the B/F ratio. According to other previous re-
ports [9, 53-59], at the phylum level, the proportion of
Bacteroidetes in a healthy population is 58.18%, identified as
the dominant flora, and the proportion of Firmicutes is
34.98%. The B/F ratio was inverse, representing a decrease in
Bacteroidetes and an increase in Firmicutes, in a population
with constipation. However, in the present study, we found
that there was no significant decrease in the B/F ratio after
model establishment, which may be related to the duration of
constipation. After sEA treatment, at the phylum level, the
abundance of Bacteroidetes was increased, while the abun-
dance of Firmicutes was decreased in STC rats, respectively.
Moreover, the B/F ratio in the STC rat treated with sEA was
even higher than that in the normal controls without STC.
Furthermore, at the genus level in STC rats, sEA markedly
increased the profusion of Bacteroides, Parabacteroides,
Prevotella, and Paraprevotella. The abundance of potentially
pathogenic bacteria, such as Clostridium XI and Rumino-
coccus, was decreased compared to normal rats and STC rats
treated with or without drugs, including Bacillus licheniformis
and mosapride. Hence, our findings suggested that sEA has a
beneficial effect on the intestinal microflora.

The diversity of bacteria is an abundance index of re-
active species in intestinal microflora. The diversity loss in
STC rats may decrease the flora stability and weaken the
colonization resistance, resulting in an imbalance in the
intestinal microflora [60]. Feces are an excellent medium for
the intestinal microflora. In particular, hydrated feces are a
suitable environment for microorganisms to compete and
group together. Thus, the decrease in STC fecal water
content also affects the diversity of intestinal microflora [16].
In the present study, we observed that there was no no-
ticeable change in intestinal microflora diversity after sEA
and the mosapride treatment, but a noticeable change after
the treatment with Bacillus licheniformis. Our findings
suggested that sEA may effectively change the
composition of the flora, but may not improve the abun-
dance of intestinal microflora species, as probiotics such as
Bacillus licheniformis do. In this respect, we found that
Bacillus licheniformis regulates intestinal function through
the microbiota-gut-brain axis comparably to sEA. In ad-
dition to increasing bacterial diversity and improving 24 h
fecal grains and water content in feces, which are consistent
with other previous reports [16, 61, 62], Bacillus lichen-
iformis upregulates SP mRNA expression in the distal colon
and hypothalamus and downregulates 5-HT mRNA ex-
pression in the distal colon. Therefore, we propose that sEA
and probiotics are complementary, which can affect different
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levels of the microbiota-gut-brain axis. It is possible to
further explore the intervention time and dosage of pro-
biotics during the treatment of STC with sEA to observe the
synergistic mechanism between sEA and probiotics.

5. Conclusion

This study demonstrates that SEA can be used to manage
STC by regulating the balance of the microbiota-gut-brain
axis. However, clinical research has shown that the onset of
the treatment of STC symptoms with sEA is different. Early
improvements include increasing the defecation sensation,
defecation frequency, and feeling of incomplete evacuation,
as well as relieving abdominal distension. The cumulative
effect of continued treatment leads to a reduction in the
lumpy or hard stools and an increase in straining and
defecation time [26]. During treatment, the STC recurrence
mainly happened in patients with a general improvement
[25]. Hence, the action of sEA can be classified into three
periods: latency period, effect period, and posteftect period.
There were significant difference in duration, intensity of
impact, and direction of function in each period [63].
Therefore, it is necessary to further study the useful char-
acteristics of sEA in terms of the bidirectional responsive
mechanism in the microbiota-gut-brain axis to determine
the time-effect curve of the treatment of STC with sEA.
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