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Purpose: Short-chain fatty acids (SCFAs) have been reported to play an important role in
regulating gastrointestinal motility. The aim of this study is to investigate the possible role of
SCFAs in water avoidance stress-induced colonic hypermotility.

Methods: A rat IBS model was established by water avoidance stress (WAS). Intestinal
motility was assessed by fecal pellets expulsion. The fecal SCFA level was detected using
gas chromatography-mass spectrometry (GC-MS). Western blotting was performed to assess
the expression of SCFAs receptors. To determine the role of SCFAs in gut dysmotility, the
rats of the WAS+SCFAS and SCFAs group were administrated with oral SCFAs. The colonic
contractile activity was recorded with a RM6240 multichannel physiological signal system.
Key Results: WAS induced gastrointestinal hypermotility and increased defecation in rats.
After repeated stress, the fecal SCFAs decreased significantly and the proportion of acetic
acid, propionic acid, and butyric acid had changed from Control 2.6:1:1.5 to WAS 2:1:2.3.
Protein levels of SCFAs receptors in the colon were promoted by WAS. In addition, oral
SCFAs partly inhibited the colonic spontaneous motility both for SCFAs and WAS+SCFAs
group in vivo. Meanwhile, we observed acetate had no effect on the contractile amplitudes of
muscle strips, but it could slow down contractile frequency in a dose-dependent manner
(1-100 mM). Propionate significantly inhibited the motor activity of colonic strips (1-30
mM). Butyrate inhibited the contractile amplitude of CM strips in a dose-dependent manner
(1-30 mM), but for LM, it exhibited a stimulating effect at low concentrations of butyrate 1
mM-10 mM and was suppressed at high concentrations of 30 mM butyrate. Total SCFAs
increased the contractile amplitude at low concentration (5-50 mM) and inhibited it at high
concentration (50-150 mM). All SCFAs slowed down the frequency of colonic activity.
Conclusion: The stress-induced colonic hypermotility by WAS could be ameliorated
through oral SCFA supplementation. SCFAs may have potential clinical therapeutic use in
modulating gut motility.

Keywords: gastrointestinal motility, SCFAs, chronic stress, IBS

Introduction

Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder, whose patho-
logical mechanism is poorly understood." It is proved that stress has a close relationship
with IBS.*™* Several lines of evidence show that chronic stress can increase gastro-
intestinal motility. For instance, corticotropin-releasing hormone (CRH) mediates
stress-induced motility and fecal pellet output.’ The gastric emptying and the intestinal
transit are significantly increased in heat exposed young rats.® Recent years have seen
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a growing interest in the mechanism of stress on gut motility.
Accumulating evidence suggested the possible mechanisms
underlying the stress-induced hypermotility in the colon,
such as the upregulation of ion channel TMEMI16A,’ the
activation cholinergic myenteric neurons,® and the increased
5-HT expression in the gut.”

SCFAs, mainly including acetate, propionate, and buty-
rate in a ratio of approximately 60:20:20, are major metabolic
products fermented by colonic intestinal bacteria through
dietary carbohydrates and some amino acids mainly.'’
Subsequently they are secreted into the blood to circulate
systematically, where they can exert functions in all parts of
the body cells by providing energy through B-oxidation in
mitochondria.'" These SCFAs partly exert their actions via
G-coupled protein receptors 41 and 43 (GPR41 and
GPR43)."? In parallel, GPR activation by SCFAs plays
a key role in maintaining a healthy intestine, such as provid-
ing energy for the colonic epithelium, modulating colonic
and intracellular pH, inhibiting tumor growth, and regulating
ion transport.'® There is increasing evidence that SCFAs are
associated with dysmotility of the gut. It was reported that
alterations of the SCFAs might slow intestinal transit time
and weaken spontaneous contractions of colonic smooth
muscle in mice.'"* On the contrary, propionate and butyrate
have been shown to increase the longitudinal smooth muscle
contractions of both the proximal and distal colon of cats
in vitro with a dose of 10~100 mM."> Furthermore, intraco-
lonic infusion of solutions containing SCFAs mixture (100
mM) did not change the phasic and tonic motor activity of the
human colon.'® In a study, luminal SCFAs had differing
effects on proximal and distal colonic motility of the guinea
pig analyzed with spaciotemporal maps.'” These data sug-
gested that the effects of SCFAs on the intestinal motility are
incompletely elucidated. Also, reports implicated SCFAs in
the regulation of chronic stress-induced colonic motor activ-
ity have not previously been published.

Due to the discussion of SCFAs in gut motility, we
investigated whether SCFAs could ameliorate the hyper-
motility induced by stress. As such, we aimed to assess the
alterations in fecal SCFAs and in expression of SCFAs
receptors in the colon and to determine the role of SCFAs
in a rat model induced by chronic stress.

Materials and Methods

Animals
All adult male Wistar rats (180200 g) were purchased from
Vital River (Beijing, China). Animals were maintained in

a constant temperature (22+1°C) under a 12 hour light-dark
cycle and provided with free food and water. All protocols
were approved by the Institutional Animal Care and Use
Committee of Renmin Hospital of Wuhan University
(Approval ID: SYXK 2015-0027, Hubei, China) and adhered
to the ethical guidelines of the International Association for the
Study of Pain.

Chemicals

The following agents were used in this study: sodium
acetate, sodium propionate, and sodium butyrate were
purchased from Sigma-Aldrich. SCFAs were a mixture
of sodium acetate, sodium propionate, and sodium buty-
rate, which was dissolved in Tyrode’s buffer at a ratio of
3 mM Sodium acetate, ] mM Sodium propionate, and 1
mM Sodium butyrate. Both the rabbit anti-GPR41 and
anti-GPR43 antibodies were purchased from Santa. The
rabbit anti-GAPDH antibody was purchased from CST.
The goat Anti-Rabbit IgG and the goat Anti-mouse IgG
were purchased from Bio swamp. RIPA lysis buffer and
the BCA protein assay kit were obtained from Bio

swamp.

Experimental Protocol
The rats were randomly divided into four groups: SCFAs
group, Control group, Water Avoidance Stress (WAS)
group, and WAS+SCFAs group.

The WAS procedure was performed to induce IBS as
described previously.'"® Briefly, rats were placed on
a platform (10x8%8 cm) in the center of a water-filled
(25°C) tank (45%25%35 cm) for 1 hour daily for 10 con-
secutive days. The water level in the tank was kept at 1 cm
below the platform. The Control rats and SCFAs rats were
submitted to the same block without water. The procedures
were performed between 8:00 and 10:00 AM to minimize
the effects of circadian rhythm. Fecal pellets found in the
tank were counted at the end of each 1-hour session for the
four groups.

The experimental protocol was as follows. After 3 days
acclimation, the animals in WAS+SCFAs and SCFAs
group were administered drinking water which contained
SCFAs described as above before the WAS session for 7
consecutive days. On day 8, the protocol WAS began for
all four groups, during the consecutive 10 days, the rats of
WAS+SCFAs and SCFAs group were continued to be
administered SCFAs water until the end of the session.
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Fecal Sample Collection and SCFAs
Determination by GC-MS

Fecal pellets from control and WAS rats during each 1 hour
session were collected in a sterile plastic tube no later than 24
hours. SCFAs were extracted under 4°C to protect the vola-
tile SCFAs and then quantified by GC-MS. GC-MS analysis
was performed using an Agilent 7890 gas chromatograph
system coupled with a Agilent 7000D mass spectrometer.
The system utilized a HP-FFAP capillary column. A 1 uL
aliquot of the fecal extraction was injected in split mode
(5:1). Helium was used as the carrier gas, the front inlet
purge flow was 3 mL/min, and the gas flow rate through
the column was 1 mL/min. The initial temperature was kept
at 100°C for 1 minute, then raised to 190°C at a rate of 5°C/
min, then kept for 7.5 minutes at 240°C at a rate of 40°C/min.
The injection, transfer line, quad, and ion source tempera-
tures were 260°C, 260°C, 150°C, and 230°C, respectively.
The energy was —70eV in electron impact mode. The mass
spectrometry data were acquired in MRM mode with the
solvent delay of 3 minutes.

Western Blot

The proximal colons both for control and WAS rats were
extracted under dry ice and stored at —80°C until they were
processed. Total proteins were collected using RIPA lysis
buffer and centrifuged at 12,000 rpm, 4°C for 15 minutes.
We collected supernatants and then detected protein con-
centration by BCA protein assay kit. The protein samples
were mixed with loading buffer and boiled for 5 minutes at
100°C to denature the proteins. The proteins were sub-
jected to 10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis and then transferred to a polyvinylidene
difluoride membrane for immunoblotting. The membranes
were blocked with 5% skimmed milk for 1 hour at room
temperature and then incubated overnight at 4°C with
rabbit anti-GPR41 and anti-GPR43 antibodies, respec-
tively. After several washes, they were then incubated for
2 hours at room temperature with the goat Anti-Rabbit IgG
and the goat Anti-mouse IgG. Finally, a specific band was
detected by ECL chemiluminescent substrate.

Tissue Preparation and Contraction

Recordings

The rats were killed by cervical dislocation, the proximal
colon was removed and cleaned in Ca**-free physiological
saline solution (Ca®'-free PSS) which contained 135.0 mM
NaCl, 5.0 mM KCI, 10.0 mM glucose, 1.2 mM MgCl,, and

10.0 mM Hepes (the pH was adjusted to 7.35-7.45 with
NaOH) and perfused with carbogen (95% O, and 5% CO,).
The colonic tissue was carefully cut into Circular muscle (CM)
strips and Longitudinal muscle (LM) strips (3x10 mm, width
x length), respectively, along the edge of the mesentery.

Each smooth muscle strip was fixed in a four-channel
tissue chamber and immersed in 7 mL Tyrode’s buffer con-
taining 147.0 mM NacCl, 4.0 mM KCI, 2.0 mM CaCl,, 0.42
mM NaH,PO,, 2.0 mM Na,HPO,, 1.05 mM MgCl,, and 5.5
mM glucose (adjusted pH to 7.35-7.45 with NaOH). The
solution was maintained at 37°C using a circulating water
jacket and bubbled with carbogen constantly.

The strips were placed under an initial resting tension
equivalent to a 1.0 g load and washed with Tyrode’s buffer
every 30 minutes during the equilibration period. One end
of the strip was fixed to the bottom of the chamber, and the
other end was connected to an isometric force transducer
(JZJOIH, Chengdu, China). The colonic motor activity
was recorded with a RM6240 multichannel physiological
signal system (Cheng Du, China).

Statistical Analysis

The data were analyzed using SPSS 24.0. All data in the
figures were expressed as MeantSEM. Significant differ-
ences between all groups were evaluated using the inde-
pendent sample #-test and one-way ANOVA. P<0.05 was
considered significant.

Results
The Comparison of SCFAs in Fecal
Samples of Control and WAS Rats

None of rats died in the course of the experiment. As
shown in Table 1, WAS induced a significant change of
principal fecal SCFAs acetic acid, propionic acid, butyric
acid, and SCFAs. The contents of acetic acid, propionic
acid, butyric acid, and SCFAs in fecal samples of Control
rats were 622.06+33.42 mg/kg, 306.48+15.49 mg/kg,
703.85+125.63 mg/kg, and 1632.40+150.92 mg/kg, after
stress they turned to 87.46+36.13 mg/kg, 72.05+30.07 mg/
kg, 109.71£19.16 mg/kg, and 360.67+81.98 mg/kg,
respectively. Moreover, the proportion of three acids
(acetic acid, propionic acid, and butyric acid) had changed
from Control 2.6:1:1.5 to WAS 2:1:2.3.

The Fecal Pellets Expulsion of Four Groups
Stress induced a significant increase in colon motor function,
and defecation could be used to evaluate colonic activity.
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Table | The Fecal SCFAs Content of Control and WAS Rats

Acetic Acid (mg/kg)

Propionic Acid (mg/kg)

Butyric Acid (mg/kg) SCFAs (mgl/kg)

WAS

Control

187.46+36.13%*
622.06+33.42

72.05+30.07%*
306.48+15.49

109.71£19.16%*
703.85%125.63

360.67+8].98**
1632.4+150.92

Notes: N=6/group; **P<0.01 compared to Control.

Figure 1A shows fecal pellet expulsion during the session for
rats of WAS groups, WAS+SCFAs group, Control group, and
SCFAs group. Figure 1B showed the mean numbers of fecal
expulsion of four groups. WAS induced a greater rate of fecal
pellets expulsion. During the experiment, the fecal pellets
expulsion per hour of WAS group were higher than that of
the Control group (WAS 8.56+0.43 vs Control 2.99+0.13,
P<0.01), After being treated with SCFAs, defecation of the
rats from the WAS+SCFAs group was lower than that of the
WAS group (WAS 8.56+0.43 vs WAS+SCFAs 6.35+0.17,
P<0.01), but it was still higher than that of the Control group
(WAS+SCFAs 6.35+0.17 vs Control 2.99+0.13, P<0.01). In
the SCFAs group, defecation of the rats was lower than that of
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Figure | The fecal pellets expulsion of four groups. (A) Effect of repeated WAS
and SCFAs on rat Defecation. (B) The difference among SCFAs group, Control
group, WAS group, and WAS+SCFAs group.

Notes: N=10/group; **P<0.01.

the Control group (SCFAs 1.57+0.12 vs Control 2.99+0.13,
P<0.01).

The Influence of Repeated Stress on
Contractile Activity of Proximal Colonic
Strips

In Figure 2A, WAS induced a significant increase in colonic
spontaneous contraction of the proximal colon compared
with that of the Control rats. In Figure 2B, the average
contraction amplitude of the CM from the WAS rats was
significantly higher than that from the Control rats (1.13
+0.05g vs 0.48+0.03g, P<0.01). Similarly, In Figure 2C, the
average contraction amplitude of the LM from the WAS rats
was significantly higher than that from the Control rats (0.77
+0.01g vs 0.44+0.02g, P<0.01). However, there was no sig-
nificance between the contractile frequency of CM and LM
between the WAS and the Control group (Figure 2D and E).

Increased Expression of the Short-Chain
Fatty Acids Receptors in the Colon of
WAS Rats

To determine whether SCFAs receptors can be regulated by
stress in the rat proximal colon, the expression of GPR41
and GPR43 was detected using Western blot (Figure 3A).
We observed the WAS rats showed a significant upregula-
tion of SCFAs receptors GPR41 and GPR43 in the colonic
tissue compared with the Control rats. As shown in
Figure 3B, the level of GPR41 in WAS rats was signifi-
cantly higher than that in Control rats (WAS: 0.43+0.12 vs
Control: 0.3240.11, P<0.05). Similarly, the level of GPR43
in WAS rats was significantly higher than that in Control
rats (WAS: 0.78+0.07 vs Control: 0.35+0.04, P<0.05).

SCFAs Alleviate Colonic Hypermotility
in vivo

In this experiment, SCFAs were made with 3 mM Sodium
acetate, | mM Sodium propionate, and 1 mM Sodium buty-
rate. SCFAs were used at a concentration of 150 mM and then
PH of solution was adjusted to 7.6 using NaOH. SCFAs
solutions were administered to explore the role of SCFAs in
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Figure 2 Effects of repeated WAS and SCFAs on spontaneous contraction of proximal colonic muscle strips. (A) The representative image showing spontaneous
contractions of colonic strips in vitro in SCFAs, Control, WAS+SCFAs, and WAS rats. (B) The mean amplitudes of the CM contractile activities of four groups. (C) The
mean amplitudes of the LM contractile activities of four groups. (D) The frequency of the CM contraction among four groups. (E) The frequency of the LM contraction

among four groups.
Notes: N=4/group. **P<0.01.
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Figure 3 (A) Expression levels of SCFAs receptors were detected by Western blot.
(B) Repeated WAS increased the expression of SCFAs receptors in the proximal colon.
Notes: N=3/group. *P<0.05.

intestinal hypermotility of stress-exposed rats. In Figure 2B
and C, the data indicated that SCFAs partly inhibited the
colonic spontaneous high-amplitude contractions of WAS-
exposed rats (CM: 0.65+0.02 g vs 1.13+0.05 g, P<0.01; LM:
0.57+0.01 g vs 0.77+0.01 g, P<0.01), Although SCFAs alle-
viate colonic hypermotility, the spontaneous contractions from
WAS-exposed rats treated with SCFAs is still higher than that
of Control rats (CM: 0.65+0.02 g vs 0.48+0.02 g, P<0.01; LM:
0.57+0.01 g vs 0.44+0.02 g, P<0.01). In the SCFAs group, the
oral SCFAs alone alleviates colonic motility compared with
the Control group (CM: 0.27+0.03 g vs 0.48+0.03 g, P<0.01;
LM: 0.29+0.03 g vs 0.44+0.018 g, P<0.01). There was no
significance between the contractile frequency of CM and LM
among them (Figure 2D and E).

Effects of SCFAs on the Spontaneous
Contractile Activities of Colonic Muscle

Strips in vitro

As shown in Figure 4A and B, Sodium acetate had no
effect on the amplitudes of spontancous contraction of
colonic strips. The average amplitudes of CM and LM

had no changes under different concentrations of sodium
acetate in Figure 4C and D. Interestingly, we observed that
contractile frequency was inhibited by sodium acetate in
a concentration-dependent manner. The mean frequency
of CM before adding sodium acetate was 0.7+0.15/min,
after the addition of sodium acetate (1-100 mM), it was
reduced to 0.58+0.11/min, 0.35+0.14/min, and 0.18+0.05/
min, respectively (Figure 4E). However, at the concentra-
tion of 1 mM, the frequency of CM 0.78+0.13/min
increased slightly compared with basal contractile fre-
quency. Meanwhile, the mean frequency of LM before
adding sodium acetate was 0.3+0.06/min, after applying
sodium acetate (1-30 mM), it was reduced to 0.23+0.05/
min, 0.15+£0.03/min, and 0.13+0.03/min, respectively
(Figure 4F).

As shown in Figure 5A and B, sodium propionate
significantly inhibited spontaneous contraction of the colo-
nic strips in a concentration-dependent manner. For the
CM strips, the average contractile amplitude before adding
sodium propionate was 1.26+0.13 g, whereas in the pre-
sence of sodium propionate (1, 10, and 30 mM), it was
dropped to 1.11+0.20 g, 0.95+£0.17 g, and 0.50+0.05 g,
respectively (Figure 5C). For the LM strips, the mean
amplitude was 0.43+£0.06 g before the addition of sodium
propionate and decreased to 0.41+£0.04 g, 0.34+0.05 g, and
0.16+0.06 g, respectively (Figure 5D) after adding sodium
propionate 1.10 and 30 mM.

Similarly, sodium propionate significantly inhibited the
frequency of LM strips in a concentration-dependent man-
ner. The average contractile frequency before adding
sodium propionate was 0.53+0.06/min, and it changed to
0.43+0.06/min, 0.25+0.05/min, and 0.15+0.07/min,
respectively (Figure 5F) with different concentrations of
sodium propionate at 1.10 and 30 mM. Although there was
no significant difference in contractile frequency of CM
strips (Figure 5E), the frequency of contraction still pre-
sented a downward trend with the increase of concentra-
tion (1-30 mM) compared with basal frequency 0.93
+0.33/min  (0.78+0.28/min, 0.68+0.21/min, and 0.43
+0.20/min).

As shown in Figure 6A and B, Sodium butyrate influ-
enced the contraction of colonic strips. When adding 1, 10,
and 30 mM sodium butyrate, the average amplitudes of CM
strips were 0.584+0.20 g, 0.47+0.13 g, and 0.24+0.16 g,
respectively (Figure 6C), compared with the basal amplitudes
(0.70+0.18 g) before adding Sodium butyrate. For the LM
strips, the basal amplitude was 0.71+£0.05 g, but the mean
amplitude was slightly increased at concentrations of 1 mM
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Figure 6 Effect of Sodium butyrate on spontaneous contraction of colonic muscle strips. (A) Sodium butyrate influenced the contraction of CM. (B) Sodium butyrate
influenced the contraction of LM. (C) Summarized results of the contractile amplitude of CM. (D) Summarized results of the contractile amplitude of LM. (E) Summarized
results of the contractile frequency of CM. (F) Summarized results of the contractile frequency of LM.

Notes: N=4/group; *P<0.05 vs normal; **P<0.01 vs normal.

and 10 mM, it was, respectively, 0.72+0.04 g and 0.90+0.11 Sodium butyrate produced a decrease in the contractile
g; in the presence of the highest sodium butyrate concentra-  frequency in a dose-dependent manner both for CM strips
tion 30 mM, it was reduced to 0.38+0.08 g (Figure 6D). and LM strips. In CM strips, the frequency changed from
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0.83+0.30/min to 0.78+0.35/min, 0.5+0.16/min, and 0.18
+0.1/min (Figure 6E) in response to sodium butyrate treat-
ment at different concentrations of 1, 10, and 30 mM.
Similarly, the frequency in LM strips changed from 0.35
+0.05/min to 0.30+0.04/min, 0.28+0.03/min, and 0.15
+0.03/min (Figure 6F) in response to sodium butyrate at
concentrations of 1, 10, and 30 mM.

SCFAs application (3 mM acetate, | mM butyrate, 1
mM propionate) with an increasing concentration (5, 50,
100, 150 mM) to the organ bath changed the motility of
the colon. As shown in Figure 7A and B, the SCFAs at
concentration of 5 and 50 mM slightly increased the
amplitudes of contraction both for CM and LM strips,
although there was no significant difference. For CM
strips, prior to the addition of SCFAs, the average ampli-
tude was 0.56+0.16 g, after the addition of SCFAs at
concentrations of 5.50, 100, and 150 mM, the amplitude
changed to 0.63£0.17 g, 1.13+£0.28 g, 0.55+0.14 g, and
0.17£0.10 g, respectively (Figure 7C). For LM strips, prior
to the application of SCFAs, the average amplitude was
0.42+0.06 g, after the application of SCFAs at concentra-
tions of 5, 50, and 100 mM, the amplitude changed to 0.47
+0.05 g, 0.61+0.07 g, and 0.06+0.06 g, respectively
(Figure 7D). Moreover, the inhibitory effect of different
dose of SCFAs are shown on the contractile frequency of
the colon. The frequency was reduced to 1.3=0.21/min,
0.43£0.14/min, 0.35+£0.0/min, and 0.18+0.11/min, respec-
tively (Figure 7E) compared with the basal contractile
frequency 1.5+0.20/min in response to SCFAs (5-150
mM) in CM strips. Similarly, the frequency was reduced
to 0.36+0.61/min, 0.21£0.06/min, and 0.03+0.02/min,
respectively (Figure 7F), compared with the basal contrac-
tile frequency (0.46+0.08/min) in response to SCFAs
(5-100 mM) in LM strips.

Discussion

Chronic stress affects people’s daily life seriously, for its
association with various diseases including psychological
illness such as depression and anxiety'’ as well as gastro-
intestinal disorders like Irritable bowel syndrome* and
Inflammatory bowel disease.”° It is reported that repeated
exposure to WAS had frequently been used to establish
animal models of stress-induced IBS with increased colo-
nic motor function.'® Repeated WAS could induce colonic
hyperactivity, which is manifested in an increased defeca-
tion of animals and increased spontaneous contraction of
smooth muscle. We observed that WAS increased the
number of fecal pellets per hour and the spontaneous

contractile activities of colonic muscle strips, indicating
stress-induced dysmotility was successfully performed in
our study, which was consistent with previous studies.”"'

Reports have shown that SCFAs were associated with
reduced risk of some disease, such as intestinal diseases,22
cardiovascular diseases,> neurological diseases,”* and
cancer.”> Recently, the relationship between SCFAs and
stress-induced IBS has received wide attention, but the
current mechanism has not been fully clarified. In our
study, WAS decreased the total fecal SCFAs, with
a significant reduction in acetate, propionate, butyrate,
and total SCFAs compared to the Control group. Yet, this
observation seems to contradict findings from a previous
study, showing that stress increased fecal acetate and total
SCFA levels.?® We have also seen similar results showing
mice were exposed to a social disruption stress, thus lead-
ing to a decrease in fecal SCFAs in the absence of
infection.”” The discrepancy among studies may be due
to the different experimental protocol. Based on these data,
we may infer that chronic psychological stress influenced
the production and excretion of SCFAs in the gut.
Microbiota-derived metabolites play a key role in the
communication between microbes and their host, with
SCFAs being perhaps the most studied. The production
of SCFAs depends on species and amounts of microbiota
in the colon, substrate source, and gut transit time; "3
a report that the amount of fecal SCFAs was significantly
lower in Germ-Free rats than in fecal microbiota trans-
plantation rats®® could support this argument. Besides,
a study showed that WAS led to reduction in the abun-
dance of butyrate-producing bacteria, which could restore
the IBS symptoms.?® Further, it has been reported that
SCFAs-producing bacteria were positively correlated
with colonic stress, which could decrease the colonic
bacteria relevant to SCFAs.?’° Therefore, the long-term
stress-induced reduction in gut microbiota might explain
the decrease of fecal SCFAs in this study, our present
research needs further study.

The previous study showed ingestion of butylated
starch increased large bowel butyrate levels and decreased
colonic contractility.>® Rats given a butyrate starch diet
had showed increased colonic transit.’! In our work, we
proved that application of SCFAs via drinking water to rats
undergoing stress alleviated the colonic hypermotility
in vitro and reduced defecation in vivo. Moreover, given
oral administration of SCFAs to normal rats also alleviated
the colonic motility and reduced defecation. As mentioned
above, the relationship among stress, gut microbiota, and
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Figure 7 Effect of SCFAs on spontaneous contraction of colonic muscle strips. (A) SCFAs influenced the contraction of CM. (B) SCFAs influenced the contraction of LM.
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Notes: N=4/group; *P<0.05 vs normal; **P<0.01 vs normal.

SCFAs is complex. A similar study showed the cocktail of  supplemented by the treatment of SCFAs, which partially
SCFAs rectified abnormal motility in GF mice.>® The loss  restored the gut motility accompanied by the decrease in
of SCFAs caused by stress in the colon could be fecal pellet expulsion.
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In addition to being an energy source for both the host and
microbiota,'""'* SCFAs are also signaling molecules through
binding to G-protein coupled receptors GPR41 and GPR43
which is known to be expressed in adipose tissue, intestines,
endocrine, and immune cells.'? Several lines of studies indi-
cated that altered expression of SCFAs receptors could be
and diabetes.*

However, only a few studies reported stress modulated the

related to psoriasis,33 colon cancer,>*

expression of SCFAs receptor in the gastrointestinal
tract.”*?” In our colonic hypermotility model, we detected
SCFAs receptor GPR41 and GPR43 were significantly
increased expression in colonic tissues of the WAS rats,
which has not been explored before, indicating that SCFAs
receptors played a role in stress-induced colonic motility.
Stress is defined as the psychophysiological reaction in
which the steady state is disturbed or threatened.’® It was
reported that chronic psychosocial stress could lead to an
imbalanced immune response in body, such as the dysregula-
tion of macrophages®’ and lymphocyte,*® accompanied by
energy metabolism disorder.” Besides, SCFAs are an energy
source, which provides 60-70% energy needs to the colon.*
A recent study demonstrated psychosocial stress increased
stress-responsivity and intestinal permeability, in the pre-
sence of an upregulation of intestinal GPR43, both of
which could be ameliorated by oral SCFAs
administration.”® Maybe the upregulation of GPR41 and
GPR43 in the colon is an adaptive response to environmental
irritation for the maintenance of intestinal homeostasis.
Based on these findings, we inferred that G-protein-coupled
receptor agonist SCFAs is related to the pathological course
of motility disorder in gastrointestinal tract.

Further studies regarding the action of SCFAs were
performed in colonic strips with a multichannel physiolo-
gical signal system. The number of animal experiments
confirmed that SCFAs is involved in regulating intestinal
motility, but there are conflicting results.'*"'® The contra-
dictory data could be explained by differences in the
signaling pathway, different drug concentrations, the spe-
cies used, and the type of preparation. Here, in the present
work, we tested the effect of acetate, propionate, butyrate,
and total SCFAs on the colonic muscle strips.

We observed acetate had no effect on the muscle strips,
but it could slow down contractile frequency. Propionate
significantly inhibited contractile amplitudes of the colonic
strips. Colonic infusion of propionate induced secretion of
gut hormone peptide YY (PYY) and glucagon-like peptide
1 (GLP-1) through the activation of GPR43 located on
colonic enteroendocrine L cells.*' As we know, PYY and

GLP-1 are inhibitory hormones which have also been

involved in inhibiting motility,****

it seems possible that
the inhibitory effect from propionate is a result of the PYY
and GLP-1, so far, although no study had shown propio-
nate had a greater effect on the colonic enteroendocrine
cells than any other SCFA.

Butyrate inhibited the CM strips in a dose-dependent
manner, but for LM, it exhibited a contractile effect at low
concentration of butyrate 1 mM-10 mM and were sup-
pressed at high concentrations of 30 mM butyrate, which
was perhaps due to different contraction mechanisms
between the CM and LM strips. Butyrate enemas 2.5
mM and 5 mM but not 10 mM increased distal colonic
transit time compared with control via the myenteric
neurons.** Further, butyrate 1 mM neuronally mediated
contractile response in the colon, neither acetate nor pro-
pionate did modify the proportion of myenteric neurons.>!
Therefore, the effect of butyrate on motility might tend to
be mediated by enteric neurons.

It is demonstrated that administration of SCFAs (100
mM) into the proximal colon significantly increased the
colonic motility in conscious rats, via the release of 5-HT
from enterochromaffin cells which expressed 5-HT3
receptors located on the vagal sensory fibers.*> However,
SCFAs had no effect on the phasic and tonic motor activity
of the human colon.'® In this work, for CM and LM, we
showed total SCFAs increased contraction at low concen-
tration (5-50 mM) and inhibited contraction at high con-
centration (50—150 mM).

The response to SCFAs is likely to be co-mediated by
two SCFA receptors, GPR43 and GPR41, on the gut wall.
GPR41 is alone expressed in enteric neurons of submuco-
sal and myenteric ganglia, while GPR43 is strongly
expressed in enteroendocrine cells.*® Hence, the effects
of SCFAs on the colon may be due to the enteric neurons,
such as cholinergic neurons and nitrergic neurons, as well
as gut hormones, including 5-HT, PYY, GLP-1, and so on.
And their mechanism involved in the differential effect on
motility is unknown in our study. Each SCFA produced in
the colon may have its own specific characteristic, and
each SCFA needs to be explored separately to understand
its specific physiological effect.

Conclusion

Based on these data, our research demonstrated for the first
time that the administration of oral SCFAs could restore
chronic stress-induced colonic motility dysfunction. We
know that more research is warranted to elucidate the
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exact relationship of stress-induced dysmotility and

SCFAs, for example, the alteration of intestinal micro-

biota, gut hormones, and exploration of the mechanism

from the perspective of cell level using the whole-cell

patch-clamp technique.
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