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Effects of Fengliao-Changweikang in Diarrhea-
predominant Irritable Bowel Syndrome Rats and
Its Mechanism Involving Colonic Motility

Mengdi Jia, Xiaofang Lu, Zhengfang Wang, Luging Zhao, and Shengsheng Zhang*
Digestive Disease Center, Beijing Hospital of Traditional Chinese Medicine Affiliated to Capital Medical University, Beijing, China

Background/Aims

This study was designed to investigate the effect of Fengliao-Changweikang (FLCWK) in diarrhea-predominant irritable bowel
syndrome (IBS-D) rats and explore its underlying mechanisms.

Methods

IBS-D model rats were induced by neonatal maternal separation (NMS) combined with restraint stress (RS). In in vivo experiments,
the model rats were randomly divided into 5 groups: NMS + RS, FLCWK (low dose, middle dose, and high dose), and pinaverium
bromide. The normal control (no handling) rats were classified as the NH group. The therapeutic effect of FLCWK was evaluated by
fecal characteristics, electromyographic response and abdominal withdrawal reflex scores. In in vitro experiments, the model rats were
randomly divided into 2 groups: NMS + RS, FLCWK (middle dose), and no handling rats were used as the NH group. The differences
in basic tension and ACh-induced tension of isolated colonic longitudinal smooth muscle strips (CLSMs) among the 3 groups were
observed. In addition, different inhibitors (nifedipine, TMB-8, L-NAME, methylene blue, and 4-AP) were pretreated to explore the
underlying mechanisms.

Results

In in vivo experiments, fecal characteristics, electromyographic response, and abdominal withdrawal reflex scores significantly
improved in the FLCWK group, compared with the NMS + RS group. In in vitro experiments, the basic tension and ACh-induced
tension of CLSMs in IBS-D rats were significantly inhibited by FLCWK. After pre-treatment with different inhibitors, the ACh-induced
tension of CLSMs in each group showed no significant difference.

Conclusions

FLCWK manifested curative effect in IBS-D rats by inhibiting colonic contraction. The underlying mechanisms may be related to
regulatory pathway of nitric oxide/cGMP/Ca** and specific potassium channels.
(J Neurogastroenterol Motil 2018;24:479-489)
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Introduction

Irritable bowel syndrome (IBS) is a functional bowel disease
in which recurrent abdominal pain is associated with defecation or
a change in bowel habits. IBS is classified into 3 main subtypes ac-
cording to the predominant disorder in bowel habits: constipation-
predominant IBS (IBS-C), diarrhea-predominant IBS (IBS-D),
and mixed IBS (IBS-M) in Rome IV." According to a meta-analy-
sis, IBS has a high prevalence of 11.2% all over the world.” As one
of the most frequent subtypes of IBS patients, the IBS-D patients
have lower quality of life than the other subtypes.”*

Multifactor effects have been reported to be involved in the
pathogenesis of IBS-D, however, it has not been well understood
until now. Therefore, although a number of therapeutic options
have been developed to treat this disease, such as loperamide, bile
salt sequestrants, opioid agonists, and 5-hydroxytryptamine 3 an-
tagonists, the clinical effectiveness has not been satisfactory for both
patients and market demand. Despite evidence that those drugs
benefit the treatment of IBS in the short term, there is no medical
intervention proven to alter the long-term natural history of this
condition.” Furthermore, there is limited evidence of the efficacy,
safety and tolerability of these therapies currently available for the
treatment of IBS.""?

Presently, more and more randomized controlled trials have
demonstrated that Traditional Chinese Medicine, for instance the
patent drug Fengliao-Changweikang (FLCWK) can significantly
relieve the symptoms as well as improve the quality of life in IBS-D
patients.™"* FLCWK, a multi-ingredient Chinese patent medicine,
is composed of Daphniphyllum calycinum and Polygonum hydro-
piper, which play vital roles in clearing heat, de-humidificating, and
relieving stagnation to improve symptoms of abdominal pain and
diarrhea for patients with IBS-D. According to modern pharma-
cological studies, the chemical constituents of FLLCWK are mainly
composed of sesquiterpenoids, quercetin, rutin, hyperin, flavonoid,
alkaloids, and organic acids contributing to clinical efficacy.""*
However, the mechanism of the therapeutic effect has not been well
studied, which limits the application of FLCWK on a larger scale.

Accordingly, the present study aim to investigate the effects of
FLCWK in rat model of IBS-D and study the underlying mecha-

nisms involving colonic motility.

Materials and Methods

Animals

Sprague-Dawley male rats (postnatal day 1) were obtained
from Vital River Laboratories Animal Technology Co, Ltd (Beijing,
China), and kept in Dongzhimen Hospital Affiliated to Beijing
University of Chinese Medicine. All rats were housed in a stan-
dardized environment at a temperature (21-23°C) and humidity (50
* 5%) with a 12-hour light/dark cycle (lights on at 8 AM), and
had access to food and water ad libitum. In the present study, female
rats were excluded to eliminate the possible effects of estrogen or
the other female hormones on the secretory and sensory responses
in the intestine.” All manipulations were performed between 8
AM and 11 AM every day to minimize the influence of circadian
rhythms. On postnatal day 22, all the litters were weaned and kept
in the individual cages with 3-4 pups per cage.

The study was performed according to the institutional ethical
guidelines and conformed to the requirements of the Institutional
Animal Care and Use Committee of Beijing University of Chinese
Medicine. All animal cares and experimental procedures were ap-
proved by the Animal Ethics Committee of Dongzhimen Hospital
Affiliated to Beijing University of Chinese Medicine (No. 16-10).

Induction of Diarrhea-predominant Irritable Bowel
Syndrome in Rats

On postnatal days 2-21, the neonatal maternal separation
(NMS) was conducted as previously described.”” The NMS +
restraint stress (RS) litters were removed from their home cages
and separated from their maternal rats for 3 hours each day. The lit-
ters were placed alone in a separated cage maintained at 23 = 0.5°C
by a thermally regulated facility during the period of isolation. The
litters were replaced into their home cages immediately after separa-
tion. The normal control litters remained in their home cages with
their maternal rats all the time.

On postnatal days 50-59, the restraint stress was performed as

21,22

follows.” the NMS + RS rats were placed in a transparent plas-

tic restraint cylinder (4 X 4 X 18 cm’) for 3 hours, in which they

could move forward and backward but could not turn around.
In Vivo Experiments

Drugs and administration

Fengliao-Changweikang (batch number: 140501; Haikou
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Pharmaceutical Co, 1.td, Hainan, China). According to the equiva-
lent dose-ratio table of human and animal body surface area: the
dosage of the rats = X mg/kg X 70 kg X 0.018/0.2 kg (X is the
adult clinical dosage).”**

The normal control (no handling) rats were classified as the
NH group, NMS + RS rats were divided into 5 groups: NMS
+ RS; low dose group: FLWCK 1.125 mg/100 g; middle dose
group: FLWCK 2.25 mg/100 g; high dose group: FLWCK 4.5
mg/100 g; and the positive control group: pinaverium bromide 1.5
mg/100 g. From postnatal day 60, the rats in the FLCWK group
and positive control group were given intragastric administration
with treatment, respectively; the NH group and NMS + RS
group were given distilled water. All groups were treated for 14

consecutive days.

The fecal indexes

The feaces in all 6 groups of rats were collected 24 hours after
treatment of 14 days. Collected feces were calculated and weighed
immediately (wet), and again after drying for 10 hours at 80°C (dry).

The fecal water content was calculated as the following formula:

Fecal water content (%) = [(wet feces - dry feces)/wet feces]
X 100

Measurement of visceral hypersensitivity

After 14 days of the treatment, the abdominal withdrawal reflex
(AWR) scoring system and electromyographic (EMG) activity of
the external oblique muscle were used to evaluate visceral hyper-
sensitivity.”’ The rats were deeply inhalational anesthetized by iso-
furane, then a flexible balloon (length of about § cm, the maximum
volume of about 10 mL; serial number C75774; Mui Scientific,
Mississauga, Canada) with a matched tube was inserted from anus
to descending colon and fixed in place by sticking the tubing to the
tail. Rats were placed in a cage and allowed to adapt for 30 minutes.
CRD was simulated by rapidly inflating the balloon to a constant
pressure, and the pressure of the balloon was increased stepwise, 20,
40, 60, and 80 mmHg with duration of 30 seconds and at an inter-
val of 180 seconds between distensions.

Recording the EMG activity of the external oblique muscle to
calculate the ratio which is the pressure period integral divided by
the baseline integral to evaluate the EMG response to CRD. The
AWR score presenting the behavioral responses to CRD was ob-
served and evaluated by a researcher blinded to the treatment proto-
col. The assignment of an AWR score was as follows: 1 = normal

behavior without response; 2 = contraction of abdominal muscles;

Effect of FLCWK in IBS-D Rats and lts Mechanism

3 = lifting of abdominal wall; and 4 = body arching and lifting of

pelvic structures.”
In Vitro Experiments

Reagents and apparatuses

The Krebs-Henseleit solution used in the experiment was
composed of the following reagents: 117 mmol/L. NaCl, 4.7 mmol/
L. KCl, 1.2 mmol/I. MgCl,, 24.8 mmol/I. NaHCO;, 1.2 mmol/L.
KH,PO,, 2.56 mmol/L. CaCl,, and 11.1 mmol/L. glucose.

The following were used: acetylcholine (ACh), batch number:
A6625; nifedipine, batch number: N-7634; 8-(diethylamino)-octyl-
3,4,5-trimethoxybenzoate hydrochloride (TIMB-8), batch number:
T111; 4-aminopyridine (4-AP), batch number: 275875; methylene
blue, batch number: M9140; and N@-nitro-L-arginine methyl
(L-NAME), batch number: N5751. All of the reagents were pur-
chased from Sigma-Aldrich (St Louis, MO, USA).

The CH-1015 super thermostatic bath was from Shanghai
Yueping Scientific Instrument Co, Ltd, Shanghai, China. Flow-
ing apparatus was from AD Instruments, Castle Hill, Australia:
MLT'02021D external isometric force transducer, PL 3508-0028
four-channel recorder, ML 0146/C-V Panlab Four-Chamber Or-
gan Bath, ML110 Powerlab amplifier, and Power Lab/4SP data

processing and analysis system.

Tissue preparation

The modeling method as described above, the normal control
(no handling) rats were classified as the NH group; NMS +
RS rats in the 2 groups: NMS + RS group; NMS + RS plus
FLWCK group: 2.25 mg/100 g (The dose of the FLCWK was
depended on the previous experiments), the NH group and NMS
+ RS group were given distilled water. After 14 days of treatment,
all rats were killed with the method of cervical dislocation. The
distal colon (6-7 cm from the anus) was quickly taken and incised
longitudinally along the mesenteric border. Muscle strips (0.8 cm
X 0.2 cm) cut parallel to longitudinal fibers of the colon, each strip
with the mucosa and submucosa was carefully removed by scissors
and fine forceps, and then suspended in a tissue chamber contain-
ing 15 mL Krebs solution.”” Both ends of each muscle strip were
knotted by a medical thread. One end of the strip was fixed to the
bottom of the bath with the other connected to a physiological re-
corder through the tonotransducer. Strips of the initial load were 1
g (2 mV) to maintain basic tension. Each muscle strip was mounted
in organ baths (15 mL) filled with Kreb’s solution, maintained at
37°C and circulated continuously with 95% O, and 5% CO,. The
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strips were allowed to equilibrate for 60 minutes with fresh Kreb’s
solution at 15-minute intervals before the experiment.” The follow-
ing experiments were performed using 6 rats in each group with

each pretreatment drug,

Effects of Fengliao-Changweikang on the Basic
Tension and Acetylcholine-induced Tension

The strips of 3 groups (the number of strips in each group is 6)
were subjected to 1 g load tension and washed with 15 mL Krebs
solution every 15 minutes. After equilibrating for 1 hour to get a ba-
sic contraction, contraction was then recorded after ACh 10 * mol/
L was added. The basic tension and ACh-induced tension were

compared among the 3 groups to confirm the mechanism involving

colonic motility of FLCWK.

Effects of Fengliao-Changweikang on
Acetylcholine-induced Tension After Treatment With
Nifedipine or TMB-8

Strips of 3 groups (n = 6) were incubated with nifedipine (in-
hibitor of L-type voltage-depended Ca’" channel, 10 umol/L.) for
20 minutes, then 10" mol/L. ACh was added to induce the abnor-
mal contraction of CLSMs. In another experiment, strips in each
group (n = 6) were incubated with TMB-8 (intracellular calcium
antagonist, 20 umol/L.) for 20 minutes, then 10 mol/L. ACh was
added to induce the abnormal contraction of CI.SMs. The above
method in order to confirm the role of Ca’" in the therapeutical ef-
fect of FLCWK.

Effects of Fengliao-Changweikang on
Acetylcholine-induced Tension After Treatment With
L-NAME or Methylene Blue

Strips of 3 groups (n = 6) were incubated with L-NAME
(inhibitor of nitric oxide synthase, 10~ mol/L.) for 20 minutes, then
contraction of CLLSMs in each group added to 10 * mol/L. ACh
were measured. Or in another experiment, methylene blue (inhibitor
of guanylate cyclase, 10 pmol/L) was added to strips in each group
(n = 6) for 20 minutes, then contraction of CLSMs in each group
added to 10" mol/L. ACh were measured. Various inhibitors were
pretreated to check if the nitric oxide (NO)/cGMP pathway was
involved in FLCWK’s effect.

Effect of Fengliao-Changweikang on Acetylcholine-
induced Tension After Treatment With 4-AP

4-AP (50 umol/L.) was added to strips of 3 groups (n = 6) 20
minutes, then 10 * mol/L. ACh was added to induce the abnormal

contraction of CLSMs. The ACh-induced tension in each group
was recorded to compare difference, verifying the importance of K*
channel in the therapeutical effect of FLCWK.

Statistical Methods

The statistical analyses were performed by using SPSS 17.0
software (IBM, Armonk, NY, USA) and each value was expressed
as means = SEM. All the original data in the study were distrib-
uted normally and conformed to homogeneity of variance. The dif-
ferences among the 3 groups were analyzed using one-way analysis
of variance (ANOVA) followed by least-significant difference test
to compare the differences between 2 groups. P < 0.05 was consid-
ered statistically significant.

Results

Effect of Fengliao-Changweikang on Fecal Indexes
in Diarrhea-predominant Irritable Bowel Syndrome
Rats

To confirm successful establishment of the rat model of IBS-
D and subsequently to evaluate the effect of treatment, wet feces
weight, total number of fecal pellets and water content of the feces
in the experimental IBS models were measured.””” There were
significant differences in the wet feces weight, total number of fecal
pellets and fecal water content among each group (n = 8, P < 0.05).
The wet feces weight, total number of fecal pellets and fecal water
content in the NMS + RS group was increased compared with
the NH group (n = 8, P < 0.01). These results suggested that
the model of IBS-D was established successfully.””"" After the treat-
ment, the wet feces weight, total number of fecal pellets and fecal
water content in the FLCWK group, and the pinaverium bromide
group were reduced more than that in the NIMS + RS group (n =
8, wet feces weight: drug groups: P < 0.05; total number of fecal
pellets: high dose group, middle dose group, pinaverium bromide
group: P < 0.01, low dose group: P < 0.05; fecal water content:
high dose group, middle dose group, pinaverium bromide group:
P < 0.01, low dose group: P < 0.05). Furthermore, there was no
statistical difference in fecal indexes between the drug groups and
the NH group (n = 8, P > 0.05), except the low dose group (n
= 8, total number of fecal pellets: P < 0.05; fecal water content: P
< 0.05). Thus it was demonstrated that the symptoms of IBS-D
model were improved effectively by FLCWK (Table 1).
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Table 1. Effect of Fengliao-Changweikang on the Fecal Indexes

Effect of FLCWK in IBS-D Rats and lts Mechanism

Group n Wet feces weight (g) Fecal pellets (n) Fecal water content (%)
NH 3 8.40 = 0.37 19.25 £ 1.01 17.53 = 1.73
NMS + RS 8 10.20 = 0.35° 27.88 £ 1.16" 32.43 = 1.59°
High dose 8 8.92 + 0.39° 22.00 £ 1.46° 22.51 £ 2.61°
Middle dose 8 9.02 = 0.36° 22.63 = 1.31° 22.31 + 2.47°
Low dose 8 9.18 = 0.31° 23.38 + 1.38" 24.14 = 1,63
Pinaverium bromide 8 8.90 + 0.33° 22.50 = 1.31° 22.01 *+ 2.84°

‘P < 0.01,"P < 0.05, versus the normal control (no handling [NH]) group.

P < 0.01,"P < 0.05, versus the neonatal maternal separation (NMS) + restraint stress (RS) group.

Data are expressed as the mean = SE (n = 8 rats/group).
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Figure 1. Magnitude of visceromotor response to colorectal distention (CRD) in 6 groups. (A) Typical electromyographic (EMG) tracings of the
6 groups. (B) Effect of Fengliao-Changweikang (FLCWK) on the area under the curve (AUC) (means = SE, n = 8). *P < (.05, **P < 0.01,

*#**P < (.001 versus normal control (no handling [NH]) group; P < 0.05, 7P < 0.01,

(NMS) + restraint stress (RS) group.

Effect of Fengliao-Changweikang on the Visceral
Hypersensitivity in Diarrhea-predominant Irritable
Bowel Syndrome Rats

Electromyographic recordings (area under the curve)

Behavioral responses to CRD were evaluated by a measure-
ment of the EMG activity of the external oblique."® There was no
significant difference in EMG activities among the groups (n = 8,
P > 0.05; Fig. 1B), when the distention pressure was 20 mmHg.
However, the EMG activities were statistically different among the
groups at distention pressures of 40, 60, and 80 mmHg (n = §, P
< 0.05; Fig. 1B). The EMG responses to CRD in the NMS +
RS group were higher than the NH group (n = 8; 40 mmHg and

### .
P < 0.001 versus neonatal maternal separation

80 mmHg, P < 0.001; 60 mmHg, P < 0.01; Fig. 1B). These
data indicated that the NMS + RS group were more sensitive
to CRD compared with the NH group, suggesting that neonatal
maternal separation plus restraint stress (NMS + RS) produced a
persistent visceral hypersensitivity in IBS-D rats.

After treatment, the EMG responses in the FLCWK group,
and the pinaverium bromide group were significantly lower than the
NH group (n = 8; high dose group: 40 mmHg and 80 mmHg,
P < 0.001; 60 mmHg, P < 0.01; middle dose group: 40 mmHg,
P < 0.01; 60 mmHg, P < 0.05; 80 mmHg, P < 0.001; low dose
group: 80 mmHg, P < 0.05; pinaverium bromide group: 40, 60,
and 80 mmHg, P < 0.001; Fig. 1B). Compared with the NH
group, no significant difference was found in EMG scores among
the treatment group (n = 8, P > 0.05; Fig. 1B), excluding the low
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dose group for 40 mmHg and 80 mmHg distention pressure (n =
8; 40 mmHg, P < 0.01; 80 mmHg, P < 0.05; Fig. 1B). These
data showed that FLCWK treatment produced persistent visceral
hypersensitivity in IBS-D rats.

Abdominal withdrawal reflex scores

Visceral hypersensitivity was also measured by grading be-
havioral response of rats to CRD as described previously.” There
was no statistical difference in AWR scores among the groups
for 20 mmHg distention pressure (n = 8, P > 0.05). However,
when the distention pressure was 40, 60, and 80mmHg, the AWR
scores were significantly different among the groups (n = 8, P <
0.05). The AWR scores of the NMS + RS group were increased
compared with the NH group (n = 8; 40 mmHg, P < 0.01; 60
mmHg and 80 mmHg, P < 0.05). After intervention, the AWR
scores for 40, 60, and 80 mmHg distention pressure was signifi-

cantly reduced among the middle and high dose groups, and the

pinaverium bromide group (n = 8, P < 0.05). In addition, there
was no significant difference in AWR scores between the drug
groups and the NH group (n = 8, P > 0.05), except for the low
dose group for 60 mmHg and 80 mmHg distention pressure (n =
8, P < 0.05) (Table 2).

Effect of Fengliao-Changweikang on Colonic
Contraction in Diarrhea-predominant Irritable
Bowel Syndrome Rats

Fengliao-Changweikang inhibits basic tension and
acetylcholine-induced tension

There were significant differences in basic tension and ACh-
induced tension of CLSMs between the NH group and the NMS
+ RS group (n = 6; basic tension, P < 0.001; ACh-induced ten-
sion, P < 0.05; Fig. 2). After treatment with FLCWK, basic ten-
sion and ACh-induced tension of CLL.SMs in the FLCWK group

Table 2. Effect of Fengliao-Changweikang on the Abdominal Withdrawal Reflex Scores

Group n 20 mmHg 40 mmHg 60 mmHg 80 mmHg
NH 8 0.75 £0.25 1.25 = 0.25 2.00 = 0.27 2.25 = 0.25
NMS + RS 8 1.13 % 0.30 2.63 * 0.32° 3.00 £ 0.27° 3.25 £ 0.25°
High dose 8 1.00 = 0.27 1.5 * 0.33 2.00 = 0.27" 2.38 = 0.38°
Middle dose 8 1.00 * 0.27 1.38 = 0.32° 2.13 = 0.35° 2.38 * 0.32°
Low dose 8 1.00 = 0.27 1.88 = 0.40 2.88 £ 0.30° 3.25 025"
Pinaverium bromide 8 1.00 = 0.27 1.38 = 0.32° 2.00 = 0.27° 2.25 £ 0.25°
‘P < 0.01,"P < 0.05, versus the normal control (no handling [NH]) group.
P < 0.01,"P < 0.05, versus the neonatal maternal separation (NMS) + restraint stress (RS) group.
Data are expressed as the mean *= SE (n = 8 rats/group).
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Figure 2. Comparison of basic tension and acetylcholine (ACh)-induced tension of colonic longitudinal smooth muscle strips (CL.SMs) among the
3 groups (means = SE, n = 6). (A) Basic tension. (B) ACh-induced tension. *P < 0.05, ***P < 0.001 versus normal control (no handling [NH])
group; “P < 0.05, **P < 0.01, versus neonatal maternal separation (NMS) + restraint stress (RS) group. FLCWK, Fengliao-Changweikang

(2.25 mg/100 g).
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were significantly decreased compared with the NMS + RS group
(n = 6; basic tension, P < 0.01; ACh-induced tension, P < 0.05;
Fig. 2). In addition, no significant difference was found in basic
tension and ACh-induced tension of CL.SMs between the NH
group and FLCWK group.

No significant differences in acetylcholine-induced
tension after treatment with nifedipine or TMB-8

After pre-treatment of nifedipine (10 umol/L.) or TMB-8 (20
umol/L) and equilibrated for 30 minutes, 10" mol/L. ACh was
added to CLLSMs to induce muscle contraction, the tension of con-

tractile response among the 3 groups was no significant differences

A
109 h=6 Pretreated with Nifedipine
2 0.8 P > 0.05
5
K7
2os] L 1
]
[0}
(8]
2 0.4+
£
<
Q 02-
0-0 T T 1
NH NMS + RS FLCWK

Effect of FLCWK in IBS-D Rats and lts Mechanism

(n=6,P > 0.05; Fig. 3).

No significant differences in acetylcholine-induced
tension after treatment with methylene blue or L-NAME

After pre-treatment with L-NAME (100 pmol/L) or methy-
lene blue (10 pmol/L), no significant difference in ACh-induced
tension of CLLSMs was found among 3 groups (n = 6, P > 0.05;
Fig. 4).

No significant differences in acetylcholine-induced
tension after treatment with 4-AP

There was no statistical difference in ACh-induced tension of

B
1591256 Pretreated with TMB-8
S 1.2 P > 0.05
c
2
2]
§ 0.9 4
°
]
o
2 0.6
£
S
< 034
0-0 T T 1
NH NMS + RS FLCWK

Figure 3. Comparison of acetylcholine (ACh)-induced tension of colonic longitudinal smooth muscle strips (CLLSMs) after nifedipine (inhibi-
tor of L-type voltage-depended Ca** channel) and TMB-8 (inhibitor of calcium release) (means = SE, n = 6). (A) Pretreated with nifedipine.
(B) Pretreated with TMB-8. NH, normal control (no handling); MIMS, neonatal maternal separation; RS, restraint stress; FLCWK, Fengliao-

Changweikang (2.25 mg/100 g).
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Figure 4. Comparison of acetylcholine (ACh)-induced tension of colonic longitudinal smooth muscle strips (CLSMs) after methylene blue (in-
hibitor of guanylate cyclase) and L.-NAME (inhibitor of nitric oxide synthase) (means *= SE, n = 6). (A) Pretreated with methylene blue. (B)
Pretreated with L-NAME. NH, normal control (no handling); MMS, neonatal maternal separation; RS, restraint stress; FLCWK, Fengliao-

Changweikang (2.25 mg/100 g).

Vol. 24, No. 3 July, 2018 (479-489) 485



Mengdi Jia, et al
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Figure 5. Comparison of acetylcholone (ACh)-induced tension of
CLSMs after 4-AP (inhibitor of voltage dependent K™ channel)
(means *= SE, n = 6). NH, normal control (no handling); MMS,
neonatal maternal separation; RS, restraint stress; FLCWK, Fengliao-
Changweikang (2.25 mg/100 g).

CLSMs among 3 groups after treatment with 4-AP (50 umol/L) (n =
6, P > 0.05; Fig. 9).

Discussion

In the present study, we found that the FLCWK treatment
produced a therapeutic effect in IBS-D rats. Physiologically, FL-
CWK inhibited colonic motility in IBS-D rats. Mechanistically,
FLCWK modulated colonic motility via the N 0O/cGMP/Ca**
signaling pathways and specific potassium (K") channels. To the
best of our knowledge, this was the first time to report the specific
curative mechanisms of FLCWK for IBS-D in regulating intesti-
nal motility.

Our present study indicated that FLCWK was effective in
treating IBS-D in rats. Clinically, FLCWK was previously re-
ported to improve the quality of life in IBS patients.™" According
to Traditional Chinese Medicine, FLCWK mainly consists of D.
calycinum and P. hydropiper which play a role of clearing heat,
de-humidificating and eliminating stagnation and results in relief
of symptoms of abdominal pain and diarrhea induced by multiple
etiologies.”™ A clinical study performed by Wu et al'* showed that
FLCWK could significantly relieve abdominal pain and improve
the stool property in IBS-D patients. In the present study, similar
responses were found: fecal characteristics, and EMG and AWR
responses to rectal distention were significantly ameliorated with
FLCWK. Furthermore, the efficacy of FLCWK in treating IBS-
D in the present rodent study was comparable to that of Pinaverium

bromide which is known to provide good therapeutic efficacy in

IBS (Tables 1 and 2, Fig. 1).”

IBS-D has been reported to involve multi-factorial pathophysi-
ologies, including abnormal intestinal motility, visceral hypersensi-
tivity, increased intestinal permeability, immune activation, altered
microbiota, and disturbances in brain-gut interactions.' As one of
the most important mechanisms in IBS-D, motility disturbance in
IBS patients has been well explored for decades. Significant differ-
ences in muscular tone were reported among different subtypes:
higher in IBS-D and IBS-M but not in IBS-C compared with
healthy individuals.” A number of animal experiments also dem-
onstrated that hypertensive contractions of intestinal smooth muscle
may be important in producing main IBS-D symptoms.** Similar
increased colonic basic tension and motility were noted in the cur-
rent rodent study (Fig. 2A).

In our present study, FLCWK decreased the basic tension of
colonic longitudinal smooth muscle strips in IBS-D rats, suggest-
ing that colonic motility was involved in the curative mechanism of
FLCWK for IBS-D (Fig. 2A). Previously, FLCWK and its com-
ponents were shown to induce intestinal smooth muscle relaxation,
modify gastrointestinal (GI) intestinal transit in mice, and prevent
castor oil-induced diarrhea.”"" However, the specific pathway of
modulating colonic motility had not been previously elucidated.

In order to reveal the potential mechanism of FLCWK for
decreased muscle tension, we investigated the role of Ca’". As
we know, the intracellular Ca®>* homeostasis is the foundation for
maintaining normal contraction and relaxation of smooth muscle.
Elevation of Ca’" in contraction is accomplished by Ca*" entry
from the ectoenzyme and/or intracellular release of Ca’" from the
sarcoplasmic reticulum. The main route of calcium inward current
is dependent on the L-type voltage-depended Ca*" channel.” Pi-
naverium bromide, as the positive control drug in our experiment,
has been shown to regulate the stress-induced colonic hypermotility
and inhibit the contractile response to various kinds of agonists in
vitro by blocking the L-type Ca’" channel.”* Consistently, our
present study revealed that FLCWK was also able to regulate co-
lonic motility (Fig. 2A). We observed that ACh increased tension
of CLSMs in each group and found that Ach-induced tension was
decreased after the FLLCWK treatment (Fig. 2B). ACh is known
to result in muscle contractions by inducing the influx and release
of Ca’"; hence we hypothesized that the decreased ACh-induced
tension by FLCWK might be mediated by the Ca*" signaling
pathway. Further, we used the inhibitor of L-type voltage-depended
Ca’" channel, Nifedipine and intracellular calcium antagonist,
TMB-8, and found no significant difference in ACh-induced ten-
sion of CLLSMs between the FLCWK group and the NMS + RS
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group, which further confirmed the role of Ca** in the therapeutical
effect of FLCWK (Fig. 3).

We further hypothesized that FLCWK regulates the Ca** flow
through NO/cGMP the pathway:. It is well known that the pathway
of NO/cGMP contributes to the regulation of GI muscle contrac-
tion by regulating the Ca’" influx process. NO is a major inhibitory
enteric neurotransmitter that produces cGIMP via activation of
soluble guanylate cyclase. Then cGMP as a second signal trans-
duction messenger mediates the GI smooth muscles relaxation."**
In our study, there were significant differences in Ach-induced
tension of CLLSMs among the groups. However, after treatment
with L-NAME (an inhibitor of nitric oxide synthase) or methylene
blue (an inhibitor of guanylate cyclase), the ACh-induced tension
of CLSMs showed no difference between the FLCWK group
and the NMS+RS group, suggesting that FLCWK decreased
colonic activity via the NO/cGMP signaling pathway (Fig. 4).
This hypothesized pathway was supported by modern researches,
some ingredients of FLCWK regulated smooth muscle by similar
mechanisms, such as rutin and quercetin inhibiting the smooth
muscle via the NO signaling pathways. "

Similarly, K" channels also play a major role in the curative
mechanism of FLCWK for IBS-D. The diversity of K* channels
described in GI smooth muscles mainly includes voltage-gated K
channels, K, channels, calcium-activated K™ channels, and ATP-
sensitive K channels.” However, voltage-gated K" channels were
considered the basis for the regulation of cell resting potential.” In
our study, under normal conditions, the basic tension of CL.SMs
in NMS + RS group was significantly higher than the FLCWK
group. Interestingly, after pre-treatment of 4-AP, a voltage de-
pendent K* channel blocker, no statistical difference was found in
ACh-induced tension of CL.SMs in all groups (Fig. 5). Thus, we
believe that FLCWK inhibited colonic contractions by regulating
the specific potassium channels.

The present study has the following limitations: firstly, the
expression of each molecular in the pathway and how each link per-
formed were unclear, and further explore was needed. Secondly, we
have not studied the potential mechanism of FLCWK in colonic
motility of female rats for IBS-D. The reasons the female rats have
been excluded in our study is to prevent potential effects of estrogen
in motility regulation.

Our results suggest that FLCWK was effective in treating
IBS-D in rats, which proved by improving fecal indexes, electro-
myographic recordings and AWR scores. Increased tension of
CLSMs in NMS + RS group and meliorative tension of CLL.SMs
in FLCWK group were investigated, which contributes to explore

Effect of FLCWK in IBS-D Rats and lts Mechanism

the role of colonic motility in the curative mechanism of FLCWK
for IBS-D. Further, we studied the difference of ACh-induced
tension in each group after treatment of inhibitors related to NO/
¢cGMP/Ca*" and K" channel. Subsequently, no statistical differ-
ence was found in ACh-induced tension of CL.SMs in all groups,
suggesting that FLCWXK inhibited colonic contractions via regulat-
ing N O/cGMP/Ca*" and specific K* channels.

In conclusion, the therapeutic mechanism of FLCWK for
IBS-D may be achieved by regulating colonic motility via the
NO/cGMP/Ca’" pathway and specific K™ channels. Our find-
ings provide direct evidence to help understanding the underlying
therapeutic mechanism of FLCWK for IBS-D and promoting the
application of FLCWXK on a larger scale.
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