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Abstract
Background: Momordica charantia exerts anti-inflammatory effect against ulcerative  colitis. 
Momordica charantia polysaccharides (MCPs) attenuate gastritis through inhibition of ethanol- 
induced inflammatory response. 
Objective: The role of MCPs in diarrhea-predominant irritable bowel syndrome (IBS-D) is 
investigated. 
Materials and Methods: Chemical stimulation followed by acute and chronic pressure stimu-
lation was used to establish rats model with IBS-D. The model rats were then administrated 
with MCPs. Defecation frequency, fecal water content and abdominal withdrawal reflex (AWR) 
score were then recorded. Pathologic changes in the colonic tissues were evaluated by hema-
toxylin and eosin staining. Inflammation was detected by ELISA and qRT-PCR, and immunohis-
tochemistry was used to assess intestinal mucosal permeability.
Results: First, IBS-D of mice wasIBS-D ratsmice exhibited many abnormal clinical  manifestations,  
including increased frequency of defecation, fecal water content, and abdominal  withdrawal 
reflex (AWR) score. Second, the mice were administrated with MCPs, which reduced fre-
quency of defecation, fecal water content, and AWR score,  and 100-mg/kg MCPs indicated 
therapeutic effect on IBS-D mice equivalent to rifaximin. Moreover, MCPs also ameliorated 
pathologic changes in the colonic tissues of IBS-D mice. Third, inflammatory response in IBS-D 
mice was also suppressed by MCPs through up-regulation of Interleukin (IL)-10, and down- 
regulation of tumor necrosis factor-α (TNF-α), Interleukin(IL)-1β, and IL-6. MCPs enhanced 
 levels of  occludin (OCLN) and zona occludens protein-1 (ZO-1) in IBS-D mice to improve 
 intestinal  mucosal  permeability. Finally, phosphorylation of p65 in IBS-D mice was reduced by 
MCP treatment. 
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Introduction

Irritable bowel syndrome (IBS), a common clinical 
 functional gastrointestinal disease, is characterized by 
abdominal pain and disturbance in bowel movement.1 
The Occurrence of IBS is closely associated with intestinal 
flora imbalance, inflammation, and physical and mental 
stress in early life.2,3 In recent years, incidents of IBS have 
increased gradually, ranging from 9% to 22% in Western 
countries and from 7% to 12% in China.4 Alterations in 
intestinal microbiota, environmental factors, visceral 
hypersensitivity, alterations in gastrointestinal motility, 
and other factors are considered involved in the patho-
genesis of IBS.5 IBS contains four different subtypes, 
which include unclassified, mixed bowel habits, constipa-
tion-predominant IBS (IBS-C), and diarrhea- predominant 
IBS (IBS-D). IBS-D is the primary type encountered in 
China.5 Medications, such as Xifaxan (rifaximin) and 
Viberzi (eluxadoline), that reduce abdominal pain and 
episodes of diarrhea, have been approved for treating  
IBS-D.6 However, rifaximin might develop antimicro-
bial resistance.7 Therefore, other strategies are urgently 
required for prevention of IBS-D.

Alteration in host-gut microbial system, such as Actino-
bacteria, Firmicutes, Bacteroidetes, and Proteobacteria, 
reduces microbial richness and beneficial bacterial groups 
but enhances the detrimental ones, thus contributing to 
the development of IBS-D.5 Low-fermentable oligosac-
charide, disaccharide, monosaccharide, and polyols diet 
induces intestinal microbiota, and changes and reduces 
abdominal pain and stool consistency in patients with IBS-
D.5 Therefore, strategies to alter gut microbiota might be 
promising for preventing IBS-D.8

Momordica charantia (bitter melon) is a popular 
vegetable used widely as a traditional Chinese med-
icine for treating inflammatory diseases.9 Momordica 
 charantia also exerts pharmacological properties, includ-
ing anthelmintic, immunomodulatory,  antihyperlipidemic, 
 antioxidant, antimicrobial, anticancer, anti-obesity, 
and antidiabetic, in distinct diseases.10 Momordica 
 charantia polysaccharides (MCPs), its primary active com-
ponents, have demonstrated beneficial antioxidant and 
anti-inflammatory effects to relieve depressive behav-
ior in mice.11 MCPs have also been depicted to regulate 
changes in the gut microbiota in obese mice, and attenu-
ate metabolic disorders.12 Therefore, MCPs might be ben-
eficial for treating IBS-D as well.

In this study, the authors investigated effects of MCPs 
on intestinal inflammation and barrier of mice with IBS-D. 
The underlying mechanism might provide a novel strategy 
for treating IBS-D.

Materials and methods

Preparation of MCPs

A total of 100-g dried Momordica charantia powder was 
dissolved in 90% ethanol, the supernatant was removed 
and the residue was incubated with water at 100°C for 
4 h. The extract was filtered, concentrated at 60°C, and 
de- proteinated. The extract was incubated overnight with 
ethanol with a weight ratio of 4:1 at 4°C, and nMCPs were 
precipitated through centrifugation and lyophilization.

Animal models

Specific pathogen-free, 6–8-week old mice, with a weight 
fromweighing 200g to –220 g (N = 50), were purchased from 
Hunan Silaike Jingda Laboratory Animal Co. Ltd. (Changsha, 
China) and housed in cages with food and water ad libitum. 
Ethical approval for the study was obtained from the Ethics 
Committee of Lianyungang Hospital of Traditional Chinese 
Medicine (Approval No. 2020 (KY)-04) (Approval No.2020- 
(KY)-04). Mice were divided into the following five groups: 
control (N = 10), IBS-D (N = 10), IBS-D + rifaximin (N = 10), 
IBS-D + 50-mg/kg MCPs (N = 10), and IBS-D + 100-mg/kg MCPs 
(N = 10). In IBS-D groups, mice were anesthetized with 2% 
pentobarbital injected intraperitonealy Intracolonic adminis-
tration of 4% acetic acid (1 mL) at the position 8 cm proximal 
to the anus was made in all animals. The colon was diluted 
with byphosphate-buffered saline solution (PBS; 1 mL). Mice 
in the control group were instilled PBS without acetic acid, 
and those in the IBS-D groups were subjected to unpre-
dictable chronic stress for 3 weeks, after 7 days post ace-
tic acid-induced colitis. Mice were also subjected to acute 
restraint stress for 1 h after 7 days post chronic stress expo-
sure. Animals in the IBS-D, IBS-D + rifaximin, IBS-D + 50-mg/
kg MCPs, and IBS-D + 100-mg/kg MCPs groups were fed  
with normal saline, 50-mg/kg rifaximin, 50-mg/kg MCPs, and  
100-mg/kg MCPs once a day. All the animals were subjected 
to behavioral evaluation 7 days later, and the distal colons 
were isolated from the mice for subsequent experiments.

Detection of defecation frequency and fecal 
water content

Mice were placed in cages with food and water ad libitum 
for 24 h. The number of fecal pellets in 1 h was counted 
and regarded as defecation frequency. The fecal water 
content was calculated as follows: weight of stool - weight 
of dried stool/weight of stool.

Conclusion: MCPs ameliorated intestinal permeability and repressed intestinal inflammation to 
attenuate IBS-D by inactivating nuclear factor kappa B (NF-κB) signaling.
© 2022 Codon Publications. Published by Codon Publications.
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Detection of abdominal withdrawal reflex 
(AWR) scores

Mice were placed in a small cubicle and inserted with a 
vaseline-coated balloon dilator (2 mm in diameter) at 8 cm 
proximal to the anus into the descending colon. The dila-
tor was attached to a pressure gauge T-connector. Desired 
pressure (20, 40, 60, or 80 mmHg) was produced in balloon 
to induce colorectal distension. The AWR score was assigned 
by blinded observers based on the following criteria: Point 
0 for no behavioral response, point 1 for simple head move-
ment, point 2 for abdominal muscle contraction, point 3 for 
abdominal rise, and point 4 for back arch and pelvis ascend-
ing. Experiments were repeated at least in triplicate.

Pathologic analysis

The distal colons were fixed in 10% formalin, dehydrated 
with 4% paraformaldehyde, and then embedded into par-
affin. Tissues were sliced into 5-μm thick sections with a 
thickness of , which were stained with hematoxylin and 
eosin (H&E; Sigma-Aldrich, St. Louis, MO, USA). The slides 
were observed under microscope (Olympus BX53, Olympus, 
Tokyo, Japan). The pathological injury score was calcu-
lated by blinded observers as points of mucosa damage 
plus points of inflammatory damage based on the  following 
 criteria: Point 0 for less than 1% mucosa damage or no 
inflammation; point 1 for slight mucosa damage (less than 
1/3) or sparse inflammatory infiltrate (less than 25% dam-
age extent); point 2 for mild mucosa damage (less than 2/3) 
or mild inflammatory infiltrate (25–50% damage extent); 
point 3 for mucosa and gland damage (large area damaged) 
or inflammatory infiltrate (50–75% damage extent); and 
point 4 for severe mucosa damage (completely damaged) 
or severe inflammatory infiltrate (75–100% damage extent). 
All experiments were repeated at least in triplicate.

Real-time quantitative polymerase chain 
reaction (RT-qPCR)

The distal colons were lysed with TRIzol kit (Invitrogen, 
Carlsbad, CA, USA), and isolated RNAs were synthesized 
into complementary DNAs (cDNA). PreTaq II kit (Takara, 
Dalian, Liaoning, China) was used to determine messenger 
RNA (mRNA) expression of tumor necrosis factor-α (TNF-α), 
Interleukin 1β (IL-1β), IL-6, and IL-10. The relative expression 
was calculated using the delta-delta Ct (control) (2-∆∆Ct) 
method through normalization to glyceraldehyde 3- phosphate 
dehydrogenase (GAPDH). Primers are shown in Table 1.

Enzyme-linked immunosorbent serologic assay 
(ELISA)

Colonic tissues were digested in radioimmunoprecipitation 
assay (RIPA) buffer (Beyotime, Beijing, China), and cen-
trifuged at 12,000 g to collect supernatants. Levels of 
TNF-α, IL-1β, IL-6, and IL-10 were detected by ELISA kits 
(Pharmingen, San Diego, CA, USA).

Immunofluorescence

The colonic sections were incubated with target retrieval 
solution (Agilent Technologies, Santa Clara, CA, USA) and 
blocked in 4% hydrogen peroxide. Followed by treatment 
with 4% goat serum, the sections were incubated with 
rabbit anti-rat occludin (OCLN) and zona occludens pro-
tein-1 (ZO-1) antibodies (1:100; Abcam, Cambridge, MA, 
USA). The slides were incubated with horseradish perox-
idase-conjugated goat anti-rabbit secondary antibody, 
and then stained with diaminobenzidine (DAB). The slides 
were counterstained with DAPI (4′,6-diamidino-2-phenylin-
dole) fluorescent stain before observing observation under 
microscope.

Western blot analysis

Proteins were isolated from colonic tissues and separated 
by 10% sodium dodecyl sulfate–polyacrylamide gel electro-
phoresis (SDS-PAGE). Proteins were transferred on nitrocel-
lulose membranes, and the membranes were blocked with 
5% bovine serum albumin. The membranes were probed 
with specific antibodies: anti-p-p65 and anti-p65 (1:3,000), 
anti-p-IκBα and anti-IκBα (1:4,000), and anti-GAPDH 
(1:5,000). The membranes were washed and incubated 
with horseradish peroxidase (HRP)-conjugated secondary 
antibody (1:5,000). Immunoreactivities were visualized 
using enhanced chemiluminescence (Sigma-Aldrich). All 
the antibodies were purchased from Abcam.

Statistical analysis

All the data with at least triple replicates were expressed 
as mean ± standard deviation (SD). Comparisons between 
groups were conducted wereby Student’s t-test. Multiple 
comparisons within groups were carried outconducted 
using one-way analysis of variance (ANOVA) using the 
SPSS software. P < 0.05 was considered as statistically 
significant.

Table 1 Primers.

Genes Forward Reverse

GAPDH 5’-TCAACGACCACTTTGTCAAGCAGAGT-3’ 5’-GCTGGTGGTCCAGGGGTCTTACT-3’
IL-6 5’-AGACAGCCACTCACCTCTTCAG-3’ 5’-TTCTGCCAGTGCCTCTTTGCTG-3’
IL-10 5’-GCCTAACATGCTTCGAGATC-3’ 5’-TGATGTCTGGGTCTTGGTTC-3’
IL-1β 5’-CCAGCTTCAAATCTCACAGCAG-3’ 5’-CTTCTTTGGGTATTGCTTGGGATC-3’
TNF-α 5’-CCGAGTGACAAGCCTGTAGC-3’ 5’-AGGAGGTTGACCTTGGTCTG-3’
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Results

MCPs alleviated clinical manifestations in mice 
with IBS-D

In order to induce IBS-D, mice were subjected to chemical 
stimulation followed by acute and chronic pressure stim-
ulation. The defecation frequency (Figure 1A) and fecal 
water content (Figure 1B) were increased in mice with 
IBS-D. Rifaximin reduced the levels of both defecation fre-
quency (Figure 1A) and fecal water content (Figure 1B) in  
IBS-D mice. Administration of MCPs decreased defecation 
frequency (Figure 1A) and fecal water content (Figure 1B) of 
IBS-D animals in a dose-dependent manner, and 100 mg/kg  
MCP demonstrated equivalent effects to rifaximin on fre-
quency of defecation (Figure 1A) and fecal water content 
(Figure 1B). Moreover, AWR scores were increased with the 
increase ing of pressure (20, 40, 60, or 80 mmHg) in IBS-D 
mice (Figure 1C). However, MCPs decreased the scores and 

the effect was equivalent to rifaximin (Figure 1C), suggest-
ing that MCPs alleviated clinical manifestations in mice 
with IBS-D.

MCPs alleviated colon pathological edema in 
mice with IBS-D

Histological analysis demonstrated that the colonic epithe-
lial cells in the control group were intact, and the intesti-
nal mucosal barrier depicted integrity (Figure 2). However, 
the colonic epithelial cells in IBS-D mice had exhibited 
significant edema, impaired integrity of the intestinal 
mucosa, and increased inflammatory infiltration (Figure 2). 
Administration of MCPs reduced the pathological injury 
score through amelioration of edema, integrity of the 
intestinal mucosa, and the increased inflammatory infiltra-
tion (Figure 2). The protective effect of 100-mg/kg MCPs 
against colon pathological edema in mice with IBS-D was 
equivalent to that of rifaximin (Figure 2).

(A)

(C)

(B)

Figure 1 MCPs alleviated clinical manifestations of mice with IBS-D. (A) Defecation frequency was increased in mice with IBS-D, 
while administration with rifaximin and MCPs reduced frequency of defecation. (B) Fecal water content was increased in mice 
with IBS-D, while administration of rifaximin and MCPs reduced the level of fecal water content. (C) AWR score was enhanced in 
mice with IBS-D, while administration of rifaximin and MCPs reduced the level of AWR score. Control vs. *P < 0.05, **P < 0.01, ***P 
< 0.001. IBS-D vs. #P < 0.05, ##P < 0.01.
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Figure 2 MCPs alleviated colon pathological edema in mice with IBS-D. Histological analysis demonstrated that the colonic 
epithelial cells in IBS-D mice had significant edema, impaired integrity of intestinal mucosa, and increased inflammatory infiltration 
compared to the control group. Administration of rifaximin and MCPs reduced pathological injury score through amelioration of 
edema, integrity of the intestinal mucosa, and inflammatory infiltration. Control vs. ***P < 0.001. IBS-D vs. ##P < 0.01, ###P < 0.001.

MCPs alleviated colonic inflammation in mice 
with IBS-D

Levels of pro-inflammatory factors, including TNF-α, IL-1β, 
and IL-6, were enhanced in IBS-D mice (Figures 3A and B). 
Administration with rifaximin and MCPs increased expres-
sion of IL-10 and decreased levels of TNF-α, IL-1β, and 
IL-6 in IBS-D mice (Figures 3A and B), demonstrating the 
anti-inflammatory effect of MCPs against IBS-D.

MCPs improved intestinal mucosal permeability 
in mice with IBS-D

Immunofluorescence analysis demonstrated that proteins 
involved in tight junctions, OCLN, and ZO-1 were decreased 
in IBS-D mice (Figure 4). However, MCPs increased the lev-
els of OCLN and ZO-1 in IBS-D mice (Figure 4) to  attenuate 
the impaired integrity of the intestinal mucosa. MCPs 
(100 mg/kg) demonstrated equivalent effect to that of 
rifaximin on improving the intestinal mucosal permeability 
in mice with IBS-D (Figure 4).

MCPs regulated nuclear factor kappa B (NF-κB) 
signaling in mice with IBS-D

Protein expression of NF-κB, IκBα, was down-regulated in 
IBS-D mice (Figure 5), while p-p65 and p-IκBα were up- 
regulated in the IBS-D animals (Figure 5). However, rifax-
imin and MCPs enhanced the expression of IκBα to reduce 
p-p65 and p-IκBα expressions in IBS-D animals (Figure 5), 
indicating that MCPs repressed the activation of NF-κB 
 signaling in IBS-D mice.

Discussion

Momordica charantia, a traditional Chinese herb, is 
widely used in the treatment of trinitrobenzene sulfonic 
acid- induced instigated ulcerative colitis through sup-
pression of inflammatory response.13 MCPs are indicated 
to decrease levels of harmful bacteria, Helicobacter and 
Proteobacteria but enhanced the levels of beneficial 
bacteria, Bifidobacterium, Lactobacillus, Coprococcus, 
Anaerostipes, Actinobacteria, and Firmicutes, to ame-
liorate metabolic disorders in obese mice.12 This study 
found that MCPs alleviated IBS-D through promotion of 
 intestinal mucosal permeability and suppression of intes-
tinal inflammation.

A prior study demonstrated that chemical stimulation 
accompanied with stimulation of acute and chronic pres-
sure induced pathological edema and intestinal hypersen-
sitivity in mice, and was widely used in the establishment 
of IBS-D model.14 Our results also demonstrated that defe-
cation frequency and fecal water content were increased 
in IBS-D mice. Moreover, the colorectal distension was also 
enhanced in IBS-D animals. However, MCPs ameliorated 
colonic motility and sensibility in IBS-D mice by decreasing 
defecation frequency and fecal water content. MCPs also 
attenuated colorectal distension in IBS-D animals. Addi-
tionally, MCPs also reduced infiltration of inflammatory 
cells and alleviated intestinal mucosal barrier integrity 
of the mucosal layers in IBS-D mice. MCPs had equivalent 
effect to that of an Food and Drug Administration (FDA) 
approved antibiotic agent (rifaximin) on IBS-D. Therefore, 
MCPs alleviated clinical manifestations and colon patholog-
ical edema in mice with IBS-D.  Moreover,  levels of OCLN 
and ZO-1, essential for permeability of tight junctions in 
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Figure 3 MCPs alleviated colonic inflammation in mice with IBS-D. (A) mRNA expressions of TNF-α, IL-1β, and IL-6 were 
up-regulated in mice with IBS-D, and administration of rifaximin and MCPs enhanced the mRNA expression of IL-10 to reduce TNF-
α, IL-1β, and IL-6 levels. (B) Protein expressions of TNF-α, IL-1β, and IL-6 were up-regulated in mice with IBS-D, and administration 
of rifaximin and MCPs enhanced the protein expression of IL-10 to reduce TNF-α, IL-1β, and IL-6 levels. Control vs. *P < 0.05 and 
***P < 0.001. IBS-D vs. #P < 0.05, ##P < 0.01, and ###P < 0.001.

(A) (B)

the colonic tissues, were reduced in IBS-D mice.15 MCPs 
enhanced OCLN and ZO-1 to improve intestinal mucosal 
permeability in mice with IBS-D.

Infective gastroenteritis induces alteration in microbi-
ome diversity, and aggravates the systemic inflammation 
during the development of IBS-D.16 Levels of proinflamma-
tory factors (TNF-α, IL-6, and inducible nitric oxide syn-
thase [iNOS[) were increased in IBS-D mice.14 IL-10, an 
anti- inflammatory factor, was lower in patients with IBS-D 
than that in healthy controls.17 Anti-inflammatory thera-
pies depicted promising clinical perspectives in IBS-D.18 
MCPs reduced levels of TNF-α and IL-1β to protect against 
Parkinson’s disease.19 Results in this study revealed that 
MCPs increased IL-10  expression to down-regulate the 
levels of TNF-α, IL-1β, and IL-6 in IBS-D mice, thereby 
exerting anti-inflammatory effect against IBS-D. Compared 
with healthy controls, patients with IBS-D demonstrated 
higher level of malondialdehyde and lower level of total 
antioxidant  capacity.17 Therefore, oxidative stress was 
also implicated in the pathogenesis of IBS-D.20 Considering 

the antioxidant effect of MCPs in myocardial infarction,21  
these polysaccharides might also reduce  oxidative stress in 
IBS-D mice.

NF-κB, a nuclear transcription factor of inflamma-
tion, is involved in various inflammatory diseases such 
as IBS-D.22 Abnormal activation of the mucosal NF-κB sig-
naling reduced the expression of IL-10 and promoted the 
expression of pro-inflammatory cytokines, such as IL-1β, 
IL-6, and TNF-α, in IBS-D.22 The secretion of pro-inflam-
matory cytokines and recruitment of neutrophils induced 
a series of pathological changes, such as intestinal epi-
thelial cell injury, crypt abscess, and microvasculitis, 
and lead to increased intestinal permeability during 
the development of IBS-D.23 MCPs inhibited ethanol-in-
duced activation of NF-κB signaling in the mucosa, and 
suppressed inflammatory response.24 Here, our results 
indicated that MCPs enhanced the expression of IκBα to 
reduce p-p65 and p-IκBα expressions in IBS-D mice, indi-
cating that MCPs inhibited the activation of NF-κB signal-
ing in IBS-D mice.
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Figure 4 MCPs improved intestinal mucosal permeability in mice with IBS-D. Occludin and ZO-1 were decreased whereas rifaximin 
and MCPs increased OCLN and ZO-1 in IBS-D mice.

Figure 5 MCPs regulated NF-κB signaling in IBS-D mice. IκBα was down-regulated, and p-p65 and p-IκBα were up-regulated in 
IBS-D mice. Rifaximin and MCPs enhanced expression of IκBα to reduce p-p65 and p-IκBα in IBS-D mice. Control vs. ***P < 0.001. 
IBS-D vs. ###P < 0.001.
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Conclusion 

Momordica charantia polysaccharides alleviated  clinical 
manifestations and colon pathological edema in IBS-D 
mice, improved intestinal barrier, and inhibited intesti-
nal inflammation through inactivation of NF-κB signaling 
 pathway. MCP might be regarded as a potential strategy 
for preventing IBS-D.24 However, the protective function 
of MCPs in the intestinal mucosal barrier of IBS-D should 
be investigated in the future research. Additionally, pre-
viousprevious prior study has highlighted the link between 
IBS and non-alcoholic fatty liver disease (NAFLD).25 
Momordica charantiaMC extract  inhibited lipid accu-
mulation,  suppressed adipose tissue volume, improved-
increased glucose tolerance and insulin resistance, and 
reduced gene expression thatinvolved in synthesis of fatty 
acid  synthesis,26 which is likely to cause NAFLD. The data 
indicated that MCPs might function in NAFLD. Therefore, 
it is also interesting to  further explore the effect of MCPs 
on NAFLD.
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