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Pectic polysaccharides ameliorate the pathology of ulcerative
colitis in mice by reducing pyroptosis
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Background: Ulcerative colitis (UC) is an inflammatory bowel disease which seriously affects the quality
of life of patients. There has been an increasing amount of research related to the therapeutic effects
and mechanisms of natural plant substances in the treatment of recurrent UC. Rauwolfia verticillata var.
Hainanensis is a medicinal plant that is native to Hainan Island, China. Some studies have documented
that pectic polysaccharides (PPs) from Rauvolfia inhibited the progression of colon ulcers. However, their
mechanisms of action have not been established. Studies have revealed that suppressing pyroptosis can
attenuate the damage of experimental colitis. However, it is unclear whether PPs from Rauvolfia verticillata
inhibit inflammation through pyroptosis. This study investigated the effects and potential mechanisms of
PPs extracted from Rauvolfia verticillata on experimental UC in mice.

Methods: Male C57 mice (6-8 weeks old) were allocated into the control group, the dextran sulfate sodium
(DSS)-induced UC model group (DSS group), or the DSS with pectic polysaccharides treatment group (DSS
+ PP group). The body weights, rectal bleeding, and stool consistencies in the mice were observed, and the
disease activity index (DAI) score was calculated. Colon tissues were collected for pathological analysis by
histological hematoxylin and eosin (H&E) staining. The levels of caspase-1 and interleukin (IL)-1p were
detected by immunohistochemistry. Pyroptosis was assessed by transmission electron microscopy.

Results: UC in mice induced by DSS resulted in decreased general physical activity and body weight,
increased DAI score, significant histological changes, inhibited caspase-1 and IL-1p expression, and
promoted pyroptosis. These DSS-induced changes could be partially ameliorated by administration of PP.
Conclusions: PPs exerted an ameliorative effect on DSS-induced UC in mice by reducing pyroptosis.
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Introduction by low quality of life, long duration, low curative rates,

Ulcerative colitis (UC) is a chronic idiopathic inflammatory and high risk of malignancies (2). The pathogenesis of UC

disease with increasing prevalence worldwide (1). The
clinical manifestations of UC include recurrent abdominal and environmental factors, as well as immune response

pain, diarrhea, and blood in the stool. UC is characterized abnormalities. While immunosuppressants, glucocorticoids,

remains elusive, but it has been associated with genetic
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and biological agents are the gold standard for UC
therapy (3), there are many disadvantages associated with
these agents (4). Therefore, understanding the molecular
mechanisms of UC is crucial for the development of novel
targeted therapies or effective clinical regimens for the
treatment UC.

There has been an increasing amount of research related
to the therapeutic effects and mechanisms of natural plant
substances in the treatment of recurrent UC (5). Natural-
derived polysaccharides are becoming a research hotspot
for their therapeutic effects on inflammatory bowel disease
(IBD) (6). Rauwolfia verticillata var. hainanensis is a
medicinal plant that is native to Hainan Island, China. It
is mostly distributed in tropical rainforests such as those
of Ledong Jianfengling and Lingshui Diaoluo Mountains
in Hainan. The active components of this medicinal
plant are pectin polysaccharides (PPs) and alkaloids (7).
Popov et al. documented that PPs from Rauvolfia
inhibited the progression of colon ulcers and reduced
rectal myeloperoxidase levels in mice (8). However, their
mechanisms of action have not been established. Previous
studies have shown that Rauvolu hainanensis extracts,
especially PPs, inhibited the progression of dextran sulfate
sodium (DSS)-induced colitis in mice by regulating the
nuclear factor (NF)-xB pathway and interleukin (IL)-17
(9,10). Other reports have demonstrated that its mechanisms
may be associated with the NF-kB and mitogen-activated
protein kinase (MAPK) signaling pathways in which
dendrites derived from mouse bone marrow shape cells play
an essential role (10).

Pyroptosis is one form of programmed cell death that
is associated with inflammation. It is mechanistically and
morphologically distinct from other forms of cell death.
A defining feature of pyroptosis is the crucial role of the
enzyme caspase 1 (11). Activated inflammatory caspases can
induce pyroptosis and produce pro-inflammatory cytokines,
and inflammatory caspases could be attractive therapeutic
targets for UC in which pyroptosis may play an important
role (12). Studies have revealed that suppressing pyroptosis
can attenuate the damage of experimental colitis (13,14).
These results indicated a potential role of pyroptosis in the
development of UC. However, it is unclear whether PPs
from Rauvolfia verticillata inhibit inflammation through
pyroptosis. This current study investigated the effects of
PPs extracted from Rauvolfia verticillata in DSS-induced
UC in mice and examined the potential mechanisms of
action. We present the following article in accordance with
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the ARRIVE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-877/rc).

Methods
Ethical statement

This study was approved by the animal care review
committee of the Hainan General Hospital/Hainan
Affiliated Hospital of Hainan Medical University under
a project license (No. 20210305), in compliance with
National Research Council (NRC) Guide for the Care and
Use of Laboratory Animals (8th edition).

Plant collection and pectic polysaccharide (PP) extraction

Rauvolfia verticillata was obtained on June 21, 2018 from the
Jianfengling National Forest Park of Ledong Li autonomous
county, Hainan province, China. The PPs were extracted
as previously described with minor modifications (8).
Briefly, 5 g of rhizome was dried at 40 °C, treated with
dilute HCI (pH 4.4) at 50 °C for 3 hours and extracted with
0.7% aqueous ammonium oxalate. The polysaccharide
fraction was precipitated with 10 mL 96% ethanol. After
centrifugation at 8,000 g for 10 minutes, the precipitate was
obtained and dried at 40 °C.

Animal models

Specific pathogen-free(SPF) male C57 mice (6-8 weeks old)
were purchased from Hunan SJA Laboratory Animal Co.,
Ltd. The mice were housed under standard conditions
and maintained in a 12-hour light/dark cycle at 23«1 °C
with free access to food and water. A total of 18 mice were
randomly distributed into 3 groups of 6 mice each: the
control group (normal control), in which the mice were
administered ultrapure water; the DSS group, in which mice
were administered 5% DSS aqueous solution for 5 days;
and the DSS + PP group, in which mice were administered
DSS aqueous solution for 5 days followed by intragastric
administration of 100 pL. PP solution (100 mg/kg/d) for 7
consecutive days (9,10). The 5% DSS aqueous solution was
prepared using ultrapure water. The overall behavior of the
mice was observed. At the end of the experiment, the mice
were sacrificed (Figure 14) and their colon tissues collected,
cleaned, and fixed with formalin and electron microscope
fixation solution.
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Evaluation of the body weight and the disease activity
index (DAI)

During the treatment period, the body weights of the mice
were measured on days 0, 5, 10, and 12. The DAI score,
used to evaluate the severity of colitis (15), was calculated
as a total score taking into account the decrease in body
weight, stool observations for rectal bleeding, and stool
consistency. The maximum value is 14.

Histological staining

Tissue slices were baked at 70 °C for 30 minutes and
dewaxed twice in xylene for 10 minutes. Slices were
washed twice with 100% ethanol for 5 minutes, followed
by hydration in ethanol for 5 minutes (three times) and
hydration in distilled water. Hematoxylin staining was
performed for 3 minutes followed by washing under
running water for 2 minutes. Hydrochloric acid alcohol
(1%) was applied for 2 seconds for differentiation. Slides
were then washed under running water for 15 minutes, and
washed with distilled water for 2 seconds. Samples were
stained with eosin for 30 seconds followed by differentiation
and dehydration in 80% ethanol. Xylene was applied twice
for 10 minutes each time, and a drop of neutral gum was
added to the center of the paraffin section. A glass cover
slide was applied, and the samples were observed under a
light microscope.

Immunobistochemistry (IHC) staining

The caspase-1 antibody (1:50 dilution; cat. Ab74279,
Shanghai, China) and the IL-1p antibody (1:100 dilution;
cat. Ab2105, Shanghai, China), were purchased from
Abcam. After heat-mediated antigen retrieval was
performed, caspase-1 and IL-1B expression levels in colonic
tissues were detected by immunohistochemistry. Positively
stained cells were counted and expressed as a percentage of
total cells.

Transmission electron microscopy

Tissue samples were fixed with 1% osmium acid fixative
solution for 1-2 hours, rinsed 3 times with 0.1 M
phosphoric acid solution for 5 minutes and dehydrated
using ethanol. Samples were embedded using pure acetone
and an embedding solution (EPON812) at 37 °C overnight,
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followed by incubation at 45 °C for 12 hours and at 60 °C
for 48 hours. The ultra-thin microtome Lycra EMUC7
was used to prepare 70 nm sections. Sections were stained
with 2% uranyl acetate-lead citrate and observed under a
transmission electron microscope (Hitachi Ltd) HT7800

135 (80 KV).

Statistical analysis

The GraphPad Prism software (version 6.01) was used for
statistical analysis. The Student’s 7-test was used for pairwise
comparisons while one-way analysis of variance (ANOVA)
was used for multiple comparisons. A P value <0.05 was
considered statistically significant. Data are presented as the
mean = standard error of the mean (SEM).

Results

The effects of PPs on the general physical activity and body
weight of DSS-induced UC mice

On day 5 post-DSS induction, 3 of the 6 mice in the DSS
group (50%) showed low alertness and decreased food
consumption, and by day 10, this was observed in all 6 mice
(100%). Mice in this group showed significantly drier
and duller hair, as well as perianal bleeding. Compared to
the DSS group, the DSS + PP group exhibited reduced
symptoms of colitis10 days after PP administration,
including more alertness, reduced hair loss, and more
physical activity. Figure 1B shows that the body weight
of the mice in the control group increased steadily, while
the body weight in the model group gradually decreased.
The weight of the mice in the DSS + PP group was also
reduced on day 5. However, after administration of the PP
on day 6, the body weight did not significantly decrease,
demonstrating that the PP was effective in ameliorating
colitis-associated weight loss.

The effects of PPs on DAI score

As shown in Table 1, no changes in DAI scores were found
between day 0 and day 5 in any of the groups of mice.
On day 10, the DAI scores were significantly increased
in the DSS group and the DSS + PP group compared to
the control group (P<0.05). This suggested that there was
persistent destruction of the colon in both these groups.
Administration of PPs in UC mice reduced the increase in
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Figure 1 The mice handling process and weight determination. (A) Description of the three groups of mice; (B) the changes in the body

weights of the mice. The body weight in the control group increased steadily, and decreased gradually in the model group. The weight

of the mice in the DSS + PP group was also reduced on day 5. However, after administration of PPs on day 6, the body weight did not

significantly decrease, suggesting that the treatment was effective. PBS, phosphate buffered saline; DSS, dextran sulfate sodium; PP, pectic

polysaccharide.

Table 1 The DAI in mice

Days of treatment

Group (n=6)

0 5 10 12
Control 0 0 0 0
DSS 0 0 7.53+0.31 4.96+0.04
DSS + PP 0 0 6.52+0.26* 3.55+0.22*

*, P<0.05 in statistical analysis comparing the DSS + PP group
to the DSS group. DAI, disease activity index; DSS, dextran
sulphate sodium; PP, pectic polysaccharides.

DALI scores on days 10 and 12 compared to the DSS group
(P<0.05).

The effects of PPs on the bistology observed in DSS-
induced UC mice

To assess the effects of PPs in DSS-induced UC mice,
histological observations were performed by H&E staining
on day 12. In the control group, tissue sections showed
intact intestinal mucosal epithelium, typical submucosal
blood vessels, and regularly arranged gland structure
(Figure 24). There were no obvious congestion, edema, nor
corrosion ulcers. The goblet cells were visible. However,
in the DSS model group, part of the intestinal epithelium
of the colon was ruptured and shed. The glands were
destroyed and there was a large infiltration of inflammatory
cells. The blood vessels were significantly dilated and
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congested. There were proliferated granulation tissue and
decreased goblet cells. Ulcers and various degrees of focal
erosion were formed. In contrast, the colon epithelium
of mice in the DSS + PP group showed varying degrees
of repair and significantly reduced inflammatory cell
infiltration.

PPs decrease the expression of caspase-1 and IL-1f in DSS-
induced UC mice

Caspase-1 and IL-1B have been shown to be involved in
the pathway of pyroptosis. Inmunohistochemistry showed
that the expression of caspase-1 and IL-1f in the control
group were 0.652+0.080 and 0.903+0.279, respectively.
The expression of caspase-1 and IL-1p were significantly
higher in both the DSS group and the DSS + PP group
compared to the control group (P<0.001; Figure 2B,2C).
The expression of capase-1 and IL-1p in the DSS group
were4.142£0.508 and 7.263£0.433, respectively. Treatment
of DSS mice with PPs reduced the capase-1 and IL-1B
levels to 2.015+0.228 and 4.267+0.184, respectively (P<0.01
compared to the DSS group; Figure 2B,2C). This suggested
that PPs significantly inhibited the progression of UC,
and the potential mechanisms of action may involve the
inhibition of critical proteins such as caspase-1 and IL-1p.

PPs inhibit pyroptosis of cells in DSS-induced UC mice

To better evaluate pyroptosis, transmission electron
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Figure 2 Hematoxylin and eosin staining and immunohistochemical detection of caspase-1 and IL-1P expression. (A) H&E staining and

immunohistochemical detection of caspase-1 and IL-1f expression. The figures are 209 mm x 122 mm (300x300 DPI). In the control group,

tissue sections showed intact intestinal mucosal epithelium, typical submucosal blood vessels, and regularly arranged gland structure. In the

DSS model group, part of the intestinal epithelium of the colon was ruptured and shed. Ulcers and various degrees of focal erosion were

formed. The colon epithelium of mice in the DSS + PP group showed varying degrees of repair, and significantly reduced infiltration of

inflammatory cells. (B) Immunohistochemical detection of caspase-1. (C) Immunohistochemical detection of IL-1f. Results are presented as
mean + SEM. **, P<0.01; ***, P<0.01. Scale bar =100 pm for (A). H&E, hematoxylin and eosin; IL, interleukin; DSS, dextran sulfate sodium;
PP, pectic polysaccharide; SEM, standard error of the mean; DPI, dots per inch.

microscopy was performed to assess the colorectal tissue
sections from each group of mice (Figure 3). The results
showed that cells in the control group exhibited a normal
morphology. In contrast, the DSS group exhibited a classic
scorch phase characterized by abnormally enlarged cells,
ruptured cell membranes, and released cell contents that
triggered local inflammation. In the DSS + PP group, while
a proportion of cells exhibited pyroptosis morphology, the
number of damaged cells was fewer, and the sizes were
smaller than those in the DSS group, indicating that PPs
alleviated the effects of DSS-induced pyroptosis.

Discussion

The rising prevalence of UC has resulted in high
economic burden to individuals and society. The present
study demonstrated the ameliorative effects of PPs on
experimental UC in mice. In this mouse model, 5% DSS

© Annals of Translational Medicine. All rights reserved.

was used to induce acute colitis, resulting in disrupted
integrity of intestinal epithelial cells and tense inflammation.
Treatment with PPs reduced the colitis-associated weight
loss, improved the DAI scores, and relieved the histological
changes, suggesting that PPs may have therapeutic potential
for UC. Moreover, the histological results demonstrated
that DSS-induced caspase-1 and IL-1p is inhibited by
PP treatment. The potential mechanisms may involve
the inhibition of pyroptosis. While transmission electron
microscopy detected pyroptosis in the DSS group,
treatment with PPs alleviated the effects of DSS-induced
pyroptosis in mice.

UC has been listed as a risk factor for developing
intestinal cancers via mechanisms that remain incompletely
understood. The early events of UC are represented by
oxidative DNA damage and DNA methylation that can
produce an inhibition of onco-suppressor genes, mutation
of p53, aneuploidy, and microsatellite instability (16).
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Figure 3 Administration of pectic polysaccharides ameliorates the morphological changes due to DSS-induced pyroptosis. Electron

microscopy revealed that colorectal tissue in control mice exhibited normal morphology (red arrow for Control group). Mice treated with

DSS showed a classic scorch phase, characterized by abnormally enlarged cells, rupture of the cell membranes, and released cell contents

that triggered local inflammation (red arrow for DSS group). In DSS mice treated with PPs, some cells exhibited pyroptosis morphology,

while other cells did not (red arrow for DSS + PP group). 1.5 K scale bar =5 pm, 7.0 K scale bar =2 pm, 15 K scale bar =1 pm. DSS, dextran

sulfate sodium; PP, pectic polysaccharide.

To date, there are still no specific effective drugs for the
treatment of UC. The present drugs such as salicylic acid,
glucocorticoids, and immunosuppressant are associated
with many side effects, unstable efficacies, and high relapse
when administration is terminated (17). Furthermore, the
long-term use of these biological agents confers extreme
adverse reactions and heavy financial burden (18). PPs are
components of the cell walls of fruits and vegetables (19)
and have been shown to have immune regulation,
antitumor, hypoglycemic, hypolipidemic, and antioxidant

© Annals of Translational Medicine. All rights reserved.

activities. Since they are food polysaccharides, they are a
less toxic and effective therapeutic option (20). Studies have
shown that PPs from Rauvolfia verticillata have therapeutic
effects against UC (7-10). Intestinal mucosal immunity
plays an important role in the pathogenesis of intestinal
inflammation. Many components of mucosal immune system
are strongly related to the development of UC, including
lymphoid cells, innate immune response, as well as adaptive
immune response (21). Also complete colon mucosal works
as barriers of protection and intestinal immune system (22).
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In our study, we found that the colon epithelium of mice in
the DSS + PP group showed varying degrees of repair and
significantly reduced inflammatory cell infiltration, which
demonstrated the therapeutic effects of PPs in preventing
damage to mucosal immunity. In addition, the DAI score
and general physical activity in mice with colitis could be
partially relieved with PP treatment.

Pyroptosis, also known as inflammatory necrosis,
is programmed cell death that is accompanied by the
progression of inflammation (23). It is regulated by two
main pathways, namely, the classical pyroptosis pathway
induced by caspase-1 and the non-classical pyroptosis
pathway induced by caspase-11 (24). Inflammasome
activation and the induction of pyroptosis occur via a two-
step mechanism. In the initiation step, pre-transcriptional
pro-inflammatory mediators such as IL-1p, inflammasome
NLPR3 (NLR pyrin domain containing 3, NLR receptor
domain 3), and caspase-11 are secreted. In the activation
step, the inflammasomes are assembled, and caspase-1 is
activated. Active caspase-1 proteolysis breaks down IL-1p
and IL-18 into active forms and induces partial pyroptosis
by cleaving gasdermin D (25). Activated NLPR3 enhances
the cleavage of the caspase-1 precursor into active caspase-1,
which in turn initiates pyroptosis (26). Pyroptosis eliminates
inflammatory cells and prevents cells from further
damage (27). Caspase-11 is an essential protein for pyroptosis
that is expressed in the colonic mucosa and prevents DSS-
induced UC (28).

This current study demonstrated that the expression of
caspase-1 and IL-1B in DSS mice was significantly higher
compared to control mice, suggesting that DSS effectively
induced pyroptosis in the intestines of the mice. After PP
treatment, caspase-1 and IL-1p levels were significantly
lower compared to the DSS group, suggesting that
pyroptosis is involved in the occurrence and development
of UC and that PPs exerted a therapeutic effect.
Therefore, alternative therapeutic options such as PPs
may inhibit colorectal cell pyroptosis, thereby inhibiting
the progression of colorectitis. In the present study, the
relationship between pyroptosis and the physiopathology of
UC was examined. The results showing caspase 1 and IL-1f
expression indicated that pyroptosis was indeed involved in
the mechanism of PPs. Future studies should verify these
results by examining the changes in other inflammatory
factors.

These experimental data demonstrated that pyroptosis plays
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an important role in the progression of UC. Moreover, PPs
were found to inhibit pyroptosis by suppressing the expression
of caspase-1 and IL-1p in mice. Therefore, PPs may be an
effective alternative medicine for the treatment of UC.
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