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Abstract: Constipation is a clinical condition characterized by reduced intestinal motility, dry and hardened stool, 
and prolonged retention. Common constipation medicines are less stable, and prolonged use can lead to depen-
dency and side effects. Cistanche deserticola Ma, a well-known Traditional Chinese Medicine, is frequently used to 
alleviate constipation. In this study, we established a loperamide-induced constipation model in mice to investigate 
the effects of Cistanche polysaccharides (CDPS) and to explore its underlying pharmacological mechanism. The 
serum levels of inflammatory factors, gastrointestinal hormones and neurotransmitters of mice were measured 
by enzyme-linked immunosorbent assay (ELISA). Intestinal tight junction integrity was evaluated using immunohis-
tochemistry, and Western blot was used to detect tight junction protein levels. Gut microbial community structure 
and metabolite content were determined using 16S rRNA sequencing and metabolomics analysis. Oral CDPS en-
hanced the intestinal tight junction integrity, improved barrier function of intestinal mucosa, reduced inflammation, 
restored intestinal microbiota balance, and regulated metabolite levels. Notably, CDPS increased the abundance 
of beneficial bacteria, including Prevotellaceae UCG-001, Odoribacter, Clostridiales vadin BB60 group, Alistipes, 
Lactobacillaceae, and Rikenellaceae, while decreasing the abundance of harmful bacteria such as Parabacteroides 
and Proteobacteria. In summary, CDPS may prevent and treat constipation by modulating intestinal flora composi-
tion, influencing metabolite profiles, and reinforcing mucosal barrier function.
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Introduction

Constipation is a clinical condition character-
ized by reduced intestinal motility, dry and 
hardened stool, and prolonged retention [1]. 
Constipation affects over 15% of the global 
population, rendering it one of the most preva-
lent intestinal disorders [2]. Current treatments 
for constipation include surgical or medical 
approaches with common clinical therapeutic 
agents, such as prokinetic agents, secreta-
gogues, and laxatives [3, 4]. While these drugs 
can be effective, they often lack stability, lead-
ing to high patient dependency, drug tolerance 
and adverse reactions with a long-term use [5, 

6]. Therefore, finding a drug or clinical treat-
ment with stable efficacy and high safety is cru-
cial for improving treatment outcomes.

Understanding the biology of the human gut 
microbiome has enabled a systematic explora-
tion of how gut microbiota affects the human 
body [7]. A balanced gut microbiome is crucial 
in upholding the functional homeostasis of the 
host’s metabolic, immune, digestive, and devel-
opmental systems [8, 9]. Diseases disrupt the 
gut microbiome environment, reducing benefi-
cial bacteria populations and promoting harm-
ful bacteria, which impairs the body’s homeo-
static regulation. Constipation primarily affects 
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the colorectum, with its integrity directly affect-
ed by the changes in the intestinal flora. Factors 
such as endocrine dysfunction, altered intesti-
nal hormones, and disordered water and sodi-
um transport exacerbate constipation develop-
ment [10, 11]. Therefore, drugs that can restore 
gut microbiota structure and strengthen gut 
barrier function are promising options for treat-
ing constipation [12, 13].

Traditional Chinese Medicine (TCM) is known 
for its ability to improve digestion and relieve 
constipation with a favorable safety profile, 
making it a focal point for research and devel-
opment in this field. Cistanche is a traditional 
Chinese herbal medicine believed to warm the 
kidneys, promote bowel movements, regulate 
endocrine system, and protect neural function 
[14, 15]. One of its active ingredients is 
Cistanche polysaccharide (CDPS), which has 
been reported to regulate the structure of in- 
testinal microbiota, optimize the intestinal envi-
ronment, regulate the concentration of neu-
rotransmitters, and alleviate constipation [16-
19]. While CDPS has demonstrated efficacy in 
alleviating constipation, its potential pharma-
cological mechanisms remain unclear.

In this study, we demonstrated the efficacy of 
CDPS in relieving constipation symptoms in a 
mouse model and explored its pharmacological 
mechanisms using multi-omics analysis. Our 
findings provide a theoretical basis for the clini-
cal use of CDPS in treating constipation, poten-
tially benefiting a broader range of constipation 
patients.

Materials and methods

Materials and reagents

The polysaccharide in Cistanche deserticola 
Ma (CDPS) was obtained from Chengdu Aifa 
Biotechnology Co., Ltd. (Sichuan, China). Lo- 
peramide (LOP) capsules (2 mg/capsule) were 
purchased from Xi’an Janssen Pharmaceutical 
Ltd. (Shanxi, China). Mosapride (MOS) citrate 
dispersible tablets were obtained from Chengdu 
Kanghong Pharmaceutical Group Co., (Sichuan, 
China). Acetonitrile, formic acid, and methanol 
in HPLC grade were purchased from Fisher 
Company (Shanghai, China), and HPLC-grade 
L-2-chlorophenylalanine was obtained from 
Hengchuang Biotechnology Co., Ltd. (Shanghai, 
China). Enzyme-linked immunosorbent assay 
(ELISA) kits for IL-6, IL-1β, TNF-α, somatostatin 

(SS), serotonin (5-HT), and motilin (MTL) were 
purchased from Beijing Huaying Biotechnology 
(Beijing, China).

Animals and treatments

The study adhered to ARRIVE guidelines [20], 
with experimental procedures approved by 
Changchun University of Chinese Medicine and 
the Institutional Animal Care Committee 
(Approval No. 2023548). Forty 6-week-old 
C57BL/6 male mice (20 ± 2 g) were sourced 
from Liaoning Changsheng Biotechnology Co., 
Ltd. (Liaoning, China). The mice were fed in a 
standard environment at 25 ± 2°C room tem-
perature, 50% ± 5% humidity, and a 12-h light-
dark cycle. After 1 week of acclimation, the 
mice were randomly assigned to 4 groups (n = 
10): Control (Control), Model (only LOP), MOS 
(LOP+MOS), and CDPS (LOP+CDPS) groups. 
The control group was given an equal volume of 
normal saline, while the mouse constipation 
model was induced in the other groups based 
on previous studies [21], with each mouse 
(except for control group) receiving an oral dose 
of 10 mg/kg LOP once daily for two weeks. 
After modelling, one mouse was dissected to 
confirm successful modeling by observing stool 
accumulation in the colon (spherical or beaded 
stools with no residue in the jejunum and 
ileum). The experimental design and protocol of 
mouse dosing are shown in Figure 1A. During 
the treatment period, LOP administration con-
tinued at the same dosage. In the meantime, 3 
mg/kg MOS was given to the MOS group and 
the CDPS group was treated using 100 mg/kg 
CDPS, all drugs were orally administered once 
daily for 2 weeks. The LOP dosage was refer-
enced from literature [21], the MOS dosage 
was adjusted for mice based on instruction 
guidelines, and the CDPS dose was determin- 
ed according to our preliminary experimental 
results.

Analysis of serum biochemical indices

Plasma was collected from the orbital venous 
plexus of each mouse. Plasma was centrifuged 
at 3500 rpm for 10 min (centrifugation radius 
of 5.5 mm) after 30 min of quiescence, and 
100 μL of serum was collected into 1.5 mL EP 
tube. Then, the serum levels of IL-6, IL-1β, TNF-
α, SS, 5-HT, and MTL in mice were detected 
using ELISA assay, following the manufactur-
ers’ instructions.
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Determination of gastrointestinal (GI) transport 
rate

The GI transport rate was measured based on 
previously established methods [22]. After 
treatment, all mice were fasted for 12 h, fol-
lowed by oral administration of an activated 
charcoal suspension. The GI transit rate for 
each group was determined by assessing the 
proportion of the distance travelled by charcoal 

powder relative to the total length of the small 
intestine. GI transport rate (%) = propulsion dis-
tance of activated carbon turbidity from pylorus 
(cm)/total intestinal length (cm) × 100%.

Intestinal permeability test

Within 48 hours of completing the treatment, 
intestinal permeability in rats was indirectly 
determined by high-performance liquid chro-

Figure 1. Cistanche deserticola polysaccharide (CDPS) improved the general physiological conditions and defeca-
tion-related parameters in constipated mice. A. Schematic diagram of the experimental interventions with CDPS in 
constipated mice. B. Body weight changes observed during the entire experiment. C. The time to first melena excre-
tion. D. Propulsion distance of active charcoal meal in the small intestine. E. Gastrointestinal (GI) transit rates. Data 
are represented as mean ± SEM (n = 5). **P < 0.01, compared with the Control group; ##P < 0.01, compared with 
the Model group.
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matography (HPLC). A solution containing 50 
mg of lactulose and 25 mg of mannitol was 
administered via slow gavage (1 mL per rat). 
Urine was collected within 8 hours and pre-
served with an appropriate amount of sulfosali-
cylic acid at -20°C. The concentrations of lactu-
lose and mannitol in the urine were then deter-
mined by HPCL, and the excretion rate for each 
compound was calculated. Intestinal permea-
bility was determined by calculating the lactu-
lose-to-mannitol (L/M) excretion ratio.

Hematoxylin and eosin (H&E) staining

Ileal tissues were collected and fixed in a 4% 
paraformaldehyde solution, then dehydrated, 
embedded in paraffin, and sliced into 3-μm 
thick sections. Haematoxylin-eosin (H&E) stain-
ing was performed using an H&E staining kit  
for histomorphometric evaluation of the ileal 
tissues. The stained sections were imaged 
under a light microscope. To quantify infiltrated 
inflammatory cells and mucosal layer thick-
ness, tissue sections were analyzed with H&E 
staining to highlight inflammatory cells. The 
percentage of inflammatory cells was deter-
mined by calculating their proportion relative to 
the total cell count in each observed field. 
Specifically, three random fields per section 
were analyzed under a high-power field (×400 
magnification) using ImageJ 6.0 software. 
Inflammatory cells within both the mucosal and 
submucosal layers were counted to obtain an 
overall infiltration percentage. The thickness of 
the mucosal layer was measured under a 
microscope at ×200 magnification by selecting 
five random fields on each section. The thick-
ness from the base of the mucosa to the tip of 
the villi was measured using ImageJ software.

Immunohistochemistry

Immunohistochemical (IHC) staining was per-
formed on ileal tissue sections to measure the 
protein expression of OCLN and ZO-1. The sec-
tions were deparaffinized in an oven at 65°C for 
15 min, soaked in different concentrations of 
ethanol and placed in antigen retrieval solution 
at high temperature for 10 min. After washing 
with PBS, the sections were incubated with 5% 
bovine albumin blocking solution for 60 min-
utes. Following another PBS rinse, the sections 
were incubated overnight at 4°C with primary 
antibodies: OCLN (1:400, Proteintech) and ZO-1 
(1:400, Proteintech). On the following day, sec-

tions were treated with an HRP-labeled second-
ary antibody (goat anti-mouse) for 45 minutes. 
After a 20-second incubation with DAB (diami-
nobenzidine) diluent, the staining was promptly 
terminated with deionized water, and sections 
were counterstained with hematoxylin for 15 
seconds. The stained sections were observed 
under an optical microscope, and protein 
expression levels were analyzed using ImageJ 
6.0 software.

Western blot

Total protein was extracted from mouse intesti-
nal tissue samples using RIPA buffer containing 
phosphatase inhibitors. Protein concentration 
in each sample was determined using a BCA 
protein assay kit. Sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) 
was performed by loading 10 μL sample to 
each well. Electrophoresis was conducted at 
80 V for 20 minutes through the stacking gel, 
followed by 120 V for 90 minutes through the 
separating gel. Proteins were then transferred 
to a polyvinylidene fluoride (PVDF) membrane 
using wet transfer with 10% SDS polyacryl-
amide gel. The membranes were blocked in 
10% fetal bovine serum for 2 h at room tem-
perature, and then incubated overnight at 4°C 
with primary antibodies: β-actin (1:5000, 
Proteintech), OCLN (1:10000, Proteintech), 
ERK (1:8000, Proteintech), p-ERK (1:4500, Cell 
Signaling), P38 (1:6000, Proteintech), and 
p-P38 (1:2000, Proteintech). The membranes 
were washed 3× with TBST buffer and incubat-
ed with secondary antibodies at room tempera-
ture. Finally, the protein bands were visualized 
with a chemiluminescence imaging system.

Microbiome analysis

Genomic DNA was extracted from samples 
using a MagPure Soil DNA LQ Kit (Magen, 
China), following the manufacturer’s instruc-
tions. The extracted DNA was stored at -20°C 
until use. For bacterial 16S rRNA gene amplifi-
cation, specific barcoded primers and a Takara 
Ex Taq high-fidelity enzyme were used. The 
hypervariable regions (V3-V4) of 16S rRNA 
gene were amplified using the universal prim-
ers: 343 F (5’-TACGGRAGGCAGCAG-3’, where 
‘R’ denotes a purine, either guanine (G) or ade-
nine (A)) and 798 R (Reverse, 5’-AGGGTATC- 
TAATCCT-3’) to assess bacterial diversity. The 
products were purified with AMPure XP mag-
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netic beads and amplified by a 2-round PCR. 
The PCR products were purified using magnetic 
beads and quantified with a Qubit fluorometer. 
Product concentrations were adjusted for 
sequencing, and the constructed libraries were 
sequenced on an Illumina NovaSeq 6000 plat-
form. The sequencing data was analyzed 
through Ouyi cloud platform (https://cloud.
oebiotech.com), provided by Shanghai Ouyi 
Biomedical Biotechnology Co., Ltd. (Shanghai, 
China).

Metabolomic analysis

Fecal samples were initially stored at -80°C 
and thawed at room temperature prior to pro-
cessing. Subsequently, 400 μL of a protein-
precipitating methanol-acetonitrile mixture was 
added to the samples. The mixture was soni-
cated for 10 min in an ice-water bath and 
allowed to stand at -40°C for 30 min. The mix-
ture was centrifuged for 10 min, and 150 μL of 
the supernatant was aspirated and filtered 
through a 0.22 μm organic phase pinhole filter. 
Quality control samples were prepared by pool-
ing equal volumes of extracts from all samples. 
Liquid chromatography-mass spectrometry 
was performed using an ACQUITY UPLC I-Class 
PLUS spectrometer (Waters Corporation), and 
the mass spectrometry conditions are shown in 
Table S1. The chromatographic separation was 
performed on an ACQUITY UPLC HSS T3 col-
umn (100 mm × 2.1 mm, 1.8 um), with 0.35 
mL/min flow rate and 2 uL injection volume, set 
at 45°C using mobile phases A (0.1% formic 
acid in water) and B (acetonitrile), and the gra-
dient elution programs are shown in Table S2. 
Mass spectra were collected by scanning in 
positive and negative ion modes. Bioinformatic 
analysis was performed on the Ouyi cloud plat-
form (https://cloud.oebiotech.com).

Statistical analysis

Data were presented as mean ± SEM (standard 
error of the mean) and visualized using 
GraphPad Prism 8.0.2 (GraphPad Software, La 
Jolla, CA, USA). Statistical analyses were con-
ducted using IBM SPSS Statistics 27.0 (IBM 
Corporation, Armonk, NY, USA). For compari-
sons between two groups, an unpaired t-test 
was used, while an one-way analysis of vari-
ance (ANOVA) followed by Tukey’s post hoc test 
was employed for comparisons among four 

groups. Statistical significance was defined as 
P < 0.05.

Results

CDPS ameliorated constipation in mice

LOP was used to induce the mouse constipa-
tion model, followed by CDPS treatment. 
Results showed that compared to the control 
group, the body weight of the mice in model 
group significantly decreased, and the time to 
the first black stool excretion was significantly 
increased. After CDPS treatment, body weight 
of mice increased and the time to the first black 
stool excretion was shortened (Figure 1B, 1C). 
In addition, intestinal transit rate was signifi-
cantly decreased in constipated mice, but 
improved after CDPS treatment (Figure 1D, 
1E). These findings were consistent with a  
positive control drug, MOS, indicating that 
CDPS can ameliorate constipation by enhanc-
ing gastrointestinal motility and accelerating GI 
transit.

Effect of CDPS on serum biochemical and his-
tological parameters in constipated mice

Histopathological and serum biochemical anal-
yses were performed on the small intestine  
tissues of mice with LOP-induced constipa- 
tion to investigate the therapeutic effect of 
CDPS. Constipation causes pathomorphologi-
cal changes, such as thinning of the small 
intestinal tissue and intestinal wall, intestinal 
mucosal damage, and rupture and incomplete-
ness of intestinal villi in mice [23, 24]. Mice in 
the Model group exhibited damaged villi and 
local inflammatory cell infiltration in the small 
intestine compared to the Control group (Figure 
2A). Following CDPS treatment, inflammatory 
cell infiltration in the mucosal and submuco- 
sal layers decreased, and mucosal integrity 
improved (Figure 2B, 2C). ELISA results showed 
that compared with the control group, expres-
sion levels of MTL and 5-HT were decreased in 
the Model group, while SS expression levels 
were significantly increased. Conversely, CDPS 
treatment caused a substantial rise in MTL and 
5-HT levels and a drop in SS levels (Figure 
2D-F); these neurotransmitters are pivotal in 
modulating gastrointestinal motility [25]. In 
addition, serum levels of the inflammatory cy- 
tokines IL-6, IL-1β, and TNF-α were elevated in 
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Figure 2. Effect of Cistanche deserticola polysaccharide (CDPS) on serum inflammatory factors, neurotransmitter 
levels, gastrointestinal hormones, and small intestine histology in constipated mice. A. Histopathologic features of 
the small intestine. Arrows indicate infiltrating inflammatory cells. B. The proportion of infiltrated inflammatory cells 
(n = 3). C. Mucosal layer thickness (n = 3). D. Mouse serum IL-1β levels. E. Mouse serum tumor necrosis factor alpha 
(TNF-α) levels. F. Mouse serum IL-6 levels. G. Mouse serum somatostatin (SS) levels. H. Mouse serum serotonin (5-
HT) levels. I. Mouse serum motilin (MTL) levels. Data are represented as mean ± SEM. **P < 0.01,  compared with 
the Control group; #P < 0.05, ##P < 0.01, compared with the Model group.
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the Model group compared to the Control 
group. Nevertheless, CDPS treatment signifi-
cantly reduced the levels of all 3 inflammatory 
factors (Figure 2G-I). These results demon-
strate that CDPS has anti-inflammatory effects 
and improves constipation in LOP-induced 
model by modulating concentrations of gastro-
intestinal hormones and neurotransmitters.

CDPS regulated intestinal barrier function in 
constipated mice

We examined the expression of proteins that 
maintain the intestinal barrier function to 
explore whether the CDPS constipation-allevi-
ating effects are associated with the intestinal 
barrier function. IHC staining was performed on 
small intestine tissue sections using antibodies 
for ZO-1 and OCLN, proteins essential for pre-
serving the integrity of the gut mechanical bar-
rier [26]. The expression levels of ZO-1 and 
OCLN were significantly decreased in the intes-
tinal tissue of the Model group compared with 
the Control group. Conversely, the expression 
of both proteins significantly increased follow-
ing CDPS treatment (Figure 3A, 3B), which was 
confirmed through Western blotting (Figure 
3C). Two isoforms of the MAPK signaling path-
way, P38 and ERK, have been reported to play 
important roles in maintaining the intestinal 
barrier function and regulating intestinal inflam-
mation [27]. Thus, we quantified the expression 
and phosphorylation levels of P38 and ERK in 
small intestinal tissues, and found that com-
pared with the Model group, CDPS treatment 
effectively reduced p-P38 and p-ERK levels 
(Figure 3D, 3E), suggesting that CDPS can 
inhibit P38 and ERK activation to enhance the 
structural integrity of the intestinal barrier.

CDPS restored gut microbiota structure in con-
stipated mice

The homeostasis of gut microbiota is essential 
for safeguarding the integrity of the intestinal 
mucosal barrier, reducing inflammation, and 
enhancing gastrointestinal motility. We ana-
lyzed fecal samples of mice using 16S rRNA 
sequencing to investigate how CDPS influences 
the functional structure of the gut microbiota. 
The rarefaction curve reached a plateau (Figure 
S1), suggesting sufficient sequencing depth for 
detecting alpha diversity. Higher Chao1 index in 
the CDPS group than in the Model group indi-
cated that CDPS treatment promoted a signifi-

cant increase in species abundance (Figure 
4A). Moreover, a principal coordinate analysis 
uncovered a clear separation in bacterial com-
munity structure between the Model and CDPS 
groups, suggesting substantial reorganization 
of the gut microbiota following CDPS treatment 
(Figure 4B). Thus, we examined the relative 
abundance of the top 20 bacteria at the phy-
lum, family, and genus levels to characterize 
the effects of CDPS on gut microbiota com- 
position. The phylum-level results showed that 
bacterial abundance was mainly concentrated 
in Firmicutes, Bacteroidetes, and Proteobac- 
teria phyla (Figure 4C). Notably, a significant 
increase in the community abundance of 
Proteobacteria was detected, with the propor-
tion rising to 15.2% ± 2.1% in the Model group 
compared to 8.5% ± 1.0% in the Control group. 
Nonetheless, CDPS treatment reduced the 
abundance of Proteobacteria in the CDPS 
group to 6.6% ± 1.4%. At the family level, signifi-
cant changes were identified in the community 
abundance of Rikenellaceae and Lactoba- 
cillaceae (Figure 4D, 4E). While the abundance 
of Lactobacillaceae decreased to 4.0% ± 0.9% 
in the Model group compared with 7.1% ± 2.5% 
in the Control group, it increased to 12.2% ± 
4.9% in the CDPS group. Lactobacillaceae 
plays a crucial role in enhancing the function of 
the intestinal barrier, promoting beneficial bac-
teria, reducing harmful bacteria, decreasing 
intestinal inflammation and strengthening the 
intestinal barrier function [28, 29].

Characterization of gut microbiota in consti-
pated mice

The association between CDPS treatment and 
gut microbiota was confirmed using Spearman 
rank analysis. A heatmap of top 20 genera, 
based on average abundance, revealed signifi-
cant changes in the gut microbiota composition 
across experimental groups (Figure 5A). At the 
genus level, we observed strong associations 
between most bacteria and constipation-relat-
ed indicators (Figure 5B). Notably, Odoribacter 
and Alistipes exhibited positive correlations 
with the GI transit rate and negative correla-
tions with SS, IL-1β, and IL-6. Furthermore, 
Clostridiales vadin BB60 group showed a posi-
tive correlation with 5-HT. The relative abun-
dances of Rikenellaceae, Odoribacter, Clostri- 
diales vadin BB60 group, and Alistipes were 
significantly higher in the CDPS group than in 
the Model group, while Parabacteroides abun-
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dance was lower in the CDPS group (Figure 
5C-G). Odoribacter effectively mitigates intesti-
nal inflammation by increasing concentrations 

of SCFAs [30]. Clostridiales vadin BB60 group 
from the Clostridiaceae family promotes intesti-
nal peristalsis by stimulating the enterochro-

Figure 3. Cistanche deserticola polysaccharide (CDPS) regulated intestinal barrier function in constipated mice. (A) 
Immunohistochemical analysis of ZO-1 and OCLN proteins and (B) their expression intensity in small intestinal tis-
sues. (C) OCLN/β-actin levels determined by Western blotting. (D) Levels of p-P38/P38 and p-ERK/ERK determined 
by Western blotting. (E) OCLN/β-actin, p-P38/P38, p-ERK/ERK protein expression levels. Data are represented as 
mean ± SEM (n = 3). **P < 0.01, compared with the Control group; ##P < 0.01, compared with the Model group.
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maffin cell biosynthesis and 5-HT release in the 
gut [31]. Alistipes, part of the Rikenellaceae 
family, shows an increased abundance in 
TRPA1 knockout mice, indicating a positive 

association between Rikenellaceae and intesti-
nal peristalsis [32]. In addition, Alistipes and 
Rikenellaceae alleviate constipation by increas-
ing butyric acid production and promoting the 

Figure 4. Cistanche deserticola polysaccharide (CDPS) restored gut microbiota structure in constipated mice. (A, 
B) Alpha diversity determined with Chao1 index (A), and beta diversity deduced using principal coordinate analysis 
(PCoA) (B). (C) Analysis of relative abundance of bacteria at phylum, family, and genus levels visualized as Sankey 
diagram. (D) Changes in top 20 gut microbiota at the family level. (E) Changes in top 20 gut microbiota at the genus 
level. Data are represented as mean ± SEM (n = 4). **P < 0.01, compared with the Control group; ##P < 0.01, 
compared with the Model group.
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proliferation of interstitial cells of Cajal, which 
support peristalsis [33].

Linear discriminant analysis indicated that 
Prevotellaceae UCG-001 was the most abun-

Figure 5. Characterization of gut microbiota of constipated mice. (A) Heat map with relative abundance of top 20 
bacterial genera. (B) Correlation using Spearman rank correlation coefficient between 20 changed bacterial genera 
and constipation-related biomarkers. (C-G) Relative abundance of Parabacteroides (C), Odoribacter (D), Clostridi-
ales vadin BB60 group (E), Alistipes (F), and Rikenellaceae (G). Data are represented as mean ± SEM (n = 4). *P < 
0.05, **P < 0.01, compared with the Control group; #P < 0.05, ##P < 0.01, compared with the Model group.
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dant genus in the CDPS group (Figure S2A), 
suggesting its potential role as a CDPS target  
in managing constipation. Prevotellaceae UCG-
001 is a Gram-negative anaerobic bacterium 
known for producing SCFAs, such as acetic and 
butyric acids, by fermenting carbohydrates, 
which exerts anti-inflammatory effects and 
inhibits potential pathogens [34]. LEfSe (Linear 
discriminant analysis effect Size) analysis 
revealed that the Proteobacteria were most 
enriched in the Model group, identifying them 
as a likely contributor to constipation in mice 
(Figure S2B). Increased Proteobacteria abun-
dance is associated with dysbiosis and epithe-
lial dysfunction [35, 36]. In conclusion, these 
results demonstrate that CDPS mitigates con-
stipation by modulating gut microbiota.

CDPS remodeled intestinal metabolites in con-
stipated mice

The fecal samples of mice were analyzed to 
assess the gut metabolome profile using 
LC-MS, and 1153 metabolites were identified 
from patterns in negative and positive ion 
modes. Principal component and partial-least 
square discrimination analyses revealed a 
remarkable distinction between the Control 
and Model groups (Figure 6A-C). In addition, 
the CDPS and Control groups were highly simi-
lar in metabolite profiles, indicating that CDPS 
markedly modulates intestinal metabolites in 
constipated mice (Figure 6D). Volcano plots 
were used to identify differentially abundant 
metabolites based on a VIP score ≥ 1.0, 
Log|FC| > 1.5, and P < 0.05 (Figure 6E, 6F). 
CDPS treatment significantly altered 262 
metabolites, with 89 upregulated and 173 
downregulated metabolites (Figure 6G). The 
differential metabolites were subjected to a 
KEGG enrichment analysis to determine the 
metabolic pathways associated with CDPS. The 
findings indicated that CDPS played a crucial 
role in alleviating constipation through several 
metabolic pathways such as primary bile acid 
biosynthesis, bile secretion, linoleic acid and 
others (Figure 7A and Table S3). The cluster 
heatmap results indicated noteworthy changes 
in metabolites such as linoleic acid, spermi-
dine, prostaglandin H2, and LysoPC (17:0/0:0) 
following CDPS treatment (Figure 7B). LysoPC 
is known for its proinflammatory properties, 
increasing intestinal permeability, allowing 
potential pathogens to cross the intestinal bar-
rier, and ultimately disrupting the mucosal 

integrity [37] (Figure 7C-F). Conversely, spermi-
dine improves the gut barrier function by boost-
ing the levels of tight junction proteins and 
mucins [38].

Analysis of constipation-associated microbiota 
and marker metabolites

Metabolites and bacteria associated with con-
stipation were investigated using the Spear- 
man rank analysis based on data from metabo-
lome and microbiome analyses. Chenodeoxy- 
cholic acid showed a positive correlation with 
Clostridiales vadin BB60 group, Prevotellaceae 
UCG-001, Odoribacter, and Alistipes while 
showing a negative correlation with Parabac- 
teroides. Additionally, Clostridiales vadin BB60 
group was positively correlated with benefi- 
cial metabolites like spermidine and LysoPC 
(16:0/0:0), and negatively correlated with pro-
inflammatory markers such as 6-keto-prosta-
glandin E1 and 20-carboxy-leukotriene B4 
(Figure 8). These results suggest that CDPS 
relieves constipation in LOP-induced mice, pos-
sibly through interactions between gut microbes 
and metabolites.

Discussion

Constipation is a condition clinically character-
ized by slowed intestinal motility, dry and hard 
intestinal content, and prolonged retention. 
TCM and natural products offer a promising 
alternative to conventional constipation drugs, 
as they have fewer side effects. Among these 
natural products, polysaccharides have shown 
potential for influencing gut microbiota struc-
ture. Gut microbes are closely associated with 
the development of constipation, making it an 
important tool in the research of gastrointesti-
nal diseases, with approaches like dominant 
microbiota modulation and fecal microbial 
transplantation emerging as important strate-
gies for restoring intestinal homeostasis. The 
Cistanche deserticola Ma is a common TCM 
with defecating and intestine-moistening eff- 
ects, with polysaccharides (CDPS) as one of its 
primary components [39]. Studies reported 
that CDPS can regulate intestinal flora and 
enhance immunocompetence [40, 41]. Dimidi 
et al. demonstrated that decoction of Cistan- 
che deserticola Ma can significantly ameliorate 
small intestine movement and short defecation 
time in mice, with galactitol, a sugar alcohol, 
identified as an active ingredient contributing 
to these effects [40]. Yuan et al. investigated 
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the effects of different varieties of Cistanche 
deserticola Ma for their constipation-relieving 
effects, reporting consistent laxative benefits 
across different varieties [41]. Evidence con-

firms that polysaccharides are key components 
of Cistanche deserticola Ma, which can accu-
mulate in large quantities in the intestinal tract 
to exert laxative effects. In conclusion, these 

Figure 6. Metabolomic analysis of mouse fecal samples. (A) Principal component analysis (PCA) score plot. (B-D) 
Partial least square-discrimination analysis (PLS-DA) plot of Model and Control groups (B), MOS and Model groups 
(C), and CDPS and Model groups (D). (E-G) Volcano plot of Model and Control groups (E), MOS and Model groups (F), 
and CDPS and Model groups (G).
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studies support the laxative effect of Cistanche 
deserticola Ma as a promising natural remedy 
for constipation. However, the mechanisms of 
CDPS to ameliorate constipation is still not fully 
elucidated.

Recent studies indicate that CDPS may allevi-
ate constipation by regulating oxidative stress 
and exerting neuroprotective effects via the 
Nrf2/Keap1 pathway [42]. Additional research 
suggests that this is closely related to the bile 

Figure 7. Pathway enrichment analysis of differential metabolites and marker metabolite clustering analysis. (A) Top 
20 KEGG metabolic pathways associated with CDPS. (B) Clustering analysis with marker metabolites visualized as a 
heat map. (C-F) Relative intensity of linoleic acid (C), spermidine (D), prostaglandin H2 (E), and lysophosphatidylcho-
line (LysoPC) (17:0/0:0) (F). Data are represented as mean ± SEM (n = 4). *P < 0.05, **P < 0.01, compared with 
the Control group; #P < 0.05, ##P < 0.01, compared with the Model group.
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acid metabolism pathway [43]. Remarkably, 
MAPK signaling pathway, especially the P38 
and ERK isoforms, plays an essential role in  
the progression of constipation [44]. MAPK 
pathway can modify the molecular structure of 
tight junction complexes by regulating the 
expression of tight junction-associated pro-
teins [45, 46]. Furthermore, several polysac-
charides extracted from plants have been 
reported to regulate the MAPK pathway to pro-
tect the intestinal barrier and ameliorate con-
stipation [47-49]. Based on these ideas, we 
speculated that CDPS might ameliorate consti-
pation symptoms through regulating the MAPK 
pathway. Our findings confirmed that CDPS 
down-regulated proinflammatory factor levels 
by inhibiting the activation of MAPK pathway, 
specifically by down-regulating the phosphory-
lation of P38 and ERK (p-P38/P38 and p-ERK/
ERK).

This study also demonstrates that CDPS upreg-
ulates serum levels of 5-HT and MTL while 
downregulating SS to relieve constipation. In- 
testinal hormones (e.g., MTL) and neurotrans-
mitters (e.g., 5-HT, SS) play crucial roles in re- 
gulating gastrointestinal peristalsis [25]. In- 
testinal neurons of the human duodenum and 
colon express MTL receptors, which promote 

which include transmembrane proteins such as 
OCLN and claudin (CLND) and cytoplasmic 
scaffold proteins such as ZO-1/2, connect to 
the actin cytoskeleton to form a continuous 
tight junction barrier within the intestinal epi-
thelium [55]. Maintaining this barrier is crucial 
for resisting pathogenic bacteria and prevent-
ing local inflammatory infiltration [56]. In our 
study, CDPS promoted ZO-1 and OCLN expres-
sion to protect the integrity of the intestinal 
mucosal barrier. Besides, CDPS increased gob-
let cell number, restored small intestinal villi 
integrity, and reduced local inflammatory res- 
ponses in constipated mice. In addition, CDPS 
restored mucus layer thickness to confer fur-
ther protection to intestinal barrier function.

An imbalanced gut microbiota, marked by a 
decrease in beneficial bacteria and an increase 
in potentially harmful bacteria, is a decisive fac-
tor predisposing individuals to constipation 
[57]. In this study, 16S rRNA sequencing of 
fecal samples from mice was performed to ana-
lyze the gut microbiota structure, and results 
revealed that CDPS enhanced the abundance 
and diversity of the gut microbial community, 
restoring gut microbiota homeostasis in mice. 
Specifically, CDPS significantly increased the 
abundance of beneficial flora at the family level, 

Figure 8. Correlation analysis between constipation-associated bacteria and 
marker metabolites.

gastrointestinal motility, influ-
ence gastrointestinal diges-
tion, and regulate small intes-
tinal propulsion [50]. The neu-
rotransmitter SS inhibits gas-
tric acid secretion [51], where-
as 5-HT, a neurotransmitter 
distributed in the gastrointes-
tinal tract, links gut function 
with brain signaling. 5-HT is 
derived from gut microbial 
tryptophan [52], and lower 
levels are commonly found in 
the intestinal mucosa of con-
stipation patients [53]. En- 
terochromaffin cells release 
5-HT, which activates submu-
cosal afferent nerve fibers 
and modulates local excita-
tion and inhibition through the 
enteric nervous system [54]. 
Moreover, constipation is usu-
ally accompanied by intestinal 
mucosal injury and compro-
mised intestinal barrier integ-
rity. Tight junction complexes, 
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including Lactobacillaceae and Rikenellaceae, 
and at genus level, such as Odoribacter, Clo- 
stridiales vadin BB60 group, and Alistipes.

Short-chain fatty acids (SCFAs) help maintain 
immune homeostasis in the intestinal environ-
ment and enhance mucosal barrier function by 
regulating tight junction complex structures 
[58]. In addition, some beneficial bacteria pro-
mote gastrointestinal motility by metabolizing 
organic acids such as SCFAs and bile acids 
[59]. We found that the abundance of bacteria 
involved in SCFA synthesis, Lactobacillaceae, 
Rikenellaceae, Odoribacter, Alistipes, and Pre- 
votellaceae UCG-001, were significantly upreg-
ulated after CDPS treatment. Interestingly, 
these bacteria are all involved in butyric acid 
synthesis [29-34], a key energy source for 
intestinal energy cells that supports intestinal 
mucosal barrier integrity, regulates immune 
function, and reduces intestinal inflammation 
[61]. Our findings suggest that SCFAs may be 
one of the mechanisms of CDPS in treating con-
stipation. LEfSe analysis revealed an enrich-
ment of Proteobacteria in the Model group, 
identifying this phylum as a potentially patho-
genic contributor to constipation in mice. 
Elevated Proteobacteria abundance disrupts 
intestinal mucosal barrier function, reduces 
intestinal mucus, increases permeability, and 
triggers low-grade inflammation [60-62]. In 
conclusion, these results overwhelmingly illus-
trate that CDPS alters gut microbiota structure 
and restores gut functional homeostasis.

Metabolomic study uncovered that CDPS sig-
nificantly attenuated constipation in mice by 
modulating pathways related to primary bile 
acid biosynthesis, bile secretion, linoleic acid, 
with linoleic acid metabolism emerging as the 
most impactful pathway. Linoleic acid is an 
essential omega-6 fatty acid in the human body 
with crucial roles in regulating human immunity 
and reducing chronic intestinal inflammation 
[63]. This compound is involved in lipid and 
fatty acid metabolism, and certain intestinal 
bacteria such as Lactobacillus, Lactococcus, 
and Bifidobacterium metabolize linoleic acid 
[64]. Linoleic acid reduces inflammation by 
decreasing proinflammatory factors, such as 
TNF-α and IL-1, making it valuable for prevent-
ing and treating inflammatory bowel disease 
[65]. Arachidonic acid, a derivative of linoleic 
acid, is a polyunsaturated fatty acid whose 
metabolites (e.g., leukotrienes and prostaglan-

dins) act as crucial inflammatory mediators in 
patients with ulcerative colitis [66]. These find-
ings indicate that CDPS mitigates constipation 
in mice by regulating metabolic pathways such 
as linoleic and arachidonic acid pathways, 
among others.

There are still some shortcomings in this study: 
1) Besides the MAPK pathway, future research 
should integrate transcriptomics to gain deeper 
insights into the mechanism by which CDPS 
alleviates constipation. 2) Further studies using 
germ-free animals and fecal microbiota trans-
plants are recommended to confirm the role of 
gut microbiota and metabolites in constipation 
relief by CDPS and to better understand the 
interactions between gut microbiota and the 
host.

Conclusion

This study demonstrates that CDPS reduces 
the time to first melena excretion, modulates 
neurotransmitter and gastrointestinal hormone 
levels, enhances intestinal barrier integrity, and 
mitigates inflammatory responses. Further- 
more, it offers novel insights into the mecha-
nism of CDPS in alleviating constipation through 
fecal metabolomics and microbiomics. The 
findings indicate that CDPS enhances the func-
tion of the intestinal mucosal barrier and 
relieves constipation by regulating the gut 
microbiota structure and metabolites, increas-
ing tight junction-related protein expression, 
inhibiting MAPK pathway activation, and down-
regulate proinflammatory factor.
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Table S1. Mass spectrometry parameters
Parameter Positive ions Negative ions
Spray Voltage (V) 3800 -3000
Sheath Gas Flow Rate (Arb) 35 35
S-lens RF level 50 50
NCE/stepped NCE 10, 20, 40 10, 20, 40
MS/MS resolution 17500 17500
Mass range (m/z) 100-1200 100-1200
Full ms resolution 70000 70000
Capillary Temperature (°C) 320 320
Aux gas heater temperature (°C) 350 350
Aux gas flow rate (Arb) 8 8
MS: mass spectrum; NCE: normalized collision energies.

Table S2. Elution gradient
Time A% B%
0 95 5
10 20 80
14 0 100
16 95 5

Figure S1. Species numbers and sequencing depth profiles. A. Goods coverage. B. Number of sequenced.
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Figure S2. Identification of most characteristic taxa among experimental groups by linear discriminant analysis 
(LDA) effect size (LEfSe). A. Most significant differences of intestinal bacteria taxa among four groups after LDA us-
ing a threshold score larger than 3.0. B. Taxonomic abundance analysis on differentially enriched taxa among four 
groups using LEfSe.
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Table S3. KEGG pathway enrichment
No. Pathway Hits P_value Impact Metabolites
1 Linoleic acid metabolism 7 1.76E-08 0.25 (10E,12Z)-(9S)-9-Hydroperoxyoctadeca-10,12-

dienoic acid, 7S,8S-DiHODE, 9,10-DHOME, 
9,10-epoxy-13-hydroxy-11-octadecenoic acid, 
alpha-Dimorphecolic acid, Dihomo-gamma-
linolenic acid, Linoleic acid

2 Primary bile acid biosynthesis 5 0.000183884 0.1 7 alpha,26-Dihydroxy-4-cholesten-3-one, 
Chenodeoxycholic acid, Cholic acid, Taurine, 
Taurochenodesoxycholic acid

3 Arachidonic acid metabolism 4 0.010835826 0.05 12-KETE, 20-Carboxyleukotriene B4,  
6-Ketoprostaglandin E1, Prostaglandin H2

4 Bile secretion 6 0.014635815 0.03 Aspirin, Pregnanediol-3-glucuronide, Benzoyl 
glucuronide (Benzoic acid), Spermidine,  
Chenodeoxycholic acid, Cholic acid

5 Galactose metabolism 3 0.016006095 0.06 D-Gal alpha 1→6D-Gal alpha 1→6D-Glucose, 
Melibiitol, Stachyose

6 Caffeine metabolism 2 0.026702791 0.09 Theobromine, Xanthine
Significantly enriched pathways: Hit ≥ 2, P < 0.05.


