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gut microbiota—mediated
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Introduction: The study evaluates the preventive effects of Polygonatum
sibiricum and Poria cocos (3:1) on spleen deficiency constipation in mice,
focusing on the brain-gut axis, gut microbiota, and oxidative stress. The
findings aim to inform the prevention and treatment of this condition.
Methods: Thirty male specific pathogen-free (SPF) KM mice (4 weeks old, 20 +
2 g) were randomized into a normal control group (NC), a model group (NM), and
a Polygonatum sibiricum and Poria cocos group (HF). Serum levels of 5-
hydroxytryptamine (5-HT), cholecystokinin (CCK), motilin (MTL), and vasoactive
intestinal peptide (VIP) were measured by ELISA. Liver superoxide dismutase (SOD)
activity and malondialdehyde (MDA) content were measured by a
spectrophotometer. Gut microbiota was analyzed by 16S rRNA sequencing.
Results: Compared to NM, the HF showed significantly increased 5-HT, CCK(p <
0.05), and MTL (p < 0.001), and significantly decreased VIP(p < 0.05). Liver MDA
content was markedly higher in NM than in NC(p < 0.01), with a downward trend in
HF. Conversely, the liver SOD activity in NM was significantly lower than in NC(p <
0.001), and the HF displayed an upward trend. Microbiota analysis revealed higher
diversity in HF, as indicated by higher chaol, pielou_e, shannon, and simpson
indices. The gut microbiota species composition in the HF was dominated by
beneficial bacteria such as Bacteroidota and Faecalibaculum, with a reduction in
pathogenic bacteria such as Proteobacteria and Escherichia-Shigella. The
characteristic gut microbiota of the NM was enriched in Escherichia-Shigella
and its conditional pathogens, while the characteristic gut microbiota of the HF
was enriched in beneficial symbiotic bacteria such as Akkermansia, Blautia, and
Bifidobacterium. The metabolic pathways and the genetic information processing
pathway were improved in the HF, and the DNA repair and recombination protein
pathways were also repaired.

Conclusion: The P. sibiricum and P. cocos combination effectively prevents
spleen deficiency constipation, an effect associated with the brain-gut axis and
gut microbiota. The observed trends in oxidative stress markers warrant further
investigation.
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brain-gut peptides, gut microbiota, oxidative stress, Polygonatum sibiricum, Poria cocos,
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1 Introduction

Constipation is a pathological condition characterized by
difficulty with defecation, prolonged bowel movement cycles
(fewer than 3 bowel movements per week), or short cycles with
hard, dry stool that is difficult to pass, or non-hard stool with
frequent but incomplete bowel movements (Leng et al., 2025). With
the acceleration of modern life, increased work pressure, changes in
dietary structure, and other factors, the incidence of constipation is
becoming increasingly common. According to research, the global
prevalence of constipation is approximately 14% (Barberio et al.,
2021), while among the elderly population worldwide, it rises to
18.9% (Salari et al.,, 2023), suggesting an age-related correlation.
Additionally, constipation exhibits a gender disparity, with a higher
incidence rate in females compared to males (Du et al, 2022).
Furthermore, the prevalence of constipation demonstrates an
upward trend on an annual basis. If constipation is not
effectively treated, it may also lead to a significant increase in the
risk of various diseases, such as colorectal cancer, which seriously
affects peoples physical and mental health, and the quality of life will
also decrease significantly (Scott et al., 2021; Staller et al., 2022). The
treatment of constipation in Western medicine typically involves the
use of drugs such as dietary fiber supplements, osmotic laxatives,
and prokinetic agents. In more severe cases, a colectomy may be
necessary (Bharucha and Lacy, 2020). These methods are mainly
used to alleviate the symptoms of constipation, but cannot cure it,
and can lead to dependency. Rather than waiting to alleviate the
condition after it has developed, it is preferable to prevent it before it
occurs. Traditional Chinese Medicine (TCM) has always adhered to
the theory of “Prevention before Disease Onset, Prevention of
Disease from Exacerbating.” Approximately 2000 years ago, the
Huangdi Neijing proposed the classic assertion that “sages do not
treat diseases that have already appeared, but prevent those that are
yet to come.” It indicates that skilled physicians intervene to prevent
disease before it manifests, underscoring the importance of
prophylaxis.

TCM holds that the primary pathological site for constipation is
the large intestine, with a close correlation to the dysfunction of
Zangfu organs, such as the lung, spleen, and kidney. It distinguishes
between excess and deficiency syndromes, with deficiency
syndromes being more common (Fang and Zhu, 2025). This
study primarily focuses on spleen deficiency constipation. It
should be noted that the spleen referred to in TCM is not
equivalent to the spleen in modern anatomy, but rather more
akin to a functional complex. The physiological functions of the
spleen include dominating transportation and transformation
(digesting food and metabolizing fluids), controlling blood
(maintaining blood circulation), and dominating sending essence
upward (transporting nutrients), which are closely related to the
digestive, circulatory, immune, and nervous system in modern
medicine (Chen, 2010; Liu et al., 2018). The gi in TCM refers to
an extremely subtle, vital, and essential substance within the human
body. It is the fundamental material that constitutes the body and
sustains life activities, as well as the primary driving force of life,
possessing functions of promoting, warming, defending, and
securing. It is often considered closely related to mitochondria
and energy metabolism in modern medical practice (Liu et al,
2020; Lin et al, 2014). Spleen deficiency constipation primarily
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involves the spleen’s function of governing transportation and
transformation. It refers to the process where, after food and
drink enter the body, they are transformed into fine substances
such as gi, blood, and fluids—that is, nutrients in modern
medicine—through the action of the spleen, which are then
absorbed and transported throughout the Zang fu organs of the
body, indicating that the spleen not only aids in digestion and
absorption but also regulates fluid metabolism. If the spleen is
damaged, its transportation and transformation function is
weakened, which will directly affect the digestion and absorption
of food and water metabolism, leading to a deficiency in the source
of gi, blood, and fluids. Insufficiency of gi results in a weak
transmission capacity of the large intestine, while insufficient
body fluids lead to intestinal dryness, thereby causing constipation.
Based on this, the key to preventing spleen deficiency
constipation lies in strengthening the spleen and aiding
transportation. Both Polygonatum sibiricum and Poria cocos are
food and medicinal herbs. In ancient Chinese medical formulas
from various dynasties that contain P. sibiricum, it is mentioned that
the medicinal pair of P. sibiricum and P. cocos is used quite
frequently (Tao et al,, 2021). Additionally, scholars have analyzed
the compatibility of patented compound medicines containing P.
sibiricun and found that the combination of P. sibiricum and P.
cocos ranked third in frequency of occurrence (Ai et al.,, 2020);
indicating that this combination has a wide range of therapeutic
effects. According to the Chinese Pharmacopoeia, the recommended
therapeutic dosage for both P. sibiricum and P. cocos is 9-15 g.
Furthermore, our preliminary pre-experiments revealed that
neither herb alone is effective for preventing constipation.
Polygonatum sibiricum is characterized as sweet and neutral in
nature, entering the lung, spleen, and kidney meridians, with the
effects of tonifying the spleen and nourishing the kidney,
supplementing qi and nourishing yin (Chinese Pharmacopoeia
Commission, 2020). On one hand, its effect of supplementing gi
can promote intestinal peristalsis and enhance its conduction
capacity; on the other hand, its efficacy of nourishing yin can
moisten the intestines and alleviate the condition of constipation,
which is highly consistent with the pathogenesis of spleen deficiency
constipation. Consequently, we increased the dosage of P. sibiricum
to serve as the main herb for prevention. Nevertheless, the solitary or
excessive use of tonifying herbs like P. sibiricum can lead to a greasy,
cloying nature. This heaviness can, in turn, obstruct the spleen,
thereby
transportation. To counteract this, a small amount of P. cocos

impairing its functions of transformation and
was added to strengthen the spleen and drain dampness (Chinese
Pharmacopoeia Commission, 2020). We found that a 3:1 ratio of P.
sibiricum to P. cocos demonstrates a certain efficacy in preventing
spleen deficiency constipation. Accordingly, this study further
investigates the mechanism of action of the 3:1 ratio, aiming to
achieve more effective prevention of spleen deficiency constipation.

Modern research indicates that P. sibiricum and P. cocos are
also clinically used to treat intestinal diseases. The main chemical
components of Polygonatum sibiricum are polysaccharides,
saponins, and flavonoids, which possess pharmacological
effects such as lowering blood sugar and lipid levels, regulating
the immune system, and exhibiting antioxidant activity (Liu et al.,
2024; Ren et al., 2024). Researchers have found that P. sibiricum

can regulate the activity of the gut microbiota (Liu et al., 2022);
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P. sibiricum polysaccharides can improve intestinal function, such
as restoring tissue structure, alleviating oxidative stress, reducing
intestinal permeability, and balancing the composition of the gut
microbiota (Li et al., 2022); Polygonatum saponins can improve
intestinal barrier damage by targeting the PI3K/AKT/mTOR-
mediated autophagy/microbiota axis (Xiao et al., 2024). The
chemical constituents of P. cocos include polysaccharides,
triterpenoids, amino acids, lecithin, and other substances (Lei
et al., 2025), and possess pharmacological effects such as diuretic,
anti-inflammatory, immune-enhancing, and antioxidant
activities (Guo ZY. et al., 2025; Xie et al., 2025; Lu et al,
2021). Researchers have found that P. cocos and its extracts can
regulate gastrointestinal motility, thereby enhancing digestive
function and fluid metabolism in rats with spleen deficiency
(Feng et al., 2023). Poria cocos polysaccharides can restore the
gut microbiota homeostasis in rats with spleen deficiency,
effectively improving their immune function (Zhang et al,
2024).
individual effects of P. sibiricum and P. cocos, leaving a gap in

Previous research has primarily focused on the
understanding their combined application. To date, no study has
examined the preventive effects of a P. sibiricum and P. cocos
combination in a 3:1 ratio for spleen deficiency constipation.
Moreover, existing studies have focused on treating constipation
after it has developed, whereas our research centers on preventive
intervention before its onset.

Moreover, research indicates a strong association among
constipation, brain-gut peptides, oxidative stress, and gut
microbiota. Dysregulation of brain-gut peptides can impair
intestinal motility, thereby triggering constipation (Dou et al.,
2017). Key gut-brain peptide molecules include serotonin (5-HT),
cholecystokinin (CCK), motilin (MTL), and vasoactive intestinal
peptide (VIP). Typically, reduced levels of 5-HT, CCK, and MTL
signify slowed gastrointestinal peristalsis, which hinders the
contents and contributes to

expulsion of intestinal

constipation. Conversely, VIP acts as an inhibitory
neurotransmitter; elevated VIP levels suppress gastrointestinal
motility, thereby provoking constipation (Wang P. et al., 2024). In
addition, heightened oxidative stress causes free radical damage to
effector cells, leading to cellular degeneration, intestinal mucosal
damage, and constipation (Jiang et al., 2024). This constipation, in
turn, irritates the intestinal mucosa, triggering an inflammatory
response that generates more oxygen free radicals and exacerbates
peroxidative damage (Yi et al, 2023a). MDA is a common
biomarker for assessing oxidative stress (Tsaturyan et al,
2022), while SOD functions as an antioxidant that helps
2025).

have established that gut microbiota

mitigate oxidative stress (Anwar et al.,
Additional
dysbiosis is a primary factor in the onset of constipation
(Wang et al., 2022).

In summary, the study is designed to investigate the association

studies

between the preventive efficacy of the P. sibiricum and P. cocos
combination (3:1) in a mouse model of spleen deficiency
constipation, and to examine changes in brain-gut peptides, gut
microbiota, and oxidative stress biomarkers. The findings are
intended to provide novel insights for the prevention of spleen
deficiency constipation, establish a foundation for future
mechanistic research, and advance the use of P. sibiricumm and

P. cocos within the food and pharmaceutical sectors.
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2 Materials and methods

2.1 Experimental animals and breeding
environment

Male specific pathogen-free (SPF) grade Kunming (KM)
mice, 4 weeks of age and weighing (20 + 2) g, were acquired
from Hunan SJA Laboratory Animal Co., Ltd [License number:
SCXK (Xiang) 2019-0004]. The mice were housed in the
Experimental Animal Center of Hunan University of Chinese
Medicine [License No: SYXK (Xiang) 2019-0009], where they
were provided with standard rodent chow. The environment was
maintained at 23 °C-25 °C, 50%-70% humidity, and a 12-h light/
dark cycle, with free access to food and water. This study was
approved by the Animal Ethics Committee of Hunan University
of Chinese Medicine and was conducted in accordance with
ethical guidelines for animal research [Ethics No: SLBH-
202505150004].

2.2 Experimental drugs and preparation

Polygonatum sibiricum and P. cocos decoction: The equivalent
daily dose for mice was calculated based on body surface area
conversion, resulting in 1.95 g/(kg-d) administered twice daily at
0.35 mL per dose. The final concentration of the solution was
0.098 g/mL. Polygonatum sibiricumn from Xinhua County and P.
cocos from Jingzhou County were ground and mixed at a 3:1 ratio
(15 g P. sibiricum and 5 g P. cocos). The mixture was soaked in 205 mL
of water for 30 min, then decocted for an additional 30 min. After
cooling, the solution was stored at 4 °C.

Folium Sennae decoction: The equivalent daily dose for mice was
calculated to be 20 g/(kg-d) administered once daily at 0.35 mL per
dose, yielding a concentration of 1 g/mL. A 100 g sample of Folium
Sennae was soaked in water for 30 min, then decocted with five times
its volume of water for 30 min. The resulting liquid was filtered
through gauze. The remaining plant material was decocted again
with an additional volume of water for 15 min, then filtered. The two
filtrates were combined and concentrated to a final concentration of
1 g/mL using a rotary evaporator at 60 °C and 15 rpm/min. The final
decoction was stored at 4 °C.

2.3 Grouping and dosage regimen

Following a 3-day acclimatization period, 30 KM mice were
randomly assigned to three groups of ten each using a random
number table: normal control group (NC), model group (NM), and
P. sibiricum and P. cocos group (HF).

For 14 days prior to the experiment, the HF received the
P. sibiricum and P. cocos decoction by gavage (0.35 mL, twice
daily). The NC and NM received an equal volume of sterile
water on the same schedule. During the subsequent 15-day
experimental phase, the NM and HF underwent induction of
constipation using the spleen deficiency model. This involved
7 days of Folium Sennae decoction gavage followed by 8 days of
dietary and water restriction. Throughout the modeling period, the
HF continued to receive its assigned solution to assess a preventative
effect, while the NC remained on a normal diet and received
sterile water.
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2.4 Animal model preparation

The animal model of spleen deficiency constipation was
established using a combination of methods adapted from the
research group’s previous work and those of other scholars (Yi
et al., 2023b; Wu et al.,, 2023; Liang et al., 2025; Ao and Zhang,
2024). The composite modeling approach involved gavage with
Folium Sennae decoction, irregular feeding patterns, restricted
water intake, and a low-fiber diet. The 15-day modeling process
was conducted in two phases. The spleen deficiency phase (Days
1-7): Mice received daily gavage of Folium Sennae decoction
(0.35 mL) while maintainig ad libitum access to food and water
to induce the spleen deficiency state. The constipation phase
(Days 8-15): Folium Sennae gavage was discontinued. Mice were
subjected to irregular feeding and water restriction, receiving a
low-fiber diet (4-8 g of raw rice per mouse) and only 0.5 h of free
access to water daily for 8 days to induce constipation on the
established basis of spleen deficiency.

Senna is a cold-natured medicine whose coldness can
damage the spleen and stomach; irregular eating habits can
also lead to spleen deficiency. Furthermore, methods such as
water restriction and a low-fiber diet can induce constipation,
indicating that the establishment of this model is consistent with
the pathogenic factors of human spleen deficiency constipation.
In addition, mice in NM showed manifestations of spleen
deficiency and dry stools-symptoms that are consistent with
those of human spleen deficiency constipation-indicating that
the method of establishing this model aligns with the research
framework for TCM disease and syndrome models (You
et al., 2020).

2.5 Model evaluation

The successful induction of spleen deficiency constipation
model was confirmed through a multidimensional assessment of
the mice. It included observations of physical appearance
(withered, thin, piloerection, arched back), reduced locomotor
activity, decreased body weight, and abnormal fecal
characteristics (dry, reduced in quantity, and small pellet size).
Post-mortem examination revealed fecal impaction in the colon,
forming bead-like or ball-like masses, with no significant fecal
residue in the jejunum or ileum. This comprehensive evaluation
of outward appearance, behavior, defecation patterns, anatomical
findings, and biomarkers confirmed that the induced model
reflected the
deficiency constipation.

Spleen deficiency affects digestive function, manifesting as

accurately pathological features of spleen

reduced gastrointestinal motility, intestinal barrier damage, and
gut microbiota imbalance (Yi et al., 2022; Guo K. et al., 2025).
Constipation is defined as difficulty in defecation. Furthermore,
spleen deficiency constipation also affects oxidative stress and
brain-gut peptide levels (Zou et al., 2009). Therefore, the
primary manifestations of spleen deficiency constipation in
mice include impaired digestive function and changes in fecal
characteristics, such as dry, shriveled, and small appearance.
Systemic symptoms include piloerection, kyphosis, reduced
activity, and weight loss. This is because spleen’s inability to
digest and absorb nutrients leads to insufficient nutritional
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supply, resulting in symptoms of malnutrition such as
emaciation. Upon dissection, fecal matter is found to be
aggregated in the colon, appearing spherical or bead-like,
with no significant fecal residue in the jejunum and ileum
(Zhu et al., 2022).

2.6 Main reagents

Mouse Serotonin (5-HT) ELISA Research Kit (Cat# JM-
02726M2), Mouse Cholecystokinin (CCK) ELISA Research Kit
(Cat# JM-02311M2), Mouse Motilin (MTL) ELISA Research Kit
(Cat# JM-02775M2), Mouse Vasoactive Intestinal Peptide (VIP)
ELISA Research Kit (Cat# JM-02729M2), the aforementioned Kkits
were procured from Jiangsu Jingmei Biotechnology Co., Ltd.
Superoxide Dismutase (SOD) Activity Assay Kit (BC0175),
Malondialdehyde (MDA) Content Assay kit (BC0025), the
aforementioned kits were procured from Beijing Solarbio Science
& Technology Co., Ltd.

2.7 Experimental instruments

LC-RE-301 (Shanghai
Instrument Technology Co., Ltd.); UV-Vis Spectrophotometer
(Nano drop 2000/2000C, Thermo Scientific, USA); Vortex Mixer
(VORTEX 5, Kylin-Bell Instruments); Multifunctional Microplate
Reader (Model SPARK, Tecan Trading AG, Switzerland); High-
Speed Refrigerated Centrifuge (Model 5810R, Eppendorf,
Germany); Autoclave (Model SQ510C, Yamato Scientific Co.,
Ltd.); Electric Blast Drying Oven (GZX-9070MBE, Shanghai
Boxing Industrial Co., Ltd. Medical Equipment Factory); Electric
Thermostatic Incubator (Model 303-4B, Shaoxing Shangcheng
Instrument Manufacturing Co., Ltd.); Electronic Balance
(YP302N, Shanghai Jinghai Instrument Co., Ltd.); Water Bath
Pot (SSW-420, Shanghai Boxing Industrial Co., Ltd.).

Rotary Evaporator Lichenbangxi

2.8 Indicator detection
2.8.1 General condition of mice

During the modeling and administration period, the general
condition of the mice, including mental state, activity level,
reactivity, and fur condition, was observed daily. On the final
day, the fecal water content was measured.

Fecal water content (%) = (Fecal wet weight — Fecal dry weight)/
Fecal wet weight x 100%

2.8.2 Serum ELISA assay

Following inhalation anesthesia with isoflurane, blood was
collected via the retro-orbital plexus, and the mice were then
euthanized by cervical dislocation. The blood samples were
allowed to clot at room temperature for approximately 3 h before
the serum was collected by centrifugation at 3,000 rpm/min for
10 min. Serum levels of serotonin (5-HT), cholecystokinin (CCK),
vasoactive intestinal peptide (VIP), and motilin (MTL) were
determined by enzyme-linked immunosorbent assay (ELISA)
according to the manufacturer instructions.
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2.8.3 Determination of liver MDA content and
SOD activity

From the mouse livers obtained via dissection as described in
Section 2.8.2, five mice per group were randomly selected. Two 0.1 g
liver tissue samples were separately homogenized in 1 mL of MDA
and SOD kit extraction solution on ice, followed by centrifugation at
8,000 g and 4 °C for 10 min. The MDA content and SOD activity in
the liver homogenate were measured by a spectrophotometer, with
procedures with  the
manufacturers protocol.

performed in  strict accordance

2.8.4 Hematoxylin and eosin (HE) staining of
colon tissue

A 1 cm segment of the colon was aseptically collected and fixed
in 4% paraformaldehyde. The tissue was then processed through
dehydration, clearing, paraffin embedding, sectioning, and staining
with hematoxylin and eosin. Histopathological examination of the
colon tissue was performed using an optical microscope and
CaseViewer software.

2.8.5 16 S rRNA high-throughput sequencing

1. Sample collection: Under aseptic conditions, colonic
contents were extruded using forceps. The intestinal
tissue was then longitudinally incised with sterile

scissors, and residual colonic contents were flushed with

physiological saline. The intestinal wall tissue was
recovered, excess moisture was removed with filter paper,
and colonic mucosal tissue was scraped and collected using
sterile cover slips. The mucosal tissue from each mouse was
placed in a cryogenic vial and stored at —80 “C. Samples were
sent to Novogene Bioinformatics Technology Co., Ltd. For
second-generation high-throughput sequencing to analyze
gut microbiota structure
16 S rRNA gene.

2. Sequencing data processing and evaluation: Raw sequence

and diversity using the

data were processed through modification, trimming,
filtering, denoising, and merging steps, followed by
DADA?2 analysis to generate high-quality, valid sequences.
Data quality was assessed using dilution curves, species
accumulation curves, and the coverage variation index.

3. Species annotation: Sequence data were analyzed using
QIIME2. Sequences were clustered at 100% similarity to
generate Amplicon Sequence Variants (ASVs) and an
abundance table. The Greengenes database was used to
assign taxonomic information to each ASV by matching
its sequence against reference sequences.

4. Alpha diversity analysis: Alpha diversity characterizes species
richness, diversity, and evenness. The Chaol, Observed
species, Shannon, and Simpson indices were calculated
from the ASV table in QIIME2 to assess these metrics.

5. Beta diversity analysis: Beta diversity quantifies differences in
species composition between samples. The Bray-Curtis
dissimilarity metric was used to analyze beta diversity and
investigate structural variations in the microbial community.
Principal Coordinates Analysis (PCoA) and Nonmetric
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Multidimensional Scaling (NMDS) were employed for
visualizing these differences.

6. Species composition analysis: Composition and abundance
tables for each sample were generated at the phylum and
genus levels based on ASV clustering and taxonomic
identification. Bar charts were used to visualize and
compare the relative abundances of different taxonomic
groups across samples.

7. Characteristic microbiota analysis: Linear Discriminant
Analysis Effect Size (LEfSe) was employed to identify
taxonomic units that were significantly enriched between
different groups. This method visualizes the biomarker
species within each group and their hierarchical
taxonomic distribution.

8. Functional prediction analysis: The metabolic potential of the
gut microbiota was predicted using PICRUSt2 to infer
functional units. These units were mapped against the
Kyoto Encyclopedia of Genes and Genomes (KEGG)
database to predict the abundance of various
metabolic pathways.

9. Correlation analysis: A co-occurrence network of species at
the phylum level was constructed using Spearman

correlation. Redundancy Analysis (RDA) was utilized to

examine the interactive effects of the P. sibiricum and P.

cocos compound on the gut microbiota and environmental

factors in a mouse model of spleen deficiency constipation.

2.9 Statistical analysis

Data processing and statistical analysis were performed using
SPSS 25.0 software. Graphical representations were created with
GraphPad Prism 9 and other software. Data are presented as the
mean + standard deviation (X s). For comparisons among multiple
groups, a one-way ANOVA followed by the LSD post hoc test was
used when data were normally distributed and variances were
homogeneous. The Kruskal-Wallis H test was used for data that
did not meet these assumptions. Statistical significance was defined
at a = 0.05 (Significance levels: *p < 0.05, **p < 0.01, ***p < 0.001).

3 Results

3.1 Effects of the combination of
Polygonatum sibiricum and Poria cocos on
the general condition of mice

Following the experiment, the mice in the NC exhibited a healthy
mental state, high activity levels, responsiveness, and glossy fur. In
contrast, the mice in the NM showed poor mental status, reduced
activity, a tendency to huddle in corners, dry fur, and a generally
thinner physique. Mice in the HF group demonstrated a robust
mental state, restored fur luster, and heightened responsiveness,
closely resembling those in the NC. As illustrated in Figure 1, the
feces of the NC were black and moderately firm (Figure 1A). Feces
from the NM were yellow, composed of smaller, harder particles that
were difficult to crush (Figure 1B). Feces from the HF were brown
with a slightly soft texture, closer to the NC (Figure 1C).
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General physiological signs in mice. (A) fecal morphology from the NC; (B) fecal morphology from the NM; (C) fecal morphology from the HF; (D)
fecal moisture content (%) for all groups. Note: NC, normal control group; NM: model group; HF, Polygonatum sibiricum and Poria cocos group.

FIGURE 2

Pathological morphology of the colon in mice. (A) Histological sections of colon tissue from each group; (B) Colon crypt length; (C) The number of
colon goblet cells. Note: NC, normal control group; NM, model group; HF, Polygonatum sibiricum and Poria cocos group.
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Furthermore, as shown in Figure 1D, the fecal moisture content of
the NM was significantly lower (p < 0.05), and the fecal moisture
content of the HF of mice showed an increasing trend, but this
difference did not reach statistical significance.

3.2 Effects of the combination of
Polygonatum sibiricum and Poria cocos on
colon pathology in mice with spleen
deficiency constipation

A normal intestine is composed of the mucosal, submucosal,
muscular, and serosal layers. As shown in Figure 2A, the colon tissue
of the NC displayed a clear and intact structure with no observable
edema, inflammation, or lymphocyte infiltration in the mucosal
layer. In comparison to the NC, the NMs colon tissue structure
remained clear but exhibited disrupted mucosal continuity,
scattered lymphocyte infiltration accompanied by edema, and a
thinning of the muscularis mucosae. The colon tissue in the HF
showed significantly reduced mucosal damage, with a clear,
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complete structure and no signs of edema, inflammation, or
lymphocyte infiltration.

Quantitative analysis showed that, compared with the NM, the
HF crypt length showed a trend of recovery, but this difference did
not reach statistical significance (Figure 2B). In addition, the
number of goblet cells in the HF was significantly increased (p <
0.01) (Figure 2C), indicating that P. sibiricum and P. cocos effectively
alleviated intestinal barrier damage induced by constipation.

3.3 Effects of the combined administration
of Polygonatum sibiricum and Poria cocos
on serum levels of 5-HT, CCK, MTL, and VIP
in mice with spleen deficiency constipation

Brain-gut peptides are small molecules distributed in the brain and
gut that can regulate gastrointestinal motility (Jiang et al., 2020). This
class of peptides includes 5-HT, CCK, MTL, and VIP. As shown in
Figure 3A, the serum 5-HT concentration in the model group did not
differ significantly from that in the normal group, but showed a
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decreasing trend. In contrast, the HF exhibited a significantly elevated
serum 5-HT level compared with the NM (p < 0.05). Regarding serum
CCK levels (Figure 3B), the NM showed a significant reduction
compared to the NC (p < 0.05), a deficit that was significantly
reversed by the HF (p < 0.05). Similarly, for serum MTL
(Figure 3C), the NMs level was profoundly lower than that of the
NC (p < 0.001), and the HF demonstrated a highly significant increase
compared to the NM (p < 0.001). For serum VIP (Figure 3D), no
significant difference was found between the NM and NC, though an
upward trend was noted. Conversely, the HF showed a significant
decrease in serum VIP compared with the model group (p < 0.05).
Thus, brain-gut peptide levels in the NM were significantly altered,
whereas those in the HF approached normal values. It suggests that the
combination of P. sibiricum and P. cocos may help restore brain-gut
peptide levels and improve gastrointestinal motility.

3.4 Effects of the combined administration
of Polygonatum sibiricum and Poria cocos
on liver MDA content and SOD activity in
mice with spleen deficiency constipation

In the liver, the MDA content of mice in the NM was markedly

elevated compared to the NC (p < 0.01). Although the MDA content
in the HF showed a decreasing trend compared with the NM, this
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Serum levels of 5-HT, CCK, VIP, and MTL in mice from each group. (A) 5-HT content; (B) CCK content; (C) MTL content; (D) VIP content. Note: NC:
normal control group; NM: model group; HF: Polygonatum sibiricum and Poria cocos group

difference was not statistically significant (Figure 4A). Conversely,
SOD activity was significantly reduced in the NM (p < 0.001). While
the HF showed a tendency towards increased SOD activity, this
change did not attain statistical significance (Figure 4B).

3.5 Effects of the combined administration
of Polygonatum sibiricum and Poria cocos
on the gut microbiota in mice with spleen
deficiency constipation

3.5.1 Effect of Polygonatum sibiricum and Poria
cocos on the diversity of intestinal mucosal
microbiota in mice

As shown in Figure 5E, the NC comprised 1,187 ASVs, of
which 679 were unique. The NM comprised 817 ASVs, including
267 unique ASVs. The HF comprised 1,019 ASVs, including
470 unique ASVs. There were 87 shared ASVs between the NC
and NM, 129 between the NC and HF, 88 between the NM and
HF, and 333 across all three groups. These results indicate a
reduction in the total number of ASVs, accompanied by a
decrease in the number of unique ASVs. These results
total of ASVs,
accompanied by a decrease in the number of unique

indicate a reduction in the number
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Liver MDA content and SOD activity in mice. (A) MDA content; (B) SOD activity. Note: NC, normal control group; NM, model group; HF, Polygonatum
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Analysis of microbial diversity in the colonic contents of mice. (A) The chaol index; (B) the pielou_e index; (C) the shannon index; (D) the simpson
index (E) the Venn diagram; (F) the NMDS analysis; (G) the PCoA analysis. Note: NC, normal control group; NM, model group; HF, Polygonatum sibiricum

and Poria cocos group.

ASVs.The higher ASV count in the NC and HF compared to the
lowest count in the NM suggests that HF can restore intestinal
microbial diversity in mice with spleen deficiency constipation.

For Alpha diversity, we assessed the chaol, pielou_e, shannon,
and simpson indices. Compared to the NM, the HF exhibited
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upward trends in all four indices (Figures 5A-D), although these
differences were not statistically significant. Beta diversity
analysis, which compared microbial community composition
across different samples, used NMDS to capture the datas

nonlinear structure effectively. Figure 5F shows distinct
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the
mucosa of mice in each group, with a stress value of 0.09,

structural distributions of communities on colonic
confirming the validity of the groupings. In the PCoA
analysis (Figure 5G), PCl accounted for 23.96% of the
variance, and PC2 accounted for 20.77%. Both PCoA and
NMDS analyses revealed clustering within each group, with

substantial dissimilarity in community structure between
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FIGURE 6
Analysis of the species composition of gut microbiota in mice. (A) The relative abundance chart at the phylum level; (B) the relative abundance chart
at the genus level; (C) the dominant phylum Proteobacteria; (D) the dominant phylum Firmicutes; (E) the dominant phylum Bacteroidota; (F) the dominant
genus Escherichia-Shigella; (G) the dominant genus Faecalibaculum; (H) the dominant genus Blautia. Note: NC: normal control group; NM: model group;
HF: Polygonatum sibiricum and Poria cocos group.

the NC and NM and partial overlap between the HF and the
other two groups. These findings demonstrate that the gut
the
markedly altered in mice with spleen deficiency constipation.
Furthermore, P. sibiricum and P. cocos may exert their
effects on the body by modulating the structure of the gut
microbiota.

microbiota composition within colonic mucosa is
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3.5.2 Effect of Polygonatum sibiricum and Poria
cocos on the species composition of the intestinal
microbiota in mice

We further statistically analyzed the relative abundance of the
top 10 dominant bacterial phyla and genera. As depicted in
Figure 6A, the dominant phyla colonizing the colonic mucosa of
the experimental mice in all three groups were primarily
Campylobacterota, Firmicutes, and Bacteroidota. Moreover,
compared with the NC, we observed a significant increase in
Proteobacteria abundance in the NM (Figure 6C), whereas the
HF showed a profile similar to that of the NC. Furthermore, the
relative abundances of both Firmicutes and Bacteroidota were
diminished in the NM relative to both the NC and HF (Figures
6D,E). At the genus level (Figure 6B), Helicobacter, Escherichia-
Shigella, Faecalibaculum, and Staphylococcus were identified as the
predominant genera.

In comparison to the NC, the NM exhibited increased
abundances of Escherichia-Shigella and Blautia (Figures 6F,H),
and a decreased abundance of Faecalibaculum (Figure 6G).
Conversely, the HF demonstrated the opposite trend, with
abundances approaching those of the NC. It suggests that the
preventive effect of P. sibiricum and P. cocos on spleen deficiency
constipation may be associated with modulating the abundance of

dominant phyla and genera.

3.5.3 Effect of the Polygonatum sibiricum and Poria
cocos combination on the characteristic mucosal
bacteria in mice

LEfSe is an analytical tool for discovering and interpreting high-
dimensional biomarkers, emphasizing statistical significance and
biological relevance to identify biomarkers with significant
differences between groups. We set the Linear Discriminant
Analysis (LDA) score threshold at >3 for the comparison.
Figure 7A displays the characteristic bacteria for the comparison
between the NC and NM groups. The NC was primarily
characterized by  Muribaculaceae,  Staphylococcaceae, and
Staphylococcales, while the NM was characterized by Escherichia-
Shigella, Proteobacteria, Gammaproteobacteria,

Enterobacteriaceae. Comparing the NM and HF, the NM group

and

was characterized by Enterobacterales, Enterobacteriaceae,
Escherichia-Shigella, Gammaproteobacteria, and Proteobacteria. In
contrast, the HF group was characterized by Muribaculaceae,
Faecalibaculum, and Akkermansia (Figure 7B). In the comparison
between the NC and HF groups, the NC group was characterized by
Staphylococcales, Staphylococcaceae, and Staphylococcus, while the
HF group was Blautia,  Bifidobacterium,

Bifidobacteriales, and Actinobacteria (Figure 7C). A comparison

enriched in
among all three groups further confirmed that the NC was

by
Staphylococcus, and Coriobacteriales; the NM was characterized

characterized Staphylococcaceae, Staphylococcales,

by Enterobacterales, Enterobacteriaceae, and Escherichia-Shigella;
whereas the HF was characterized by Muribaculaceae,
Verrucomicrobiales, and Akkermansia (Figure 7D). The LEfSe
cladogram revealed that the NC group had branches enriched for
Eggerthellaceae, Coriobacteriales, and Staphylococcaceae. The NM
group in  branches related to

showed  enrichment
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Gammaproteobacteria, Enterobacteriaceae, and Tannerellaceae.
The HF group exhibited enrichment in branches such as
Verrucomicrobiae, Akkermansiaceae, Peptostreptoccaceae, and
Muribaculaceae, with an overall taxonomic distribution more
similar to that of the NC group (Figure 7E). The results revealed
distinct characteristic bacterial profiles among the three groups. The
NM
opportunistic pathogenic bacteria, whereas the HF showed

of Dbeneficial

showed enrichment of Escherichia-Shigella and other

enrichment commensal bacteria, including
Akkermansia, Blautia, and Bifidobacterium, which are conducive

to maintaining intestinal homeostasis.

3.5.4 Effects of the Polygonatum sibiricum and
Poria cocos combination on the intestinal flora
function in mice

Using PICRUSt analysis, we selected the 10 pathways with the
highest relative abundance at each level for functional prediction.
The Level 1 analysis indicated that the overall functional abundance
was dominated by Metabolism, Genetic Information Processing, and
Environmental Information Processing (Figure 8A). Specifically, the
NC exhibited higher abundance in the Metabolism and Genetic
Information Processing pathways, whereas the NM showed higher
abundance in the Environmental Information Processing and
Cellular Processes pathways. The HF demonstrated higher
abundance in Organismal Systems and Genetic Information
Processing pathways (Figure 8B). The Level 2 analysis revealed
that the overall functional abundance was primarily concentrated
in Membrane Transport, Carbohydrate Metabolism, and Amino Acid
Metabolism (Figure 8C). The NC had higher abundance in Energy
Metabolism, Metabolism of Cofactors and Vitamins, and Translation
pathways. The NM displayed higher abundance in Poorly
Characterized and Cellular Processes and Signaling pathways,
whereas the HF showed higher abundance in Translation and
Replication and Repair pathways, a pattern more similar to the
normal control group (Figure 8D). At the Level 3 analysis, the overall
functional abundance was mainly Transporters, General function
prediction only, and ABC transporters (Figure 8E). The NC had
higher abundance in Purine Metabolism, Ribosome, and DNA Repair
and Recombination Proteins pathways. The NM exhibited higher
abundance in the Two-Component System, Secretion System, and
Bacterial Motility Proteins pathways. In contrast, the HF showed
higher abundance in Peptidases and DNA Repair and Recombination
Proteins pathways, a profile closer to that of the NC (Figure 8F).

These findings suggest that metabolic and genetic information-
processing pathways are impaired in mice with spleen deficiency
constipation, and that intestinal flora function may shift towards
environmental information processing, cellular processes, signaling,
and bacterial motility proteins. Polygonatum sibiricum and P. cocos
may prevent spleen deficiency constipation by modulating
metabolic pathways.

3.5.5 Correlation analysis
Using Spearman correlation analysis, we selected the top
10 most abundant species to investigate the relationships between

environmental factors associated with spleen deficiency constipation
and the intestinal microbiome. At the phylum level (Figure 9A),
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SOD showed a positive correlation with Patescibacteria, Firmicutes,
and Bacteroidota, and a significant negative correlation with
Proteobacteria (p < 0.05). MDA demonstrated a significant
positive correlation with Proteobacteria (p < 0.05) and negative
correlations with Bacteroidota and Patescibacteria. MTL was
negatively correlated with Proteobacteria and positively correlated
with Actinobacteriota and Verrucomicrobiota. VIP showed a

Frontiers in Pharmacology

significant negative correlation with Actinobacteriota (p < 0.05)
CCK  was
positively correlated with Bacteroidota and Actinobacteriota and

and a positive correlation with Proteobacteria.

negatively correlated with Proteobacteria. 5-HT was positively
correlated with Verrucomicrobiota and negatively correlated with
Proteobacteria. FMP was positively correlated with Patescibacteria
and significantly negatively correlated with Proteobacteria (p < 0.05).
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Poria cocos group.

At the genus level (Figure 9B), SOD was significantly positively
correlated with Staphylococcus (p < 0.01) and significantly negatively
correlated with Escherichia-Shigella (p < 0.001) and Parabacteroides
(p < 0.01). MDA was significantly positively correlated with
Escherichia-Shigella (p < 0.001) and Parabacteroides (p < 0.01)
and significantly negatively correlated with Staphylococcus (p <
0.05). MTL was positively correlated with Akkermansia and
significantly negatively correlated with Escherichia-Shigella and
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Parabacteroides (p < 0.05). VIP was positively correlated with
Parabacteroides and Escherichia-Shigella and negatively correlated
with Bifidobacterium and Akkermansia. CCK was positively
correlated with Akkermansia and significantly negatively
correlated with Parabacteroides (p < 0.05). 5-HT was positively
correlated with Akkermansia and negatively correlated with
Parabacteroides. FMP was significantly positively correlated with

Staphylococcus (p < 0.05) and significantly negatively correlated with
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FIGURE 9
Correlation analysis between the intestinal microbiota and environmental factors in mice. (A) The correlation analysis of environmental factors at the
phylum level; (B) The correlation analysis of environmental factors at the genus level. Note: NC, normal control group; NM, model group; HF,
Polygonatum sibiricum and Poria cocos group.

Escherichia-Shigella (p < 0.05). These correlations suggest that the
antioxidant SOD is positively associated with beneficial phyla, such
as Bacteroidota. At the same time, the oxidative stress marker MDA
is positively correlated with pathogenic bacteria in Proteobacteria
and Escherichia-Shigella, a pattern mirrored by VIP, MTL, CCK, and
5-HT, which are positively correlated with beneficial phyla such as
Verrucomicrobiota, Actinobacteriota, and Bacteroidota, as well as the
beneficial genus Akkermansia. It suggests that the dysbiosis observed
in the NM may result from the enrichment of opportunistic
pathogens due to elevated levels of MDA and VIP, or a
reduction in beneficial bacteria caused by decreased levels of
SOD, MTL, CCK, and 5-HT. Polygonatum sibiricum and P. cocos
may positively improve oxidative stress and brain-gut peptide levels,
inhibit the growth of harmful bacteria, modulate the microbial
community structure, and thereby maintain intestinal health.

4 Discussion

4.1 The combination of Polygonatum
sibiricum and Poria cocos prevents spleen
deficiency constipation in mice by
modulating brain-gut peptides to influence
the brain-gut axis

Gut-brain peptides are small peptide molecules secreted by
endocrine cells in the gastrointestinal tract, constituting the
fundamental the
physiological states, these peptides regulate gastrointestinal

substance  for “brain-gut axis.” In

motility via the central nervous system and gastrointestinal
smooth muscle cells (Tang et al., 2021). Dysregulation of their
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expression can lead to delayed gastric emptying and diminished
intestinal peristalsis, ultimately resulting in constipation (Niu
et al, 2023). Key gut-brain peptide molecules include 5-HT,
CCK, MTL, and VIP (Reich and Holscher, 2024), which
function as both neurotransmitters and hormones, playing a
in modulating gastrointestinal motility and
absorption (Wu 2022). This
demonstrates that the HF exhibited significant elevations in 5-
HT, CCK, and MTL concentrations. Specifically, 5-HT, a crucial
neurotransmitter, is associated not only with cognitive and

pivotal role

nutrient et al, research

emotional processes but also with intestinal motility and
defecation. Increased 5-HT levels generally indicate enhanced
gastrointestinal peristalsis, which promotes the expulsion of
intestinal contents (Sharp and Barnes, 2020; Wen, 2025). CCK,
which can modulate neuronal activity (Kamalova et al., 2024), has
been shown to stimulate gastrointestinal smooth muscle
contraction and regulate motility (Shi et al, 2021). MTL
accelerates gastric emptying and augments colonic contractions
(Yang and Yang, 2025); heightened MTL levels are therefore
beneficial for alleviating constipation. Moreover, the HF

showed a significant reduction in VIP, an inhibitory
neurotransmitter. A decrease in VIP secretion alleviates
suppression of gastrointestinal smooth muscle, thereby

boosting intestinal motility and increasing glandular secretions,
which, in turn, relieves constipation (Gao et al., 2025).

A profound interconnection exists between the gut and the
brain (Quigley, 2017), with the gut microbiota acting as a central
regulator of this brain-gut interaction. The microbiota influences
intestinal function and, through the enteric nervous system, can
affect neural processes in the brain (Li et al., 2019; Evrensel et al.,
2019). Studies confirm that gut microbes can modulate
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neurotransmitter levels (Strandwitz, 2018) and influence the
production of gut-brain peptides, thereby mediating functions
along the brain-gut axis (Khan et al., 2025). These findings are
strongly consistent with the results of our study. Correlation
analysis further revealed that MTL, CCK, and 5-HT were
positively correlated with beneficial microbial populations, such
as Verrucomicrobiota, Bacteroidota, and Akkermansia, whereas
VIP showed a positive correlation with opportunistic pathogens,
such as Proteobacteria and Escherichia-Shigella. We hypothesize
that P. sibiricum and P. cocos may regulate the gut microbiota to
influence the secretion of brain-gut peptides, thereby maintaining
homeostasis of the brain-gut axis and preventing spleen deficiency
constipation.

4.2 The combination of Polygonatum
sibiricum and Poria cocos prevents spleen
deficiency constipation in mice by
modulating the gut microbiota

The integrity of the intestinal barrier forms the structural
The
histopathology findings from this study demonstrate that P.

foundation for maintaining microbial homeostasis.
sibiricum and P. cocos increase the number of goblet cells and
repair the intestinal barrier, thereby creating a favorable
microenvironment for intestinal microbial activity. The gut
microbiota plays a pivotal role in human health, influencing
physiological processes such as nutrient metabolism and
immune regulation (Zhang et al., 2020). Our previous work
has established that gut microbiota dysbiosis can trigger
constipation (Yi et al., 2023b). This study revealed that,
compared with the NM, the HF exhibited greater mucosal flora
diversity, suggesting its potential to correct microbial imbalances.

Linear discriminant analysis (LEfSe) further highlighted the
differences in characteristic flora between the groups. The NMs
characteristic flora was enriched with opportunistic pathogens, such
as Escherichia-Shigella, which are known to induce inflammation
and serve as biomarkers of intestinal inflammation (Hong et al,,
2024; Wang C. et al,, 2024). Conversely, the characteristic flora in the
HF was enriched with beneficial symbionts such as Akkermansia,
Blautia, and Bifidobacterium. Specifically, Akkermansia enhances
antioxidant capacity and aids intestinal barrier repair (Zhang et al.,
2025; Ghaffari et al., 2023) Blautia contributes to colonic mucus
formation and provides protective effects on the gut microbiota
(Holmberg et al., 2024); and Bifidobacterium modulates the gut
microbiota, improves barrier function, and reduces inflammatory
markers (Wierzbicka et al., 2021). Clinically, composite probiotics
containing Bifidobacterium and Lactobacillus are frequently used to
manage constipation symptoms (Luo et al., 2025; He et al., 2022),
supporting the therapeutic value of microbiota modulation for this
condition. It indicates that P. sibiricum and P. cocos may function as
prebiotics, selectively fostering the growth of beneficial bacteria
while suppressing pathogenic bacteria to preserve intestinal
health and stability.

In terms of functional prediction, the model group mice
showed diminished activity in metabolic and genetic
information processing pathways, likely due to impaired
nutrient absorption and intestinal epithelial cell damage during
constipation. However, the HF not only restored these pathways
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but also bolstered the activity of DNA repair and recombinant
protein pathways. It suggests that P. sibiricum and P. cocos may
enhance the gut epithelium ability to repair oxidative and other
forms of damage by modulating the microbiota, thereby breaking
the “dysbiosis-barrier damage” cycle. Future studies should
investigate these pathways in conjunction with metabolomics
and transcriptomics to elucidate the molecular mechanisms by
which P. sibiricum and P. cocos regulate spleen deficiency
constipation.

4.3 The combination of Polygonatum
sibiricum and Poria cocos prevents spleen
deficiency constipation in mice by
modulating oxidative stress

Prior research by our group identified oxidative stress as a
potential key mechanism in mouse constipation, findings
consistent with those of this study. The NM exhibited a
marked elevation in MDA content and a significant reduction
in SOD activity. As a lipid peroxidation metabolite, MDA serves
as an indicator of cellular damage caused by oxygen-free radicals;
higher MDA levels correlate with more severe cellular injury
(Muro et al., 2024). SOD, an antioxidant enzyme, effectively
scavenges oxygen-free radicals produced during cellular
metabolism, maintaining intracellular redox homeostasis and
mitigating oxidative stress (You et al., 2020).

We observed a decrease in MDA content and an increase in
SOD activity in the HF. While these changes were not statistically
significant, their directional trend aligns with the established
antioxidant effects of Chinese herbal medicine. This lack of
statistical significance could be attributable to the limited
duration of the intervention or an inadequate sample size. As
the intervention time is prolonged or the sample size is increased,
the antioxidant effect of P. sibiricum and P. cocos may become
significant. Future relevant research will require more diverse
samples to confirm the relevant conclusions. In addition,
correlation analysis showed that SOD activity was significantly
negatively correlated with the abundance of opportunistic
pathogens such as Proteobacteria and Escherichia-Shigella,
while MDA content was positively correlated with them. It
indicates that improvements in oxidative stress status are
closely related to reductions in the abundance of these
opportunistic pathogens. In terms of gut microbiota
composition, the microbiota in the NM was characterized by
Escherichia-Shigella
Proteobacteria, which are positively correlated with oxidative
stress. After the intervention with P. sibiricum and P. cocos,
the of the

opportunistic pathogens reduced, but the growth of beneficial

enrichment of genera such as and

not only was enrichment aforementioned

symbiotic bacteria, such Akkermansia, Blautia, and
Bifidobacterium, It that

Proteobacteria, including the genera Escherichia-Shigella, are

as

was also promoted. is known
closely related to oxidative stress levels. Their abundance
changes are often regarded as biological indicators of an
oxidative stress environment.

We speculate that the P. sibiricum and P. cocos combination
may mitigate the hosts oxidative stress, in part, by restructuring

the gut microbiota. It involves suppressing opportunistic
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pathogens that are positively correlated with oxidative stress (such
as Proteobacteria, Escherichia-Shigella) and enriching beneficial
commensal bacteria. Consequently, targeted intervention on the
gut microbiota could be a viable approach when oxidative stress
is present.

In summary, we speculate that the combination of P. sibiricum
and P. cocos can prevent spleen deficiency constipation by
thereby
peptide levels and oxidative stress. We acknowledge several

regulating gut microbiota, influencing brain-gut
limitations inherent to this study. First, the data establish
did not the

multiple causal pathway validations necessary to establish

correlations, not causality. We conduct
definitive links. Specifically, we did not perform experiments to
if the effects are

dependent on gut bacteria; we did not use fecal microbiota

remove microbial communities to see

transplantation (FMT) to test if changing the microbiota is
enough to create a protective effect; nor did we use specific
inhibition of receptors or signaling pathways to find a direct
mechanism. Thus, while our results suggest potential
mechanisms, they do not prove a causal relationship. Second,
Oxidative stress was assessed exclusively in liver tissue, rather
than in the intestine, which is most pertinent to constipation.
Moreover, the alterations in these markers were not statistically
significant, merely indicating a non-significant trend.
Consequently, the contribution of oxidative stress to the
Further
research is required to definitively establish this role, which
should of
oxidative stress, such as reactive oxygen species (ROS) levels,

(8-OHdG)

observed preventive effects remains hypothetical.

involve measuring intestinal-specific markers

glutathione, in

colonic tissue.

or 8-hydroxydeoxyguanosine

Nevertheless, our findings provide a solid foundation for
future multicenter studies. The spleen deficiency constipation
model used in this study is more consistent with the
etiology and pathogenesis of Traditional Chinese Medicine,
thereby better reflecting its traditional clinical manifestations.
Regarding intervention timing, prior research has commonly
the of
constipation. Furthermore, by consolidating the analysis of

employed herbal treatments only after onset

brain-gut peptides, gut microbiota, and oxidative stress into a
enabled
multifactorial analysis, which lends significant credibility to our

single  experimental  framework,  we a

conclusions.

5 Conclusion

In summary, the study demonstrates that the P. sibiricum: P.
cocos (3:1) combination is effective in preventing spleen deficiency
constipation. This efficacy is associated with alterations in brain-
gut peptide levels, shifts in the gut microbiota composition, and
changes in oxidative stress biomarkers. These findings elucidate
potential mechanisms underlying the preventive effects and lay
the foundation for future mechanistic research using causal
inference methods. Moreover, the study supports the industrial
application of P. sibiricumm and P. cocos in the food and
pharmaceutical sectors, thereby improving the utilization of
medicinal herbs and fostering the development of new
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therapeutic, nutraceutical, and functional food products for
disease prevention and treatment.
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