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A B S T R A C T   

Bian-Se-Tong mixture (BSTM) is an optimized formulation based on the classical prescription 
“Zhizhu pill”, which is widely used in the clinical treatment of slow-transit constipation (STC). 
The potential molecular mechanism of BSTM therapy for STC was investigated by network 
pharmacology prediction combined with animal experiments. The active components of BSTM 
were screened via the TCMSP platform. The GeneCards, OMIM and DrugBank databases were 
used to search for STC targets. With the help of the Biogenet tool, a protein interaction network 
between drugs and disease targets was constructed, and the intersection network of the two was 
extracted to obtain the key targets of BSTM in the treatment of STC. GO and KEGG enrichment 
analyses of key targets were carried out with Metascape. Loperamide hydrochloride was used to 
establish an STC rat model, and the key targets and related pathways were preliminarily verified. 
The important signaling pathways included the PI3K-Akt, MAPK, IL-17, cAMP, and cell cycle 
signaling pathways. The experimental results showed that BSTM treatment increased the body 
weight of STC rats and increased the fecal particle number, fecal water content and intestinal 
carbon ink promotion rate within 24 h. Further pathological changes in the colon of the rats were 
also observed. In-depth mechanistic studies have shown that BSTM can significantly reduce the 
apoptosis of intestinal Cajal cells, downregulate the expression of Bax and c-Caspase 3, upregulate 
the expression of Bcl-2 and c-kit, and promote the phosphorylation of AKT. The results showed 
that BSTM can significantly relieve constipation in STC rats via a mechanism related to activating 
the PI3K-Akt signaling pathway and improving Cajal cell apoptosis.   
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1. Introduction 

Slow-transit constipation (STC) is a functional disease characterized by reduced peristalsis of the colon and reduced intestinal 
transport capacity, resulting in retention of stool in the intestine [1–3]. In traditional Chinese medicine, dry stool, hard stool, difficult 
defecation and other diseases are regarded as STC, and its treatment has always followed the principles of preserving Wei Qi, pre-
serving Jin Ye and rational drug use. The pathogenesis of STC is complex, and modern studies suggest that STC is related mainly to the 
intestinal nervous system, Cajal interstitial cells of the colon, some hormones, gastrointestinal neurotransmitters, intestinal flora, 
intestinal smooth muscle and other mental and psychological factors, which influence each other to form a complex network [3–7]. At 
present, the clinical treatment of STC is not exact, and the long-term effect of this treatment is poor. Natural medicine shows great 
potential in the treatment of human diseases. Traditional Chinese medicine (TCM) is a traditional natural medicine from China that has 
multiple components and multiple targets and has obvious advantages in the treatment of STC [8]. 

Bian-Se-Tong mixture (BSTM) is a mixture of prescribed drugs created based on the classic prescription “Zhizhu pill”, which in-
cludes Atractylodes macrocephala Koidz, Nelumbo nucifera Gaertn., Magnolia officinalis Rehd. et Wils., Rehmannia., and Citrus 
aurantium L., and it is widely used in the clinical treatment of STC. BSTM contains many flavonoids, alkaloids, polyphenols, lignin and 
other components. Moreover, current pharmacological studies have shown that BSTM can regulate aquaporins, substance P, vaso-
active peptides and other indicators in STC rats, thus affecting colonic motility and water metabolism [9–11]. However, the specific 
mechanism of BSTM in the treatment of STC is still unclear. Network pharmacology combines systems biology and computer tech-
nology to systematically and comprehensively analyze the mechanism and material basis of natural drugs to improve disease efficacy 
[12]. This study used network pharmacology to predict and analyze the main active ingredients and potential action targets of BSTM to 
improve STC incidence and verified its targets and signaling pathways through in vivo experiments to provide a basis for further 
revealing its pharmacodynamic ingredients and pharmacological effects. 

2. Materials and methods 

2.1. Materials 

All Chinese medicines were obtained from the Pharmacy of Chinese Medicine of the Affiliated Hospital of North Sichuan Medical 
College and were certified by the Pharmacy to meet the standards of the Chinese Medicine Pharmacopoeia. All the herbs were 
identified by Prof. Xuegui Tang. The specimens were kept in the herbarium of the Affiliated Hospital of North Sichuan Medical College. 
Bifidobacterium Sanxian Live bacteria capsules were obtained from Shanghai Xinyi Pharmaceutical Co., Ltd. Loperamide hydro-
chloride capsules (LOPs) were obtained from Xi ’an Janssen Pharmaceutical Co., Ltd. 

2.2. Screening of the active components of BSTM 

The TCM system pharmacology database TCMSP is a powerful platform for TCM component analysis [13]. In the TCMSP database, 
the chemical constituents and their target points of Atractylodes macrocephala Koidz. (BZ), Nelumbo nucifera Gaertn. (HY), Magnolia 
officinalis Rehd. et Wils. (HP), Rehmannia. (SDH), and Citrus aurantium L. (ZS) were searched. Moreover, the CNKI database was used 
to search for these drugs via keywords, and recent related literature reports were consulted to determine the underlying factors and 
targets of the drugs. The criteria for screening active ingredients were set an oral bioavailability (OB) ≥30% and drug likeness (DL) 
≥0.18 [14]. After all the effective components of traditional Chinese medicine and their targets were collected, the component library 
and target library of BSTM were preliminarily obtained by removing duplicate values. 

2.3. STC target retrieval and collection 

The terms “slow transit constipation” or “STC” were entered into the GeneCards, OMIM, and DrugBank human disease gene da-
tabases for retrieval. The disease gene results were collected, and duplicate values were removed. Thus, a disease target library was 
obtained. 

2.4. Visualization of drug component-target interactions 

The component-target data pair of BSTM was imported into Cytoscape 3.8.1 software [15], and the Network Analyzer function of 
the software was used to construct an interaction diagram between the active components of BSTM and the target. 

2.5. Construction of the protein interaction network 

The BSTM target library and STC target library were imported into Cytoscape 3.8.1 software, the protein interaction network 
diagram of the target was constructed by using the function of the BisonGenet plug-in, and the connectivity centrality (DC), mediocrity 
centrality (BC) and compactness centrality (CC) were calculated to further screen the key targets. Using the BisonGenet plug-in 
function of Cytoscape 3.8.1 software, an STC protein interaction network diagram and a drug component target protein interaction 
network diagram were constructed. After the interaction network diagram of the two proteins was constructed, the Mergr plug-in 
function was used to visualize the overlap of the two network diagrams. According to the DC, BC and CC results in the database, 
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the overlapping targets were screened successively to obtain the key targets. 

2.6. Analysis of biological processes and enrichment pathways 

Gene Ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were subse-
quently conducted for the selected key targets using the Metascape platform. 

2.7. Animal experiment 

A total of 48 male SPF-grade SD rats weighing 210–230 g were obtained from the Laboratory Animal Center of North Sichuan 
Medical College. The laboratory animal use license number of North Sichuan Medical College is SYXY (Sichuan) 2018-076. The an-
imals were kept in cages in an animal central laboratory, well ventilated, lit for 12 h a day, with a relative humidity of 50 ± 50%, a 
temperature of 25 ◦C, and free access to food and water This animal experiment was approved by the Ethics Committee of North 
Sichuan Medical College (NSMC Ethical Animal Review 2021-10-4). Atractylodes macrocephala Koidz., Nelumbo nucifera Gaertn., 
Magnolia officinalis Rehd. et Wils., Rehmannia., and Citrus aurantium L. were added to a porcelain pot. Then, 800 ml of distilled water 
was added, and the mixture was allowed to soak for 30 min. Briefly, the mixture was boiled and simmered for 30 min. The liquid was 
then filtered, and 500 ml of distilled water was added again. The liquid was then brought to a simmer for 30 min. After filtering, the 
liquid was mixed twice and concentrated into a 1.14 g/mL decoction. The samples were sealed in a refrigerator at 4 ◦C for later use. 
After one week of adaptive feeding, 6 rats were randomly assigned to the NC group (normal control group). The remaining rats were 
intragastrically administered LOP, and a rat constipation model was established for 14 consecutive days. The LOP suspension was 
formulated with saline at a dose of 15 ml/kg twice daily. The NC group was intragastrically administered an equal volume of normal 
saline twice a day for 14 days. After successful modeling, the rats were randomly divided into five groups, namely, the model group 
(STC), Bifidobacterium group (positive), L-BSTM group (low dose), M-BSTM group (medium dose) and H-BSTM group (high dose). 
Drug intervention began on the 15th day. In the Bifidobacterium group (62.5 mg/kg), a low dose of each mixture (6.25 mg/kg), a 
medium dose of each mixture (12.5 mg/kg) and a high dose of each mixture (25 mg/kg) were administered via gavage once a day for 
14 consecutive days. 

2.8. Fecal particle count and fecal water content 

At the end of the last treatment, the rats were raised alone in a metabolic cage, where their feces were collected every hour for 24 h, 
and the amount and weight of their feces were recorded. After the feces were dried in a 60 ◦C dryer for 12 h, the fecal moisture content 
was calculated according to the following formula.  

Fecal moisture content (%) = (wet weight − dry weight)/wet weight × 100%.                                                                                            

2.9. Intestinal propulsion rate 

The rats in each group (n = 8) were injected with charcoal powder (20 ml/kg, 3% activated carbon mixed with 0.5% methyl-
cellulose aqueous solution) 30 min after the last gavage to evaluate intestinal motility. The rats were killed 40 min later. The 
calculation formula for calculating the intestinal transmission rate is as follows:  

Intestinal propulsion rate (%) = Activated carbon intestinal travel (cm)/intestinal length (cm) × 100%                                                            

2.10. Histopathological analysis 

At the end of the experiment, the rats were killed, and part of the colon tissue was collected and fixed with 4% paraformaldehyde. 
Then, the tissues were paraffin embedded, and 5 μm sections were cut. After dewaxing and rehydration, hematoxylin-eosin (HE) 
staining was used to observe the histological morphology. The thickness of the colon mucus was measured by Periodate Schiff (PAS) 
staining. 

2.11. TUNEL staining and immunofluorescence (IF) staining 

Paraffinized colon tissue samples were sliced, and TUNEL staining was performed according to Li et al. [16]. After staining, the 
slices were blocked with BCA at room temperature for 2 h, incubated with drops of the c-Kit primary antibody (1 100), incubated 
overnight at 4 ◦C in a wet box, washed with PBS 3 times, incubated with the corresponding secondary antibody at room temperature 
for 1 h in the dark, incubated with DAPI dye solution, stained in the dark for 10 min, and incubated with antifluorescence quenching 
sealing tablets. The sections were observed and collected under a fluorescence microscope. 
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Fig. 1. Establish BSTM target, component library and STC target library. A, Interaction diagram between BSTM main active ingredients and action 
targets; B, Wayne diagram of drug targets and disease targets; C, Drug - Disease PPI network diagram; D, Screening process of key targets for BSTM 
treatment of STC. 
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2.12. Western blot (WB) detection 

At the end of the experiment, the colon tissues of the rats were collected and immediately frozen in a − 80 ◦C freezer. The frozen 
colon tissues were removed, and an appropriate amount of protein lysate was added and ground in a low-temperature abrasive so-
lution. After grinding and centrifuging, the supernatant was collected, and the protein content of the supernatant was detected with a 
BCA assay kit. After preparing the WB sample, a WB experiment was carried out according to the methods of Peng et al. to detect the 
expression of BAX, BCL2, c-Caspase 3, PI3K, Akt, p-PI3K, p-Akt, c-kit, etc., in colon tissue [17]. 

2.13. HPLC‒MS analysis 

The composition of the samples was analyzed via UPLC-QE-Orbitrap-MS (Thermo, USA). Chromatographic analysis was performed 
on a Thermo Fisher Scientific Accucore C18 column (100 mm × 2.1 mm, 2.6 μm). The column temperature was set to 30 ◦C, the flow 
rate of the mobile phase was 1.0 mL/min, and the sample injection volume was 10 μL. The mobile phase was 0.01% acetonitrile (A)- 
formic acid aqueous solution (B), which was separated by the following gradient elution procedure: 0–15 min, 18% A) 15–16 min, 
18–20% A) 16–20 min, 20% A) 20–21 min, 20–25% A) 21–35 min, 25% A) 35–36 min, 25–38% A) 36–45 min, 38% A) 45–46 min, 
38–60% A) 46–60 min, 60% A) 60–61 min, 60-18% A) 61–80 min, 18% A. For mass spectrometry detection, the ionization source used 
was ESI, the scanning range was 100–1500 m/z, the positive ion mode spray voltage was 3500 V, the capillary temperature was 320 ◦C, 
the carrier gas was pure nitrogen, and the flow rate was 1.0 L/h. 

2.14. Statistical methods 

SPSS 26.0 statistical software was used for analysis, and the data are expressed as the mean ± SD. One-way analysis of variance was 
used to analyze the data, and the differences between groups were analyzed by a two-tailed t-test. P < 0.05 indicated a statistically 
significant difference. 

3. Results 

3.1. Acquisition of the active ingredients and targets of BSTM 

A total of 428 components of BSTM were obtained, including 55 from BZ, 93 from HY, 139 from HP, 76 from SDH and 65 from ZS. 
After the OB and DL parameters were selected, 48 active ingredients were obtained, including 7 from BZ, 15 from HY, 2 from HP, 2 
from SDH and 22 from ZS (Table S1). The predicted targets of these components were collected, and after merging, duplicate values 
were excluded, for a total of 240 targets. 

3.2. Construction of an interaction diagram between the main active ingredients of BSTM and its active targets 

The interaction diagram was constructed using Cytoscape 3.8.1 software. The purple figure represents BZ, the blue figure repre-
sents HP, the yellow figure represents ZS, the green figure represents SDH, and the red figure represents HY. A1 represents the common 
components of HY and SDH, and the blue figure in the middle represents the target information (Fig. 1A). 

3.3. Retrieval of STC-related targets 

The “slow transit constipation” or “STC” term was entered in the search field of the GeneCards, OMIM, and DrugBank human 
disease gene databases for retrieval; the targets were collected, the duplicate values were eliminated, and 3091 targets were ultimately 
selected. The intersection of 240 drug targets and 3091 disease targets was constructed into a Venn diagram, which revealed 181 DEGs 
(Fig. 1B). 

3.4. Drug–disease PPI network diagram 

With the BisonGenet plug-in function of Cytoscape 3.8.1 software, a disease protein interaction network diagram and a drug 
component target protein interaction network diagram were constructed. After the two protein interaction network diagrams were 
constructed, the overlap of the two network diagrams was obtained by using the Merge plug-in function. There were 7977 closely 
related targets involved in the interaction of the active components of BSTM and 178272 interaction links. There were 14571 targets 
closely related to the incidence of STC, and there were 251906 active relationships. The overlap of the drug-disease interaction 
network is shown in Fig. 1C. 

3.5. The key targets for BSTM treatment of STC 

Next, key targets for BSTM-mediated treatment of STC were screened. First, the median DC value was 60, a target with more than 2 
times the median of 120 was retained, and 614 pieces of target information and 26633 relationships were obtained. The median DC, BC 
and CC values were subsequently calculated, and the target points that met the requirements of more than 174.5, 303.29 and 0.53 were 
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retained at the same time. Finally, 211 targets and 6886 networks were obtained. Fig. 1D shows the screening procedure, and Fig. 2A 
shows the final target information. Fig. 2B shows a visualization of the molecular interactions in the drug-disease PPI network. 

3.6. Analysis of the biological processes and enrichment pathways associated with STC treatment by BSTM 

The 211 obtained key targets were imported into the Metascape data analysis platform for analysis of GO biological processes, 
including cellular component and molecular function analysis. The 10 groups with the smallest P values were selected for plotting 
(Fig. 2C). Moreover, enrichment analysis of the KEGG pathways was performed, and the genes in the top 20 sites were screened by the 
-log10 (p value) and gene ratio. As shown in Fig. 2D, the predicted targets of the active ingredients in BSTM for improving STC efficacy 
were mainly involved in the PI3K-AKT signaling pathway, MAPK signaling pathway, and IL-17 signaling pathway. The color of the 
bubble represents the enrichment significance and the enrichment degree of the target gene in this pathway, which is expressed as the 
-log10 (P value). The horizontal coordinate the gene count represents the number of potential target genes belonging to the pathway. 

3.7. BSTM can significantly improve the symptoms of constipation in STC rats 

Analysis of the changes in body weight of the rats showed that at the end of the experiment, the body weight of the rats in the STC 
group was significantly lower than that of the rats in the NC group, and treatment with the positive control drug or different doses of 
BSTM significantly alleviated the weight loss caused by STC (Fig. 3A). The number of fecal particles, fecal water content and small 
intestinal charcoal thrust rate at 24 h were used to evaluate the improvement in constipation in STC rats induced by BSTM. Compared 
with those in the NC group, the number of fecal particles, fecal water content and small intestinal charcoal thrust rate of the rats at 24 h 
were significantly lower in the model group and significantly changed after intervention with various doses of BSTM (P < 0.05; 
Fig. 3B–D). 

Fig. 2. Acquisition of key targets for BSTM treatment of STC. A, Core target interaction network of BSTM; B, Protein interaction diagram of the key 
target for BSTM treatment of STC; C, GO analyze of the key target for BSTM treatment of STC; D, KEGG analyze of the key target for BSTM treatment 
of STC. 
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Fig. 3. BSTM improves constipation symptoms in STC rats. A, BSTM improves body weight loss in STC rats; B, BSTM increased the 24h fecal 
quantity of STC rats; C, BSTM increased fecal water content of STC rats; D, BSTM improves intestinal propulsion in STC rats; E, BSTM improved the 
pathological changes of colon in STC rats. P＜0.05, *, P＜0.01, **, vs STC group. 
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3.8. Effect of BSTM on the colonic morphology of STC rats 

Histopathological analysis of colonic tissue from the NC group revealed that the colonic tissue had complete layers, namely the 
mucosa, submucosa, muscle layer and outer membrane; the mucosa was covered with a single layer of columnar epithelial cells, and 

Fig. 4. BSTM increased the number of goblet cells in the colon of STC rats. A, PAS staining results; B, AB-PAS staining results. P＜0.05, *, P＜0.01, 
**, vs STC group. 
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many intestinal glands could be observed in the lamina. In the model group, mucosal necrosis, epithelial cell loss in the necrotic area, 
intestinal gland necrosis in the lamina propria, tubular structure loss, necrotic cell fragmentation and a few lymphocytes or neutrophils 
were observed. After treatment with BSTM and the positive control drugs, the degree of colon tissue injury improved significantly. The 
structure of the colon was relatively complete, the epithelial cells were more neatly arranged, and the lamina propria exhibited only 
slight intestinal gland necrosis and mild inflammatory cell infiltration (Fig. 3E). In addition, the number of colonic goblet cells was 
determined using PAS (Fig. 4A) and AB staining (Fig. 4B). The analysis showed that, compared with that in the NC group, the number 
of tissue goblet cells in the model group was significantly lower. However, these effects were significantly reversed after treatment with 
different doses of BSTM (Fig. 4). 

3.9. BSTM reduces ICC apoptosis in rat colon tissue 

As shown in Fig. 5, TUNEL-positive cells exhibited green fluorescence, c-Kit was used to label ICCs, and positive c-Kit expression 
was indicated by red fluorescence. Apoptosis of ICC apoptosis was not detected in the colonic tissues of the NC group. Compared with 
that in the NC group, ICC apoptosis was increased in the model group, but ICC apoptosis was decreased in all the dose groups treated 
with BSTM and in the positive control group, and ICC apoptosis was most significantly reduced in the high-dose BSTM group (Fig. 5A). 
Similarly, WB analysis revealed that the expression of c-kit, which is a hallmark protein of ICC, was significantly decreased in the colon 
of the model group of rats, while the positive control and BSTM treatment significantly increased the expression of c-kit in the colon 
(Fig. 5B & Fig. S1). Furthermore, apoptosis-related proteins in the colon of the rats were detected. As shown in Fig. 5C–D and Fig. S1, 
the expression of the proapoptotic proteins c-Caspase 3 and Bax in the colon of rats in the model group was significantly increased, and 
intervention with the positive control drugs and BSTM significantly alleviated this phenomenon. Moreover, the expression level of the 
antiapoptotic protein Bcl-2 in the colon was also significantly lower in the model group. Fortunately, combination therapy with drugs 
and BSTM could significantly increase the expression of Bcl-2. 

Fig. 5. BSTM inhibits the apoptosis of ICC cells in colon tissue of STC rats. A, Tunel staining and c-kit fluorescence staining of rat colon tissue; B, 
BSTM increased the expression of c-kit protein in the colon of STC rats; C, BSTM increased the expression of Bcl-2 protein and decreased the 
expression of BAX protein in the colon of STC rats; D, BSTM decreased the expression of c-Caspase 3 protein in the colon of STC rats. P＜0.05, *, P＜ 
0.01, **, vs STC group. 
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3.10. BSTM reduces cell apoptosis by activating the PI3K/AKT pathway in ICC in rat colon tissue 

Network pharmacology analysis predicted that the mechanism by which BSTM improved STC was related to the PI3K/AKT 
pathway. Therefore, we also detected the expression of PI3K and AKT pathway proteins in rat colon tissues. As shown in Fig. 6 
compared with those in the NC group, the phosphorylation levels of PI3K and AKT in the colon tissue of rats in the model group were 
significantly lower, indicating that loperamide treatment could inhibit the activation of the PI3K/AKT pathway in the colon. However, 
BSTM intervention significantly increased the phosphorylation of PI3K and AKT in the colon of rats, which was consistent with the 
predicted network pharmacology results (Fig. 6 & Fig. S2). 

3.11. BSTM component analysis 

The chemical components of BSTM were analyzed by HPLC‒MS. Eight components of BSTM were identified by comparison of their 
ion fragments, namely, arginine, decaffeoylacteoside, darendoside B, Jionoside A1/A2, acetoside, rehmapicrogenin, angoroside C, and 
harpagoside, as shown in Fig. 7A and B and Table S2 [18–21]. 

4. Discussion 

STC is a common clinical disease, and its complex pathogenesis limits its progress in prevention, diagnosis and treatment. 
Traditional Chinese medicine has shown unique advantages in the prevention and treatment of STC. Studies have shown that 
Atractylodes macrocephala Koidz. and Magnolia officinalis Rehd. et Wils. contain volatile oils, lactones, flavonoids and other active 
ingredients, and their combination can promote gastrointestinal motility to play a laxative role by restoring the number and distri-
bution of Cajal interstitial cells [22–24]. The BSTM is composed of Zhizhu Pill plus Magnolia officinalis Rehd. et Wils. (HP), Rehmannia. 
(SDH) and has definite clinical efficacy in the treatment of constipation [10]. To further clarify the specific mechanism by which BSTM 
alleviates STC, this study used network pharmacology to analyze the possible molecular mechanism by which BSTM treats STC and 
verified this mechanism through animal experiments. According to our network pharmacology analysis, the main components of BSTM 
involved in the treatment of STC were volatile oils, flavonoids, lactones and polysaccharides. Many studies have shown that volatile 
oils, flavonoids and other substances can improve the gastric emptying and intestinal propulsion of rats with functional dyspepsia, 
increase the release of endogenous motilin (MTL), promote gastric emptying in rats, and enhance intestinal propulsion [25–28]. The 
mechanism of action of Atractylodes macrocephala Koidz has been reported. The ability of BZ and Citrus aurantium L. (ZS) to treat STC 
may be related to restoring the number and distribution of ICCs, regulating the content of neurotransmitters in the ENS, promoting 
gastrointestinal motility, and regulating the expression of AQPs [29]. KEGG pathway enrichment analysis suggested that the molecular 
mechanism of BSTM therapy for STC may be closely related to the PI3K-Akt signaling pathway. The PI3K-Akt pathway is involved in 

Fig. 6. BSTM activates PI3K/AKT pathway in colon tissue of STC rats and promotes AKT and PI3K phosphorylation. P＜0.05, *, P＜0.01, **, vs 
STC group. 
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the regulation of cell proliferation and plays an extremely important role in promoting cell growth and inhibiting apoptosis, angio-
genesis, and autophagy [30]. Moreover, the AKT signaling pathway can induce the secretion of the cytokines IL-6, IL-12 and TNF-α 
[31,32]. When the intestinal barrier function of rats is impaired, the serum inflammatory cytokines IL-6 and TNF-α are significantly 
increased. 

ICCs generate slow waves, induce excitation and regulate neurotransmitters [33,34]. A decrease in or dysfunction of the ICC leads 
to a decrease in colon slow wave activity, blocks information transmission between the ENS and smooth muscle cells, delays electrical 
excitation transmission between pacemaker cells and smooth muscle cells, and leads to a decrease in the contractility of smooth muscle 
cells [35,36]. This results in colonic dyskinesia and delayed delivery of intestinal contents [37,38]. Therefore, ICCs are closely related 
to constipation. In animal experiments, the colonic Cajal mesenchymal cells of STC rats were shown to not function normally, and the 
apoptosis of colonic ICCs from rats in the model group was detected via TUNEL staining and immunofluorescence. Moreover, WB 
experiments showed that the expression of c-Kit (c-Kit is expressed mainly by ICCs in the intestine) was significantly decreased in the 
model group, the expression of the proapoptotic proteins Caspase 3 and Bax in the colon was significantly decreased, and the 
expression of the antiapoptotic protein Bcl2 was significantly increased, indicating that BSTM could upregulate the expression of c-Kit 
in colon tissue. Inhibition of ICC apoptosis. Apoptosis of ICCs in colon tissue is an important factor affecting the occurrence and 
development of STC [15]. Apoptosis is a programmed cell death process regulated by a variety of signaling molecules that trigger 
cascade reactions and lead to cell death [39]. The c-Caspase-3, Bax and Bcl-2 proteins play important roles in apoptosis [40]. In the 
present study, an STC rat model was established with loperamide, and after intervention with BSTM, the expression of c-caspase-3 and 
Bax was downregulated, that of Bcl-2 was upregulated, and that of key proteins in the PI3K/AKT pathway was significantly increased, 
which was highly consistent with the results predicted by network pharmacology. These results indicate that the laxative effect of 
BSTM is closely related to its antiapoptotic mechanism. 

Fig. 7. Results of HPLC-MS identification of BSTM. A, HPLC-MS +ESI spectrum of BSTM; B, HPLC-MS − ESI spectrum of BSTM.  
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5. Conclusions 

In summary, for the first time, this study used integrated network pharmacology and partial experimental verification methods to 
initially explore the possible mechanism of BSTM treatment, which may be related to the inhibition of the PI3K-Akt signaling pathway 
to improve Cajal cell apoptosis, providing an important direction and reference for further elucidating its pharmacological mechanism 
in detail. In this study, the PI3K/AKT pathway, which is the most enriched signaling pathway, was selected according to the prediction 
results of previous network pharmacology studies. The PI3K/AKT pathway is one of the most important signaling pathways involved in 
cell survival. Harpagoside, rehmapicrogenin, angoroside C and other components of BSTM inhibited apoptosis by inhibiting the 
production of intracellular ROS and activating the PI3K/AKT pathway [41–43]. Arginine modulates intestinal cell restitution by 
transforming growth factor-β1 [44,45]. Acetoside regulates NF-κB signaling in cells, suggesting its anti-inflammatory activity [46]. 
These studies suggest that BSTM may improve STC more than just regulate the PI3K/AKT pathway. In fact, our prediction results also 
suggest that the effect of BSTM on STC is related to the MAPK pathway, the IL-17 pathway, etc. STC is closely related to apoptosis, 
injury and inflammation in intestinal cells, and MAPK, IL-17 and other pathways play important roles in the above pathological ac-
tivities of cells. In future research, we will further explore whether the anti-STC effect of BSTM is related to these pathways. 
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