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Abstract  Objective: This study aims to investigate how Sishen Pill function in the treatment of
ulcerative colitis(UC)and colon cancer(CC)by utilizing network pharmacology combined with
molecular docking techniques.Methods:Active components of Sishen Pill were identified,and
potential targets were forecasted using resources like TCMSP databases. The disease-related targets
of UC and CC were screened using Gene Cards,CTD,and TTD databases.The PPI network was
established,followed by GO function enrichment and KEGG analysis of likely biological processes
and signaling pathways,along with molecular docking validation.Results:In total,94 active
ingredients from Sishen Pill were identified,and 279 potential targets for the treatment of UC and
CC associated with Sishen Pill were discovered,encompassing 3161 biological processes,115
cellular components,265 molecular functions,and 178 signaling pathways.Core active compounds
such as quercetin,key target proteins such as TP53,and signaling pathways such as TNF and IL-17
were screened.The key targets all had strong binding activity with the core active compounds.
Conclusion: Sishen Pill can play the role of “treating different diseases with the same treatment"
for UC and CC through multiple components,multiple targets and multiple pathways.
Keywords: Sishen Pill,UIcerative colitis,Colon cancer,Network pharmacology,Molecular

docking



Ulcerative colitis(UC)is a condition characterized by inflammation of the mucosal layer,
starting in the rectum and potentially impacting the entire colon.Characteristic clinical
manifestations include abdominal pain,diarrhea,and bloody stools with mucus and pus [1].The
disease is chronic and recurrent,and there is currently no cure.UC is one of the precancerous lesions
of colon cancer,and the transformation of UC to colon cancer conforms to the classic
"inflammation-cancer transformation"process.Colon cancer(CC)is the third most common cancer
in the world and the fourth most deadly[2].As a precancerous lesion of colon cancer,its
inflammatory-cancer transformation mechanism is closely related to the persistent inflammatory
microenvironment.Genetic factors affect tumor susceptibility by regulating inflammatory
responses, and chronic inflammation can promote the process of carcinogenesis through multiple
mechanisms. Studies have shown that inflammation and tumors have a bidirectional promoting
effect,and some Chinese herbal medicine ingredients may block this vicious cycle by regulating
related pathways. [3-4].

Sishen Pill originated from the book { Zheng Zhi Zhun Sheng ) written by Wang
Kentang,a physician in the Ming Dynasty.The prescription is made up of six
herbs,including Psoralea corylifolia,Evodia rutaecarpa,Nutmeg,Schisandra chinensis,and two
auxiliary herbs,ginger and jujube.In modern clinical practice,Sishen Pill is mainly used to treat
digestive system diseases, such as inflammatory bowel disease and CC[5-8].Studies have shown
that Sishen Pill has good effects on the treatment of UC [9]and the inhibition of CC
[10].At present,The underlying pharmacological basis and action mechanism of Sishen Pill in
treating UC and CC remain vague. Thus,this study aims to combine network pharmacology
prediction with  molecular  docking validation to preliminarily elucidate its potential
pharmacological mechanisms,offering a scientific foundation for future systematic experimental
investigations and clinical applications.

1 Methods

1.1 Identification of active constituents and associated targets of Sishen Pill

Initially,the  Chinese Medicine System Pharmacology Database and Analysis
Platform(TCMSP) was utilized to explore the chemical constituents of Sishen Pill,aiming to
identify compounds that exhibit potential pharmacological effects.Among them,Psoralea
corylifolia,which was not collected in the TCMSP database,was collected through the Herb
database of Bencao Zujian,and target prediction was performed.

1.2 Screening of UC&CC related targets

Targets associated with diseases were queried in both the GeneCards and OMIM
databases.From the GeneCards database,only the target information with scores above the
median was preserved. The results obtained from these two databases were then combined,and
any redundant data were eliminated to ultimately identify the pertinent molecular targets.

1.3 Construction of a ""TCM-active ingredient-disease-common target' network

The intersection of UC and CC disease targets and the active ingredient targets of Sishen Pill
was taken to obtain common targets. The "TCM-active ingredient-disease-common target"network
was constructed using Cytoscape software to analyze its core components.

1.4 Construction of PPl Network and Identification of Core Targets
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The common targets identified through screening were entered into the STRING platform
for the creation of a protein interaction network.Subsequently,the network data was
transferred to Cytoscape software.Two rounds of screening were conducted,focusing on
node topology characteristics,including  betweenness  centrality,closeness  centrality,and
degree centrality, ultimately leading to the identification of the key regulatory targets.

1.5 GO Function and KEGG Pathway Enrichment Analysis of Shared Targets

The bioinformatics tool in the R programming language was employed to perform an analysis
of gene ontology(GO)enrichment for the potential therapeutic targets identified for UC and CC
through screening.This analysis encompasses three aspects:biological process(BP),molecular
function(MF),and cellular component (CC).The significance threshold P value was set to be less
than 0.05,and the analysis results were presented by visualization methods.Subsequently,the
KEGG enrichment function of cluster Profiler was used in combination with the Meta Scape
database to conduct signal pathway enrichment research.

1.6 Molecular docking verification

Data regarding the three-dimensional crystal structures of essential target proteins
were obtained from the PDB database,and the PyMol tool was used to hydrogenate,remove
water,and separate non-protein ligands from the protein structure.The Grid box of the binding
pocket was precisely adjusted with the help of AutoDock Tools software,the molecular docking
operations were conducted using the AutoDock Vina program to assess the binding affinity of
potential active compounds with the target proteins.Additionally,the PyMol software was utilized
to create a three- dimensional visualization of the complex structure.

2 Results

2.1 Sishen Pill-UC&CC Common Target Genes

Venny 2.1.0 software was used to import Sishen Pill ingredient targets and UC&CC disease
common targets,and 279 TCM-disease common target genes were obtained by analysis,as shown
in Figure 1.

2.2 Development and examination of the "TCM-active component-illness-common
target™ network

The built interaction network(Figure 2)comprises 360 nodes and 941 links.Diamond-shaped
nodes indicate potential targets,circular nodes denote active components,and triangular nodes
signify common elements.An analysis of the network topology reveals that the five primary active
substances exhibiting the highest connectivity are quercetin,bavachin,isobavachin,bavachalcone,
and isonecbavachalcone.

2.3 Construction of PPI Network and Identification of Core Targets

The 279 targets that were acquired were entered into the STRING platform,where the species
was restricted to humans.A minimum interaction credibility threshold of >0.9 was established,
leading to the construction of the protein interaction network after the removal of isolated nodes
(see Figure 3).This network comprises 232 protein nodes along with 884 interaction relationships.
The resulting network data was then loaded into Cytoscape software,where two rounds of screening
were conducted,focusing on node topology characteristics.Ultimately,19 core targets were

identified. Among these,the five target proteins that exhibited the highest degree values were TP53,
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AKT1,HSP90OAALESRL,and JUN.This indicates their potential key regulatory roles in the
treatment of UC and CC with Sishen Pill.
2.4 KEGG Pathway Enrichment and GO Function Analysis of Shared Targets
The Gene Ontology(GO)enrichment approach was employed to investigate the three aspects
of Biological Process(BP).MF,and CC.Statistics showed that there were 3161 BPentries,115 CC
entries,and 265 MF entries.The top 10 functional entries in each dimension were selected for
visualization(Figure 4).As shown in Figure 5,KEGG analysis identified a total of 178 significantl
enriched signal pathways,among which the top five pathways with the highest enrichment included:
lipid metabolism and atherosclerosis,prostate cancer,Shear stress from fluids,the signaling
mechanism of AGE-RAGE in complications arising from diabetes,and the pathway associated with
hepatitis B virus infection.
2.5 Molecular docking verification
As shown in Figure 6,the core active ingredient was molecularly docked with the core target
protein.The findings indicated that the binding energy of the majority of core components to the
target was below-5 kcal-mol-1,with the lowest binding energy observed specifically for the
AKT!target,showing strong affinity.As shown in Figure 7,through the visualization of the four
groups of structures,it can be clearly seen that the small molecule active substances and the
receptor protein mainly rely on hydrogen bonding and n-n stacking effect to maintain a stable
complex configuration,which fully proves that these active ingredients may play an important

role in regulating the function of the target protein.
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3 Discussion

In TCM theory,UC corresponds to symptoms such as "dysentery"and "intestinal diarrhea™ The
disease starts from the spleen,stomach and large intestine,and then affects the liver and kidneys over
time,with a prolonged course of the disease [11-12].Studies [13-14]have pointed out that the
pathogenesis of UC is a combination of deficiency in the root and excess in the superficial
symptoms,with spleen deficiency and dampness as the key.Long-term illness can lead to spleen and
kidney yang deficiency.If the spleen fails to function properly,water and food cannot be
digested,causing diarrhea and abdominal pain.If the kidney yang is deficient,it will lose
warmth,manifested as fear of cold and cold limbs."Treatise on Warm Diseases"states that “cold
and dampness obstruct the spleen,and yang gi does not function,resulting in abdominal distension

and loose stools",and "kidney yang deficiency leads to soreness and coldness in the waist and
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knees,and clear and long urine."In TCM theory,CC corresponds to symptoms such as "intestinal
wind"and "intestinal cyst".Its late pathogenesis is mostly a mixture of deficiency and excess,and
spleen and kidney yang deficiency syndrome is common in clinical practice[13-14]. In a study on
the distribution characteristics of TCM syndrome types in CC patients during the perioperative
period,spleen and kidney yang deficiency syndrome accounted for 29.38%and 20.49%of CC
patients in clinical stage Il and IV before and after surgery,respectively[15].In the book "Shui
Zhang"of Lingshu,it is said:"What is the intestinal polyp?Qi Bo said:Cold air invades the
outside of the intestines and fights with the defensive gi.The gi cannot be nourished. Because of
something,it is attached to the inside,and bad air arises,and polyps are born."From the
perspective of TCM,it explains the occurrence,development and changes of CC.Phlegm and
poison fight for a long time,deplete gi and blood,and damage the spleen and kidney,resulting in
"long-term diarrhea,qi and blood deficiency,and intestinal tract malnutrition,which leads to
asthenia."It explains the key pathogenesis of spleen and kidney yang deficiency in the middle and
late stages of CC.Both UC and CC have spleen and kidney yang deficiency syndrome,which can
be treated the same way.Sishen Pill may be effective for both diseases.

In this study,five key active substances of Sishen Pill for the treatment of UC and CC were
obtained through multiple databases.Wang et al.[16]found that quercetin relieves UC by
activating AhR-mediated  TJs  enhancementthereby  repairing  intestinal  barrier
dysfunction.Some  scholars [17-18]found that quercetin can inhibit the phosphorylation
expression of JAK2/STAT3,thereby inhibiting the invasion and metastasis of CC.Studies
[19]showed that psoralen can inhibit the invasion and metastasis of human colon cancer HCT-
116 cells,and its mechanism may be related to downregulating the expression levels of -catenin
and transcription factor 4 proteins [20].Zhao et al.found that the anti-cancer properties of
psoralen flavonoids are achieved by changing the p53/Bcl-2/Bax signaling pathway related to
cell apoptosis [21].Studies have confirmed [22]that psoralen can relieve DSS-induced colitis in
mice and reduce the expression of inflammatory factors such as IL-6.In summary,the active
ingredients of Sishen Pill reflect their multi-target therapeutic effects on UC and CC through
immune regulation,anti-inflammatory and improvement of intestinal flora.

The results of PPI analysis showed that the core target proteins of Sishen Pill for UC and CC
mainly include TP53,AKT1,HSP90AAL,ESR1 and JUN.Studies have shown that the p53 protein
encoded by the TP53 gene plays an important tumor suppressor function in a variety of malignant
tumors.As common genes,AKT1 and TP53 play an important role in the biological
processes related to UC and CC[22].TP53 is a tumor suppressor that can regulate cell
cycle,apoptosis and senescence.lts gain-of-function mutation will aggravate the level of
inflammation and may worsen the tumor [23].Recent studies have shown that the frequency of
TP53 gene mutations in colorectal tissues of UC patients is high,and there is a risk of promoting
the development of UC patients to colorectal cancer [24].AKTL1 is a necessary condition for
acute inflammation.It mainly works by regulating vascular permeability,leading to edema and
leukocyte outflow [25].Studies have found that AKT1 promotes the pathogenesis of UC by

enhancing vascular permeability through its activation [26].
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The results from GO function and KEGG pathway enrichment analysis indicated that Sishen
Pill may exert their therapeutic effects on UC and CC by modulating crucial signaling pathways,
including TNF,IL-17,and HIF-1,and biological processes such as Toll-like receptor-mediated
immune response and Th17 cell differentiation.Studies have found that Sishen Pill significantly
improves the pathological state of UC by regulating key inflammatory mediators such as TNF-a
and IL-17 effectively reduces the expression of proinflammatory factors,alleviates inflammatory
response,and reduces the possibility of intestinal epithelial malignancy[27-28].Studies have shown
that in chronic inflammation-related CC,the HIF-1 pathway drives tumor development by
promoting angiogenesis and hypoxic adaptation of cancer cells.Sishen Pill may inhibit its tumor-
promoting effect and restore intestinal homeostasis by intervening in HIF-1 signaling [29].Toll-
like receptors(TLRs)also play a key role in mediating intestinal immune responses.By regulating
TLR signaling,Sishen Pill may inhibit excessive inflammatory responses,which are associated
with the progression of UC and CC[30-31].The transformation of UC into a malignant state is
significantly influenced by Th17 cells and the pro-inflammatory factors they secrete,including
IL-17.Sishen Pill can improve the intestinal inflammatory microenvironment by regulating the
function of Th17 cells,thereby reducing tissue damage and inhibiting the progression of cancer
[6, 32].In sho Sishen Pill exerts its effects by regulating the complex mechanism of multiple
signaling pathways related to inflammation and immune regulation.This multi-target
characteristic gives it a unique advantage in the treatment of UC and the prevention of
cancer,reflecting the potential value of Chinese herbal compound in the treatment of chronic
inflammatory diseases [33-34].

Based on network pharmacology and molecular docking technology,this study revealed
the molecular mechanism of Sishen Pill in intervening in UC and CC, confirming its
scientific connotation of "treating different diseases with the same method", and providing new
ideas for the study of the mechanism of action of Chinese herbal compound.
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