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Abstract: The gut microbiota plays a crucial role in the development of colorectal cancer (CRC). The
imbalanced gut microbiota causes damage to the body and disrupts bile acids metabolism, increases susceptibility
to CRC, and affects the signaling of farnesol X receptor (FXR), thereby promoting CRC progression. Traditional
Chinese medicine has unique advantages in the treatment of CRC due to its synergistic regulatory effects of
multiple components, targets, and pathways. It can regulate gut microbiota, intervene in bile acids metabolism, and
activate its receptor FXR to inhibit the occurrence and development of CRC. Based on this, this article discusses
the main role of the gut microbiota-bile acids-FXR axis in the development of CRC, and reviews the anti CRC

effects and mechanisms of traditional Chinese medicine intervention on gut microbiota-bile acids-FXR axis, in
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order to provide new ideas and methods for the prevention and treatment of CRC.
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Figure 1  Gut microbiota-bile acids-FXR axis on colorectal

cancer. PBAs: Primary bile acid; SBAs: Secondary bile acids;
BSH: Bile salt hydrolases; DCA: Deoxycholic acid; UDCA:
Ursodeoxycholic acid; FXR: Farnesoid X receptor; NF-«B: Nuclear
factor kappa-B; IL-8: Interleukin-8; EGFR: Epidermal growth

factor receptor
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Figure 2 Traditional Chinese medicine regulate gut microbiota-bile acids-FXR axis intervention in the development of colorectal cancer.

S. thermophilus: Streptococcus thermophilus; L. gallinarum: Lactobacillus gallinarum; C. butyricum: Clostridium butyricum
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Table 1 Mechanism of traditional Chinese prescription inhibiting colorectal cancer by regulating gut microbiota-bile acids-FXR axis.
AOM: Azoxymethane; DSS: Dextran sulphate sodium; HFD: High fat diet; CYP7A1: Sterol 7a-hydroxylase; Hs-CRP: Hypersensitive
C-reactive protein; TNF-a: Tumor necrosis factor o; HDCA: Hyodeoxycholic acid; a-MCA: a-Muricholic acid; f-MCA: f-Muricholic acid;
CA: Cholic acid; GLCA: Glycolithocholic acid; CRC: Colorectal cancer; IL-6: Interleukin-6; IL-10: Interleukin-10; LPCs:
Lysophosphatidylcholines; PCs: Phosphatidylcholine; LPS: Lipopolysaccharide; TGRS5: Takeda G protein receptor 5; SCFAs: Short chain
fatty acids

Traditional Chinese
. Model Anti-cancer mechanism Ref.
medicine

Sijunzi Decoction AOM/DSS induced mice Maintain intestinal microecological balance, regulate immunoglobulin and T [102]

lymphocyte subsets to improve body immunity

Yiqi Sanjie Recipe AOM/DSS induced mice Increase the abundance of beneficial bacteria Ruminococcus 1 and Prevotellaceae  [103]

UCG 001, repair DNA damage and improve iron free anemia

Erchen soup HFD + AOM/DSS induced mice It decreases the ratio of Firmicutes/Bacteroidetes, up-regulates the expression of [104]
FXR and increases the downstream rate limiting enzyme CYP7A1

Ehuang Decoction + Manikin Reduce the number of Lactobacillus, Bifidobacterium and Enterococcus faecalis, [105]

Zusanzhen increase the number of Escherichia coli, and reduce the levels of Hs-CRP and TNF-«

Pianzihuang AOM/DSS induced Apc™™* mice Increase the abundance of probiotics Pseudobutyrivibrio xylanivorans and [106]

Eubacterium limosum, deplete pathogenic bacteria Aeromonas veronii,

Campylobacter jejuni, Collinsella aerofaciens and Peptiphilus harei, increase the

contents of taurine, bile acids and unsaturated fatty acids, and inhibit carcinogenic

and pro-inflammatory pathways

Increase the concentrations of UDCA, HDCA, a-MCA, -MCA, CA and GLCA [107]

increase the relative abundance of Firmicutes, Proteobacteria, Actinobacteria,

Pulsatilla Decoction  3.5% DSS induced mice

Tenericutes and TM7, decrease the abundance of Bacteroides, and increase the
expression of FXR and TGRS in liver
Xianglian pill AOM/DSS induced CRC model Increase the proportion of probiotics (particularly Akkermansia muciniphila) and [108]
of mice exposed to HFD significantly reduce fecal DCA, a microbiota-derived metabolite of bile acids
closely related to Muribaculaceae
Compound Changtai CT 26-LUC induced mice Increase the abundance of Firmicutes, decrease the abundance of Bacteroidetes, and [109]
increase the abundance of Turicibacter and Roseburia

min/+

Coix monkshood Apc™ mice Reduce the expression levels of Foxp3, IL-6 and IL-10 in conventional T cells in [110]

Patrinia powder adenomas, and increase the abundance of Dubosiella, Lactobacillus, Bacteroides
fragilis and Lachnospiraceae
Gegen Qinlian

Mice were induced by Reduce LPS and inflammatory reaction, reduce the number of Escherichia coli, [111]

Decoction subcutaneous injection of Enterococcus, Lactobacillus, Bifidobacterium and intestinal flora, and increase the
dimethylhydrazine and drinking level of Wnt/f-catenin pathway protein
2% DSS
Xianlian Jiedu Recipe AOM/DSS induced mice Reduce the abundance of Turicibacter, Clostridium_sensus_stricto I and the levels [112]
of sphingosine, LPCs and PC, increase the abundance of probiotics Enterorhabdus
and Alistipes, and the content of butyric acid and isovaleric acid
AOM/DSS induced mice

Anchang Yuyang Increase the relative abundance of Romboutsia, Monoglobus, norank_f [113]

Decoction Oscillospiraceae, and norank_f Ruminococcaceae, enhance SCFA production,

particularly butyric acid, propionic, and valeric acids
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Table 2 Mechanism of Chinese herbal inhibiting colorectal cancer by regulating gut microbiota-bile acids-FXR axis. CYP8B1: Sterol 12

o-hydroxylase; BACS: Bile acid-CoA synthetase; BAAT: Bile acid-CoA: amino acid N-acetyltransferase

Traditional Chinese medicine Model

Anti-cancer mechanism Ref.

Rhizoma Coptidis, Radix Normal mice
Scutellariae, Cortex
Phellodendri
Codonopsis pilosula, Normal mice
Atractylodes macrocephala

and Poria cocos

Mangxiao APC™™* male mice

Decrease the abundance of Firmicutes and increase the abundance of Bacteroidetes to  [115]
regulate bile acids metabolism

High dose Codonopsis pilosula can significantly increase the level of intestinal [116]
Lactobacillus and reduce the level of Escherichia coli; high dose of Poria cocos can
significantly improve the level of intestinal Bifidobacterium

Mangxiao exerts therapeutic effects by changing the abundance of Lactobacillus and  [117]

upregulating BSH to increase the expressional levels of unconjugated BAs in

APCM™* mice

Frankincense (roasted with 2,4,6-Trinitrobenzene
vinegar)
induced mice and BAAT

Red Ginseng and Semen TNBS induced mice

Inhibition of CYP7A1, up regulation of CYP8BI, and callback of primary bile acids ~ [118]
sulfonic acids (TNBS)- level in pathological state, up regulation of binding primary bile acids synthase BACS

Red Ginseng and Semen Coicis can promote the growth of probiotics Bifidobacterium [119]

Coicis and Lactobacillus, and Red Ginseng can also inhibit the growth of pathogenic bacteria

such as Escherichia coli

Purslane AOM/DSS induced

The abundance of harmful bacteria such as Escherichia coli and Salmonella in mice  [120]

mice treated with purslane extract decreased, while the abundance of beneficial bacteria

such as Bifidobacterium, Bacteroides and lactic acid bacteria increased significantly,

and played a role in a significant dose-dependent manner
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Table 3 Mechanism of monomer herb inhibiting colorectal cancer by regulating gut microbiota-bile acids-FXR axis. CYP27A1: Sterol 27

hydroxylase; PPAR-y: Peroxisome proliferator activated receptor-y; PYY: Peptide yy; GPR41: G protein coupled receptor 41; GPR43: G

protein coupled receptor 43; GPR109A: G protein coupled receptor 109 A

Traditional Chinese

.. Model Anti-cancer mechanism Ref.
medicine
Kaempferol Apc™™ mice Restore the damaged intestinal barrier, down regulate the expression of Ki67, Lgr5 and pro- [123]
inflammatory cytokines, increase the expression of CYP27A1 and CYP8BI, up regulate the
expression of CDCA and 12a-hydroxylated BAs, up regulate the expression of FXR, and
increase the abundance of 4. muciniphila and P. goldsteini
Paconiflorin Mice induced  Inhibit the levels of TNF-a, IL-1/ and IL-6, promoting the release of IL-10, increasing the [124]
by 3% DSS relative abundance of Lactobacillus, reduce the relative abundance of Bacteroides, and
reversing the metabolic disorder of BAs
Triterpene saponin Apc™™ mice Up regulation of Bifidobacterium, Clostridium cochleae, Lactobacillus intestines, [125]
Parabacteroides distasonis, Streptococcus thermophilus abundance, down regulation of
sulfate reducing bacteria abundance
Berberine Mice induced  Reduce the activity of Hedgehog signaling pathway, reduce the f-diversity of intestinal [126]
by AOM/DSS  microbiota in mice, inhibit the COX-2/PGE2-JAK2/STAT3 axis, increase the abundance of
probiotics in mice, such as Lactobacillus, Allobaculum and Muribaculum, and disable
pathogenic Shigella, Dubosiella, Akkermansia and Alloprevotellalla in mice
Curcumin AOM induced Inhibit the age-related decrease of a-diversity, increase the relative abundance of [127]
mice Lactobacillus, and reduce the number of Klebsiella
Lysimachia capillipes Hemsl SW620 induced Microbial community (a-diversity index) as well as the number of OTUs in the mice's [128]
mice intestines both improved after the administration of LCS. Regulates the relative abundance of
Firmicutes and Bacteroidetes
Ginsenoside Rh4 Mice induced  Enrich the probiotic Akkermansia muciniphila, and alleviate gut microbiota dysbiosis caused  [99]
by AOM/DSS by CRC, promote the production of UDCA by enhancing the activity of 7a-hydroxysteroid
dehydrogenase. UDCA further activates FXR, modulates the TLR4-NF-«xB signaling pathway
Patchouli essential oil and ~ Apc™"" mice The drugs stimulate the SCFA-producers and the key SCFA-sensing receptors (GPR41, [130]
its derivatives patchouli GPR43, and GPR109A). The activation of SCFAs/GPSs also triggers the alterations of PPAR-
alcohol and pogostone 7, PYY, and HSDCs signaling mediators in the treated mice
Menthol AOM/DSS Compared with the control group, a diversity is higher, the abundance of butyric acid [131]

induced mice

producing bacteria (4/lobaculum, Roseburia and Intestinimonas) increase, and the fecal

butyric acid concentration increase
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