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The Role of Bile Acids and Their Receptors in Regulating Hepatic
Encephalopathy via the Gut-Liver-Brain Axis

CHEN Junting, HU Xuefeng, LU Yi*

(Fujian Key Laboratory of Developmental and Neurobiology, College of Life Sciences, Fujian Normal University,
Fuzhou 350117, China)

Abstract  HE (hepatic encephalopathy) is a severe neuropsychiatric complication caused by liver failure or
portosystemic shunting. Its pathogenesis is jointly mediated by multiple factors such as disruption of the gut-liver-
brain axis, inflammatory responses, oxidative stress, and blood-brain barrier damage. Currently, the fundamental
treatment principles for HE in clinical practice include nutritional support, treatment of the underlying disease and
correction of precipitating factors, pharmacological therapy including traditional Chinese medicine interventions.
However, specific treatment methods are still lacking. Bile acid receptors, as key molecules in the regulation of me-
tabolism and maintenance of homeostasis, are closely related to the development and progression of liver diseases
and HE by modulating the function of the gut-liver-brain axis. This article systematically summarizes the current
research status of bile acid receptors in the pathogenesis of HE, aiming to provide new ideas and directions for ex-
ploring HE treatment strategies.
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Fig.1 Schematic diagram of the gut-liver-brain axis, bile acid homeostasis, and their pathological associations in HE
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Table 1 The role of bile acid receptors in hepatic encephalopathy

JIE R 32 A JIET R BC A4 ke EE BTN

Bile acid receptors Bile acid ligand Function References

FXR CDCA, LCA, DCA, CA  Inhibit the production and abnormal accumulation of bile acids, anti- [8,39,54]
inflammatory, and maintain the homeostasis of the gut-liver-brain axis

VDR LCA Activation of VDR can inhibit the activation and proliferation of HSCs, [63,66]
downregulate the expression of pro-fibrotic markers such as Cyclin D1 and
COLI1AL, and reduce collagen deposition in liver tissue

PXR LCA Liver injury can be alleviated by regulating liver detoxification and the [77]
metabolic clearance of toxic bile acids, indirectly intervening in the
pathological process of hepatic encephalopathy

CAR CA Regulate bile acid synthesis, antagonize bile acid toxicity, and alleviate liver ~ [79,84]
injury

TGRS LCA, DCA, CDCA, CA  Activation of TGRS alleviates neuroinflammation and exerts neuroprotective  [33,89-91]
effects, making its agonists potential intervention targets

S1PR2 TCA, GCA, TDCA, It exerts pro-inflammatory and pro-fibrotic effects, aggravating liver injury [9,94]

GDCA, UDCA

and promoting the progression of HE; its antagonists/inhibitors can suppress

related abnormal signals, alleviate liver damage and portal hypertension,

providing potential directions for HE intervention

FXR: iXJRBEX 34K, CDCA: #EBLEUIHRR; LCA: FIHRL; DCA: B4UIHRER; CA: IAE; VDR: 4EE RDEAK; PXR: ZBE X324k, CAR: AL i £
K2t TGRS: GERFIMBIKAZ 14 5; STPR2: SHEEE -1-BEIRZ 1K 2; TLCA: “FREUANER ; TCA: FBIINEL ; GCA: HEINEL ; TDCA: A i SN EL ;
GDCA: HZE B ANRRR; UDCA: &2 5UIHR2; GCDCA: H 2RI U RL; HE: LM .

FXR: farnesoid X receptor; CDCA: chenodeoxycholic acid; LCA: lithocholic acid; DCA: deoxycholic acid; CA: cholic acid; VDR: vitamin D receptor;
PXR: pregnane X receptor; CAR: constitutive androstane receptor; TGRS: takeda G protein-coupled receptor 5; SIPR2: sphingosine-1-phosphate
receptor 2; TLCA: taurolithocholic acid; TCA: taurocholic acid; GCA: glycocholic acid; TDCA: taurodeoxycholic acid; GDCA: glycodeoxycholic acid;
UDCA: ursodeoxycholic acid; GCDCA: glycochenodeoxycholic acid; HE: hepatic encephalopathy.
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TUDCA: tauroursodeoxycholic acid; TNF-a: tumor necrosis factor-a; IL-1B/6: interleukin-1p/6; CCL2: C-C motif chemokine ligand 2; ERK1/2:
extracellular signal-regulated protein kinases 1/2; AKT: protein kinase B, PKB; SHP: small heterodimer partner; CYP7A1: cytochrome P450 7A1;
CYPS8BI1: cytochrome P450 8B1; CYP46A1: cytochrome P450 46A1; ROCK1: Rho-associated coiled-coil containing protein kinase 1; DDAH2:
dimethylarginine dimethylaminohydrolase 2; eNOS: endothelial nitric oxide synthase; IHVR: intrahepatic vascular resistance; PHT: portal hypertension;
HSCs: hepatic stellate cells; COL1AL: collagen type I al chain; OATP2B1: organic anion transporting polypeptide 2B1; CYP3A: cytochrome P450 3A;

SULT: sulfotransferase; PAPSS2: 3'-phosphoadenosine 5'-phosphosulfate synthase 2. Others are the same as table 1.
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Fig.2 Core signaling pathways and interaction network of different bile acid receptors in HE
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