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The withanolide extract of Physalis angulata alleviates the liver
fibrosis through regulation of YAP and TGF-f#/Smad pathway
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Abstract: Liver fibrosis is a common scatring response to virtually all forms of chronic liver injury and is
characterized by excessive accumulation of extracellular matrix. Excessive activation of hepatic stellate cells
(HSCs) is a key step in liver fibrogenesis. The withanolide extract of Physalis angulata (WEP) is a physalin-type
withanolide enriched partition from Physalis angulata. In this study, liver fibrosis mice models were established by
CCl, and bile duct ligation (BDL) in vivo. Transforming growth factor-f1 (TGF-f1) was given in vitro to induce
activation of human hepatic stellate cells LX-2 and treated with WEP at different concentrations. All animal
experiments in this paper have been approved by the Ethics Committee of China Pharmaceutical University. The
in vivo results showed that, compared with the CCl, or BDL group, WEP could reduce collagen deposition and liver
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damage, and reduce the levels of aspartate transaminase (AST) and alanine transaminase (ALT) in serum. In vitro,

WEP had no significant cytotoxicity to LX-2 cells, but significantly reduced the mRNA and protein expressions of

fibrotic markers collagen type I o 1 chain (COL1A1) and a-smooth muscle actin (a-SMA) and inhibited the activa-

tion of hepatic stellate cells. In addition, WEP inhibited the expression of yes-associated protein (YAP) and the

phosphorylation level of Smad family member 2 (Smad2) in vivo and in vitro. In conclusion, WEP can inhibit hepatic

stellate cells activation via regulating the YAP and TGF-4-Smad pathways, and shows promising anti-fibrosis activity

in vitro and in vivo.
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Table 1 PCR primers. ACTA2: Actin alpha 2, smooth muscle; COL1A1: Collagen type I o 1 chain; TIMP1: Tissue inhibitor of metallopro-

teinase 1; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase

Species Gene Forward primer Reverse primer

Human ACTA2 CCTTGTTTGGGAAGCAAGTGG TGGAGCTGCTTCACAGGATT
COLIAI GTGCGATGACGTGATCTGTGA CGGTGGTTTCTTGGTCGGT
TIMP1 CTTCTGCAATTCCGACCTCGT ACGCTGGTATAAGGTGGTCTG
GAPDH GACCTGCCGTCTAGAAAAAC TTGAAGTCAGAGGAGACCAC
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Figure 1 The withanolide extract of Physalis angulata (WEP) inhibits the activation of hepatic stellate cells (HSCs). LX-2 cells were treated

with 2 ng-mL" transforming growth factor-1 (TGF-A1) with or without different concentrations of WEP for 24 h after no fetal bovine serum
(FBS) starvation. A: WEP repressed the mRNA expressions of COLI/AI and ACTA2 in a dose-dependent manner in LX-2 cells. GAPDH
served as a loading control; B: WEP inhibited the protein levels of COL1A1 and a-smooth muscle actin («-SMA) in LX-2 cells; C: Cell
proliferation was determined by CCK8 assay. n = 3, x = 5. "P < 0.05, P < 0.01, P < 0.001 vs control group; "P < 0.05, ""P < 0.001 vs

TGF-f1 group
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Figure 2 WEP has no obvious toxicity in vivo. The histopathology of heart, liver, spleen, lung and kidney was observed by hematoxylin-

eosin staining (scale bars: 250 um)
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Figure 3 WEP ameliorated CCl -induced liver injury and liver fibrosis. A: Liver histopathology was observed by H&E staining (scale

bars: 250 um); B: Serum aspartate transaminase (AST) and alanine transaminase (ALT) assays demonstrated that WEP reduced liver injury

in CCl-induced mice; C: The obtained liver sections were subjected to Sirius red staining (scale bars: 100 pm, up panel), and Masson

trichrome staining (scale bars: 100 pm, down panel); D: The positive areas of Sirius red staining and Masson trichrome staining were

normalized against the control group; E: Western blot analysis of a-SMA expression. n = 7, x £ 5. "P < 0.05, P < 0.001 vs control group;

ok

"P<0.05,"P<0.01, "P<0.001 vs CCl,-oil group
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Figure 4 WEP ameliorated bile duct ligation (BDL)-induced liver injury and liver fibrosis. A: Liver histopathology was observed by H&E

staining (scale bars: 250 pum); B: Serum AST and ALT assays demonstrated that WEP reduced liver injury in BDL-induced mice; C: The

obtained liver sections were subjected to Sirius red staining (scale bars: 100 um, up panel), and Masson trichrome staining (scale bars: 100 um,

down panel); D: The positive areas of Sirius red staining and Masson trichrome staining were normalized against the sham group; E: Western
blot analysis of a-SMA expression. n =7, x £ 5. P < 0.01, **P < 0.001 vs sham group; "P < 0.05, "P < 0.01, ™P < 0.001 vs BDL-group
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Figure 5 WEDP inhibits liver fibrosis through regulation of yes-associated protein (YAP) and TGF-f1/Smad pathway. A: LX-2 cells were
treated with 2 ng-mL" TGF-f1 with or without different concentrations of WEP for 24 h after no FBS starvation. WEP down-regulated the
protein expressions of YAP and p-Smad2 in LX-2 cells; B, C: WEP down-regulated the protein expressions of YAP and p-Smad2 in CCl,-
treated and BDL-treated livers. n =3 (A), n=7 (B, C), x 5. "P < 0.05, P < 0.01, ™P < 0.001 vs control group; "P < 0.05, "P < 0.01, ™
0.001 vs model group
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