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Geniposide inhibits hepatic fibrosis and hepatic stellate cell activation through
blocking the TGF-B1/Smad signaling pathway

ZHOU Lin-Hua"", CHEN Xiao’
'School of Cosmetology, Yichun University, 2School of Nursing, Yichun Vocational Technical College, Yichun 336000, China

Abstract: The purpose of this study was to investigate the effect of Geniposide on hepatic fibrosis and activation of hepatic stellate
cells (HSCs) and to explore possible underlying mechanism. Human HSCs (LX-2) were treated with 5 ng/mL transforming growth
factor-B1 (TGF-B1), followed by co-culture with Geniposide at various concentrations (0, 1, 2.5, 5, 10, 20, 40, 60, 80, 100 umol/L).
Cell viability was determined by MTT assay. Then, LX-2 cells were divided into control, TGF-B1 (5 ng/mL) and TGF-1 + Geniposide
(20 umol/L) groups, and the gene and protein expression of collagen I, fibronectin, a-smooth muscle actin (a-SMA), p-Smad2 and
p-Smad3 was detected by qPCR and Western blot, respectively. BALB/c mice were treated with CCl, (25%, 1 mL/kg) to generate a
model of hepatic fibrosis (CCl, group), and the control group and CCl, + Geniposide group were administered with olive oil and CCl, +
40 mg/kg Geniposide, respectively. After 4 weeks of treatment, the liver function and serum hepatic fibrosis indexes of mice were
detected, histological observation was performed by HE and Masson staining, and a-SMA expression in the tissue was analyzed by
immunohistochemistry. Western blot was utilized for the determination of the protein expression of a-SMA, TGF-B1, p-Smad2 and
p-Smad3. The results showed that Geniposide inhibited LX-2 cell proliferation. In addition, Geniposide significantly downregulated
the gene and protein expression of collagen I, fibronectin and a-SMA and the expression of TGF-f1/Smad signaling-related proteins
induced by TGF-B1 in vitro. Histological observations showed that Geniposide significantly inhibited CCl,-induced hepatic fibrosis,
HSC activation and expression of TGF-B1/Smad signaling-related proteins in mice. In summary, Geniposide prevents the hepatic fibrosis
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and HSC activation possibly through the inhibition of the TGF-1/Smad signaling pathway.

Key words: Geniposide; hepatic fibrosis; hepatic stellate cell; TGF-f1/Smad
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Fig. 1. Geniposide inhibited the proliferation of LX-2 cells
induced by TGF-f1. LX-2 cells were co-cultured with 5 ng/mL
TGF-B1 and Geniposide (0, 1, 2.5, 5, 10, 20, 40, 60, 80, 100
umol/L) for 48 h, and the cell proliferation ability was detected
by MTT assay. Mean + SD (n = 6). P < 0.05, P < 0.01 vs
TGF-B1+0 umol/L Geniposide.

%1.qPCR3| 4 /%71
Table 1. qPCR primer sequence

Gene Primer sequence

Collagen I Forward: 5'-TGGCCAAGAAGACATCCCTGAAGT-3’
Reverse: 5'-ACATCAGGTTTCCACGTCTCACCA-3’

Fibronectin Forward: 5'-CCATCGCAAACCGCTGCCAT-3'
Reverse: 5'-AACACTTCTCAGCTATGGGCTT-3'

a-SMA Forward: 5'-ACTG AGCGTGGCTATTCCTCCGTT-3'
Reverse: 5'-GCAGTGGCCATCTCATTTTCA-3’

GAPDH Forward: 5'-AAGAAGGTGGTGAAGCAGGC-3'

Reverse: 5'-TCCACCACCCTGTTGCTGTA-3’
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Fig. 2. Geniposide inhibited the expression of fibrosis genes in LX-2 cells induced by TGF-1. LX-2 cells were treated with no
reagent (control), 5 ng/mL TGF-B1, or TGF-B1+Geniposide (20 pmol/L) for 48 h, and the mRNA (4) and protein (B—E) expressions of
collagen 1, fibronectin and a-SMA were detected by gPCR and Western blot, respectively. Mean = SD (n = 3). "P < 0.01 vs control
group; P < 0.01 vs TGF-B1 group.
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Fig. 3. Geniposide inhibited activation of TGF-f1/Smad signaling pathway in LX-2 cells. LX-2 cells were treated with no reagent
(control), 5 ng/mL TGF-B1, or TGF-B1+Geniposide (20 pmol/L) for 48 h, and the expressions of p-Smad2 and p-Smad3 were detected
by Western blot (4) and quantified (B—C). Mean = SD, n=3."P < 0.01 vs control group; "P < 0.05, P < 0.01 vs TGF-B1 group.
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Fig. 4. Comparison of the general shape and histopathology of liver. BALB/c mice were induced to hepatic fibrosis by CCl, (25%, 1
mL/kg), and control group (equivalent olive oil), CCl, group and CCl,+Geniposide group (40 mg/kg) were established. 4: The general
shape of liver. Scale bar, 1 cm (upper) or 1 mm (lower). B: Hematoxylin-eosin (HE) staining of liver tissue. Scale bar, 100 um. C-D:
Masson staining of liver tissue and Masson positive area. Scale bar, 100 um. Mean = SD (n=3). "P < 0.01 vs control group; “P < 0.01
vs CCl, group.
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Fig. 5. Geniposide inhibited the activation of hepatic stellate cells (HSC) in mice with CCl,-induced liver injury. BALB/c mice were
induced to hepatic fibrosis by CCl, (25%, 1 mL/kg), and control group (equivalent olive oil), CCl, group and CCl,+Geniposide group
(40 mg/kg) were established. 4: The expression of a-SMA in liver tissues was detected by immunohistochemistry. Scale bar, 100 pm.
B: The protein expression of a-SMA was detected by Western blot. Mean = SD (n = 3). "P < 0.01 vs control group; “P < 0.01 vs CClI,
group.
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Table 2. Comparison of serum ALT and AST levels and liver tissue HYP levels

Group n ALT (U/L) AST (U/L) HYP (ug/g)
Control 6 22.05+6.23 52.33 £22.56 93.25 +23.61

ccl, 6 156.31 £24.57" 261.12+£33.89™ 203.08 +£33.32"
CCl+Geniposide 6 96.72 + 8.36" 178.34 + 25.14" 119.54 +22.15"

ALT: alanine aminotransferase; AST: aspartate aminotransferase; HYP: hydroxyproline. Mean + SD. P < 0.01 vs control group; P <

0.01 vs CCl, group.

A3, i AT 4 A 3HA . PC-ILL CIVARLN&Y phd
Table 3. Comparison of serum hepatic fibrosis parameters HA, PC-1II, CIV and LN

Group n HA (ng/L) LN (pg/L) PC-III (pg/L) CIV (ug/L)
Control 6 45.04 +7.35 49.79 +13.48 27.53+15.36 17.22 +£3.25
ccl, 6 126.24 £26.42" 137.64 £35.12" 55.06 +30.18" 45.68+4.117
CCl,+Geniposide 6 107.34 £ 13.23% 93.56 +22.75™ 36.46 + 18.55" 33.69+2.51"

HA: hyaluronic acid; LN: laminin; PC-III: type III procollagen; CIV: type IV collagen. Mean + SD. ~P < 0.01 vs control group; “P <

0.01 vs CCl, group.
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Fig. 6. Geniposide inhibited the activation of TGF-B1/Smad signaling pathway in the liver of mice with CCl,-induced liver injury.

Mice were induced to hepatic fibrosis by CCl, (25%, 1 mL/kg), and control group (equivalent olive oil), CCl, group and CCl,+Geni-

poside group (40 mg/kg) were established. The protein expressions of TGF-B1, p-Smad2 and p-Smad3 were detected by Western blot
(4) and quantified (B—D). Mean £ SD (n =3). P < 0.01 vs control group; “P < 0.01 vs CCl, group.
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