
This article is originally published by ProBiologist LLC., and is freely available at probiologists.com

Cell Signal. 2024;2(1):23-34. 23

Research Article

Wang et al., Cell Signal. 
2024;2(1):23-34.Cell Signaling

Molecular docking combined with in vitro 
validation study to explore the effect of 
lupenone on alleviating renal fibrosis based 
on TGF-β/Smad/CTGF signaling pathway

Xiangpei Wang1,#, Hongyun Liu2,#, Xiaofen Li2, Mei Zhang2, Feng Xu2,3, Mei Liu2, Hongmei Wu2,*

1School of Chinese Ethnic Medicine, 
Guizhou Minzu University, Guiyang 
550025, China
2Department of Pharmacy, Guizhou 
University of Traditional Chinese 
Medicine, Guiyang 550025, China
3School of Physical and Mathematical 
Sciences Nanyang Technological 
University, 637371, Singapore 
#These authors contributed equally to 
this work

*Author for correspondence: 
Email: whm0425@126.com

Received date: November 05, 2023
Accepted date: January 01, 2024

Copyright: © 2024 Wang X, et al.
This is an open-access article 
distributed under the terms of the 
Creative Commons Attribution License, 
which permits unrestricted use, 
distribution, and reproduction in any 
medium, provided the original author 
and source are credited.

Introduction

According to the global epidemiological report on chronic kidney disease (CKD) published by The 
Lancet, CKD is recognized as a global public health problem with high morbidity and mortality [1]. 
Diabetic nephropathy (DN) is the most main microvascular complication of diabetes and is one of the 
leading causes of end-stage renal disease (ESRD) and CKD [2]. Renal fibrosis is the main pathological 
feature of DN, which manifests as glomerular hypertrophy, glomerular mesangial expansion, and 
thickening of the glomerular capillary basement membrane caused by hyperglycemia. With the 
development of DN, glomerular and tubulointerstitial fibrosis appear, eventually leading to renal 
failure [3,4]. Therefore, effectively alleviating kidney fibrosis to treat CKD is an important topic in 
contemporary medical research.

The mechanism of DN includes various factors, such as inflammation, oxidative stress, apoptosis, 
autophagy, and fibrosis, among which renal fibrosis is the final pathway of DN to ESRD. As a major 
signaling pathway, TGF-β/Smad/CTGF affects renal fibrosis in DN through various mechanisms [5-
7]. TGF-β1 regulates cell proliferation, differentiation, apoptosis, autophagy, and extracellular matrix 
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(ECM) production as a key regulator of fibrosis and is considered to 
be the induction and initiation factor of fibrosis development [8]. The 
TGF-β signaling pathway is mainly mediated by TGF-β receptor-
regulated Smad and non-Smad signaling pathways [9]. When TGF-β 
is stimulated, regulatory Smads, such as Smad2 and Smad3, are 
recruited to TβRs, which are then activated and phosphorylated. 
Later, a trimeric complex is formed by phosphorylated Smad2 and 
Smad3 with Smad4, which transfers to the nucleus to induce ECM 
accumulation [10,11]. In contrast, Smad7 alleviate renal fibrosis by 
inhibiting the phosphorylation of Smad2 and Smad3 and promoting 
the degradation of TGF-β type I receptors [12]. Moreover, CTGF, 
as a downstream effector of TGF-β1, can stimulate the synthesis 
of extracellular matrix components such as fibronectin, collagen-I, 
and collagen-IV in glomerular mesangial cells and fibroblasts and 
promote the development of renal fibrosis [13-15]. Studies have 
found that the fibrotic process of glomerular mesangial cells is 
closely correlated to the development of DN [16], suggesting that 
glomerular mesangial cells are the target cells of DN. Renal fibrosis is 
accelerated in DN by promoting the production and accumulation 
of ECM. Therefore, a drug that can effectively alleviate the fibrosis 
process of glomerular mesangial cells is the key to treating DN.

Lupenone (Lup, Figure 1) is a pentacyclic triterpenoid compound 
derived from the root of Musa basjoo Sied et Zucc. , the peel of Musa 
nana Lour. and Musa acuminata cv. Mas (AA) [17,18]. It can be found 
in Asteraceae, Iraceae, Bombacaceae, Leguminosae, and other plants 
[19]. Studies have shown that lupenone has anti-inflammatory, anti-
type 2 diabetes, and anti-cancer activities [19-21]. Importantly, our 
previous studies have indicated that lupenone reduces fibrous tissue 
damage and inflammatory cell infiltration, which has protective and 
reparative effects on kidney injury [22]. In our preliminary research, 
in vivo research results show that lupenone can improve renal fibrosis 
in type 2 diabetic nephropathy by regulating TGF-β/Smad/CTGF 
signaling pathway [23]. However, the binding power of lupenone 
with its related targets has not been confirmed, and it is unclear 
whether it exerts anti-renal fibrosis effects as a prototype component. 
Moreover, molecular docking technology can predict the interaction 
and affinity between molecules and biological targets, and is widely 
used in the screening of active ingredients in traditional Chinese 
medicine and the determination of action targets [24-26]. 

In our study, molecular docking is used to predict the potential 
targets of lupenone against renal fibrosis based on TGF-β/Smad/
CTGF signaling pathway. Next, a high-glucose induced MCS model 

was used to evaluate the effect of lupenone on alleviating renal fibrosis 
based on TGF-β/Smad/CTGF signaling pathway. The experimental 
research flowchart is shown in Figure 2. 

Materials and Methods

Molecular docking

The binding ability and binding location of ligands and 
proteins can be predicted by molecular docking, so it is the most 
widely used technology in drug design [27]. The lupenone structure 
was transformed from the SDF to the mol2 format by Chem 3D 
software. The 3D structure of Fibronectin, TGFβ1, TβRI, TβRII, 
Smad2, Smad3, Smad4, Smad7, and Smurf2 were all downloaded 
from the Protein Data Bank (PDB) (https://www.rcsb.org/). The 
solvent molecules and ligands were removed by Pymol software. 
In addition, we also used AutoDock Tools 1.5.6 software to add 
hydrogen, calculate charges, assign atomic types, and perform other 
operations, and saved the processed structure in pdbqt format. Then, 
Lamarck genetic algorithm (LGA) was chosen to dock lupenone 
with the core protein targets. Lastly, the molecular docking results 
are visualized by Pymol software. 

Drugs and antibodies 

Lupenone (C30H48O, MW: 424.7, purity: ≥ 98%) was obtained 
from Drug Analysis Laboratory of Guizhou University of Traditional 
Chinese Medicine. Its chemical structure (Figure 1) was identified 
by NMR spectroscopy and high-resolution mass spectrometry [28]. 
Irbesartan was purchased from Sanofi (Paris, France). The penicillin, 
streptomycin, DMEM, and 5% FBS were purchased at Hyclone 
(Logan, USA). Anti-GAPDH, anti-Collagen-I, anti-Collagen-IV, 
anti-Fibronectin, anti-TGF β1, anti-TGF beta Receptor I, anti-
TGF beta Receptor II, anti-SMURF 2, MADH7/SMAD7 antibody, 
anti-Smad4, anti-Smad3, anti-Smad2, anti-Smad3 (phospho 
S423 + S425), anti-Smad2 (phospho S467), and anti-CTGF were 
purchased from Abcam (Cambridge, MA, USA). TGF beta Receptor 
I (Phospho-Ser165) antibody was purchased from Biorbyt Company 
(Shanghai, China). 

Cell culture

MCs, purchased from Procell Life Science&Technology Co., 
Ltd. (Wuhan, China), were cultured in 71.25% DMEM and 23.75% 
Ham's F-12 medium including 5% FBS, 100 U/mL of penicillin, 
and 100 μg/mL of streptomycin, at 37°C with 5% CO2. 

 

 

 

  
Figure 1. Chemical structure of lupenone.
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Figure 2. The flowchart of the molecular docking and experimental validation.
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Cell viability assay

The MTT method was used to detect the effect of lupenone 
on MCs viability. Briefly, cells were seeded in a 96-well plate (1 × 
103 cells/well), cells were exposed to different concentrations of 
lupenone (0.001, 0.01, 0.1, 1, 10, and 100 μg/mL) for 24 h. After 
incubation, 10 μL MTT reagent was added to each well, followed 
by further incubation for 3 h. Subsequently, the culture medium 
was removed and 150 μL DMSO was added into each well and 
shaken evenly. Finally, the optical density (OD) values of each well 
were measured at 570 nm using a microplate reader (Thermo Fisher, 
Multiskan 51119000). 

Cell proliferation assay

The inhibitory effect of lupenone on high glucose-induced MCs 
proliferation was also examined using the MTT assay. MCs were 
seeded into 96-wekk plate (1 × 103 cells/well). Cells were randomly 
divided into eight groups: (1) model group: high-glucose (30 
mmol/L), (2) control group: without glucose, (3) HG + 0.001 μg/
mL lupenone group, (4) HG + 0.01 μg/mL lupenone group, (5) HG 
+ 0.1 μg/mL lupenone group, (6) HG + 1 μg/mL lupenone group, 
(7) HG + 10 μg/mL lupenone group, and (8) HG + 100 μg/mL 
lupenone group. After the cells adhere to the wall, 30 mM glucose 
and lupenone treated with DMSO were added into cells according 
to the groups for 24 h. An equal volume of DMSO was added to 
the control group. And 10 μL MTT reagent was added to each well 
and incubated for 3 h. Finally, the OD value of each well at 570 nm 
was measured using a microplate reader (Thermo Fisher, Multiskan 
51119000). 

Cell treatment 

Cells were inoculated into 6-well plates and randomly divided 
into six groups: (1) control group: no glucose or other drugs, (2) 
model group: glucose (30 mM), (3) irbesartan group: glucose (30 
mM) + irbesartan (4.3 μg/mL), (4) high-dose lupenone group 
(Lup-L): glucose (30 mM) + lupenone (0.1 μg/mL), (5) medium-
dose lupenone group (Lup-M): glucose (30 mM) + lupenone (1 μg/
mL), and (6) low-dose lupenone group (Lup-H): glucose (30 mM) 
+ lupenone (10 μg/mL). 

Real-time polymerase chain reaction (RT-PCR) 

The treated cells were harvested, and the total RNA was isolated 
according to the instructions of the TRIzol kit (Takara Bio Inc., San 
Jose, USA). RNA concentration was determined, and subsequent 
experiments were performed using the PrimescriPt™ RT reagent kit 
with gDNA Eraser kit (Takara Bio Inc.). Relative quantification of 
mRNA levels was performed using the 2−∆∆CT method and normalized 
to GAPDH expression. These sequences are listed in Table 1.

Protein detection via western blotting

Total protein was extracted from MCs using a RIPA lysis buffer, 
and the cells were centrifuged at 4°C for 10 min at 12,000 rpm. 
After centrifugation, a BCA protein assay was used to determine the 
total protein concentration. Then, a total of 30 μg protein sample 
was placed in a running gel phase with 10% isolate gel and 4% 
concentrate gel, and then the protein was transferred to a PVDF 
membrane. The membrane was incubated with primary antibodies 
against GAPDH, collagen-I, collagen-IV, fibronectin, TGF-β1, 
TGF-β receptor I, TGF-β receptor II, Smurf2, MADH7/Smad7, 
Smad4, Smad3, Smad2, phosphorylated Smad3, phosphorylated 
Smad2, and CTGF at 4°C overnight. Next, it was washed thrice 
with TBST at 25°C for 10 min each time. After incubation with 
the relevant secondary antibodies for 2 h at room temperature, 
relative protein expression was quantified using a Tanon 5200 
chemiluminescence imager.

Statistical analysis

All statistical analyses were performed using one-way analysis 
of variance (ANOVA) in SPSS statistical software (version 26.0). 
Values are shown as the mean ± SD, and differences with P<0.05 
were considered statistically significant.

Results

Molecular docking

In order to explore the interactions between the lupenone 
and related proteins in the TGF-β/Smad/CTGF pathway, further 

Table 1. Primer sequences.

Gene Forward Primer (5' -3') Reverse Primer (5' -3')

GAPDH AACAGCAACTCCCACTCTTC CCTGTTGCTGTAGCCGTATT

Collagen-I CAAGGTTCACCAGGGCTTAT GGGTCTCCTTTGTCACCTTT

Collagen-IV CAAGGTTCACCAGGGCTTAT GGGTCTCCTTTGTCACCTTT

Fibronectin TCCTGTCTACCTCACAGACTAC GTCTACTCCACCGAACAACAA

TGF-β1 CTGAACCAAGGAGACGGAATAC GGGCTGATCCCGTTGATTT

TβRI GTTCCGAGAGGCAGAGATTTAT CGTCCATGTCCCATTGTCTT

TβRII CGTCCATGTCCCATTGTCTT CCGACCTGTTGTTGGTCATTA

Smad2 TGGACACGGTAGCAGTAGAA CGGACCTTCACAGTCATCAT

Smad4 CTCTGGTAGTGGTACGGATTTAC GCAGAGTAATGCTCCAAGTATGT

Smad7 CGAATGTCCTTCAGTGGGTAAG AGGCTGTGTTGCTGTGAA

Smad3 AGAGAGTAGAGACGCCAGTT GGGAATGGAATGGCTGTAGT

Smurf2 GTCTGACAGTGCCAAGATACA TCTCTTCCCTAGACACCTCAATA

CTGF ACTATGATGCGAGCCAACTG CTCCAGTCTGCAGAAGGTATTG

Citation: Wang X, Liu H, Li X, Zhang M, Xu F, Liu M, et al. Molecular docking combined with in vitro validation study to explore the effect of lupenone 
on alleviating renal fibrosis based on TGF-β/Smad/CTGF signaling pathway. Cell Signal. 2024;2(1):23-34.



27Cell Signal. 2024;2(1):23-34.

molecular docking simulations were carried out. Based on the results 
of literature research, TGF-β/Smad/CTGF pathway plays a decisive 
role in renal fibrosis, and the core targets of this pathway were 
selected to dock with the lupenone acting on them, respectively. 
We identified the binding affinity between the lupenone and the 
core proteins (TGF-β1, TβRI, Smurf2, TβRII, Smad2, Smad3, 
Fibronectin, Smad4, Smad7) in TGF-β/Smad/CTGF pathway by 
molecular docking. 

The affinity degree of ingredients with protein targets was 
generally assessed by the binding energy. As shown in Table 2 and 
Figure 3, the docking result suggested that the binding energies of 
lupenone and their targets were all smaller than -5 kJ/mol, which 
indicates that the docking results were good. Together, lupenone 
could bind well with nine core targets, suggesting which lupenone 
might play key roles in anti-renal fibrosis through TGF-β/Smad/
CTGF signaling pathway. 

Figure 3. Molecular models of lupenone binding to its predicted protein targets. (A) TGF-β1, (B) TβRI, (C) TβRII, (D) Smad2, (E) Smad3, (F) Smad7 (G) 
Smurf2, (H) Smad4, and (I) Fibronectin are shown interacting with lupenone molecule, represented by a purple stick model. The yellow dashed lines 
represent hydrogen bonds and the length was increased around the lines.
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Lupenone protects MCs from high glucose-induced damage

First, we evaluated the cytotoxicity of lupenone on MCs. 
Lupenone treatment within the concentration range of 0.001-100 
μg/mL had no significant effect on the viability of MCs (Figure 
4A). Compared with the control group, the high-glucose group 
significantly promoted MCs proliferation, but lupenone (0.001-
100 μg/mL) dose-dependently reduced high-glucose induced MCs 
proliferation (Figure 4B). 

Effect of lupenone on ECM-related gene expression in MCs

In the model group, the mRNA expression levels of collagen-I, 
collagen-IV, and fibronectin were significantly higher in MCs 
compared with the normal group. Notably, RT-PCR showed that 
the irbesartan group and lupenone treatment group reduced the 
mRNA levels of collagen-I, collagen-IV, and fibronectin in MCs 
(Figures 5A-5C). 

Table 2. Lupenone molecular docking binding energy results (kJ/mol).

Protein PDB ID Affinity (kJ/mol) Protein PDB ID Affinity (kJ/mol)

Fibronectin 1FNA -6.80 Smad3 1MK2 -5.34

TGF-β1 1KLC -7.92 Smad4 1YGS -6.60

TβRI 5E8S -6.54 Smad7 2DJY -5.81

TβRII 1MGZ -6.30 Smurf2 1ZVD -5.79

Smad2 5XOD -5.51

 

 

  
Figure 4. Molecular models of lupenone binding to its predicted protein targets. (A) TGF-β1, (B) TβRI, (C) TβRⅡ, (D) Smad2, (E) Smad3, (F) Smad7, 
(G) Smurf2, (H) Smad4, and (I) Fibronectin are shown interacting with lupenone molecule, represented by a purple stick model. The yellow dashed 
lines represent hydrogen bonds and the length was increased around the lines.

 

 

 

 

  

Figure 5. Effect of lupenone on ECM-related gene expression in MCs. (A-C) mRNA expression of collagen-I, collagen-IV, and fibronectin in MCs 
determined via RT-PCR. Values are presented as the mean ± SD. ## P < 0.01 vs. the control group, ** P < 0.01 vs. the model group.
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Effect of lupenone on ECM-related protein expression in 
MCs

The model group showed significantly elevated intracellular 
collagen-I, collagen-IV, and fibronectin protein levels (Figures 6A-
6D) compared with the control group, indicating the successful 
establishment of a fibrotic model. However, irbesartan and high-dose 
and medium-dose lupenone significantly attenuated the levels of 
collagen-I, collagen-IV, and fibronectin in MCs. Furthermore, a low 
dose of lupenone markedly reduced the protein levels of collagen-IV 
and fibronectin, whereas the protein level of collagen-I displayed no 
significant discrepancy compared with the model group.

Effect of lupenone on the mRNA expression of the TGF-β/
Smad/CTGF pathway in MCs 

Compared with the control group, the mRNA levels of TGF-β1, 
TβRI, Smurf2, TβRII, Smad2, CTGF, Smad3, and Smad4 were 
dramatically upregulated after high-glucose stimulation in MCs 
(Figures 7A-7H). In contrast, the level of Smad7 was significantly 

reduced in the model group (Figure 7I). However, lupenone 
treatment reduced the mRNA levels of TGF-β1, TβRI, TβRII, 
Smad2, Smad3, Smad4, Smurf2, and CTGF in high-glucose 
induced MCs, while significantly upregulated the mRNA expression 
of Smad7 (Figures 7A-7H).

Effect of lupenone on the protein expression of the TGF-β/
Smad/CTGF signaling pathway in MCs

As illustrated in Figures 8A-8L, compared with the control 
group, the protein levels of TGF-β1, p-TβRI/TβRI, TβRII, 
p-Smad2/Smad2, p-Smad3/Smad3, Smad4, Smurf2, and CTGF 
were significantly increased in the model group. However, compared 
to the control group, the protein level of Smad7 was visibly reduced in 
the model group. Treatment with lupenone treatment downregulated 
intracellular TGF-β1, p-TβRI/TβRI, TβRII, p-Smad2/Smad2, 
p-Smad3/Smad3, Smad4, Smurf2, and CTGF protein levels. In 
contrast, the protein level of Smad7 was markedly elevated in these 
cells. And the results show a dose-effect relationship. 

 

 

 

Figure 6. Effect of lupenone on ECM-related protein expression in MCs. (A-C) Protein expression of collagen-I, collagen-IV, and fibronectin as 
determined via western blotting in MCs; (D) Representative protein bands of collagen-I, collagen-IV, and fibronectin. Values are presented as the 
mean ± SD. ## P < 0.01 vs. the control group, ** P < 0.01 vs. the model group.

Citation: Wang X, Liu H, Li X, Zhang M, Xu F, Liu M, et al. Molecular docking combined with in vitro validation study to explore the effect of lupenone 
on alleviating renal fibrosis based on TGF-β/Smad/CTGF signaling pathway. Cell Signal. 2024;2(1):23-34.



30Cell Signal. 2024;2(1):23-34.

 

 

Figure 7. Effect of lupenone on the mRNA expression of the TGF-β/Smads/CTGF signalling pathway in MCs. (A-I) mRNA expression of TGF-β1, TβRI, 
TβRII, Smad2, Smad3, Smad4, Smurf2, CTGF, and Smad7 in MCs as determined using RT-PCR. Values are presented as the mean ± SD. ## P < 0.01 vs. 
the control group, ** P < 0.01 vs. the model group.
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Figure 8. Effect of lupenone treatment on the protein expression of the TGF-β/Smad/CTGF signalling pathway in MCs. (A-F) Protein expression of 
TGF-β1, p-TβRI/TβRI, TβRII, p-Smad2/Smad2, p-Smad3/Smad3, and Smad4 in MCs as determined via western blotting; (G-I) Representative western 
blot protein bands of p-TβRI, TβRI, TGF-β1, TβRII, p-Smad2, Smad2, p-Smad3, Smad3, Smad4, Smurf2, CTGF, and Smad7 in each group; (J-L) Protein 
expression of Smurf2, CTGF, and Smad7 in MCs as determined via western blotting. Values are presented as the mean ± SD. ## P < 0.01 vs. the control 
group, ** P < 0.01 vs. the model group. 
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Discussion

DN is a serious glomerular complication associated with 
diabetes mellitus. It is characterized by an excessive deposition of 
ECM proteins, mesangial cell proliferation, and the thickening 
of the glomerular and tubular basement membranes, ultimately 
leading to glomerulosclerosis and tubulointerstitial fibrosis and 
the development of ESRD [29]. Glomerular mesangial cells are 
intrinsic cells of the kidney, which is mainly used for the production 
of ECM, and plays a crucial role in sustaining the tissue structure 
and physiologic function of the kidney [30]. Moreover, previous 
studies found that lupenone can reduce tissue tubular dilatation and 
inflammatory cell infiltration of kidney tissue in T2DN mice and 
reduce the degree of renal interstitial fibrosis in T2DN rats [23]. In 
the present study, the high glucose induced MCs model was used to 
investigate the mechanism of lupenone in preventing DN.

The proliferation of mesangial cells is promoted by high glucose 
levels, a significant increase in the proliferation capacity of mesangial 
cells is vital for exacerbating DN progression [31,32]. Our studies 
suggested that high glucose could promote the proliferation of MCs. 
Meanwhile, treatment with lupenone at the tested concentrations 
dose-dependently inhibited the high glucose-induced proliferation 
of MCs, indicating that lupenone could alleviate fibrosis in DN by 
inhibiting the proliferation of glomerular mesangial cells. In addition, 
previous research indicated that lupenone can improve renal fibrosis 
in type 2 diabetic nephropathy by regulating TGF-β/Smad/CTGF 
signaling pathway [23]. However, the binding power of lupenone 
with its related targets has not been confirmed, and it is unclear 
whether it exerts anti-renal fibrosis effects as a prototype component. 
Therefore, 9 proteins in the TGF-β/Smad/CTGF signaling pathway 
were selected for molecular docking in our study. The results showed 
that the lupenone had high affinity for fibronectin, TGF-β1, TβRI, 
TβRII, Smad2, Smad3, Smad4, Smad7 and Smurf2 targets. 

The pathogenesis of renal fibrosis is complicated and includes 
many processes, such as oxidative stress, inflammation, apoptosis 
and fibrosis, then renal fibrosis are the final steps leading to the 
development of DN to ESRD [7]. The study found that TGF-β/
Smad is an important signaling pathway that results in renal 
fibrosis in DN. It can activate renal interstitial fibroblasts, promote 
the phenotypic transformation of renal tubular epithelial cells to 
myofibroblasts, enhance ECM synthesis and inhibit its degradation, 
which then leads to excessive ECM accumulation and renal fibrosis 
in the diabetic kidney [33]. The important components of ECM, 
the massive deposition of fibronectin, collagen I and collagen IV are 
vital indictors of diabetic renal fibrosis and DN [34]. In our study, 
lupenone treatment downregulated the expression of mRNA and 
protein of fibronectin, collagen I, and collagen IV. The results suggest 
that lupenone reduces the expression of fibrosis factors, downgrades 
the accumulation of extracellular matrix, thereby alleviating the 
development of renal fibrosis. 

TGF-β1 is recognized as a major regulator of ECM 
accumulation and a vital driver of renal fibrosis [11]. The binding of 
TGF-β1 to TβRII can quickly activate TβRI-kinase, leading to the 
phosphorylation of Smad2 and Smad3. Later, they form the Smad 
complex with Smad4 that transfers into the nucleus to regulate the 
transcription of its target genes [10,11]. It has been reported that 
Smurf2 is a significant E3 ligase which takes part in regulating TGF-
β-mediated signaling by targeting TβRI and Smad7 [35]. Smad7, 

an adaptor protein, can cause the degradation of TGF-β receptor-1 
by helping Smurf2 conjugate to TGF-β receptor-1, resulting in the 
downregulation of TGF-β signaling [36-38]. CTGF, a molecule 
downstream of TGF-β, plays a critical role in connective tissue 
homeostasis and fibroblast proliferation, migration, adhesion, and 
ECM accumulation, controlling fibronectin and collagen gene 
expression [39]. We found that lupenone treatment downregulated 
the mRNA and protein expression of TGF-β1, TβRI, and TβRII, 
which inhibited Smad2 and Smad3 phosphorylation and CTGF 
expression. Then, we proved that treatment with lupenone lead to 
the significant inhibition of Smurf2 expression, blocking Smurf2-
mediated ubiquitin-induced Smad7 degradation (Figure 9). These 
results suggested that lupenone could reduce fibrosis in glomerular 
mesangial cells by regulating the TGF-β/Smad/CTGF signaling 
pathway and preventing renal fibrosis in DN.

Our study uses molecular docking technology to explore the 
relationship between lupenone and the affinity of TGF-β/Smad/
CTGF related fibrosis targets. The results suggest that lupenone may 
directly exert its anti-renal fibrosis effect as a prototype component. 
In addition, the high glucose induced MCs model was used to 
validate the mechanism of lupenone anti renal fibrosis, and this 
further confirmed the previous research results. This study provides 
a novel basis of the protective role of lupenone in ECM production 
and renal fibrosis. There are limitations in our research. In vivo 
and in vitro experiments have shown lupenone plays an anti-renal 
fibrosis role based on TGF-β/Smad/CTGF pathway, but it is not 
clear whether it’s target is exclusive. In future research, this could 
be explained through a combination of gene silencing and gene 
knockout studies.

Conclusions

In conclusion, our study demonstrated that lupenone 
significantly reduced the viability of high-glucose-induced MCs and 
decreased the mRNA and protein levels of collagen-I, collagen-IV, 
and fibronectin, which delayed the development of fibrosis induced 
by high glucose levels. Lupenone alleviated fibrosis in high glucose-
induced MCs by regulating the protein levels of the TGF-β/Smad/
CTGF signaling pathway and reducing the accumulation of ECM 
components. In summary, our study provides scientific evidence to 
support the therapeutic efficacy of lupenone on anti-renal fibrosis 
and expounds new interactive target proteins and mechanism against 
renal fibrosis. 
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