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ABSTRACT

Background: Currently, liver fibrosis is growing worldwide; unfortunately,
there is no definite cure for this disease. Hence, understanding the molecular
pathways involved in the development of liver fibrosis can help to find a
proper treatment. In this study, we aimed to evaluate the effects of
isorhamnetin as an antifibrotic agent on PDGF-BB-activated HSC-T6 cells in a
concentration-dependent manner. We have also attempted to assess
signaling pathways that may affect liver fibrosis.

Methods: PDGF-BB was used to activate the HSC-T6 rat hepatic stellate cell
line. The activated cells were treated with Isorhamnetin for 24 h. Finally, we
compared the mRNA expression level of COLA1 and a-SMA and also the level
of phosphorylated AKT protein with the control group.

Results: The obtained data revealed a significant increase in the expression
level of the COLA1 and a-SMA genes (p > 0.05), as well as phosphorylated
AKT protein, in the cells treated with PDGF-BB. In addition, 75 and 100 pM
concentrations of Isorhamnetin markedly declined the COLA1 and a-SMA
expression and also the phosphorylated AKT protein level in the HSC-T6 cells.
Conclusion: Our findings suggest that Isorhamnetin decreases HSC-T6
activation, the expression of COLAI and a-SMA, in vitro, which could
act as an antifibrotic element to reduce and treat liver fibrosis disease.
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INTRODUCTION

oday, liver fibrosis is a global health problem,

which immunosuppressive factors or antiviral

drugs inhibit its progression in the first stages.
However, an efficient treatment is not available for
patients with liver fibrosis, and a proper treatment is still
far from satisfactory2,

Excessive secretion of ECM and mass production of

List of Abbreviations:

COLAL1 are the main signs of liver fibrosis onset and
progression®4l, The primary origin of ECM is HSCs,
which preserve keep retinoid and vitamin A and are
inactive during physiological situations®®l. In hepatic
fibrosis, activated HSCs express a large number of
fibrogenic genes, including COLA1 and a-SMALI,
Indeed, HSCs are activated by various factors, undergo
a transformation to a myofibroblast-like shape and
express significantly higher levels of COLAl and o-

a-SMA: alpha-smooth muscle actin; COLA1: collagen type 1; ECM: extracellular matrix; HSC: hepatic stellate cells; PDGF: platelet-
derived growth factor; PI3K: phosphatidylinositol-3 kinase; PI3K: phosphoinositide 3-kinase; Akt/PKB: protein kinase B;

TGF-B: transforming growth factor beta
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SMALEL, Besides, activated HSCs produce proliferative
and fibrogenic elements that elevate both the
proliferation rate of HSCs and the generation of ECMI®L,
Preventing HSC activation and proliferation, inhibiting
excessive ECM generation, and promoting ECM
degradation are the main approaches for liver fibrosis
treatment.

PDGF-BB is one of the most potential proliferative
cytokines that activates HSCs. Following the liver
injury, expression of PDGF-BB and its related receptor
(PDGF-R) increasesi!®. P13K/Akt is a signaling
pathway, which controls the survival and growth of cells
in response to extracellular signals. Previous studies
have found that the PI3K/Akt signaling pathway has the
ability to proliferate HSC, reduce HSC apoptosis, and
regulate the liver fibrosis progression by degrading
ECM and increasing the expression levels of COLA1
and a-SMAIL112],

Isorhamnetin, a flavonoid isolated from the plant
Hippophae rhamnoides L., has shown antioxidant, anti-
inflammatory and antitumor activity3. It also exerts
hepatoprotective effects by inhibiting the autophagy of
hepatocytes and increasing apoptosisi*4l. Nan et al.[**]
and Yang et al.*I have reported that isorhamnetin could
weaken CCl4-induced hepatic fibrosis by reducing
TGF-p mediated Smad signaling. However, it is unclear
whether isorhamnetin can reduce hepatic fibrosis in the
PDGF-BB-induced HSC-T6. The involvement of PI3K-
AKT signaling pathway in the development of liver
fibrosis has not yet been investigated, and there is
currently little data on the mechanism of isorhamnetin
action in liver fibrosis. The current study attempted to
assess the effects of isorhamnetin treatment as an
antifibrotic agents on PDGF-BB-activated HSC-T6
cells in a concentration-dependent manner. Also, the
signaling pathways affecting liver fibrosis were
evaluated.

MATERIALS AND METHODS

Chemicals and reagents

PDGF-BB specific for cell culture, MTT, and DMEM,
as well as penicillin and streptomycin antibiotics were
all acquired from Sigma-Aldrich (Germany). FBS was
provided from Gibco (USA).

Cell culture conditions

HSC-T6 is an immortalized cell line derived from
male Sprague-Dawley retired breeder rats. It was
obtained by transforming primary HSC using SV40
large T-antigen!”l, This cell line serves as a valuable
model for studying metabolism due to its similarity to
primary cells. HSC is the central effector in hepatic
fibrosist*18l, The first passage of HSC-T6 cells was
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obtained from the Pasteur Institute of Iran (Tehran). The
HSC-T6 cells were cultured in DMEM containing 10%
FBS, 50 mg/ml of streptomycin, and 50 U/ml of
penicillin®®2%l, To provide the optimal conditions for
the cells, we changed the culture medium every 24 h
until the cells reached 80% confluency. HSC-T6 cells
were then kept in serum-starved FBS-free DMEM for
24 h and then exposed to 10 ng/ml of PDGF-BB.

Effect of isorhamnetin on the viability of HSC-T6

The MTT assay technique was employed to evaluate
the cell viability!?t], The HSC-T6 cells without PDGF-
BB treatment were cultured in a 96-well plate (density
of 2 x 108 cells/ml). After overnight incubation, the
cells were treated with several concentrations of
isorhamnetin (25, 50, 75, 100, 125, and 150 uM) for 24
h. Next, the supernatant of the cells was first removed,
and then the cells were treated with isorhamnetin and
incubated by MTT for 4 h. Finally, DMSO was used to
solve the formazan crystals. ELISA plate reader was
employed to read the absorbance at 570 nm.

Treatment of PDGF-BB activated HSC-T6 cells with
isorhamnetin

To examine the inhibitory effects of isorhamnetin on
the activation of PDGF-BB-induced HSC-T6 cells,
different concentrations of isorhamnetin (25, 50, 75,
100, 125, and 150 uM) were used to treat the cells for
24 h. Real-time PCR was performed to evaluate the
expression of genes involving in hepatic fibrosis, and
Western blot analysis was employed to examine the
levels of phosphorylated AKT in the cells activated with
PDGF-BB and treated with the above-mentioned
concentrations of isorhamnetin. The control group,
without treatment, exhibited a similar condition to the
treated groups in the laboratory.

Measurement of gene expression using real-time
PCR technique

Following treatments, we used an RNA extraction kit
(Qiagen, UK) to isolate the total RNA from the cells.
Then the complementary DNA synthesis process was
carried out by wusing oligo(dT) primers and
random hexamer. We conducted real-time PCR by ABI
Applied Biosystems (Thermo Fisher Scientific, USA) to
have quantification of gene expression. The primers
used in this study are listed in Table 1. GAPDH was also
used as the internal control.

Western blotting

BCA Protein Assay Kit (Merck Millipore,
Germany) was used to measure total protein
concentrations. Samples were separated by using
10% Gel electrophoresis and then transferred to
nitrocellulose membranes. Thereafter, the samples were
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Table 1. Primer sequence for RT-PCR

PCR
Gene Primer sequence product
(bp)
F: 5-TGAAGGGACACAGAGGTTT-3'
COLAL  p. 5 ACCATCATTTCCACGAGCA-3' 188
S F: 5-TGGTGTCACCCACAATGTCC-3' 153
a-SMA R. 5 ATCTCACGCTCAGCAGTAGT-3’
cappr F: S-COGAGTCAACGGATTTGGTC:3 181

R: 5-CTTCCCGTTCTCAGCCTTGA-3'

F: forward; R: reverse

were incubated with both primary and secondary
antibody, respectively. In the end, a ChemiDoc system
(Bio-Rad, USA) was used to detect the intensity of the
bands.

Statistical analysis

All the experiments were performed triplicate for
reproducibility. One-way analysis of variance
(ANOVA) was used to compare the significance of the
differences among treatment groups. To define the
significance of differences between the groups, multiple
post hoc tests (Tukey's) was conducted. Results were
statistically significant at p values of less than 0.05.

RESULTS

Impacts of isorhamnetin on the viability of HSC-T6
cells

The effects of several concentrations of isorhamnetin
(25, 50, 75, 100, 125, and 150 uM) on the cell viability
were evaluated using the MTT assay. Our findings
revealed that concentrations exceeding 125 uM were
toxic to the cell viability. Therefore, we decided to use
lower concentrations of isorhamnetin in our
experimental design to ensure the well-being of cells
and validity of the results (Fig. 1).

Impacts of Isorhamnetin on fibrogenic gene
expression in PDGF-BB-treated HSC-T6 cells
Considering the phenotype and appearance of HSC-T6
cells, the transformation of quiescent HSC cells into
fibrogenic myofibroblasts is the primary indicator of the
activation of these cells. Activated cells had spindle-
shaped, which were more elongated and converted to
myofibroblasts, but inactive cells were virtually round
[22.23] The shape of the control cells treated with PDGF-
BB and isorhamnetin are shown in Fig. 2A- 2C. The
cells treated with PDGF-BB were activated (Fig. 2B),
while those treated with isorhamnetin were inactive
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(Fig. 2C). Modulation of COLA1 gene expression was
checked in the activated cells treated with 25, 50, 75,
and 100 uM of isorhamnetin. RT-PCR results indicated
a significant decline in the mRNA expression of COLAL
(Fig. 2D) and a-SMA (Fig. 2E) in response to 75 and 100
uM of isorhamnetin compared to the cells treated only
with PDGF-BB. The level of mRNA expression of
COLA1 and a-SMA genes reduced with 75 and 100 uM
of isorhamnetin, but not with 50 and 25 uM of this
compound.

Impact of isorhamnetin treatment on the PDGF-BB-
induced phosphorylated AKT

Phosphorylated AKT was assessed to study the PI3K-
AKT signaling pathway in the HSC-T6 cells treated
with 75 and 100 uM of isorhamnetin and also to find out
whether isorhamnetin could decline the PDGF-BB-
induced PI3K-AKT signaling pathway to prevent
hepatic fibrogenesis. Western blot data showed that 75
and 100 uM of isorhamnetin treatment significantly
suppressed the phosphorylated AKT level compared to
the PDGF-BB group (Fig. 3). These results showed the
modulation of the PI3K-AKT signaling pathway by
isorhamnetin.

DISCUSSION

This study investigates the effect of isorhamnetin
treatment as an antifibrotic agent on the HSC-T6 cell
line, which serves as a model for hepatic fibrosis.
We studied whether isorhamnetin could attenuate the
activation of HSC-T6 cells in vitro and also examined
the influence of isorhamnetin on the expression of key
genes implicated in the pathogenesis of liver fibrosis,
namely COLA!I and a-SMA, in vitro. We also examined

100—
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Cell viability (% control)

0 25 50 75 100 125 150
Isorhamnetin (um)

Fig.1. Isorhamnetin effects at different concentrations on the
HSCs-T6 viability. The MTT assay data reveal the viability of the
cells after 24 h. The results are presented with mean + SEM.
Analysis was done by Tukey test, one-way ANOVA, ("p <0.01,
*p <0.001).
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Fig. 2. The cell shape of the control cells treated with PDGF-BB and isorhamnetin (A-C). The cells treated with PDGF-BB were
activated, while isorhamnetin could inactive the cells. Effects of different concentrations of isorhamnetin on the COLA1 (D) and a-SMA
(E) gene expression in isorhamnetin-treated cells. The level of mMRNA expression of COLA1 and a-SMA genes reduced with 75 and 100
uM of isorhamnetin but did not reduce with 50 and 25 pM of this compound. Data are presented with the mean + SEM and three
replicates. GAPDH was the reference gene. ("™*p < 0.001 and ™*"p < 0.0001 vs. treated control; #p < 0.01 and ##p < 0.001 vs. treated

with isorhamnetin).

the role of the PI3K-AKT signaling pathway in liver
fibrosis.

Our findings suggested that the inhibitory action of
isorhamnetin against hepatic fibrosis is through the
reduction of HSC-T6 cell activation, which may be due
to the effect of isorhamnetin on the PI3K-Akt signaling
pathway. Although our understanding of the underlying
mechanisms of hepatic fibrosis has significantly
developed, definitive treatment for liver fibrosis remains
elusive, posing a significant challenge in medicine. Our
study provide evidence that isorhamnetin can inhibit the
PI3K-Akt signaling pathway and suppress the
expression of profibrogenic genes (COLA1 and a-SMA)
in PDGF-BB-induced HSC-T6 activation, indicating its
potential as an antifibrotic agent in the HSC-T6 cell line.
Excessive accumulation of ECM proteins, such as
COLA1l and o-SMA, triggers liver fibrogenesis
following the activation of HSCs. In a healthy liver,
these cells remain inactive; however, following liver
injury, the cells undergo a transformation, are activated
and differentiated into myofibroblast cells that
contribute to liver fibrosis?4l,

Akt phosphorylation has been correlated with
increased HSC replication, nRNA and COLA1 protein
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levels!®]. Previous research has shown that prevention
of PI3-kinase, followed by Aktz inhibition, through
adenovirus-mediated transmission of a dominant-
negative form of Akt significantly reduced HSC
proliferation and elevation of COLA1 and o-SMA
protein levels!?®,

Several studies have identified PDGF-BB as a
primary activator of genes involving in the development
of liver fibrosis. Inhibition of these genes and
attenuation of their associated signaling pathways may
offer viable therapeutic strategies for liver fibrosis (1],
Recent observations have demonstrated that flavonoid
compounds may exert beneficial effects on liver
fibrosis?%. Wang and colleagues [>”) have demonstrated
that stimulation of HSCs by PDGF leads to cell
proliferation and exacerbate fibrogenesis. In another
study, Liu and colleagues!?®! examined the protective
effects of isorhamnetin in preventing the progression of
liver fibrosis induced by carbon tetrachloride (CCls) in
mice. They measured the expression of Smad3 and p38
mitogen-activated protein kinase proteins using Western
blotting. Their results revealed that isorhamnetin
inhibited HSC activation, ECM deposition, and
autophagy. Isorhamnetin has a protective effect on

Iran. Biomed. J. 27 (4): 199-204
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Fig. 3. Analysis of PI3K-AKT signaling pathway by Western blotting (A). The cells were treated with 25, 50, 75, and 100 uM of
isorhamnetin. (B) The relative PI3BK-AKT level was expressed as the ratio PI3K-AKT/GAPDH. The data are presented with the mean
+ SEM and three replicates ("*p < 0.0001 vs. vehicle-treated control; #p < 0. 01 and *#p < 0. 001vs. PDGF-BB alone)

liver fibrosis by reducing ECM production and
inducing autophagy through the inhibition of the TGF-
B1/Smad signaling pathway!>”). The potential to
diminish HSC activation through the regulation of TGF-
B1/Smads and PI3K/Akt signaling pathways suggests
that these pathways could serve as valuable therapeutic
targets for disease treatment(3%,

Isorhamnetin demonstrated a significant reduction in
the expression of key fibrogenic genes (COLAI and a-
SMA) in the activated HSC-T6 cells. The inhibitory
effect of PDGF-BB-induced fibrosis is likely due to the
PI3K-AKT signaling pathway inhibition. Therefore,
isorhamnetin holds promise as a potential antifibrotic
agent for mitigating liver injury, presenting a hopeful
avenue for future research and potential therapeutic
advancements.

DECLARATIONS

Ethical statement

The present study was designed and conducted with
the approval of the Ethics Committee of Ahwaz
Jundishapur University of Medical Sciences, Ahvaz,
Iran (ethical code: IR AJUMS.REC.1400.512).

Data availability
The raw data supporting the conclusions of this article
are available from the authors upon reasonable request.

Author contributions

MR: designed the study and analyzed the data; EM:
performed all assays and revised the manuscript; HBN:
revised the manuscript and performed all assays;
MC: analyzed the data; ES: designed the study,
performed all assays, and wrote the first draft. All the
authors have read and approved the final version of
manuscript.

Iran. Biomed. J. 27 (4): 199-204

Conflict of interest
None declared.

Funding/support

This study was supported by the Ahvaz Jundishapur
University of Medical Sciences (grant no. CMRC-
0053). The funding source has no role in the design of
the research, analysis, and interpretation of data, and
publication of the manuscript.

REFERENCES

1. Liu X, Xu J. Calling a stage-based treatment model for
chronic liver diseases in China mainland. Annals of
hepatology 2020; 19(6): 585-589.

2. Davison S. Assessment of liver disease in cystic fibrosis.
Paediatric respiratory reviews 2018; 27: 24-27.

3. Friedman SL. Mechanisms of hepatic fibrogenesis.
Gastroenterology 2008; 134(6): 1655-1669.

4, Lee UE, Friedman SL. Mechanisms of hepatic
fibrogenesis. Best practice and research clinical
gastroenterology 2011; 25(2): 195-206.

5. Tsuchida T, Friedman SL. Mechanisms of hepatic stellate
cell activation. Nature reviews Gastroenterology and
hepatology 2017; 14(7): 397-411.

6. Afarin R, Rezaeibabaahmadi H, Yaghouti SH,
Mohammad taghvaei N. The effect of cholesterol on the
activation of TGF-f/Smad3C signaling pathway in
hepatic stellate cells and its role in the progression of liver
fibrogenesis. Journal of isfahan medical school 2021;
39(619): 212-218.

7. Kweon Y-O, Paik YH, Schnabl B, Qian T, Lemasters JJ,
Brenner DA. Gliotoxin-mediated apoptosis of activated
human hepatic stellate cells. Journal of hepatology 2003;
39(1): 38-46.

8. Friedman SL. Hepatic stellate cells: protean,
multifunctional, and enigmatic cells of the liver.
Physiological reviews 2008; 88(1): 125-172.

9. Baues M, Dasgupta A, Ehling J, Prakash J, Boor P, Tacke

203


http://dx.doi.org/10.61186/ibj.3948
https://dor.isc.ac/dor/20.1001.1.1028852.2023.27.4.6.0
http://ibj.pasteur.ac.ir/article-1-3948-en.html

[ Downloaded from ibj.pasteur.ac.ir on 2025-11-02 ]

[ DOR: 20.1001.1.1028852.2023.27.4.6.0 ]

[ DOI: 10.61186/ibj.3948 ]

Isorhamnetin Exerts Antifibrotic Effects on HSC-T6 Cells

Rashidi et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

F, Kiessling F, Lammers T. Fibrosis imaging: Current
concepts and future directions. Advanced drug delivery
reviews 2017; 121: 9-26.

Pinzani M, Milani S, Herbst H, DeFranco R, Grappone
C, Gentilini A, Caligiuri A, Pellegrini G, Ngo DV,
Romanelli RG, Gentilini P. Expression of platelet-
derived growth factor and its receptors in normal human
liver and during active hepatic fibrogenesis. The
american journal of pathology 1996; 148(3): 785-800.
Sancho-Bru P, Juez E, Moreno M, Khurdayan V,
Morales-Ruiz M, Colmenero J, Arroyo V, Brenner DA,
Ginés P, Bataller R. Hepatocarcinoma cells stimulate the
growth, migration and expression of pro-angiogenic
genes in human hepatic stellate cells. Liver International
2010; 30(1): 31-41.

Reif S, Lang A, Lindquist JN, Yata Y, Gébele E, Scanga
A, Brenner DA, Rippe RA. The role of focal adhesion
kinase-phosphatidylinositol 3-kinase-akt signaling in
hepatic stellate cell proliferation and type | collagen
expression. Journal of biological chemistry 2003;
278(10): 8083-8090.

Mohamed Abdelgawad L, Abdullatif Abdelaziz A,
Bawady El-Begawey M, Mohamed Saafan A. Influence
of nanocurcumin and photodynamic therapy using
nanocurcumin in treatment of rat tongue oral squamous
cell carcinoma through histological examination and
gene expression of BCL2 and Caspase-3. Reports of
biochemistry and molecular biology 2023; 11(4): 730-
738.

Lu X, Liu T, Chen K, Xia 'Y, Dai W, Xu S, Xu L, Wang
F, WulL, LiJ, LiS, Wang W, Yu Q, Feng J, Fan X, Zhou
Y, Niu P, Guo C. Isorhamnetin: A hepatoprotective
flavonoid inhibits apoptosis and autophagy via
P38/PPAR-a. pathway in mice. Biomedicine and
pharmacotherapy 2018; 103: 800-811.

Nan Y, Su HC, Lian XM, Wu J, Liu S, Chen PP, Liu SM.
Pathogenesis of liver fibrosis and its TCM therapeutic
perspectives.  Evidence-based complementary and
alternative medicine 2022; 2022: 5325431.

Yang JH, Kim SC, Kim KM, Jang CH, Cho SS, Kim SJ,
Ku SK, Cho IJ, Ki SH. Isorhamnetin attenuates liver
fibrosis by inhibiting TGF-p/Smad signaling and
relieving oxidative stress. European journal of
pharmacology 2016; 783: 92-102.

Vogel S, Piantedosi R, Frank J, Lalazar A, Rockey DC,
Friedman SL, Blaner WS. An immortalized rat liver
stellate cell line (HSC-T6): a new cell model for the study
of retinoid metabolism in vitro. Journal of lipid research
2000; 41(6): 882-893.

Miao CG, Yang YY, He X, Huang C, Huang Y, Zhang
L, Lv XW, Jin Y, Li J. Wnt signaling in liver fibrosis:
progress, challenges and potential directions. Biochimie
2013; 95(12): 2326-2335.

204

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Li X,Jin Q, Wu YL, Sun P, Jiang S, Zhang Y, Zhang DQ,
Zhang YJ, Lian LH, Nan JX. Tetrandrine regulates
hepatic stellate cell activation via TAK1 and NF-«B
signaling. International immunopharmacology 2016; 36:
263-270.

Choi HJ, Soh YJ. An assay method for screening
inhibitors of prolyl 4-hydroxylase in immortalized rat
hepatic stellate  HSC-T6 cells. Biomolecules and
therapeutics 2007; 15(4): 261-265.

Wang Y, Yan D. Plantamajoside exerts antifibrosis
effects in the liver by inhibiting hepatic stellate cell
activation. Experimental and therapeutic medicine 2019;
18(4): 2421-2428.

Yang L, Zhang CZ, Zhu QJ. Kangxian ruangan keli
inhibits hepatic stellate cell proliferation mediated by
PDGF. World journal of gastroenterology 2003; 9(9):
2050-2053.

Herrmann J, Gressner AM, Weiskirchen R. Immortal
hepatic stellate cell lines: useful tools to study hepatic
stellate cell biology and function? Journal of cellular and
molecular medicine 2007; 11(4): 704-722.

Seki E, Brenner DA. Recent advancement of molecular
mechanisms of liver fibrosis. Journal of hepatobiliary
pancreatic sciences 2015; 22(7): 512-518.

Wang C, Li Y, Hi H, Zhang Y, Ying Z, Wang X, Zhang
T, Zhang W, Fan Z, Li X, Ma J, Pan X. Disruption of
FGF signaling ameliorates inflammatory response in
hepatic stellate cells. Frontiers in cell and developmental
biology 2020; 8: 601.

Claveria-Cabello A, Colyn L, Arechederra M, Urman
JM, Berasain C, Avila MA, Fernandez-Barrena M.
Epigenetics in liver fibrosis: could HDACs be a
therapeutic target? Cells 2020; 9(10): 2321.

Wang X, Gao Y, Li Y, Huang Y, Zhu Y, Lv W, Wang R,
Gou L, Cheng C, Feng Z, Xie J, Tian J, Yao R.
Roseotoxin B alleviates cholestatic liver fibrosis through
inhibiting PDGF-B/PDGFR-f pathway in hepatic stellate
cells. Cell death and disease 2020; 11(6): 458.

Shang X, Yuan H, Dai L, Liu Y, He J, Chen H, Li H, Li
X. Anti-liver fibrosis activity and the potential mode of
action of Ruangan Granules: Integrated network
pharmacology and metabolomics. Frontiers in
pharmacology 2021; 12: 754807.

Liu N, Feng J, Lu X, Yao Z, Liu Q, Lv Y, Han Y, Deng
J, Zhou Y. Isorhamnetin inhibits liver fibrosis by
reducing autophagy and inhibiting extracellular matrix
formation via the TGF-Bl1/Smad3 and TGF-B1/p38
MAPK pathways. Mediators of inflammation 2019;
2019: 6175091.

Hu HH, Chen DQ, Wang YN, Feng YL, Cao G, Vaziri
ND, Zhao YY. New insights into TGF-p/Smad signaling
in tissue fibrosis. Chemicobiological interactions 2018;
292: 76-83.

Iran. Biomed. J. 27 (4): 199-204


http://dx.doi.org/10.61186/ibj.3948
https://dor.isc.ac/dor/20.1001.1.1028852.2023.27.4.6.0
http://ibj.pasteur.ac.ir/article-1-3948-en.html
http://www.tcpdf.org

