Research Paper
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Kong et al.: Effect of Naringin on the Fibrosis of Transforming Growth Factor-Beta 1

To investigate the effect of naringin on the fibrosis of transforming growth factor-beta 1 induced human
embryonic lung fibroblasts MRC-5 and its potential mechanism. MRC-5 cells were treated with different
concentrations of naringin, 5 ng/ml transforming growth factor-beta 1 and 2 pmol/l nuclear factor kappa
B activator phorbol myristate acetate. The experiment was divided into blank group, transforming growth
factor-beta 1 group, transforming growth factor-beta 1+naringin group and transforming growth factor-beta
1+naringin+phorbol myristate acetate group. 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide,
flow cytometry and scratch experiments were used to analyze cell viability, cell cycle distribution and
migration ability. Western blot was used to examine protein levels. With the increase of naringin
concentration, MRC-5 cell viability was gradually decreased. Compared with blank group, MRC-5 cell
viability, cell cycle, migration rate, alpha-smooth muscle actin, collagen I alpha 1, fibronectin, phosphorylated-
nuclear factor kappa B p65 and phosphorylated-nuclear factor-kappa B inhibitor alpha expression in
transforming growth factor-beta 1 group were increased. Naringin inhibited transforming growth factor-
beta 1 induced MRC-5 cell proliferation, migration and fibrosis through inactivating nuclear factor kappa
B pathway. Besides, nuclear factor kappa B activator phorbol myristate acetate could reverse naringin-
mediated the inhibition on transforming growth factor-beta 1 induced MRC-5 cell fibrosis compared with
transforming growth factor-beta 1+naringin group. Naringin reduced transforming growth factor-beta

1-induced MRC-S5 cell fibrosis by inhibiting nuclear factor kappa B pathway.
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Idiopathic Pulmonary Fibrosis (IPF) is a disease
characterized by the inflammatory cell infiltration,
activated fibroblasts proliferation, Extracellular
Matrix (ECM) deposition, lung tissue structural
change and lung dysfunction?. Due to limited
treatment options, IPF has a very high incidence and
mortality®#. At present, only a few anti-fibrosis
drugs are available for clinical use!®. Most drugs
have adverse reactions and tolerance limitations,
resulting in unsatisfactory therapeutic effects for
IPF patients!®. Therefore, the development of new
drugs for IPF is critical.

Transforming Growth Factor-Beta 1 (TGF-f1)
is a key factor in inducing pulmonary fibrosis,
which activates lung fibroblasts to regulate its
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proliferation and migration”*!. Currently, TGF-f1
induced human embryonic lung fibroblasts MRC-5
can be used to construct IPF cell models®'%. This
provides convenience for us to carry out related
research on IPF.

Naringin is a flavonoid extracted from natural
plants and has special pharmacological properties,
such as anti-arthritis, anti-cancer and antioxidant
activities!'"'?). Recently, many studies have shown
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that pulmonary fibrosis occurrence is related to
the activity of Nuclear Factor Kappa B (NF-«xB)
signal transduction pathway!'3!'¥. Studies have
reported that naringin can play anti-inflammatory
and antioxidant roles via suppressing NF-«xB
pathway!3l. Recently, naringin has been found
to reduce renal fibrosis, which has similar
pathological  characteristics to  pulmonary
fibrosis!'®. In addition, naringin had been confirmed
to have protective effect on pulmonary fibrosis
in ratsl'”l. However, whether naringin inhibits
pulmonary fibrosis via mediating NF-kB pathway
remains unclear. Therefore, we explored naringin
roles in TGF-B1 treated MRC-5 cell fibrosis and
the corresponding molecular mechanism.

MATERIALS AND METHODS
Cell culture and grouping:

MRC-5 cells (Chinese Academy of Sciences Cell
Bank, Shanghai, China) were cultured in Dulbecco's
Modified Eagle Medium (DMEM) (Gibco, Grand
Island, New York, United States of America (USA))
containing 10 % Fetal Bovine Serum (FBS) (Gibco)
and 1 % penicillin/streptomycin (Gibco) at 37°
with 5 % Carbon dioxide (CO,). Naringin (Yuanye
Biotech, Shanghai, China) and NF-kB activator
Phorbol Myristate Acetate (PMA) (InvivoGen,
Hong Kong, China) were dissolved in Dimethyl
Sulfoxide (DMSO) and TGF-B1 (PeproTech,
Rockford, Illinois, USA) was dissolved in double-
distilled Water (ddH,O). Final concentration was
prepared by diluting the reserve solution in DMEM.
In all experiments, the final concentration of naringin
was adjusted to 1.25, 2.5, 5, 10, 20 and 40 pmol/l
for MRC-5 cell treatment for 48 h, respectively.
MRC-5 cells treated with carrier solvent (<0.1 %
DMSO) were labeled as blank group, with 5 ng/ml
TGF-B1 were labeled as TGF-B1 group, with 5 ng/ml
TGF-B1 and 5 umol/l naringin were labeled as TGF-
Bl+naringin group, with 5 ng/ml TGF-B1, 5 umol/l
naringin and 2 umol/l PMA were classified as TGF-
B1+naringin+tPMA group.

3-(4,5-Dimethylthiazol-2-yl)-2,5
Tetrazolium Bromide (MTT) assay:

Diphenyl

Cells cultured in 96-well plates were incubated with
MTT solution (Sigma-Aldrich, St. Louis, Missouri,
USA) and treated with DMSO to dissolve the crystals.
The absorbance was examined by micro plate reader
to analyze cell viability.
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Flow cytometry:

Cells in each group were treated for 48 h and the
supernatant in 6-well plates was discarded to prepare
single-cell suspension. Cell suspension was fixed with
75 % ethanol and then incubated with Ribonuclease
A (RNase A). Cell cycle distribution was analyzed
using flow cytometry after Propidium lodide (PI)
(KeyGen BioTech, Jiangsu, China) staining.

Scratch assay:

Cells were inoculated into 12-well plates until fully
fused. The cell monolayer was passed through each
well with the tip of a 10 pl pipetting gun and then
washed with Phosphate Buffer Saline (PBS). The
scratch width was recorded under the microscope (0
h). Then, cells were hatched with serum-free DMEM
for 24 h and images were collected. Cell relative
migration rate was calculated.

Western Blot (WB) analysis:

MRC-5 cells in each group were treated with
Radioimmunoprecipitation Assay (RIPA) lysis
buffer (Beyotime, Shanghai, China) to isolate total
protein. Protein was quantified by Bicinchoninic
Acid (BCA) kit (Beyotime) and transferred to
Polyvinylidene Difluoride (PVDF) membranes
after isolated by 12 % Sodium Dodecyl Sulphate-
Polyacrylamide Gel Electrophoresis (SDS-PAGE)
gel. Membrane was incubated with primary antibody
(alpha-Smooth Muscle Actin (a-SMA), Collagen I
Alpha 1 (COL1A1), Fibronectin (FN), NF-kB p65,
p-NF-xB p65, IkBa, and p-IkBa) and Horseradish
Peroxidase (HRP)-labeled Immunoglobulin G (IgG)
antibody (Abcam, Cambridge, Massachusetts,
USA). The signal was detected using an Enhanced
Chemiluminescent (ECL) kit (Beyotime) and band
strength was analyzed using Image Lab™ software.
Protein levels were normalized by Glyceraldehyde
3-Phosphate Dehydrogenase (GAPDH).

Statistical analysis:

Statistical Package for the Social Sciences (SPSS)
23.0 software was used and measurement data were
expressed as X+s. Analysis of Variance (ANOVA)
was used to compare the differences between groups
and Student—Newman—Keuls-q (SNK-q) test was
used to compare pair-to-group differences. p<0.05
meant the difference was statistically significant.

RESULTS AND DISCUSSION
The effect of naringin on MRC-5 cell viability was
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measured by MTT assay. Compared with 0 pmol/I
group, MRC-5 cell viability was reduced in 10,
20 and 40 pumol/l groups, suggesting that naringin
had no obvious toxic effect on MRC-5 cells when
the concentration was lower than 20 pmol/l (Table
1). Therefore, 5 pmol/l naringin was selected for
intervention in subsequent experiments.

Besides, we assessed the effect of naringin on TGF-
B1-induced MRC-5 cell viability and the results were
shown as Table 2. MRC-5 cell viability was higher
in TGF-B1 group than in blank group and was lower
in TGF-Bl+naringin group than in TGF-f1 group.
MRC-5 cell viability in TGF-Bl+naringintPMA
group was remarkably enhanced compared with
TGF-B1+naringin group.

Flow cytometry was used to detect the effect of
naringin on cell cycle distribution and the results were
shown in Table 3. The results indicated that compared
with blank group, cell ratio was significantly reduced
in Gap/Growth 1 (G0/G1) phase, while was enhanced
in Synthesis (S) phase and Growth 2 (G2)/Mitotic (M)
phase in TGF-B1 group. Cell ratio in GO/G1 phase
was increased, while was decreased in S phase and
G2/M phase in TGF-fl+naringin group compared
with TGF-B1 group. In addition, cell ratio in GO/G1
phase was decreased, while was increased in S phase
and G2/M phase in TGF-B1+naringintPMA group
compared with TGF-B1+naringin group.

Then, we evaluated the effect of naringin on cell

migration ability using scratch assay and the results
were listed as fig. 1 and Table 4. The migration ability
of MRC-5 cells in TGF-B1 group was increased
compared with blank group. Moreover, the migration
ability of MRC-5 cells in TGF-B1+naringin group was
lower than in TGF-f1 group. Besides, the migration
ability of MRC-5 cells in TGF-Bl+naringintPMA
group was remarkably enhanced compared to TGF-
B1l+naringin group.

In addition, WB analysis was used to assess the effect
of naringin on fibrosis-associated protein expression
(fig. 2 and Table 5). The a-SMA, COLIA1 and FN
levels were increased in TGF-f1 group compared
to the blank group, while decreased in TGF-
Bl+naringin group compared to the TGF-B1 group.
Also, these levels in TGF-B1+naringintPMA group
were remarkably higher than in TGF-Bl+naringin
group. Additionally, we measured NF-xB pathway-
related protein levels to detect the effect of naringin
on the activation of NF-«B pathway (fig. 3 and
Table 6). The results showed that p-NF-xB p65
and p-IkBa levels were enhanced in TGF-B1 group
compared with the blank group, while decreased in
TGF-B1l+naringin group compared with the TGF-p1
group. Also, p-NF-xB p65 and p-IkBa levels in
TGF-Bl+naringintPMA group were increased
compared with TGF-f1-+naringin group. There was
no significant difference in NF-xB p65 and IxBa
expression among all groups.

TABLE 1: EFFECTS OF NARINGIN AT DIFFERENT CONCENTRATIONS ON MRC-5 CELL VIABILITY (xts,

n=9)

Naringin (umol/l) Cell viability (%)
0 100.00+7.86
1.25 98.22+8.02
2.5 95.28+7.49
5 89.75+7.86
10 80.28+7.34*
20 68.94+6.42*
40 51.18+5.31*
F 55.281

p 0.000

Note: Compared to 0 pmol/l group, *p<0.05

TABLE 2: EFFECTS OF NARINGIN ON MRC-5 CELL VIABILITY UNDER TGF-B1 TREATMENT (xts, n=9)

Group Cell viability (%)
Blank 100.00+5.39
TGF-B1 137.25+7.07*
TGF-B1+naringin 91.38+5.16%
TGF-B1+naringin+PMA 129.84+6.817
F 118.202

p 0.000

Note: Compared to blank group, *p<0.05; compared to TGF-81 group, &p<0.05 and compared to TGF-B1+naringin group, *p<0.05
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TABLE 3: EFFECTS OF NARINGIN ON THE CELL CYCLE DISTRIBUTION OF MRC-5 CELLS UNDER TGF-$1
TREATMENT (xts, n=9)

Group GO/G1 (%) S (%) G2/M (%)
Blank 62.28+6.03 26.07+2.12 11.65+1.07
TGF-B81 45.68+4.41* 31.77+2.68* 22.55+2.15*
TGF-B1+naringin 58.77+5.72% 26.98+2.11¢% 14.25+1.56%
TGF-B1+naringin+PMA 48.04+4.82% 30.87+2.59% 21.09+2.09%
F 21.011 12.512 76.468

p 0.013 0.000 0.000

Note: Compared to blank group, *p<0.05; compared to TGF-81 group, £p<0.05 and compared to TGF-B1+naringin group, *p<0.05
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Fig. 1: Migration ability of MRC-5 cells was detected by scratch assay

TABLE 4: EFFECT OF NARINGIN ON TGF-B1 INDUCED MRC-5 CELL MIGRATION (xts, n=9)

Group Relative migration rate (%)
Blank 20.25+2.07
TGF-B1 39.81+3.88*
TGF-B1+naringin 24.36x2.19%
TGF-B1+naringin+PMA 36.47+3.53%
F 86.819
p 0.000
Note: Compared to blank group, *p<0.05; compared to TGF-81 group, &p<0.05 and compared to TGF-B1+naringin group, “p<0.05
N
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Fig. 2: Effect of naringin on fibrosis-associated protein expression
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TABLE 5: EFFECT OF NARINGIN ON THE LEVELS OF FIBROSIS-ASSOCIATED PROTEIN IN TGF-B1

INDUCED MRC-5 CELLS (xts, n=9)

Group a-SMA COLIA1 FN
Blank 0.62:0.06 0.21:0.02 0.36+0.03
TGF-B1 0.93:0.09* 0.51+0.05* 0.62+0.06*
TGF-B1+naringin 0.66+0.07¢% 0.25+0.03% 0.39+0.04¢
TGF-B1+naringin+PMA 0.89:0.08% 0.47+0.04% 0.58+0.05%
F 38.87 153.778 72.384
p 0.000 0.000 0.000
Note: Compared to blank group, *p<0.05; compared to TGF-81 group, p<0.05 and compared to TGF-B1+naringin group, "p<0.05
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Fig. 3: Effect of naringin on the activation of NF-kB pathway

TABLE 6: EFFECT OF NARINGIN ON THE LEVELS OF NF-kB RELATED PROTEIN IN TGF-B1 INDUCED

MRC-5 CELLS (Xts, n=9)

Group NF-kB p65 p-NF-kB p65 IkBa p-IkBa
Blank 0.87+0.08 0.57+0.05 0.61+0.06 0.46+0.04
TGF-B1 0.84+0.07 0.96x0.09* 0.62+0.06 0.83+0.08*
TGF-B1+naringin 0.86+0.08 0.65+0.06% 0.62+0.05 0.49+0.05¢%
TGF-B1+naringin+PMA 0.89+0.09 0.93+0.09% 0.60+0.05 0.79+0.07#
F 0.605 62.354 0.271 88.422
p 0.617 0.000 0.846 0.000

Note: Compared to blank group, *p<0.05; compared to TGF-B1 group, £p<0.05 and compared to TGF-B1+naringin group, “p<0.05

IPF is a chronic disease occurring in human lungs,
which poses a great threat to the life of patients!'®!.
Naringin is a bioflavonoid commonly found
especially in citrus fruits, which has a variety of
properties. Previous studies have shown that naringin
has antifibrotic properties in many fibrosis-related
diseases, including pulmonary fibrosis, renal fibrosis
and hepatic fibrosis!'®!"*2%, TGF-B1 is a vital factor
in pulmonary fibrosis?'*?!. Here, TGF-f1 induced
MRC-5 cells were used to establish IPF cell model.
Our data showed that naringin could inhibit MRC-

March-April 2023

Indian Journal of Pharmaceutical Sciences

5 cell proliferation. Meanwhile, naringin could also
suppress the proliferation and cell cycle process of
TGF-B1 induced MRC-5 cells. Additionally, scratch
assay data showed that naringin attenuated TGF-p1
induced migration in MRC-5 cells.

TGF-B1 can stimulate mesenchymal cells to
produce a large amount of ECM, leading to fibrosis
development!?’!, Meanwhile, TGF-B1 stimulates
fibroblasts toward FN and enhances fibroblast-
mediated ECM contraction, resulting in an in vitro
model of pulmonary fibrosis. FN released from lung
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