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Abstract
Idiopathic pulmonary fibrosis (IPF) is a progressive and fatal fibrotic lung disease. 
While recent studies have suggested the potential efficacy of tyrosine kinase inhibi-
tors in managing IPF, masitinib, a clinically used tyrosine kinase inhibitor, has not yet 
been investigated for its efficacy in fibrotic lung diseases. In a previous study on an 
in vitro neurodegenerative model, we demonstrated the synergistic antitoxic and anti-
oxidant effects of masitinib combined with cromolyn sodium, an FDA-approved mast 
cell stabilizer. This study aims to investigate the anti-fibrotic and antioxidant effects of 
the masitinib-cromolyn sodium combination in an in vitro model of pulmonary fibro-
sis. Fibroblast cell cultures treated with bleomycin and/or hydrogen peroxide (H2O2) 
were subjected to masitinib and/or cromolyn sodium, followed by assessments of cell 
viability, morphological and apoptotic nuclear changes, triple-immunofluorescence la-
beling, and total oxidant/antioxidant capacities, besides ratio of Bax and Bcl-2 mRNA 
expressions as an indication of apoptosis. The combined treatment of masitinib and 
cromolyn sodium effectively prevented the fibroblast myofibroblast transition, a hall-
mark of fibrosis, and significantly reduced bleomycin / H2O2-induced apoptosis and 
oxidative stress. This study is the first to demonstrate the additive anti-fibrotic, cell-
protective, and antioxidant effects of the masitinib-cromolyn sodium combination in 
an in vitro fibrosis model, suggesting its potential as an innovative therapeutic ap-
proach for pulmonary fibrosis. Combination therapy may be more advantageous in 
that both drugs could be administered in lower doses, exerting less side effects, and 
at the same time providing diverse mechanisms of action simultaneously.
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1  |  INTRODUC TION

Idiopathic pulmonary fibrosis (IPF) is a fatal lung disease characterized 
by progressive fibrosis of unknown origin.1 The disease mechanism 
involves recurrent subclinical injuries in a genetically predisposed al-
veolar epithelium, leading to impaired repair and irreversible scarring 
of lung tissue.1 Key cytokines like transforming growth factor beta 
(TGF-β) and platelet-derived growth factor (PDGF) play pivotal roles in 
promoting fibroblast proliferation, collagen synthesis, and myofibro-
blast differentiation, exacerbating fibrosis in IPF.2,3

PDGF receptors (PDGF-R) α and β are overexpressed in myofibro-
blasts in IPF lungs, stimulated by various cytokines including TGF-β.4–6 
Currently, pirfenidone and nintedanib are the only FDA-approved 
treatments for IPF, targeting TGF-β and PDGF pathways to reduce 
fibrosis.7,8 However, these therapies only modestly improve patient 
outcomes, highlighting the urgent need for alternative treatments.9,10

Cromolyn sodium, (Cromoglicic acid) an FDA-approved mast cell 
stabilizer, has shown potential as an anti-fibrotic agent by inhibiting 
fibroblast activation and collagen production in experimental mod-
els.11 Masitinib, a selective tyrosine kinase inhibitor, targets PDGF-R 
among other receptors, suggesting its efficacy in controlling fibro-
sis, besides inhibiting mast cell survival and proliferation.12–14 In this 
context, tyrosine kinase inhibitors like nintedanib and imatinib have 
shown promise in preclinical models of fibrosis by targeting abnor-
mal tyrosine kinase activity.15–17

Bleomycin-induced pulmonary fibrosis remains a widely used 
model to study fibrotic mechanisms in animals, characterized by ox-
idative stress and myofibroblast accumulation.18–20 In vitro models 
using fibroblast cultures have been crucial in testing new therapeu-
tic strategies aimed at reversing or preventing fibrosis.21,22 Oxidative 
stress, particularly induced by hydrogen peroxide (H2O2), exacer-
bates fibrotic processes through mechanisms involving hypoxia-
inducible factor-1α (HIF-1α) and reactive oxygen species (ROS).23–25

Our recent study has explored that combined therapy with 
masitinib and cromolyn sodium exerted synergistic anti-toxic, cell 
protective and antioxidant effects in an in vitro neurodegenerative 
model.26 Building on this, we hypothesized that this combination 
could similarly attenuate fibrosis and oxidative stress in a bleomycin-
induced in  vitro model of pulmonary fibrosis. Our study aimed to 
evaluate the potential of masitinib alone and in combination with 
cromolyn sodium to mitigate fibrosis and oxidative stress induced by 
bleomycin and H2O2 in this model.

2  |  MATERIAL S AND METHODS

2.1  |  Cell culture

HFF1 dermal fibroblast cell line (ATCC, SCRC-1041) was obtained 
from our Department of Gene and Cell Therapy, whereas WI-38 
human fetal lung fibroblast cell line was obtained from Cumhuriyet 
University, Sivas, Turkey. HFF1 cells are widely used to evaluate cy-
totoxicity of drugs, and WI-38 cell line is widely used to evaluate 

anti-fibrotic effect of drugs against pulmonary fibrosis in  vitro.27,28 
Both cells were used in our experiments.

The cells were maintained in Dulbecco's Modified Eagle Medium 
(DMEM) (Gibco-H26159) supplemented with 10% (v/v) heat-
inactivated fetal bovine serum (FBS) (10500064-Gibco), penicillin 
(100 U/mL) streptomycin (100 μg/mL) (15140122-Sigma Aldrich), 
and 1% (v/v) sodium pyruvate (2051060-Biological Industries). Cells 
were cultured in a humidified atmosphere at 37°C (5% CO2). When 
the cell culture experiments that were built with HFF1 fibroblasts 
were compared with that of WI-38 cells, very similar results were 
found in tests, such as the ones for cell viability rates and Bax/Bcl2 
ratios of the experimental groups (see the Supplement).

2.2  |  Reagents and chemicals

Bleomycin (Bleomycin sulphate 15 mg lyophilized powder, KOÇAK 
farma) was dissolved in physiological serum (1:100), then serial dilu-
tion of stock solution was performed. Fibroblasts were treated with 
bleomycin in five different concentrations as 10−4, 10−5, 10−6, 10−7 
and 10−8 IU/mL. Fibroblasts were also treated with H2O2 (108 597, 
Merck), an oxidant compound. Concentration titration assay for fi-
broblast cell viability was performed with increasing concentrations 
of H2O2 (50, 100, 250, 500, 1000 μM).

Masitinib (13105-Cayman, Ann Arbor, MI) was dissolved in di-
methyl sulfoxide (DMSO) (67–68-5-Merck EMSURE ACS), and cro-
molyn sodium (Sigma C0399) was dissolved in distilled water.

In concentration titration assays, masitinib was applied at the fol-
lowing concentrations: 0.5, 1, 2, and 5 μM, whereas cromolyn sodium 
was applied at 3.125, 6.25, 12.5, 25 and 50 μM based on previous stud-
ies.14,29 Because of the high levels of cytotoxicity at the highest three 
concentrations of both drugs, these concentrations were not used in 
further experiments (The details will be mentioned in results section.)

2.3  |  The main study groups and 
experimental design

First of all, four main fibroblast culture groups were formed as 
follows:

I- Control, II- Bleomycin, III- H2O2, IV- Bleomycin+ H2O2 treated 
cell groups.

Then the subgroups of fibroblast cell cultures were formed to 
test the anti-fibrotic, antitoxic and antioxidant effects of cromolyn 
sodium / masitinib / cromolyn sodium + masitinib:

•	 (A) Cromolyn sodium.
•	 (B) Masitinib or its solvent, DMSO.
•	 (C) Combined masitinib and cromolyn sodium treated cell groups.

After 24 h of culture from bleomycin/H2O2 treatments, without 
refreshing the culture media, the drugs were administered on cell 
groups, and were incubated for an additional 48 h.
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Firstly, bleomycin (105 IU/mL)/H2O2 (250 μM) treatments were 
performed. 24 h later, cromolyn sodium (6.25 μM)/masitinib (0.5 μM)/
DMSO (at the solvent concentration for 0.5 μM masitinib) were ap-
plied. After 48 h of incubation from the last treatment, the cell viabil-
ity rates of all groups were determined with thiazolyl blue tetrazolium 
bromide (MTT) assay. And culture media were harvested and stored at 
−80°C in order to be analyzed for total oxidant and antioxidant capac-
ities (TOC and TAC). Morphological characteristics of cell groups were 
compared under an inverted microscope. Immuno-fluorescence stain-
ing with CD44, alpha-smooth muscle actin (α-SMA) and DAPI was 
performed to analyze fibroblast myofibroblast transition. Apoptotic 
nuclear assessment after Hoechst staining was also performed. 
Additionally, Bax and Bcl-2 mRNA expression levels of cells were de-
termined by qPCR and the ratio of Bax/Bcl-2 was compared among 
groups.

2.4  |  Cell viability assay

The cell viability rates were investigated using MTT (146345-abcam), 
which is used to assess both cell viability/proliferation and metabolic 
activity. With or without bleomycin/H2O2 fibroblast cell culture 
groups in 96 well plates (1.0 × 104 cell/well) were formed. After 24 h 
of culture, cell groups were treated with masitinib/cromolyn sodium 
or their combination / DMSO (masitinib solvent) for 48 h, then MTT 
solution was added, the mixture was further incubated for 4 h at 
37°C, 5% CO2. The reaction was terminated by adding DMSO into 
the wells. The blue crystals were solubilized, and the intensity was 
measured colorimetrically at 570 nm and 690 nm on a microplate 
reader (Thermo Scientific Multiskan Spectrum). The percentage of 
cell viability was calculated relative to the colorimetric intensity of 
non-treated control cells.30

2.5  |  Morphological assessment of fibroblasts on 
inverted microscope

Fibroblasts cultured in 24 well plates (1.0 × 104 cell/cm2) were 
grouped as follows: (a) Non-treated (Control), (b) Bleomycin treated, 
(c) H2O2 treated, (d) Bleomycin + H2O2 treated, (e) Bleomycin + 
H2O2 + cromolyn sodium treated, (f) Bleomycin + H2O2 + masi-
tinib treated, (g) Bleomycin + H2O2 + cromolyn sodium + masitinib 
treated, (h) Bleomycin + H2O2 + DMSO treated. (Bleomycin (10

−5 IU/
mL), cromolyn sodium (6.25 μM), masitinib (0.5 μM), and their com-
bination. DMSO: at the solvent concentration for 0.5 μM masitinib, 
which corresponds at a ratio of 1.25:1000).

After 72 h of incubation, morphological assessment of fibro-
blast cells was performed. Then, morphological changes of the cell 
groups were assessed under an inverted microscope (Leica DMi8 
Microscope) at x10 and x20 objective. Images were taken with multi-
ple independent images for an individual treatment. NIH ImageJ was 
used to analyze morphological images for circularity which indicates 
an increase in myofibroblast number.

2.6  |  Nuclear DNA staining with Hoechst 33342

Apoptotic nuclear morphology was determined by using Hoechst 
33342 DNA staining (H-3570) according to the manufacturer's pro-
tocol (Eugene, Oregon, USA). The cells were plated on 6 well plates 
(1.0 × 104 cell/cm2). (Groups are the same as the ones described in 
Section 2.5.) All groups were stained with Hoechst 33342 and visu-
alized to analyze nuclear morphological characteristics using Leica 
DMi8 Fluorescence Microscope (x10 and x20 objective). The quanti-
tative evaluation of cell death was determined by calculating the (%) 
percentage of condensed nuclei / normal nuclei.

2.7  |  Immunofluorescence staining

To evaluate fibroblast to myofibroblast transition, triple-
immunofluorescence labelling was performed. Immunostaining with 
human anti-α-SMA antibody was performed to examine the pres-
ence of α-SMA-positive myofibroblasts, whereas anti-CD44 anti-
body was used to stain fibroblasts.31,32

Fibroblasts were plated in 6 well plates (1.0 × 104 cell/cm2). After 
72 h of culture, cell culture groups were fixed with paraformaldehyde 
for 20 min, blocked with PBS containing 0.1% Tween-20 (v/v) and 
5% bovine serum albumin for 1 h (room temperature). Cells were im-
munostained with primary antibodies; anti-human α-SMA antibody 
(Richard-Allan Scientific; 1:800) and anti-CD44 antibody (bs-4916R 
Polyclonal AC092201), followed by incubation at 4°C overnight, 
and incubation with secondary antibodies (A10037-Alexa Fluor 568 
donkey anti-mouse IgG (H + L)- Invitrogen) (1:400), goat anti-rabbit 
IgG, DyLight 488, Thermo Scientific, Rocford, USA) (1:400), respec-
tively. DNA was counterstained with DAPI.

Evaluation was performed under a Leica DMi8 Microscope. 
Fluorescent staining intensity in the cytoplasm of cells were com-
pared among groups, and photographs were taken using LasX 
Software. Cells that were α-SMA positive were determined as my-
ofibroblasts.33 The percentage of myofibroblasts was calculated 
as the number of myofibroblasts/number of total cells ×100. The 
percentage of α-SMA-positive myofibroblast cells was determined 
in 10 random fields. At least, three independent experiments were 
performed. Three dimensional (3D) surface plot illustrating intensity 
was measured based on previous studies.34,35(HH-8 (leiomyosar-
coma) cells were used as positive control for α-SMA immunostaining).

2.8  |  Measurement of total oxidant and 
antioxidant status

Fibroblasts were plated in 6 well plates (1.0 × 104 cell/cm2). After 72 h 
of culture, conditioned media (CM) of culture groups were collected. 
The levels of total non-enzymatic oxidant and antioxidant molecules 
TOC and TAC, respectively) in cell supernatants were measured (Rel 
Assay TOS and TAS kits, Turkey) according to the manufacturer's 
instructions.36,37
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2.9  |  RNA extraction and quantitative 
real-time PCR

Fibroblasts were plated in 6 well plates (1.0 × 104 cell/cm2). After 
72 h of culture, CM of culture groups were collected, then mRNA 
levels of Bax, an apoptotic activator and Bcl-2 were quantified.

Following cell treatments, total RNA was isolated using the EZ-
10 Spin Column Total RNA Miniprep Kit (BS136, Biobasic Canada). 
Purity and concentration were assessed via absorbance at 260 
and 280 nm. cDNA was synthesized from 1 μg of RNA using the 
OneScript Plus cDNA Synthesis Kit (G236, Abmgood). qRT-PCR 
was conducted on the QuantStudio 3 system (Thermo Fisher 
Scientific, USA) using SYBR Green PCR Kit BlasTaq 2X qPCR 
MasterMix (G891, Abmgood). Amplification reactions were per-
formed in triplicate and repeated thrice. Relative mRNA levels 
were quantified using the 2-ΔΔCt method, normalized to GAPDH, 
with control set at 100%. Primer sequences are listed as follows: 
GADPH forward, 5′-  ACAACTTTGGTATCGTGGAAGG −3′ and re-
verse, 5′- GCCATCACGCCACAGTTTC-3′; Bcl-2 forward, 5′- GCCTT  
CTTTGAGTTCGGTGG −3′ and reverse, 5′- GAAATCAAACAGAGGC  
CGCA −3′; Bax forward, 5′-  CATCATGGGCTGGACATTGG-3′ and 
reverse, 5′- CCTCAGCCC​ATCTTCTTCCA −3′.

2.9.1  |  Nomenclature of targets and ligands

Key protein targets (PDGF-R) and ligands (Cromolyn so-
dium = Cromoglicic acid (transporter) and Masitinib (tyrosine kinase)) 
in this article are hyperlinked to corresponding entries in https://​
www.​guide​topha​rmaco​logy.​org, the common portal for data from 
the IUPHAR/BPS Guide to PHARMACOLOGY,38 and are perma-
nently archived in the Concise Guide to PHARMACOLOGY 2019/20 
(Alexander et al., 2019).39,40

3  |  STATISTIC AL ANALYSIS

Statistical analysis of the data was performed at IBM SPSS v23.0 
(Armonk, NY: IBM Corp. USA). The Shapiro–wilk test was used for the 
normality of the distribution. Between-group analysis were performed 
with Student-T test and ANOVA with post-hoc Tukey tests. In all analy-
sis, p values equal or below 0.05 were considered statistically significant.

4  |  RESULTS

4.1  |  Determination of the appropriate 
concentrations of cromolyn sodium, masitinib, 
bleomycin, and H2O2

To investigate the dose-dependent effects of cromolyn sodium 
and masitinib on fibroblast cell viability, fibroblasts were initially 
treated with different concentrations of cromolyn sodium (3.125, 

6.25, 12.5, 25 and 50 μM) and masitinib (0.5, 1, 2, and 5 μM)/its sol-
vent DMSO.

Since 12.5, 25 and 50 μM concentrations of cromolyn sodium 
caused significant cytotoxic effects with 79 ± 3, 47 ± 1, 35 ± 3% cell 
viability rates of fibroblast cells, respectively, the lowest two con-
centrations were further tested in further experiments.

Treatment with cromolyn sodium at 3.125 and 6.25 μM con-
centrations did not result in toxicity to fibroblast cells. And slightly 
higher viability rates at 6.25 μM treated group (113 ± 3% cell viability) 
were found when compared to the 3.125 μM treated one (97 ± 4% 
cell viability). These results were similar to the efficient doses that 
we have found in our previous study.26

On the other hand, 1, 2, and 5 μM concentrations of masitinib 
and its solvent DMSO that is necessary for 5 μM masitinib (which 
corresponds to a 12.5:1000 ratio of DMSO) caused significant cy-
totoxic effects with 80 ± 2, 73 ± 4, 62 ± 1, 40 ± 3% cell viability rates 
compared to the control, respectively. Treatment with 0.5 μM of 
masitinib did not exert any significant effect on the viability rates. 
And when considering cytotoxic effect of DMSO, 0.5 μM masitinib 
included a tolerable DMSO content, being close to the 1:1000 ratio, 
which is ideal to avoid an interference with experimental results.

Since the best viability results were obtained at the concen-
trations of 6.25 μM for cromolyn sodium and 0.5 μM for masitinib, 
these concentrations were used in subsequent experiments to test 
the beneficial effects of combined treatment of these drugs. The 
combined application of 6.25 μM cromolyn sodium and 0.5 μM ma-
sitinib on fibroblasts did not have a cytotoxic effect on cells, just 
the opposite, they slightly increased the mean viability rate of cells 
(114 ± 5%), suggesting an increasing effect on the metabolic activity 
of cells.

In order to find the appropriate concentration of bleomycin 
which could induce fibroblast activity without exerting any signifi-
cant cytotoxic effect, we tested concentration-dependent effects 
of bleomycin on fibroblast cells. The treatment of fibroblasts with 
10−4 IU/mL of bleomycin for 72 h caused a reduction in the mean 
viability rate of cells (62 ± 6% cell viability), as revealed by MTT 
Assay, whereas 10−5 IU/mL and lower concentrations (10−6, 10−7, 
10−8 IU/mL) (95 ± 3, 98 ± 4, 99 ± 2, 119 ± 5% cell viability, respec-
tively) of bleomycin did not reduce the cell viability rates of fibro-
blasts. Considering the fibrotic effects of bleomycin at 10−5 IU/mL 
concentration in our morphological/IF assessments, we decided to 
use bleomycin at this ‘fibrosis-inducing concentration’ in our further 
experiments.

On the other hand, concentration-titration assay for H2O2 was 
performed to determine the appropriate concentration for subse-
quent experiments. Treatment of fibroblasts with H2O2 between 
50 and 1000 μM caused a concentration-dependent decrease in fi-
broblast cell viability rates. 1000, 500, 250, 100, and 50 μM H2O2 
caused 44 ± 3, 52 ± 4, 74 ± 2, 80 ± 2 and 89 ± 1% viability rates, re-
spectively. Since 250 μM concentration decreased the viability rate 
to a percentage of 74 ± 2% (p < 0.05), this concentration was selected 
as the most appropriate one to mimic an in vitro model of oxidative 
stress-induced cell degeneration.
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4.2  |  The effects of masitinib and cromolyn sodium 
on viability rates of bleomycin and/or H2O2-treated 
fibroblasts

To investigate the protective effects of cromolyn sodium and masi-
tinib as mono- and combined treatments on bleomycin treated fibro-
blasts, the cell viability rates of the groups below were evaluated. 
As shown in Figure  1A, bleomycin treated group showed slightly 
increased viability rates compared to control. Mono-treatment of 
cromolyn sodium after bleomycin significantly increased the cell vi-
ability rates compared to control. Although DMSO caused a signifi-
cant reduction in viability rate of bleomycin treated cells, masitinib 
did not. Moreover, despite the reductive effects of DMSO, combined 
treatment of cromolyn sodium and masitinib after bleomycin caused 
significantly higher cell viability rates compared to only bleomycin 
treated group. Moreover, combined treatment of cromolyn sodium 
and masitinib after bleomycin showed significantly higher viability 
rates than that of mono-treatment of cromolyn sodium and masitinib 
after bleomycin.

To investigate the protective effects of cromolyn sodium and 
masitinib as mono-  and combined treatments on H2O2 treated fi-
broblasts, the viability rates of the cell culture groups were evalu-
ated. As shown in Figure 1B, while H2O2 decreased the cell viability 
rate to 74 ± 2%, cromolyn sodium and masitinib after H2O2 caused a 

F I G U R E  1 (A) The effects of cromolyn sodium, masitinib, and 
their combined treatment on bleomycin-treated fibroblast cell 
viability rates. Pretreatment with 10-5 IU/mL bleomycin for 24 h 
was followed by agent treatments for 48 h, then MTT test was 
performed. The presented data represent mean ± S.E.M. from 
four independent experiments, each conducted with triplicate 
samples, and are expressed as a percentage relative to the control 
(*p <.05 as compared to the untreated cells as control, #p <.05 as 
compared to bleomycin treatment alone, ##p <.05 as compared 
among agent treated groups). [For timepoints of applications, see 
Section 2.3]. (Bleo: Bleomycin, Cro: Cromolyn sodium 6.25 μM, 
Mas: Masitinib 0.5 μM, DMSO: At the solvent concentration for 
0.5 μM masitinib). (B) The effects of cromolyn sodium, masitinib, 
and their combined treatment on H2O2-treated fibroblast cell 
viability rates. Pretreatment with 250 μM H2O2 for 24 h was 
followed by agent treatments for 48 h, then MTT test was 
performed. The presented data represent mean ± S.E.M. from four 
independent experiments, each conducted with triplicate samples, 
and are expressed as a percentage relative to the control (*p <.05 as 
compared to the untreated cells as control, #p <.05 as compared to 
H2O2 treatment alone, ##p <.05 as compared among agent treated 
groups). [For timepoints of applications, see Section 2.3]. H2O2: 
Hydrogen peroxide, Cro: Cromolyn sodium 6.25 μM, Mas: Masitinib 
0.5 μM, DMSO: At the solvent concentration for 0.5 μM masitinib). 
(C) The effects of cromolyn sodium, masitinib, and their combined 
treatment on ‘both bleomycin and H2O2’-treated fibroblast cell 
viability rates. Pretreatment with 10-5 IU/mL bleomycin and 
250 μM H2O2 for 24 h was followed by agent treatments for 48 h, 
then MTT test was performed. The presented data represent 
mean ± S.E.M. from four independent experiments, each conducted 
with triplicate samples, and are expressed as a percentage relative 
to the control (*p <.05 as compared to the untreated cells as 
control, #p <.05 as compared to bleomycin + H2O2 treatment 
alone, ##p <.05 as compared among agent treated groups). [For 
timepoints of applications, see Section 2.3]. (Bleo, Bleomycin, 
H2O2, Hydrogen peroxide, Cro, Cromolyn sodium 6.25 μM, Mas: 
Masitinib 0.5 μM, DMSO, At the solvent concentration for 0.5 μM 
masitinib).
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significant increase in the percentage of cell viability. The combined 
treatment increased the viability rates more significantly than their 
monotherapies. When compared to the DMSO group, the cell viabil-
ity rates were found to be significantly higher in the groups in which 
masitinib was administered alone or in combination with cromolyn 
sodium.

To investigate the protective effects of cromolyn sodium and 
masitinib, as mono- and combined treatments on H2O2-induced cell 
toxicity in bleomycin treated fibroblasts, cell viability rates of the 
groups below were evaluated. As shown in Figure 1C, Bleomycin and 
H2O2 treated group showed significantly lower viability rates than 
control. Importantly, the mean viability rate of combined treatment 
with masitinib + cromolyn sodium after ‘bleomycin and H2O2’ was 
significantly higher than that of ‘bleomycin and H2O2’ group, DMSO 
group, cromolyn sodium group, and masitinib group, as well. To em-
phasize here, MTT test is a measure of metabolic activity of the cells, 
besides evaluating cell viability rates, so we concluded that the com-
bined application of cromolyn sodium and masitinib increases the 
metabolic activity of bleomycin and H2O2-treated fibroblasts. We 
also verified our results with trypan blue exclusion method.

4.3  |  The effects of masitinib and cromolyn sodium 
on the morphology of bleomycin and H2O2- treated 
fibroblasts

In the morphological evaluation of control group (Figure  2A), fi-
broblast cells were of spindle shape with clear cytoplasm. In the 
bleomycin treated group, disorganization of cells was seen, some 
degenerated cells were also present, whereas some cells displayed 
myofibroblast characteristics with an extended star-like appearance 
or enlargement of cells. In the H2O2 treated group, degenerated 
cells were found to be increased with disorganization of cells. In the 
bleomycin and H2O2 treated group, disorganization of cells was ob-
served besides degenerated cell groups. When bleomycin and H2O2 
pretreated cells were exposed to masitinib and cromolyn sodium as 
mono-  or combined treatment, the morphological changes signifi-
cantly improved, that is, parallel healthy arrangement was observed, 
fibroblast to myofibroblast transition diminished, and the degener-
ated cell number significantly reduced, which was not seen in the 
DMSO group (Figure 2A–H).

Enhanced fibroblast-myofibroblast transition related to bleomy-
cin was confirmed by ‘circularity counting’ using the ImageJ program.

Increased circularity due to bleomycin and H2O2 was reversed in 
bleomycin and H2O2 + combined drug applied group (Figure 2I).

4.4  |  Apoptotic nuclear assessment of cells

When apoptotic morphology of cell groups examined using Hoechst 
33342 staining, bleomycin + H2O2 exposure caused an increase in 
apoptotic cells, while treatment with masitinib, cromolyn sodium, 
and their combination after bleomycin + H2O2 led to a reduction 

in the number of apoptotic cells (Figure 3A–H), as approved by the 
percentage of apoptotic cell numbers of groups (Figure 3I).

4.5  |  The effects of masitinib and cromolyn 
sodium on differentiation of fibroblast to 
myofibroblast analyzed by CD44 and α-SMA 
immunostaining of cells

The differentiation of fibroblasts into myofibroblast phenotype 
was confirmed by immunofluorescence staining with α-SMA (the 
hallmark of mature myofibroblasts). The assessment of cells under 
fluorescent microscope revealed that the expression of α-SMA was 
significantly increased in bleomycin treated fibroblast cell groups 
when compared to control (Figure 4A).

The protective effects of cromolyn sodium and masitinib (as 
mono- and combination-treatment) against bleomycin-induced dif-
ferentiation of fibroblasts into myofibroblasts were also evaluated. 
The mean number of myofibroblasts, stained red with α-SMA was 
certainly lower in both mono and combination treatments than in 
the bleomycin-treatment alone. Also, the expression of α-SMA 
was lower in the combination treatment group than in the mono-
treatment groups as verified by histogram (Figure 4A,B).

4.6  |  Inhibitory effects of cromolyn sodium and 
masitinib on total oxidant and antioxidant levels

4.6.1  |  The antioxidant effects of cromolyn 
sodium and masitinib on fibroblast cells

To evaluate the antioxidant effects of cromolyn sodium and masi-
tinib, as mono- or combined treatment, fibroblast cells were treated 
with cromolyn sodium (6.25 μM), masitinib (0.5 μM), or their combi-
nation for 48 h. Mono-treatment with cromolyn sodium or masitinib, 
and their combination significantly decreased the TOC of fibroblast 
CM. On the other hand, DMSO (masitinib solvent) significantly in-
creased the levels of TOC, when compared to both control and masi-
tinib mono-treatment, and also compared to combined treatment, as 
well (Figure 5A).

Mono-treatment of cromolyn sodium and combined treat-
ment of cromolyn sodium and masitinib significantly caused an 
increase of TAC levels in fibroblast CM, whereas treatment with 
DMSO significantly decreased the TAC level of fibroblast cell CM 
(Figure 5A).

4.7  |  The antioxidant effects of cromolyn 
sodium and masitinib on bleomycin-treated 
fibroblasts

As seen in Figure 5B, bleomycin caused an increase in reactive oxy-
gen metabolite levels (TOC) in CM of fibroblast cells. Both treatment 
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    |  7 of 16GÖKSU et al.

with cromolyn sodium or masitinib, and their combination after ex-
posure to bleomycin significantly decreased the bleomycin-induced 
increase of TOC, whereas DMSO (masitinib solvent) significantly in-
creased TOC, when compared to control, mono-treatment of masi-
tinib, and also compared to combined treatment, as well (Figure 5B).

The administration of cromolyn sodium/masitinib, either in-
dividually or in combination, along with bleomycin, resulted in an 
increased total antioxidant capacity in fibroblast CM compared to 
both the control group and the group treated with bleomycin alone. 
However, this effect was not observed in the group administered 
bleomycin and DMSO.

4.8  |  The antioxidant effects of cromolyn 
sodium and masitinib combination against H2O2-and 
bleomycin- induced oxidative stress

As seen in Figure 5C, Bleomycin + H2O2 caused an increase in re-
active oxygen metabolite levels (total oxidant capacity = TOC) in 
CM of fibroblast cells, whereas treatment with combined cromolyn 
sodium and masitinib showed a significant reductive effect on TOC 
levels of fibroblast cells compared to bleomycin + H2O2 treated 

ones. Moreover, bleomycin + H2O2 application caused a decline in 
TAC levels in CM of fibroblast cells, whereas treatment with com-
bined cromolyn sodium and masitinib significantly increased TAC 
levels in cell CM compared to only bleomycin + H2O2 treated ones 
(Figure 5C).

4.9  |  Effects of masitinib and cromolyn sodium on 
Bax/Bcl-2 mRNA ratios in fibroblast cells treated with 
bleomycin and H2O2

Bax/Bcl-2 mRNA expression ratio was determined to test whether 
cromolyn sodium and masitinib mitigate cell death by inhibiting 
apoptotic signaling in cells that were treated with bleomycin and 
H2O2. In the cells that were exposed to bleomycin and H2O2, the 
Bax/Bcl-2 mRNA ratio was elevated compared to untreated con-
trols. However, subsequent treatment with cromolyn sodium and 
masitinib following bleomycin and H2O2 resulted in a significant re-
duction in this ratio (p < 0.001). Compared to the DMSO group, the 
Bax/Bcl-2 mRNA ratio was significantly lower in the group treated 
with the combination of masitinib and cromolyn sodium (p <.001) 
(Figure 6).

F I G U R E  2 (A–I) Representative photomicrographs showing morphology of fibroblast cell groups (A–H): (A) Non-treated (Control), 
(B) Bleomycin treated, (C) H2O2 treated, (D) Bleomycin + H2O2 treated, (E) Bleomycin + H2O2 + cromolyn sodium treated, (F) Bleomycin 
+ H2O2 + masitinib treated, (G) Bleomycin + H2O2 + cromolyn sodium + masitinib treated, (H) Bleomycin + H2O2 + DMSO treated; and a 
graph showing circularity (4π × area/perimeter2) for all groups that was quantified using ImageJ software (I). Observation was made under 
an inverted microscope at ×20 objective [Scale Bar = 200 μm] (*p <.01 as compared to the untreated cells as control; #p <.01 as compared 
to bleomycin + H2O2 treatment). [Bleo, Bleomycin, H2O2, Hydrogen peroxide, Cro, Cromolyn sodium, Mas: Masitinib. [For the treatment 
details, see sections 2.3 and 2.5.]
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5  |  DISCUSSION

IPF is the most common type of idiopathic interstitial pneumonia, 
which has a five-year survival rate of less than 30%.41 Its pathogen-
esis involves alveolar epithelial cell repair, fibroblast differentiation/
proliferation, and immune cell activation.42 The disease is character-
ized by abnormal fibroblast proliferation, fibroblast-myofibroblast 
transformation, and excessive collagen deposition leading to pro-
gressive scarring and loss of lung function.1 Current antifibrotic 
drugs can only slow disease progression,43 therefore, discovering 
new therapeutic options is crucial.

Masitinib, a selective tyrosine kinase inhibitor used for masto-
cytoma and as an antirheumatic drug, targets c-Kit, CSF-1R, and 
PDGF-R, controlling mast cell survival, differentiation, and degran-
ulation.12–15 Tyrosine kinases' involvement in pathological fibroblast 
activation is making them promising targets for fibrosis treatment. In 
this context, masitinib is a good candidate for drug studies. Actually, 
similar inhibitors like sorafenib and imatinib have been shown to be 
efficient against fibrosis.17,44,45

Furthermore, cromolyn sodium, an FDA-approved mast cell sta-
bilizer drug for allergies and asthma, has anti-inflammatory effects 
besides its well-known anti-allergic action, via inhibiting mast cell 

F I G U R E  3 (A–I). Representative photomicrographs of apoptotic nuclear assessment and histogram of apoptotic cell percentages of 
fibroblast cell groups (A–H): (A) Non-treated (Control), (B) Bleomycin treated, (C) H2O2 treated, (D) Bleomycin + H2O2 treated, (E) Bleomycin 
+ H2O2 + cromolyn sodium treated, (F) Bleomycin + H2O2 + masitinib treated, (G) Bleomycin + H2O2 + cromolyn sodium + masitinib treated, 
(H) Bleomycin + H2O2 + DMSO treated. Observation was made under an inverted microscope at ×20 objective [Scale bar = 250 μm]. [Stars 
represent apoptotic cells with condensed nuclei; The inset at the tip of the arrow provides a further magnification for better visualization 
of both apoptotic (condensed) and normal nuclei]. The number of apoptotic cells were counted and averaged from five areas, and the 
percentage of apoptotic cells is represented as a histogram (I). Data are expressed as mean ± SEM (four independent experiments, each 
conducted with triplicate samples). (*p <.01 as compared to the untreated cells as control; #p <.01 as compared to bleomycin + H2O2 
treatment). [Bleo, Bleomycin, H2O2, Hydrogen peroxide, Cro, Cromolyn sodium, Mas: Masitinib.] [For the treatment details, see section 2.5.]

F I G U R E  4 (A, B). Photomicrographs of fibroblast cells with α-SMA and CD-44 immunostaining with 3D surface plot illustrating intensity 
(arbitrary units) (A) and histogram of α-SMA positive/CD44 positive cell percentages (B). [α-SMA (red), CD-44 (green), DAPI (blue)]. 
Observation was made under a fluorescent microscope at ×20 objective [Scale bar = 200 μm]. The percentage of α-SMA / CD44 positive 
cells is represented as a histogram shown in B. Data are expressed as mean ± SEM (four independent experiments, each conducted with 
triplicate samples). (*p <.01 as compared to the untreated cells as control; #p <.01 as compared to bleomycin treatment alone). The intensity 
range was set from 0 to 255, where 0 corresponds to the darkest shade, and 255 represents the lightest shade. (Cont, Control, Bleo, 
Bleomycin, Cro, Cromolyn sodium, Mas,: Masitinib.)
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    |  9 of 16GÖKSU et al.

mediator release.29,46 A previous study demonstrated its potential 
benefit in hepatic stellate cell activation and fibrosis amelioration.47 
Moreover, Wang et al. proposed that cromolyn targets multiple pro-
teins upstream of PI3K/Akt/mTOR, NF-κB, and GSK-3β signaling 

pathways to affect cytokine, chemokine, and fibrosis-related pro-
tein expression. The study also reported cromolyn's ability to in-
crease anti-inflammatory profile of microglia, and that cromolyn 
and F-cromolyn significantly affect Tumor Necrosis Factor Alpha 
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10 of 16  |     GÖKSU et al.

F I G U R E  5 (A) Total oxidant/antioxidant capacity in CM of fibroblast cells. Cromolyn sodium and masitinib (Mono/combined/DMSO were 
applied on fibroblasts, then the levels of total oxidant and total antioxidant capacities in fibroblast cell CM were measured. The presented data 
represent the mean ± S.E.M. from six independent experiments, each consisting of one sample (*p <.05 as compared to the untreated cells 
as control; and ##p <.05 as compared among agent treated groups). [For timepoints of applications, see Section 2.3]. [Cro: Cromolyn sodium 
(6.25 μM), mas: Masitinib (0.5 μM), DMSO: At the solvent concentration for 0.5 μM masitinib). (B). Total oxidant/antioxidant capacity in CM 
of fibroblast cells. Mono−/combined- cromolyn and masitinib/DMSO were applied on bleomycin pre-treated fibroblasts, then the levels of 
total oxidant and total antioxidant capacities in fibroblast cell CM were measured. The presented data represent the mean ± S.E.M. from six 
independent experiments, each consisting of one sample (*p <.05 as compared to the untreated cells as control; and #p <.05 as compared to 
bleomycin treatment alone, ##p <.05 as compared among agent treated groups).[For the treatment details, see Section 2.3]. [Bleomycin: Bleo 
(10-5 IU/mL), cromolyn sodium: Cro (6.25 μM), masitinib: Mas (0.5 μM)] (DMSO: At the solvent concentration for 0.5 μM masitinib). (C). The 
antioxidant effects of cromolyn sodium and masitinib combination against bleomycin/H2O2-induced oxidative stress. Cells were pretreated 
with bleomycin (10-5 IU/mL) and/or H2O2 (250 μM) followed by combined treatment with cromolyn sodium and masitinib, then the total oxidant 
and antioxidant capacity in CM of fibroblast cells were measured. The presented data represent the mean ± S.E.M. from six independent 
experiments, each consisting of one sample (*p <.05 as compared to the untreated cells as control; and ##p <.05 as compared among treatment 
groups). (Bleo, Bleomycin, H2O2, Hydrogen peroxide, Cro, Cromolyn sodium, Mas: Masitinib). [For the treatment details, see Section 2.3.]

 20521707, 2024, 5, D
ow

nloaded from
 https://bpspubs.onlinelibrary.w

iley.com
/doi/10.1002/prp2.70018 by A

L
A

N
Y

A
 A

L
A

A
D

D
IN

 K
E

Y
K

U
B

A
T

 U
N

I, W
iley O

nline L
ibrary on [30/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    |  11 of 16GÖKSU et al.

(TNF-α)-induced microglial expression of pro-fibrotic genes, critical 
mediators of inflammation.48 Our previous study reported syner-
gistic cell protective, antitoxic, and antioxidant effects of combined 
masitinib and cromolyn sodium in a neurodegenerative model.26 In 
the light of these data, we aimed to investigate the cell-protective, 
antioxidant, and anti-fibrotic effects of masitinib, cromolyn sodium, 
and their combination on a bleomycin/H2O2-induced fibrosis model. 
While previous trials mostly focused on mediator release or anti-
proliferative effects of these drugs on mast cells, our study uniquely 
evaluated their impact on fibroblasts. In our bleomycin-induced 
in vitro pulmonary fibrosis model, these drugs protected fibroblasts 
from oxidative stress/H2O2 induced toxicity, inhibited fibroblast-
myofibroblast transition, and prevented fibroblast apoptosis, sug-
gesting their potential effect to treat IPF.

Despite being a very simplified representation of actual patho-
logical tissue, in vitro models of diseases are invaluable tools that 
they allow the identification of specific cellular and molecular 
mechanisms that trigger and induce disease development and pro-
gression. Especially immortalized fibroblast cell- based IPF models, 
as in our current study, have many advantages, since immortal cells 
are easily accessible, continuously proliferated in culture which 
make them suitable tools for drug studies. Animal models are also 
widely used in IPF research, but they also have limitations since 
they are artificially induced using single agents or target a single cell 
type, while it is well known that the pathogenesis is multifactorial 
and still remains elusive.49,50 And due to interspecies differences, 

animal models are insufficient to fully simulate this human disease. 
Here, in  vitro models established with human cells that mimic 
in vivo counterparts come into play. Based on the knowledge that 
we obtained from our single-  cell two dimensional (2D) culture 
model of the current study, we will test our drug combination in 
a more advanced system. The use of 2D or 3D in  vitro cultures 
derived from diseased individuals can highly mimic the disease 
ex vivo. Moreover, current advanced systems such as microfluidics, 
lung organoids derived from induced pluripotent stem cells of IPF 
patients are very reliable models and they are of great opportunity 
for advanced research.51

In our in vitro pulmonary fibrosis model, we determined the ef-
fective bleomycin concentration (for a duration of 72 h exposure) to 
induce fibroblast-myofibroblast transformation without significant 
cytotoxicity. In this context, increased α-SMA (+):CD44 (+) cell ratio 
is a reliable hallmark of fibroblast myofibroblast transformation. The 
identification of myofibroblasts is essential for mechanistic in vitro 
studies, cell-based drug tests, and to assess the level of fibrosis 
in experimental animal or human fibrosis. And there are different 
myofibroblast activation states, of which the highly contractile α-
SMA-positive phenotype represents a most advanced functional 
stage. Also α-SMA and CD-44 immunostaining are tools to quantify 
the level of myofibroblast activation in culture and in tissues.52–54 
Cromolyn sodium and masitinib, individually or combined, signifi-
cantly reduced bleomycin-induced fibrotic effects, inhibiting fibro-
blast myofibroblast differentiation.

F I G U R E  6 The anti-apoptotic effects of cromolyn sodium and masitinib against bleomycin + H2O2-induced apoptosis. Effects of 
pretreatment with bleomycin (10−5 IU/mL) and H2O2 (250 μM) followed by combined treatment with cromolyn sodium and masitinib on 
Bax/Bcl-2 mRNA expression ratio of fibroblast cells. The data are expressed as mean ± S.E.M. (three independent experiments) (*p <.001 
as compared to the untreated cells as control; and #p <.001 as compared to bleomycin and H2O2 treatment, ##p <.001 as compared among 
agent treated groups). (Bleo, Bleomycin, H2O2, Hydrogen peroxide, Cro, Cromolyn sodium, Mas, Masitinib.). [For the treatment details, see 
Section 2.3.]
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12 of 16  |     GÖKSU et al.

Application of 10−5 IU/mL bleomycin increased α-SMA (+):CD44 
(+) cell ratio and apoptotic cell count without reducing cell viability 
rates (%), indicating a higher metabolic activity in myofibroblasts de-
spite an increased apoptosis.

Our results showed higher bleomycin-induced cytotoxicity rates 
compared to Moseley et al., probably due to the longer duration of 
exposure.23 Sato et al. also reported significant eosinophil chemo-
tactic activity after 72 h exposure to similar bleomycin concentra-
tions.55 Increased fibroblast oxidant status induced by bleomycin in 
our study also aligns with findings of elevated malondialdehyde and 
ROS levels in bleomycin-treated mice.56,57

Actually, myofibroblast transformation is a key event in the 
pathogenesis of pulmonary fibrosis.58 Supporting our findings, tyro-
sine kinase inhibitors such as imatinib showed anti-fibrotic effects in 
various fibrosis models.16,17,59,60 Masitinib may have broader appli-
cations than imatinib due to its higher kinase activity/selectivity and 
different binding modes.13,61 Tyrosine kinase inhibitors like SU9518, 
SU14816, and galunisertib, individually and combined, reduced 
radiation-induced pulmonary fibrosis in animal models.62 Dasatinib 
also inhibited myofibroblast activation, collagen deposition, and in-
flammation in pulmonary fibrosis models.63,64

Moreover, cromolyn sodium has shown efficacy in reducing 
paraquat-induced lung fibrosis in rat models, decreasing inflamma-
tory cytokines IL-1β, TNF-α, and IL-8.11,65 Mast cell mediators induce 
myofibroblast contraction and collagen production, contributing to 
fibrosis.66–68 Cromolyn sodium has been shown to reduce inflam-
mation, alveolar wall thickness, and collagen storage in bleomycin-
induced pulmonary fibrosis models.11,69

Furthermore, our study also evaluated antioxidant effects of 
cromolyn sodium and masitinib against bleomycin and H2O2-induced 
oxidative stress. Both drugs, especially when combined, significantly 
reduced total oxidant capacity. Our previous study reported similar 
antioxidant effects of this drug combination in neuronal cells.26 In 
this context, oxidative stress, a key factor in IPF pathogenesis, dam-
ages alveolar epithelium and triggers fibrosis.70 IPF patients show 
increased oxidative and nitrosative stress and reduced antioxidant 
levels, disrupting redox balance.71–86

In our study MTT cell viability assay showed that the drug com-
bination effectively decreased the cell degeneration induced by 
bleomycin and H2O2. These results were approved by the results of 
apoptotic nuclear cell assessment with Hoechst staining. The latter 
findings were also verified by a more specific assay of Bax and Bcl-2 
mRNA expression levels, as a molecular approach. Bax/Bcl-2 ratio 
has previously been used in many studies to evaluate apoptosis, and 
an increase in this ratio was associated with increased apoptosis.87,88 
The Bax gene was the first identified pro-apoptotic member of the 
Bcl-2 protein family (https://​www.​unipr​ot.​org/​unipr​otkb/​Q07812/​
entry#​names_​and_​taxonomy). The Bax protein forms a heterodi-
mer with Bcl-2, and functions as an apoptotic activator, that is in-
volved in a wide variety of cellular activities. This protein is reported 
to interact with and increase the opening of the mitochondrial 
voltage-dependent anion channel, leading to membrane potential 
loss and cytochrome c release (See “Entrez Gene: BCL2-associated 

X protein”). Bax expression is upregulated by the tumor suppressor 
protein p53, and Bax has been shown to be involved in p53-mediated 
apoptosis. Bax/Bcl-2 ratio plays a pivotal role in the balance of apop-
tosis and immortality in cancers.89

When Bax/Bcl-2 ratio was compared among groups, it was found 
that bleomycin and H2O2 caused an increase in this ratio, which was 
reversed by combined masitinib and cromolyn sodium treatment, 
suggesting inhibition of apoptotic signaling pathways. This aligns 
with previous findings of pro-apoptotic effects of bleomycin and 
H2O2.90,91 Combined therapy showed anti-apoptotic effects, sup-
porting its potential as a therapeutic strategy for conditions with 
excessive apoptosis. Further studies are needed to elucidate under-
lying molecular mechanisms and clinical relevance.

It is worth mentioning here that, despite its qualitative nature, the 
combination of Hoechst 33342 staining with cell counting has been 
established as a reliable method for assessing cell viability.92 When 
apoptotic cells were measured and compared simultaneously using 
fluorescence microscopic counting of Hoechst 33342 staining and 
flow cytometric detection of sub-G1 peak cells for apoptotic cell iden-
tification, the results were found to correlate. Hoechst morphology 
method was found to be more reliable in the quantitative determina-
tion of apoptosis due to its ability to distinguish apoptotic cells from 
debris and its ability to detect both early and late apoptotic cells.93

Furthermore, the concentrations of cromolyn sodium and ma-
sitinib used in this study were consistent with previous studies.14,26 
Also, the study by Choi et  al.47 showed that cromolyn at concen-
trations up to 10 μM did not cause a significant cell death and ex-
hibited anti-inflammatory properties. The latter results affirm the 
suitability and efficacy of the cromolyn dose (6.25 μM) that we used 
in our study. Furthermore, DMSO, used as a masitinib solvent, had 
significant cytotoxic effects at high concentrations, thus we used 
0.5 μM masitinib with tolerable DMSO content (1.25:1000 ratio), 
since keeping DMSO concentration under 1:1000 ratio avoids its 
interference with experimental results.

In summary, our study presents new findings that combined treat-
ment with cromolyn sodium and masitinib exerts additive anti-fibrotic, 
antitoxic, and antioxidant effects on fibroblasts. Since the main target 
of cromolyn sodium is mast cell and its basic effect is inhibiting the re-
lease of cytokines, monoamines and mediators of inflammation from 
mast cells, we may suggest that this drug may have similar direct ef-
fects on fibroblasts, as well, that needs to be further evaluated. These 
results, in conjunction with recent literature, suggest a novel therapeu-
tic application for combined masitinib and cromolyn sodium in IPF treat-
ment. Combination therapy may offer advantages by reducing side 
effects and providing diverse mechanisms of action simultaneously.

5.1  |  Limitation section

One of the limitations of our study is that the findings related to the 
established fibroblast cell lines may not be fully representative of 
diseased lung fibroblasts in vivo. Additionally, this in vitro model of 
bleomycin-induced fibrosis may not fully represent IPF. Also, further 
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studies are required with an approach to explore the detailed anti-
fibrotic mechanisms of masitinib and cromolyn sodium. As we as-
sessed the behavior of only fibroblast cells in our study, further 
experiments, involving lung epithelial cells and mast cells besides fi-
broblasts are mandatory. Moreover, to confirm our in vitro findings, 
further experiments should be performed on more advanced models 
in which in vivo biology could be better quantified.

In our study the timing of the drug delivery is a limitation that 
it only evaluated the protective effects of masitinib and cromolyn 
sodium against fibrosis, and their therapeutic effects still need to be 
assessed. Another limitation of our study is about the assessment 
of ROS accumulation. All the biomarkers in our assay of total oxi-
dative and antioxidative capacity are non-enzymatic and do not de-
tect precisely which specific ROS is involved. Studies are mandatory 
to determine the specific enzymatic and non-enzymatic oxidative 
markers that are involved.
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