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KEYWORDS Abstract Background: Lipopolysaccharides (LPS) stimulate production of inflammatory cyto-
BM-MSC exosomes: kines. Chrysin is flavonoid beneficial for treatment of inflammatory conditions. Bone marrow mes-
Chrysin; enchymal stem cell (BM-MSC) exosomes have regenerative ability in different tissues.

Fibroblast; Objective: To assess potential role of chrysin and BM-MSC exosomes on ultra-structure, viabil-
MTT; ity and function of human dermal fibroblasts-adult (HDFa) stimulated by LPS.

ELISA Methods: HDFa cells were divided into: Group I: Cells received no treatment. Group II: Cells

were stimulated with LPS. Group III: LPS stimulated cells were treated with chrysin. Group IV:
LPS stimulated cells were treated with exosomes.

Results: After 48 h, ultrastructural examination of HDFa cells in Group I revealed intact plasma
membrane and numerous cytoplasmic organelles. Group II displayed destructed plasma membrane
and apoptotic bodies. Group III showed intact plasma membrane with loss of its integrity at some
areas. Group IV demonstrated intact plasma membrane that showed fusion with exosomes at some
areas. Statistical analysis of MTT represented highest mean value of cell viability% in Group IV
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followed by Groups III, I and II respectively. Statistical analysis of enzyme-linked immunosorbent
assay (ELISA) showed the highest mean value of interleukin-1f (IL-1$) was in Group II followed
by Groups III, IV and I, while highest mean values of interleukin-10 (IL-10), nuclear factor-
erythroid 2-related factor 2 (Nrf2) and heme oxygenase-1 (HO-1) proteins were in Group I, fol-
lowed by Groups IV, III and II respectively.

Conclusions: LPS have harmful consequences on ultra-structure, viability and function of HDFa
cells. BM-MSC exosomes have better regenerative action on inflamed fibroblasts in comparison to

chrysin.

© 2022 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

One of the most important connective tissue cell members are
fibroblasts. They are responsible for the synthesis and metabo-
lism of collagen and extracellular matrix, differentiation of the
epithelium, regulation of inflammatory response and wound
healing, secretion of different growth factors and act as scaf-
folds for other cell types (Fernandes et al., 2016; Girsang
et al., 2019).

Interleukin-1p (IL-1B) is a potent pro-inflammatory cyto-
kine which is important for defense against injury and infec-
tion specially in periodontal diseases. IL-1B is produced by
fibroblasts when stimulated by lipopolysaccharides (LPS) pre-
sent in cell wall of periodontal pathogens “Porphyromonas gin-
givalis and Escherichia coli”. In vivo IL-1B is produced by
different cell types such as macrophages, monocytes, Langer-
hans cells and keratinocytes (Tardif et al., 2004; Lopez-
Castejon & Brough, 2011; Steen et al., 2020).

Heme oxygenase (HO)-1 is a cytoprotective enzyme which
has anti-inflammatory and antioxidant properties as it
enhances heme degradation to produce carbon monoxide
“anti-inflammatory” and biliverdin ‘“‘antioxidant”. HO-1
expression is up-regulated in fibroblasts under oxidative stress
as one of cellular responses against oxidative damage (Even
et al., 2018).

Nuclear factor-erythroid 2-related factor 2 (Nrf2) is the
master regulator of antioxidant responses. It modulates the
expression of many antioxidants and it is crucial for maintain-
ing the cellular redox status. The Nrf2 regulates the transcrip-
tion of cytoprotective genes such as those encoding
antioxidant proteins, detoxifying enzymes and drug trans-
porters. In fibroblasts, Nrf2 is highly expressed during wound
healing (Zhang et al., 2016; Hiebert & Werner, 2019).

Interleukin-10 (IL-10) is a pleomorphic anti-inflammatory
cytokine produced by different immune cells such as B cells,
granulocytes, dendritic cells, mast cells, macrophages and T
cells. It exhibits negative feedback regulating action on inflam-
mation through paracrine and autocrine mechanisms. In vitro,
it turns out that IL-10 can also be produced by fibroblasts
(Hulsmans et al., 2018; Steen et al., 2020).

Chrysin is a cheap and easily extracted flavonoid. It is pre-
sent in high levels in honey and propolis, but also it exists in
mushroom and numerous plant extracts like Passion-flower,
Passiflora caerulea and Passiflora incarnata. It has different
pharmacological activities such as antioxidant, anti-
inflammatory, anti-genotoxic, anti-mutagenic and hypo-
glycemic effects. Biomedical findings revealed that chrysin is
a beneficial treatment for many diseases like neurodegenerative

disorders, diabetes and many inflammatory diseases
(Hermenean et al., 2017; Farkhondeh et al., 2019; Li et al.,
2020).

An exosome is a cell-derived vesicle its size ranges from 30
to 150 nm. Exosomes secreted by bone marrow mesenchymal
stem cells (BM-MSCs) can repair damage induced by many
diseases including the inflammatory ones. BM-MSC exosomes
have a regenerative ability through exerting paracrine effect.
They express surface molecules which enable them to bind with
the recipient cells and deliver their contents subsequently
(Nakamura et al.,, 2015; Chan et al., 2019; Zhang et al.,
2019; Alcaraz et al., 2020).

Based on previous facts, this study aimed to compare the
possible effect of chrysin versus that of BM-MSC exosomes
on human dermal fibroblasts-adult (HDFa) ultra-structure,
viability and function in LPS induced inflammatory
condition.

2. Materials and methods

The study was approved by the Research Ethics Committee,
Future University in Egypt (FUE.REC (29)/12-2021).

e The purchasing of LPS was from (Sigma-Aldrich Chemical
Co., St. Louis, Mo, U.S.A., L3012).

e Chrysin was provided as a 5gm faint yellow powder from
(Sichuan Benepure Pharmaceutical Co., Ltd., Chengdu,
China).

e Isolation of exosomes, cell culture, MTT assay and ELISA
assay were performed at the Biochemistry and Microbiol-
ogy Unit, Faculty of Medicine, Cairo University.

2.1. Isolation and recognition of exosomes

For isolation of exosomes, BM-MSCs were cultured in Dul-
becco’s Modified Eagle Medium with 0.5% human serum
albumin overnight (Sigma-Aldrich®, USA). The medium
was centrifuged for 20 min at 2,000xg, and then ultracen-
trifuged for 1 h at 100,000g and 4 °C in a SW41 swing rotor
(Beckman Coulter, Fullerton, CA, USA). The obtained exo-
somes were washed in serum-free medium M 199 containing
25 mM HEPES buffer solution (pH = 7.4) and submitted to
repeated ultracentrifugation. After washing, exosomes were
analyzed using a Fluorescence-Activated Cell Sorting, Calibur
flow cytometer (Becton Dickinson, FACS Calibur). The anal-
ysis revealed that they express CD44, CD29, o4- and o5 inte-
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grins as well as CD73, but not a6-integrin (Bruno et al., 2009;
Nassar et al., 2016).

2.2. Cell culture

The HDFa cell line was bought from the American Type Cul-
ture Collection (ATCC; Minnesota, USAHB-8065). It was cul-
tured in Park Memorial Institute (RPMI -1640) culture media
with glutamine 2 mM (bio west, Nampa, cat n L0498-500),
10% fetal bovine serum (PAA, Pasching Austria, cat. no.
A11-151) and penicillin with streptomycin 1% (Lonza, Ver-
viers, Belgium, cat. no. DE17-602E). The HDFa cells were
grown in 50 cm? flask (Greinerbio-one GmbH Maybach-
str.272636 Frickenhausen, Germany) and preserved in typical
humidified incubator supplied with 5% CO,, 95% air at
37 °C (New Brunswick Scientific- Innova co-170). Cells were
washed with cold phosphate buffered saline, trypsinized, har-
vested and centrifuged to form cell pellets. The cultured HDFa
were divided into four groups as follows:

e Group I (Control): The HDFa cells received no treatment.

e Group II (LPS): The HDFa cells were stimulated with LPS
(10 ng/mL, Escherichia coli 055:B5, List Biological Labora-
tories, CA, USA) for 48 h (Skioldebrand et al., 2018).

e Group III (LPS/Chrysin): The HDFa cells were stimulated
by LPS and treated with chrysin (25 pM) for 48 h (Zhu
et al., 2016).

e Group IV (LPS/Exosomes): The HDFa cells were stimu-
lated by LPS and treated with BM-MSC exosomes
(100 pg/mL) for 48 h (Huang et al., 2021).

2.3. Ultrastructural preparation

After the end of the experimental period, HDFa cells from
each group were ultra-centrifuged and suspended in 100ul
human serum albumin then fixed in 2% glutaraldehyde,
0.1 M sodium cacodylate and 1 mM calcium chloride at
37 °C with pH 7.4 for 30 min; then washed twice with cacody-
late buffer (pH 7.4) (0.1 M sodium cacodylate and 0.2 M
sucrose) for 10 min at 4 °C to stop fixation. The HDFa cells
were post-fixed with 1% osmium tetroxide in cacodylate buffer
for 30 min and then dehydrated by ethanol. Then, cells were
infiltrated in resin and polymerized. Finally, the specimens
were cut into ultrathin sections, collected on copper grids
and stained with uranyl acetate and lead citrate (Le et al.,
2020). The sections were examined and photographed at
10,000x and 15,000x magnifications using transmission elec-
tron microscope (JEOL JEM® 1010, Jeol Ltd, Japan). This
procedure was done at Regional Center of Mycology and
Biotechnology (RCMB), Al-Azhar University, Egypt.

24. MTT assay

The anti-proliferative effect of LPS on HDFa, was investigated
using 3-(4, S5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) assay. The HDFa cells of the 4 studied groups
were fixed with the frequency of (1x10%) cells into 96 well plates
for 48 h. The MTT reagent was supplemented to the wells in
line with the manufacturer’s instructions (Biospes, China,
cat. no. BAR1005-1) and left from 4 h to 6 h. When the purple

precipitate was clearly visible, detergent reagent was added
(100 pl per well) to make the formazan dye soluble. Plates were
left with cover in the dim from 2 h to 4 h. The plate cover was
detached and the absorbance in each well was assessed at a
range from 490 nm to 630 nm using enzyme-linked
immunosorbent assay (ELISA) plate reader (Stat Fax 2200,
Awareness Technologies, Florida, USA).

2.5. ELISA assay

The concentrations of IL-1f, IL-10, Nrf2 and HO-1 cytokines
were measured in cell culture supernatants conditioning med-
ium using ELISA kits according to the manufacture’s recom-
mendations. The concentrations of cytokines in fibroblast
culture medium were assessed and measured at optical density
ranged from 490 nm to 630 nm using microplate reader (Stat
Fax 2200, Awareness Technologies, Florida, USA).

2.6. Statistical analysis

Numerical data from MTT and ELISA assays were explored
for normality by checking the distribution of data and using
tests of normality (Kolmogorov-Smirnov and Shapiro-Wilk
tests). All data were presented as mean + standard deviation
(SD). For parametric data, comparison of numerical variables
between the studied groups was done using one way analysis of
variance (ANOVA) test, after the statistically significant differ-
ence was confirmed, it was followed by post hoc test: Least Sig-
nificant Difference for multiple 2-group comparisons. The high
significance level was set at probability value (p-value) < 0.0
01, significance level at p-value < 0.05 and non-significant as
P-value > 0.05. Statistical analysis was accomplished with
IBM SPSS Statistics for Windows, Version 23.0. (Armonk,
NY: IBM Corp).

3. Results
3.1. Ultrastructural results

3.1.1. Group I (Control)

Fibroblast in Group I showed oval nucleus, intact plasma
membrane as well as peroxisomes (Fig. 1a). Clusters of con-
densed chromatin at the nuclear membrane and in the nucleo-
plasmic space intermingled with areas of loose chromatin were
observed. Mitochondria, endosomes, rough endoplasmic retic-
ulum and free ribosomes were seen (Fig. 1b).

3.1.2. Group II (LPS)

In Group II, fibroblast revealed destructed plasma membrane.
Cytoplasm appeared scanty with numerous apoptotic bodies
(Fig. 1c). Oval nucleus with obviously few sporadic condensed
chromatin was noticed. Most of cellular organelles could not
be detected (Fig. 1d).

3.1.3. Group III (LPS|/Chrysin)

Fibroblast in Group III displayed small rounded nucleus with
condensed chromatin. Most of plasma membrane appeared
intact, however some areas showed loss of its integrity
(Fig. 2a). Cytoplasmic organelles such as mitochondria, rough
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Fig. 1 Transmission electron micrographs of fibroblast showing: (a)- Group I with oval nucleus (N), intact plasma membrane (PM) and
peroxisomes (P), (X10000). (b)- At a higher magnification, clusters of condensed chromatin (C) intermingled with areas of loose chromatin
(L). Mitochondria (M), endosomes (E), rough endoplasmic reticulum (R) and free ribosomes (F), (X15000). (c)- Group II with destructed
plasma membrane (PM) and apoptotic bodies (A), (X10000). (d)- At a higher magnification, oval nucleus (N) with sporadic condensed

chromatin (C), (X15000).

endoplasmic reticulum, free ribosomes and cytoplasmic vac-
uoles were spotted (Fig. 2b).

3.1.4. Group 1V (LPS/Exosomes)

Examination of fibroblast in Group IV revealed markedly
large rounded nucleus with dense nucleolus. Plasma membrane
appeared intact and showed fusion with exosomes in some
areas (Fig. 2c). Peroxisomes, exosomes, mitochondria, rough
endoplasmic reticulum and free ribosomes were detected
(Fig. 2d).

3.2. Statistical results

3.2.1. Cell viability

Statistical analysis of fibroblast cells viability% showed that,
there was no statistically significant difference between Groups

I, IIT & IV, however they showed statistically significant differ-
ence with Group II. Group IV showed the highest mean value
of cell viability%, followed by Groups III, I and II respectively
(Table 1 & Fig. 3).

3.2.2. ELISA results

Statistical analysis of ELISA results regarding IL-1B protein
showed that, there was statistically significant difference
between different studied groups. Group II showed the highest
mean value of IL-1p, followed by Group III then Group IV.
Group I showed the least mean value of IL-1f (Table 2 &
Fig. 4a). The statistical analysis of IL-10, Nrf2 and HO-1 pro-
teins showed that, there was statistically significant difference
between different studied groups. Group I showed the highest
mean value, followed by Group IV then Group III. Group II
showed the least mean value (Table 2 & Fig. 4b, ¢ & d).
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Fig. 2 Transmission electron micrographs of fibroblast showing: (a)- Group III with small rounded nucleus showing condensed
chromatin (N), intact plasma membrane (PM), (X10000). (b)- At a higher magnification, destructed plasma membrane (PM) in some
areas. Mitochondria (M), rough endoplasmic reticulum (R), free ribosomes (F) and cytoplasmic vacuoles (V), (X15000). (¢)- Group IV
with markedly large nucleus (N) and dense nucleolus (DN). Intact plasma membrane (PM) and areas of fusion with exosomes (FE),
(X10000). (d)- At a higher magnification, peroxisomes (P), exosomes (E), mitochondria (M), rough endoplasmic reticulum (R) and free
ribosomes (F), (X15000).

Table 1 Showing comparison between studied groups regarding cell viability%.

Cell Viability% Group | Group II Group III Group IV ANOVA p-value
Mean + SD 100.64 + 29.17 32.70 + 10.11* 101.62 + 36.22° 120.38 + 29.61° 9.442 0.002

According to Least Significant Difference post hoc test, superscript letters indicate; a: significant difference with Group I; b: significant
difference with Group II.
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Fig. 3 Bar chart representing comparison of mean and SD
values between different studied groups regarding cell viability%.
#P < 0.001, NP > 0.05.

4. Discussion

The LPS are considered as inflammatory agents as they upreg-
ulate IL-1B and other inflammatory cytokines in the inflamed
tissue as well as in cultured cells (Ren & Torres, 2009).

Chrysin has potent antioxidant and anti-inflammatory
effects as it reduces the reactive oxygen species levels and sup-
presses the expression of many inflammatory biomarkers “ac-
companied by interfering with the inflammatory pathways”
also; it increases the expression of various anti-inflammatory
cytokines (Farkhondeh et al., 2019).

The BM-MSC exosomes have antioxidant effect, beside
their ability of down-regulation of pro-inflammatory cytokines
and up-regulation of anti-inflammatory ones (Lv et al., 2018;
Alcaraz et al., 2020).

The ultra-structure features of fibroblasts described in
Group I of current study are in agreement with those of
(Zhang et al., 2013; Le et al., 2020).

The apoptotic changes of ultra-structure findings observed
in Group II of herein research could be implicated to the effect
of oxidative stress created by IL-1f that leads to reduction of
resting mitochondrial membrane potential which is an initial
and irreversible step towards apoptosis. In addition to the
mitochondrial dysfunction, the oxidative stress leads also to
alterations in plasma membranes permeability as well as
changes in structure of various macromolecules such as
DNA, lipids and proteins which eventually end up by destruc-

tion of different cell organelles and secretory granules (Frisard
& Ravussin, 2006; Wang et al., 2017; Nogueira et al., 2019).

The nearly normal ultra-structure results explored in Group
IIT of the present research might be attributed to the antioxi-
dant and anti-inflammatory effects of chrysin which provide
protection against free radicals, preservation of organelles’
membranes and cytoplasmic structures as well as reduction
of mitochondrial degeneration along with inhibition of the
mitochondrial apoptosis pathway (Aishwarya & Sumathi,
2015; Hermenean et al., 2017).

The almost normal ultra-structure features observed in
Group IV of this study could be implicated to the antioxidant
properties, anti-inflammatory and paracrine effects “release of
multiple growth factors, cytokines and chemokines” of BM-
MSC exosomes which lead to restoration of mitochondrial
membrane potential and function, inhibition of mitochondrial
apoptosis pathway, reconstruction of cell organelles and recov-
ery of cellular homeostasis (Wang et al., 2017; Xian et al.,
2019).

The MTT and ELISA results of fibroblasts recorded in
Group I of this study are in accordance with those of
(Oyewole et al., 2014; Lee et al., 2017; Shochet et al., 2017;
Girsang et al., 2019).

The fibroblasts in Group II of current research recorded the
least mean of viability%. Moreover, statistical analysis of
ELISA in Group II showed the highest mean value of IL-1B
and the least mean values of HO-1, Nrf2 and IL-10. These
findings could be attributed to the effect of LPS that up-
regulate the expression of IL-1p in fibroblasts which leads to
initiation of inflammation and generation of reactive oxygen
species responsible for creation of oxidative stress that conse-
quently induces suppression of anti-inflammatory cytokines
and enzymes (Tardif et al., 2004; Lavieri et al., 2016; Saha
et al., 2020).

Statistical analysis of MTT and ELISA results reported in
Group III of herein study could be ascribed to the antioxidant
and anti-inflammatory roles played by chrysin in down-
regulation of IL-1P expression along with attenuation of the
oxidative stress, activation of HO-1 as well as up-regulation
of Nrf2 and IL-10 (Farkhondeh et al., 2019).

The viability% and ELISA results explored in Group IV of
present research might be attributed to the inhibitory effect of
exosomes on inflammatory pathways mediated by IL-1f. Also,
BM-MSC exosomes exert paracrine effects and deliver differ-
ent bioactive molecules like DNA, messenger-RNA, proteins,
microRNA and other nuclear materials to target cells after
fusion with them. Consequently, this is accompanied by HO-
1 activation and significant up-regulation of both Nrf2 and
IL-10 (Zhang et al., 2016; Cosenza et al., 2018).

Table 2 Showing comparison between studied groups regarding IL-1f, IL-10, Nrf2 & HO-1 proteins.

ELISA Group I Group I Group 11 Group IV ANOVA p-value
IL-1B (pg/ml)Mean + SD 21.90 + 2.95 66.50 + 10.32% 33.10 + 3.06*° 31.13 + 2.05° 35.473 <0.001
IL-10 (ng/ml) Mean + SD 4.83 £ 0.35 1.33 £+ 0.15% 3.27 + 0.31%° 3.70 + 0.10°° 102.062 <0.001
Nrf2 (ng/ml)Mean = SD 413 £ 0.32 1.20 + 0.20* 2.80 + 0.20%° 3.10 + 0.36%° 56.521 <0.001
HO-1 (ng/ml) Mean + SD 3.53 +£ 0.15 0.97 £ 0.15% 2.53 + 0.21%° 2.80 £ 0.20%° 107.786 <0.001

According to Least Significant Difference post hoc test, superscript letters indicate; a: significant difference with Group I; b: significant

difference with Group II.
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Fig. 4 Bar charts representing comparison of mean and SD values between different studied groups regarding ELISA assay of proteins
(a)- IL-1P. (b)- IL-10. (c)- Nrf2. (d)- HO-1. **P < 0.001, *P < 0.05, ™P > 0.05.

In addition, the higher mean value of Group IV fibroblast
viability% compared to Group I in the current study could
be attributed, as reported in our ultrastructural results, to
the regenerative power of exosomes on mitochondria and
plasma membrane which are essential for the chemical reduc-
tion of MTT (Berridge et al., 2005). Moreover, Huang et al.
(2021) found that, human dental pulp stem cells in inflamma-
tory microenvironment induced by LPS produce more exo-
somes compared to those present in normal condition.

In vivo studies are needed to compare the potential effect of
BM-MSC exosomes versus chrysin on structure and ultra-
structure of different oral tissues affected by oxidative stress-
related diseases.

5. Conclusions

The LPS have deleterious effect on the ultra-structure, viability
and function of HDFa cells. Chrysin and BM-MSC exosomes

have regenerative effect against the destructive outcomes of
LPS. Ultra-structural and statistical results confirmed that
BM-MSC exosomes have intensive regenerative effect on
inflamed fibroblast in comparison to chrysin.

Administration of BM-MSC exosomes in patients with oral
manifestations of systemic diseases associated with inflamma-
tory conditions may be beneficial.

Ethical statement

All steps of this experiment were reviewed and approved by
Research Ethics Committee at Future University in Egypt,
(approval number: (FUE.REC (29)/12-2021).

Funding

Self-funded research.



Assessment of Lipopolysaccharides-Stimulated Human Fibroblasts Treated with Chrysin and Exosomes 353

Declaration of Competing Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References

Aishwarya, V., Sumathi, T., 2015. Chrysin, a natural flavonoid
attenuates cognitive dysfunction and neuronal loss associated with
amyloid B (25-35) - induced oxidative stress: an experimental
model of Alzheimer’s disease. Int. J. Pharmacognosy Phytochem.
Res. 7 (2), 224-236.

Alcaraz, M.J., Compai, A., Guillén, M.I., 2020. Extracellular vesicles
from mesenchymal stem cells as novel treatments for musculoskele-
tal diseases. Cells 9, 1-21.

Berridge, M.V., Herts, P.M., Tan, A.N., 2005. Tetrazolium dyes as
tools in cell biology: New insights into their cellular reduction.
Biotechnol. Nnu. Rev. 11, 127-152.

Bruno, S., Grange, C., Deregibus, M.C., Calogero, R.A., Saviozzi, S.,
Collino, F., Morando, L., Busca, A., Falda, M., Bussolati, B.,
Tetta, C., Camussi, G., 2009. Mesenchymal stem cell-derived
microvesicles protect against acute tubular injury. J. Am. Soc.
Nephrol. 20, 1053-1067.

Chan, B.D., Wong, W., Lee, M.M., Cho, W.C., Yee, B.K., Kwan, Y.
W., Tai, W.C., 2019. Exosomes in inflammation and inflammatory
disease. Proteomics 19, 1-12.

Cosenza, S., Toupet, K., Maumus, M., Luz-Crawford, P., Blanc-
Brude, O., Jorgensen, C., Noél, D., 2018. Mesenchymal stem cells-
derived exosomes are more immunosuppressive than microparticles
in inflammatory arthritis. Theranostics 8 (5), 1399-1410.

Even, B., Fayad-Kobeissi, S., Gagliolo, J., Motterlini, R., Boczkowski,
J., Foresti, R., Dagouassat, M., 2018. Heme oxygenase-1 induction
attenuates senescence in chronic obstructive pulmonary disease
lung fibroblasts by protecting against mitochondria dysfunction.
Aging Cell 17, 1-12.

Farkhondeh, T., Abedi, F., Samarghandian, S., 2019. Chrysin atten-
uates inflammatory and metabolic disorder indices in aged male
rat. Biomed. Pharmacother. 109, 1120-1125.

Fernandes, I.R., Russo, F.B., Pignatari, G.C., Evangelinellis, M.M.,
Tavolari, S., Muotri, A.R., Beltrgo-Braga, P.C.B., 2016. Fibroblast
sources: where can we get them? Cytotechnology 68, 223-228.

Frisard, M., Ravussin, E., 2006. Energy metabolism and oxidative
stress: impact on the metabolic syndrome and the aging process.
Endocrine 29 (1), 27-32.

Girsang, E., Lister, .N.E., Ginting, C.N., Nasution, S.L., Suhartina,
S., Munshy, U.Z., Rizal, R., Widowati, W., 2019. Antioxidant and
anti-inflammatory activity of chlorogenic acid on lead-induced
fibroblast cells. J. Phys. 1374, 1-8.

Hermenean, A., Mariasiu, T., Navarro-Gonzalez, 1., Vegara-Mese-
guer, J., Miutescu, E., Chakraborty, S., Pérez-Sanchez, H., 2017.
Hepatoprotective activity of chrysin is mediated through TNF-o in
chemically-induced acute liver damage: an in vivo study and
molecular modeling. Exp. Therap. Med. 13, 1671-1680.

Hiebert, P., Werner, S., 2019. Regulation of wound healing by the
NREF?2 transcription factor-more than cytoprotection. Int. J. Mol.
Sci. 20, 1-13.

Huang, X., Qiu, W., Pan, Y., Li, J., Chen, Z., Zhang, K., Luo, Y., Wu,
B., Xu, W., 2021. Exosomes from LPS-Stimulated hDPSCs
Activated the Angiogenic Potential of HUVECs In Vitro. Stem
Cells Int. 2021, 1-15.

Hulsmans, M., Sager, H.B., Roh, J.D., Valero-Munoz, M., Houstis,
N.E., Iwamoto, Y., et al, 2018. Cardiac macrophages promote
diastolic dysfunction. J. Exp. Med. 215 (2), 423-440.

Lavieri, R., Rubartelli, A., Carta, S., 2016. Redox stress unbalances
the inflammatory cytokine network: role in autoinflammatory
patients and healthy subjects. J. Leukoc. Biol. 99, 79-86.

Le, T.M., Morimoto, N., Ly, N.M., Mitsui, T., Notodihardjo, S.C.,
Munisso, M.C., Kakudo, N., Moriyama, H., Yamaoka, T.,
Kusumoto, K., 2020. Hydrostatic pressure can induce apoptosis
of the skin. Sci. Rep. 10, 1-16.

Lee, M.H., Cha, H., Choi, E.O., Han, M.H., Kim, S.O., Kim, G.,
Hong, S.H., Park, C., Moon, S., Jeong, S., Jeong, M., Kim, W.,
Choi, Y.H., 2017. Antioxidant and cytoprotective effects of morin
against hydrogen peroxide—induced oxidative stress are associated
with the induction of Nrf-2-mediated HO-1 expression in V794
Chinese hamster lung fibroblasts. Int. J. Mol. Med. 39, 672—680.

Li, H., Wu, N., Pu, C., Hsiao, C., Chang, D., Hung, C., 2020. Chrysin
alleviates imiquimod-induced psoriasis-like skin inflammation and
reduces the release of CCL20 and antimicrobial peptides. Sci. Rep.
10, 1-13.

Lopez-Castejon, G., Brough, D., 2011. Understanding the mechanism
of IL-1P secretion. Cytokine Growth Factor Rev. 22 (4), 189-195.

Lv, L., Wu, W., Feng, Y., Li, Z., Tang, T., Liu, B., 2018. Therapeutic
application of extracellular vesicles in kidney disease: promises and
challenges. J. Cell. Mol. Med. 22 (2), 728-737.

Nakamura, Y., Miyaki, S., Ishitobi, H., Matsuyama, S., Nakasa, T.,
Kamei, N., Akimoto, T., Higashi, Y., Ochi, M., 2015. Mesenchy-
mal-stem-cell-derived exosomes accelerate skeletal muscle regener-
ation. FEBS Lett. 589, 1257-1265.

Nassar, W., El-Ansary, M., Sabry, D., Mostafa, M.A., Fayad, T.,
Kotb, E., Temraz, M., Saad, A.N., Essa, W., Adel, H., 2016.
Umbilical cord mesenchymal stem cells derived extracellular
vesicles can safely ameliorate the progression of chronic kidney
diseases. Biomater. Res. 20 (21), 1-11.

Nogueira, L.S., Vasconcelos, C.P., Mitre, G.P., Kataoka, M.S., Lima,
M.O., Oliveira, E.H.C., Lima, R.R., 2019. Oxidative damage in
human periodontal ligament fibroblast (hPLF) after methylmer-
cury exposure. Oxid. Med. Cell. Longevity 2019, 1-7.

Oyewole, A.O., Wilmot, M., Fowler, M., Birch-Machin, M.A., 2014.
Comparing the effects of mitochondrial targeted and localized
antioxidants with cellular antioxidants in human skin cells exposed
to UVA and hydrogen peroxide. FASEB J. 28, 485-494.

Ren, K., Torres, R., 2009. Role of interleukin-1f during pain and
inflammation. Brain Res. Rev. 60 (1), 57-64.

Saha, S., Buttari, B., Panieri, E., Profumo, E., Saso, L., 2020. An
overview of Nrf2 signaling pathway and its role in inflammation.
Molecules 25, 1-31.

Shochet, G.E., Brook, E., Israeli-Shani, L., Edelstein, E., Shitrit, D.,
2017. Fibroblast paracrine TNF-a signaling elevates integrin AS
expression in idiopathic pulmonary fibrosis (IPF). Respir. Res. 18,
1-12.

Skioldebrand, E., Thorfve, A., Bjorklund, U., Johansson, P., Wick-
elgren, R., Lindahl, A., Hansson, E., 2018. Biochemical alterations
in inflammatory reactive chondrocytes: Evidence for intercellular
network communication. Heliyon 4(1), e00525, 1-21.

Steen, E.H., Wang, X., Balaji, S., Butte, M.J., Bollyky, P.L., Keswani,
S.G., 2020. The role of the anti-inflammatory cytokine Interleukin-
10 in tissue fibrosis. Adv. Wound Care 9 (4), 184-198.

Tardif, F., Ross, G., Rouabhia, M., 2004. Gingival and dermal
fibroblasts produce interleukin-1 f converting enzyme and inter-
leukin-1 B but not interleukin-18 even after stimulation with
lipopolysaccharide. J. Cell. Physiol. 198, 125-132.

Wang, B., Jia, H., Zhang, B., Wang, J., Ji, C., Zhu, X., Yan, Y., Yin,
L., Yu, J., Qian, H., Xu, W., 2017. Pre-incubation with hucMSC-
exosomes prevents cisplatin-induced nephrotoxicity by activating
autophagy. Stem Cell Res. Ther. 8, 1-14.

Xian, P., Hei, Y., Wang, R., Wang, T., Yang, J., Li, J., Di, Z., Liu, Z.,
Baskys, A., Liu, W., Wu, S., Long, Q., 2019. Mesenchymal stem
cell-derived exosomes as a nanotherapeutic agent for amelioration
of inflammation-induced astrocyte alterations in mice. Theranostics
9 (20), 5956-5975.

Zhang, G., Zou, X., Huang, Y., Wang, F., Miao, S., Liu, G., Chen,
M., Zhu, Y., 2016. Mesenchymal stromal cell-derived extracellular
vesicles protect against acute kidney injury through anti-oxidation


http://refhub.elsevier.com/S1013-9052(22)00053-0/h0005
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0005
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0005
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0005
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0005
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0010
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0010
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0010
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0015
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0015
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0015
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0020
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0020
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0020
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0020
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0020
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0025
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0025
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0025
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0030
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0030
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0030
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0030
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0035
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0035
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0035
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0035
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0035
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0040
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0040
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0040
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0050
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0050
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0050
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0055
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0055
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0055
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0055
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0060
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0060
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0060
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0060
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0060
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0065
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0065
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0065
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0070
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0070
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0070
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0070
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0075
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0075
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0075
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0080
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0080
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0080
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0085
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0085
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0085
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0085
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0090
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0090
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0090
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0090
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0090
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0090
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0095
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0095
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0095
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0095
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0100
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0100
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0105
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0105
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0105
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0110
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0110
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0110
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0110
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0115
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0115
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0115
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0115
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0115
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0120
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0120
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0120
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0120
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0125
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0125
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0125
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0125
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0130
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0130
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0135
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0135
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0135
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0140
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0140
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0140
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0140
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0150
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0150
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0150
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0155
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0155
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0155
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0155
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0160
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0160
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0160
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0160
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0165
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0165
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0165
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0165
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0165
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0170
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0170
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0170

354 R. Hassan et al.

by enhancing Nrf2/ARE activation in rats. Kidney Blood Press. Zhang, H., Wang, L., Li, C., Yu, Y., Yi, Y., Wang, J., Chen, D., 2019.

Res. 41, 119-128. Exosome-induced regulation in inflammatory bowel disease. Front.
Zhang, H., Liu, R, Xing, Y., Xu, P., Li, Y., Li, C., 2013. Effects of Immunol. 10, 1-9.

hypoxia on the proliferation, mineralization and ultrastructure of Zhu, L., Lu, Y., Yu, W., Zhao, X., Lu, Y., 2016. Anti-photoageing

human periodontal ligament fibroblasts in vitro. Exp. Therap. and anti-melanogenesis activities of chrysin. Pharm. Biol. 54 (11),

Med. 6, 1553-1559. 2692-2700.


http://refhub.elsevier.com/S1013-9052(22)00053-0/h0170
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0170
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0175
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0175
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0175
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0175
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0180
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0180
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0180
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0185
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0185
http://refhub.elsevier.com/S1013-9052(22)00053-0/h0185

	Assessment of ultra-structure, viability and function of lipopolysaccharides-stimulated human dermal fibroblasts treated with chrysin and exosomes (in&blank;vitro study)
	1 Introduction
	2 Materials and methods
	2.1 Isolation and recognition of exosomes
	2.2 Cell culture
	2.3 Ultrastructural preparation
	2.4 MTT assay
	2.5 ELISA assay
	2.6 Statistical analysis

	3 Results
	3.1 Ultrastructural results
	3.1.1 Group I (Control)
	3.1.2 Group II (LPS)
	3.1.3 Group III (LPS/Chrysin)
	3.1.4 Group IV (LPS/Exosomes)

	3.2 Statistical results
	3.2.1 Cell viability
	3.2.2 ELISA results


	4 Discussion
	5 Conclusions
	Ethical statement
	Funding
	Declaration of Competing Interest
	References


