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Abstract

In the present investigation scratch wound assay was used to study the ability of several combinations of
each flavonoid (chrysin, naringenin or resveratrol) with B-sitosterol to heal wounds in vitro. MTT test
was performed to determine if the combination of flavonoid with B-sitosterol was toxic to fibroblasts or not.
Also, superoxide dismutase (SOD) activity and interleukin-18 (IL-1B) concentrations were measured.
The best closure rates were obtained with B-sitosterol combined with naringenin and B-sitosterol combined
with resveratrol. The combination that produced the best closure rate namely [-sitosterol with naringenin
increased SOD activity significantly. However, this combination was not better than naringenin or
[-sitosterol alone in reducing IL-1B concentration. The results of MTT test indicated that the combination as
well as B-sitosterol alone or naringenin alone has no toxic effect on fibroblasts. In conclusion,
the combination of B-sitosterol and naringenin exerted a synergistic effect on wound closure without
decreasing the viability of fibroblasts, increased antioxidant defense mechanism and decreased IL-1p.
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INTRODUCTION

The skin is our largest organ and performs
many important functions. It acts as a barrier
between the body and the external
environment (1). A cutaneous wound is
any loss of skin integrity due to injury or
illness (2). Wound healing stops bleeding
and reconstitute the structural and functional
barrier so that it prevents drying and microbial
invasion (3).

The mammalian wound response is
well understood. After injury, platelets come
in contact with exposed collagen. This triggers
platelet release of clotting factors, cytokines,
and growth factors such as platelet-derived
growth factor (PDGF) and transforming
growth factor beta (TGF-B) (4). Ultimately,
a fibrin-rich clot is formed. This phase is
called hemostasis (5). The second phase is
called the inflammatory phase in which
inflammatory cells such as neutrophils,
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macrophages, and mast cells are recruited to
the wound area. The phagocytic cells protect
against infection, clean the wounded area from
debris, and secrete cytokines that direct tissue
repair (5). The third phase of wound healing is
the proliferative phase in which fibroblasts
migrate in and deposit extracellular matrix (4).
The forth phase is the remodeling phase in
which new collagen matrix becomes
cross-linked and organized. In this maturation
phase, collagen fibers are cross-linked
and strengthened while excess collagen is
degraded by proteolytic enzymes.
Thus, continued cycles of cell proliferation
and scar degradation by proteases characterize
this stage so that intact skin replaces scar
tissue at the end (2,6). If any of these phases is
suppressed, wound healing is prolonged.



Many drugs that promote wound healing
have been widely used in medical practice.
The medications of chemical origin have
serious side effect potentials and costs (7).
Therefore, investigation of new substances
capable of promoting the wound healing
process is still needed. In recent years, the
use of natural products for healing wounds
has increased dramatically (8,9). Although
many phytochemicals have claimed to
have wound healing properties, most do
not have well-controlled scientific data to
prove their claims (8).

Resveratrol (3,5,40-trihydroxy-trans-
stilbene) is a natural polyphenolic compound
found in grape skins (10) while chrysin
(5,7-dihydroxyflavone) is a  flavonoid
contained in many plant extracts such as
passion fruit (Passiflora sp.) as well as
in propolis (11). Naringenin is present in citrus
fruits and tomatoes (12) and p-sitosterol is
a phytosterols present in many plants with
a chemical structure similar to that of
cholesterol (13). In the present study, the
synergistic  effects of each flavonoid
(resveratrol, chrysin, or naringenin) with
B-sitosterol was investigated in scratch wound
assay in order to evaluate their wound healing
potential.

The selection of the tested compounds was
based on previous studies reporting that these
natural products have wound healing
properties (10,11,14,15).

In fact, the use of combination of wound
healing active constituents is employed for the
development of wound healing formulations,
which may substitute the modern wound
healing agents (16).

MATERIALS AND METHODS

Chemicals

B-sitosterol, chrysin, dimethyl sulfoxide
(DMSO), and naringenin were obtained from
Sigma, USA. PDGF was obtained from
Biotechne-R&D, USA, and resveratrol was
obtained from Tocris, USA. All drugs were
dissolved in DMSO not exceeding 5%.
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Scratch-wound migration assay

The fibroblasts migration and proliferative
capabilities were measured using a scratch
wound assay (17). Fibroblasts were obtained
from Jordan University and were purchased
originally from European collection of
authenticated cell cultures (ECACC).
Cells were cultured in Dulbecco's modified
Eagle medium (DMEM) medium containing
10% fetal bovine serum (FBS) and
incubated under 5% CO2 and 95% humidity.
3 x 10° cellsymL were seeded into
24-well tissue culture dishes containing cover
slips pre-coated polylysine (Thermo Fisher
Scientific Inc., USA) for 24 h at 37 °C. When
cultured cells form confluent monolayers,
a linear wound was created using a sterile
100 pL plastic pipette tip. The cover slips were
washed with phosphate buffered saline (PBS)
to remove any cellular debris. Two control
groups were used, negative control treated
with DMEM medium containing
DMSO (0.25%), and positive control group
treated with PDGF (10 nM) in media.
The tested compounds (used in
two concentrations: 50 and 100 puM) and their
combinations were added to a set of
3 coverslips per dose and incubated for 24 h
at 37 °C with 5% COa. The surface area of
the scratch was measured at zero time which is
the time of performing it and also after 24 h
later. Relative migration of cells under each
condition were estimated through taking
three representative images to the scratch area
from each coverslip. Motic software version 2
(Motic China group CO, LTD) were used to
analyze the data. The experiments were
performed at least in triplicates. Closure rate
was calculated using the formula provided by
CytoSelect™ 24-well wound healing assay
(Cell Biolabs, INC, USA) as follows:

Closure percent = 100
wound surface area after 24 h

wound surface area at 0 time
x 100

Cell proliferation assay
Three-(4,5-dimethylthiazolyl)-2,5-diphenyl-
tetrazolium bromide (MTT; Promega, USA)
is an assay based on the mitochondrial
dehydrogenase ability to reduce MTT to
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a  purple formazan  product  (18).
The concentration that gave the highest
scratch assay closure percent for the tested
compounds (50 uM) was used in MTT test.
This procedure was wused to assess
the antiproliferative activity of [-sitosterol
(50 uM), naringenin (50 pM), and their
combination (1:1) in human fibroblast. The
cells were suspended at a density of 2 x 10*
cells/mL in media. Then 100 pL of each cell
type was cultured into each well of 96-well
microtiter plates and incubated at 37 °C under
5% CO2 for 24 h.

The test was performed according to the
manufacturer guidelines. Briefly, 15 pL of
MTT dye solution was added to each well and
incubated for 4 h. Then, 100 pL of MTT stop
solution were added to each well to stop
the resulting MTT-formazan product, and then
the absorbance was measured at 590 nm using
a microplate reader (Biotech, USA).

Antioxidant assay

Cells plated at 5 x 10° cells in 1 mL final
volume per well, in 24-well plates for 24 h.
Then, cells were subjected to different
treatments in duplicates and incubated for
24 h. Cultured cells were washed and
suspended in lysis buffer then homogenized
and sonicated in ice 3 cycles, 90 s/cycle using
sonicator (TI-H-5 Elma, Schmidbauer GmbH,
Germany). The suspension was centrifuged
and the supernatant was tested for
SOD concentration using Cayman's superoxide
dismutase assay kit (USA, Cat No. 706002).
The test was performed according to
the manufacturer directions.

Quantification of secreted interleukin-1f

Cells plated at 5 x 10° cells in 1mL
final volume per well, in 24-well plates for
24 h. Then, cells were subjected to different
treatments in triplicates and incubated for 24 h.
Supernatant was collected and tested for
interleukin-1f (IL-1B). Human IL-13 ELISA
MAX™ Deluxe were used to measure
the concentration of secreted IL-1p as
per manufacturer’s instruction (Biolegend, San
Diego, California, USA).
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Statistical analysis

The results were stated as the mean = SD.
One-way analysis of variance (ANOVA) was
performed followed by Mann Whitney U test
post hoc for comparison between groups for
percentage closure in scratch wound assay,
SOD, and IL-1fB level. Differences were
considered to be statistically significant when
P <0.05. Data were analyzed using Graphpad
prism 6. Evaluation of the synergy was
performed for [-sitosterol (50 uM) and
naringenin (50 pM) combination by
calculating the combination index (CI) using
Compusyn software for scratch wound assay.

RESULTS

scratch  wound resveratrol,
naringenin, chrysin, [-sitosterol, and the
combination of each flavonoid with
B-sitosterol were significantly more effective
than the negative control (Table 1). The best
closure rate was obtained when [-sitosterol
was combined with naringenin (50 pM)
(Fig. 1) with combination index 0.06.
The results of MTT test indicate that
[B-sitosterol, naringenin, and their combination
were not toxic to fibroblasts (Fig. 2).

The combination that produced the best
closure rate namely [-sitosterol with
naringenin increased SOD activity
significantly compared to untreated wound
(Fig. 3). IL-1B level in untreated-wounded
fibroblasts showed a significant increase
compared to  unwounded  fibroblasts.
[-sitosterol, naringenin, and their combination
decreased significantly the level of IL-1f in
comparison with untreated wound (Fig. 4).

In assay,

DISCUSSION

Wound healing is a natural process that
results in repairing the injured tissue and
restoring the functions of the skin (7). The first
phase of healing leads to hemostasis and
is followed by inflammatory phase (19). The
proliferative phase follows the inflammatory
phase. In this phase, granulation tissue is
formed and vascular network is restored in
order to supply nutrients for tissues (19).
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Table 1. Percentage closure in scratch wound assay. Data are presented as mean + SD; *P < 0.05, **P < 0.01,
and **P < 0.001 indicate significant differences with positive control. All treatments were significantly (P < 0.001)
different from negative control. Platelet-derived growth factor was used as a positive control.

Treatment

Closure rate (%)

Negative control

Platelet-derived growth factor (positive control)
B-sitosterol (50 uM)

B-sitosterol (100 uM)

Chrysin (50 uM)

Chrysin (100 pM)

Naringenin (50 uM)

Naringenin (100 uM)

Resveratrol (50 uM)

Resveratrol (100 uM)

f-sitosterol + chrysin (50 uM)
B-sitosterol + chrysin (100 uM)
B-sitosterol + naringenin (50 pM)
B-sitosterol + naringenin (100 uM)
f-sitosterol + resveratrol (50 uM)
B-sitosterol + resveratrol (100 uM)

19.19 £ 2.31%**
82.19+1.55
59.77 £ 5.29%**
54.97 £ 5.23%**
75.54 £0.88
7235425
49.9 + 4.68%**
59.6 £ 7.43%**
49.71 + 1.35%**
45.88 + 4.55%**
68.86 £ 7.62*
65.65+3.61**
89.01 +0.14
73.98 £0.99
80.27 +4.16
63.56 £ 5.80***

e

Fig. 1. Scratch wound assay. (A) Negative control at zero time, (B) negative control after 24 h, (C) B-sitosterol at
50 uM after 24 h, (D) B-sitosterol at 100 pM after 24 h, (E) naringenin at 50 uM after 24 h, (F) naringenin at 100 uM
after 24 h, (G) naringenin and B-sitosterol at 50 uM after 24 h, (H) naringenin and f-sitosterol at 100 pM after 24 h
and (I) platelet-derived growth factor at 10 nM after 24 h.
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Fig. 2. Evaluation of antoproliferative effects of B-sitosterol, naringenin or their combination on fibroblasts using MTT

assay.
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Fig. 3. Effect of different treatments on levels of SOD. In all groups except the first one (no wound), a linear wound on
monolayer cells was created using a sterile 100 pL plastic pipette tip. *** Indicates significant differences
in comparison with no treatment group (P < 0.001). *#P < 0.01 and *#P < 0.001 show significant differences between

indicated groups. SOD, superoxidae dismutase.

20 -
—~ 15 T
=
i)
& 10 4
]
7]
= *kk
: *hk
d 5 i:* T - k%
Nowound ~ No freatment Naringenin  p-sitosterol pg-sitosterol +

naringenin

Fig. 4. Effect of different treatments on level of IL-1f. In all groups except the first one (no wound), a linear wound on
monolayer cells was created using a sterile 100 pL plastic pipette tip. *** Indicates significant differences
in comparison with no treatment group (P < 0.001). Interleukin-1p, IL-1p.

The main players in collagen production,
proliferation, migration, and granulation tissue
formation are fibroblasts. Bundles of collagen
fibrils produced by fibroblasts are essential for
the development and migration of new blood
vessels in injured area during wound repair
(20).

One of the major advantages of scratch
wound assay utilized in the present work
is that it mimics to certain extent
the proliferation and migration of fibroblast
in vivo (17). The results of the present study
indicated that resveratrol, naringenin, chrysin,
B-sitosterol, and the combination of each
flavonoid with B-sitosterol were more effective
than the wuntreated control in increasing
percentage of closure. The lower concentration
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(50 uM) of naringenin with [-sitosterol
combination produced higher closure percent
than the higher concentration (100 uM).
This could be due to the fact that the higher
dose (100 pM) may exert more toxic effect in
normal fibroblast cell lines as demonstrated by
previous studies (21). Since the studied natural
products are known to be safe for normal cells,
the MTT test was used primarily to check
if drug combination effect was due to increase
in the proliferation rate or not.

The results of this study agree with
previous studies reporting wound healing
activity of these compounds. Administration
of resveratrol in vivo significantly increased
the tensile strength and increased the
hydroxyproline levels (10). Also, naringenin



expressed anti-inflammatory and antioxidant
effects, and resulted in significant increase in
wound contraction of thermal burn induced
wound in rats (14). The altered levels of
oxidation stress (SOD) were significantly
restored by naringenin ointment formulation.
Tensile strength, hydroxyproline, and protein
content were significantly increased upon
wound treatment with naringin (22). Naringin
stimulated  angiogenesis and  restrained
endothelial apoptosis through modulation of
inflammatory and growth factors expression in
diabetic foot ulcers (22). In fact, flavonoids
were proven to accelerate wound healing,
which may be beneficial in controlling scar
formation, slow down skin aging process,
and so used for cosmetic purposes (23).
On the other hand, B-sitosterol, an angiogenic
plant-derived factor, has potential
pharmaceutical applications in management of
chronic wounds (15,24). This study represents
the first report of synergistic effect between
naringenin and B-sitosterol in wound healing.
Despite that the initial inflammatory
response is essential for adequate wound
healing; the prolonged influx of neutrophils at
the wound site may result in higher
concentration of produced free radicals.
This results in chronic inflammation which
leads to cell damage and distorted composition
of extracellular matrix with subsequent failure
of epithelialization (25). Wounded area
contains reactive oxygen and nitrogen species.
These free radicals will give rise to oxidative
stress leading to lipid peroxidation, DNA
damaging, and enzyme inhibition or
inactivation, including free-radical scavenger
enzymes (26). Therapeutic options which
act on reactive oxygen species depletion
during wound treatment may exhibit activity
in reducing inflammation and may allow easy
transition from the inflammatory to
the proliferative phase. Many reported
evidences suggest antioxidants of natural
origin such as plant flavonoids are capable of
reducing the oxidation of cellular molecules by
stopping free radical chain reaction or by
a scavenging of reactive oxygen species (7).
In the present study, the combination that
produced the best closure rate namely
[-sitosterol with naringenin increased SOD
activity significantly. Some wound healing
agents exert a protection capacity against
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oxidative damage and induce the process of
skin wound healing was referred to increasing
the expression of the antioxidant enzymes such
as SOD and catalase (27).

Most of chronic non-healing wounds are
attributed  to  excessive  inflammation.
Reducing the inflammation level might aid
in decreasing scar formation and enhance
the healing rate. In this perspective, many
in vitro and in vivo studies with animal models
have demonstrated that compound of natural
origin with anti-inflammatory  property
have revealed promising results in speeding
wound healing process (7). In the present
investigation, the anti-inflammatory activities
of naringenin-B-sitosterol combination were
investigated by examining whether
the combinations inhibit IL-1B-level. Results
of this study illustrated that IL-1f level
in wounded, untreated fibroblasts showed
a significant increase compared to wounded
and treated fibroblasts. This totally agrees with
the results of Chamberlain et al. (28).

The combination of [-sitosterol and
naringenin was effective in lowering IL-18
level. IL-1 is a pleiotropic inflammatory
cytokine, exerting manifest effects on different
cell types involved in all phases of healing
(28). Due to its central role in the onset of
inflammation, IL-1 has been an important
therapeutic  target (28). IL-1f is a
pro-inflammatory cytokine that has been
implicated in pain and inflammation (29) as
well as producing pyogenic effects (28).
In addition, IL-1P reduced the expression of
glioma-associated oncogene and indirectly
inhibited myofibroblast formation. Also, IL-1
had anti-fibrotic effects by increasing levels of

matrix  metalloproteinases  produced by
fibroblasts  exposed to  TGF-BI/IL1p.
Furthermore, IL-1B decreased the TGF-

Bl-induced upregulation of lysyl oxidase,
an enzyme involved in collagen cross-
linking (30).

CONCLUSION

Beta-sitosterol and naringenin exerted a
synergistic effect on wound closure without
decreasing the wviability of fibroblasts.
This combination alleviated oxidative stress
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via increasing SOD activity and decreased

IL-1B  level in wounded fibroblasts.
This combination needs further in vivo
investigation.
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