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Abstract: (1) Objective: Keloid and hypertrophic scars are a challenge in clinical management, causing
functional and psychological discomfort. These pathological scars are caused by a proliferation
of dermal tissue following skin injury. The TGF-f3/Smad signal pathway in the fibroblasts and
myofibroblasts is involved in the scarring process of skin fibrosis. Today, multiple therapeutic
strategies that target the TGF-f3/Smad signal pathway are evaluated to attenuate aberrant skin scars
that are sometimes difficult to manage. We performed a head-to-head, randomized controlled trial
evaluating the appearance of the post-surgical scars of 64 subjects after two times daily topical
application to compare the effect of a class I pullulan-based medical device containing Allium cepa
extract 5% and hyaluronic acid 5% gel versus a class I medical device silicone gel on new post-surgical
wounds. (2) Methods: Objective scar assessment using the Vancouver Scar Scale (VSS), POSAS,
and other scales were performed after 4, 8, and 12 weeks of treatment and statistical analyses were
performed. The trial was registered in clinicalTrials.gov ( NCT05412745). In parallel, molecular
docking simulations have been performed to investigate the role of Allium cepa in TGF-3 /Smad signal
pathway. (3) Results: We showed that VSS, POSAS scale, itching, and redness reduced significantly at
week 4 and 8 in the subjects using devices containing Allium cepa and HA. No statistically significant
differences in evaluated scores were noted at 12 weeks of treatment. Safety was also evaluated by
gathering adverse events related to the application of the gel. Subject compliance and safety with
the assigned gel were similar between the two study groups. Molecular docking simulations have
shown how Allium cepa could inhibit fibroblasts proliferation and contraction via TGF-f3/Smad signal
pathway. (4) Conclusions: The topical application of a pullulan-based medical device containing
Allium cepa and HA showed a clear reduction in the local inflammation, which might lead to a reduced
probability of developing hypertrophic scars or keloids.

Keywords: Allium cepa; pullulan; hyaluronic acid; scar; silicone gel; medical device; molecular
docking; quercetin
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1. Introduction

In recent years, dermo-cosmetics has been rapidly spreading into the market for the
treatment of post-surgical scars—namely for hypertrophic and keloid scars—as these have
a high socio-cultural impact. After surgery, scars are problematic for both surgeons and
patients. At first, surgical scars can also cause pain, itching, discomfort, contracture, and
other functional impairment [1,2]. Moreover, surgical wound healing without noticeable
scarring is an important aspect of cosmetics, significantly affecting the patients” quality of
life. Topical applications in this field are increasingly pushing on the use of biocompatible
molecules in order to decrease the effects related to the use of mineral oil derivatives that can
lead to skin atrophy or to the development of granulomatous reactions [3]. Hypertrophic
scars represent a condition of dysregulation in the tissue repair process with an excessive
proliferation of fibroblasts and terminal differentiation into myofibroblasts. In recent years,
the understanding of the pathogenic mechanisms that drive keloid and hypertrophic scar
development and progression has grown rapidly. These pathological scars are essentially
the result of chronic inflammations of the injured reticular dermis. Besides inflammation,
mechano-signaling pathways play an important role in scar formation [4,5]. Therefore,
treatment strategies against these scars should focus on preventing or dampening inflam-
mation. Since hypertrophic scars are not tumors, the therapeutic target should be the blood
vessels, the endothelial cells, or the perivascular cells, rather than the fibroblasts [6]. On
the other hand, keloids, classified as benign neoplastic lesions, with a higher percentage
in the African American (AA) population, tend to relapse, thus resulting in difficult treat-
ments and discomfort for patients. Keloids and hypertrophic scars develop due to the
hyperproliferation of dermal fibroblasts, although only keloids are characterized by an
increase in the rate of proliferation of fibroblasts [1]. The most well-known mechanism that
regulates collagen synthesis in fibroblasts and myofibroblasts is the TGF-f3/Smad signaling
pathway [7]. The increased collagen production in aberrant scars is due to the long-term
overactivation of fibroblasts and myofibroblasts brought on by the persistent activation
of the TGF-f3/Smad signaling pathway. Two types of treatment approaches are used to
target the TGF-f3/Smad signaling pathway in fibroblasts and myofibroblasts in order to
try to suppress cell proliferation and interfere with cellular activities [7]. The treatment of
keloids and hypertrophic scars is widely mentioned in the literature and several techniques
and methods have been used. Many treatment modalities can be used and, interestingly,
they all act by reducing inflammation and blocking TGF-{3 /Smad signaling. They include
corticosteroid injection/tape/ointment, radiotherapy, cryotherapy, compression therapy,
stabilization therapy, 5-fluorouracil (5-FU) therapy, and surgical methods that reduce skin
tension. Topical non-surgical treatment silicone gel [8], 5-fluorouracil [9], onion extract
gel [10,11], imiquimod, verapamil, mitomycin C, green tea extracts, Aloe vera and vitamin
E [12] are used in clinical practice and are reported in the literature. The treatments should
work at a biologic level and try to produce a cosmetic and complication-free management
strategy. In this view, quercetin, the main flavonoid compound contained in Allium cepa, has
been reported to play a crucial role in modulating inflammation and signaling responses
promoting tissues fibrosis [13]. To date, the aim of our study is to compare the effect of a
topical class I pullulan-based medical device containing Allium cepa and HA gel versus a
class I medical device silicone gel on new post-surgical wounds to prevent hypertrophic
scar formation. Moreover, we performed molecular docking simulations between quercetin
and the TGF-f3 Receptor type 1 (TbrI) and type 2 (Tbrll) to evaluate a possible direct effect
of Allium cepa extract on TGF-f3/Smad signaling.

2. Materials and Methods
2.1. Study Design and Enrolled Population

We performed a head-to-head, randomized controlled trial evaluating the appearance
of post-surgical scars in 64 subjects for 12 weeks in order to compare the effect of a class I
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pullulan-based medical device containing Allium cepa 5% and HA 5% gel versus a class I
medical device silicone gel on new post-surgical wounds. The 64 subjects were distributed
randomly in the two groups: 30 applied topical class I medical device silicone gel and
34 applied the class I pullulan-based medical device containing Allium cepa and HA gel
for three months. The sample size was calculated using two independent means, which
were acquired from previous research [14,15]. The randomization sequence was created
using Excel version 2306, with a 1:1 allocation of the subject in one of the two arms by
sub-investigator G.C. Sub-investigator T.C. enrolled the participants in the dermatological
clinic of the Tor Vergata University Hospital. Sub-investigator R.G. assigned participants to
interventions using simple randomization in Excel version 2306. Medical device samples,
previously numbered by sub-investigator G.C., were given to subjects by sub-investigator
T.C. The application of the products was recorded by sub-investigator T.C. and R.G by
means of a paper diary provided to the subjects in which they reported the application
and/or non-application of the medical devices. Furthermore, during the enrolment visit,
sub-investigator T.C. explained how to apply the medical device (after cleansing the area,
a layer of medical device is applied with circular movements until completely absorbed).
The study was developed in 10 months, including recruitment, evaluation every 4 weeks
for 12 weeks, and an evaluation of the secondary objective in the third month (T3). Data
acquisition and analysis were performed in compliance with protocols approved by the
Ethical Committee of the Tor Vergata University Hospital, Rome (ethical approval number
211.19). Written informed consent was obtained from all participants prior to the study.
The study was conducted in accordance with the ICH/GCP guidelines and in compliance
with the current regulations relating to studies on devices. The study complied with
the tenets of the Declaration of Helsinki. The trial was registered in clinicalTrials.gov
(https:clinicaltrials.gov/ct2/show /NCT05412745 accessed on 14 September 2022).

2.2. Inclusion and Exclusion Criteria

Inclusion criteria: subjects aged between 18 and 70 who underwent surgery for the
excision of skin lesions at least 5 days or 20 days before the start of the protocol, respectively,
for surgical procedure on face or limbs and trunk. Exclusion criteria: Subjects affected by
spontaneous keloids; diabetic subjects with a previous history of disorders in the repair
of wounds; subjects with over-infected wounds after the first week from surgery; subjects
with documented sensitivity to silicone gel; and subjects affected by collagen disorders
(e.g., pseudoxanthoma elasticum, poikilodermatosis). Moreover, the criteria for the with-
drawal of subjects from the trial included: failure to adhere to topical therapy; replacement
of the trial topical treatment; and voluntary decision by the subject.

2.3. Endpoints and Parameters Evaluated

Since the medical device containing Allium cepa presents a high concentration of
quercetin, our primary endpoint was to achieve the confirmation of the efficient interaction
between quercetin and TGF-beta receptors and a parallel clinical efficacy. The primary
endpoint was the evaluation of the effectiveness of the class I medical device containing
onion (Allium cepa) extract gel compared to the silicone gel used in the topical treatment of
the post-surgical wound for the prevention of hypertrophic scars. Objective scar assessment
using the Vancouver Scar Scale (VSS), Manchester Scar Scale, Patient and Observer Scar
Assessment Scale (POSAS), itching, redness, and pliability were performed after 4 (T1),
8 (T2), and 12 (T3) weeks of treatment (Tables S1-54). Secondary endpoint evaluated
the tolerability at 4, 8, and 12 weeks after application. Local tolerability was measured
by the investigator on a 5-point scale, where 1 = excellent (no functional or physical
sign from examination), 2 = very good (transitory functional signs and no physical signs
from examination), 3 = good (transitory or persistent functional signs with transitory
physical signs), 4 = moderate (persisting functional or physical signs that require modified
administration but not discontinuation), and 5 = bad (functional or physical signs that
require discontinuation).
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2.4. Molecular Docking Simulations

Crystal structures of the kinase domains of the TGF-$ Receptor type 1 (Tbrl)
and type 2 (Tbrll) were obtained from the PDB database (PDBIDs: 3TZM and
7DV6) [14,15]. Ligands crystallized with the proteins were removed before the dock-
ing procedure. Quercetin structure was retrieved from the PubChem compound database
(PubChem CID: 5280343) [16]. Molecular docking simulations were performed using the
AutoDock Vina 1.2 program [17], and the prepare_receptor4.py and prepare_ligand4.py
tools of the AutoDockTools4 program [18] were used to convert the receptors and drug
structure files into pdbqt format. For both receptors, the simulation box was centered
over their ATP-binding pocket, having a size of x =26.3 A, y =23.6 A, z = 27.4 A for the
Tbrl and of x = 24.0 A, y = 259 A, z = 23.6 A for the Tbrll. To improve the accuracy of
binding prediction, 17 receptor residue side chains surrounding the binding site have been
considered as flexible for the Tbrl (Ile211, Lys213, Arg215, Val219, Lys232, Glu245, Tyr249,
Leu260, Leu278, Ser280, Tyr282, His283, Lys335, Lys337, Asn338, Leu340, Asp351) and
13 for the TbrlI (Val250, Val258, Lys277, Leu305, Thr325, Phe327, His328, Asn332, Ser383,
Asn384, Leu386, Cys396, Asp397). Three molecular docking simulations, each including ten
docking runs, were then performed for each receptor, and final interaction energies were
calculated as an average over the three replicas. Redocking simulations of the crystallized
inhibitors were performed using a box of size x = 15.0 A, y = 13.5 A, z = 18.4 A for Tbrl
and x =169 A,y =17.3 A, z = 18.8 A for Tbrll, centered around the ligands’ binding
sites. Interaction analyses on the best binding poses obtained for quercetin were performed
using the Ligand Interaction tool of the Schrodinger Maestro software (Schrodinger Release
2023-1, 2023).

2.5. Statistical Analysis

The statistical analysis of the data was carried out by applying parametric or non-
parametric tests depending on the distribution of the data that was going to be obtained.
Results were reported as average + SE, median values or percentages, considering pa-
rameter type. Non-parametric Krustal-Wallis test was used to evaluate the variation of
clinical parameters in the pre-established observation times (T0, T1, T2, and T3) for each
treatment, whereas comparison between treatments was performed via Mann-Whitney
analysis and chi-squared test (x? test). The study was conducted on a group of subjects
selected through specific inclusion and exclusion criteria according to the scientific rationale
of the protocol. SPSS v.27 software was used for statistical analyses. The differences were
considered statistically significant for p-values < 0.05.

3. Results
3.1. Characteristics of Enrolled Subjects

A total of 64 subjects were enrolled in the study. They were randomized in the two
groups: the first one (group A) included topical treatment with silicone gel, the second one
(group B) used a topical medical device with a pullulan-based medical device containing
Allium cepa and HA gel (Figure 1).

In group A, 30 subjects were enrolled, with a mean age of 50 & 7.7 years, including
14 males and 16 females. Twenty-eight subjects presented one scar, while two presented
two or more scars. The most frequent site of intervention was the trunk (43.3%). In Group
B, there were 34 subjects, with a mean age of 51.5 £ 7.7 years, including 14 males and
20 females. Thirty subjects presented one scar, while four presented two or more scars
(Table 1). The two groups were homogeneous per age, sex, number of post-surgical scars
and diet modification (Table 1; statistical analysis p < NS). Moreover, all subjects followed
the protocol thanks to the simplicity of the application of the products in the studio and the
post-surgery aesthetic interest.
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Figure 1. CONSORT flow chart.

Table 1. Demographic and clinical pathological features of the enrolled subjects in groups A (silicone
gel) and B (Allium cepa and HA gel). The t-test was performed for continuous variables; x? test was
performed on dichotomous variables. SE: Standard error.

Group A Group B Statistical Analyses
Number 30 34
Mean age (£SE) 50+71 51.5+£77 p <0.60
Sex p <0.65
Male 14 14
Female 16 20
n lesions p <048
1 28 30

2 2 4
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Table 1. Cont.

Group A Group B Statistical Analyses
Diet modification p <0.34
No 30 31
Yes 0 3
Hypertrophic scar p <056
No 26 31
Yes 4 3
Lesion site p <0.83
Trunk 13 16 p <0.68
Face 4 7
Upper limbs
Lower limbs 7 8

Even in this case, the most frequent side of intervention was the trunk (Figures 2
and 3). No significant differences between groups A and B’s demographical features were
noticed.

A 1lcm B

Figure 2. Postoperative lesion at the left periareolar level of a subject treated with a class I pullulan-
based medical device containing Allium cepa and HA gel. (A) The lesion has a POSAS observer score
of 13/60 at baseline; POSAS patient 19/60; Vancouver Scale 2/18; Manchester Scale 7/12. (B) After
treatment for 3 months, the lesion presents POSAS observer 6/60; POSAS patient 7/60; Vancouver
Scale 0/18; Manchester Scale 5/12.

3.2. Comparison of Clinimetric Scores

The analysis of the population data (Figure 4) showed that the observed POSAS was
already statistically significant after T1 and remained at all time points for groups A and B’s
treatments (ANOVA, p < 0.01). Differences were statistically significant between treatments
at T1 and T2 (* t-test; p < 0.05). Treatment with class I pullulan-based medical device
containing Allium cepa and HA gel was shown to be statistically superior in reducing the
POSAS patient score at all time points (gray bars, ANOVA; p < 0.01). Moreover, comparison
between the two treatments showed a significant difference, at T1 and T2 (* t-test; p < 0.05),
as reported in Figure 3. Treatment with class I pullulan-based medical device containing
Allium cepa and HA was not only statistically superior in reducing redness (post-operative
redness and inflammation, gray bars, ANOVA p < 0.01), but also resulted in a reduction in
the two parameters after treatment for both groups A and B (gray bars, ANOVA p < 0.05).
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At T3, there were no statistically significant differences between the two groups (* t-test
p < 0.01) (Figure 4). Treatment with onion extract gel also showed a better reduction on
the Vancouver Scale and itching (gray bars, ANOVA p < 0.05). At T1 and T2, there were
statistically significant differences between the two groups (* t-test p < 0.05) (Figure 4).
Treatment with class I pullulan-based medical device containing Allium cepa and HA
was effective in post-surgical lesions regardless of the body site. This highlights how its
effectiveness is maintained in all body sites, and thus makes it suitable for any type of scar,
regardless of the site of the operation. In our head-to-head, randomized study, POSAS
observed, POSAS patients, Vancouver Score, itching, and redness were statistically different
in group B compared to A (Figures 4 and 5). Local tolerability, measured by the investigator
on a 5-point scale, did not show any statistical difference between groups A and B at all
timepoints analyzed (Figure 6; NS). Moreover, no subject at any follow-up visit had any
adverse events or local reactions.

Figure 3. (A) Postoperative lesion at the upper limb level of a subject treated with a class I pullulan-
based medical device containing Allium cepa and HA gel. The lesion has a POSAS observer score of
11/60 at baseline; POSAS patient 10/60; Vancouver Scale 6/18; Manchester Scale 1/12. (B) After
treatment for 3 months, the lesion presents POSAS observer 10/60; POSAS patient 9/60; Vancouver
Scale 6/18; Manchester Scale 1/12. (C) Dermoscopy of the lesion after surgery. (D) Dermoscopy of
the lesion after 3 months of topical onion extract gel.
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Figure 4. Graph bars showed that several parameters were reduced, especially in T1 and T2 between
groups A (black; silicone gel) and B (gray; Allium cepa and HA gel). Significant differences are
highlighted by Krustal-Wallis and Mann-Whitney tests. * p < 0.05. X, mean value.

Vancouver Scale
12
% %
10
M Group A
I Group B
8
6
4
2
0
To T1 T2 T3

Figure 5. Vancouver Scale was analyzed between groups A (black; silicone gel) and B (gray; Allium
cepa and HA gel) at different timepoints. Differences statistically significant are reported in text.
* p < 0.05; X, mean value.
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Figure 6. Tolerability between groups A (black; silicone gel) and B (gray; Allium cepa and HA gel) at
different timepoints. Local tolerability presented a score of 1 at all follow-up visits both in the case
and in the control group. No statistical difference has been noted (p-value NS). X, mean value.

3.3. Molecular Docking Simulations of Tbrl and Tbrll Kinase Domains in Complex with Quercetin

Molecular docking simulations have been performed to evaluate the interaction of
quercetin, the main flavonoid compound contained in Allium cepa, with the kinase do-
main of the human TGF- Receptor type 1 (Tbrl) and type 2 (Tbrll) (PDBIDs: 3TZM
and 7DV6) [16,17]. In fact, these receptors are involved in a variety of pathological
processes, including the signaling responses promoting tissues fibrosis [13]. A specific
pocket at the kinases” ATP-binding domains was evaluated as a putative quercetin binding
site, being the target of other small-molecule inhibitors known to interfere with TGFf(3
signaling [17-21]. Three molecular docking simulations were performed for each receptor,
showing that quercetin has an average interaction energy of —10.7 = 0.2 kcal/mol for
Tbrl and —9.6 + 0.4 kcal/mol for TbrIl. The best binding poses obtained from the docking
simulations and the main interactions established by the compound within the two pockets
are shown in Figures 6 and 7. Quercetin achieved the same binding location in the two
pockets, although in the Tbrl-quercetin complex, the catechol moiety of the compound
was oriented toward the interior of the pocket, while an opposite orientation was observed
for the compound within the Tbrll active site (Figure 7). Quercetin established a total of
19 interactions with both Tbrl and Tbrll, including one hydrogen bond with a His residue
of both receptors (Figure 8). Remarkably, the presence of a hydrogen bond with the Tbrl
His283 residue is a feature common to many ATP-competitive kinase inhibitors [17].

Despite the low sequence identity of the two receptors, the ATP-binding site and
the adjacent regions were more conserved, showing either identical residues or preserved
interaction types. Consequently, the main interactions established by quercetin were similar
in the two pockets and mostly involved structurally superimposable residues (Figure 9).
This suggests that this compound could equally target the two receptors, although showing
a higher preference for the Tbrl active pocket as indicated by the interaction energies
calculated by the docking simulations.
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Figure 7. Best molecular docking complexes obtained between quercetin and the Tbrl (A) or TbrIl
(B) kinase domains. The proteins are shown as cartoons surrounded by a transparent surface, while
the ligands are represented as spheres, colored by atom type. Binding poses are magnified in the
circles, where ligands and their main interacting residues are shown as sticks.

e VAL V7
21 276
> 219 -

PHE
294

o)
(2€)

\ ASN ﬁsr(
384 397 )

VAL
258

) Charged (negative) Polar
) Charged (positive) -» H-bond
Glycine Solvent exposure

Hydrophobic

Figure 8. Ligand interaction patterns established within the Tbrl (A) or TbrII (B) binding pockets,
calculated by the Ligdiag tool of the Schrodinger Maestro software (Schrodinger Release 2023-1, 2023).
Residues are colored according to the type of interaction established, as indicated by the legend.

Notably, the best binding poses obtained closely resemble those achieved by the
two kinase inhibitors crystallized within the proteins’ active sites, namely SB431542
(PDBID: 3TZM) [17] and 5-[(3S)-5,5-dimethyloxolan-3-yl]-6-methoxy-3-(2-methoxypyridin-
4-yl)pyrazolo [1,5-a]pyrimidine (PDBID: 7VSB) [18]. A superposition of the complexes
highlights similar ligands orientations, contacted residues, and interaction types between
the crystallized and docked structures. The redocking of these inhibitors within the binding
pockets resulted in interaction energies similar to those calculated for quercetin, evaluating
—11.4 and —9.3 kcal/mol for the Tbrl-inhibitor and Tbrll-inhibitor complexes, respectively.
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LU Resildue fau4 0l Interaction type

Ile211 Val250 Non-polar

Val219 Val258 Non-polar ; [ <
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Val279 Ile324 Non-polar

Ser280 Thr325 Polar
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Gly286 Gly331 Non-polar

Leu340 Leu386 Non-polar

Asp351 Asp397 Polar

Figure 9. On the left, structurally overlapping residues contacted by quercetin within the Tbrl and
TbrllI active pockets. The interaction types were derived from Figure 7. On the right, a superposition
of the two protein-ligand complexes, where the ligands and the residues reported in the table are
shown as sticks. Tbrl and Tbrll are shown as cartoons colored in blue and green, respectively.

4. Discussion

Scar prevention in the early stages of wound healing is an essential aspect of care.
Ongoing scar management is generally conducted through self-care, using non-invasive
methods such as silicone. Although silicone is the first-line non-invasive, prophylactic, and
therapeutic measure for scar management [22-24], the issues related to the use of these
products, as well as patient research for more effective alternatives, favored the raising
of new products made to improve outcomes. Amongst polysaccharides studied for skin
regeneration, pullulan is the major exopolysaccharide synthesized intracellularly by the
polymorphic fungus Aureobasidium pullulans and further secreted out to the cell surface,
consisting of three glucose units connected by «—1,4 glycosidic bonds (maltotriose) and
consecutive maltotriose units connected by o—1,6 glycosidic bonds [25]. Pullulan has
attracted attention for its anti-inflammatory, anti-bacterial, and antioxidant properties,
as well as its lack of immunogenicity and low cost [26]. Given its physical-chemical
characteristics, it leads to the formation of a barrier. It is non-toxic, non-carcinogenic,
non-mutagenic, non-immunogenic [27-29], and odorless, and is therefore also suitable
for human use via topical formulation in cases of sensitivity to other active ingredients
or in cases of chemical polysensitivity. Pullulan is biodegradable [30] and is used as a
carrier associated with HA to prevent the denaturation of protein molecules [31] and
therefore guarantees a better function of the Allium cepa [32]. Creating novel cosmetic
solutions that can penetrate this barrier is essential due to effective active ingredients
and efficient carriers. The chosen ingredients must be released at the appropriate skin
layers to restore intercellular communication, maintain stratum corneum hydration, and
renew the native ECM structure of the dermis when this becomes diseased or sagged
with age [33]. This activity requires the use of proper active components and carriers,
such as pullulan and its composites, which may regenerate the structural architecture
of damaged or ageing skin when changed or destroyed by various illnesses or injuries.
Li et al. [34] created pullulan polymers with grafted hyaluronic acid and used them to
create innovative biocompatible wound healing films. Vora et al. [35] investigated pullulan-
based dissolving microneedle arrays for an improved transdermal delivery of small and



Life 2023, 13,1781

12 of 16

large macromolecules. In our study, the product under examination based on Allium cepa
and HA, also including pullulan with silicone-like effect, demonstrated its non-inferiority
compared to silicone. Moreover, the product has no environmental and biodegradable
impact. Onion, Allium cepa L. (Alliaceae), contains many organosulfureous compounds,
flavonoids (mainly quercetin in the form of aglycone or sugar conjugates), saponins, and
vitamins (B1, B2, B5, E). Onion extract, mainly composed of quercetin, is believed to reduce
the level of histamine, inflammation, and collagen production in abnormal scars [36]. The
use of plant extracts in wound healing is associated with a satisfying outcome in most
cases. In this field, flavonoids are generally abundant in natural extracts and the high
content of quercetin is an interesting feature. In fact, quercetin has been studied in various
wound healing conditions, alone or combined with other phytochemicals, proving to be
a valid option in the management of wound repair [37]. Allium cepa presents different
active molecules, including gallic acid, quercetin, protocatechuic acid, and kaempferol [38].
Among them, quercetin is the major flavonoid component with concentrations ranking
until 5110 ug/g, more than 40-folds the concentration of other isolated compounds such
as gallic acid and kaempferol. Moreover, previous publications investigated the role
of quercetin in wound healing and scar prevention. Karakaya et al. [39] evaluated the
ethnopharmacological use of Epilobium angustifolium, E. stevenii, and E. hirsutum by using
in vivo and in vitro experimental models, as well as to identify the active wound-healer
compound(s) and to explain the probable mechanism of the wound-healing activity. Their
in vitro tests showed that quercetin and its glucosides could be the compound responsible
for the wound-healing activity due to their significant anti-hyaluronidase, anti-collagenase,
and antioxidant activities. In parallel, Ozbilgin et al. [40] evaluated E. characias subsp.
wulfenii extract in wound healing. Quercetin and its glucoside derivates were found to
be the highest compound in the extract of E. characias subsp. wulfenii, which might be
the active principles in anti-inflammatory and wound-healing activities. Mi et al. [41]
evaluated the effect of quercetin on wound healing by analyzing wound healing rate of
pro-inflammatory cytokines in mice. Their observations come from the use of Oxytropis
falcata, a wild-growing plant mainly distributed in an altitude of 27004300 m in China,
used in treating inflammation, injury, and bleeding. They demonstrated that quercetin
could promote the proliferation and migration of fibroblasts and HaCat cells. Furthermore,
quercetin has been shown to promote wound healing in mice by inhibiting the inflammatory
response and increasing the expression of the growth factor, as well as Wnt/ 3-catenin
pathway and telomerase RNA catalytic elements (TERT). Onion extracts can inhibit the
production of IL-6 and vascular endothelial growth factor (VEGF) in the cell line of skin
fibroblasts [42]. These cytokines could play a fundamental role in the abnormal growth
of fibroblasts in keloids [43]. Human dermal fibroblasts use bl integrins primarily for
adhesion to fibronectin and collagen fibers [44]. During scar formation, dermal fibroblasts
transiently expressed mainly a2 and a5 integrin subunits, which in turn are associated with
the upregulation of the bl subunit. The upregulation of some chains of integrins is also
recognized as an important regulator of the deposition of the extracellular matrix (ECM)
components associated with wound healing [45]. It has also been shown that integrin
b1 expressed by fibroblasts is necessary for fibrogenesis. Furthermore, it is interesting to
note that the downregulation of Bl integrin caused resistance to skin scleroderma in the
mouse model [46]. In addition, the onion extract induced apoptosis at 1000 mg/mL in
fibroblast cultures and, depending on the concentration, downregulated the expression of
integrin bl on human fibroblasts. Apoptosis has played an important role in the proper
healing of wounds and can signal the end of an inflammatory phase of this process [32].
Apoptosis-related genes have been reported to be downregulated in the cells that make
up keloids [47]. Given the high concentration of flavonoids in Allium cepa extract, it has
been reported that quercetin—a flavonoid—inhibits the proliferation and contraction of
fibroblasts isolated from keloids [48] in in vitro studies. This seems to block TGF-B—that
inhibits the expression of the receptor and the nuclear translocation of SMAD2/3—which
in turn alters the expression of collagen [49] as well as of the IGF-1 signal, through the
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reduction in the receptor and intracellular signaling, thus influencing the proliferation of
keloid fibroblasts and reduces the contraction of collagen [50]. In addition, onion extract
upregulates matrix metalloproteinase-1 (MMP-1) [51]—as seen in vitro and in vivo studies
of hairless mice—on human skin fibroblasts with topical administration of the ointment.
However, it is statistically ineffective in improving scar height and itching [50].

To confirm a possible direct effect of quercetin on TGF-f3/Smad signaling, we per-
formed molecular docking simulations between quercetin and the TGF-{3 Receptor type
1 (TbrI) and type 2 (TbrlI). Our results suggest that quercetin could efficiently bind the
ATP-binding domain of both Tbrl and TbrIl and consequently interfere with the signal-
ing cascade mediated by the two receptors. Thus, these results provide another possible
molecular mechanism explaining the quercetin inhibition of fibroblasts proliferation and
contraction, previously observed in in vitro studies [48,52], and sustain the favorable results
obtained by using medical devices containing Allium cepa and HA to prevent hypertrophic
scar formation in post-surgical wounds. From all these data, onion extract therapy could be
used when combined with an occlusive silicone-like dressing, such as pullulan, to achieve
a satisfactory decrease in scar height. In our study, the class I pullulan-based medical de-
vice reduced wound time compared to silicone, both accelerating the reduction in itching,
redness, cosmetic aspect of the scar, and discomfort in treated subjects. No local adverse
events were reported.

5. Study Limitation

Study limitations included the small sample size, the absence of a blinded evaluation,
and the lack of a control group treated with a class I pullulan-based medical device and
HA gel without Allium cepa. Regarding the study population, no other ethnicity than
Europeans were included. Moreover, only four body sites were evaluated for 12 weeks with
no documented photos in other follow-up visits. Moreover, the scar maturation evaluated
at 12 weeks was partial and could not reflect the long-term results, and after 12 weeks,
the two evaluated treatments seemed to be comparable in terms of VSS, Manchester Scar
Scale, POSAS, itching, redness, and pliability. One of the major limitations of this study
is also the evaluation of the Allium cepa extract and not the quercetin as a single molecule.
Further studies are needed to evaluate the long-term clinical response and quercetin alone
in real-word settings.

6. Conclusions

Molecular docking simulations have shown how Allium cepa could inhibit fibroblasts
proliferation and contraction via TGF-3/Smad signal pathway. Moreover, our study
demonstrated the superiority of a class I pullulan-based medical device containing Allium
cepa and HA extract compared to a class I medical device silicone gel in the treatment of post-
surgical scars with an improvement of the Vancouver Scale, POSAS patient, and observed
redness and itching in a period of three months after surgery. Innovative, biobased, and
biodegradable tissues and films, as well as the soft and hard packaging for their specific
structures and the natural ingredients selected, may slow down, partially or globally, the
skin aging phenomena and reduce or eliminate the great waste invading the planet.

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/1ife13081781/s1, Table S1: Vancouver Scale; Table S2:
Manchester Scale; Table S3: Stony brook scar evaluation scale; Table S4: POSAS scale (patient
and observer scar assessment scar).

Author Contributions: Conceptualization, T.C., G.C. and E.C.; methodology, T.C., L.D., G.C,,
E.C, AR, EL and FC,; validation, T.C., G.C., LD, EC, R.G.S,, PR. and L.B.; formal analysis,
G.C,; investigation, T.C., R.G.S,, PR., AR, FI. and M.F; data curation, L.D., T.C., G.C. and E.C;
writing—original draft preparation, L.D., T.C., G.C. and E.C.; writing—review and editing, E.C., L.D.,
LB., AR, EL, M.F. and E.D.; visualization, T.C. and G.C.; supervision, E.C., L.D. and L.B.; project
administration, E.C. All authors have read and agreed to the published version of the manuscript.


https://www.mdpi.com/article/10.3390/life13081781/s1

Life 2023, 13,1781 14 of 16

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Policlinico di Roma Tor Vergata, R.S. 211.19, 25
November 2019.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data sharing not applicable.
Acknowledgments: We would like to thank Denis Mariano, who kindly revised the English language.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Niessen, EB.; Spauwen, PH.M.; Schalkwijk, J.; Kon, M. On the Nature of Hypertrophic Scars and Keloids: A Review. Plast.
Reconstr. Surg. 1999, 104, 1435-1458. [CrossRef] [PubMed]

2. Shaffer, ].J.; Taylor, S.C.; Cook-Bolden, F. Keloidal scars: A review with a critical look at therapeutic options. J. Am. Acad. Dermatol.
2002, 46 (Suppl. S2), S63-S97. [CrossRef] [PubMed]

3. Rollins, C.E.; Reiber, G.; Guinee, D.G., Jr.; Lie, ].T. Disseminated Lipogranulomas and Sudden Death From Self-Administered
Mineral Oil Injection. Am. J. Forensic Med. Pathol. 1997, 18, 100-103. [CrossRef]

4.  Huang, C.; Akaishi, S.; Ogawa, R. Mechanosignaling pathways in cutaneous scarring. Arch. Dermatol. Res. 2012, 304, 589-597.
[CrossRef] [PubMed]

5. Leask, A. Integrinf31: A Mechanosignaling Sensor Essential for Connective Tissue Deposition by Fibroblasts. Adv. Wound Care
2013, 2, 160-166. [CrossRef] [PubMed]

6. Ogawa, R. Keloid and Hypertrophic Scars Are the Result of Chronic Inflammation in the Reticular Dermis. Int. ]. Mol. Sci. 2017,
18, 606. [CrossRef]

7. Zhang, T.; Wang, X.-F.; Wang, Z.-C.; Lou, D.; Fang, Q.-Q.; Hu, Y.-Y,; Zhao, W.-Y,; Zhang, L.-Y.; Wu, L.-H.; Tan, W.-Q. Current
potential therapeutic strategies targeting the TGF-f3 /Smad signaling pathway to attenuate keloid and hypertrophic scar formation.
Biomed. Pharmacother. 2020, 129, 110287. [CrossRef]

8. Chan, K.Y,; Lau, C.L.; Adeeb, S.M.; Somasundaram, S.; Nasir-Zahari, M. A Randomized, Placebo-Controlled, Double-Blind,
Prospective Clinical Trial of Silicone Gel in Prevention of Hypertrophic Scar Development in Median Sternotomy Wound. Plast.
Reconstr. Surg. 2005, 116, 1013-1022. [CrossRef]

9. Dika, E.; Mussi, M.; Lambertini, M.; Vaccari, S.; Baraldi, C.; Campione, E.; Scotti, B.; Stancic, B.H.; Zengarini, C. Postsurgical
hypertrophic scars after nonmelanoma skin cancer surgical excision: Clinical and confocal microscopy outcomes of topical
5-fluorouracil in an adjuvant setting. Clin. Exp. Dermatol. 2023, 48, 800-802. [CrossRef] [PubMed]

10. Chanprapaph, K.; Tanrattanakorn, S.; Wattanakrai, P.; Wongkitisophon, P.; Vachiramon, V. Effectiveness of Onion Extract Gel on
Surgical Scars in Asians. Dermatol. Res. Pract. 2012, 2012, 212945. [CrossRef]

11. Chung, V.Q.; Kelley, L.; Marra, D.; Jiang, S.B. Onion Extract Gel Versus Petrolatum Emollient on New Surgical Scars: A Prospective
Double-Blinded Study. Dermatol. Surg. 2006, 32, 193-197. [CrossRef]

12.  Sidgwick, G.P; McGeorge, D.; Bayat, A. A comprehensive evidence-based review on the role of topicals and dressings in the
management of skin scarring. Arch. Dermatol. Res. 2015, 307, 461-477. [CrossRef] [PubMed]

13. Frangogiannis, N.G. Transforming growth factor—£ in tissue fibrosis. J. Exp. Med. 2020, 217, 1-16. [CrossRef]

14. Pangkanon, W.; Yenbutra, P.; Kamanamool, N.; Tannirandorn, A.; Udompataikul, M. A comparison of the efficacy of silicone gel
containing onion extract and aloe vera to silicone gel sheets to prevent postoperative hypertrophic scars and keloids. J. Cosmet.
Dermatol. 2021, 20, 1146-1153. [CrossRef] [PubMed]

15.  Chernoff, W.G.; Cramer, H.; Su-Huang, S. The Efficacy of Topical Silicone Gel Elastomers in the Treatment of Hypertrophic Scars,
Keloid Scars, and Post-Laser Exfoliation Erythema. Aesthetic Plast. Surg. 2007, 31, 495-500. [CrossRef] [PubMed]

16. Miwa, S.; Yokota, M.; Ueyama, Y.; Maeda, K.; Ogoshi, Y.; Seki, N.; Ogawa, N.; Nishihata, ]J.; Nomura, A.; Adachi, T, et al.
Discovery of Selective Transforming Growth Factor 3 Type II Receptor Inhibitors as Antifibrosis Agents. ACS Med. Chem. Lett.
2021, 12, 745-751. [CrossRef]

17.  Ogunjimi, A.A.; Zeqiraj, E.; Ceccarelli, D.F,; Sicheri, F.; Wrana, J.L.; David, L. Structural basis for specificity of TGF@ family
receptor small molecule inhibitors. Cell. Signal. 2012, 24, 476-483. [CrossRef]

18. Kim, S.; Chen, ].; Cheng, T.; Gindulyte, A.; He, J.; He, S.; Li, Q.; Shoemaker, B.A.; Thiessen, P.A.; Yu, B.; et al. PubChem in 2021:
New data content and improved web interfaces. Nucleic Acids Res. 2021, 49, D1388-D1395. [CrossRef]

19. Eberhardyt, J.; Santos-Martins, D.; Tillack, A.E; Forli, S. AutoDock Vina 1.2.0: New Docking Methods, Expanded Force Field, and
Python Bindings. J. Chem. Inf. Model. 2021, 61, 3891-3898. [CrossRef]

20. Morris, G.M.; Huey, R.; Lindstrom, W.; Sanner, M.E,; Belew, R.K.; Goodsell, D.S.; Olson, A.J. AutoDock4 and AutoDockTools4:

Automated docking with selective receptor flexibility. . Comput. Chem. 2009, 30, 2785-2791. [CrossRef]


https://doi.org/10.1097/00006534-199910000-00031
https://www.ncbi.nlm.nih.gov/pubmed/10513931
https://doi.org/10.1067/mjd.2002.120788
https://www.ncbi.nlm.nih.gov/pubmed/11807470
https://doi.org/10.1097/00000433-199703000-00019
https://doi.org/10.1007/s00403-012-1278-5
https://www.ncbi.nlm.nih.gov/pubmed/22886298
https://doi.org/10.1089/wound.2012.0365
https://www.ncbi.nlm.nih.gov/pubmed/24527339
https://doi.org/10.3390/ijms18030606
https://doi.org/10.1016/j.biopha.2020.110287
https://doi.org/10.1097/01.prs.0000178397.05852.ce
https://doi.org/10.1093/ced/llad110
https://www.ncbi.nlm.nih.gov/pubmed/37017028
https://doi.org/10.1155/2012/212945
https://doi.org/10.1097/00042728-200602000-00005
https://doi.org/10.1007/s00403-015-1572-0
https://www.ncbi.nlm.nih.gov/pubmed/26044054
https://doi.org/10.1084/jem.20190103
https://doi.org/10.1111/jocd.13933
https://www.ncbi.nlm.nih.gov/pubmed/33387398
https://doi.org/10.1007/s00266-006-0218-1
https://www.ncbi.nlm.nih.gov/pubmed/17700980
https://doi.org/10.1021/acsmedchemlett.0c00679
https://doi.org/10.1016/j.cellsig.2011.09.027
https://doi.org/10.1093/nar/gkaa971
https://doi.org/10.1021/acs.jcim.1c00203
https://doi.org/10.1002/jcc.21256

Life 2023, 13,1781 150f 16

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Wang, H.; Chen, M.,; Sang, X.; You, X.; Wang, Y.; Paterson, I.C.; Hong, W.; Yang, X. Development of small molecule inhibitors
targeting TGF-p ligand and receptor: Structures, mechanism, preclinical studies and clinical usage. Eur. J. Med. Chem. 2020, 191,
112154. [CrossRef] [PubMed]

Monstrey, S.; Middelkoop, E.; Vranckx, J.J.; Bassetto, F.; Ziegler, U.E.; Meaume, S.; Téot, L. Updated Scar Management Practical
Guidelines: Non-invasive and invasive measures. . Plast. Reconstr. Aesthetic Surg. 2014, 67, 1017-1025. [CrossRef] [PubMed]
Gold, M.H.; Berman, B.; Clementoni, M.T.; Gauglitz, G.G.; Nahai, F.; Murcia, C. Updated international clinical recommendations
on scar management: Part 1—Evaluating the evidence. Dermatol. Surg. 2014, 40, 817-824. [CrossRef]

Gold, M.H.; McGuire, M.; Mustoe, T.A.; Pusic, A.; Sachdev, M.; Waibel, J.; Murcia, C.; International Advisory Panel on Scar
Management. Updated international clinical recommendations on scar management: Part 2—Algorithms for scar prevention and
treatment. Dermatol. Surg. 2014, 40, 825-831. [CrossRef] [PubMed]

Leathers, T.D. Biotechnological production and applications of pullulan. Appl. Microbiol. Biotechnol. 2003, 62, 468-473. [CrossRef]
Li, X.; Xue, W,; Liu, Y,; Fan, D.; Zhu, C.; Ma, X. Novel multifunctional PB and PBH hydrogels as soft filler for tissue engineering.
J. Mater. Chem. B 2015, 3, 4742-4755. [CrossRef]

Akiyoshi, K.; Kobayashi, S.; Shichibe, S.; Mix, D.; Baudys, M.; Kim, S.W.; Sunamoto, J. Self-assembled hydrogel nanoparticle of
cholesterol-bearing pullulan as a carrier of protein drugs: Complexation and stabilization of insulin. J. Control. Release 1998, 54,
313-320. [CrossRef] [PubMed]

Kimoto, T.; Shibuya, T.; Shiobara, S. Safety studies of a novel starch, pullulan: Chronic toxicity in rats and bacterial mutagenicity.
Food Chem. Toxicol. 1997, 35, 323-329. [CrossRef]

Na, K,; Bae, Y.H. Self-assembled hydrogel nanoparticles responsive to tumor extracellular pH from pullulan deriva-
tive/sulfonamide conjugate: Characterization, aggregation, and adriamycin release in vitro. Pharm. Res. 2002, 19, 681-688.
[CrossRef]

Shing, TK.M.; Cheng, H.M. Intramolecular Direct Aldol Reactions of Sugar Diketones: Syntheses of Valiolamine and Validoxy-
lamine G. Org. Lett. 2008, 10, 4137-4139. [CrossRef]

Saulis, A.S.; Mogford, J.H.; Mustoe, T.A. Effect of Mederma on Hypertrophic Scarring in the Rabbit Ear Model. Plast. Reconstr.
Surg. 2002, 110, 177-186. [CrossRef] [PubMed]

Darby, I.A.; Hewitson, T.D. Fibroblast Differentiation in Wound Healing and Fibrosis. Int. Rev. Cytol. 2007, 257, 143-179.
[CrossRef] [PubMed]

Prausnitz, M.R.; Mitragotri, S.; Langer, R. Current status and future potential of transdermal drug delivery. Nat. Rev. Drug Discov.
2008, 3, 115-124. [CrossRef] [PubMed]

Li, H.; Xue, Y,; Jia, B.; Bai, Y.; Zuo, Y.; Wang, S.; Zhao, Y.; Yang, W.; Tang, H. The preparation of hyaluronic acid grafted pullulan
polymers and their use in the formation of novel biocompatible wound healing film. Carbohydr. Polym. 2018, 188, 92-100.
[CrossRef] [PubMed]

Vora, L.K,; Courtenay, A.]J.; Tekko, I.; Larrafieta, E.; Donnelly, R.F. Pullulan-based dissolving microneedle arrays for enhanced
transdermal delivery of small and large biomolecules. Int. ]. Biol. Macromol. 2020, 146, 290-298. [CrossRef] [PubMed]

Atamas, S.P. Complex cytokine regulation of tissue fibrosis. Life Sci. 2002, 72, 631-643. [CrossRef]

Polera, N.; Badolato, M.; Perri, E; Carullo, G.; Aiello, F. Quercetin and its Natural Sources in Wound Healing Management. Curr.
Med. Chem. 2019, 26, 5825-5848. [CrossRef]

Chakraborty, A.].; Uddin, TM.; Zidan, B.R.; Mitra, S.; Das, R.; Nainu, F; Dhama, K.; Roy, A.; Hossain, J.; Khusro, A.; et al. Allium
cepa: A Treasure of Bioactive Phytochemicals with Prospective Health Benefits. Evid.-Based Complement. Altern. Med. 2022, 2022,
4586318. [CrossRef]

Karakaya, S.; Stintar, I; Yakinci, O.F; Sytar, O.; Ceribasi, S.; Dursunoglu, B.; Ozbek, H.; Guvenalp, Z. In vivo bioactivity assessment
on Epilobium species: A particular focus on Epilobium angustifolium and its components on enzymes connected with the healing
process. . Ethnopharmacol. 2020, 262, 113207. [CrossRef]

C)Zbilgin, S.; Acikara, B.; Akkol, E.K.; Stintar, I.; Keles, H.; Iscan, G.S. In vivo wound-healing activity of Euphorbia characias subsp.
wulfenii: Isolation and quantification of quercetin glycosides as bioactive compounds. J. Ethnopharmacol. 2018, 224, 400-408.
[CrossRef]

Mi, Y.; Zhong, L.; Lu, S.; Hu, P; Pan, Y.; Ma, X.; Yan, B.; Wei, Z.; Yang, G. Quercetin promotes cutaneous wound healing in mice
through Wnt/ 3-catenin signaling pathway. J. Ethnopharmacol. 2022, 290, 115066. [CrossRef] [PubMed]

Gailit, J.; Clark, R.A. Studies in Vitro on the Role of av and 1 Integrins in the Adhesion of Human Dermal Fibroblasts to
Provisional Matrix Proteins Fibronectin, Vitronectin, and Fibrinogen. ]. Investig. Dermatol. 1996, 106, 102-108. [CrossRef]
[PubMed]

Grinnell, F. Fibroblasts, myofibroblasts, and wound contraction. J. Cell Biol. 1994, 124, 401-404. [CrossRef] [PubMed]
Noszczyk, B.H.; Klein, E.; Holtkoetter, O.; Krieg, T.; Majewski, S. Integrin expression in the dermis during scar formation in
humans. Exp. Dermatol. 2002, 11, 311-318. [CrossRef]

Liu, S.; Kapoor, M.; Denton, C.P.; Abraham, D.J.; Leask, A. Loss of 31 integrin in mouse fibroblasts results in resistance to skin
scleroderma in a mouse model. Arthritis Rheum. 2009, 60, 2817-2821. [CrossRef]

Sayah, D.N.; Soo, C.; Shaw, W.W.; Watson, J.; Messadi, D.; Longaker, M.T.; Zhang, X.; Ting, K. Downregulation of Apoptosis-
Related Genes in Keloid Tissues. J. Surg. Res. 1999, 87, 209-216. [CrossRef]


https://doi.org/10.1016/j.ejmech.2020.112154
https://www.ncbi.nlm.nih.gov/pubmed/32092587
https://doi.org/10.1016/j.bjps.2014.04.011
https://www.ncbi.nlm.nih.gov/pubmed/24888226
https://doi.org/10.1111/dsu.0000000000000049
https://doi.org/10.1111/dsu.0000000000000050
https://www.ncbi.nlm.nih.gov/pubmed/25068544
https://doi.org/10.1007/s00253-003-1386-4
https://doi.org/10.1039/C5TB00408J
https://doi.org/10.1016/S0168-3659(98)00017-0
https://www.ncbi.nlm.nih.gov/pubmed/9766251
https://doi.org/10.1016/S0278-6915(97)00001-X
https://doi.org/10.1023/A:1015370532543
https://doi.org/10.1021/ol801889n
https://doi.org/10.1097/00006534-200207000-00029
https://www.ncbi.nlm.nih.gov/pubmed/12087249
https://doi.org/10.1016/s0074-7696(07)57004-x
https://www.ncbi.nlm.nih.gov/pubmed/17280897
https://doi.org/10.1038/nrd1304
https://www.ncbi.nlm.nih.gov/pubmed/15040576
https://doi.org/10.1016/j.carbpol.2018.01.102
https://www.ncbi.nlm.nih.gov/pubmed/29525177
https://doi.org/10.1016/j.ijbiomac.2019.12.184
https://www.ncbi.nlm.nih.gov/pubmed/31883883
https://doi.org/10.1016/S0024-3205(02)02299-3
https://doi.org/10.2174/0929867325666180713150626
https://doi.org/10.1155/2022/4586318
https://doi.org/10.1016/j.jep.2020.113207
https://doi.org/10.1016/j.jep.2018.06.015
https://doi.org/10.1016/j.jep.2022.115066
https://www.ncbi.nlm.nih.gov/pubmed/35122975
https://doi.org/10.1111/1523-1747.ep12328177
https://www.ncbi.nlm.nih.gov/pubmed/8592057
https://doi.org/10.1083/jcb.124.4.401
https://www.ncbi.nlm.nih.gov/pubmed/8106541
https://doi.org/10.1034/j.1600-0625.2002.110404.x
https://doi.org/10.1002/art.24801
https://doi.org/10.1006/jsre.1999.5761

Life 2023, 13,1781 16 of 16

47.

48.

49.

50.

51.

52.

Phan, T.-T.; Lim, L].; Chan, S.-Y,; Tan, E.-K,; Lee, S.-T.; Longaker, M.T. Suppression of Transforming Growth Factor Beta/Smad
Signaling in Keloid-Derived Fibroblasts by Quercetin: Implications for the Treatment of Excessive Scars. . Trauma 2004, 57,
1032-1037. [CrossRef]

Mehta, M.; Branford, O.A.; Rolfe, K.J. The evidence for natural therapeutics as potential anti-scarring agents in burn-related
scarring. Burn. Trauma 2016, 4, 15. [CrossRef]

Phan, T.-T.; Sun, L.; Bay, B.-H.; Chan, S.-Y,; Lee, S.-T. Dietary Compounds Inhibit Proliferation and Contraction of Keloid and
Hypertrophic Scar-Derived Fibroblasts In Vitro: Therapeutic implication for excessive scarring. J. Trauma 2003, 54, 1212-1224.
[CrossRef]

Hosnuter, M.; Payasli, C.; Isikdemir, A.; Tekerekoglu, B. The effects of onion extract on hypertrophic and keloid scars. ]. Wound
Care 2007, 16, 251-254. [CrossRef]

Cho, J.W,; Cho, S.Y; Lee, S.R; Lee, K.S. Onion extract and quercetin induce matrix metalloproteinase-1 in vitro and in vivo. Int. J.
Mol. Med. 2010, 25, 347-352. [CrossRef] [PubMed]

Phan, T.T.; Lim, L].; Sun, L.; Chan, S.Y; Bay, B.H.; Tan, EK; Lee, S.T. Quercetin inhibits fibronectin production by keloid-derived
fibroblasts. implication for the treatment of excessive scars. J. Dermatol. Sci. 2003, 33, 192-194. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1097/01.TA.0000114087.46566.EB
https://doi.org/10.1186/s41038-016-0040-1
https://doi.org/10.1097/01.TA.0000030630.72836.32
https://doi.org/10.12968/jowc.2007.16.6.27070
https://doi.org/10.3892/ijmm_00000351
https://www.ncbi.nlm.nih.gov/pubmed/20127038
https://doi.org/10.1016/j.jdermsci.2003.08.008
https://www.ncbi.nlm.nih.gov/pubmed/14643528

	Introduction 
	Materials and Methods 
	Study Design and Enrolled Population 
	Inclusion and Exclusion Criteria 
	Endpoints and Parameters Evaluated 
	Molecular Docking Simulations 
	Statistical Analysis 

	Results 
	Characteristics of Enrolled Subjects 
	Comparison of Clinimetric Scores 
	Molecular Docking Simulations of TbrI and TbrII Kinase Domains in Complex with Quercetin 

	Discussion 
	Study Limitation 
	Conclusions 
	References

