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Abstract
Background Atopic dermatitis is a multifactorial immune-mediated skin disorder characterized by an alteration of epidermal
barrier function and onset of skin lesions, which range from mild erythema to severe lichenification. Treatment consists in
hydration with possible use of topical or immunomodulatory corticosteroids, which, however sometimes showed side effects.
Recently, the interest in natural compounds has grown significantly and among these, hydroxytyrosol (HT) plays a pivotal role
due to its strong and well-known anti-inflammatory activity.
Objectives The aim of this study was to investigate the safety and efficacy of Fenolia® Eudermal Cream 15 (HT-based
formulation) on epidermal barrier impaired as consequence of skin injury.
Methods Whit this purpose, morphologic and structural as well as anti-inflammatory evaluations, after treatment with pro-
inflammatory mediators (PBS 1 X and LPS) and HT-based formulation on reconstructed human epidermis (RHE) were carried
out by qualitative (hematoxylin/eosin- and immunostaining) and quantitative (MTT assay, IL-1α and IL-8 release by ELISA)
techniques. Furthermore, HT absorption through the epidermal barrier was evaluated by RP-LC-DAD analysis.
Results A rise in the thickness of the epidermis as well as an appropriate maturation and protein expression (Loricrin, Fillagrin, E-
Cadherin and Cytokeratins 5&6) were detected in treated RHE samples. In particular, the HT-based formulation was found to
stimulate cell proliferation, as evidenced by the significant increase in Ki67 expression, which suggests the involvement of repair
mechanisms, increasing epithelial regeneration and differentiation and improving the epidermal barrier effect. Furthermore, HT-
based formulation showed a statistically significant anti-inflammatory activity by reducing both IL-1α and IL-8 release by RHE
tissues, greater than the reference drug dexamethasone. Finally, excellent transcutaneous absorption values were found for HT,
demonstrating how this new formulation increases the availability of the bioactive compound.
Conclusions In light of these results, Fenolia® Eudermal Cream 15 could be an effective agent to counteract atopic dermatitis.
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Abbreviations
AD atopic dermatitis
HT hydroxytyrosol
PBS phosphate buffered saline
MTT thiazoyl blue tetrazolium bromide
R P - L C -
DAD

reverse phase-liquid chromatography-diode ar-
ray detection

RHE reconstructed human epidermis
SMM skinethic maintenance medium
LPS lipopolysaccharides
H&E hematoxylin and eosin
RT room temperature
Papp apparent permeability coefficient
ANOVA one-way analysis of variance
SC stratum corneum
EVOO extra virgin olive oil

Introduction

Atopic dermatitis (AD) is the most prevalent chronic inflam-
matory disease in childhood, with an incidence of about 20%
[1]. Although it usually reverts spontaneously during adoles-
cence, it sometimes persists in adulthood (1–3%) and in some
cases even in the elderly [2–4]. The incidence in industrialized
countries is constantly increasing [5]. AD presents a chronic
relapsing course and a significant influence on patients’ qual-
ity of life [6]. Diagnosis is usually clinical, even though the
traditional criteria used for children are in some cases not
applicable to adults [4]. Furthermore, up to date, its physiopa-
thology has not been fully clarified [7, 8]. Usually, topical
treatment, including corticosteroids and calcineurin inhibitors
as well as emollient agents, is sufficient to obtain a good
remission [7]. In more severe cases, additional systemic treat-
ment is needed [9]. Cyclosporine A, methotrexate and azathi-
oprine as well as phototherapy are the mainstay for chronic
treatment, whereas corticosteroids are prescribed only for
acute exacerbations [7].

Recently, the role of some cytokines involved in the onset of
AD has been better clarified [10] leading to the introduction of
new drugs, in particular biological agents (e.g. dupilumab),
which act as mediators of the inflammatory response [7, 9,
11, 12].

In order to avoid treatment with conventional drugs, whose
effectiveness is sometimes controversial and may cause side
effects, researchers have recently focused their attention on
new formulations based on natural substances [9]. In particu-
lar, plants and their derived-products, already used in tradi-
tional medicine to counteract several skin disorders, have been
explored by studying the biological properties of one or more
representative molecules [13].

Olea europaea L. is one of the oldest cultivated trees on
earth [14]. Its fruit is mostly destined to olive oil production,

but it is also an important health-promoting factor in the
Mediterranean diet, having a several-century long folk medi-
cine tradition [15]. Since remote times, olive oil has been used
for medicinal and cosmetic purposes, e.g. by ancient Egyptians
to make creams and perfumes as well as by Romans to keep the
skin elastic after bathing [16]. Furthermore, in the Middle ages,
physician monks used it to make lotions for the treatment of
burns and skin infections [17].

Olive and olive oil are very rich sources of polyphenols with
interesting biological properties [18–20]. Medicinal properties
include prevention of cardiovascular diseases, metabolic syn-
drome, cancer, anti-inflammatory effects and wound healing
[21, 22]. In addition, both topical and dietary use of olive oil
are known to exert preventive action against skin ailments [16].
Beneficial effects for human health are mainly due to the major
secondary metabolite oleuropein, a heterosidic ester of β-
glycosylated eleanolic acid and hydroxytyrosol (HT), and to
other phenolics such as HT itself [18].

Lately, the latter one arousing a lot of interest due to its
potent antioxidant and free-radical scavenging properties as
well as for its strong anti-inflammatory activity [23].
Furthermore, it possess a strong antimicrobial capacity by
inhibiting the growth rate of several bacteria strains in humans
[23] which could be useful in fighting bacterial over infections
that often occur as a result of serious cutaneous diseases.
Several studies have been carried out to co-formulate HTwith
other substances, with the aim of improving its absorption and
effectiveness. For example, good permeation profiles through
the human stratum corneum (SC) and viable epidermis have
been reported for HTconjugated with fatty acids [24], while in
AD its co-administration with hydrocortisone in co-loaded
nanoparticles, produces anti-inflammatory and antioxidant ef-
fects [25]. Nevertheless, no one has ever thought to formulate
HT in its natural vehicle, the extra virgin olive oil (EVOO), for
dermatological purpose. The EVOO in fact has in itself mul-
tiple health properties especially as regards the skin. A natural
combination of honey, olive oil, and beeswax can reduce the
complications of diaper dermatitis, one of the most common
skin disorders in infants [26], and has been found useful in the
treatment of psoriasis [27]. Furthermore, in Italian traditional
medicine, in addition to the common use of olive oil as an
excellent emollient to restore and maintain skin integrity, other
topical uses have been reported such as the treatment of burns,
cracking, wounds, sores, acne, eczema, milk crust and insect
bites. [28]. Finally, a recent study showed that the delivery of
HT in EVOO enhances bioavailability of the bioactive com-
pound [22].

In light of this, the aim of the study was to evaluate the
safety and efficacy of a new HT-based topic formulation, con-
veyed in EVOO, on the epidermal barrier structure as well as
keratinocytes-promoted skin inflammation, which is associat-
ed with the onset of AD, by using an in vitro Reconstructed
Human Epidermis model.
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Materials and methods

Chemicals

Lipopolysaccharides from Escherichia coli O55:B5 (LPS), 3-
Hydroxytyrosol ≥98%, anti-Loricrin, anti-Filaggrin,
Phosphate buffered saline (PBS) 10X concentrate
BioPerformance Certified suitable for cell culture were pur-
chased from Sigma Aldrich (Saint Louis, MO, USA). Anti-
Cytokeratin 5&6 and anti-Ki67 were purchased from Ventana
Medical Systems (Oro Valley, AZ, USA). Anti-E cadherin
was purchased from Cell Marque (Merck KGaA,
Darmstadt). Thiazoyl blue tetrazolium bromide (MTT) ultra-
pure grade and dexamethasone were purchased from VWR
(Milan, Italy). Fenolia® Eudermal Cream 15 comprising an
olive extract titrated in HT (0.025%) and conveyed in organic
EVOO (15%) was purchased from P&P Farma (Turin, Italy).

Titration of the bioactive compound HT
in the semi-solid formulation

The HT titration was performed by a validated extraction pro-
cedure followed by RP-LC-DAD analysis according to
Smeriglio et al., [29]. Chromatographic separation was carried
out by Ascentis C18 column (150 × 4.6 mm, 5 μm) (Supelco,
Milan, Italy) using (A) CH3COOH 0.2% (pH 3.1) and (B)
methanol, as mobile phase, according to the following gradi-
ent elution: 0–2 min, 95% A; 2–10 min 75% A; 10–13 min,
95% A and equilibrated 2 min for a total run time of 15 min.
Injection volume was 20 μL, flow rate was set at 1.5 mL/min
and column ovenwas maintained at 25 °C. The temperature of
the auto-sampler was set at 4 °C and burnished glassware was
used for sample preparation to avoid any possible degradation
of the bioactive compound.

HTwas recognized comparing the retention time and rela-
tive UV-Vis spectra (range 190–400 nm) with that of the com-
mercially available standard and quantified at 280 nm by an
external standard calibration curve (range 20–320 μM).

In vitro model

In vitro Reconstructed Human Epidermis (RHE) of 0.33 cm2,
aged 17 days, was purchased by Episkin (Lyon Cedex,
France). This standardized model, histologically similar to
in vivo human epidermis, is constituted by normal human
keratinocytes cultured on an inert polycarbonate filter at the
air-liquid interface in a chemically characterised medium. The
tissue cultures were maintained in the incubator at 37 °C, 5%
CO2 and saturated humidity only for 48 h using SkinEthic
Maintenance Medium (SMM). The medium was changed af-
ter 24 h and the treatments started after overnight incubation.

Treatments

The following treatments, by using six replicates for
each one, were carried out for 24 h: i) Negative control
(SMM); ii) Positive control (Fenolia® Eudermal Cream
15); iii) IL-1α inflammation positive control (PBS 1X)
[30]; iv) IL-8 inflammation positive control (LPS
100 μg/mL); v) IL-1α anti-inflammatory positive con-
trol (PBS 1X + 10 μM Dexamethasone); vi) IL-8 anti-
inflammatory positive control (LPS 100 μg/mL + 10 μM
Dexamethasone); vii) IL-1α inflammation treatment +
HT-based formulation (PBS 1X + Fenolia® Eudermal
Cream 15); viii) IL-8 inflammation treatment + HT-
based formulat ion (LPS 100 μg/mL + Fenolia®
Eudermal Cream 15). A pre-treatment of 4 h was car-
ried out when inflammation was induced by PBS 1X
according to Matabuena-de Yzaguirre et al. [31].

Pro-inflammatory agents (PBS 1X and LPS 100 μg/mL)
were diluted in SMM and treatments were performed in
basolateral side while HT-based formulation necessary to cov-
er the entire surface (25 mg) was applied via a syringe to
standardize the topical application dosage on the apical side
of RHE model.

At the end of the experiments, the cell media were collected
and stored at −20 °C until analysis, while RHE tissues were
suitably processed for histological and immunohistochemical
studies as well as for cellular viability assay.

Histological and immunohistochemical studies

Sample preparation

In vitro RHE tissues were fixed in 10% buffered formalin for
72 h at 4 °C, subsequently placed in orienting tissue cassettes
(Securesette™ Thermo Scientific, UK) and routinely proc-
essed in paraffin on the same day. In consideration of the
potential problems in obtaining perfect orientation due to the
thin nature of the samples, great care was taken in optimal
tissue orientation during paraffin embedding with the help of
lens magnification. From each paraffin block, a 4 μm-thick
section was cut and stained with hematoxylin and eosin
(H&E) as tissue control. Further, five 4 μm-thick sections
were mounted on Superfrost Plus (Thermo Scientific,
Braunschweig, Germany) microscope slides for immunohis-
tochemistry [32].

Immunohistochemistry

Immunohistochemistry technique standardization was assured
by using the automated BenchMark Ultra immunostainer®
(Ventana Medical Systems, Arizona, USA). The system uses
the Ultraview universal DAB detection kit (Ventana Medical
Systems, Arizona, USA) which is a biotin free indirect
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method. Tissue sections were deparaffinised and rehydrated.
Endogenous peroxidase was blocked with 5% H2O2 for
10 min. Heat pre-treatment was carried out either by
Thermopad™ (Ventana Medical Systems, Arizona, USA) or
microwave with pH 6 citrate buffer as specified for each anti-
body. Enzymatic pre-treatment was performed with protease 1
with incubation time of 8 min. After immunostaining, slides
were counterstained with haematoxylin and cover slipped.

The following antibodies were used:

anti-Filaggrin, polyclonal, dilution 1:100, microwave
heat pre-treatment; this is a protein which is expressed
during transition from the granular to the cornified layers
and is a marker of epidermal differentiation;
anti-Loricrin, polyclonal, dilution 1:500, enzymatic pre-
treatment; this is a protein which is expressed mainly in
the upper granular layer as it is a precursor of the
cornified layer;
anti-Cytokeratin 5&6, ready to use, Thermopad ™ heat
pre-treatment 30 min; these are cytoskeleton proteins
found in the basal and spinous layers of epidermal
epithelium;
anti-E Cadherin, ready to use, Thermopad ™ heat pre-
treatment 64 min; this is a cell adhesion molecule
expressed on cell membranes in particular in the spinous
and granular layers;
anti-Ki67, ready to use, Thermopad™ heat pre-treatment
30 min; this is a nuclear protein expressed in all cells
which enter the proliferative cycle and in the normal epi-
dermis these are located in the basal layer.

Microscopic observations

All sections were evaluated simultaneously on the light mi-
croscope Olympus U-MDOB3 with Olympus camera DP70
(Olympus Corporation, Japan).

On the H&E sections, epidermal thickness (both with the
SC and without) was measured by using digital analysis with
the Leica DMD 108 digital microscope (Leica Microsystems,
Germany) which enables direct measurement in microns. The
final value was expressed as the mean of three different mea-
surements for each sample.

Immunoreactions were compared with the negative and
positive controls for all antibodies.

Ki67, which stains the nuclei of proliferating cells, was
counted in 1 linear mm using the Leica DMD 108 digital
microscope, in the area of highest expression.

MTT assay

Cellular viability was assessed by MTT assay, based on
the activity of mitochondrial dehydrogenases [33]. Stock

solution of MTT (5 mg/ml in PBS), was diluted
(1 mg/ml) in SMM, added (600 μL) to the basolateral
compartment of RHE tissues and incubated at 37 °C,
5% CO2, 95% humidified atmosphere, for 3 h. At the
end of the incubation time, the apical compartments
move on a new plate containing isopropanol (1.5 ml),
extracting for 2 h at room temperature (RT) under con-
stant and gentle agitation, in order to dissolve the
resulting formazan crystals. The optical density was
read at 570 nm by a Multiskan™ GO reader plate
(Thermo Fisher Scientific, Waltham, MA, USA).

Evaluation of the HT permeability

The quantification of HT permeated through the RHE
model, after topical application, was evaluated at the
end of experiments, by liquid-liquid extraction of the
cell medium with methanol (1:1, v/v) followed by RP-
LC-DAD analysis according to the method reported in
the section 2.2. Results were expressed as apparent per-
meability coefficient (Papp) by the following equation:

Papp 10−6cm=s
� � ¼ Q x A

t x A x C0

were Q is the amount of hydroxytrosol in cell medium
in function of time (t) expressed in μmol/s; A is the cell
tissue surface (cm2) and C0 is the concentration of HT
applied in the apical compartment (μM).

Immunodetection of IL-1 α and IL-8

The release of interleukins in cell medium was evaluat-
ed using the ELISA kit for IL-1α (Vinci-Biochem,
Firenze, Italy) and IL-8 (Vinci-Biochem, Firenze,
Italy), following the manufacturer’s instructions. The op-
tical density was read at 450 nm by a Multiskan™ GO
reader plate (Thermo Fisher Scientific, Waltham, MA,
USA) against the reference blank.

Statistical analysis

Results are expressed as average ± standard deviation
(S.D.) of six independent experiments in triplicate (n =
3) and analysed by one-way analysis of variance
(ANOVA). The significance of the difference from the
respective controls for each experimental test condition
was carried out using Tukey’s test for each paired ex-
periment considering a P ≤ 0.05 as stat ist ical ly
significant.
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Results and discussions

Morphological and immunohistochemical evaluations

Up to date, the role of HT in skin diseases has not been widely
investigated. In recent years, two are the most significant stud-
ies that considered HT as a promising molecule in the co-
treatment of AD. In both studies, a nanoparticles formulation
of HTand hydrocortisone (HC) was used. In the first one, this
new formulation, which was evaluated both in ex vivo than
in vivo models, significantly reduced the flux and permeation
coefficient of HC across full-thickness as well as it was able to
counteract efficiently the trans-epidermal water loss, intensity
of erythema and mild dermatitis [34]. Furthermore, a subse-
quent study revealed that this formulation was able to decrease
the cytokines release in serum and skin biopsies of tested mice
as well demonstrated also by histological findings [25].

In this study, all RHE samples showed normal stratification
with recognizable andwell-represented epidermal layers (basal,
spinous, granular and cornified) as highlighted by H&E stain-
ing (Fig. 1). Dexamethasone (Fig. 1c and g) and, even more,
Fenolia® Eudermal Cream 15-treated tissues (Fig. 1d and h)
showed an increase of epidermal thickness compared to nega-
tive controls (Fig. 1a and e). However, the comparison of the
treated-tissues with the inflammation positive controls (Fig. 1b
and f), shows that the inflammatory injury causes an abnormal
increase of the corneum layer (mostly in LPS-induced injury).
This event is relieved by the co-treatment with the reference
drug (Fig. c and g) as well as by HT-based formulation (Fig. 1d
and h) maintaining the physiological conditions (Fig. 1a and e).
This aspect is particularly important to counteract the phenom-
enon of lichenification, which occurs in chronic inflammatory
skin diseases such as AD [35]. As evidence of this, the treat-
ment with the HT-based formulation alone did not show any

statistically significant difference with respect to the negative
control, both as regards the morphological and immunohisto-
chemical evaluations (data not shown).

When assessing the epidermal thickness (with and without
the corneum layer) through morphological assessment, the
results previously described were confirmed (Table 1).
Regarding the evaluation of the RHE total thickness, a statis-
tically significant increase versus the negative control (SMM)
was found in the following treatments: PBS 1 X, LPS 100 μg/
mL, PBS 1X + Dexamethasone 10 μM, and LPS 100 μg/
mL + Fenolia® Eudermal Cream 15. Furthermore, a statisti-
cally significant decrease was found by comparing the PBS
1X + Fenolia® Eudermal Cream 15 treatment versus its pos-
itive control (PBS 1X). The same behavior was also observed
between the LPS treatment 100 μg/mL + Dexamethasone
10 μM as well as between LPS 100 μg/mL + Fenolia®
Eudermal Cream 15 and the respective positive control (LPS
100 μg/mL). From the evaluation of the RHE thickness with-
out the SC, all treatments remain statistically significant com-
pared to the negative control with the exclusion of PBS treat-
ment 1X + Fenolia® Eudermal Cream 15 (Table 1).
Furthermore, both co-treatments with the reference drug
(PBS 1X and LPS 100 μg/mL +Dexamethasone 10 μM) are
statistically significant compared to positive controls (PBS 1X
and LPS 100 μg/mL). The significance of the LPS treatment
100 μg/mL + Fenolia® Eudermal Cream 15 only in the first
evaluation (RHE total tickness) supports the hypothesis that
the HT-based formulation is particularly effective in
preventing the thickness increase of the SC, found in particu-
lar in the LPS-induced inflammation.

Regarding the expression of essential proteins for the orga-
nization and differentiation of epidermis, all RHE samples
express Loricrin, Fillagrin, E-Cadherin and Cytokeratins
5&6, detected by immunohistochemistry, showing that

Fig. 1 Histological sections stained with H&E. Negative control, SMM
(a and e); positive controls, PBS1X and LPS 100 μg/mL (b and f, respec-
tively); anti-inflammatory reference treatments, PBS 1X and LPS 100 μg/

mL +Dexamethasone 10 μM (c and g, respectively); HT-based formula-
tion treatments, PBS 1 X and LPS 100 μg/mL + Fenolia® Eudermal
Cream 15 (d and h, respectively) for 24 h. Scale bar: 50 μm
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epidermis maturation and protein expression in the different
layers is maintained and appropriate in location in both treated
and untreated samples (data not shown). The various mole-
cules are expressed in the basal or the upper granular and
cornified layers with differences in their expression associated
with the varying thicknesses of the layers according to treat-
ment. Significant differences in basal layer proliferation were
found using the anti-Ki67 antibodies (Fig. 2). In particular,
both PBS (Fig. 2b) and LPS (Fig. 2f) stimulate basal layer
proliferation when compared to the negative control (Fig. 2a
and e), but this effect decrease by the addition of
Dexamethasone (Fig. 2c and g). Concerning Fenolia®
Eudermal Cream 15, its use in addition to PBS 1X (Fig. 2d)
reduces proliferation similarly to the negative control (Fig.
2A) and Dexamethasone treatment (Fig. 2c). On the other
hand, LPS 100 μg/mL + Fenolia® Eudermal Cream 15 (Fig.
2h) improves cell proliferation more than twice with respect to
the LPS 100 μg/mL alone (Fig. 2f). In light of theMTT results
(Fig. 3), which showed that the HT-based formulation alone

did not induce any cell proliferation with results superimpos-
able to that of negative control, It is possible to speculate that
this effect is due to reparation mechanism in response to LPS-
induced inflammation injury.

Safety and efficacy evaluation by MTT assay

The positive inflammation controls (PBS 1X and LPS 100 μg/
mL) are able to reduce cell viability of 48.44 and 34.11% re-
spectively compared to the negative control, while no statisti-
cally significant difference was found for HT-based formula-
tion alone (Fig. 3). As we expected, the co-treatments with the
reference drug (PBS 1X and LPS 100 μg/mL +
Dexamethasone 10 μM) counteract this effect by reducing it
by 44.66 and 68.16%, respectively (Fig. 3). Interestingly, the
co-treatments with the HT-based formulation show cell viabil-
ity values comparable to those of the negative control (96.07
and 98.06%) (Fig. 3) highlighting how the formulation inves-
tigated showed a good tolerability and a greater efficacy than

Fig. 2 Histological sections immunostained with anti Ki67 antibody.
Negative control, SMM (a and e); positive controls, PBS1X and LPS
100 μg/Ml (b and f, respectively); anti-inflammatory reference treat-
ments, PBS 1X and LPS 100 μg/mL +Dexamethasone 10 μM (c and

g, respectively); HT-based formulation treatments, PBS 1 X and LPS
100 μg/mL + Fenolia® Eudermal Cream 15 (d and h, respectively) for
24 h. Scale bar: 50 μm

Table 1 Assessing of the epidermal thickness (with and without the corneum layer) and Ki67 expression by morphological evaluation

Treatments RHE total thickness (micron) RHE thickness w/o corneum layer (micron) Ki67/mm

SMM 92.67 ± 7.23 19.40 ± 1.01 7 ± 0.47

PBS 1X 122.00 ± 8.72* 32.73 ± 1.60# 15 ± 0.80#

LPS 100 μg/mL 168.00 ± 3.60# 42.53 ± 1.76# 12 ± 0.75#

PBS 1X + 10 μM Dexamethasone 119.00 ± 6.00* 37.97 ± 2.91# 7 ± 0.50δ

LPS 100 μg/mL + 10 μM Dexamethasone 88.00 ± 1.00φ 34.30 ± 1.37#§ 7 ± 0.53φ

PBS 1X + Fenolia® Eudermal Cream 15 104.67 ± 6.51ψ 27.50 ± 1.80*ψ 6 ± 0.20δ

LPS 100 μg/mL + Fenolia® Eudermal Cream 15 142.33 ± 8.74*§ 41.03 ± 2.99# 34 ± 0,80#φ

Results were expressed as mean ± standard deviation of three independent experiments (n = 3)

*P ≤ 0.05 vs SMM; # P ≤ 0.001 vs SMM; ψP ≤ 0.05 vs PBS 1 X; δP ≤ 0.001 vs PBS 1X; § P ≤ 0.05 vs LPS 100μg/mL; φP ≤ 0.001 vs LPS 100 μg/mL
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the reference drug (Dexamethasone) in counteracting PBS and
LPS-induced damage by increasing cell proliferation.

Transdermal absorbtion of HT

It is well known that HT is an amphiphilic molecule and this
property could promote the use of this bioactive compound as
well as its derivatives as part of topical compositions for phar-
maceutical or cosmetic purpose [36]. Permeation through the
skin is a central prerequisite for the topical delivery of bioac-
tive compounds. Indeed, the efficacy of a formulation contain-
ing a bioactive molecule derives from its ability to penetrate
the main skin barrier, the SC [37] which, for its nature, gen-
erally enhances the permeation of lipophilic compounds [38].

After the titration of the HT in the semi-solid formulation,
which was found to comply with the label (0.0252% ±
0.00015), percutaneous absorption experiments were carried
out. Results showed how the vehicle in which HT is con-
veyed, the EVOO, promotes the skin penetration. Indeed, a
good transdermal absorption (56%) of the bioactive com-
pound through the un-treated skin in 24 h, with a Papp of
6.48 10−6 cm/s (Fig. 4), was found. This value increases sig-
nificantly in the presence of an inflammatory stimulus (25.59
and 17.14% for PBS 1X and LPS 100 μg/mL, respectively),
enhancing the availability of the bioactive compound and con-
sequently the efficacy of the topic formulation (Fig. 4). It is
well known, that the inflammatory stimulus leads to barrier
dysfunction and the SC is the cell layer mainly involved.
Indeed, when lichenification phenomenon occurs, during in-
flammation process, leads to an impaired barrier function
mainly due to an increased trans-epidermal water loss and
decreased water-binding capacity due mainly to altered levels
of inter/intracellular components of the SC [39].

Anti-inflammatory activity evaluation

Researchers have recently focused their attention on natural
compounds and traditional remedies in order to treat skin dis-
eases for which there is no treatment of choice with conven-
tional drugs. The goal is to inhibit the inflammatory event
avoiding progression to the chronic stage. These investigations
represent the trigger point for cosmetics and dietary supple-
ments development [40, 41]. The olive leaves are esteemed
among the best plant complexes containing polyphenols such
as HT, tyrosol, caffeic acid and oleuropein with rather strong
anti-inflammatory activity [42]. These bioactive compounds
are abundant also in the olive fruit and consequently in
EVOO. Studies have shown that HT protects red blood cells
against oxidative damage [43]. Moreover, beyond its strong
antioxidant activity, HT is also known for its antimicrobial
efficacy, especially against S. aureus [44], and this plays a
pivotal role in all skin diseases, which could exacerbate in a
bacterial over-infection.

In this study, the anti-inflammatory activity of the HT-based
formulation was evaluated monitoring the IL-1α and IL-8 re-
lease by RHE model treated with pro-inflammatory agents.

Keratinocytes, in fact, due to the lesions-induced imbal-
ance, change its inactive state to a migratory, proliferative
and pro-inflammatory phenotype releasing pre-formed and
stored acute phase proteins [45].

PBS 1 X, being able to induce the IL-1α release, was used
to induce an alteration of the epidermal barrier and to investi-
gate the presence of any association between the epithelium
integrity and swelling. IL-1α is a pleiotropic cytokine in-
volved in inflammation, immune response, and hematopoie-
sis; so it increases in response to cell damage, leading to apo-
ptosis [46]. The keratinocyte-derived IL-1α could act as a

Fig. 3 Cell viability (%)
estimated by the MTT assay:
negative control (SMM), positive
control (Fenolia® Eudermal
Cream 15), pro-inflammatory
positive controls (PBS 1X and
LPS 100 μg/mL), anti-
inflammatory reference treat-
ments (PBS 1X and LPS 100 μg/
mL+Dexamethasone 10μM) and
HT-based formulation treatments
(PBS 1 X and LPS 100 μg/mL+
Fenolia® Eudermal Cream 15)
for 24 h. *P ≤ 0.001 vs SMM;
**P ≤ 0.05 vs SMM; § P ≤ 0.001
vs PBS 1X; # P ≤ 0.05 vs LPS
100 μg/mL
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paracrine and autocrine mediator. In the first case, it
induces proliferation of adjacent fibroblasts, synthesis
of collagen and release of pro-inflammatory cytokines
like IL-6 other than expression of intracellular adhesion
molecules on endothelial cells. On the other hand, the
autocrine signaling promotes the synthesis and release
of IL-6, IL-8 and TNF-α [45].

LPS 100 μg/mL was used, instead, to directly induce the
IL-8 release, a chemotactic agent, involved in the attraction
and activation of immune cells, synthesized by keratinocytes
after an inflammatory stimulus [47]. This cytokine is highly
expressed in keratinocytes where plays, with IL-1α, a pivotal
role in the initial inflammatory phase triggered by the innate
immune system [45].

Fig. 4 Evaluation of the HT
permeability through the RHE
model after topical treatment with
Fenolia® Eudermal Cream 15 in
absence or in presence of the pro-
inflammatory stimuli (PBS 1X or
LPS 100 μg/mL). Results were
expressed as Papp. *P ≤ 0.001 vs
HT-based formulation alone

Fig. 5 IL-1α (a) and IL-8 (b) re-
lease by negative control (SMM),
positive control (Fenolia®
Eudermal Cream 15), pro-
inflammatory positive controls
(PBS 1X and LPS 100 μg/mL,
respectively), anti-inflammatory
reference treatments (PBS 1X or
LPS 100 μg/mL +
Dexamethasone 10 μM) and HT-
based formulation treatments
(PBS 1X or LPS 100 μg/mL +
Fenolia® Eudermal Cream 15)
for 24 h. *P ≤ 0.001 vs pro-
inflammatory positive control
(PBS 1X and LPS 100 μg/mL,
respectively)
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The HT-based formulation alone did not show any pro-
inflammatory effect showing an IL-1α and IL-8 release com-
parable with those of the respective negative controls (Fig. 5).
The pro-inflammatory agents (PBS 1X and LPS 100 μg/mL)
induce a statistically significant increase (P < 0.001) of the
interleukins release by RHE model (Fig. 5) according also to
the previous MTT results, which showed a cell viability de-
crease of 34.11 and 48.44%, respectively (Fig. 3). However, in
both cases the co-treatment with the reference drug
(Dexamethasone) and HT-based formulation were able to
counteract these pro-inflammatory effects in a statistically sig-
nificant manner (P < 0.001) (Fig. 5). In addition, surprisingly,
the HT-based formulation showed, in both cases, the best anti-
inflammatory activity against inflammatory damage (IL-1α
and IL-8 decrease of 42.30 and 45.97%, respectively) with
respect to the reference drug Dexamethasone (IL-1α and IL-
8 decrease of 28.45 and 28.01%, respectively) (Fig. 5).

A similar behavior was already observed in two previous
studies carried out on a topical formulation [31, 48]. In that
cases, investigated topical formulation exhibited strong anti-
inflammatory activity also with respect to the reference drug
(Dexamethasone), especially concerning the IL-1α while no
statistically significant difference has been observed with re-
spect to IL-8 release [31].

However, studies evaluating the in vitro efficacy of topical
formulations on skin diseases are few since they mainly focus
on isolated bioactive compounds.

The effectiveness of this new formulation could be
ascribed certainly to its active ingredient HT, a molecule
with well-known anti-inflammatory activity, as already
demonstrated in other in vitro models such as neuroin-
flammation [49] or human hepatoma in Hep3B and
HepG2 cell lines [50].

Furthermore, HT was able to reduce, in a dose-
dependent manner, the IL-8 gene expression in human
dermal fibroblasts exposed to UVA radiation [51] as well
as to decrease the pro-inflammatory IL-1α mRNA levels
in LPS-treated murine macrophages [52]. It is well-know
that HT exerts its anti-inflammatory effects through atten-
uating signalling cascades, including NF-kb pathway, in-
volved in the onset and progression of a wide range of
chronic diseases [53]. In endothelial cells treated with
phorbol myristate acetate, for example, HT was able to
reduce the activated levels of NF-kb [53] as well as, in
another cellular study, its DNA-binding activity [54].
Furthermore, HT is able to prevent the nuclear transloca-
tion of NF-kb in neuronal cells exposed to β-amyloid, a
peptide strongly implicated in the pathogenesis of
Alzheimer disease [55]. Consequently, the HT inhibits
the expression of genes encoding inflammatory mediators
and cells stimulated by pro-inflammatory agents do not
respond, as it should occur physiologically, because HT
prevents the secretion of key inflammatory cytokines [44].

However, despite the proven anti-inflammatory activity of
HT, a possible synergistic effect with the EVOO polyphenols,
cannot be excluded. Indeed, they could improve the HTabsorp-
tion, as already demonstrated by a clinical study in which great-
er bioavailability of the same, so conveyed, was found [22].

Conclusions

This preliminary study demonstrates that Fenolia® Eudermal
Cream 15 could be notably effective in mild AD and early stages
of a moderate/severe illness improving the epidermal barrier ef-
fect and preventing inflammation by activating reparation
processes.

RHE model has proven a useful screening tool for evaluating
specific features of the epidermal pathophysiology particularly
with respect to the ethical limits for the use of animal models in
research as well as for the difficulty in translating results from
animals to humans [56]. However, the lack of fibroblasts, im-
mune cells and nerve endings remains one of themain limitations
of this RHE model and further in vitro co-culture and clinical
studies will be necessary to confirm the hypothesis postulated.
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