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Abstract: Physiological ageing due to the passing of time and prolonged exposure to harmful sun
rays generate wrinkles and reduce skin elasticity. These visible and clinical signs can be prevented or
reversed by known strategies, such as the daily use of cosmetic products with antioxidant combina-
tions or retinoids. A new dermocosmetic formulation enriched with a complex of retinoids, called
RETINOIDS SERUM, was investigated through in vitro assays using human skin cells. The experi-
ments were carried out to assess the anti-ageing activity in normal human dermal fibroblasts (NHDF)
and epidermal keratinocytes (HaCaT). After the preliminary MTT assay, the proliferation together
with the synthesis of collagen and elastin fibers was performed on NHDF cells after 24 h treatment
with the two non-cytotoxic concentrations. Using UVB-irradiated HaCaT cells, the measurement
of matrix metalloproteinase-1 (MMP-1) levels was also investigated. In vitro studies show that the
dermocosmetic product improves collagen and elastin synthesis and the renewal of dermal fibrob-
lasts. Moreover, a reduction in the MMP-1 secretion was also highlighted in UVB-irradiated HaCaT
cells. These results suggest that the cosmetic formulation containing functional compounds such as
retinoids can be useful to prevent the natural sign of ageing.
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1. Introduction

The skin, whose main role is to defend the body from external agents, presents also
an important role that cannot be underestimated: feeling young and healthy, which helps
in the social context [1]. However, this protection can be compromised with ageing due
to reduced epidermal thickness and increased in wrinkles and dryness. Skin ageing is a
complex biological process influenced by a combination of many factors related to intrinsic
events as genetics, hormonal changes and metabolic processes, whereas ultraviolet (UV)
radiation, pollution, or chemical exposure are more associated with environmental stressors
(extrinsic events). All these factors lead to gradual but cumulative alterations where the
formation of wrinkles, loss of elasticity, thinning of the skin, and roughness are some
examples. Almost all of them are correlated with reduced extracellular matrix (ECM)
proteins, especially collagen and elastin in the dermis [2,3]. Collagen fibers represent the
main component of ECM and they are responsible for the structural integrity and tensile
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strength of our body. Among 28 different types of collagens, types I and III are the most
represented in the skin, with about 90% and 10% of the total. This proportion changes with
age, highlighting a reduction approximately of 1.5% per year of the collagen produced
together with an increase in its fragmentation. As shown by Fischer and colleagues,
quantitative biochemical analysis showed that people with advanced age (80 years) had a
quantity of fragmented collagen 4.3 times greater than in younger people aged between 21
and 30 years (in the human dermis) in vivo [4]. Elastin has the main function of providing
elasticity to the tissues, being 10,000 times more flexible than collagen itself [5]. With ageing,
the number of elastin fibers is also reduced. In addition to the physiological decay, chronic
exposure to sunlight, in particular UV radiation, can cause a further worsening of the
normal functions and characteristics of the skin. Among solar radiations, UVB are the most
damaging rays, capable to induce DNA damage and the generation of excessive reactive
oxygen species (ROS) production. ROS induce the activation of the mitogen-activated
protein kinase (MAPK) cascade and the transcription factor named activator protein-1
(AP-1). The latter, in turn, regulates the transcription of metalloproteinases (MMPs), a large
and complex family of zinc-dependent endopeptidases, able to break down almost all of the
ECM components [6]. The MMPs can be classified according to their domains structure into
collagenases, gelatinases, stromelysins, and matrilysins. Among all MMPs, the interstitial
collagenase metalloproteinase-1 (MMP-1) is the most investigated. Its protease activity is
addressed towards type I and III of collagens and it is produced by epidermal keratinocytes
and dermal fibroblasts [7-9]. On the other side, many of these features are targets of
the majority anti-ageing application or procedures for research strategies pertaining to
the skin, from “anti-wrinkle creams” to various filling agents. It is noteworthy that the
topical application of cosmetic products supplemented with functional compounds as
antioxidant combinations or retinoids represents a valid way to contrast the signs of ageing.
In this study, the effects of RETINOIDS SERUM (Matex Lab Spa, Brindisi, Italy) were taken
under investigation for its innovative formulation enriched with vitamin A derivative
characterized by a 1% of a retinoids mix including 0.1% of retinol, 0.1% retinaldehyde,
and 1% of bioretinol. The retinoid class includes vitamin A (retinol), a 20-carbon molecule
characterized by a cyclohexenyl ring and an alcohol end group, and its synthetic and natural
derivatives (retinaldehyde, retinoic acid, and retinyl esters). Retinoids are required in many
cellular processes, such as cell growth and differentiation, apoptosis, inflammation, and
immune modulation. Many of their molecular mechanisms are mediated by the interaction
with specific cellular and nucleic acid receptors as the Cellular Retinoic Acid Binding
Protein (CRABP) types I and II [10]. In the skin, retinoids play a key role in inducing
keratinocyte cell differentiation with a reduction in epidermis cell adhesion and fibroblast
proliferation enhancing also collagen and elastin fibrils synthesis [11]. To demonstrate the
anti-ageing efficacy of the product containing the retinoids mix, in vitro experiments were
carried out in two of the most representative cell lines of the human skin: human dermal
fibroblasts to evaluate the proliferation and the production of collagen and elastin fibers
and epidermal keratinocytes to investigate the MMP-1 secretion after UVB-radiation.

2. Materials and Methods
2.1. Sample Preparation and Reagents

The functional product that was tested contained 1% of a retinoid mix (0.1% of retinol,
0.1% retinaldehyde, and 1% of bioretinol). To perform the experimental panel, the product
was solubilized at a concentration of 10 mg/mL in a specific culture medium for both cell
lines. All the chemical reagents used were provided from Merck (Darmstadt, Germany)
unless otherwise specified.

2.2. Cell Cultures and UV B Irradiation

Normal human dermal fibroblasts (NHDF, code CC-2511) were purchased from Lonza
(Basel, Switzerland), while human immortalized keratinocytes (HaCaT, code BS CL 168)
were provided by I.Z.L.E.R (Istituto Zooprofilattico della Lombardia e Emilia Romagna,
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Italy). Both cell lines were grown in a cell culture medium constituted by Dulbecco’s
Modified Eagle’s Medium (DMEM—Lonza, Basel, Switzerland) High Glucose with 10%
fetal bovine serum (FBS—Thermo Fisher Scientific, Monza, Italy) and 1% of L-glutamine
and antibiotics (penicillin G sodium and streptomycin sulfate—Lonza, Basel, Switzerland),
in conditions of complete sterility and maintained in incubation at 37 °C with 5% carbon
dioxide (CO,) atmosphere. For the irradiation protocol, cells were seeded in a 6-well plate
for 24 h and then the treatment with the product for further 24 h was performed. The day
after, cells were washed with phosphate buffer saline (PBS) and exposed to UVB lamp
(CAMAG® UV Lamp 4, wavelength 302 nm—Muttenz, Switzerland) with a dose equal to
5 m]/cm?. After irradiation, cells were maintained in a complete medium for a recovery
time of 24 h at 37 °C before cell supernatant recovery. Untreated cells were used as control
in all experimental sets.

2.3. Cytotoxicity Assay (MTT Test)

The preliminary cytotoxicity assay was performed using the MTT (3-[4,5-dimethylthia-
zol-2-yl]-2,5 diphenyl tetrazolium bromide) reagent [12]. NHDF and HaCaT cells were
homogeneously seeded in 96-well plates with a density equal to 2 x 10* cells per well. After
24 h, cells were treated with different concentrations of product, starting from 10 mg/mL
and following dilution (1:2 ratio), prepared directly in a complete culture medium for
NHDE, while, starting from 5 mg/mL and following dilution (1:2 ratio) in medium contain-
ing 0.5% FBS for HaCaT cells. After subsequent 24 h of treatment, plates were processed
with 50 uL of MTT solution (1 mg/mL) at 37 °C for 2 h. Afterwards, the supernatant was
discarded and 100 pL of isopropanol was added to each well. Absorbance was read at
560 nm using a microplate reader (Glomax®, Promega Corporation, Madison, WI, USA).
Cell survival was obtained by measuring the difference in optical density (OD) of the tested
product at all concentrations with respect to control (untreated cells).

Cell viability (%) = [OD570nm test product/OD570nm control] x 100 1

2.4. BrdU Incorporation Assay

To investigate the proliferation rate, a synthetic analogue of the pyrimidine deoxynu-
cleoside thymidine, the 5-bromo-2’-deoxyuridine (BrdU), was used. NHDF cells were
seeded on a coverslip into Petri dishes. After 24 h, the two non-cytotoxic concentrations of
the product were chosen to treat cells for other 24 h. Subsequently, cells were incubated
with BrdU during the last hour of culture and then fixed with 70% ethanol for 2 h at —20 °C.
After a fixation step, the samples were washed for 30 min with blocking solution, composed
of 0.4% Triton-X, 1% bovine serum albumin (BSA) in PBS, incubated first with anti-BrdU
antibody (clone B44—Becton Dickinson, Sunnyvale, CA, USA) for 1 h and then with a
FITC-conjugated antibody (Alexa Fluor 488—Thermo Fisher Scientific, Monza, Italy) for
30 min. At the end of the assay, coverslips were washed, counterstained for DNA with
Hoechst 33258, and mounted on microscope slides. Visualization was performed with
a Nikon Eclipse E400 fluorescence microscopy (Minato, Tokyo, Japan), equipped with a
Canon A590 IS camera.

2.5. Collagen Quantitative Analysis

The quantity of the collagen secreted by dermal fibroblasts was measured using a
colorimetric kit (Sircol™, Soluble Collagen Assay Kit—Biocolor Life Science, Carrickfergus,
UK). NHDF cells were homogeneously seeded with an 8 x 10* cells/well density in a 24-
well plate. After 48 h, two of the tested product concentrations proved to be non-cytotoxic
and presenting the best solubility in culture medium were chosen. The measurement of
collagen synthesis was performed following the manufacturer’s instructions. Briefly, at
the end of incubation, 200 uL of Tris-HCI pH 7.4 containing polyethylene glycol were
added to the recovered supernatant for the isolation and concentration of collagen, then
stored overnight at 4 °C. The day after, samples were centrifuged at 12,000 rpm and
incubated for 10 min with a Sircol dye reagent able to bind collagen. During this phase,
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the coloured complex that forms, tends to precipitate. After centrifugation (12,000 rpm for
10 min), a reagent containing sodium hydroxide 0.5 M, was added to solubilize the collagen
precipitated. Lastly, 200 pL of the sample were collected and placed into a 96 well-plate for
spectrophotometric OD reading at a wavelength of 555 nm (Multiskan, Thermo Scientific,
Waltham, MA, USA). The final concentration of collagen (1g/mL) was calculated using a
standard curve (0-10 ug/mL).

2.6. Elastin Quantitative Analysis

Total elastin, as x-elastin (soluble tropoelastin, lathyrogenic elastin and insoluble
elastin), was evaluated in NHDF cells after 24 h treatment, using a colorimetric kit (Fastin™,
Elastin Assay kit—Biocolor Life Science Assays, Carrickfergus, UK). For the preparation of
the assay, cells were homogeneously seeded in a 12-well plate at 1.8 x 10° and incubated
at 37 °C. After 48 h, the same concentrations chosen for the collagen test were used. At
the end of treatment, cells were detached with a cell dissociation solution and diluted 3:1
with 1 M oxalic acid (final concentration 0.25 M). Subsequently, samples were incubated at
95 £+ 5 °C for 1 h with intermittent mixing, and then the measurement of elastin produced
by each sample was performed following the manufacturer’s instructions.

2.7. Analysis of MMP-1 Expression

For the measurement of MMP-1 production, an ELISA kit (MMP-1 Human, Biotrak
ELISA System—Amersham, GE Healthcare, Buckinghamshire, UK) was used. HaCaT
cells were homogeneously seeded in 6-well plates and incubated at 37 °C. After 24 h, the
two highest concentrations of the product (0.313 and 0.625 mg/mL) demonstrated to be
non-cytotoxic after a preliminary MTT assay, were chosen to be tested in this assay. After
treatment and a rapid wash with PBS, cells were irradiated with a single sub-toxic UVB
dose (5 mJ/cm?) as a good MMPs stimulator and incubated at 37 °C with 5% CO, for
a further 24 h. UVB-irradiated cells were used as a positive control. Subsequently, cell
culture supernatants were collected and the concentration of MMP-1 in each sample was
determined by interpolation from a 4PL standard curve (6.25-100 ng/mL).

2.8. Statistical Analysis

Data are presented as mean =+ standard deviation (SD) of at least three independent ex-
periments performed in duplicate. Statistical significance was calculated in all experimental
sets using the One-way ANOVA followed by Fisher’s LSD multiple comparisons post-
test by the GraphPad Prism version 9.0.0 software (GraphPad Software, Inc., San Diego,
CA, USA) and differences with p values < 0.05 were considered statistically significant
compared to the relative controls.

3. Results
3.1. Evaluation of MTT Assay

MTT test was performed to study the cell viability of NHDF and HaCaT cells to select
the concentrations that do not cause a decrease in cell respiration exceeding 20%. NHDF
cells were treated with scalar concentrations of the product (0.625-10 mg/mL) for 24 h.
HaCaT cells were treated with scalar concentrations starting from 5 mg/mL (range tested
0.313-5 mg/mL) at 0.5% FBS, for 24 h. Figure 1 shows that increasing concentrations
of the product induce a dose-dependently reduction of cell viability. The first two non-
cytotoxic concentrations having a viability >80% were identified in 0.625 and 1.25 mg/mL
in NHDF cells (Figure 1A), whereas 0.313 and 0.625 mg/mL in HaCaT cells (Figure 1B).
These concentrations were then used for the subsequent experiments.
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Figure 1. Cell viability expressed as a percentage (mean =+ SD) after 24 h of treatment on NHDF
(A) and HaCaT cells (B) after treatment with the RETINOIDS SERUM compared to the control
(untreated cells) (n = 3, replicates = 3). Values of * p < 0.05 and ** p < 0.01 and *** p < 0.001 were
considered statistically significant.

3.2. Evaluation of Cell Proliferation

After cytotoxicity evaluation, the product was tested on dermal fibroblasts to evaluate
its proliferative capacity to promote cell renewal by the BrdU assay. NHDF cells were
treated with the two highest non-cytotoxic concentrations (0.625 and 1.25 mg/mL) for 24 h.
In Figure 2, treatment with the product showed a greater proliferative rate compared to
untreated cells (CTRL). After 24 h treatment with 0.625 mg/mL, the percentage of BrdU
positive cells was equal to 55.12% versus 38.46% of control cells, indicating a significant
increase of 43% (* p values < 0.05). A similar result was confirmed after treatment with the
highest concentration used of 1.25 mg/mL (+32% compared to untreated cells, * p values < 0.05).

3.3. Evaluation of Collagen Synthesis

Collagen is the main structural protein in connective tissue and fibroblasts are the cell
population most responsible for its synthesis. To evaluate the capability of the product
to modulate collagen production and therefore to perform its function as an anti-ageing
product, NHDF cells were treated with 0.625 and 1.25 mg/mL of the tested product.
Considering the different types of collagen found in the skin, a colorimetric assay capable
to measure collagens from types I to V produced in in vitro cell culture was performed.
The obtained results demonstrate that the product determines a significant increase in the
level of newly synthesized collagen equal to 230% and 386% after treatment with 0.625 and
1.25 mg/mL, respectively, compared to control (untreated cells) (Figure 3).
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Figure 2. Representative images of immunofluorescence BrdU assay (A) DNA is marked in blue
with Hoechst 33258 while BrdU is visible in green. (B) Quantitative assessment of BrdU positive
cells expressed as a percentage (mean + SD) compared to control after 24 h of treatment with the
RETINOIDS SERUM (0.625 and 1.25 mg/mL). Values of * p < 0.05 were considered statistically
significant compared to untreated cells (CTRL).
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Figure 3. Collagen levels expressed as pg/mL (mean + SD) after treatment with the RETINOIDS
SERUM compared to control (CTRL, untreated cells). Values of ** p < 0.01 and *** p < 0.001 were
considered statistically significant compared to CTRL (1 = 3, replicates = 2).

3.4. Evaluation of Elastin Synthesis

Together with collagen, elastin is the second principal component of ECM representing
2% of the dermis weight. Its role is closely linked to collagen fibers and it is mainly
responsible for the elasticity of the skin. After evaluating the production of new collagen in
normal human dermal fibroblasts, the synthesis of elastin was also investigated after 24 h
treatment with 0.625 and 1.25 mg/mL. As shown in Figure 4, treatment with the product
determines a significant increase in elastin levels. In particular, the amount of elastin
measured results to be statistically significant with an increase equal to 77% after treatment
with the highest concentration (1.25 mg/mL) of the tested product (** p values < 0.01).
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Figure 4. Elastin levels expressed as pg (mean =+ SD) after treatment with the RETINOIDS SERUM
compared to control (CTRL, untreated cells) in NHDF cells. Values of ** p < 0.01 were considered

statistically significant compared to CTRL (n = 3, replicates = 2).
3.5. Evaluation of MMP-1 Levels

Alterations in the expression of MMP-1 is correlated predominantly to skin photoaging.
The possible protection from MMP-1 production was investigated in HaCaT cells using
UVB as a source of irradiation. After 24 h treatment, HaCaT cells were treated with the
highest non-cytotoxic concentrations of 0.313 and 0.625 mg/mL and UVB irradiation.
As shown in Figure 5, the results demonstrated that UVB irradiation markedly increases
the MMP-1 production by 55% (*** p values < 0.001), compared to non-irradiated control
cells (CTRL). In UVB condition, treatment with the product at the two non-cytotoxic
concentrations induced a modest reduction of MMP-1 levels after 24 h, compared to the
positive control cells (UVB). In particular, it is possible to observe a significant reduction
of 24% and 31% after treatment with 0.313 and 0.625 mg/mL of the product, respectively
(** p values < 0.01).
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Figure 5. MMP-1 levels measured in ng/mL (mean + SD) after treatment with the RETINOIDS
SERUM at the concentrations of 0.313 and 0.625 mg/mL in HaCaT cells. CTRL: untreated cells; UVB:
irradiated cells. Values of ** p < 0.01 and *** p < 0.001 were considered statistically significant.

4. Discussion

The aesthetic condition of the skin is gaining importance over the years because of
its social impact. The appearance of expression lines that become with age deep wrinkles,
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loss of tone and elasticity of the skin, irregular pigmentation together with a reduction
in the thickness of the epidermis and dermis, represent the typical signs of skin-ageing.
All of these changes are induced by chronological ageing or can be accelerated by the
externals factor [13]. Several studies prove that a daily and constant use of cosmetic
products enriched with functional compounds, such as vitamins, can help to counteract
the signs of ageing and photoaging. In particular, in the last two decades, retinoids such
as vitamin A and its derivates, have been frequently added to cosmetic formulations.
All of them have important effects on skin cells: they can stimulate or maintain the skin
keratinocyte’s differentiation from the basal layer to the most superficial one, they are
fundamental in epidermal renewal both caused by normal skin turnover or in case of
injury, and they also influence the ECM composition. Several in vitro and in vivo studies
demonstrate the ability of retinol and its derivatives to penetrate across the epithelium
exerting a biological effect in keratinocyte cells differentiation, corneocyte exfoliation, and
regulating fibroblast proliferation in the dermis by angiogenesis, collagen and elastin
synthesis stimulation [14,15]. The retinoids receptor signaling mediated by the interaction
with specific nuclear receptors, such as retinoid X receptors (RXRs) and retinoic acid
receptors (RARs), increases the production of procollagen, thus leading to the synthesis of
new collagen and, at the same time, inhibits Matrix Metalloproteinases (MMPs) [16-22].
In addition, many articles show the potential effect of a new dermocosmetic containing
retinaldehyde (RAL), delta-tocopherol glucoside, and glycylglycine oleamide with in vitro
and clinical studies as well as the restoration and the improvement of the ECM complex
in UV-irradiated fibroblast models [23-27]. In our study, we investigated the in vitro
effects of a new formulation produced by Matex Lab Spa, containing vitamin A derivatives
in a mix that included 0.1% of retinol, 0.1% retinaldehyde, and 1% of bioretinol, using
human dermal fibroblasts (NHDF) and epidermal keratinocytes (HaCaT). First of all, the
viability on the selected cell models was evaluated by the MTT assay to identify the first
two non-cytotoxic concentrations to perform efficacy tests. The obtained results showed
0.625-1.25 mg/mL and 0.313-0.625 mg/mL for NHDF and HaCaT cells, respectively. The
different concentrations are the result of a different sensitivity of the two cell lines to the
RETINOIDS SERUM and to the reduced concentration of serum in the MTT performed
on HaCaT cells (0.5% FBS). Once the product’s concentrations to be tested were identified,
the efficacy tests were performed on the relevant cell lines. In order to verify the ability to
enhance the proliferation process, a 5-bromo-2'-deoxyuridine (BrdU) assay was performed
showing a statistical increase of the proliferative rate of NHDF cells after 24 h treatment
with the two non-cytotoxic concentrations (0.625 and 1.25 mg/mL). Since the proliferative
capacity of fibroblasts is frequently associated with the production of the ECM complex,
then we studied the serum effect on the synthesis of collagen and elastin proteins. Our
investigations showed that the product increased the secretion of these ECM components in
a significant way in dermal fibroblasts. At the same time, we focused on assessing the effect
of the dermocosmetic serum on human keratinocytes. In particular, we set up a photoaging
model induced by exposure to UV rays evaluating the matrix metalloproteinases (MMPs)
production by keratinocytes after UVB radiation. Among the MMPs, MMP-1 cleaves
fibrillary collagen type I which is the most present protein in the connective tissue of the
skin. Therefore, the photoprotective capacity of the serum was investigated through the
measurement of MMP-1 levels. The obtained results showed a marked and statistically
significant reduction of secreted MMP-1 in UVB-radiated HaCaT cells with the highest
tested concentration of 0.625 mg/mL.

5. Conclusions

Retinoids and derivatives are often used as cosmetic ingredients for anti-ageing
treatment and their effectiveness in complex formulas must be tested in appropriate
in vitro models. In our study we investigated the effectiveness of the RETINOIDS SERUM
as a retinoids-based formulation in the anti-ageing treatment, and collectively our data
demonstrated a notable effect on the main molecules involved in the ageing process,



Appl. Sci. 2021, 11,9992 90f 10

stimulating the collagen and elastin synthesis, and at the same time decreasing the MMP-1
production in NHDF and HaCaT cell models, respectively.
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