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Abstract: Phytomelatonin (PM) gained the greatest interest for its application in agriculture and its use
to improve human health conditions. PM based supplement has been shown to possess antioxidant
capabilities because it functions as a free radical scavenger. Reactive Oxygen Species (ROS), induced
by both intrinsic (peroxide production) and extrinsic (UV-radiation) factors are biochemical mediators
crucial in skin aging. Skin aging is also regulated by specific microRNAs (miRs). Herein we have
shown the effect of PM free radical scavengers on the human keratinocyte cell line HaCat and on
ROS formation induced by both extrinsic and intrinsic factors as well as their capability to positively
modulate a member of the hsa-miR-29 family linked to aging. Our result highlights the regulatory
role of PM for the keratinocytes homeostasis.
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1. Introduction

Phytomelatonin (PM) is a plant derivative, also called N-acetyl-5-methoxytryptamine, known to
be synthesized by plants in hard climate conditions. PM plant distribution is ubiquitous and in different
parts of plants, including the leaves, roots, fruits, and seeds [1]. At the moment, two different aspects of
PM have gained the greatest interest: (i) its application in agriculture; and (ii) its use to improve human
health conditions. Indeed, PM and melatonin share both chemical structure and biological properties.
Amongst these properties is the capability to act as an antioxidant and to function as a free radical
scavenger [1]. Recent data clearly indicate that supplementation in PM with nutraceuticals is related
to an increase in serum antioxidant capability [2,3]. Antioxidant defense against Reactive Oxygen
Species (ROS) are biochemical mediators crucial in the skin aging. In fact, previous studies have
pointed out that continuous exposure to ROS can stimulate through the antioxidant system destruction,
melanogenesis, wrinkle formation and skin aging [4]. The skin aging process can be induced by
intrinsic and extrinsic factors. This latter is due to the environment, as exposure to ultraviolet (UV)
radiation contributes to up to 80% to skin aging [5]. Intrinsic skin aging occurs because of cumulative
endogenous damage due to the continual formation of ROS which is also essential for biological
functions [6,7]. Therefore, they are generated constantly during normal cellular metabolism and are
typically eliminated from the body through the antioxidant defense system [7]. Indeed, antioxidant
defense system dysfunction and the imbalance between ROS formation and removal can cause cells
damage by free radical reactions. MicroRNAs (miRs) as biomarkers of pathology (mainly in cancer)
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and regulators of gene expression have been well recognized from end to end of abundant publications
over the last 10 years [8]. Their role in the aging process and the oxidative stress is emerging [9].
Amongst these miRs, the physiological role of the hsa-miR-29 family in the control of cell-extracellular
matrix and aging is very interesting [9–11].

Herein we have shown the effect of PM free radical scavengers on the human keratinocyte cell line
HaCat and on ROS formation induced by both extrinsic and intrinsic factors, as well as their capability
on a member of hsa-miR-29 family linked to aging.

2. Materials and Methods

2.1. Phytometonin Exctraction and Cell Culture

Phytomelatonin oil (PM) obtained from EFFEGI LAB Srl was solubilized in several organic
solvents e.g., -dimethyl sulfoxide; -ethyl glycol; -acetonitril; -diethyl glycol at 1:1 and 1:10 dilutions.
Moreover, -propylene glycol and -glycerol were also tested at at 1:1 and 1:2 dilutions without success.
Positive results were achieved by 1,2-dimethoxyethane at both 1:1 and 1:10 dilutions but when it was
added to the culture media, after 30 min a phase separation was observed. Therefore, PM oil was
extracted in ethyl acetate and then lyophilized and re-dissolved in DMSO and used as weight/volume.

The human immortalized keratinocyte cell line, HaCaT, were grown in 25 cm2 flask (Bibby,
Milan, Italy). Cells were cultured at 37 ◦C, 5% CO2, in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and 1% antibiotics (10,000 µg/mL streptomycin and
10,000 units/mL penicillin). The cells number was estimated with a Burker camera. For each treatment,
cells were plated in a 96 and or 24 well plate or in 100-mm polystyrene dish (Falcon, Becton-Dickinson,
Lincoln Park, NJ, USA).

2.2. Cell Viability Assay

Cell viability was determined by the MTT assay, measuring the reduction of 3-(4,5-dimethylthiasol-
2-yl)-2,4,-diphenyltetrazolium bromide (MTT) by mitochondrial succinate dehydrogenase, as previously
described [12]. The MTT enters the cells and passes into the mitochondria where it is reduced to an
insoluble, colored, formazan product. The amount of color produced is directly proportional to the
number of viable cells. HaCat cells were incubated with a different amount of PM (from 0 to 200 µg) in
96-well-plates for 24 h. At the time of assay, MTT (10 µL, 5 mg/mL in PBS) was added to each well and
incubated for 3 h at 37 ◦C. The medium was then carefully aspirated, and DMSO (100 µL) was added
to solubilize the colored formazan product, agitating the plates for 5 min on a shaker. The absorbance
of each well was measured with a microtiter plate reader (Synergy H1 by BioTeck). The optical density
(OD) was calculated as the difference between the absorbance at the reference wavelength (690 nm)
and the absorbance at the test wavelength (570 nm). Percent viability was calculated as (OD of treated
sample/OD of control) ×100.

2.3. DAPI and Fluorescent Staining

Change in morphology for nuclei and cytoskeleton remodeling were assessed by 4,6-diamidino-
2-phenylindole (DAPI) and phalloidin. HaCat cells were grown on a cover glass lip into 24 well plate
and treated with PM at 10 µg for 24 h. The cells were then fixed in 4% paraformaldehyde and the
fluorescence was imaged using confocal FV-3000 Olympus microscope (Tokyo, Japan). For measuring
intracellular ROS and mitochondrial membrane potential (MMP), PM pre-treatment at 10 µg for 6 h
was performed. Then, 5 µM of CellRox Deep Red (λ = ex/em = 640/665) dye was added after H2O2

500 µM exposure and incubated for further 30 min. Then, cells were exposed to UV for 30 min and
mitochondrial membrane potential was assessed by adding 2 µM MitoTracker Red CMXRos dye
(λ = ex/em = 579/599) for further 15 min (outside the UV lamp). The cells were then fixed in 4%
paraformaldehyde and the fluorescence was imaged using confocal FV-3000 Olympus microscope and
Leica DVM6 microscope (Wetzlar, Germany), respectively.
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2.4. MicroRNAs Extraction and Loop Primer Method

MicroRNA was isolated using a PureLink™ miRNA Isolation Kit (K1570-01 Ambion by Life
Technologies, Waltham, Massachusetts, U.S.) as already described [13]. The quantification of miRNA
was performed with a method termed looped primer RT-PCR, following the protocol. Initially,
10 ng of total RNA was subjected to reverse transcription polymerase chain reaction using the
TaqMan MicroRNA Reverse Transcription kit (Thermo Fisher Scientific, Waltham, Massachusetts,
U.S.), according to the manufacturer’s protocol. The thermocycling conditions were: 30 min at 16 ◦C,
followed by 30 min at 42 ◦C, 5 min at 85 ◦C and 5 min at 4 ◦C.

2.5. Quantitative Real Time PCR (qRT-PCR)

The quantitative real-time polymerase chain reaction (qRT-PCR) was performed using TaqMan
Universal PCR Master Mix Kit (Thermo Fisher Scientific, Waltham, Massachusetts, U.S.) according
to the manufacturer’s protocol and the equipment QuantumStudio3TM Real-Time PCR Systems.
The thermocycling conditions were: 95 ◦C for 10 min, and 40 cycles of 15 s at 95 ◦C, followed by 1 min
at 60 ◦C. After finalization of the qRT-PCR experiments, the average values of the cycle threshold (Ct)
of the reactions in triplicate were determined. The relative expression of the miR target was plotted as
follows: 40 total qRT-PCR cycle -Ct target miR. This difference (∆ct) was plotted directly as already
described [14].

2.6. In Silico Analysis for Predicted Target Genes

In order to identify genes as the target of the hsa-miR tested, we performed in silico analysis.
The in silico identification of the target genes was performed using miRWalk, miRDB, and miR target
link human databases as well as a string database.

2.7. Statistical Analysis

Data were analyzed using the ANOVA method followed by the Bonferroni’s test. The differences
were considered significant for values of P < 0.05 (*) P < 0.01 (**) and P < 0.001 (***).

3. Results and Discussion

Melatonin is an evolutionary ancient hormone that belongs to both, animals and plants. Although
they have the same chemical structure, the hormone present in the latter is indicated as phytomelatonin
(PM). At present, in the cosmetic industry phytochemicals are widely used [15], while phyto-stem-cells
and phytohormones application is an emerging field [16]. In this view herein we tested the effect of
PM on human keratinocytes cell biology. As shown in Figure 1, the exposure of cell culture to five and
200 µg of PM did not affect cell viability compared to the control (DMSO-vehicle). Instead a significant
increase of cell viability was observed in HaCaT cell line treated with PM in the range between 10 to
50 µg.

Our results revealed that this compound affected cell viability in a dose-response fashion and
strongly suggested the involvement of the receptor mechanisms. Indeed, the higher amount used at
200 µg drastically decreased cell viability. This mechanism was probably due to the melatoninergic
receptors (MTRs) desensitization [17]. Likewise, the dose of 5 µg was unable to activate MTRs. Based
on our results, the dose chosen for the other in vitro test was 10 µg of PM.

Cytoskeletal remodeling and keratinocytes terminal differentiation are markers of skin
regeneration [18]. In this view, evaluation of cell morphology was assessed by fluorescence microscopy.
Change in cell morphology gaging cytoskeletal remodeling and nuclear lobe formation was tested by
phalloidin-stained F-actin and DAPI, respectively. In Figure 2, keratinocytes cultured without (Panel
A) and with PM (Panel B) cytoskeletal remodeling was observed. The yellow arrows in Figure 2 panel
A indicate that the F actin filaments show a centromedian cellular localization. In the presence of
PM for 24 h, the isoform F of the actin show a cortical localization near to the plasma membrane as
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indicated with the white arrows (Panel B). Terminal differentiation of keratinocytes was assessed by
changes in nuclear morphology. The lobed (half-moon) nucleus are typical of terminal differentiation.
In the presence of PM for 24 h, a significant number of lobed nuclei are shown by orange arrows (Panel
D) compared to the control (Panel C). Indeed, in our set of experiments PM induced a re-localization of
isoform F of the actin near to the plasma membrane as well as lobed (half-moon) nucleus shape typical
of terminal differentiation.
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Figure 1. Dose response of phytomelatonin (PM) in human keratinocytes cell viability. A significant
increase of the cell vitality was appreciated when exposed to PM in the range between 10 to 50 µg
(*** P < 0.0001) and at 100 µg (* P < 0.05) compared to the control (DMSO-vehicle).Cosmetics 2018, 5, x FOR PEER REVIEW  5 of 9 

 

 
Figure 2. Cytoskeletal remodeling and nuclear lobe formation upon PM. Representative images of 
phalloidin-stained F-actin in keratinocytes cultured without (A) and with PM (B) for 24 hours (n = 3 
independent experiments). Scale bars: 20 μm. Representative images of DAPI-stained nuclei 
keratinocytes cultured without (C) and with PM (D) for 24 hours (n = 3 independent experiments). 
Scale bars: 20 μm. 

A crucial aspect of skin aging promotion is the role played by both ROS generation (intrinsic 
aging factor) and UV exposure which leads to ROS production (extrinsic and intrinsic aging factors) 
[19]. It is well known that the formation of ROS takes place predominantly on mitochondria and that 
mitochondrial membrane potential (MMP) upon UV radiation is impaired generating free radicals 
[20].  

In this concern, the estimation of MMP which lead to ROS generation was performed by 
fluorescence microscopy. The red-fluorescent MitoTracker Red CMXRos dye stains mitochondria in 
live cells and its accumulation dependent by MMP. The keratinocytes were treated for 6 hours with 
10 μg PM. As shown in Figure 3, the exposure of the HaCaT cell line to 10 μg PM induced a significant 
decrease in the mitochondrial membrane potential (Panel B) compared to control cultures (Panel A) 
when exposed to a UV lamp at 254 nm (UVC spectrum to avoid vitamin D synthesis). In Panel C, 
graph box plot of red dots pixel analysis (***P = 0.0002) is shown.  

The physiological processes due to mitochondrial activity can synergize with intracellular ROS, 
thus inducing cellular aging [20,21].  

Therefore, we further evaluated the intracellular reactive oxygen species (intROS) formation, 
treating keratinocytes for 6 hours with 10 μg of PM and then exposing the cellular layer to H2O2 500 
μM for 30 minutes. The specific dye CellRox Deep Red revealed that PM significantly decreased 
intROS formation, as shown in Figure 3 Panel E, compared to the control counterpart (Panel D), 
suggesting a potent scavenging action of PM. In Panel F, a graph box plot of deep-red dots pixel 
analysis (***P = 0.0002) is shown.  

Figure 2. Cytoskeletal remodeling and nuclear lobe formation upon PM. Representative images
of phalloidin-stained F-actin in keratinocytes cultured without (A) and with PM (B) for 24 h (n = 3
independent experiments). Scale bars: 20 µm. Representative images of DAPI-stained nuclei
keratinocytes cultured without (C) and with PM (D) for 24 h (n = 3 independent experiments). Scale
bars: 20 µm.

A crucial aspect of skin aging promotion is the role played by both ROS generation (intrinsic aging
factor) and UV exposure which leads to ROS production (extrinsic and intrinsic aging factors) [19].
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It is well known that the formation of ROS takes place predominantly on mitochondria and that
mitochondrial membrane potential (MMP) upon UV radiation is impaired generating free radicals [20].

In this concern, the estimation of MMP which lead to ROS generation was performed by
fluorescence microscopy. The red-fluorescent MitoTracker Red CMXRos dye stains mitochondria
in live cells and its accumulation dependent by MMP. The keratinocytes were treated for 6 h with
10 µg PM. As shown in Figure 3, the exposure of the HaCaT cell line to 10 µg PM induced a significant
decrease in the mitochondrial membrane potential (Panel B) compared to control cultures (Panel A)
when exposed to a UV lamp at 254 nm (UVC spectrum to avoid vitamin D synthesis). In Panel C,
graph box plot of red dots pixel analysis (*** P = 0.0002) is shown.Cosmetics 2018, 5, x FOR PEER REVIEW  6 of 9 
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PM 24-hour treatment was about 50%.  

As a result, we showed the effect of PM on the increase of hsa-miR-29a-3p, which is able to 
counteract the aging process [11]. 

In order to predict the target genes of hsa-miR-29a-3p and identify possible genes involved in 
keratinocytes homeostasis, we used three different tools. Eighty predicted target genes were found 
for hsa-miR-29a-3p. Of these, the genes linked to keratinocytes homeostasis were chosen, as shown 
in Table 1 using miR target link.  

Table 1. Validated target genes with high score interaction linked to keratinocytes homeostasis for 
hsa-miR-29a-3p according to the miR target link database. 

Target Gene Gene Name miRTarBase ID 
MMP2 matrix metallopeptidase 2 MIRT053580 
LOX lysyl oxidase MIRT437550 

The in silico analysis, revealed that validated hsa-miR-29a-3p target genes are involved in 
keratinocyte homeostasis. The genes affected by this miR were mainly two: i) MMP2 (collagenase 
type 2 or matrix metallopeptidase 2) and ii) LOX (lysyl oxidase).  

Figure 3. Mitochondrial membrane potential and intracellular reactive oxygen species (ROS) upon PM.
Representative images of mitochondrial membrane potential (MMP) stained in keratinocytes cultured
without (A) and on 10 µg of PM (B) for 24 h. Scale bars: 20 µm (C). Quantification of the average
cell area pixel for red staining keratinocytes. Data in C represent mean ± sd of n = 3 independent
experiments (*** P = 0.0002). Representative images of intROS stained in keratinocytes cultured without
(D) and on 10 µg of PM (E) for 24 h. Scale bars: 20 µm. (F) Quantification of average cell area pixel
for deep red staining keratinocytes. Data in F represent mean ± sd of n = 3 independent experiments
(*** P = 0.0002).

The physiological processes due to mitochondrial activity can synergize with intracellular ROS,
thus inducing cellular aging [20,21].

Therefore, we further evaluated the intracellular reactive oxygen species (intROS) formation,
treating keratinocytes for 6 h with 10 µg of PM and then exposing the cellular layer to H2O2 500 µM for
30 min. The specific dye CellRox Deep Red revealed that PM significantly decreased intROS formation,
as shown in Figure 3 Panel E, compared to the control counterpart (Panel D), suggesting a potent
scavenging action of PM. In Panel F, a graph box plot of deep-red dots pixel analysis (*** P = 0.0002)
is shown.

Thus, as well as acting on cytoskeletal remodeling and keratinocytes terminal differentiation,
which indicate skin regeneration [22], in our set of experiments PM was able to counteract both extrinsic
and intrinsic insult acting as a free radical scavenger.

The antioxidant defense system dysfunction and imbalance between ROS formation and removal
can cause cells to influence gene expression, a process in which microRNAs (miRs) are well recognized
to be crucial regulators [8].

The involvement of MiRs in the aging process and oxidative stress is emerging [9] and the role
of the hsa-miR-29 family in the control of cell-extracellular matrix, aging and skin regeneration is
exciting [9–11,22].
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In this concern, using qRT-PCR analysis revealed low levels of hsa-miR-29a-3p in the control
samples compared to in PM treated ones. As shown in Figure 4 Panel A, the increase of this miR upon
PM 24-hour treatment was about 50%.

Cosmetics 2018, 5, x FOR PEER REVIEW  7 of 9 

 

The physical interactions between miR and the mRNAs and string protein interactions, both 
experimentally validated, are depicted in Figure 4 Panels A and B, respectively. The target matrix 
metalloproteinase (MMP) 2 gene is very interesting.  

 
Figure 4. PM induce hsa-miR29-3p expression (A) has-miR-29a-3p expression without and with PM 
and its mRNAs interaction. (B) String data protein MMP2 and LOX interactions. 

MMPs are collagenase able to degrade collagen and elastin fibers in the connective tissue of the 
skin. In effect, collagen and elastin degradation has been reported through both, MMP-1 and MMP-
2 [23].  

Likewise, excessive ROS generation by both intrinsic or extrinsic factors leads to DNA damage 
in normal cells and an increase of the MMP level, which can promote skin aging [23].  

Besides that, this miR is able to target also the lysyl oxidase (LOX) enzyme that strongly impairs 
terminal differentiation when expressed during the late keratinocytes differentiation process [24].  

In conclusion, our study demonstrated that PM affected several aspects of human keratinocytes 
biology ranging from the promotion of cell survival to a protective effect against oxidative damage. 
In addition, our results highlight for the time an epigenetic modulation of this compound, paving the 
way for the use of PM as an advanced cosmetic tool in the improvement of skin performance. 

Author Contributions; Conceptualization, FF; Formal analysis, RC and EC; Funding acquisition, FF; 
Methodology, RC and EC; Project administration, FO; Supervision, MCC; Writing – original draft, MCC and EC; 
Writing – review & editing, FF, FO, RC, MCC and EC. 

Acknowledgment: We acknowledge Dr M. Badolato and Dr F. Aiello (University of Calabria, Italy) for PM oil 
extraction and Nuclear Magnetic Resonance (NMR) analysis before and after extraction procedure.  

Conflict of interest: FF and FO are CEO and scientific coordinator of EFFEGI LAB Srl, respectively.  

References 
1. Bhattacharjee, A. Phytomelatonin: A comprehensive literature review and recent advance on medicinal 

meadow. Int. J. Hydrol. 2018, 2, 1. 

ctrl 10 μg PM
0

5

10

15
**

Δ
Ct

 h
sa

-m
iR

-2
9a

-3
p

A

B 
MMP2 LOX 

Figure 4. PM induce hsa-miR29-3p expression (A) has-miR-29a-3p expression without and with PM
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As a result, we showed the effect of PM on the increase of hsa-miR-29a-3p, which is able to
counteract the aging process [11].

In order to predict the target genes of hsa-miR-29a-3p and identify possible genes involved in
keratinocytes homeostasis, we used three different tools. Eighty predicted target genes were found for
hsa-miR-29a-3p. Of these, the genes linked to keratinocytes homeostasis were chosen, as shown in
Table 1 using miR target link.

Table 1. Validated target genes with high score interaction linked to keratinocytes homeostasis for
hsa-miR-29a-3p according to the miR target link database.

Target Gene Gene Name miRTarBase ID

MMP2 matrix metallopeptidase 2 MIRT053580

LOX lysyl oxidase MIRT437550

The in silico analysis, revealed that validated hsa-miR-29a-3p target genes are involved in
keratinocyte homeostasis. The genes affected by this miR were mainly two: (i) MMP2 (collagenase
type 2 or matrix metallopeptidase 2) and (ii) LOX (lysyl oxidase).

The physical interactions between miR and the mRNAs and string protein interactions, both
experimentally validated, are depicted in Figure 4A,B, respectively. The target matrix metalloproteinase
(MMP) 2 gene is very interesting.



Cosmetics 2019, 6, 27 7 of 8

MMPs are collagenase able to degrade collagen and elastin fibers in the connective tissue of
the skin. In effect, collagen and elastin degradation has been reported through both, MMP-1 and
MMP-2 [23].

Likewise, excessive ROS generation by both intrinsic or extrinsic factors leads to DNA damage in
normal cells and an increase of the MMP level, which can promote skin aging [23].

Besides that, this miR is able to target also the lysyl oxidase (LOX) enzyme that strongly impairs
terminal differentiation when expressed during the late keratinocytes differentiation process [24].

In conclusion, our study demonstrated that PM affected several aspects of human keratinocytes
biology ranging from the promotion of cell survival to a protective effect against oxidative damage.
In addition, our results highlight for the time an epigenetic modulation of this compound, paving the
way for the use of PM as an advanced cosmetic tool in the improvement of skin performance.
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