
applied  
sciences

Article

Antioxidant Properties of a Supercritical Fluid Extract
of the Halophyte Mesembryanthemum nodiflorum L.
from Sicilian Coasts: Nutraceutical and
Cosmeceutical Applications

Rosaria Arena 1 , Simona Manuguerra 1 , Edward Collins 2, Abdelkarim Mahdhi 3,
Giuseppe Renda 1, Concetta Maria Messina 1,* and Andrea Santulli 1,2,3,4

1 Laboratorio di Biochimica Marina ed Ecotossicologia, Dipartimento di Scienze della terra e del Mare DiSTeM,
Università degli Studi di Palermo, Via G. Barlotta 4, 91100 Trapani, Italy; rosaria.arena@unipa.it (R.A.);
simona.manuguerra@unipa.it (S.M.); giuseppe.renda02@unipa.it (G.R.); andrea.santulli@unipa.it (A.S.)

2 School of Biological Sciences, University of Portsmouth (United Kingdom), PO1 2UP Portsmouth, UK;
Edward.Collins@myport.ac.uk

3 Laboratory of Analysis, treatment and valorization of pollutants of the environment and products, Faculty of
11 Pharmacy, University of Monastir, Avicenne St., Monastir 5000, Tunisia; abdelkarim_mh@yahoo.fr

4 Istituto di Biologia Marina, Consorzio Universitario della Provincia di Trapani, Via G. Barlotta 4,
91100 Trapani, Italy

* Correspondence: concetta.messina@unipa.it

Received: 21 February 2020; Accepted: 30 March 2020; Published: 31 March 2020
����������
�������

Abstract: The aim of this paper was to obtain different extracts from the aerial parts of
Mesembryanthemum nodiflorum, comparing traditional extraction (using solvents with increasing
polarity such as hexane, ethanol 80%, acetone 70% and water) with an eco-friendly technique
(supercritical fluid extraction (SFE)); to evaluate which extract showed a higher amount of antioxidants
and then evaluate the bioactive properties in vitro, in human fibroblast (HS68). From the six extracts
obtained it was observed that the solvent with the highest extraction efficiency was water, but the
extracts in ethanol, N-hexane and SFE are those that showed the highest antioxidant activity
(polyphenols, 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and reducing power). On the basis of these
results, the SFE extract was chosen to evaluate the antioxidant and anti-aging activity in vitro,
by assessing cell vitality and molecular markers (MTT and immunoblotting assays). The results
showed that the SFE extract exerted antioxidant activity in vitro, protecting cells from mortality
induced by oxidative stress; this protection was also confirmed at the molecular level, by the levels
of the protein integrin α-1, that is able to prevent the negative effects of a stress situation, such as
oxidative stress, that could promote aging and related diseases. This extract, obtained with an
eco-friendly technique, given its beneficial properties, could be used for application in nutraceuticals
and cosmeceuticals.

Keywords: ice plant; SFE; antioxidant; cell culture; Integrin α1; Sirt1; oxidative stress

1. Introduction

Halophytes, that include more than 2500 species worldwide, are known to tolerate and grow in
high salt concentration environments. Species belonging to the genus Mesembryanthemum, which are
facultative halophytes, have the ability to grow under saline stress conditions, but also without salt or
at least in an environment where the salt concentration in the soil is quite low [1,2].

Under stress conditions, halophytes increase the production of secondary metabolites, such as
polyphenolic compounds (antioxidants, anti-inflammatory), to protect cell structures from oxidative
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effects [3–5]. These are produced in plant cells to prevent the accumulation of Reactive Oxygen Species
(ROS) synthesized during environmental stress, which would otherwise be detrimental to tissues [5].
It has been shown that the growth of these plants in gradients of salt concentration, for example, plant
zonation in salt marshes, yields different types of antioxidants (including total phenols, flavonoids,
ascorbate, reduced/oxidized glutathione and reactive oxygen species scavenging enzymes) in various
quantities [6–8].

Mesembryanthemum species are part of the Aizoaceae family, commonly referred to as ice plants.
The genus Mesembryanthemum comprises about 70 species and is native to the Mediterranean

region, the Atlantic Islands, Saudi Arabia, South Africa, South Australia and California [1].
Mesembryanthemus species are known as halophytic models due to the methods of salt tolerance

utilized by these plants [9]. The Mesembryanthemum genus has three edible species of interest: M. edule,
M. crystallinum and M. nodiflorum [10,11].

Several studies have shown that species belonging to the Mesembrianthemums genus such as
M. crystallinum possess bioactive molecules (e.g., antioxidant, antiviral and antimicrobial) [12,13].
M. nodiflorum and M. crystallinum have been used in both food and medical fields. In traditional
Tunisian medicine, these species have been used for the treatment of eye infections [13]. The seeds
of M. forsskaolii, due to their high protein content, have been used as flours replacing them with
wheat [13,14].

M. nodiflorum, in addition to the aforementioned use to combat eye infection [10], leaf extracts
from this plant are used for various treatments such as soaps and antiseptic poultices that can be
applied to skin to treat burns and sores [12]. It was also observed that of M. nodiflorum extract showed
extensive bactericidal activity [15] and anti-tumor properties [16].

Given its multiple beneficial effects, M. nodiflorum is a good candidate for the extraction of bioactive
compounds, useful for pharmaceutical or cosmetic applications.

Bioactive compounds can be extracted using traditional or innovative methods. Traditional
extraction methods, often, involve the use of toxic solvents and have low selectivity and/or low
extraction yields with very long extraction times [17]. Innovative methods, on the contrary, try to
overcome these drawbacks. Extraction with supercritical fluids (SFE) is an innovative, clean and
environmentally friendly technology, that has been shown to obtain high-quality extracts using
CO2 [7,17,18].

Knowing the beneficial effects of this species and the presence of bioactive compounds, it would
be important to study the protective and anti-aging effect of this plant by evaluating some related
biomarkers. In particular, alpha-1 Integrin and Sirtuin 1 (Sirt 1) have been studied as proteins linked to
oxidative stress and aging.

Integrin alpha-1 is a transmembrane glycoprotein, which plays an important role in the adhesion
of the cell to the matrix and in the transduction of the signal to the cell, regulating events such as
growth, division, cell survival and apoptosis [19].

Sirtuin 1 (Sirt 1) is a nuclear deacetylase, with protective action against various types of stress:
it has an anti-inflammatory, anti-carcinogenic action and contributes to the cellular regulation of both
growth and metabolism, acting positively on longevity [20].

In consideration of what has been shown in the literature, the aim of this work has been to obtain
different extracts M. nodiflorum with different traditional extraction techniques and with ecofriedly
techniques, to evaluate which extraction procedure is more effective and more suitable for a possible
large-scale use and to evaluate the bioactive properties of M. nodiflorum in vitro, in human fibroblast
(HS68), in particular, to evaluate the real protective and anti-aging effects.
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2. Materials and Methods

2.1. Collection and Preparation of Plant Material

Samples of aerial parts of M. nodiflorum were collected along the coast North of Trapani in Sicily
(Italy), in the pre-flowering period (March 2019). Specimens were kept in a herbarium and taxonomic
identification was performed at the University of Palermo (Italy).

After harvesting, the plants were taken to the laboratory where they were processed. The aerial
parts were dried for 48 h at 40 ◦C, and grounded into fine powders [7]. These dried samples were then
used to extract antioxidants in specified solvents.

2.1.1. Extraction with Solvents

The extraction yield and antioxidant activity of an extract is influenced by the polarity of the
solvent. Due to the different nature of the polyphenols present in the samples, different solvents
should be used; in addition, the presence of hydroxyl groups, the length of the hydrocarbons and the
molecular size mean that the polyphenols have a different solubility [7,21].

As proposed by Messina et al. [7], several solvents with increasing polarity hexane, ethanol 80%,
acetone 70%, (Merck KGaA, Darmstadt, Germany) and water were used for the extraction [7,8,22].

The extraction of the dried aerial parts of M. nodiflorum was performed as follows: 10 mL of solvent
(hexane, 80% ethanol, 70% acetone and water) was added to one gram of dry matrix [8]. The sample
was homogenized for five minutes at 4 ◦C, using an Ultra-Turrax (IKA, Werke Staufen, Germany) at
24,000 rpm according to an established protocol [23–25].

The yield was calculated as described by Manuguerra et al. [26]. The following Equation (1)
was used:

Yield of extract (%) = weight of extract/weight of sample × 100. (1)

The matrices extracted with water were centrifuged at 500 g for 10 min at 4 ◦C three times.
They were then filtered (Whatman® qualitative filter paper, Grade 93–10 µm, Merck KGaA Darmstadt,
Germany) and freeze-dried [7,8].

2.1.2. Extraction with Supercritical Fluid Extraction (SFE)

To the dry matrix obtained from M. nodiflorum, supercritical technology was applied using
supercritical (SC)-CO2 with a standardized protocol [7,27,28].

A supercritical extraction unit (SFE System model HELIX, Applied Separations Allentown, PA,
USA) equipped with a CO2 pump unit and a steel vessel with a volume of 50 mL was used.

The extraction was done as follows: five grams of the dried matrix of M. nodiflorum with a
hydroscopic dispersant reagent (Applied Separations, Allentown, PA, USA) (1:2 (w/w)) were in the
extraction vessel sandwiched with defatted glass wool forming a fixed bed in the vessel. The unit was
pressurized and the sample was kept in contact with SC–CO2 (60 ◦C) and pressure (150 bar) for 30 min
in static mode [29]. Dynamic extraction was carried out with a CO2 flow of 2.5 lpm (liter per minute)
for 90 min. The extract was obtained in the sample vial collector and stored at −20 ◦C.

2.1.3. Total Phenolic Content

Folin-Ciocalteu (Merck KGaA, Darmstadt, Germany) reagent assay [30] was carried out to
determine the total phenolic content of samples [31] of M. nodiflorum. Gallic acid (Merck KGaA,
Darmstadt, Germany) was used as the standard for calibration (5–500 mg/mL) and results were
expressed as mg of gallic acid equivalents (GAE) per g of the M. nodiflorum dw [7,8,26,32].
The absorbance of each dilution was measured at 725 nm, using a microplate reader (Multiscan-Sky
Microplate Reader, Thermo-Scientific TM, USA). Each sample was analyzed in triplicate.
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2.1.4. DPPH Assay

The 1,1-Diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging assay was used to determine
the free radical scavenging activity of the samples of M. nodiflorum. DPPH is a stable free radical
with an unpaired valence electron at a nitrogen atom which is reduced by receiving a hydrogen
atom [33]. This decolourises the violet DPPH solution when a free radical scavenger (hydrogen donor)
is added [31]. In this way the ability of compounds to be free radical scavengers, such as antioxidants,
was measured.

The DPPH (1,1-diphenyl-2-picryhydrazyl) radical scavenging activity of different extracts was
evaluated as described by Bernatoniene et al. [34] slightly modified. Briefly, 400 µL of various
concentrations (1–10 mg/mL) of the extracts and 1.6 mL of 0.1 mM DPPH (Merck KGaA, Darmstadt,
Germany) in ethanol [7,34] were incubated for 30 min in the dark.

The absorbance was read against the blank at 517 nm using a microplate reader (Multiscan-Sky
Microplate Reader, Thermo-Scientific TM, USA). Gallic acid was used as the reference standard.
The following formula (2) was used to calculate the percentage of inhibition (I%) of free radicals DPPH:

I% = 1 − (Asample/Ablank) × 100, (2)

where Ablank is the absorbance of the control reaction, and Asample is the absorbance of the test sample.
The inhibition percentage was calculated for all concentrations (1 to 10 mg/mL) used.
The IC 50%, which is the concentration when 50% of the antioxidant is reduced [7,35], was calculated

as described by Yeddes et al. [35].

2.1.5. Iron-Reducing Power

The method of Oyaizu [36] was followed to analyze the reducing power of samples of M. nodiflorum.
In this assay, the ability to reduce Fe3+ to Fe2+ was tested to measure the reducing power of the plant
extractions [10].

Different concentrations of M nodiflorum extracts (0.1 to 10 mg/mL) (300 µL) were mixed with
phosphate buffer (300 µL, 0.2 M, pH 6.6) and potassium ferricyanide (K3Fe(CN)6, Carlo Erba reagents,
Milano, Italy) (300 µL, 1%); the mixture was incubated at 50 ◦C for 20 min.

After incubation 300 µL of trichloroacetic acid (Carlo Erba reagents, Milano, Italy) (10%) was
added to the mixture. The samples were centrifuged at 3000 rpm for 10 min at 4 ◦C.

An aliquot (300 µL) of the supernatant was taken, 300 µL distilled water and 600 µL, FeC13 (0.1%)
(Merck KGaA Darmstadt, Germany) were added.

Absorbance was measured at 700 nm using a microplate reader (Multiscan-Sky Microplate Reader,
Thermo-Scientific TM, USA). Gallic acid was used as standard.

The increase in absorbance of the reaction mixture indicated an increase in reducing power. EC50
value (mg mL−1), expressed as the effective concentration of the extract at which the absorbance was
0.5, was determined from linear regression analysis [7,12,26].

2.2. Evaluation of Cytotoxicity and Protective Effect in Fibroblast Cell Line HS-68

In order to verify, at the cellular and molecular level, the beneficial effects determined by the SFE
extract, three experiments were conducted: the first was aimed to evaluate the possible dose-dependent
toxicity of the extract and, on the basis of the response, to identify the ideal concentrations to be used
in the second trial. In the second experiment, the cells were treated with doses that, in the first trial,
did not cause death by toxicity; in this second trial, cells, pre-treated or not with extract, were subjected
to oxidative stress with a standardized protocol that induces cell mortality, to verify whether or not,
the extract has a protective effect.

The last step was to reproduce the second experiment in larger volumes, in order to collect cells
for analysis of molecular markers by immunoblotting.
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2.2.1. Hs68 Cell Culture

Human skin fibroblasts (ECACC n. 89051701, Sigma®, Sigma-Aldrich, Saint Louis, MO, USA)
were seeded in 25 cm2 plastic tissue culture flasks (Nunc, Germany) cultured in Dulbecco’s Modified
Eagle’s Medium (DMEM) (Merck KGaA, Darmstadt, Germany)supplemented with 10% fetal bovine
serum (Merck KGaA, Darmstadt, Germany), 2 mM glutamine (Merck KGaA, Darmstadt, Germany),
and 100 µg/mL penicillin–streptomycin (Merck KGaA, Darmstadt, Germany), and incubated in a
humidified atmosphere at 5% CO2, 95% air and 37◦C. All cell culture methods were performed under
sterile conditions using a grade II flow hood.

Exponentially growing cells were detached from culture flasks by brief exposure to 0.05% of
trypsin in PBS, pH 7.2–7.4 and pelleted by centrifugation (1000 rpm, 10 min, 25◦ C).

2.2.2. Cytotoxicity Assay and Protective Effect of M. nodiflorum Extract

For the first trial, cells were seeded in a 96-well plate at a concentration of 7 × 103 cells/well and
incubated for 24 h. After 24 h, the cells were treated with SFE extract, for 24 h and 48 h. The extract was
dissolved in ethanol and utilized at a concentration ranging from 5–50 µg/mL in the medium, with a
final solvent concentration of 0.1% (v/v).

The exposure of cells to ethanol alone, at the final concentration employed in the test, was
previously assessed, as a routine procedure in the lab [7] and it was demonstrated that it did not exert
any negative effects on vitality (data not shown).

Cell vitality was determined using the (3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetrazolium
bromide (MTT, Sigma-Aldrich) assay according to Mosmann [37] as reported in Messina et al. [38].
Results were expressed as percentage of viable cells with respect to the control. Each experiment of
vitality was carried out in triplicate.

The next step was to evaluate the antioxidant effect of the extract at the cellular level, both in terms
of vitality (trial two) and in terms of molecular markers These last two tests were carried employed
two concentrations of the extract that, in the trial one, dose-dependent, did not induce significant
cytotoxicity (cell mortality).

For the vitality test cells were detached as described previously, seeded in a 96-well plate and
treated with a concentration of 5 and 10 µg/mL of M. nodiflorum SFE extract. After 24 and 48 h,
all samples, except the control, were exposed to the chemical promoter of oxidative stress, hydrogen
peroxide, H2O2 (HP) (Carlo Erba reagents, Milano, Italy), according to a previous standardized
protocol [26,38,39] and left to incubate at 37◦C for 2 h. Afterwards, the cell vitality was determined by
MTT assay [37,38].

2.2.3. Evaluation of Molecular Markers by Immunoblotting

For the evaluation of molecular markers, cells were seeded in a 6-plate well at a concentration
of 2 × 105 cells/well, treated with the SFE extract (10µg/mL) and exposed to hydrogen peroxide as
previously described [26,38,39]. After the treatment, the cells were lysed in 500 µL of RIPA buffer,
as described by Thaieran et al. [40]. The concentration of total proteins, in the lysate, was determined
according to Lowry et al. [41]. Experiments were carried in duplicate.

Equivalent amounts of total proteins (30 µg) were loaded on pre-cast gel (Bio-Rad, Hercules,
CA, USA) for SDS-polyacrylamide electrophoresis (SDS-PAGE) and blotted using a Trans Blot Turbo
Transfer System (Bio-Rad, Hercules, CA, USA).

The correct amount of loaded proteins was confirmed by Ponceau red staining and by the levels
of actin. The primary antibodies (AbI), specifics for Integrin α1 (AB1934- Ab polyclonal from rabbit,
Merck KGaA, Darmstadt, Germany) Sirtuin 1 (Sirt1 NBP1-49540- Ab polyclonal from rabbit, Merck
KGaA, Darmstadt, Germany) and Actin (A4700- Ab Monoclonal from mouse Merck KGaA, Darmstadt,
Germany), were diluted in buffer as suggested by the company for each AbI. In relation to the origin of



Appl. Sci. 2020, 10, 2374 6 of 14

the AbI, the appropriate secondary antibodies were used (anti-mouse or anti-rabbit secondary AbII)
conjugated with horseradish peroxidase (GAM/R-HRP, Bio-Rad Hercules, CA, USA).

The signals originated by immunoreaction were detected using enhanced chemo-luminescent
(ECL) reagents (SDS-PAGE, Bio-Rad, Hercules, CA, USA). Images were obtained, photographed and
digitalized by Chemi Doc XRS (Bio-Rad, Hercules, CA, USA), and further analyzed with Image Lab
software (Bio-Rad, Hercules, CA, USA). The showed results, for each protein, represent the mean value
of three separate immunoblotting and were expressed as fold increase of the target protein, in each
treatment, vs the control [42].

2.3. Statistical Analysis

Statistical analysis was performed using the computer application SPSS for Windows® (version
20.0, SPSS Inc., Chicago, IL, USA). All the analyses were carried out in triplicate. The results are
expressed as Mean ± Standard deviation. The homogeneity of variance was confirmed by the Levene
test. Data were subjected to one-way analysis of variance (ANOVA), and Student–Newman–Keuls
or Games–Howell post-hoc tests were performed in order to make multiple comparisons between
experimental groups. The significance level was 95% in all cases (p < 0.05).

3. Results and Discussions

3.1. Extraction and Evaluation of Antioxidant Power

One of the objectives of this work was to find the most effective solvent and procedure to extract
antioxidants from M. nodiflorum species. The tested solvents were N-hexane, 80% (v/v) ethanol 70%
(v/v) acetone, water and SFE.

The results of the yield of M. nodiflorum extracts are shown in Table 1. The aqueous extract showed
the highest yield (p < 0.05). Significantly lower yields (p < 0.05) were obtained with N-hexane and SFE.

Table 1. Extract yield (g/100g) obtained, with different solvents, from dried leaves of M. nodiflorum.

Solvent Yield (g/100)

N-Hexane 0.43 ± 0.28 a

Ethanol 18.39 ± 1.69 b

Acetone 12.30 ± 2.45 c

Water 33.32 ± 8.37 d

SFE 0.79 ± 0.27 a

Lowercase letters (a–d) indicate significant differences between different solvents (p < 0.05).

The extraction is fundamental for the recovery of antioxidants and depends on the solvents and on
the chemical properties of the samples [43,44]. As it is known from the literature [21], methanol, ethanol
and, their mixtures with water, are solvents with a higher extraction capacity, because the quality
and quantity of the extracted antioxidant compounds depends on the polarity of the solvent [7,8,21].
In addition to ethanol, water, and other solvents with different polarities such as n-hexane and acetone,
we wanted to test the effectiveness of SFE. This technique was chosen because it allows to obtain a
non-toxic and solvent-free extract [27,28].

3.2. Total Phenolic Content Analysis

The Folin–Ciocalteu reagent assay is directed to assess the total phenolic content [30], measured
as mg GAE equivalents per mg of raw material, extracted by each solvent. Our results showed that the
highest yield (p < 0.05) of phenolics, in M. nodiflorum, was obtained by ethanol 80% (v/v), while the
n-hexane gave the lowest yield (p < 0.05) (Figure 1), together with SFE, in relation to the yield (Figure 1).
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Wang et al. [45] showed 70% (v/v) ethanol extracts to have a higher content of phenolics when
compared to 70% (v/v) acetone extracts in wheat bran. This study found ethanol to have lower toxicity,
and additionally, extracts could be recovered by reduced pressure distillation [45]. However, it was
also shown that when the concentration of ethanol was increased above 80% (v/v), the total phenolic
content decreased due to lipid components also being extracted [45].

3.3. DPPH Assay Analysis

The DPPH assay measures the ability of an antioxidant to inhibit the free radicals DPPH and
could be referred to as mg of raw sample, necessary to inhibit the radical. Our results, showed in
Figure 2, are expressed as IC50, indicating which concentration of each extract, it is necessary to inhibit
the 50% of the radical) [35]). For this reason, lower is the value, higher is the antioxidant power.

The extracts in Ethanol, N-hexane and SFE showed the highest antioxidant activity (p < 0.05),
attested by the lower values of IC50 (1.73 ± 0.11, 1.97 ± 0.90 and 1.22 ± 0.03 mg/mL) (Figure 2). Similar
results were obtained from Falleh et al. [10] that, in methanol extracts of M. nodiflorum, found an IC50

equal to 0.11 mg/mL [10].
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We experienced a limitation in comparing our data with literature referred to this species, as both
solvents and systems of extraction are different, determining variations in yield and quality of
the extracts.

In the congener species, M. edule, Falleh et al. [46] showed that the stronger antiradical activity
was present in the extract obtained with the most polar solvents, such as 20% and 40% aqueous
alcohol. According to several studies, increasing the polarity of the solvent, with the addition of water,
the antioxidant activity of the resulting extracts improved [46–48].

Our results (Figure 2) showed that SFE extracts have the same antioxidant capacity of ethanolic
extracts. The effectiveness of the SFE technique for the extraction of bioactive antioxidant components
has been evaluated in other vegetable sources such as the plant marigold [7], grape (Vitis labrusca B.)
peel [49], and bee pollen [50], where a high scavenging activity was attested.

Although the SFE extract showed, among the others, some of the lower yield (p < 0.05) (Table 1),
its high scavenging activity, combined with the sustainability of the technique, that avoid the use of
toxic solvents, suggests the importance of this eco-friendly technique for the sustainable production of
M. nodiflorum extracts.

3.4. Iron-Reducing Power Analysis

The iron-reducing power was measured as the EC50. A lower value of EC50 indicates a higher
reduction power as it requires less mg of raw material to achieve a value of reducing power equal to
0.5. The ability of M. nodiflorum extracts to chelate ferrous ion was shown in Figure 3.
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The showed results are in accord with the previous (Figure 2) and confirm that the extracts
of M. nodiflorum, obtained with ethanol (EC50 17.10 ± 0.20), N-hexane (EC50 15.11±3.27) and SFE
(EC50 15.44 ± 0.45), are stronger as antioxidants, in respect to the extract in water and acetone (p < 0.05).

It was difficult to compare these data with the literature because, as observed by Falleh et al. [10],
the reducing power of Fe3+ extracts differs considerably, depending on the species of Mesembryanthemun
genera [10].

Our results showed a comparable reducing activity among the SFE, ethanol and hexane extracts,
respect tp water and acetone (p < 0.05) (Figure 3), suggesting to use the SFE technique to obtain
ecofriendly M. nodiflorum extracts [7].
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3.5. Evaluation of Cytotoxicity and Protective Effect in Fibroblast Cell Line HS-68

HS68 cell line was used as in vitro model to investigate the cytotoxic and protective effect of
M. nodiflorum SFE extract. The effects of the treatments on the cells were preliminarily evaluated on
a wide range of concentrations (5–50 µg/mL), through dose-dependent assays, to check the possible
toxicity of the compounds. The treatment for 48 h did not induce any mortality for toxicity compared
to control (data not shown).

Similar results have been obtained from Deters et al. [51] in a keratinocyte cell line (HaCaTs)
treated with different doses of ice plant extract.

The protective effect of our M. nodiflorum SFE extract, against oxidative stress, was tested at two
concentrations, 5 and 10 µg/mL. For the induction of oxidative stress, a standardized protocol, that uses
10 µM hydrogen peroxide (HP), to induce toxicity in this cell line [26,38,39], was used. A comparison
also with the synthetic antioxidant N-acetyl cysteine (NAC) (Merck KGaA, Darmstadt, Germany)
was done.

The cell vitality, determined by the MTT test, showed, as expected, a significant vitality reduction
(p < 0.05) in cells exposed to the HP, compared to the control (Figure 4). On the contrary, cells pretreated
with the synthetic antioxidant NAC and then exposed to HP, resulted protected against mortality,
respect to the treatment with HP alone, reporting only 10% and 25% of the vitality reduction at
24 and 48 h (Figure 4). Similarly, pre-treating cells with M. nodiflorum SFE extract, before the exposure
to HP, determined a significant protection against mortality, maintaining the vitality of cells compared
to the control, also after exposure to the HP. These results indicate that the natural antioxidant is able
to protect cells from oxidative stress, as the synthetic antioxidant.
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Figure 4. Effect of M. nodiflorum supercritical fluid extract (SFE) on the vitality of fibroblast cells exposed
to oxidative stress, induced by hydrogen peroxide (HP). Control: cells maintained in standard culture
conditions; HP: cells exposed to hydrogen peroxide (10 µM); NAC: cells treated with N-acetyl cystein
(5mM) and subsequently exposed to HP (10 µM); 5 and 10 µg/mL: cells treated with 5 and 10 µg/mL
of M. nodiflorum SFE and then exposed to HP (10 µM). Lowercase letters (a–b) indicate superscript
letters indicate a significant difference compared to the control at 24 h. Capital letters (A–C) indicate
significant differences compared to the control at 48 h (p < 0.05).

The increased vitality of cells treated with M. nodiflorum SFE extract and subsequently subjected to
stressors, can be related to the antioxidant power of the plant, attested by the DPPH radical scavenging
activities [10] and reducing power. Similar results were obtained by Lin et al. [52], who demonstrated
that the treatment of human dermal fibroblas, with ice plant callus extract, before UV exposure,
positively affected the antioxidant activity.

Our data suggest that M. nodiflorum SFE extract given its significant antioxidant capacities
protecting cells against oxidative stress-induced mortality.
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3.6. Evaluation of Biomolecular Markers by Immunoblotting

Immunoblot analysis was carried out on HS68 cells in order to evaluate the variations of two
proteins related to oxidative stress, in response to the treatment with M. nodiflorum SFE extract (AOX)
and hydrogen peroxide (HP). The results are shown in Figure 5.
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Figure 5. Results of the immunoblot of Integrin α1 and Sirt 1 in HS68 cells. Control: cells maintained
in standard culture conditions; HP: cells exposed to hydrogen peroxide (10 µM); AOX/HP: cells treated
with 10 µg/mL of M. nodiflorum SFE and then exposed to HP (10 µM). β actin was used as internal control.
The immunoblot image, in (c), is one representative of the three separate experiments. The related
protein quantifications are represented in the graphics (* p < 0.05 vs. control): (a) relative density of
Integrin α1 protein; (b) relative density of Sirt 1 protein.

Integrins are heterodimeric transmembrane glycoproteins that participate in different cell processes,
such as cell differentiation, migration, survival and proliferation [19,53,54]. In fibroblasts, α1 is known
to activate the RAS/ERK proliferative pathway and has a pro-invasive function in certain cancers and
it is generally considered as a stress marker [19].

In our experiment, the protein integrin α- 1 significantly increased, respect to the control, (p < 0.05),
in cells induced to oxidative stress by HP, without antioxidant protection. On the contrary, cells of the
treatment AOX/HP, that were pretreated with SFE extract, prior to the induction of oxidative stress by
hydrogen peroxide (HP), showed a reduction of its levels, compared to the control, highlighting the
protective effect of the extract against oxidative stress.

Integrin α1β1 is involved in the process of remodeling the extracellular matrix and reduces
the expression of the type I collagen gene, which is the most abundant component of connective
tissue. Matrix remodeling is an important event, characterized by the deposition of new collagen,
a process that is activated for normal organogenesis, wound healing, but also during the invasion of
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metastasis [55]. Cellular stress influences matrix remodeling, deregulating the biological pathways in
which integrins are involved [56].

Other studies reported the increased expression of integrins in a stress situation, such as in mouse
skin exposed to UV, that showed the expression of integrins α2, α5 and α1 [56], or in human endothelial
cells of the umbilical vein, in which the expression of the α 1 subunit resulted induced by factors such
as Tumor necrosis factor alpha (TNF-α) and retinoic acid [57].

Sirtuins are a family of nicotine adenine dinucleotide (NAD) dependent protein deacetylases that
regulate cellular function through deacetylation of a wide range of target proteins [20] and are also
involved in stress resistance, apoptosis, senescence, aging and inflammation. They regulate several
physiological and pathological events, including neurodegeneration, age-related disorders, obesity,
heart disease, inflammation and cancer [58].

Our results showed that, independently from the treatment with M. nodiflorum SFE extract, the
protein Sirt 1 evidenced a significant decrease (p < 0.05) after the exposition to HP, respect to the
control, indicating its sensitivity to situation related to oxidative stress.

In particular, sirtuin 1 has anti-inflammatory, anticancerous effects and regulates growth
modulation and cellular metabolism function [59]. SIRT1 regulates inflammation mediators, and its
activation inhibits the production of factors such as TNF-α, MCP-1 and IL-8. The suppression of
pro-inflammatory cytokine production by SIRT1, is related to its negative regulation of NF-kB activity
by deacetylation of the RelA/p65 lysine 310 subunit [59].

Based on these properties, SIRT1 could be considered as a potential pharmacological target against
major aging diseases [60].

However, the precise mechanisms whereby sirtuins exert their anti-aging effects remain elusive.
Further investigations are needed to understand how sirtuins modulate the acetylation and

deacetylation processes of various target proteins associated with oxidative stress.

4. Conclusions

M. nodiflorum, is a plant with a good polyphenolic content and high antioxidant activity, as
observed in congeneric species. Our study highlighted the antioxidant power of the SFE extract
obtained in an eco-friendly way, without the use of toxic solvents.

The quality of this extract and its beneficial effects have been confirmed at the cellular level, by the
protection against cell death induced by oxidative stress and by the modulation of molecular markers,
in particular the protein integrin α 1, able to keep cells protected in a situation of oxidative stress.
The extract, obtained with an eco-friendly technique, given its beneficial properties, could be used for
applications in the pharmaceutical, cosmeceutical and nutraceutical fields.
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