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This work aimed to investigate Sinapis pubescens subsp.
pubescens spontaneously grown in Sicily (Italy) as new potential
source of active metabolites; specifically, a comparative study
on leaf, flower, and stem hydroalcoholic extracts was per-
formed. Polyphenols were quantitatively determined by spec-
trophotometric methods and characterized by HPLC-PDA/ESI-
MS; a total of 55 polyphenolic compounds were identified,
highlighting considerably different qualitative-quantitative pro-
files. The extracts showed antioxidant activity, evaluated by
in vitro assays; particularly, the leaf extract displayed the best

radical scavenging activity (DPPH test) and reducing power,
while the flower extract showed the greatest chelating activity.
The antimicrobial properties of the extracts were investigated
against bacteria and yeasts by standard methods; no antimicro-
bial activity was found against the strains tested. The extracts
resulted to be non-toxic after preliminary toxicity evaluation by
the Artemia salina lethality bioassay. The aerial parts of S.
pubescens subsp. pubescens proved to be valuable sources of
antioxidants for pharmaceutical and nutraceutical applications.

Introduction

Since ancient times, plants that grow spontaneously have
aroused remarkable interest, especially for food purposes and in
the treatment of many diseases. In the last decades, they have
been extensively studied for both their considerable importance
in the agri-food sector and the potential recovery of bioactive
compounds with applications in the pharmaceutical and food
fields.

In the last years, our team has focused much research on
the spontaneous flora of Sicily (Italy), including about 3,000
specific and intraspecific taxa, many of which (141) belong to
the Brassicaceae family and represent potential resources of
bioactive compounds.[1,2] Within this family are also comprised
the taxa of the genus Sinapis L., herbaceous or suffruticose
annual or perennial species originating from the Mediterranean
basin and the Middle East.[3,4]

Currently, in the “Flora Europaea” as well as in the
“BrassiBase”, the main database of the Brassicaceae, the genus
Sinapis includes four taxa, S. alba L., S. arvensis L., S. flexuosa
Poir. and S. pubescens L.[5,6] In Italy, and thus also in Sicily, the
genus is represented by Sinapis alba L. subsp. alba, S. alba
subsp. dissecta (Lag.)Bonnier, S. alba subsp. mairei (H.Lindb.)
Maire, S. arvensis L. subsp. arvensis and S. pubescens L. subsp.
pubescens.[7,8]

Both the seeds and the aerial parts of S. alba (white
mustard) and S. arvensis (wild mustard) are used for food
purposes, to increase soil fertility, as fodder for livestock and in
the traditional medicine of several countries for the anti-
inflammatory, anticancer, antiseptic, diuretic, laxative, and
digestive properties.[9–15] Several ethnobotanical studies report
the use of wild Sinapis species as food plants. In many Italian
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regions the aerial parts (tender shoots, leaves and inflorescen-
ces) of the spontaneous edible species Sinapis pubescens subsp.
pubescens (hairy mustard), along with those of S. alba and S.
arvensis, are used for the preparation of soups, in salads, boiled
or fried; all three taxa are used in traditional Sicilian cuisine.[16–20]

Most of the studies on Sinapis spp. have been focused on
the seeds of S. alba, due to their economic importance in the
food industry, and on the aerial parts (flowers, leaves, stems) of
S. arvensis. As far as S. pubescens subsp. pubescens is concerned,
to the best of our knowledge no similar studies have been
conducted on the phytochemical characterization and the
evaluation of biological activities; therefore, the study of this
species reveals to be of considerable interest for the discovery
of new sources of bioactive compounds with potential
applications in the pharmaceutical and nutraceutical fields.

Sinapis pubescens subsp. pubescens is a perennial, herba-
ceous plant, with stems generally between 30 and 80 cm tall,
pubescent or villous. The leaves are pubescent, the lower are
stalked, lyrate-pinnatisect up to 15 cm long, with 5–6 pairs of
small segments and rounded terminal segment; the upper
leaves are sessile, oblong, less divided or simple. The flowers,
gathered in racemes, have yellow-greenish sepals and yellow
spatulate petals. The fruit is a siliqua, erect, covered to the apex
with long, fine, ascending hairs, with a long curved beak,
containing 4–8 seeds per locule.[5,7]

The objective of this research was to carry out a compara-
tive study on the hydroalcoholic extracts obtained from differ-
ent organs (leaves, flowers and stems) of S. pubescens subsp.
pubescens grown spontaneously in Sicily. Specifically, the
qualitative and quantitative profile of the phenolic constituents
of the extracts was characterized by means of spectrophoto-
metric methods and high-performance liquid chromatography
online coupled to photodiode array and electrospray ionization
mass spectrometry detection (HPLC-PDA/ESI-MS). Furthermore,
some biological activities were investigated; in particular, the
antioxidant activity of the extracts was assessed by means of
different in vitro methods, and the antimicrobial properties
were determined on Gram-positive and Gram-negative bacteria
and on yeasts by evaluating the minimum inhibitory concen-
tration (MIC) and the minimum bactericidal and fungicidal
concentration (MBC and MFC). Finally, the toxicity of the
extracts was evaluated through the Artemia salina Leach (brine
shrimp) lethality bioassay.

Results and Discussion

Phytochemical Investigations

Determination of total phenolic, flavonoid, and condensed
tannin content

Phenolic compounds represent a huge class of metabolites
which includes flavonoids, phenolic acids, tannins, lignans,
coumarins, and stilbenoids, the former being the most isolated
compounds.

Due to their ability to scavenge free radicals and active
oxygen species such as singlet oxygen, superoxide free radicals
and hydroxyl radicals, phenolic components are often defined
as “high level antioxidants”. As a consequence, such metabolites
have gained considerable attention due to their potential use in
nutraceutical and pharmaceutical formulations for their benefi-
cial properties on human health.[21,22] In most cases, the
antioxidant activities of plant extracts are explained with good
correlation with their total phenolic content; therefore, prelimi-
nary investigations to quantify the total phenolics contained in
the extracts of S. pubescens subsp. pubescens were conducted in
this study.

The results obtained by the Folin Ciocâlteu assay showed
that the leaf extract presents the highest phenolic content
compared to the others (64.06�1.63 mg GAE/g extract). The
stem extract showed the lowest quantity of phenols (31.02�
1.45 mg GAE/g extract), about half than that of the leaves and
about two-thirds than that of the flowers (46.38�0.74 mg GAE/
g extract) (Table 1).

The results of the aluminium chloride assay showed that the
leaf extract contained the highest amount of flavonoids
(44.94�0.33 mg QE/g), whereas the lowest content of 23.46�
0.43 mg QE/g was found in the flower extract, resulting
approximately half than that of the leaves. The total amount of
flavonoids quantified in the stem extract resulted slightly higher
than that of the flowers (27.02�0.77 mg QE/g) (Table 1).

The results obtained by the vanillin method highlighted the
highest quantity of condensed tannins for the stem extract
(10.41�0.27 mg CE/g extract), which resulted respectively
about three and four times higher than that of the flowers
(3.20�0.24 mg CE/g extract) and the leaves (2.72�0.24 mg CE/
g extract) (Table 1).

As shown in Table 1, significant differences (p<0.01) in total
phenolic and flavonoid contents were found among the
extracts; as far as condensed tannins are concerned, no statisti-

Table 1. Quantitative determination of total polyphenols (calculated as gallic acid equivalents), total flavonoids (calculated as quercetin equivalents) and
condensed tannins (calculated as catechin equivalents) in flower, leaf and stem hydroalcoholic extracts of Sinapis pubescens subsp. pubescens.

Sinapis pubescens subsp. pubescens
extracts

Total polyphenols
(mg GAE/g)

Total flavonoids
(mg QE/g)

Condensed tannins
(mg CE/g)

Flowers 46.38�0.74a 23.46�0.43a 3.20�0.24a

Leaves 64.06�1.63 b 44.94�0.33b 2.72�0.24a

Stems 31.02�1.45c 27.02�0.77c 10.41�0.27b

Values are expressed as the mean�SD (n=3). a–c Different letters within the same column indicate significant differences between mean values (p<0.01).
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cally significant difference was highlighted between the flower
and leaf extracts.

Determination of Polyphenolic Compounds by HPLC-PDA/ESI-
MS

The qualitative-quantitative profile of the polyphenolic compo-
nents of S. pubescens subsp. pubescens aerial parts has been
characterized by HPLC-PDA/ESI-MS analysis. Figure 1 shows the
HPLC-PDA chromatograms of the flower (A), leaf (B) and stem
(C) hydroalcoholic extracts of S. pubescens subsp. pubescens,
extracted at 330 nm. For the identification, information from
retention times, absorption and mass spectra were used, further
supported by literature data.[23–32] Table 2 shows the 67 detected
compounds, together with the retention times, the character-
istic maximum of absorption and the [M� H]� values. Moreover,
when observed, the fragment ions deriving from the fragmenta-
tion of the precursor ion [M� H]� have also been reported; in all
these cases the ions derived from the loss of the glycosidic
portion, allowing the detection of the corresponding aglycones.

As can be seen from Table 2, a total of 55 polyphenolic
compounds has been tentatively identified, including 45
flavonoids and 9 phenolic acids. From the comparison of the
polyphenols characterized in the extracts, a consistently differ-
ent qualitative-quantitative profile was highlighted. Flavonoids,
all belonging to the class of flavonols, are the main constitu-
ents; the leaf extract was found to contain the greatest number
of flavonoid compounds (30) compared to those of flowers (26)
and stems (11). Among the detected flavonoids, kaempferol
derivatives represent the vast majority of compounds, all of
them in the glycosylated form (18 in leaf, 9 in flower and 6 in
stem extract). The other detected flavonoids are derivatives of
quercetin and isorhamnetin. Secoisolariciresinol 9,9’-diglucoside
(peak 55), a lignan, has also been identified in the flower
extract. The quantitative determination of flavonoids was made
by interpolation of the calibration curves obtained with three
standards: quercetin-3-O-glucopyranoside, kaempferol-3-O-glu-
coside and isorhamnetin-3-O-glucoside. The total amount of
flavonoids identified in the leaf extract (51.2 mg/g) was found
to be approximately double that of the flower extract and 16-
fold higher than the stem extract (26.5 mg/g and 3.13 mg/g,
respectively).

The main constituent of flowers was isorhamnetin dihexo-
side isomer (11.23�0.48 mg/g extract, peak 19), followed by
quercetin dihexoside isomer (2.26�1.90 mg/g extract, peak 12),
while in the leaves predominated kaempferol rutinoside isomer
(10.61�0.40 mg/g extract, peak 40) and kaempferol coumaroyl
rutinoside isomer (10.04�1.22 mg/g extract, peak 45), followed
by quercetin dihexoside isomer (6.11�0.057 mg/g extract, peak
12). Finally, in the stems, the most abundant compounds were:
kaempferol rutinoside isomer (1.21�0.01 mg/g extract peak 57)
and kaempferol dirhamnoside dihexoside isomer (0.56�
0.01 mg/g extract, peak 43).

The greatest number of phenolic acids was found in the leaf
extract (9), in particular ferulic, coumaric, and sinapic acid
derivatives (peaks 2,3,5,6,10,11,58,60 and 62); p-Coumaric acid

glucoside (peak 5) and ferulic acid hexoside (peak 11) were
detected in the flower extract, whereas no phenolic acids were
found in the stem extract. These compounds have been
identified but not quantified.

In addition to polyphenols, malic acid (peak 1), N1,N10-
Dicoumaroylspermidine (peak 34) and 4,4’’-bis(N-
feruloyl)serotonin isomer (peak 51) were detected in traces; the
first in all the hydroalcoholic extracts and the others in the
flower extract only.

Antioxidant Activity

The study of the antioxidant properties of plant species has
gained considerable interest in the last few years since oxidative
stress has been recognized to play a crucial role in the
pathogenesis of different diseases. Polyphenols represent the
main group of phytochemicals with antioxidant ability; these
compounds have drawn increasing attention due to their
powerful antioxidant properties and their beneficial effects in
the prevention of various oxidative stress-related diseases, such
as cancer, neurodegenerative disorders, and diabetes.[33] In the
present work, the antioxidant properties of S. pubescens subsp.
pubescens have been investigated. As it is known, antioxidants
may act by different mechanisms; therefore, using different
analytical methods and substrates may be suitable to evaluate
the mechanisms through which the components contained in
the phytocomplexes could exert their effect.[34] It has been
demonstrated that flavonoids and phenolic acids can act as
hydrogen or electron donors, reducing agents, and metal ion
chelators.[35] Phytochemicals belonging to both these classes
have been detected in S. pubescens subsp. pubescens aerial
parts; therefore, all potential mechanisms were taken into
account to investigate the in vitro antioxidant properties of the
extracts. Specifically, the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
test, based on the hydrogen atom transfer (HAT) and electron
transfer (ET) mechanisms, and the reducing power assay, based
on the electron transfer to Fe (III) were used to evaluate the
primary antioxidant properties of the extracts.[36] One of the
most important mechanisms of action of secondary (preventive)
antioxidants is chelation of prooxidant metals. In detail, metal
chelators reduce the amount of available metals such as iron,
thereby decreasing the extent of hydroxyl radicals generated by
Fenton reaction and limiting metal ion-induced lipid oxidation.
Therefore, the secondary antioxidant properties of the extracts
were investigated by the Ferrous ion chelating activity assay.[36]

In Figure 2 A are reported the results of the DPPH assay,
carried out to determine the free scavenging activity of the
extracts. Compared to the BHT standard, both the flower and
leaf extracts of S. pubescens subsp. pubescens have shown good
radical scavenging activity, which increases with increasing
concentration. The comparison between the two extracts shows
that the leaf extract has a higher activity than that of flowers,
reaching an inhibition of about 90% at a concentration of
1.5 mg/mL, close to that of BHT; the same inhibition was
highlighted for the flower extract at the highest concentration
tested. The stem extract of S. pubescens subsp. pubescens
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Figure 1. HPLC-PDA analysis of flower (A), leaf (B) and stem (C) hydroalcoholic extracts of Sinapis pubescens subsp. pubescens (chromatograms extracted at
330 nm). Tentative identification is shown in Table 2.
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exhibited much lower activity than the others, reaching an
inhibition of about 40% at the concentration of 2 mg/mL. The
stronger radical scavenging activity of the leaf extract was
indicated also by IC50 value, equal to 0.53�0.02 mg/mL,
approximately two-fold lower than that of the flowers (0.90�
0.04 mg/mL) and five-fold lower than that of the stems (2.67�
0.07 mg/mL) (Table 3).

Figure 2 B shows the results of the reducing power assay
performed to assess the Fe3+� Fe2+ transformation ability of the
extracts. As can be seen, the extracts of the aerial parts of S.
pubescens subsp. pubescens exhibited mild-moderate reducing
power compared to the BHT standard. Similarly to what
observed in the DPPH test, the leaf extract showed greater
activity than the flowers; however, the ASE/mL values calculated
for the extracts overlapped (Table 3). The reducing activity of
the stem extract was considerably lower than the other two
extracts, as also confirmed by the ASE/mL value (Table 3).

In Figure 2 C are presented the results of the Ferrous ion
chelating activity assay, used to determine the effectiveness ofTa
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Figure 2. Free radical scavenging activity (DPPH assay) (A), reducing power
(B), and ferrous ion chelating activity (C) of the flower, leaf and stem
hydroalcoholic extracts of Sinapis pubescens subsp. pubescens. Reference
standard: BHT (A, B), EDTA (C). Values are expressed as the mean�SD
(n=3).
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S. pubescens subsp. pubescens extracts to compete for ferrous
ions with ferrozine, a compound capable of forming stable
magenta-colored complexes with Fe2+.[36] All the extracts
showed chelating activity; unlike the other antioxidant activity
tests, the flower extract was much more active than the others,
followed by the stem extract. As can be seen from the graph,
the activity of the flower extract increases with increasing
concentration, reaching about 90% at the maximum concen-
tration tested, in any case lower than the reference standard
(EDTA). The activity of the stem extract, concentration-depend-
ent, was about 70% at the concentration of 2 mg/mL. These
results were confirmed also by the IC50 values, being that of the
flowers approximately half of that of the stems (0.49�0.02 mg/
mL and 0.91�0.03 mg/mL, respectively). The activity of the leaf
extract showed a different trend; indeed, the extract reached its
maximum chelating activity at the concentration of 1 mg/mL,
equal to about 50%; this activity does not vary at the highest
concentrations tested. Notably, the IC50 value calculated for the
leaf extract (1.02�0.07 mg/mL) was close to that of the stems.

As shown in Table 3, significant differences (p<0.01) in
both DPPH scavenging and chelating activities were found
among the extracts; concerning the reducing power, no statisti-
cally significant difference was highlighted between the flower
and leaf extracts.

Previous literature data indicated another wild Sinapis
species, namely S. arvensis (wild mustard) as potential source of
antioxidant compounds.[37,38] The studies carried out by Tabaraki
et al. (2013) and Başyiğit et al. (2020) on extracts obtained from
different parts of S. arvensis by various extraction procedures,
showed radical scavenging and reducing properties stronger
for the flower hydroalcoholic extracts than those of leaves and
stems; the flower extracts were also found to contain higher
amounts of total polyphenols than the others. Differently, the
results of our investigations highlighted stronger primary
antioxidant ability for S. pubescens subsp. pubescens leaf extract,
whereas the flower extract exhibited the best secondary
antioxidant properties. Notably, the amounts of total polyphe-
nols detected in all the S. pubescens subsp. pubescens extracts
are much higher than those reported for S. arvensis.

A positive correlation between the total polyphenol content
and both the radical scavenging ability and the reducing power
of the extracts was highlighted, which resulted strong in the
first case (R2=0.8449 and R2=0.7154, respectively); no correla-
tion with the flavonoid and condensed tannin contents was

found. Differently, a positive correlation was found between the
chelating properties of the extracts and the total flavonoid
content (R2=0.6108).

The results described above pave the way for future studies,
which will be necessary to clarify the effective role of
polyphenol compounds in the antioxidant properties of S.
pubescens subsp. pubescens aerial parts, particularly of flavo-
noids, identified numerous and in large quantities in the
extracts, and to evaluate their potential effects in oxidative
stress-related diseases.

Antimicrobial Activity

Considering the use of Sinapis species in traditional medicine
for their antiseptic properties, it seemed interesting to evaluate
the antimicrobial ability of the flower, leaf and stem hydro-
alcoholic extracts of S. pubescens subsp. pubescens on different
bacterial strains and yeasts.

The results of the screening showed lack of activity against
all the strains tested, except for a fungistatic effect highlighted
for the flower extract on Candida glabrata 33 clinical isolate at a
concentration equal to 500 μg/mL.

In the article recently published by Başyiğit et al. (2020), the
antimicrobial activity of a flower extract of S. arvensis, evaluated
against several bacteria and yeasts by disk diffusion method,
was highlighted against Gram-positive bacterial strains, namely
Enterococcus faecalis, Staphylococcus aureus, S. haemolyticus,
and S. epidermidis, whereas no activity against the tested strains
of Candida spp. was found.[38] Notably, the antimicrobial activity
of S. arvensis flower extract was evidenced at concentration
levels in the range 5–100 mg/mL, far superior to those utilized
in our experiments (maximum concentration tested 1 mg/mL).

Artemia salina Lethality Bioassay

Artemia salina Leach (brine shrimp) lethality bioassay is
commonly employed for the preliminary toxicity assessment of
plant extracts. The convenience of using such method is due
the rapidity, ease of execution, adaptability to different testing
conditions and reduced costs.[39]

The obtained results of the bioassay carried out for flower,
leaf and stem extracts of S. pubescens subsp. pubescens showed

Table 3. Free radical scavenging activity (DPPH assay), reducing power, and ferrous ion chelating activity of the flower, leaf and stem hydroalcoholic extracts
of Sinapis pubescens subsp. pubescens.

Sinapis pubescens subsp. pubescens extracts DPPH
scavenging activity
IC50 (mg/mL)

Reducing power
ASE/mL

Chelating activity
IC50 (mg/mL)

Flowers 0.90�0.04a 15.14�0.34a 0.49�0.02a

Leaves 0.53�0.02b 15.11�0.14a 1.02�0.07b

Stems 2.67�0.07c 35.19�0.38b 0.91�0.03c

Standards BHT
0.07�0.01d

BHT
1.44�0.02c

EDTA
0.007�0.001d

Values are expressed as the mean�SD (n=3). a–d Different letters within the same column indicate significant differences between mean values (p<0.01).
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the absence of toxicity against brine shrimp larvae for all the
extracts on the basis of the Clarkson’s toxicity criterion applied
for the assessment of the degree of toxicity (LC50>1000 μg/
mL).[40] In fact, after 24 h of exposure to the extracts, the larvae
were found to be all alive even at the maximum tested
concentration of 1000 μg/mL.

Conclusions

In the present research, the aerial parts (leaves, flowers and
stems) of S. pubescens subsp. pubescens spontaneously grown
in Sicily (Italy) were investigated for their polyphenolic profile
and biological properties. The comparison of the polyphenolic
compounds characterized in the flowers, leaves and stems
highlighted a consistently different qualitative-quantitative
profile. The aerial parts of S. pubescens subsp. pubescens were
found to be a valuable source of antioxidant compounds; in
detail, the leaf extract showed higher primary antioxidant
properties than the others, namely radical scavenging activity
and reducing power, which appear to be related to their
polyphenol content, while the flower extract showed greater
secondary antioxidant properties, namely chelating activity,
which seems to be related to the flavonoid content. The lack of
toxicity against brine shrimp larvae indicates these extracts as
potentially safe and suggests a possible recovery of antioxidant
molecules with beneficial properties for human health and well-
being. On the other hand, none of the extracts showed
antimicrobial properties against the strains tested.

This study substantially improves the knowledge of S.
pubescens subsp. pubescens, an edible plant hitherto unex-
plored, indicating a promising use of wild species included in
the genus Sinapis as new sources of active metabolites which
could provide health benefits.

Experimental Section

Chemicals and Reagents

LC/MS-grade water (H2O), acetonitrile (ACN), quercetin-3-O-gluco-
pyranoside, kaempferol-3-O-glucoside and isorhamnetin-3-O-gluco-
side, Folin-Ciocâlteu reagent, sodium carbonate, gallic acid, alumi-
num chloride hexahydrate, potassium acetate, quercetin, vanillin,
(+)-Catechin, hydrochloric acid 37%, 2,2-diphenyl-1-picrylhydrazyl,
butylated hydroxytoluene (BHT), potassium hexacyanoferrate (III),
iron (III) chloride hexahydrate, L-ascorbic acid, sodium phosphate
monobasic monohydrate, potassium phosphate dibasic, trichloro-
acetic acid, iron (II) chloride, 3-(2-Pyridyl)-5,6-diphenyl-1,2,4-triazine-
4’,4’’-disulfonic acid sodium salt (ferrozine), ethylenediaminetetra-
acetic acid disodium salt dihydrate (EDTA), dimethyl sulfoxide
(DMSO), tetracycline, and fluconazole were obtained from Merck
Life Science (Merck KGaA, Darmstadt, Germany). LC/MS-grade
formic acid was purchased from Riedel-de Haën (Seelze, Germany).
Methanol (MeOH) was purchased from Carlo Erba (Milan, Italy).
Mueller-Hinton Broth (MHB), Mueller-Hinton Agar (MHA), Sabour-
aud Dextrose Broth (DSB), and Sabouraud Dextrose Agar (SDA)
were purchased from Oxoid (Milan, Italy).

Plant Material and Extraction Procedure

The aerial parts of Sinapis pubescens subsp. pubescens were
collected in May 2022 in Sicily (Italy), specifically in the locality of
Floresta (Messina), on the outskirts of the town, about 1250 m a.s.l.
The taxonomic identification of the plant was confirmed by Prof.
F.M. Raimondo, PLANTA/Center for Research, Documentation and
Training (Palermo), and Prof. V. Spadaro, University of Palermo, and
a voucher specimen has been deposited to the Herbarium
Mediterraneum of the University of Palermo, Italy (PAL� Gr)
(voucher number Raimondo & Spadaro n.01/22).

After harvesting, the aerial parts of S. pubescens subsp. pubescens
were immediately grounded and frozen. Then, the plant material
was lyophilized, powdered in a mortar and subjected to a
preventive maceration with MeOH 70% (1 :10 w/v) at 25 °C for 1 h.
The extraction was performed with 70% MeOH (1 :10 w/v) in an
ultrasonic bath at 50 °C for 15 min; the extraction procedure was
repeated four times, then the filtrates were pooled and evaporated
to dryness by a rotavapor. The yields of the extracts, referred to
100 g of lyophilized plant material, were 42.8%, 24.6% and 4.60%
for flowers, leaves and stems, respectively.

Phytochemical Investigations

Determination of total polyphenol, flavonoid, and condensed
tannin content

The quantitative estimation of the total polyphenols, flavonoids,
and condensed tannins contained in the flower, leaf and stem
hydroalcoholic extracts of S. pubescens subsp. pubescens was
attained using colorimetric methods.

The Folin Ciocâlteu method was employed for the determination of
the total phenolic content.[41] Briefly, 100 μL of the sample solution
was mixed with 200 μL of Folin Ciocâlteu reagent, 2 mL of distilled
water, and 1 mL of 15% sodium carbonate. After incubation at
room temperature (2h), the absorbance was measured at 765 nm
by a UV-1601 spectrophotometer (Shimadzu, Milan, Italy).

The aluminium chloride colorimetric assay was performed to
determine of the total flavonoid content.[42] Briefly, 500 μL of each
sample solution was mixed with 1.5 mL of MeOH, 100 μL of 10%
aluminium chloride, 100 μL of 1 M potassium acetate and 2.8 mL of
distilled water. The reaction mixtures were incubated for 30 min at
room temperature, and the absorbance was measured at 415 nm
by spectrophotometer.

The vanillin method was used for the determination of the
condensed tannin content.[43] Briefly, 50 μL of each sample solution
was mixed with 1.5 mL of 4% vanillin in MeOH and 750 μL of
concentrated HCl. Then, the reaction mixture was incubated at
room temperature, in the dark, for 20 min and the absorbance was
measured at 500 nm by spectrophotometer.

For the quantitative estimation of total polyphenols, flavonoids and
condensed tannins, calibration curves of the standards gallic acid,
quercetin and (+)-catechin, respectively, were constructed. The
total polyphenols were expressed as mg gallic acid equivalents
(GAE)/g extract (dw)� standard deviation (SD); the total flavonoids
were expressed as mg quercetin equivalents (QE)/g extract (dw)�
SD.; condensed tannins were expressed as mg catechin equivalents
(CE)/g extract (dw)�SD. The results were obtained from the
average of three independent experiments.
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HPLC-PDA/ESI-MS analysis

The flower, leaf and stem hydroalcoholic extracts of S. pubescens
subsp. pubescens were analyzed by high-performance liquid
chromatography coupled to a photodiode array and electrospray
ionization mass spectrometry HPLC-PDA/ESI-MS.[44–46]

Sample preparation: The dried extracts were redissolved in 70%
MeOH. For the chromatographic separation, an injection volume of
5 μL was employed, and the analysis was performed in triplicate.

HPLC/MS analytical condition: Chromatographic analysis was accom-
plished by means of a Shimadzu HPLC system (Kyoto, Japan)
equipped with a CBM-20 A controller, two LC-20AD dual-plunger
parallel-flow pumps, a DGU20 A5R degasser, a CTO-20AC column
oven, a SIL-30AC autosampler, an SPD� M20 A photodiode array
detector, and an LCMS-2020 single quadrupole mass spectrometer,
with the employment of ESI source operated in negative and
positive ionization modes. Chromatographic separations were
carried out on an Ascentis Express RP C18 columns (150×4.6 mm;
2.7 μm) (Merck Life Science, Merck KGaA, Darmstadt, Germany). The
employed mobile phase was composed of two solvents: water
(solvent A) and ACN (solvent B) both acidified with 0.1% of formic
acid v/v. The flow rate was set at 1 mL/min, under gradient elution
0–5 min, 0–5% B, 10 min, 15% B, 20 min, 30% B, 60 min, 50% B,
70 min, 100% B, 75 min, 100% B. Photodiode array detection (PDA)
was applied in the range of 200–400 nm and monitored at a
wavelength of 330 nm (sampling frequency: 40, time constant:
0.080 s). MS conditions were as follows: scan range and the scan
speed were set at a mass-to-charge ratio (m/z) 100–1600 and 7500
amu/s, respectively; event time: 0.3 s, nebulizing gas (N2) flow rate:
1.5 L/min, drying gas (N2) flow rate: 15 L/min, interface temperature:
350 °C, heat block temperature: 300 °C, DL temperature: 300 °C, DL
voltage: 1 V, interface voltage: � 4.5 kV.

Standards employed: Calibration curves of three standards (querce-
tin-3-O-glucopyranoside, kaempferol-3-O-glucoside, isorhamnetin-
3-O-glucoside) were employed for the quantification of the
flavonoid content in sample extracts. Each analysis was performed
in 6 repetitions. Data acquisition was performed by Shimadzu
LabSolution software ver. 5.99. Quercetin-3-O-glucopyranoside (0.1,
1, 10, 50, 100 ppm), y=13424x+898.59, R2=0.9939, LOD=0.018,
LOQ=0.061; kaempferol-3-O-glucoside (0.1, 1, 10, 50, 100 ppm), y=

17660x–10681, R2=0.9963, LOD=0.018, LOQ=0.061; isorhamne-
tin-3-O-glucoside (0.1, 1, 10, 50, 100 ppm), y=14948x–2966.9, R2=

0.9963, LOD=0.010, LOQ=0.033.

Antioxidant Activity

DPPH Assay

The free radical scavenging activity of S. pubescens subsp. pubescens
extracts was determined by of the DPPH assay.[47] The tested
concentrations were in the range 0.0625–2 mg/mL, employing
butylated hydroxytoluene (BHT) as reference standard. Briefly, 3 mL
of DPPH methanol solution (0.1 mM) were added to a 0.5 mL
aliquot of each sample solution. The mixture was left in the dark for
20 min, at room temperature; at this time point the absorbance
was measured at 517 nm using a model UV-1601 spectrophotom-
eter (Shimadzu). The results were obtained from three independent
experiments, and are reported as mean radical scavenging activity
(%)�SD and mean 50% inhibitory concentration (IC50)�SD.

Reducing Power Assay

The Fe3+-Fe2+ transformation method was used to assess the
reducing power of S. pubescens subsp. pubescens extracts.[48] The

tested concentrations were in the range of 0.0625–2 mg/mL
employing BHT and ascorbic acid as reference standards. Briefly,
2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of 1%
potassium ferricyanide were mixed with an aliquot of 1 mL of each
sample solution. The mixture was incubated at 50 °C for 20 min and
rapidly cooled; then 2.5 mL of 10% trichloroacetic acid was added
and the mixture was centrifuged for 10 min (3000 rpm, 4 °C). Finally,
2.5 mL of distilled water and 0.5 mL of 0.1% ferric chloride were
mixed with 2.5 mL of the supernatant and the reaction mixture was
incubated in the dark for 10 min at room temperature. The optical
density change was measured at 700 nm. The results were obtained
from the average of three independent experiments, and are
expressed as mean absorbance values�SD and ascorbic acid
equivalent/mL (ASE/mL)�SD.

Ferrous Ion (Fe2 +) Chelating Activity Assay

The Fe2+ chelating activity of the hydroalcoholic extracts of S.
pubescens subsp. pubescens aerial parts was determined by the
spectrophotometric measurement of the Fe2+-ferrozine complex.[49]

The tested concentrations were in the range of 0.0625–2 mg/mL
and ethylenediaminetetraacetic acid disodium salt dihydrate (EDTA)
was used as reference standard. For the test, 0.05 mL of 2 mM
ferrous chloride was added to 1 mL of sample solution and 0.5 mL
of methanol. Then, 0.2 mL of 5 mM ferrozine solution was added,
followed by vigorous shaking and incubation at room temperature
in the dark for 10 min. Finally, the optical density change was
measured spectrophotometrically at 562 nm. The results were
obtained from the average of three independent experiments and
are reported as mean inhibition of the ferrozine-(Fe2+) complex
formation (%)�SD and IC50�SD.

Antimicrobial Activity

For the antimicrobial susceptibility testing the following bacteria
and yeasts were used: Staphylococcus aureus ATCC 6538, Escherichia
coli ATCC 43300, Pseudomonas aeruginosa ATCC 9027, Candida auris
DSM 21092, Candida albicans ATCC 10231, C. albicans n° 12 (clinical
isolate), Candida glabrata n° 33 (clinical isolate), and C. glabrata n°
9 (clinical isolate). The strains, obtained from the private collection
of the Department of Chemical, Biological, Pharmaceutical and
Environmental Sciences (University of Messina, Italy), were stored at
� 70 °C in Microbanks™ (Pro-lab Diagnostics, Neston, UK). The
minimum inhibitory concentration (MIC) and minimum bactericidal
and fungicidal concentration (MBC and MFC) values of the flower,
leaf and stem hydroalcoholic extracts of S. pubescens subsp.
pubescens were determined using the broth microdilution method
according to the protocols recommended by the Clinical and
Laboratory Standards Institute (CLSI, 2018) and CLSI (2008) for
bacteria and yeasts, respectively, with few modifications.[50,51]

Determination of MIC: Overnight cultures of bacteria and yeasts
were grown at 37 °C in MHB or SDB, respectively. The methanol
extracts were dissolved in dimethyl sulfoxide (DMSO) and further
diluted using MHB or SDB to obtain a final concentration of 2 mg/
mL. Two-fold serial dilutions were prepared in a 96-well plate. The
tested concentrations ranged from 1000 to 7.8 μg/mL. Working
strains cultures were adjusted to the required inoculum of 1×
105 CFU/mL and 1×103 CFU/mL for bacteria and yeasts, respec-
tively. Positive controls (medium with inocula, but without the
extracts) and vehicle controls (medium with inocula and DMSO)
were included. The concentration of solvent (DMSO) did not exceed
1%. Tetracycline was tested against all bacteria. Fluconazole was
tested against all yeasts. MIC was defined as the lowest concen-
tration of the extracts that completely inhibited growth compared
to the growth controls.
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Determination of MBC and MFC: Aliquots (10 μL) from each well
from susceptibility testing assays were plated onto MHA or SDA, for
bacteria or yeasts, respectively. The cultures were incubated for 24–
48 h at 37 °C. MBC and MFC were defined as the lowest
concentration of extracts that did not allow visible growth when
the aliquots of the well contents were plated onto agar media and
grown for 24–48 h at 37 °C. All experiments were repeated thrice in
duplicate.

Artemia salina Leach Lethality Bioassay

The brine shrimp (Artemia salina Leach) lethality bioassay was
performed to establish the acute toxicity of the S. pubescens subsp.
pubescens extracts.[52] Brine shrimp eggs were placed in a hatchery
dish containing artificial seawater (32 g sea salt/L) and incubated
for hatching under continuous lighting by means of a 60 W lamp
and at a temperature in the range 24–26 °C. At 24 h after hatching,
active nauplii free from eggshells were collected from the brighter
portion of the hatchery dish and used for the assay. Specifically, ten
brine shrimp larvae were incubated for 24 h at 24–26 °C in artificial
seawater mixed with different amounts of the extracts dissolved in
DMSO, to obtain final concentrations in the range 10–1000 μg/mL
in a total volume of 5 mL. Subsequently, the survived larvae were
counted, and the median lethal concentration (LC50) values were
calculated. Control groups were prepared for seawater and sea-
water with 2% of DMSO, i. e., the maximum volume of solvent used
in the assay, which in preliminary experiments was found to be
non-toxic to brine shrimp larvae. The test was carried out in
triplicate. The toxicity level of the extracts was assessed according
to the Clarkson’s toxicity criterion.[40]

Statistical analysis

Statistical comparison of the data was performed using the one-
way analysis of variance (ANOVA), followed by Tukey’s multiple
comparisons test (GraphPAD Prism Software for Science). p-
values<0.01 were considered to be statistically significant.
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