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Abstract: Ficus spp. are often used as food and in traditional medicine, and their biological activities
as anti-inflammatory and diuretic, for wound healing, and as antimicrobial agents have been largely
reviewed. The aim of this work was to investigate the polyphenol content and the antioxidant and
anti-tyrosinase properties of the extracts from F. rubiginosa, a very poorly explored Ficus species. For
this purpose, F. rubiginosa leaves were collected at three different maturity stages (H1, H2, and H3),
and the environmentally sustainable methanolic extracts were evaluated for the total phenolic content
(TPC), total flavonoid content (TFC), and total catechins content (TCC). The polyphenolic profile
was studied using HPLC-UV/DAD and UHPLC-MS, and the antioxidant activity was determined
in vitro using DPPH, FRAP, and ABTS assays. The study showed that the H2 extract had higher
TPC and TEC values (113.50 mg GA /g and 43.27 mg QE/g, respectively) and significant antioxidant
activity. Therefore, the H2 extract was selected to study the anti-tyrosinase activity. The results also
showed that H2 was able to bind and inhibit tyrosinase, with rutin being the compound responsible
for the measured activity on the enzyme.

Keywords: Ficus rubiginosa; polyphenolic compounds; antioxidant activity; DPPH; FRAP; ABTS; tyrosinase

1. Introduction

Ficus (Moraceae) is a large genus comprising more than 800 species [1] that are either
woody, broad-leaved or evergreen trees, shrubs, or herbs. Components of this family are
primarily found in tropical and subtropical regions [2]. Many Ficus spp. have been and are
still used as food or medicinal plants. For example, F. religiosa [3], a tree that is considered
sacred by both Buddhists and Hindus [4], is used in Ayurveda to treat diabetes and urinary
disorders [5], whereas F. hispida is used traditionally in China and India as a remedy for
skin disorders and respiratory and urinary diseases [6]. F. carica is perhaps the most famous
species. It is widely cultivated for its fruits, commonly called ‘figs’, and is economically
important. Furthermore, it has also been traditionally used as a laxative, expectorant, and
diuretic [7].

Ficus species are also characterised by several bioactive compounds, such as terpenoids,
furocoumarins, alkaloids, and polyphenols [8,9].

Despite the significant amount of information about Ficus spp., little has been reported
about the phytochemistry of F. rubiginosa Desf. ex Vent. [10].

F. rubiginosa, also known as Mastosuke rubiginosa (Desf. ex Vent.) Raf. or Urostigma
rubiginosa (Desf. ex Vent.) Dasf. [1], is commonly known as ‘Port Jackson fig” or ‘rusty
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fig’ due to the colour of the leaves’ lower hairy surface. It is an evergreen tall tree native
to Australia that begins its life as an epiphyte but later produces thick aerial roots that
provide strength and allow it to grow faster. Its leaves are obovate, ovate, or elliptic, mostly
7-10 cm long and 5-6 cm wide; the upper surface is glabrous, while the lower surface is
mostly hairy and rust-coloured. Its fruits (figs) are globose, 10-20 mm in diameter, yellow
in colour that gradually turns to red, and usually verrucose [11].

Polyphenols are the largest constituents in Ficus spp. and are responsible for several
of their biological activities. They represent an important bioactive class of secondary
metabolites [12] that act as antiradicals and antioxidants [13] and can also be used for
various purposes: for example, in skin care [14], to prevent metabolic syndrome [15],
and to treat age-related diseases [16], to cite some. Kar et al. [17] studied the stimulating
activity of F. religiosa polyphenols containing extracts on the thyroid, and others examined
the antiproliferative activity of F. glumosa [18] and F. awkeotsang [19] and the antibacterial
activity of F. sycomorus [20]. However, the antioxidant activity has been investigated
the most [21-26]. It is well documented that the developmental stage influences the
polyphenolic content [27-29]. Furthermore, Nadeem and Zeb evaluated the polyphenolic
content in F. carica leaves at different stages of maturation [30].

It is well known that tyrosinases are an important class of enzymes responsible for
melanin formation. In recent years, tyrosinase inhibitors have gained particular attention
due to their use as depigmenting agents in treating skin disorders such as melasma, senile
lentigos, and post-inflammatory hyperpigmentation [31]. Several tyrosinase inhibitors
have been isolated from plants, and among them, polyphenols play an important role [32].
Moreover, among Ficus leaf extracts, F. sur, F. carica, and F. sycomorus leaf extracts have been
found to exert tyrosinase inhibitory properties [33-35].

The present work aimed to study the polyphenol content and antioxidant activity of
F. rubiginosa leaves methanolic extract at three different stages of maturity and to determine
the polyphenol extract that contains the highest activity against tyrosinase enzyme.

2. Materials and Methods
2.1. Chemicals

Methanol (MeOH) and ethanol (EtOH) were purchased from VWR (Milan, Italy);
MeOH and acetonitrile (ACN) for HPLC 99%, sodium nitrite (NaNO;), sodium hydroxide
(NaOH), aluminium chloride (AICl3, anhydrous sublimed), catechin (C), quercetin (Q),
phosphate buffer (PBS), and potassium persulfate (K,S,0g) from Merck Life Science S.r.1.
(Milan, Italy); formic acid (FA) and anhydrous sodium sulfate (Na;SO4) from CARLOERBA
(Milan, Italy). Water for the HPLC analysis was purified using a Milli-Q water purifica-
tion system from Millipore (Milan, Italy). LiChrosolv water, LiChropur formic acid, and
LiChropur ammonium formate (HCO,NHj) (all LC-MS grade) were bought from Supelco®
Analytical Products Merck Life Science S.r.l. (Milan, Italy). Folin—Ciocalteu (FC) reagent,
2,2’-azino-bis-(3-ethylbenzothiazoline-6-sulphonate) diammonium salt (ABTS), 2,4,6-tris(2-
pyridyl)-s-triazine (TPTZ), 6-hydroxy-2,5,7,8-tetramethyl-2-carboxylic acid (Trolox), 2,2-
diphenyl-1-picrylhydrazyl (DPPH), ferric chloride (FeCls), gallic acid (GA), rutin, ascorbic
acid, DOPA, and mushroom tyrosinase (5370 units/mg) were purchased from Sigma-
Aldrich (Milan, Italy).

2.2. Instrumentation

UV /Vis spectrophotometric assays were performed using a Sunrise™ Absorbance mi-
croplate reader (TECAN, Miannedorf, Switzerland). All the spectrophotometric experiments
were performed using disposable optical Corning® 96-well plates from Merck Life Science
(Merck KGaA, Darmstadt, Germany) and a Sunrise microplate reader (Tecan Italia S.r.L,
Milan, Italy). The HPLC-UV/DAD analyses were performed using an Agilent 1100 HPLC
Series System equipped with a degasser, quaternary gradient pump, column thermostat,
and UV-Vis detector (Agilent, Santa Clara, CA, USA). UHPLC-MS analyses were performed
on an Agilent 1290 Infinity II model combined with the Agilent 6550 mass spectrometer
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(Agilent, Santa Clara, CA, USA). A Gemini 5 um C6-Phenyl column (250 x 4.6 mm) from
Phenomenex (Torrance, CA, USA) was used for all the chromatographic separations.

2.3. Plant Material

The leaves of Ficus rubiginosa Desf. ex Vent. were collected at the Botanical Garden
of Padua in April (H1), July (H2), and September (H3) 2022 and immediately oven-dried
at 45 °C (Air Concept, Froilabo, Collégien, France). A voucher specimen (H0061262) was
deposited at the Department of Pharmaceutical Sciences, University of Padua. A domestic
food processor, Girmi Mod. TR20 (Girmi, Omegna (VB), Italy), was used to pulverise the
leaves that were sieved, and the <710 um granulometric fraction was collected.

2.4. Plant Material Extraction

The powdered leaves (4 g) were macerated using MeOH, EtOH, aqueous 80%, 70%, and
60% EtOH (v/v) (3 x 40 mL) overnight, at room temperature (r.t.). All the organic extracts
were dried over anhydrous Na;SOy, filtered, and evaporated under reduced pressure.

2.5. Evaluation of the Total Phenol Content (TPC), Total Flavonoid Content (TFC), and Total
Antioxidant Capacity (TAC)

2.5.1. Evaluation of Total Phenol Content (TPC)

Spectrophotometric assays were carried out following a procedure described in previ-
ous works [36,37] with only a few modifications. The Folin—Ciocalteau (FC) method was
used to determine the TPC. Briefly, the three harvested extracts (H1, H2, and H3) were
dissolved in plain MeOH to prepare a 1.0 mg/mL final concentration. Next, 100 pL of the
extract and 750 puL of the 10-fold diluted FC reagent were mixed and kept for 10 min at
r.t. The obtained solution was treated with 750 uL aqueous Nay,COj3 (2% (w/v)) and left at
r.t. for 3 h. The absorbance was read at 765 nm. The TPC values were calculated using a
calibration curve prepared with gallic acid (GA) solutions (calibration curve in the range
0.01-0.25 mg/mL; R? > 0.999) previously treated in the same way as the studied samples.
For each extract, all the measurements were made with 0.2 mL solutions. The TPC results
are expressed as follows: mg of gallic acid equivalents (GAE)/g dry extract.

2.5.2. Evaluation of the Total Flavonoid Content (TFC)

The total flavonoid content (TFC) was estimated by applying the well-known AICl3
method [38], with minor modifications. Briefly, a regression curve (R? = 0.999) was built
up using quercetin as a surrogate standard (in the 0.03-0.10 mg/mL concentration range).
The stock solution of quercetin was prepared at 1.0 mg/mL concentration with 50% (v/v)
aqueous MeOH. Next, 2 mL of MeOH were added to either 0.5 mL of the quercetin solution
or the extract solutions (each extract, in the range 0.4-0.65 mg, was preliminarily diluted
with 2.0 mL of 50% v/v aqueous MeOH). For the analysis, 0.2 mL of AlICI3 (anhydrous
sublimed, 10% w/v in water) were added soon after the preparation of these solutions,
which are referred to as the initial solutions. After 3 min, MeOH was added until a total
volume of 5.0 mL was reached. These solutions were then vortexed for 10 s and kept in the
dark for 40 min before analysis. The same procedure was followed for each solution used
to build up the calibration curve, and the absorbance was read at 415 nm. The TFC results
are expressed as follows: mg quercetin equivalents (QE)/g of dry extract. All the analyses
were performed in triplicate.

2.5.3. Evaluation of the Total Catechin Content (TCC)

The TCC was spectrophotometrically evaluated using the NaNO, / AlCl; assay [39]
with subtle modifications. A stock solution of catechin (5.0 mg/mL in 50% v/v aqueous
MeOH) was prepared. A regression curve (R? = 0.999) was created with catechin as a
surrogate standard (in the 0.10-0.30 mg/mL concentration range) and used to measure the
TCC of all catechin-type compounds. Next, 2 mL of MeOH were added to either 0.5 mL
of the extract solutions or the standard solution (each extract, in the range of 0.4-0.65 mg,
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was preliminarily diluted with 2.0 mL of 50% aqueous MeOH). To this, 0.15 mL of aqueous
NaNO; (1.0 M) were added and sequentially vortexed for 10 s. After 3 min, 0.15 mL of
AlCl3 (anhydrous sublimed, 10% w/v in water) were added, and the resulting mixture was
vortexed for 10 s. Afterwards, 1.0 mL of aqueous NaOH (1.0 M) was added to the mixture.
Then, MeOH was added until a total volume of 5.0 mL was reached; the obtained solution
was vortexed for 10 s and kept in the dark for 40 min before analysis. The absorbance was
read at 510 nm. The same procedure was applied to each solution used to build up the
calibration curve. The results were expressed as mg of catechin equivalents (CE)/g of dry
extract. The procedures were carried out in triplicate.

2.5.4. Evaluation of the Total Antioxidant Capacity (TAC) Using the Frap Method

For the preparation of the FRAP reagent, the following solutions were mixed: 2.5 mL
of a TPTZ solution (10 mM) in HCI (40 mM, aqueous) and 2.5 mL of an FeCl; aqueous
solution (20 mM), mixed with 25 mL of aqueous NaOAc (300 mM, pH 3.6), following a
procedure previously reported [36,37] and modified. H1, H2, and H3 were dissolved in
plain MeOH in order to obtain a 1.0 mg/mL final concentration. The assay was carried out
by mixing 100 pL of diluted methanolic extract, 100 pL of distilled water, and 1.5 mL of
FRAP reagent and maintaining the solution at r.t. in the dark for 4 min. The absorbance was
read at 593 nm. The TAC values were determined from a calibration curve prepared with
Trolox (as the surrogate standard) solutions, previously treated using the same procedure
as that used for the studied sample (calibration curve in the range 0.0125-0.25 mg/mL;
R? > 0.999). For the measurements, 0.2 mL of the solutions were used. All the experiments
were performed in triplicate for each extract, and the results are expressed as follows: umol
of Trolox equivalents (TE)/g dry extract.

2.5.5. Evaluation of the Radical Scavenging Capacity (RSC) by the DPPH Method

The RSC was measured using the DPPH method, slightly modifying a previously
described procedure [36,37]. DPPH was solubilised in HPLC-grade EtOH until a concentra-
tion with an absorbance of 0.65 (£0.02) at 517 nm was reached, and the absorbance value
was stabilised within 2 h. Each extract was dissolved in plain MeOH in order to obtain
a 1.0 mg/mL final concentration. Next, 50 uL of the methanolic extract were added to
2.95 mL of the stabilised DPPH solution and maintained at r.t. in the dark for 30 min. The
absorbance was read at 517 nm. The RSC was determined from a calibration curve prepared
using Trolox (surrogate standard) solutions, previously treated by applying the same proce-
dure as that used for the studied sample (calibration curve in the range 0.025-0.25 mg/mL;
R? = 0.998). For the measurements, 0.2 mL of the solutions were used. All the experiments
were performed in triplicate for each extract, and the results were expressed as follows:
umol of Trolox equivalents (TE)/g dry extract.

2.5.6. Evaluation of the Radical Scavenging Capacity (RSC) Using the ABTS Method

The ABTS method was used as a complementary method to DPPH to determine the
RSC. This assay was evaluated as described in [36,37] with few modifications. Two volumes
of an aqueous solution of ABTS" (0.36% (w/v)) and one volume of a 0.2% aqueous solution
of K;S,0g were mixed. The flask was covered with aluminium foil and left overnight at r.t.
in the dark. The obtained ABTS** solution was diluted with EtOH until the absorbance was
0.70 (£0.05) at 734 nm. Each extract was then solubilised, as reported in Section 2.5.1. To
the methanolic extract (0.06 mL), 4.0 mL of the ABTS* /EtOH solution was added, and the
mixture was left standing in the dark for 6 min. The absorbance was read at 734 nm. The
radical scavenging capacity was extrapolated from a calibration curve prepared with Trolox
(surrogate standard) solutions, previously treated using the same procedure as the studied
sample (calibration curve in the range 0.05-0.50 mg/mL; R? > 0.997). For the measurements,
0.2 mL of each solution were used. All the experiments were performed in triplicate for
each extract, and the results are expressed as follows: pmol of Trolox equivalents (TE)/g
dry extract.



Antioxidants 2024, 13, 1129

50f 15

2.6. HPLC-UV/DAD and UHPLC-MS Analysis of the Extracts and for the Tyrosinase Binding Tests

For the HPLC-UV/DAD analyses, the column was employed at 40 °C. The optimised
gradient program was as follows: eluent A water with 0.15% (v/v) acetic acid, eluent
B acetonitrile; 97% A at 0-6 min, 75% A at 15 min, 75% A at 20 min, 20% A at 30 min,
and 97% A at 40 min. The flow rate was 1 mL/min, with an injection volume of 10 uL;
chromatograms were acquired at 265 and 365 nm; and UV-Vis spectra were recorded in
the 190-700 nm range.

Rutin was quantified by acquiring the chromatograms at 365 nm and using a 1 mg/mL
standard solution in MeOH. The calibration curve (R?> = 0.999) was obtained in the
2-50 pg/mL concentration range, with five concentration levels. The analysis was per-
formed in triplicate, and the results were expressed as mean =+ standard deviation (SD).

The optimised gradient program for UHPLC-MS analyses was as follows: eluent A
water with 0.1% (v/v) formic acid, eluent B acetonitrile; 0-8 min, 97% A; 8-26.5 min, 75% A;
26.5-40 min, 20% A; 4042 min 97% A. The flow rate was 0.75 mL/min, with an injection
volume of 5 pL and the column temperature was kept at 40 °C. Chromatograms were
acquired at 265 and 365 nm, and the UV-Vis spectra recorded in the 190-700 nm range. For
MS detection, the Dual AJS ESI source operated in the negative ion mode. The parameters
used were as follows: gas temperature: 300 °C; flow: 5 L/min, sheath gas temperature:
250 °C with a flow of 11 L/min. The nebuliser pressure was set at 35 psi, and the Capillary
and Fragmentor voltages were 3500 V and 260 V, respectively. The MassHunter Workstation
Data Acquisition 10.0 (Agilent Technologies Inc., Santa Clara, CA, USA) program was used
for data acquisition, while the MassHunter Qualitative Analysis 10.0 (Agilent Technologies
Inc., Santa Clara, CA, USA) software was used for data processing.

2.7. Evaluation of the Tyrosinase Affinity Using the Target Binding® Technology

The F. rubiginosa constituents’ affinity to tyrosinase was studied using the Target
Binding® technology [40], a method commonly used to pre-select the inhibitor candi-
dates in complex extracts, with few modifications. Mushroom tyrosinase was prepared at
2000 U/mL in 50 mM phosphate buffer pH 6.8 (PBS). The tyrosinase solution was mixed
with H2 extract and incubated at r.t. for 10 min. After this time, the mixture was filtered
using a 5 kDa cut-off centrifugal filter. The unbound compounds were eliminated (see
Section 3.4 for details) through several washings, and the target-ligand complexes were
solubilised in water. By adding acetonitrile, the bounded compounds (see Section 3.4 for
details) were recovered. The experiment was performed in triplicate. The ligands and raw
extracts were analysed using HPLC-DAD.

2.8. Evaluation of the Anti-Tyrosinase Activity

The anti-tyrosinase inhibitory activity was spectrophotometrically investigated fol-
lowing a method previously described [41], with few modifications. I-DOPA was used as
a substrate for the tyrosinase. The assay mixtures, freshly prepared, consisted of 300 pL
of test solution in 0.05 M phosphate buffer pH 6.8 (PBS) and 10 pL of enzyme solution
(2000 U/mL in PBS). After preincubation at r.t. for 10 min, a 300 pL substrate solution
(0.1 M 1-DOPA in PBS) was added to start the reaction. This mixture was incubated at
r.t. for 20 min, and the absorbance at 465 nm was measured with a Shimadzu UV-1800
spectrophotometer (Shimadzu Italia, Milan, Italy). Ascorbic acid, a known tyrosinase
inhibitor, was used as a positive control. The tyrosinase inhibitory activity was expressed
as the percentage inhibition of tyrosinase enzyme in the assay system used and calculated
as follows:

(A-B)-(C-D)
(A—B)

where: A is the UV absorbance of a mixture containing water, tyrosinase, and substrate; B
is the UV absorbance of a mixture containing water and PBS; C is the UV absorbance of

% antityrosinase activity = 100
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a mixture containing extract, tyrosinase, and substrate; and D is the UV absorbance of a
mixture containing extract and PBS.

Various concentrations of the samples were studied to obtain the tyrosinase inhibitory
activity percentage. The ICsy value, which is the concentration required for a 50% tyrosinase
inhibition, was determined using the dose-response curves of each sample via the Graph-
Pad Prism (version 10.1.2, GraphPad Software, San Diego, CA, USA). Three independent
experiments were performed in duplicate.

2.9. Statistics

All the analyses were performed in triplicate, and the values were reported as the
mean + standard deviation (SD) of the three independent analyses. The Statistica 12.0
software (StatSoft GmbH, Hamburg, Germany) was used to perform the statistical analyses.
The significant differences among the studied parameters were analysed using a one-way
ANOVA, followed by a post hoc Tukey’s Honestly Significant Difference (HSD) test at
a significance level of p < 0.05. The correlation between the total polyphenol content,
DPPH antioxidant capacity, and FRAP-reducing power was evaluated through a Pearson
correlation test.

3. Results and Discussion

Polyphenols are the most widespread secondary metabolites in flowering plants, where
they are involved in the chemical defence against predators [42]. They are potent antioxidant
compounds that can prevent, inter alia, the development of severe disorders, including
cancer and cardiovascular-related diseases, in humans [43]. In plants, they are important
modulators of cell signalling pathways [44]. Among polyphenols, flavonoids are, perhaps,
the class with the most documented compounds with nutraceutical importance [45-47].

Phenolic composition results from genetic and environmental factors [48,49], such
as plant genotypes, growth stages, seasons, and eco-geographical conditions. Therefore,
identifying and quantifying the major phenolic compounds in a plant forms the basis for
the rationalisation of its biological effect, often derived from the compounds’ antiradical,
antioxidant, and anti-inflammatory activities.

Ficus spp. have been reported as a good source of phenolic compounds, such as
coumarins and flavonoids [8].

Due to the lack of information on F. rubiginosa phytochemistry, we undertook this
study to measure the phenolic content, antioxidant capacities, and anti-tyrosinase enzyme
activities of the extracts from F. rubiginosa leaves collected at three different maturity stages:
spring (H1), summer (H2), and autumn (H3).

3.1. Solvent Optimisation

Polyphenols are usually extracted from plants using methanol, ethanol, water, acetone,
and their mixtures [50,51]. Methanol is often the best-extracting solvent for polyphenols
and flavonoids [51,52], but it has been demonstrated that different plant materials can be
better extracted using different solvents [53]. Given the recognition by the USA Food and
Drug Administration (FDA) of ethanol as a ‘generally recognised as safe’ (GRAS) solvent,
we carried out preliminary experiments to comparatively evaluate MeOH and EtOH, with
and without mixture or not with water, to identify the best-extracting solvent in terms of
polyphenol extraction yield. This preliminary screening of solvents was carried out on
sample HI.

The extractions were performed by maceration to avoid any possible decomposition
of metabolites. Table 1 shows the preliminary results obtained from the analysis of the
prepared extracts.

The results indicate a statistically significant difference (p < 0.05) in the extraction yield
obtained using MeOH and EtOH, while the extraction performed using EtOH-80, EtOH-70,
and EtOH-60 showed a statistically significant difference only when compared to MeOH
and EtOH. Meanwhile, the differences in TPC were statistically different only between
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MeOH and the other solvents. Moreover, the highest extraction yield was observed using
EtOH-80, EtOH-70, and EtOH-60, and the highest total phenolic content (TPC) was obtained
using methanol (p < 0.05) (Table 1). The difference between the yields and the TPC can
be ascribed to the extraction of different classes of compounds in relation to polyphenols
using aqueous ethanol [54]. Following these results, we choose methanol as the extracting
solvent to evaluate the changes in polyphenol and flavonoid amounts during maturity.

Table 1. Yield and TPC obtained using different solvents on H1 leaves. Results, reported as mean
value + standard deviation (n = 3), are expressed on extract dry weight.

Yield% TPC (mg GAE/g)
MeOH 6.41 +040° 93.71 £ 5.157
EtOH 444 4+ 0427 31.08 £2.81°%
EtOH-80 9.06 + 0.24°¢ 4350 4+ 3.04¢
EtOH-70 10.6 £ 0.28 ¢ 40.394 0.12°¢
EtOH-60 10.6 £ 0.57 ¢ 37.65+ 3.77 Y

Different superscripted letters in the same column indicate significant differences (p < 0.05).

3.2. Changes in TPC, TFC, and TCC over Time

Table 2 shows the percentage of the extraction yield obtained using MeOH for the
three harvests. The results show that the maturity stage produced yields with a non-
significant difference between H1 and H2 (p > 0.05). In contrast, a significant difference in
the extraction yield was observed in H3 (p < 0.05).

Table 2. TPC, TFC, and TCC obtained using MeOH as the extraction solvent. Results, reported as
mean value + standard deviation (n = 3), are expressed on the extract dry weight.

Harvest Yield% TPC (mg GAE/g) TFC (mg QE/g)  TCC (mg CE/g)
H1 6.41 +0.40° 93.71 £ 5.15¢ 35.67 &+ 1.76 89.60 + 0.41 ¢
H2 7.02 4+ 0.33 7 113.50 + 3.55 ¥ 4327 +£0.23° 95.39 + 0.54 ¢
H3 5.26 4 0.42° 75.69 £ 0.96 € 35.26 & 0.59 101.67 &+ 047 ¢

Different superscripted letters in the same column indicate significant differences (p < 0.05).

The TPC, TFC, and TCC were determined on each of the three extracts. The TPC of
the solubilised portion was evaluated using the FC method, with gallic acid (GA) as the
standard. The results (Table 2) show that the time of the harvest significantly influences
(p < 0.05) the TPC (expressed as mg GAE/g extract) value, which increased from spring
(H1) to summer (H2) and decreased in autumn (H3). Various authors have also observed a
TPC decrease in mature leaves. For example, Nadeem and Zeb found that the polyphenolic
content in F. carica leaves decreased in 60-day old leaves [30]. Similarly, Liu et al. reported
that the soluble TPC content decreases in old Camellia sinensis leaves following the normal
increase of cell wall-bounded polyphenolics (lignins and condensed tannins) [55]. Chang
et al. observed the same results in Clausenia lansium leaves [56]. This change can be ascribed
to the fact that these two types of polyphenols share the same biosynthetic pathway, and
during the maturation stages, precursors can change the flow from soluble to bounded
phenols [57].

The TFC of all quercetin-type compounds was determined using the aluminium
chloride (AICl3) method, based on the formation of stable yellow complexes between
AlCl3 and the C-4 keto group and either the C-3 or C-5 hydroxyl groups of flavones
and flavonols [58]. Adding aluminium chloride to flavonoids leads to the formation of
a new chromophore, specifically in quercetin- and rutin-like compounds. However, for
catechin-type species, the absence of a carbonyl group stops the generation of the new
chromophore. On the other hand, the addition of sodium nitrite in the assay protocol serves
as a nitrating agent, and it is selective for aromatic vicinal diols, ultimately producing a
flavonoid-nitroxyl derivative characterised by the appearance of additional absorption
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bands after about 320 nm, including one at about 510 nm. The appearance of these new red-
shifted bands produces coloured nitrophenols [39], and catechin-type flavonoids can also
be quantified in this way. These results show that TFC behaves like general polyphenols. In
contrast, TCC tends to increase during this time, being significantly higher in H3 (p < 0.05)
than in the other two extracts. Interestingly, our findings differ from those reported by
other authors. For instance, Chang and Liu observed an increase of flavonoids (determined
with a different analytical method) in mature leaves [55,56]. On the contrary, Anwar’s
findings, obtained using the same methodology, align with our outcomes [59]. Interestingly,
the TCC content does not follow the same pattern, as it increases during the three stages
from 89.60 £ 0.41 (H1) to 101.67 £ 0.47 (H3). As per our knowledge, this is an unusual
trend, as different authors have reported that catechin (flavanol) content usually follows
the same trend as flavonoids and phenolics [55,60].

3.3. Evaluation of the Antioxidant Activity Using the DPPH, FRAP, and ABTS Methods

It is well known that different ‘chemical families” of antioxidants can respond differ-
ently to different types of assays [61]. Therefore, the more formally correct way to evaluate
a plant extract’s TAC (Total Antioxidant Capacity) is to perform assays based on different
reaction mechanisms and consider cumulatively the results obtained from each of these. In
this scenario, the use of spectrophotometric assays can allow the acquisition of important
information easily and quickly.

Therefore, three different spectrophotometric assays, FRAP, DPPH, and ABTS, were
performed to determine the TAC of the three extracts. The FRAP method is exclusively
based on a single electron transfer (SET) mechanism, while the radicals characterising the
DPPH and ABTS assays are recognised to activate mixed-mode hydrogen atom transfer
(HAT) and SET reactions, depending on the applied experimental conditions [62,63].

Table 3 reports the results of the antioxidant activity determined on the three harvests
using different methods.

Table 3. In vitro antioxidant activity measured with the DPPH, FRAP, and ABTS assays of the three
methanolic harvested extracts. Results, reported as mean value + standard deviation (n = 3), are
expressed on dry weight.

Harvest DPPH (mg TE/g) FRAP (mg TE/g) ABTS (mg TE/g)
H1 546.26 + 11.647 1.96 +0.05% 463.36 = 7.82°7
H2 721.65 + 16.22 b 2.64+0.01° 579.84 + 6.84 7
H3 675.43 +£9.81°¢ 1.87 £0.01°7 573.02 &+ 6.22 7

Different superscripted letters in the same column indicate significant differences (p < 0.05).

The results show that the leaves collected in spring (H2) exhibited the highest antirad-
ical and antioxidant activities in DPPH and FRAP assays, which was significantly different
from H1 and H3 (p < 0.05).

Conversely, the youngest leaves (H1) demonstrated the lowest antioxidant activity
in the DPPH and ABTS assays, which was also significantly different from H2 and H3
(p <0.05).

The correlation between the antiradical/antioxidant activity and the different classes
of phenols is reported in Figure 1.

The correlation shows that TPC and TFC have a very strong positive correlation with
FRAP and a weak correlation with DPPH and ABTS assays. On the contrary, TCC shows
a strong correlation with DPPH and ABTS and a very weak negative correlation with
the FRAP assay. These data suggest that TFC and TCC are primarily responsible for the
antioxidant of F. rubiginosa extracts.
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FRAP TFC DPPH ABTS FRAP TCC DPPH ABTS FRAF
TPC TFC TCC
DPPH DPPH 0.7 DPPH 0.7
ABTS ABTS 0.5 ABTS
FRAP FRAP 0.6 0.4 FRAP 0.6 0.4
(b) (c)

-0.1 0.1 03 0.5 0.7 0.9 1.0
Figure 1. Pearson’s correlation coefficient between TPC (a), TFC (b), and TCC (c) vs. antioxidant activities.

3.4. Chromatography- and Mass Spectrometry-Based Analyses and Tyrosinase Binding Assay

Given that it has the highest TPC and TFC content and the best antioxidant activity,
H2 was selected for the tyrosinase binding activity analysis.

A preliminary HPLC-DAD analysis was performed to obtain the chromatographic
profile and define marker compounds for the tyrosinase affinity and anti-tyrosinase ac-
tivity studies. The MS data acquired during the analysis of H2 revealed the presence of
21 compounds (Table 4). The species were identified using literature data [64,65] and the
MassHunter Qualitative Analysis 10.0 software suite (Agilent, Santa Clara, CA, USA).
The UHPLC-MS analysis was performed in the negative ionisation mode, as reported in
Section 2.6.

Table 4. Polyphenols identified in H2 extract by UHPLC-MS analysis.

Peak n° Rt min. [M-H]~ (m/z2) Formula Expected Mass Score Error (In ppm) Compound
1 4.08 193.0694 CsHioNsO,  194.0804 98.60 0.19 Caffeine
2 4.43 137.0256 CyHgO3 130.029 91.52 8.58 p-Hydroxybenzoic acid
3 6.41 191.0212 CgHgO7 192.0825 88.92 7.95 Citric Acid
4 9.55 169.0157 C7HgO5 170.0215 89.36 8.49 Gallic Acid
5 16.42 153.0208 CyHgO4 154.0281 88.75 9.55 Protocatechuic Acid
6 18.56 353.0867 C16H1509 354.094 96.13 —3.05 5-Caffeoylquinic acid
7 18.89 197.048 CyoH;00s5 198.054 93.58 6.13 Syringic Acid
8 19.76 193.0525 C10H1004 194.0597 84.19 9.47 Ferulic Acid
9 20.68 289.0721 C15H1406 290.075 97.95 1.53 Catechin
10 20.81 337.0919 C16H180g 338.0993 96.65 —2.49 5-O-(4-Coumaroyl)quinic acid
11 20.82 755.1986 C33H40090 756.206 74.21 —7.05 Quercetin-3-O-rutinoside-rhamnoside
12 23.67 447.0899 Cp1Hp0O11 448.0973 85.55 —-7.76 Quercetin 3-O-rhamnoside
13 24.39 609.15 Ca7H30016 610.5 66.33 —9.06 Rutin
14 24.60 167.0364 CsHgO4 168.0437 89.48 8.58 Homogentisic acid
15 24.62 167.0354 CgHgOy4 168.0437 89.48 8.58 Vanillic Acid
16 25.01 163.0415 CyHgO5 164.0488 89.36 8.85 p-Coumaric Acid
17 25.51 301.0352 Cy5H1907 302.0424 97.84 —0.78 Morin
18 26.68 151.0416 CsHgO3 152.048 85.14 8.7 Vanillin
19 33.54 339.073 Ci5H1609 340.0787 97.27 —2.22 Esculin
20 34.18 315.0511 [HCOO™]  Cy5H1905 270.09 95.77 0.31 Apigenin
21 34.95 285.0408 C15H1006 286.0482 97.91 1.73 Kaempferol

The identified polyphenols belong to four different classes of compounds, i.e., hydrox-
ybenzoic acids (e.g., hydroxybenzoic acid, gallic acid, protocatechuic acid, syringic, vanillic
acid), hydroxycinnamic acids (e.g., 5-caffeoylquinic acid, ferulic acid, p-coumaric acid),
flavonols (e.g., rutin, kaempferol, quercetin and quercetin derivatives), and flavones (e.g.,
apigenin). Furthermore, we identified morin, a characteristic flavonol of the Moraceae fam-
ily. Finally, rutin and protocatechuic acid were found to be the most abundant compounds.
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The potential of the constituents from the H2 extract against tyrosinase was inves-
tigated using the Target Binding® approach, which allows the identification of the com-
pounds that interact with an enzyme. This assay is based on the interactions of a given
protein target with a plant extract. Additionally, ligand molecules were revealed through
the HPLC-UV analysis: the comparison of the chromatograms representing the raw extract
and the Target Binding® samples shows the molecules bound or not bound to the enzyme

during the incubation step.

Figure 2 shows the comparison of the chromatograms of the H2 extract (A) and the
filtrate containing the compounds not retained (B) and the supernatant containing the
compounds retained by tyrosinase (C). The data suggest that rutin is the main or only
compound in H2 that binds to the enzyme, whereas protocatechuic acid and chlorophylls

do not.
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Figure 2. HPLC-UV chromatograms recorded at 265 (top) and 365 nm (bottom) of F. rubiginosa
H2 extract (A), Target Binding® filtrate (B), and Target Binding® supernatant (C). The peaks are 1:

protocatechuic acid and 2: rutin.
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Since rutin is a well-known tyrosinase inhibitor, it may be responsible for inhibitory
effects on tyrosinase of F. rubiginosa H2 extract [66,67]. Therefore, the rutin content in the
extract has been quantified, and the half-maximal tyrosinase inhibitory concentration (ICsp)
of the H2 extract and rutin standard have been assessed. The anti-tyrosinase activity of
H2 extract was tested in the range of 100-1000 png/mL, that is 0.7-7.2 ug/mL of rutin. The
IC5p was determined as 800 pg/mL for the extract and 5.38 nug/mL for the rutin standard
(Figure 3). Interestingly, the amount of rutin in 800 pg of H2 extract is 5.8 pug, comparable
to the ICy of standard rutin.

900
800 T

700 l
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o

o
1
I
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Figure 3. ICs5j against tyrosinase of ascorbic acid (AscAc), F. rubiginosa H2 extract (Extract), and
rutin standard.

The results show that F. rubiginosa extract suppressed the tyrosinase activity, with rutin
being responsible for it.

Although protocatechuic acid had no direct inhibitory effect on tyrosinase activity,
it was reported to exert a potent anti-melanogenic effect by inhibiting the expression of
melanogenic genes [68]. However, the presence of both rutin and protocatechuic acid in the
extract adds value. F. rubiginosa may be an effective agent for hyperpigmentation disorders
as it works either on tyrosinase activity or the melanogenic pathway.

4. Conclusions

F. rubiginosa is a scarcely studied species that must be examined in depth, as it has
already been reported that its extracts exhibit an interesting antiviral activity [10]. The
current study, as far as we know, appears to be the first phytochemical study of this
species that examined the polyphenolic content of the leaf extracts. Although the present
study has some minor concerns due to the fact that we took into consideration only single
seasonality, we demonstrated that the maturity stage greatly influences the polyphenolic
content, with the extract obtained from the July harvest (H2) exhibiting the highest TPC
and TFC values. Furthermore, H2 also showed the highest DPPH, FRAP, and ABTS
values, showing the extract’s potentially highest antioxidant capacity. This observation
holds practical significance as it highlights the occurrence of a season-related type of
phytocomplex. It also allowed us to identify the best harvesting time to obtain extracts
with healthy properties. Accordingly, H2 was studied for its tyrosinase inhibition. The
results showed that rutin plays a prominent role in the observed anti-tyrosinase activity
and that the methanolic extracts of F. rubiginosa could be profitably used in the treatment of
various skin diseases related to tyrosinase activity. As already stated, polyphenol content
and profile are influenced by genetic and environmental factors. Therefore, we think
it would be of great significance to enlarge the study, and it is our intention to further
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study polyphenol profile variation, taking into consideration different years and using leaf
samples collected from plants grown in different habitats.
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