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Abstract: The overproduction of reactive oxygen species and the exposure of the human body to free
radicals contribute to the aetiology of many chronic health problems, such as cardiovascular disease
and cancer. Supplementation with natural antioxidants could be helpful, preventing free-radical-
induced tissue damage through the inhibition of the radicals’ formation. Quercetin derivatives
have recently been shown to inhibit the production of inflammatory mediators and to reduce the
proliferation of tumoral cells, thus being valid compounds to be promoted as dietary supplements.
In this work, an HPLC-MS/MS investigation on the derivatives of quercetin in a methanolic extract
of peppers deriving from an original crossing combination between Habanero white and Capsicum
annuum revealed the occurrence of nine glycoconjugates, either monosaccharide, disaccharide or
trisaccharide, as well as an acylated disaccharidic derivative (i.e., quercetin rhamnoside-(feruloyl-
hexoside)). Due to the great variability in the quercetin derivatives’ profiles, the Habanero white
hybrid pepper extract was subjected to in vitro cytotoxicity assays. The pepper extract under study
was proved to have anti-inflammatory activity comparable to that shown by a Capsicum annuum
pepper extract since it reduced ROS levels compared to activated cells. Due to its beneficial effects, it
could be exploited as a natural constituent of nutraceutical formulations.

Keywords: Habanero white peppers; Capsicum annuum; HPLC-MS/MS; quercetin derivatives; anti-
inflammatory properties

1. Introduction

In recent years there has been a great deal of attention to nutraceuticals, that is, bioac-
tive ingredients extractable from food sources that have scientifically proven health benefits
for both the treatment and prevention of many disease [1,2], covering a broad range of
biological activities (e.g., antioxidant, anti-inflammatory, antimicrobial, anticancer, hypo-
glycaemic, cardioprotective and neuroprotective) [3,4]. Nutraceuticals are often referred
to as pharma-foods, since they are a powerful toolbox to be used beyond the diet and
before pharmaceuticals [5]. As such, the search for new compounds, for new plant sources
from which they could be extracted, and for information on their activity is continuously
increasing, making use of targeted and untargeted metabolomics analyses [6-8].

Interestingly, common peppers (Capsicum) are an important source of many bioactive
molecules [9-11]. Indeed, there are several groups of valuable phytochemicals in Cap-
sicum species, including carbohydrates, which constitute approximately 85% of the dry
matter (dm); polyphenols and flavonoids (~0.5% dm); and minor yet important bioac-
tive capsaicinoids, carotenoids and vitamins [9]. Polyphenols and flavonoids deserve
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special mention because of their well-known antioxidant activity, which they express by
reducing free radicals and reactive oxygen species (ROS) in the organism, thus avoiding
inflammatory diseases [12]. ROS and other free radicals are produced as part of normal
cellular metabolism, and in response to environmental factors such as ultraviolet irra-
diation. The over-accumulation of these highly reactive molecules in cells can damage
cellular components such as lipids, membranes, nucleic acids and proteins. This oxidative
stress can directly and/or indirectly lead to human diseases such as cardiovascular disease
and cancer [13]. The human body is equipped with an antioxidant defence system that
deactivates these highly reactive free radicals. Nevertheless, dietary supplementation with
nutrients that contain antioxidants may be important for additional protection against
oxidative stress and cell damage caused by ROS over-production, since they can act as
radical scavengers, reducing agents and quenchers of singlet oxygen formation and form
complexes with pro-oxidant metals [14]. Among the species belonging to the Capsicum
genus, C. annuum and C. chinense, including the Habanero white which is considered as one
of the hottest existing pepper species [15], have been promoted as a conspicuous source
of flavonoids [16]. Although significant variation of the total flavonoid profile can be
registered at every stage of maturity [17], in a typical flavonoid analysis, quercetin and lu-
teolin are usually the two most prevalent compounds identified within fruit tissue [18-20].
Quercetin is a flavonoid with very pronounced anti-carcinogenic effects, derived from
its anti-inflammatory and anti-oxidative activities, which in turn are a result of its effec-
tive free-radical scavenging attributes [21,22]. It has been recently proposed as potential
inhibitor of SARS-CoV-2 replication, thus becoming a possible therapeutic agent against
coronavirus disease 2019 (COVID-19), in addition to pharmaceuticals already supplied to
hospitalized patients [23-25]. Quercetin is a candidate of first choice as an antioxidant and
anti-inflammatory supplement in the form of capsules, tablets, gel and creams. However,
due to its poor solubility and slow dissolution rate, this molecule has limited bioavailabil-
ity [26], and various formulation approaches have been used to increase its pharmaceutical
application. Glycosylation generally increases the polarity of the quercetin molecule, which
is necessary for aglycone bioavailability and, consequently, for the corresponding biological
activity [27]. Therefore, research interest in the structural characterization of quercetin
derivatives has been growing due to their pharmacological properties.

In the present work, an investigation on the occurrence of quercetin glycoconjugate
derivatives in a methanolic extract of a selected genotype obtained from an original crossing
combination between Habanero white and Capsicum annum was conducted through the
liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS), widely
used in environmental and food science [6,28,29]. This investigation was followed by an
in vitro assay for the establishment of the cytotoxic properties of the extract on human
monoblastic leukemia cells, in addition to the study of its anti-inflammatory activity
through ROS production inhibition. Moreover, a comparison of the cytotoxic and anti-
inflammatory properties of the Habanero white hybrid pepper extract (WC) and those of a
methanolic extract of peppers belonging to the Capsicum annuum spp. (RC) was conducted.

2. Materials and Methods
2.1. Reagents and Chemicals

Analytical standard materials (>95%) used for the LC-MS/MS analysis were pur-
chased from Chem Faces (i.e., quercetin-3-O-rutinose) and Sigma—Aldrich (i.e., quercetin
7-rhamnoside, quercetin and quercetin 7-glucoside). Acetonitrile and methanol (LC-MS
grade) were obtained from Sigma-Aldrich (Schnelldorf, Germany). Ultra-pure water was
produced using a Milli-Q RG system from Millipore (Bedford, MA, USA). Pure nitrogen
(99.996%) was delivered to the LC-MS system as sheath gas. The ion-trap pressure was
maintained with helium 99.999%; helium was used for trapping and for the collisional acti-
vation of trapped ions. L-Glutamine, penicillin/streptomycin solution, lipopolysaccharide
from Salmonella enterica serotype Typhimurium (LPS) and Roswell Park Memorial Institute
1640 (RPMI 1640) were purchased from Sigma-Aldrich (St. Louis, MO, USA). 6-Carboxy-
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2/,7'-dichlorodihydrofluorescein diacetate (DCF-DA) was obtained from Thermo Fisher
Scientific (San Jose, CA, USA).

2.2. Plant Material and Extraction

A pepper species obtained from a genotype from a specific breeding programme
conducted by Bioinnova (Potenza, Italy) underwent LC-MS/MS and in vitro assays in this
work. The genotype used is a selected backcross 1 (BC1) obtained in Potenza in August
2020, starting from an original crossing combination between Habanero white x P4 A2-16
(selected genotype of Capsicum annum), where P4 A2-16 is the recurrent parental. The
abbreviation WC (White Capsicum) is used to refer to peppers belonging to this crossing
combination. The extraction protocol for the derivatives of quercetin occurring in the
peppers was optimized from Wahyuni et al. [30]. Briefly, 3 mL of methanol was added
to 0.5 g of liophylized peppers. The samples were sonicated for 15 min (T = 25 °C)
in a Sonorex Super RK 100/H sonicator (Bandelin electronic, Berlin, Germany). After
filtration through 0.20 pm nylon filters, the Habanero white hybrid pepper extract was
analysed by LC-MS in order to evaluate the profile of quercetin derivatives. To carry out
the cytotoxicity assays, the WC methanolic extract was subjected to solvent evaporation
(Laborota 4000 efficient, Heidolph, Schwabach, Germany), then the sample was solubilized
in DMSO at a concentration of 50 mg/mL. Concentrations tested were 0.025 mg/mL and
0.005 mg/mL. The results of the assays were compared to those obtained for the extract of
traditional sun-dried peppers, namely Peperoni di Senise (Capsicum annuum L.) protected
with the Protected Geographical Indication mark. This pepper species, referred to by
the abbreviation RC (Red Capsicum), was lyophilized and ground before the methanolic
extraction. The extract was then subjected to solvent evaporation and solubilized in DMSO
at a concentration of 50 mg/mL in order to conduct the in vitro assays. Concentrations
tested were 0.005 mg/mL and 0.025 mg/mL.

2.3. Mass Spectrometry Analysis

WC extract (25 pL) was subjected to LC-ESI-MS analysis using an LC system coupled
to a mass spectrometer (Thermo Fisher Scientific, Bremen, Germany) with a linear trap
quadrupole (LTQ) analyzer. Chromatographic separation was performed at room tempera-
ture on an RP Luna C18 (2) column (150 x 4.6 mmi.d., 3.0 pm, 100 A), through a previously
developed and optimized method [6]. Briefly, water (solvent A) and acetonitrile (solvent
B) were used as mobile phases. Starting from 100% A, a composition of 70:30 (A:B) of the
mobile phase was reached within 15 min, then passed to 65% A in 25 min and held for
5 min. Following this, the composition was 60:40 (A: B) at 40 min and 15:85 (A: B) after
50 min. A reconditioning time of 10 min was employed. Due to the better sensitivity, the
negative-ion mode was the polarity chosen for the quercetin derivatives’ ionization [31].
The source voltage, the temperature of the heated capillary, the tube lens voltage and the
sheath gas (N;) flow rate were set, respectively, to 4.5 kV, 350 °C, =45V, =75V and 5
arbitrary units (a.u). m/z 100-1500 was the range chosen for the full-scan MS experiments.
Tons corresponding to quercetin derivatives found in WC extract were selected for MS?
experiments by collision-induced dissociation (CID), in order to confirm their identity;,
using helium as the collision gas. Collision energy was optimized for each precursor ion,
between 18% and 30% of the normalized collision energy (NCE). The Xcalibur software
package (version 2.0 SR1 Thermo Electron) was used for the acquisition and analysis of the
MS and MS/MS data.

2.4. Cell Culture and Treatments

Human monoblastic leukaemia U937 cell line (ICLC HTL94002-Interlab Cell Line
Collection) was grown in suspension in the Roswell Park Memorial Institute 1640 medium
(RPMI 1640) supplemented with 10% (v/v) foetal bovine serum, 2 mM L-glutamine,
100 U/mL penicillin and 100 pg/mL streptomycin at 37 °C in 5% CO, in a water-saturated
atmosphere. HEK293 kidney immortalized cell line was purchased from the European
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Type Culture Collection and maintained as described by Convertini et al. [32]. U937 and
HEK293 cells were treated with White Capsicum (WC) or Red Capsicum (RC) (0.005 mg/mL
and 0.025 mg/mL) and, where indicated, stimulated with 100 ng/mL of lipopolysaccharide
from Salmonella enterica serotype typhimurium (LPS, Sigma-Aldrich, St. Louis, MO, USA).

2.5. Cytotoxicity Assay

The effects of WC and RC on HEK293 and U937 cells’ proliferation were determined
by MTT assay or by cell counting. In brief, cells were cultured into 96-well plates (1.5 x 10*
and 5 x 10* cells/well, respectively) and treated with WC or RC (0.005 mg/mL and 0.025
mg/mL) for 72 h. HEK293 cell viability was measured spectrophotometrically using MTT
as a substrate. After treatment, fresh MTT was added and resuspended in phosphate-
buffered saline (PBS) (final concentration 0.5 mg/mL), and the plate was incubated at
37 °C for 3 h in a humidified 5% CO, incubator. Then, the media were removed, and
the formazan crystals were dissolved in 100 pL of DMSO-EtOH (1:1) (Sigma—Aldrich,
St. Louis, MO, USA). The optical density was measured at 570 nm with a GloMax plate
reader (Promega, Madison, WI, USA). U937 cell viability was carried out by using the
automated handheld Scepter 2.0 Cell Counter (Merck Millipore, Milano, Italy), according
to the manufacturer’s instructions.

2.6. ROS Detection

To evaluate reactive oxygen species (ROS) levels, U937 cells were triggered by 100 ng/mL
of LPS in the presence or absence of WC or RC (0.005 mg/mL and 0.025 mg/mL). Following
24 h, ROS concentration was measured using 6-carboxy-2’,7’-dichlorodihydrofluorescein
diacetate (DCF-DA, Thermo Fisher Scientific, San Jose, CA, USA). The fluorescence was
revealed using a GloMax plate reader, a 96-well microplate reader (Promega, Madison,
WI, USA).

2.7. Statistical Analysis

Statistical significance of differences was determined by using one-way analysis of
variance (ANOVA) followed by Student’s t-test for multiple comparisons. Results are
shown as means =+ SDs of three independent experiments. Differences were considered as
significant (* p < 0.05, * versus LPS), very significant (##, ** p < 0.01, # versus control) and
highly significant (##H# p < 0.001).

3. Results and Discussion

Among the countless flavonoids occurring in foodstuffs, quercetin is well known
for its great therapeutic potential in the prevention and treatment of many diseases [33].
Despite being often suggested as a dietary supplement, quercetin’s bioavailability is very
low, mostly due to its extensive metabolism [26]. On the other hand, quercetin deriva-
tives, mainly 3-glycosidic derivatives of various sugars, are more easily absorbed and
metabolized throughout the body since the attached substituents change the biochemical
activity and bioavailability of the molecules when compared to the aglycone [34]. In light
of the efficient metabolism of quercetin derivatives, the interest in the evaluation of their
occurrence in fruits and vegetables is growing.

A profiling of the quercetin derivatives occurring in the modified genotype of the
Habanero white pepper extract under study was conducted using an HPLC-MS/MS
method previously developed by Pascale et al. [6]. In detail, these authors proposed a
method for the screening of quercetin glycol conjugates in traditional peppers (Capsicum
annuum L.), based on a cubic regression model which correlated chromatographic retention
times and partition coefficients (log P) of the analytes, in addition to MS/MS data and
an exact masses list provided by a database developed in-house (named QUEdb). A
similar method was applied here to provide a deep qualitative profile of the quercetin
glycoconjugates occurring in the WC methanolic extract. Table 1 reports all of the identified
compounds (Q1-Q10) with their corresponding retention times. All the derivatives eluted
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before quercetin aglycone, as they were monosaccharidic, disaccharidic or trisaccharidic
glycoconjugates, namely, more hydrophilic molecules linked respectively to one, two or
three sugar moieties.

In detail, compounds Q5 (m/z 463.0 [M—H] ™), Q7 (m/z 609.1 [M—H] ™), Q8 (m/z
4471 [M—H]™) and Q10 (m/z 301.0 [M—H] ™) were identified, respectively, as quercetin-7-
O-glucoside, quercetin-3-O-rutinose, quercetin-7-O-rhamnoside and quercetin aglycone
(Figure 1A). Quercetin aglycone fragmentation gave the typical ion fragments resulting
from losses of CO (—28 Da) and CO; (—44 Da) and from rearrangements of the molecular
ion at m/z 301.0 ([C;5H9O7] ) [31]. Notice that the occurrence of the fragment ion at m/z
301.0 in the MS/MS spectra of the quercetin derivatives was diagnostic to establish the
nature of the aglycone, and it was further subjected to MS? experiments in order to confirm
the quercetin fragmentation pattern.

Since no reference standards were available, for derivatives Q1 (m/z 595.1 [M—H] ")
and Q3 (m/z 433.1 [M—H] ™) (Figure 1B), tandem mass spectra interpretation was con-
ducted to determine the nature of the aglycone substituents. As the ion fragments detected
in the MS/MS spectrum of the molecular ion at m/z 595.1 were compatible with the frag-
mentation of hexose (ions at m/z 415.0 M—H—120—60]~, m/z 385.0 [M—H—-120—-90]~
and m/z 355.0 [M—H—-120—120] ") and a pentose moiety (ions at m/z 505.0 [M—H—-90] ",
m/z487.1 [M—H—-108]" and m/z 475.0 [M—H-120]7), Q1 was identified as quercetin-6-C-
hexoside-8-C-pentoside/apioside [35,36]. Notice that the more pronounced fragmentation
of the sugars, rather than their neutral losses, suggest the existence of C-glycosidic bonds
with the aglycone. Instead, the neutral loss of 132 Da from the molecular ion at m/z 433.1,
allowed the identification of Q3 as a monosaccharidic derivative, namely quercetin-7-
O-pentoside/apioside. The 7-glycosylation position was revealed by the higher relative
abundance of the aglycone ion Yy~ (at m/z 301.0), compared to the relative abundance of
the radical aglycone ion [Yy—H]~* at m/z 300.0 [37].

For compounds Q2, Q4, Q6 and QQ9, tandem mass data were not enough to achieve
an unambiguous identification, therefore making a distinction between putative quercetin
glycosides and acyl glycosides with the same nominal mass more complicated (Figure 1C).
Thus, a cubic regression model which correlated the standard quercetin derivatives” experi-
mental RT with their hydrophobicity (log P values) was used as a valuable approach for
their characterization. Compounds Q2 (m/z 609.1 [M—H] ) and Q6 (m/z 609.1 [M—H] ")
were identified as two di-O-glycosyl isomers (i.e., quercetin-4’-rhamnoside-7-hexoside
and quercetin-3-O-rhamnoside-7-O-hexoside), since they showed retention times shorter
than that of the more hydrophobic quercetin standard (23.7 min). A further quercetin
rhamnoside-hexoside isomer (Q9, m/z 785.1 [M—H] ™), with an additional acyl group on
the hexose moiety, was also identified in the Habanero white pepper extract. The fragment
ion at m/z 447.0 (M—H—-162—176]") occurring in its MS/MS spectrum supported the evi-
dence of a feruloyl-hexose substituent of the aglycone. Thus, Q9 was identified as quercetin
rhamnoside-(feruloyl-hexoside), a derivative found for the first time in Capsicum annuum
extracts [6]. A trisaccharidic derivative, the compound eluted at 15.5 min (Q4, m/z 741.3
[M—H]™), was identified as quercetin-3-O-pentosyl/apiosyl-rhamnosyl-hexoside, due to
the occurrence in the CID MS spectrum of product ions at m/z 595.1 ((M—146] "), m/z 463.0
(IM—146—132]") and m/z 300.9 ((IM—146—132—162] "), which were obtained after neutral
losses of rhamnose (—146), pentose/apiose (—132) and hexose (—162). The validity of the
assignment was confirmed by the cubic regression model, which predicts RTs which are
too high for the other isomeric candidates possible from the MS/MS spectrum [6].



Separations 2021, 8, 90 6 of 12
Table 1. Quercetin derivatives identified in the methanolic extract of peppers derived from a crossing combination between Habanero white and Capsicum annuum spp.
Compound n. RT (min) Name Aglycone Substituents m/z [M—HI]~ CID (%NCE)
Q1 10.3 Quercetin-6-C-hexoside-8-C-pentoside/apioside Ry: OH; Rj: Hex; R3: OH; Ry4: Pent; R5: OH 595.1 18%
Q2 13.3 Quercetin-4'-rhamnoside-7-hexoside Ri: OH; Ry: H; R3: O-Hex; Ryg: H; R5: O-Rha 609.1 18%
Q3 13.4 Quercetin-7-O-pentoside/apioside R1: OH; Ry: H; R3: O-Pent/Api; Rq: H; Rs: OH 433.1 18%
Q4 155 Quercetin-3-O-pentosyl/apiosyl-rhamnosyl-hexoside Ry: O-Pent/Api-Rha-Hex; Rp: H; R3: OH; Ry: H; Rs: OH 741.3 19%
Q5 15.9 Quercetin-7-O-glucoside Ri: OH; Ry: H; R3: O-Glu; Ryg: H; Rs: OH 463.0 18%
Q6 16.0 Quercetin-3-O-rhamnoside-7-O-hexoside Ri: O-Rha; Ry: H; R3: O-Hex; R4: H; Rs: OH 609.1 18%
Q7 17.5 Quercetin-3-O-rutinose Ry: O-Glu-Rha; Ry: H; R3: OH; R4: H; Rs: OH 609.1 18%
Q8 19.5 Quercetin-7-O-rhamnoside Ri: OH; Ry: H; R3: O-Rha; R4: H; R5: OH 447.1 18%
Q9 23.1 Quercetin rhamnoside-(feruloyl-hexoside) R,%: O-Rha-Hex-Fer; Ry: OH; Ry: H; R3: OH; Ry: H; R5: OH 785.1 20%
Q10 23.7 Quercetin Ri: OH; Rj: H; R3: OH; Ry: H; Rs: OH 301.0 30%

Abbreviations: Hex (hexose); Pent (pentose); Rha (rhamnose); Glu (glucose); Api (apiose); Fer (feruloyl). Ry is used for substituents whose position on the aglycone was not defined according to the MS/MS

spectrum.
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Figure 1. Extracted ion current (XIC) chromatograms by LC-ESI(-)-LTQ-MS of quercetin deriva-
tives occurring in methanolic extract of peppers belonging to a modified genotype of the Ha-
banero white and identified through the use of commercially available standards (A), tandem
mass spectra interpretation (B), Log P-RT correlation (C). A window of 3.0 m/z unit centred
around the selected [M—H]™ ion was chosen. Peak numbers correspond to (Q1) quercetin-6-C-
hexoside-8-C-pentoside/apioside, (Q2) quercetin-4’-rhamnoside-7-hexoside, (Q3) quercetin-7-O-
pentoside/apioside, (Q4) quercetin-3-O-pentosyl/apiosyl-rhamnosyl-hexoside, (Q5) quercetin-7-O-
glucoside, (Q6) quercetin-3-O-rhamnoside-7-O-hexoside, (Q7) quercetin-3-O-rutinose, (Q8) quercetin-
7-O-rhamnoside, (Q9) quercetin rhamnoside-(feruloyl-hexoside) and (Q10) quercetin.

Quercetin and its derivatives are known for exerting a direct pro-apoptotic effect on
tumor cells, thus blocking the growth of several cancer cell lines at different phases of
the cell cycle. Both of these effects have been documented in a wide variety of cellular
models and in animal models [38]. Several studies demonstrated a significant role of
quercetin in the growth inhibition of breast, colon, prostate, ovary, endometrium and lung
cancer cells [39]. As the LC-MS/MS analysis showed that several quercetin derivatives
were present in the WC extract, the extract’s cytotoxic activity was evaluated. The in vitro
cytotoxicity was first studied against the human monoblastic leukaemia U937 cell line for
two extract concentrations (0.005 and 0.025 mg/mL) by cell counting, and compared with
DMSO used as a control. As illustrated in Figure 2A, WC did not significantly alter cell
viability at the tested concentrations. Moreover, surprisingly, the number of dead cells
did not increase with the increase in the concentration of the extract. The effect on cell
viability was also evaluated for RC extract, whose previously targeted LC-MS/MS analysis
showed its rich quercetin profile [6]. As expected, cell viability decreased by increasing the
extract concentration. Indeed, RC reduced cell viability by approximately 12% and 6% at
0.025 mg/mL and 0.005 mg/mL concentrations, respectively (Figure 2B).
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Figure 2. Effect of WC and RC on U937 (A,B) and HEK293 (C,D) cells’ viability. U937 and HEK?293 cells were treated with
WC or RC (0.050 mg/mL and 0.025 mg/mL) as indicated for 72 h. Cell viability was measured using an MTT assay or
a Millipore Scepter™ handheld automated cell counter. Results are presented as means & SDs from three independent
experiments. ## p < 0.001, # p < 0.01 versus control (one-way analysis of variance, ANOVA followed by Student’s t-test for

multiple comparisons).

Cytotoxicity was also evaluated in HEK293, a non-tumorigenic cell line, by MTT assay
and compared with DMSO used as a control. As illustrated in Figure 2C, WC slightly re-
duced cell viability only at the lowest concentration (0.005 mg/mL). Instead, the RC extract
significantly reduced cell viability in a dose-dependent manner. RC decreased cell viability
by approximately 35% and 25% at concentrations of 0.025 mg/mL and 0.005 mg/mL,
respectively (Figure 2D). Thus, the RC extract turned out to not have potential for use in
nutraceutical formulations.

Several studies have proposed ROS generation inhibition as a possible mechanism
through which quercetin and its derivatives express their anti-inflammatory activity [40,41].
Overall, quercetin derivatives” anti-inflammatory activity was found to be comparable
to that of the aglycone [42], thus suggesting the potential of these flavonoids as useful
constituents of nutraceutical formulations. As both WC and RC extracts showed a wide
quercetin derivatives profile, and they did not significantly reduce the U937 cells’ viability,
their anti-inflammatory activity was evaluated by testing their inhibitory effects on the
production of inflammatory mediators, that is, reactive oxygen species (ROS). ROS are
typically generated by tightly regulated enzymes, such as NAD(P)H oxidase isoforms. At
moderate concentrations, ROS play an important role as regulatory mediators in signaling
processes. Many of the ROS-mediated responses actually protect cells against oxidative
stress and re-establish “redox homeostasis”. However, excessive amounts of ROS may arise
either from the excessive stimulation of NAD(P)H oxidases or from less-well-regulated
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sources such as the mitochondrial electron-transport chain [43]. Here, the intracellular ROS
generation in U937 cells treated with WC and RC extracts was evaluated by fluorescence
spectrophotometer after the cells were triggered by lipopolysaccharide. LPS induces the
reactive oxygen species-producing enzymes’ inducible nitric oxide synthase and reduced
nicotinamide adenine dinucleotide phosphate oxidase in monocytes and macrophages,
leading to the extensive production of NO, O, ™, peroxynitrite and other ROS or reactive
nitrogen species [44]. ROS activate activating transcription factors such as nuclear factor
k-B (NF-kb) and activator protein-1, which in turn induce not only more ROS but also
proinflammatory cytokines such as TNF-a. Because TNF-« can also activate NF-«kb, a
feedforward mechanism resulting in the increased production of both cytokines and ROS
is set in motion with LPS exposure [45]. Figure 3A,B shows the percentage of ROS levels
for control, cells triggered with LPS and cells either treated with LPS and WC or RC
extract, respectively. ROS levels were increased by about 30% in the cells treated with
LPS as compared to untreated control cells. Instead, WC reduced ROS levels compared
to activated cells at a concentration of 0.025 mg/mL (about 20%) (Figure 3A). RC also
showed an inhibitory effect toward ROS, especially at the 0.005 mg/mL concentration
(about 10% vs. LPS) (Figure 3B). The results were comparable to the ROS production
inhibition capability reported in the literature for quercetin [46]. Because ROS generation
is an important factor in the progression of the inflammatory process, these results indicate
that both WC and RC extracts could exert health benefits for inflammation-related diseases.
However, it should be considered that RC extract is slightly cytotoxic to healthy cell lines.
Moreover, according to the cytotoxicity data on non-tumorigenic cell line, WC extract could
be used for nutraceutical formulations only at a concentration higher than 0.005 mg/mL.
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Figure 3. Effect of WC (panel A) and RC (panel B) on ROS production. U937 cells were triggered by 100 ng/mL of LPS in
the presence or absence of WC or RC (0.025 mg/mL and 0.005 mg/mL). After 24 h, ROS levels were quantified. Results
are presented as means + SDs from three independent experiments. The comparison between the results are expressed as
follows: * p < 0.05 vs LPS, ** p < 0.01 vs LPS, ### p < 0.001 vs control.

4. Conclusions

In recent years, many nutraceuticals have appeared on the market in different phar-
maceutical forms, containing food bioactive compounds as active principles. Many of
them are quercetin-based nutraceuticals. Here, a comprehensive profiling of the quercetin
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glycoconjugates occurring in a methanolic extract of a new genotype of peppers coming
from an original crossing combination of Habanero white and Capsicum annuum was con-
ducted. Nine quercetin derivatives were identified by LC-MS/MS along with a correlation
between chromatographic data and log P values. An evaluation of the ability of the extract
to inhibit the ROS production was conducted here for the first time, showing that the
extract is potentially suitable for nutraceutical formulations at concentrations higher than
0.005 mg/mL with anti-inflammatory properties, as it was effectively able to reduce ROS
levels in activated cells.
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