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Abstract: Spices, widely used to improve the sensory characteristics of food, contain several bioactive
compounds as well, including polyphenols, carotenoids, and glucosynolates. Acting through multiple
pathways, these bioactive molecules affect a wide variety of cellular processes involved in molecular
mechanisms important in the onset and progress of human diseases. Capparis spinosa L. is an aromatic
plant characteristic of the Mediterranean diet. Previous studies have reported that different parts
(aerial parts, roots, and seeds) of C. spinosa exert various pharmacological activities. Flower buds
of C. spinosa contain several bioactive compounds, including polyphenols and glucosinolates. Two
different subspecies of C. spinosa L., namely, C. spinosa L. subsp. spinosa, and C. spinosa L. subsp.
rupestris, have been reported. Few studies have been carried out in C. spinosa L. subsp. rupestris. The
aim of our study was to investigate the phytochemical profile of floral buds of the less investigated
species C. spinosa subsp. rupestris. Moreover, we investigated the effect of the extract from buds
of C. spinosa subsp. rupestris (CSE) on cell proliferation, intracellular ROS levels, and expression of
the antioxidant and anti-apoptotic enzyme paraoxonase-2 (PON2) in normal and cancer cells. T24
cells and Caco-2 cells were selected as models of advanced-stage human bladder cancer and human
colorectal adenocarcinoma, respectively. The immortalized human urothelial cell line (UROtsa)
and human dermal fibroblast (HuDe) were chosen as normal cell models. Through an untargeted
metabolomic approach based on ultra-high-performance liquid chromatography quadrupole-time-of-
flight mass spectrometry (UHPLC-QTOF-MS), our results demonstrate that C. spinosa subsp. rupestris
flower buds contain polyphenols and glucosinolates able to exert a higher cytotoxic effect and higher
intracellular reactive oxygen species (ROS) production in cancer cells compared to normal cells.
Moreover, upregulation of the expression of the enzyme PON2 was observed in cancer cells. In
conclusion, our data demonstrate that normal and cancer cells are differentially sensitive to CSE,
which has different effects on PON2 gene expression as well. The overexpression of PON2 in T24
cells treated with CSE could represent a mechanism by which tumor cells protect themselves from
the apoptotic process induced by glucosinolates and polyphenols.

Keywords: cancer; Capperis spinosa L. subsp. rupestris; glucosinolates; paraoxonase; polyphenols;
oxidative stress

1. Introduction

Several epidemiological studies have indicated that dietary intake of vegetable bioac-
tive molecules exerts a key role in prevention of several chronic diseases [1]. Among
vegetables, spices, commonly used to improve the appeal and sensory characteristics of
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food, contain several bioactive compounds, including polyphenols, carotenoids, and glu-
cosynolates [2]. These bioactive molecules act through multiple pathways to affect a wide
variety of cellular processes involved in cancer, including differentiation, proliferation,
apoptosis, and cell-cycle arrest. In addition to their ability to act as antioxidants, they
regulate cell functions and modulate gene expression [2–6]. Pro-oxidant and cytotoxic
effects of polyphenols have been described under certain conditions and in certain tissues,
including in tumour cells [7–11].

Capparis spinosa L. is an aromatic plant widespread in Mediterranean Europe. The
flower buds (capers) are used as a food ingredient in Mediterranean cuisine. Previous
studies have reported that capers are a good source of flavonoids (rutin, kaempferol),
phenolic acids, and glucosinolates (glucocapparin, glucoiberin, sinigrin, glucobrassicin)
which are known to provide health-improving benefits due to their biological activities
(antioxidant, anticancerogenic, antimicrobial, antimutagenic) [12–16]. Previous studies
have assessed the effect of the C. spinosa extract on different cancer cell lines. Hydroalcoholic
extract of C. spinosa (floral buds and leaves) decreased growth and proliferation in different
cancer cell lines such as cervical cancer (Hela), breast cancer (MCF7), and osteosarcoma
(Saos-2) compared to normal cells (Fibroblast) [17]. C. spinosa essential oil and aqueous
infusion (floral buds and leaves) showed an inhibitory effect on colorectal adenocarcinoma
cell (HT-29) proliferation [18].

Two different subspecies of C. spinosa L, namely, C. spinosa L. subsp. spinosa and
C. spinosa L. subsp. rupestris (syn. C. orientalis), have been reported [19–21]. Few stud-
ies have been carried out on C. spinosa L. subsp. rupestris. Studies investigating seeds,
leaves [19], and flower buds [20,22] of C. spinosa L. subsp. rupestris have reported that it
represents a very rich source of bioactive compounds of nutraceutical relevance, including
fatty acids, glucosinolates, and polyphenols, as does the more widely studied subspecies,
C. spinosa subsp. spinosa.

The aim of our study was to further investigate the phytochemical profile of the floral
buds of the less investigated subspecies, C. spinosa subsp. rupestris, through an untar-
geted metabolomic approach based on ultra-high-performance liquid chromatography
quadrupole-time-of-flight mass spectrometry (UHPLC-QTOF-MS), focusing on polyphe-
nols and glucosinolates. Moreover, we explored antioxidant activity and the effect of the
extract of buds of C. spinosa subsp. rupestris in both normal and cancerous cells. Human
bladder carcinoma cells (T24) and human colorectal adenocarcinoma cells (Caco-2) were
selected as cancer cell models. The immortalized human urothelial cell line (UROtsa),
which is considered to be a valuable model for normal human bladder urothelium [23–25],
along with human dermal fibroblast (HuDe), were included as normal cell models. We
investigated the modulatory role of the extract on cell proliferation, intracellular ROS levels,
and expression of the antioxidant and anti-apoptotic intracellular enzyme paraoxonase-2
(PON2) [26–30], which has been reported to be upregulated in different human cancers and
to play a role in the physiopathology of cancer [26,31–34].

2. Results
2.1. Phytochemical Profile of C. spinosa subsp. rupestris Floral Buds

The untargeted metabolomics approach based on UHPLC-ESI/QTOF-MS allowed
us to putatively annotate 428 compounds in C. spinosa subsp. rupestris extract (CSE). A
comprehensive list reporting all the identified compounds, together with their abundance
and composite mass spectrum, can be found in the Supplementary Materials. In detail,
363 were polyphenols and 65 were glucosinolates. Among polyphenols, the class with
the most abundant compounds was that of flavonoids (173 compounds), characterized
by 52 flavonols, 48 anthocyanins, 11 flavanols, and 62 other flavonoids (e.g., flavones).
Furthermore, 82 phenolic acids were identified, along with 26 lignans, 10 stilbenes, and 72
other low-molecular-weight phenolics (quantified as tyrosol equivalents).

In this regard, Table 1 displays the results from the semi-quantitative analysis. A cu-
mulative phenolic content of 1.65 g equivalents (Eq.)/100 g dry matter (DM) was revealed.
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The most abundant phenolic class belonged to low-molecular-weight phenolics (tyrosol
derivatives; 0.86 ± 0.16 g Eq./100 g DM), followed by flavonoids (0.49 g Eq./100 g DM).
In particular, flavonoids consisted of anthocyanins (0.28 ± 0.02 g Eq./100 g DM), flavonols
(0.08 ± 0.01 g Eq./100 g DM), flavanols (0.04 ± 0.00 g Eq./100 g DM), and other flavonoids
(0.09 ± 0.00 g Eq./100 g DM). Therefore, anthocyanins were highlighted as the most abun-
dant sub-class among flavonoids. The phenolic profile of CSE extract was characterized
by 0.19 ± 0.04 g Eq./100 g DM of lignans, 0.09 ± 0.01 g Eq./100 g DM of phenolic acids,
and 0.03 ± 0.00 g Eq./100 g DM of stilbenes. Finally, glucosinolates were quantified in CSE
as gluconapin equivalents; a total content of 14.23 ± 1.01 g/100 g DM was detected. In
particular, the highest abundance values was recorded for glucocapparin.

Table 1. Semi-quantitative data of polyphenols (classes/subclasses) and glucosinolates identified
from untargeted ultra-high-performance liquid chromatography quadrupole-time-of-flight mass
spectrometry (UHPLC-QTOF-MS) profiling.

Class
(g Eq./100 g)

C. spinosa subsp. rupestris
Floral Buds

Anthocyanins 0.28 ± 0.02
Flavonols 0.08 ± 0.01
Flavanols 0.04 ± 0.00

Other flavonoids 0.09 ± 0.00
Phenolic acids 0.09 ± 0.01

Lignans 0.19 ± 0.04
Stilbenes 0.03 ± 0.00

Other phenolics 0.86 ± 0.16
Glucosinolates 14.23 ± 1.01

Results are expressed as mean values (g phenolic equivalents) ± standard deviation
(n = 3) in 100 g dry matter (DM). Eq. = Equivalents (cyanidin for anthocyanins, quercetin
for flavonols, luteolin for flavones and other flavonoids, catechin for flavan-3-ols, ferulic
acid for phenolic acids, sesamin for lignans, resveratrol for stilbenes, tyrosol for tyrosols
and other remaining phenolics and gluconapin for glucosinolates).

2.2. Antioxidant Properties of C. spinosa subsp. rupestris Floral Buds

Total polyphenolic (TP) content in CSE was 1.6 ± 0.1 g gallic acid equivalent
(GAE)/100 g DM, in agreement with the cumulative phenolic content obtained by the
semi-quantitative analysis. The in vitro antioxidant capacity of CSE as evaluated by Oxy-
gen Radical Scavenging Capacity (ORAC) assay was found to be 50.8 ± 8.4 mmol Trolox
Equivalent (TE)/100 g DM. Pearson’s correlation analysis allowed us to detect significant
correlations between levels of flavan-3-ols (r = 0.999; p < 0.01) and phenolic acids (r = 0.998;
p < 0.01) and ORAC antioxidant activity. Neither the levels of other phenolic classes nor
the total content of glucosinolates were significantly correlated with ORAC values.

2.3. Effect of C. spinosa rupestris on Cell Proliferation

The effect of CSE on cell proliferation was evaluated on cancer cells (Caco-2 and
T24) and normal cells (UROtsa and HuDe) at different TP concentrations (0,10, 50 and
100 µg GAE/mL). As shown in Figure 1, CSE exhibited a higher anti-proliferative effect in
Caco-2 cells and in T24 cells (Figure 1) compared with UROtsa and HuDe cells (Figure 1).
In particular, a significant decrease of cell viability was observed in Caco-2 cells treated
with the lowest CSE concentration (10 µg GAE/mL) (64.2 ± 2.7% with respect to control).
Significant differences were observed at the highest concentrations as well (p < 0.001).
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CSE on proliferation of UROtsa cells was evident only at the highest concentration of CSE
(100 ug GAE/mL) (85.2± 2.9% respect to control) (p < 0.05). No effect of CSE was observed
in HuDe cells (Figure 1).

2.4. Effect of C. spinosa Extract on Intracellular Reactive Oxygen Species Levels

The levels of intracellular reactive oxygen species (ROS) evaluated using a 2′,7′-
dichlorodihydrofluorescein diacetate (H2DCFDA) fluorescent probe showed that the Caco-2
cell line had the highest significant baseline levels (0.83 ± 0.01 a.u). Lower levels of ROS
were demonstrated in T24 cells (0.73 ± 0.02 a.u). Both UROtsa and and HuDe cells had
comparable levels of ROS (0.48 ± 0.01 a.u and 0.51 ± 0.02 a.u).

The effect of CSE on intracellular ROS levels in normal and cancer cells was studied at
different TP concentrations (0,10, 50 and 100 µg GAE/mL). No modification of ROS levels
was observed in cell lines during incubation for 48 h in the absence of extracts (data not
shown). As shown in Figure 2, treatment with CSE resulted in a significant increase of
intracellular ROS levels in Caco-2 and T24 cells in a dose-dependent manner. In Caco-2
cells treated with the lowest CSE concentration (10 µg GAE/mL) an increase of intracellular
level of ROS (about 56%) was observed with respect to basal levels (p < 0.001). In T24 cells,
the increase was statistically significant in cells treated with CSE 50 µg GAE/mL (about
24% compared to baseline) (p < 0.005). The levels of intracellular ROS were not significantly
modified in UROtsa and HuDe treated with increasing concentrations of CSE compared to
untreated cells (Figure 2).
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2.5. Effect of C. spinosa subsp. rupestris on PON2 Expression

To better investigate the effect of CSE on normal and cancer cells, the expression levels
of the antioxidant and antiapoptotic enzyme PON2 were analyzed in T24 and UROtsa cells.
The relative baseline expression levels of PON2 were significantly lower in the T24 cells
compared to the UROtsa (p < 0001); PON2 expression in UROtsa cells was about four times
higher compared to T24 cells (Figure 3a).

Incubation of CSE on UROtsa cells was associated with opposite effects with respect to
T24. A significant increase in PON2 expression was observed in T24 cells after incubation
with CSE at all tested concentrations (Figure 3b) (p < 0.001). PON2 expression was about
2.5-time higher in T24 cells treated with the lower CSE concentration (10 µg GAE/mL)
compared to untreated cells; no further increase was observed in cells treated with higher
CSE concentrations (Figure 3b). On the contrary, treatment with CSE triggered a slight
downregulation of PON2 in UROtsa cells; the effect was significant at higher concentrations
as well (100 µg GAE /mL) (p < 0.05) (Figure 3c).
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Figure 3. Effect of CSE polyphenols on paraoxonase-2 (PON2) expression. Real-Time PCR was used
to evaluate (a) mRNA levels in T24 and UROtsa cells (***: p < 0.001); (b) modifications of PON2
mRNA levels in T24 cells treated with CSE for 48 hours (T24 vs. T24 + CSE, ***: p < 0.001; and
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3. Discussion

C. spinosa L. has been used in folk medicine since ancient times for its numerous biolog-
ical activities [16,35]. Two different subspecies of C. spinosa L., namely, C. spinosa L. subsp.
spinosa and C. spinosa L. subsp. rupestris (syn. C. orientalis), have been reported [19–21]. Few
studies have been carried out using C. spinosa L. subsp. rupestris [19,20,22].

In this study, an untargeted metabolomic approach was applied to investigate the
phytochemical profile of C. spinosa subsp. rupestris flower bud extract. The phenolic com-
position of C. spinosa flower buds has been extensively investigated in the past years by
different analytical methods [15,36–38]. Our results from untargeted profiling demonstrate
that C. spinosa subsp. rupestris flower buds are a good source of flavonoids; in particular,
different glycosylated forms of quercetin, kaempferol, myricetin, and isorhamnetin deriva-
tives were identified. Moreover, rutin (quercetin-3-O-rutinoside) has been reported as the
most abundant flavonoid [15,36–38].

In addition, hydroxycinnamic acids, hydroxybenzoic acids, and flavan-3-ols have been
detected in this food matrix [15,39]. Among anthocyanins, pelargonidin 3-O-glucoside and
pelargonidin 3-O-rutinoside have been identified [37]. Our semi-quantitative data reveal
that C. spinosa L. subsp. rupestris was particularly rich in low-molecular-weight phenolics
and flavonoids, accounting for a total phenolic content of 1.65 g equivalents/100 g DM.
The levels of total phenols are similar to those recently reported by Grimalt et al. (2021) in
flower buds of C. spinosa L. subsp. rupestris [22]. However, quantitative data are hardly
comparable with the available literature, as the content of these bioactive compounds is
strictly dependent on genetic factors, growth stage, agronomical conditions, extraction, and
analytical methods as well [15,35].
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Thanks to its close relation to the Brassicaceae family, C. spinosa is an important
source of glucosinolates, secondary plant metabolites known for their role in preventing
disease and reducing the risk of carcinogenesis [16]. The literature data were confirmed
by our untargeted metabolomics approach, revealing a high content of glucosinolates
(14.23 ± 1.01 g/100 g DM). Glucocapparin was the most abundant glucosinolate detected
in our experimental conditions, in agreement with previous data [37,40,41]. A significant
correlation was established between both flavan-3-ols (r = 0.999; p < 0.01) and phenolic
acids (r = 0.998; p < 0.01) and antioxidant activity, as evaluated through ORAC assay. No
significant correlation was detected when considering the other phenolic classes or the
total content of glucosinolates, suggesting that flavanols are the major determinant of the
in vitro antioxidant activity of CSE.

Several studies have shown that bioactive phytocompounds affect cancer cell growth,
differentiation, and apoptosis [9,10,17]. At the molecular level, many studies have shown
that their action can be attributed to their ability to modulate oxidative damage as well
as to their capacity to interact with basic cellular and endogenous antioxidant mecha-
nisms [10,42,43].

Therefore, in the present study we investigated the effect of CSE on cell proliferation,
intracellular ROS levels, and PON2 expression in normal and cancer cells. T24 cells, a
model of advanced-stage human bladder cancer with a high capacity for proliferation and
metastasis, and human colorectal adenocarcinoma (Caco-2) cells were selected as cancer
cell models. The immortalized human urothelial cell line UROtsa, which is considered to
be a valuable model for normal human bladder urothelium [23–25], and human dermal
fibroblast (HuDe) were chosen as normal cell models.

Our analysis of the effects of polyphenol-rich extract from C. spinosa subsp. rupestris
(CSE) on cell proliferation and intracellular ROS levels shows significant differences be-
tween cancer cells (Caco-2 and T24) and normal cells (UROtsa and HuDE). We observed
a higher anti-proliferative effect exerted by CSE polyphenols in Caco-2 and T24 cells
compared to the normal UROtsa and HuDe cell lines.

In order to assess the cytotoxicity mechanism produced by CSE on cancer cells,
this study investigated the effect on oxidative stress. A CSE polyphenol concentration-
dependent increase of ROS was observed in cancer cells. On the contrary, no significant
effect of CSE polyphenols on intracellular ROS was observed in normal cells. In addition,
our study reports differences in the expression of the antioxidant and antiapoptotic enzyme
PON2 after incubation with CSE. A significant increase was observed in T24; on the contrary,
treatment with CSE triggered a significant downregulation of PON2 in UROtsa cells.

Our results are in agreement with Moghadamnia et al., who reported that hydroal-
coholic extract of C. spinosa (floral buds and leaves) was able to decrease growth and
proliferation in different cancer cell lines (Hela, MCF7, and Saos-2) and had a low effect on
fibrostast cells used as control cells [17]. These data are confirmed by other studies showing
non-malignant cells to be less sensitive to the inhibitory growth effect of polyphenols such
as apigenin [44] and curcumol [45] compared with cancer cell lines.

As concerns the mechanisms potentially involved in CSE-induced ROS production
and PON2 regulation in cancer cells, the literature data suggest that, although polyphenols
are widely studied for their antioxidant properties in vitro, certain molecules can exert a
pro-oxidant effect [7–11]. Redox activity in biological systems, metal ions, pH, and oxygen
levels are all involved, and can affect the auto-oxidation kinetics of polyphenols. More
recently, Kanner et al. [46] reviewed the role of polyphenols and the generation of H2O2
and confirmed their physiological relevance both in vitro and in vivo. In agreement with
the literature data, we suggest that the polyphenol-mediated peroxide generation could be
involved in the cytotoxic effect on Caco-2 and T24 cancer cells.

It has been widely demonstrated that glucosinolate hydrolysis products, namely, isoth-
iocyanates, exert anti-carcinogenic activity by inducing apoptosis of cancer cells. While the
mechanisms of action are not yet fully understood, different potential underlying mech-
anisms through which glucosinolate derivatives modify the apoptotic pathway, thereby
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leading to controlled proliferation and cancer cell death, have been suggested [47,48]. It
has previously been reported that dietary isothiocyanates can induce apoptosis and/or
arrest cell-cycle progression in human bladder carcinoma lines (UM-UC-3 and T24) [49].
According to our findings as well as those of several other studies, exposure to glucosinolate
derivatives can lead to reduced cell proliferation and increase ROS in a dose-dependent
manner in several cancer cells, including cervical cancer cells [50], colon cancer cells
(Caco-2 and HT29) [51,52], prostatic adenocarcinoma cells (PC-3) [53], osteosarcoma cells
(LM8) [54], and lung adenocarcinoma cells (LTEP-A2) [55]. Interestingly, Trachootham
et al. [56], have revealed that normal and cancer cells respond differently to treatment
with β-phenylethyl isothiocyanate due to differences in their redox states. Particularly,
this glucosinolate derivative led to an abnormal increase in ROS only in malignant cells,
which was due to their intrinsically higher oxidative stress levels compared to normal cells.
Therefore, the higher pro-oxidant and cytotoxic effect of polyphenols and glucosinolates
in cancer cells might be related to metabolic factors and to the higher concentrations of
H2O2 produced in tumor cells compared to corresponding normal cells [57]. The direction
of many cellular processes and reactions depends on the intracellular “redox state”. In
our experimental conditions, higher baseline levels of intracellular ROS were observed in
cancer cells (Caco-2 and T24) compared to normal cells (UROtsa and HuDE). These data
are in agreement with previous studies demonstrating that ROS are a key determinant of
cancer’s metabolic phenotype and that cancer cells are characterized by enhanced metabolic
activity, resulting in changes in the cellular redox state to handle the production of high
levels of ROS [58–60]. Signaling pathways activated by an increase in intracellular H2O2
include the redox-sensitive antioxidant response element (ARE) [61] and the JNK/AP-1
pathway [62]. Both pathways can cause increased expression of antioxidant enzymes,
including PON2 [63]. Therefore, overproduction of ROS suggests a higher dependence
of cancer cells on the antioxidant system to maintain redox balance, which could explain
differences in relative PON2 expression among T24 and UROtsa cells.

The differences in the effects of CSE on PON2 expression in T24 cancer cells and
UROtsa could be related to different mechanisms, including intracellular localization of
the enzyme and intracellular oxidative balance. In fact, differences in PON2 localization
have been described in different cells and/or tissues. Indeed, in addition to the endo-
plasmic reticulum, PON2 appears to localize in the mitochondria, plasma membrane, and
nucleus [30,64]. The cell type in which PON2 is expressed may influence the localization of
PON2 protein and its biological activity. Among factors likely related to the differences in
modulation of PON2 expression in T24 and UROtsa cells, a relationship between oxidative
balance and signaling pathways can be proposed [31,65]. According to Shiner et al., PON2
expression is dose-dependently up-regulated by pomegranate juice phenolics in mouse
monocyte-macrophage (J774A.1) via peroxisome proliferator-activated receptor gamma
(PPARγ) and activator protein-1 (AP-1) pathway activation [63]. The authors showed that
punicalagin and gallic acid were potent upregulators of PON2 [63]. Both these phenolic
compounds were detected in CSE. An increase in PON2 relative gene expression has been
observed in THP-1 macrophages incubated with chlorogenic acid. In contrast, a decrease in
PON2 expression was observed at higher polyphenol concentrations [66]. This latter trend
suggests that polyphenol modulation of PON2 expression is strictly related to structural
differences among different compounds and different concentrations.

Whatever the mechanisms involved in the upregulation of PON2 expression in CSE-
incubated T24 cells, several hypotheses can be advanced concerning the physiological
consequences. The increase in PON2 expression could represent a mechanism to compen-
sate for the enhancement in oxidative stress. An increase in PON2 gene expression and
activity has been observed, for instance in response to oxidative stress in both ex vivo and
in vivo models. In detail, PON2 was upregulated in response to oxidative stress in different
cell types (HepG2 cells and macrophages) and animal models (mice fed high fat diets and
ApoE knockout mice) [66–69]. An increase in PON2 protected cells against oxidative stress
induced by oxidants such as H2O2 and 2,3-dimethoxy-1,4-naphthoquinone (DMNQ) and
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significantly diminished their toxicity [69]. Our own previous studies have demonstrated
that intracellular ROS production triggered by tert-butyl hydroperoxide was significantly
lower in PON2-overexpressing T24 cells than control cells [70]. Moreover, in the same cell
model, PON2 expression modulated susceptibility to the chemotherapeutic agents cisplatin
and gemcitabine [71].

As previously mentioned, CSE extract contains several different bioactive molecules,
including polyphenols and glucosinolates. These molecules act through multiple pathways,
and each ingredient can have different molecular targets. At present, we suggest that an
additive as well as synergistic interaction between several phytochemicals could contribute
to the effect of CSE on cell proliferation, ROS levels, and PON2 modulation.

4. Materials and Methods
4.1. Extraction of Polyphenols and Glucosinolates and Untargeted UHPLC-QTOF Profiling

The C. spinosa subsp. rupestris plants were grown in Borgo Cisterna (Santa Lucia
Cisterna, Macerata Feltria, PU Italy). Flower buds of C. spinosa were washed, frozen at
−20 ◦C, freeze-dried, and shredded.

The untargeted profiling of the powdered Capparis spinosa samples was depicted
by ultra-high-performance liquid chromatography quadrupole-time-of-flight mass spec-
trometry (UHPLC-ESI/QTOF-MS). Powdered samples were processed through ultrasonic-
assisted extraction using 0.1% formic acid in 80% methanol as the extraction solvent
(1:10 w/v). After centrifugation (7830× g, 10 min, 4 ◦C), the supernatant was transferred to
an HPLC vial for analysis. Previously optimized analytical conditions were followed [72].
In this regard, a C18-column Agilent Zorbax Eclipse Plus (50 mm × 2.1 mm, 1.8 µm)
and a water–acetonitrile binary gradient (6% acetonitrile to 94% acetonitrile in 32 min)
were used for chromatographic separation. Mass spectrometry was carried out in positive
full-scan mode, acquiring ions in the range 100–1200 m/z (scan rate: 0.8 spectra/s, mass
resolution 30,000 FWHM). The injection volume was 6 µL, and three replications were
analyzed together with a random injection of blank samples (i.e., solvent only). Agilent
Profinder B.07 software was then used to process the raw mass features, according to the
‘find-by-formula’ algorithm and considering the whole isotope pattern (i.e., monoisotopic
mass, isotopic spacing, and isotopic ratio). Phenol-Explorer 3.6 and a custom database
for glucosinolates were used for putative annotation [73]. Accordingly, an additional
level of confidence in the annotation was achieved using a typical tolerance of 5 ppm
for mass accuracy when considering QTOF instruments. Post-acquisition data filtering,
baselining, and normalization were performed using Agilent Mass Profiler Professional
B.12.06 software by retaining only those compounds identified within 100% of replications
within at least one treatment. For the semi-quantitative analysis, the isobaric compounds
were removed from the raw metabolomic dataset. Afterwards, the phenolic compounds
and glucosinolates were classified into classes and then quantified using pure reference
compounds (purity > 98%) representative of each respective class (i.e., cyanidin for antho-
cyanins, quercetin for flavonols, luteolin for flavones and other flavonoids, catechin for
flavan-3-ols, ferulic acid for phenolic acids, sesamin for lignans, resveratrol for stilbenes,
tyrosol for tyrosols and other remaining phenolics, and gluconapin for glucosinolates). The
results were expressed as g equivalents (Eq.)/100 g DM.

4.2. Assessment of Total Phenolic Content and Antioxidant Activity

Total polyphenolic (TP) content was evaluated in extracts obtained from C. spinosa
subsp. rupestris by Folin–Ciocalteu assay [74]. TP levels in CSE were expressed as grams of
gallic acid equivalent (GAE) per 100 g of dry matter (g GAE/100 g DM).

The total antioxidant capacity (TAC) of CSE was determined by oxygen radical ab-
sorbance capacity (ORAC) assay using fluorescein as the fluorescent probe and 2,2′-azobis
(2-methylpropionamide) dihydrochloride (AAPH) as the oxidizing agent [75]. Trolox (from
5 to 300 µM) was used to calibrate the assay. Fluorescence emission intensity was recorded
every 5 min for 3 h at λ ex 485/λ em 530 nm in a Multi-Mode Microplate Reader Syner-
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gyTM HT (BioTek Instruments, Inc., Winooski, VI, USA). A blank sample containing PBS,
Fluorescein, and AAPH was prepared. The final ORAC values were calculated using the
net area under the curve (AUC) of decay. Results were expressed as

Trolox equivalents per 100 g of dry matter (mmol TE/100 g DM) and data were
presented as mean values ± standard deviation of triplicate independent experiments.

4.3. Cell Culture and Treatment

Human bladder carcinoma T24 cells (ATCC® HTB-4™), human colorectal adenocarci-
noma (Caco-2 cells) (ATCC®HTB-37™), and human dermal fibroblast (HuDe) (ATCC®PCS-
201-012™) cells were obtained from the American Type Culture Collection (ATCC, Rockville,
MD, USA), while SV-40 transformed human bladder urothelial cell line (i.e., UROtsa cell
line) was a kind gift from Dr. Scott H. Garrett (Department of Urology, West Virginia
University, Morgantown, WV, USA)

T24 cells and UROtsa Cells were cultured in DMEM/F12 medium, while Caco-2 cells
and HuDe cells were cultured in DMEM and MEM medium, respectively. Both media were
supplemented with 10% fetal bovine serum (FBS) and gentamicin 50 µg/mL. All cells were
maintained under standard tissue culture conditions of 37 ◦C, 95% air/5% CO2.

4.4. Cell Viability Assay

Cell viability was assessed through a colorimetric assay with 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT) [76]. Briefly, cells were seeded in 96-well
plates (5 × 103 cells/well) and allowed to attach overnight. The cells were treated with
CSE containing increasing concentrations of polyphenols (0,10, 50 and 100 µg GAE/mL)
for 48 h. After 48 h of incubation with CSE, a volume of 10 µL of MTT reagent (5 mg/mL
in phosphate buffered saline) was added to each well and incubated for 4 h at 37 ◦C.
The medium was then removed and 200 µL isopropanol was added. As an indicator of
living and metabolically active cells, the degree of formazan formation was measured at
570 nm. Results were expressed as a percentage with respect to control (untreated cells)
and presented as mean values ± standard deviation of three independent experiments
performed in triplicate.

4.5. Detection of Intracellular ROS Levels

A 2′,7′-dichlorodihydrofluorescein diacetate (DCFH2-DA) probe (Sigma-Aldrich, St. Louis,
MO, USA) was used to detect the levels of intracellular reactive oxygen species in cells
treated under different experimental conditions. A stock solution of DCFH2-DA was pre-
pared in DMSO. Cells were seeded on 96-well black plates (5 × 103 cells per well) and
allowed to adhere overnight. The cells were incubated with increasing concentrations (0, 10,
50, and 100 µg GAE/mL) of CSE for 48 h. At the end of the incubation period, the medium
was removed and the cells were pre-treated for 45 min at 37 ◦C with DCFH2-DA (50 µM)
in the dark. A volume of the probe was then added from the stock solution. Cells were
washed to remove extracellular DCFH2-DA and then phosphate-buffered saline was added.
The fluorescence of the cells from each well was measured and recorded on a fluorescence
plate reader at λex/λem (485/535 nm) (Multi-Mode Microplate Reader SynergyTM HT,
BioTek Instruments, Inc.) [71]. Results were presented as mean values± standard deviation
of independent experiments performed in triplicate.

4.6. Real-Time PCR

Cell pellets (1 × 106 cells) were homogenized in a lysis buffer and total RNA was
isolated with SV Total RNA Isolation System (Promega, Madison, WI, USA) according to
the manufacturer’s protocol. the quantity and quality of RNA were spectrophotometrically
evaluated at 260 and 280 nm. Total RNA (2 µg) was reverse transcribed with M-MLV
Reverse Transcriptase (Promega) using random primers in a total volume of 25 µL for
60 min at 37 ◦C.
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To examine PON2 gene (NG_008725) expression quantitatively in T24 and UROtsa
cells treated under different experimental conditions, Real-Time PCR analyses were per-
formed using a CFX96 Real-Time PCR Detection System (Bio-Rad Laboratories, Hercules,
MA, USA); the cDNA generated as described above was utilized as a template. To avoid
false positive results caused by amplification of contaminating genomic DNA during
cDNA preparation, all primers were selected to flank an intron. PCR efficiency was
tested for both primer pairs and found to be close to 1. The primers used were (forward) 5′-
TCGTGTATGACCCGAACAATCC-3′ and (reverse) 5′-AACTGTAGTCACTGTAGGCTTCTC-
3′ for PON2, and (forward) 5′-TCCTTCCTGGGCATGGAGT-3′ and (reverse) 5′-AGCACTG
TGTTGGCGTACAG-3′ for β-actin. Genes were run in duplicate utilizing SsoFastEvaGreen-
Supermix (Bio-Rad Laboratories, USA) according to the following protocol: 40 cycles at
95 ◦C for 30 s and 58 ◦C for 30 s. Samples were assayed in triplicate utilizing β-actin gene
for data normalization. The expression level of PON2 in both treated and untreated cells
was expressed as the fold change and calculated by 2−∆∆Ct, where ∆Ct = Ct (PON2) − Ct
(β-actin) and ∆∆Ct = ∆Ct (treated cells) − ∆Ct (untreated cells) [71].

4.7. Statistical Analysis

Data were analyzed using IBM SPSS Statistics version 27 (IBM Corporation, New
York, NY, USA). Significant differences between groups were determined using the Mann–
Whitney U test. A p-value < 0.05 was considered statistically significant. The Pearson’s
correlation coefficients (0.01< p < 0.05) between the untargeted phytochemical profiling
and the different spectrophotometric assays (i.e., TP and ORAC) were evaluated using the
same statistical software.

5. Conclusions

In conclusion, we are able to confirm that C. spinosa rupestris flower buds contain
polyphenols and glucosinolates able to exert a higher cytotoxic effect in cancer cells com-
pared to normal cells. Among the mechanisms which explain the role of polyphenols are
generation of H2O2 and effects on cell redox signaling. The overexpression of PON2 in
T24 cells treated with CSE phytochemicals might be related to the increase of intracellular
ROS, and could represent a mechanism used by tumor cells to protect themselves from the
apoptotic process induced by glucosinolates and polyphenols.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/molecules27196488/s1, Table S1. Capparis spinosa L. metabolites
annotated according to the UHPLC-QTOF-MS analysis. The annotated classified compounds are re-
ported together with their raw abundance values and composite mass spectra (mass and abundances
combination).

Author Contributions: Conceptualization T.B., G.F. and M.E.; investigation and data curation, R.C.,
C.M., M.C., L.B., E.M. and G.R.; resources, T.B., G.F., L.L. and M.E.; writing—original draft prepara-
tion, T.B. and G.F.; writing—review and editing, T.B., G.F., D.S. and L.L. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors thank Dott. Ambra Micheletti from Agency for Food Service
Industry in the Marche (ASSAM) for supporting her competence in the study. The authors are
grateful to Mario Gallarani and his family for cultivating C. spinosa subsp. rupestris in Borgo Cisterna
(Santa Lucia Cisterna, Macerata Feltria, PU, Italy) and kindly giving us the flower bods used in this
study. The authors wish to thank the “Enrica and Romeo Invernizzi” foundation (Milan, Italy) for
kindly supporting the metabolomic facility at Università Cattolica del Sacro Cuore.

https://www.mdpi.com/article/10.3390/molecules27196488/s1
https://www.mdpi.com/article/10.3390/molecules27196488/s1


Molecules 2022, 27, 6488 12 of 15

Conflicts of Interest: The authors declare no conflict of interest.

Sample Availability: Samples of C. spinosa rupestris extract (CSE) are available from the authors.

Abbreviations

Caco-2: human colorectal adenocarcinoma cell line; CSE: C. spinosa subsp. rupestris extract;
DCFH2-DA: 2′,7′-dichlorodihydrofluorescein diacetate; DM: dry matter; DMNQ,2,3-dimethoxy-1,4-
naphthalenedione; GAE: gallic acid equivalent; HuDe: Human Dermal fibroblast; ORAC:Oxygen
Radical Scavenging Capacity; PON2:paraoxonase-2; T24: human epithelial cell line from bladder car-
cinoma; ROS: reactive oxygen species; TAC:Total antioxidant capacity; TE:Trolox equivalents; TP: total
polyphenols; UHPLC-ESI/QTOF-MS: ultra-high-performance liquid chromatography quadrupole-
time-of-flight mass spectrometry; UROtsa:immortalized human urothelium cell line.

References
1. Mentella, M.C.; Scaldaferri, F.; Ricci, C.; Gasbarrini, A.; Miggiano, G.A.D. Cancer and Mediterranean Diet: A Review. Nutrients

2019, 11, 2059. [CrossRef] [PubMed]
2. Singh, N.; Yadav, S.S. A review on health benefits of phenolics derived from dietary spices. Curr. Res. Food Sci. 2022, 5, 1508–1523.

[CrossRef] [PubMed]
3. Hazafa, A.; Rehman, K.U.; Jahan, N.; Jabeen, Z. The Role of Polyphenol (Flavonoids) Compounds in the Treatment of Cancer

Cells. Nutr. Cancer 2020, 72, 386–397. [CrossRef] [PubMed]
4. Kopustinskiene, D.M.; Jakstas, V.; Savickas, A.; Bernatoniene, J. Flavonoids as Anticancer Agents. Nutrients 2020, 12, 457.

[CrossRef]
5. Zheng, Z.; Zhang, L.; Hou, X. Potential roles and molecular mechanisms of phytochemicals against cancer. Food Funct. 2022, 13,

9208–9225. [CrossRef]
6. Braicu, C.; Zanoaga, O.; Zimta, A.A.; Tigu, A.B.; Kilpatrick, K.L.; Bishayee, A.; Nabavi, S.M.; Berindan-Neagoe, I. Natural com-

pounds modulate the crosstalk between apoptosis- and autophagy-regulated signaling pathways: Controlling the uncontrolled
expansion of tumor cells. Semin. Cancer Biol. 2022, 80, 218–236. [CrossRef]

7. Bacchetti, T.; Morresi, C.; Bellachioma, L.; Ferretti, G. Antioxidant and Pro-Oxidant Properties of Carthamus Tinctorius, Hydroxy
Safflor Yellow A, and Safflor Yellow A. Antioxidants 2020, 9, 119. [CrossRef]

8. Gaikwad, S.; Srivastava, S.K. Role of Phytochemicals in Perturbation of Redox Homeostasis in Cancer. Antioxidants 2021, 10, 83.
[CrossRef]

9. Leon-Gonzalez, A.J.; Auger, C.; Schini-Kerth, V.B. Pro-oxidant activity of polyphenols and its implication on cancer chemopreven-
tion and chemotherapy. Biochem. Pharmacol. 2015, 98, 371–380. [CrossRef]

10. Mileo, A.M.; Miccadei, S. Polyphenols as Modulator of Oxidative Stress in Cancer Disease: New Therapeutic Strategies. Oxid.
Med. Cell Longev. 2016, 2016, 6475624. [CrossRef]

11. Slika, H.; Mansour, H.; Wehbe, N.; Nasser, S.A.; Iratni, R.; Nasrallah, G.; Shaito, A.; Ghaddar, T.; Kobeissy, F.; Eid, A.H. Therapeutic
potential of flavonoids in cancer: ROS-mediated mechanisms. Biomed. Pharm. 2022, 146, 112442. [CrossRef] [PubMed]

12. Annaz, H.; Sane, Y.; Bitchagno, G.T.M.; Ben Bakrim, W.; Drissi, B.; Mahdi, I.; El Bouhssini, M.; Sobeh, M. Caper (Capparis spinosa
L.): An Updated Review on Its Phytochemistry, Nutritional Value, Traditional Uses, and Therapeutic Potential. Front. Pharmacol.
2022, 13, 878749. [CrossRef] [PubMed]

13. Kdimy, A.; El Yadini, M.; Guaadaoui, A.; Bourais, I.; El Hajjaji, S.; Le, H.V. Phytochemistry, Biological Activities, Therapeutic
Potential, and Socio-Economic Value of the Caper Bush (Capparis spinosa L.). Chem. Biodivers. 2022; online ahead of print.

14. Lo Bosco, F.; Guarrasi, V.; Moschetti, M.; Germana, M.A.; Butera, D.; Corana, F.; Papetti, A. Nutraceutical Value of Pantelleria
Capers (Capparis spinosa L.). J. Food Sci. 2019, 84, 2337–2346. [CrossRef] [PubMed]

15. Wojdylo, A.; Nowicka, P.; Grimalt, M.; Legua, P.; Almansa, M.S.; Amoros, A.; Carbonell-Barrachina, A.A.; Hernandez, F.
Polyphenol Compounds and Biological Activity of Caper (Capparis spinosa L.) Flowers Buds. Plants 2019, 8, 539. [CrossRef]

16. Zhang, H.; Ma, Z.F. Phytochemical and Pharmacological Properties of Capparis spinosa as a Medicinal Plant. Nutrients 2018, 10,
116. [CrossRef]

17. Moghadamnia, Y.; Mousavi Kani, S.N.; Ghasemi-Kasman, M.; Kazemi Kani, M.T.; Kazemi, S. The Anti-cancer Effects of Capparis
spinosa Hydroalcoholic Extract. Avicenna J. Med. Biotechnol. 2019, 11, 43–47.

18. Kulisic-Bilusic, T.; Schmoller, I.; Schnabele, K.; Siracusa, L.; Ruberto, G. The anticarcinogenic potential of essential oil and aqueous
infusion from caper (Capparis spinosa L.). Food Chem. 2012, 132, 261–267. [CrossRef]

19. Argentieri, M.; Macchia, F.; Papadia, P.; Fanizzi, F.P.; Avato, P. Bioactive compounds from Capparis spinosa subsp. rupestris. Ind.
Crops Prod. 2012, 36, 65–69. [CrossRef]

20. Inocencio, C.; Rivera, D.; Alcaraz, F.; Tomás-Barberán, F.A. Flavonoid content of commercial capers (Capparis spinosa. C. sicula and
C. orientalis) produced in the Mediterranean countries. Eur. Food Res. Technol. 2000, 212, 70–74. [CrossRef]

http://doi.org/10.3390/nu11092059
http://www.ncbi.nlm.nih.gov/pubmed/31480794
http://doi.org/10.1016/j.crfs.2022.09.009
http://www.ncbi.nlm.nih.gov/pubmed/36132490
http://doi.org/10.1080/01635581.2019.1637006
http://www.ncbi.nlm.nih.gov/pubmed/31287738
http://doi.org/10.3390/nu12020457
http://doi.org/10.1039/D2FO01663J
http://doi.org/10.1016/j.semcancer.2020.05.015
http://doi.org/10.3390/antiox9020119
http://doi.org/10.3390/antiox10010083
http://doi.org/10.1016/j.bcp.2015.07.017
http://doi.org/10.1155/2016/6475624
http://doi.org/10.1016/j.biopha.2021.112442
http://www.ncbi.nlm.nih.gov/pubmed/35062053
http://doi.org/10.3389/fphar.2022.878749
http://www.ncbi.nlm.nih.gov/pubmed/35935860
http://doi.org/10.1111/1750-3841.14718
http://www.ncbi.nlm.nih.gov/pubmed/31294468
http://doi.org/10.3390/plants8120539
http://doi.org/10.3390/nu10020116
http://doi.org/10.1016/j.foodchem.2011.10.074
http://doi.org/10.1016/j.indcrop.2011.08.007
http://doi.org/10.1007/s002170000220


Molecules 2022, 27, 6488 13 of 15

21. Fici, S. Intraspecific variation and evolutionary trends in Capparis spinosa L.(Capparaceae). Plant. Syst. Evol. 2001, 228, 123–141.
[CrossRef]

22. Grimalt, M.; García-Martínez, S.; Carbonell, P.; Hernández, F.; Legua, P.; Almansa, M.S.; Amorós, A. Relationships between
chemical composition, antioxidant activity and genetic analysis with ISSR markers in flower buds of caper plants (Capparis spinosa
L.) of two subspecies spinosa and rupestris of Spanish cultivars. Genet. Resour. Crop Evol. Vol. 2022, 69, 1451–1469. [CrossRef]

23. Eblin, K.E.; Bredfeldt, T.G.; Gandolfi, A.J. Immortalized human urothelial cells as a model of arsenic-induced bladder cancer.
Toxicology 2008, 248, 67–76. [CrossRef] [PubMed]

24. Petzoldt, J.L.; Leigh, I.M.; Duffy, P.G.; Sexton, C.; Masters, J.R. Immortalisation of human urothelial cells. Urol. Res. 1995, 23,
377–380. [CrossRef]

25. Rossi, M.R.; Masters, J.R.; Park, S.; Todd, J.H.; Garrett, S.H.; Sens, M.A.; Somji, S.; Nath, J.; Sens, D.A. The immortalized UROtsa
cell line as a potential cell culture model of human urothelium. Env. Health Perspect. 2001, 109, 801–808. [CrossRef] [PubMed]

26. Witte, I.; Altenhofer, S.; Wilgenbus, P.; Amort, J.; Clement, A.M.; Pautz, A.; Li, H.; Forstermann, U.; Horke, S. Beyond reduction of
atherosclerosis: PON2 provides apoptosis resistance and stabilizes tumor cells. Cell Death Dis. 2011, 2, e112. [CrossRef]

27. Horke, S.; Witte, I.; Wilgenbus, P.; Altenhofer, S.; Kruger, M.; Li, H.; Forstermann, U. Protective effect of paraoxonase-2 against
endoplasmic reticulum stress-induced apoptosis is lost upon disturbance of calcium homoeostasis. Biochem. J. 2008, 416, 395–405.
[CrossRef]

28. Horke, S.; Witte, I.; Wilgenbus, P.; Kruger, M.; Strand, D.; Forstermann, U. Paraoxonase-2 reduces oxidative stress in vascular cells
and decreases endoplasmic reticulum stress-induced caspase activation. Circulation 2007, 115, 2055–2064. [CrossRef]

29. Ng, C.J.; Wadleigh, D.J.; Gangopadhyay, A.; Hama, S.; Grijalva, V.R.; Navab, M.; Fogelman, A.M.; Reddy, S.T. Paraoxonase-2 is a
ubiquitously expressed protein with antioxidant properties and is capable of preventing cell-mediated oxidative modification of
low density lipoprotein. J. Biol. Chem. 2001, 276, 44444–44449. [CrossRef]

30. Manco, G.; Porzio, E.; Carusone, T.M. Human Paraoxonase-2 (PON2): Protein Functions and Modulation. Antioxidants 2021, 10,
256. [CrossRef]

31. Bacchetti, T.; Ferretti, G.; Sahebkar, A. The role of paraoxonase in cancer. Semin. Cancer Biol. 2019, 56, 72–86. [CrossRef]
32. Witte, I.; Foerstermann, U.; Devarajan, A.; Reddy, S.T.; Horke, S. Protectors or Traitors: The Roles of PON2 and PON3 in

Atherosclerosis and Cancer. J. Lipids 2012, 2012, 342806. [CrossRef] [PubMed]
33. Kruger, M.; Amort, J.; Wilgenbus, P.; Helmstadter, J.P.; Grechowa, I.; Ebert, J.; Tenzer, S.; Moergel, M.; Witte, I.; Horke, S.

The anti-apoptotic PON2 protein is Wnt/beta-catenin-regulated and correlates with radiotherapy resistance in OSCC patients.
Oncotarget 2016, 7, 51082–51095. [CrossRef] [PubMed]

34. Kruger, M.; Pabst, A.M.; Al-Nawas, B.; Horke, S.; Moergel, M. Paraoxonase-2 (PON2) protects oral squamous cell cancer cells
against irradiation-induced apoptosis. J. Cancer Res. Clin. Oncol. 2015, 141, 1757–1766. [CrossRef] [PubMed]

35. Gull, T.; Anwar, F.; Sultan, B.; Cervantes Alcayde, M.A.; Nouman, W. Capparis species: A potential source of bioactives and
high-value components: A review. Ind. Crops Prod. 2015, 67, 81–96. [CrossRef]

36. Boudries, H.; Nabet, N.; Chougui, N. Optimization of ultrasound-assisted extraction of antioxidant phenolics from Capparis
spinosa flower buds and LC–MS analysis. Food Meas. 2019, 13, 2241–2252. [CrossRef]

37. Maldini, M.; Foddai, M.; Natella, F.; Addis, R.; Chessa, M.; Petretto, G.L.; Tuberoso, C.I.; Pintore, G. Metabolomic study of wild
and cultivated caper (Capparis spinosa L.) from different areas of Sardinia and their comparative evaluation. J. Mass. Spectrom.
2016, 51, 716–728. [CrossRef]

38. Tagnaout, I.; Zerkani, H.; Mahjoubi, M.; Bourakhouadar, M.; Alistiqsa, F.; Bouzoubaa, A.; Touria, Z. Phytochemical study,
antibacterial and antioxidant activities of extracts of Capparis spinosa L. J. Pharmacogn. Phytochem. Res. 2016, 8, 1993–2005.

39. Ghafoor, K.; Al Juhaimi, F.; Özcan, M.; Uslu, N.; Babiker, E.; Mohamed Ahmed, I. Bioactive properties and phenolic compounds
in bud, sprout, and fruit of Capparis spp. plants. J. Food Process. Preserv. 2020, 44, e14357. [CrossRef]

40. Bianco, G.; Lelario, F.; Battista, F.G.; Bufo, S.A.; Cataldi, T.R. Identification of glucosinolates in capers by LC-ESI-hybrid linear
ion trap with Fourier transform ion cyclotron resonance mass spectrometry (LC-ESI-LTQ-FTICR MS) and infrared multiphoton
dissociation. J. Mass Spectrom. 2012, 47, 1160–1169. [CrossRef]

41. Matthaus, B.; Ozcan, M. Glucosinolate composition of young shoots and flower buds of capers (Capparis species) growing wild in
Turkey. J. Agric. Food Chem. 2002, 50, 7323–7325. [CrossRef]

42. Hussain, T.; Tan, B.; Yin, Y.; Blachier, F.; Tossou, M.C.; Rahu, N. Oxidative Stress and Inflammation: What Polyphenols Can Do for
Us? Oxid. Med. Cell Longev. 2016, 2016, 7432797. [CrossRef]

43. Rodrigo, R.; Miranda, A.; Vergara, L. Modulation of endogenous antioxidant system by wine polyphenols in human disease. Clin.
Chim. Acta 2011, 412, 410–424. [CrossRef] [PubMed]

44. Shi, M.D.; Shiao, C.K.; Lee, Y.C.; Shih, Y.W. Apigenin, a dietary flavonoid, inhibits proliferation of human bladder cancer T-24
cells via blocking cell cycle progression and inducing apoptosis. Cancer Cell Int. 2015, 15, 33. [CrossRef] [PubMed]

45. Zhou, L.; Wei, E.; Zhou, B.; Bi, G.; Gao, L.; Zhang, T.; Huang, J.; Wei, Y.; Ge, B. Anti-proliferative benefit of curcumol on human
bladder cancer cells via inactivating EZH2 effector. Biomed. Pharm. 2018, 104, 798–805. [CrossRef] [PubMed]

46. Kanner, J. Polyphenols by Generating H2O2, Affect Cell Redox Signaling, Inhibit PTPs and Activate Nrf2 Axis for Adaptation
and Cell Surviving: In Vitro, In Vivo and Human Health. Antioxidants 2020, 9, 797. [CrossRef]

47. Schrader, C.; Graeser, A.C.; Huebbe, P.; Wagner, A.E.; Rimbach, G. Allyl isothiocyanate as a potential inducer of paraoxonase-1–
studies in cultured hepatocytes and in mice. IUBMB Life 2012, 64, 162–168. [CrossRef]

http://doi.org/10.1007/s006060170024
http://doi.org/10.1007/s10722-021-01312-3
http://doi.org/10.1016/j.tox.2008.03.020
http://www.ncbi.nlm.nih.gov/pubmed/18456381
http://doi.org/10.1007/BF00698738
http://doi.org/10.1289/ehp.01109801
http://www.ncbi.nlm.nih.gov/pubmed/11564615
http://doi.org/10.1038/cddis.2010.91
http://doi.org/10.1042/BJ20080775
http://doi.org/10.1161/CIRCULATIONAHA.106.681700
http://doi.org/10.1074/jbc.M105660200
http://doi.org/10.3390/antiox10020256
http://doi.org/10.1016/j.semcancer.2017.11.013
http://doi.org/10.1155/2012/342806
http://www.ncbi.nlm.nih.gov/pubmed/22666600
http://doi.org/10.18632/oncotarget.9013
http://www.ncbi.nlm.nih.gov/pubmed/27322774
http://doi.org/10.1007/s00432-015-1941-2
http://www.ncbi.nlm.nih.gov/pubmed/25708945
http://doi.org/10.1016/j.indcrop.2014.12.059
http://doi.org/10.1007/s11694-019-00144-1
http://doi.org/10.1002/jms.3830
http://doi.org/10.1111/jfpp.14357
http://doi.org/10.1002/jms.2996
http://doi.org/10.1021/jf020530+
http://doi.org/10.1155/2016/7432797
http://doi.org/10.1016/j.cca.2010.11.034
http://www.ncbi.nlm.nih.gov/pubmed/21130758
http://doi.org/10.1186/s12935-015-0186-0
http://www.ncbi.nlm.nih.gov/pubmed/25859163
http://doi.org/10.1016/j.biopha.2018.05.101
http://www.ncbi.nlm.nih.gov/pubmed/29852354
http://doi.org/10.3390/antiox9090797
http://doi.org/10.1002/iub.587


Molecules 2022, 27, 6488 14 of 15

48. Arumugam, A.; Abdull Razis, A.F. Apoptosis as a Mechanism of the Cancer Chemopreventive Activity of Glucosinolates: A
Review. Asian Pac. J. Cancer Prev. 2018, 19, 1439–1448.

49. Tang, L.; Zhang, Y. Dietary isothiocyanates inhibit the growth of human bladder carcinoma cells. J. Nutr. 2004, 134, 2004–2010.
[CrossRef]

50. Hasegawa, T.; Nishino, H.; Iwashima, A. Isothiocyanates inhibit cell cycle progression of HeLa cells at G2/M phase. Anticancer
Drugs 1993, 4, 273–279. [CrossRef]

51. Visanji, J.M.; Duthie, S.J.; Pirie, L.; Thompson, D.G.; Padfield, P.J. Dietary isothiocyanates inhibit Caco-2 cell proliferation and
induce G2/M phase cell cycle arrest, DNA damage, and G2/M checkpoint activation. J. Nutr. 2004, 134, 3121–3126. [CrossRef]

52. Smith, T.K.; Lund, E.K.; Parker, M.L.; Clarke, R.G.; Johnson, I.T. Allyl-isothiocyanate causes mitotic block, loss of cell adhesion
and disrupted cytoskeletal structure in HT29 cells. Carcinogenesis 2004, 25, 1409–1415. [CrossRef] [PubMed]

53. Xiao, D.; Lew, K.L.; Zeng, Y.; Xiao, H.; Marynowski, S.W.; Dhir, R.; Singh, S.V. Phenethyl isothiocyanate-induced apoptosis in
PC-3 human prostate cancer cells is mediated by reactive oxygen species-dependent disruption of the mitochondrial membrane
potential. Carcinogenesis 2006, 27, 2223–2234. [CrossRef] [PubMed]

54. Matsui, T.A.; Murata, H.; Sakabe, T.; Sowa, Y.; Horie, N.; Nakanishi, R.; Sakai, T.; Kubo, T. Sulforaphane induces cell cycle
arrest and apoptosis in murine osteosarcoma cells in vitro and inhibits tumor growth in vivo. Oncol. Rep. 2007, 18, 1263–1268.
[CrossRef] [PubMed]

55. Liang, H.; Lai, B.; Yuan, Q. Sulforaphane induces cell-cycle arrest and apoptosis in cultured human lung adenocarcinoma LTEP-A2
cells and retards growth of LTEP-A2 xenografts in vivo. J. Nat. Prod. 2008, 71, 1911–1914. [CrossRef] [PubMed]

56. Trachootham, D.; Zhou, Y.; Zhang, H.; Demizu, Y.; Chen, Z.; Pelicano, H.; Chiao, P.J.; Achanta, G.; Arlinghaus, R.B.; Liu, J.; et al.
Selective killing of oncogenically transformed cells through a ROS-mediated mechanism by beta-phenylethyl isothiocyanate.
Cancer Cell 2006, 10, 241–252. [CrossRef] [PubMed]

57. Lennicke, C.; Rahn, J.; Lichtenfels, R.; Wessjohann, L.A.; Seliger, B. Hydrogen peroxide—production, fate and role in redox
signaling of tumor cells. Cell Commun. Signal. 2015, 13, 39. [CrossRef]

58. Perillo, B.; Di Donato, M.; Pezone, A.; Di Zazzo, E.; Giovannelli, P.; Galasso, G.; Castoria, G.; Migliaccio, A. ROS in cancer therapy:
The bright side of the moon. Exp. Mol. Med. 2020, 52, 192–203. [CrossRef]

59. Rodic, S.; Vincent, M.D. Reactive oxygen species (ROS) are a key determinant of cancer’s metabolic phenotype. Int. J. Cancer 2018,
142, 440–448. [CrossRef]

60. Zaidieh, T.; Smith, J.R.; Ball, K.E.; An, Q. ROS as a novel indicator to predict anticancer drug efficacy. BMC Cancer 2019, 19, 1224.
[CrossRef]

61. Ho, C.K.; Siu-wai, C.; Siu, P.M.; Benzie, I.F. Genoprotection and genotoxicity of green tea (Camellia sinensis): Are they two sides of
the same redox coin? Redox. Rep. 2013, 18, 150–154. [CrossRef]

62. Granado-Serrano, A.B.; Martin, M.A.; Bravo, L.; Goya, L.; Ramos, S. Quercetin modulates NF-kappa B and AP-1/JNK pathways
to induce cell death in human hepatoma cells. Nutr. Cancer 2010, 62, 390–401. [CrossRef] [PubMed]

63. Shiner, M.; Fuhrman, B.; Aviram, M. Macrophage paraoxonase 2 (PON2) expression is up-regulated by pomegranate juice
phenolic anti-oxidants via PPAR gamma and AP-1 pathway activation. Atherosclerosis 2007, 195, 313–321. [CrossRef] [PubMed]

64. Furlong, C.E.; Marsillach, J.; Jarvik, G.P.; Costa, L.G. Paraoxonases-1, -2 and -3: What are their functions? Chem. Biol. Interact.
2016, 259, 51–62. [CrossRef]

65. Martini, D.; Del Bo, C.; Porrini, M.; Ciappellano, S.; Riso, P. Role of polyphenols and polyphenol-rich foods in the modulation of
PON1 activity and expression. J. Nutr. Biochem. 2017, 48, 1–8. [CrossRef]

66. Rosenblat, M.; Draganov, D.; Watson, C.E.; Bisgaier, C.L.; La Du, B.N.; Aviram, M. Mouse macrophage paraoxonase 2 activity is
increased whereas cellular paraoxonase 3 activity is decreased under oxidative stress. Arterioscler. Thromb. Vasc. Biol. 2003, 23,
468–474. [CrossRef] [PubMed]

67. Kim, J.B.; Xia, Y.R.; Romanoski, C.E.; Lee, S.; Meng, Y.; Shi, Y.S.; Bourquard, N.; Gong, K.W.; Port, Z.; Grijalva, V.; et al.
Paraoxonase-2 modulates stress response of endothelial cells to oxidized phospholipids and a bacterial quorum-sensing molecule.
Arterioscler. Thromb. Vasc. Biol. 2011, 31, 2624–2633. [CrossRef]

68. Reddy, S.T.; Devarajan, A.; Bourquard, N.; Shih, D.; Fogelman, A.M. Is it just paraoxonase 1 or are other members of the
paraoxonase gene family implicated in atherosclerosis? Curr. Opin. Lipidol. 2008, 19, 405–408. [CrossRef]

69. Shiner, M.; Fuhrman, B.; Aviram, M. Paraoxonase 2 (PON2) expression is upregulated via a reduced-nicotinamide-adenine-
dinucleotide-phosphate (NADPH)-oxidase-dependent mechanism during monocytes differentiation into macrophages. Free
Radic. Biol. Med. 2004, 37, 2052–2063. [CrossRef]

70. Fumarola, S.; Cecati, M.; Sartini, D.; Ferretti, G.; Milanese, G.; Galosi, A.B.; Pozzi, V.; Campagna, R.; Morresi, C.; Emanuelli, M.;
et al. Bladder Cancer Chemosensitivity is Affected by Paraoxonase-2 Expression. Antioxidants 2020, 9, 175. [CrossRef]

71. Bacchetti, T.; Sartini, D.; Pozzi, V.; Cacciamani, T.; Ferretti, G.; Emanuelli, M. Exploring the role of paraoxonase-2 in bladder
cancer: Analyses performed on tissue samples, urines and cell cultures. Oncotarget 2017, 8, 28785–28795. [CrossRef]

72. Rocchetti, G.; Pagnossa, J.P.; Blasi, F.; Cossignani, L.; Hilsdorf Piccoli, R.; Zengin, G.; Montesano, D.; Cocconcelli, P.S.; Lucini, L.
Phenolic profiling and in vitro bioactivity of Moringa oleifera leaves as affected by different extraction solvents. Food Res. Int.
2020, 127, 108712. [CrossRef] [PubMed]

http://doi.org/10.1093/jn/134.8.2004
http://doi.org/10.1097/00001813-199304000-00021
http://doi.org/10.1093/jn/134.11.3121
http://doi.org/10.1093/carcin/bgh149
http://www.ncbi.nlm.nih.gov/pubmed/15033907
http://doi.org/10.1093/carcin/bgl087
http://www.ncbi.nlm.nih.gov/pubmed/16774948
http://doi.org/10.3892/or.18.5.1263
http://www.ncbi.nlm.nih.gov/pubmed/17914583
http://doi.org/10.1021/np800233q
http://www.ncbi.nlm.nih.gov/pubmed/18855447
http://doi.org/10.1016/j.ccr.2006.08.009
http://www.ncbi.nlm.nih.gov/pubmed/16959615
http://doi.org/10.1186/s12964-015-0118-6
http://doi.org/10.1038/s12276-020-0384-2
http://doi.org/10.1002/ijc.31069
http://doi.org/10.1186/s12885-019-6438-y
http://doi.org/10.1179/1351000213Y.0000000051
http://doi.org/10.1080/01635580903441196
http://www.ncbi.nlm.nih.gov/pubmed/20358477
http://doi.org/10.1016/j.atherosclerosis.2007.01.007
http://www.ncbi.nlm.nih.gov/pubmed/17292903
http://doi.org/10.1016/j.cbi.2016.05.036
http://doi.org/10.1016/j.jnutbio.2017.06.002
http://doi.org/10.1161/01.ATV.0000059385.95664.4D
http://www.ncbi.nlm.nih.gov/pubmed/12615656
http://doi.org/10.1161/ATVBAHA.111.232827
http://doi.org/10.1097/MOL.0b013e328304b64e
http://doi.org/10.1016/j.freeradbiomed.2004.09.003
http://doi.org/10.3390/antiox9020175
http://doi.org/10.18632/oncotarget.15674
http://doi.org/10.1016/j.foodres.2019.108712
http://www.ncbi.nlm.nih.gov/pubmed/31882101


Molecules 2022, 27, 6488 15 of 15

73. Tomas, M.; Zhang, L.; Zengin, G.; Rocchetti, G.; Capanoglu, E.; Lucini, L. Metabolomic insight into the profile, in vitro bioaccessi-
bility and bioactive properties of polyphenols and glucosinolates from four Brassicaceae microgreens. Food Res. Int. 2021, 140,
110039. [CrossRef] [PubMed]

74. Ainsworth, E.A.; Gillespie, K.M. Estimation of total phenolic content and other oxidation substrates in plant tissues using
Folin-Ciocalteu reagent. Nat. Protoc. 2007, 2, 875–877. [CrossRef]

75. Gillespie, K.M.; Chae, J.M.; Ainsworth, E.A. Rapid measurement of total antioxidant capacity in plants. Nat. Protoc. 2007, 2,
867–870. [CrossRef] [PubMed]

76. Sladowski, D.; Steer, S.J.; Clothier, R.H.; Balls, M. An improved MTT assay. J. Immunol. Methods 1993, 157, 203–207. [CrossRef]

http://doi.org/10.1016/j.foodres.2020.110039
http://www.ncbi.nlm.nih.gov/pubmed/33648265
http://doi.org/10.1038/nprot.2007.102
http://doi.org/10.1038/nprot.2007.100
http://www.ncbi.nlm.nih.gov/pubmed/17446887
http://doi.org/10.1016/0022-1759(93)90088-O

	Introduction 
	Results 
	Phytochemical Profile of C. spinosa subsp. rupestris Floral Buds 
	Antioxidant Properties of C. spinosa subsp. rupestris Floral Buds 
	Effect of C. spinosa rupestris on Cell Proliferation 
	Effect of C. spinosa Extract on Intracellular Reactive Oxygen Species Levels 
	Effect of C. spinosa subsp. rupestris on PON2 Expression 

	Discussion 
	Materials and Methods 
	Extraction of Polyphenols and Glucosinolates and Untargeted UHPLC-QTOF Profiling 
	Assessment of Total Phenolic Content and Antioxidant Activity 
	Cell Culture and Treatment 
	Cell Viability Assay 
	Detection of Intracellular ROS Levels 
	Real-Time PCR 
	Statistical Analysis 

	Conclusions 
	References

