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The globe artichoke (Cynara cardunculus L. subsp. cardunculus) is a perennial plant cultivated in the Mediterra-
nean region and Americas for its edible young flower heads and as an interesting source of bioactive compounds.
The present study was undertaken to evaluate scavenging capacity against the most physiologically relevant
reactive oxygen species (ROS) and reactive nitrogen species (RNS) of three different extracts from artichoke leaves
(infusion, decoction and hydroalcoholic) using different solvents, commonly accepted for human consumption
(water and a mixture of ethanol/water). Additionally, the phenolic compounds in each extract were identified
and quantified by high performance liquid chromatography coupled to diode array and mass spectrometer
detectors (HPLC–DAD–MS/MS). Chlorogenic acid was the major phenolic compound identified in all extracts,
followed by 1,3-dicaffeoylquinic acid (cynarin), luteolin-7-rutinoside and the infusion extract presented the
highest phenolic content (108 mg/g extract, dry basis). In general, the extracts of artichoke leaves presented a
remarkable capacity to scavengeROS andRNSwith IC50 values in a low μg/mL range (3.4–43 μg/mL). Thesefindings
suggest that artichoke could be a potential source of natural antioxidants andhas anundeniable nutraceutical value.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

The globe artichoke (Cynara cardunculus L. subsp. cardunculus) is a
perennial plant cultivated in the Mediterranean region and Americas
for its edible young flower heads. Nowadays, artichoke is consumed in
many countries all over the world; but in South America, although it
has been cultivated for over a century, it became popular only in the
last 10 years, not only as a healthy food, but also and especially as a
raw material used in herbal medicine products to relieve indigestion
and as an hepatoprotective. The commercial herbal medicine consists
of an aqueous/alcoholic extract and it is very common to drink the infu-
sion (teas) made with artichoke leaves for liver and digestive issues.

There is a growing interest in artichoke for its pharmacological activ-
ities, such as the inhibition of cholesterol biosynthesis in hepatocytes
and its hepatoprotective effect (López et al., 2006). In addition, the anti-
oxidant capacity of artichoke has been associated to its high phenolic
compound content (Fratianni, Tucci, De Palma, Pepe, & Nazzaro, 2007;
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erreira, 228, 4050-313 Porto,
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Gebhardt, 1997; Lattanzio, Kroon, Linsalata, & Cardinali, 2009; Lutz,
Henríquez, & Escobar, 2011; Pérez-García, Adzet, & Cañigueral, 2000;
Valentão et al., 2002; Wang et al., 2003). The artichoke leaves are rich
in phenolic compounds and chlorogenic acid and the isomers 1,3-,3,4-
and 4,5-di-O-caffeoylquinic acid are the major bioactive compounds
present in its phenolic composition, as determined by conclusive tech-
niques (NMR) (Wang et al., 2003; Zhu, Zhang, & Lo, 2004). Cynarin
(1,3-di-O-caffeoylquinic acid) may be considered as the one with the
highest capacity to inhibit cholesterol biosynthesis and LDL oxidation
(Gouveia & Castilho, 2012; Grancai, Nagy, Suchy, & Novomesky, 1994;
Lattanzio et al., 2009), while an anti-obesity effect of chlorogenic
acid was already reported in mice (Cho et al., 2010). In line with these
effects, the slimming effect of artichoke has been promoted, resulting
in a high popularity of artichoke products around the world.

The potential scavenging capacity of infusion of artichoke leaves
against some reactive oxygen species (ROS), such as superoxide
anion radical (O2

•−), hydroxyl radical (HO•), hypochlorous acid (HOCl)
and peroxyl radicals (ROO•) was already reported in the literature
(Valentão et al., 2002; Wu et al., 2004). However, despite the
phytopharmaceutical interest in the antioxidant effects of artichoke,
no studies have been performed in other types of artichoke extracts,
besides infusions. Moreover, its potential scavenging capacity against
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reactive nitrogen species (RNS) was not reported in the literature until
this moment.

Therefore, the goal of this study was to obtain three different ex-
tracts from artichoke leaves (infusion, decoction and hydroalcoholic)
by different solvents commonly accepted for human consumption
(water and amixture of ethanol/water) and to determine their scaveng-
ing capacities against themost physiologically relevant ROS and RNS. In
addition, the phenolic compounds of each extractwere characterized by
high performance liquid chromatography coupled to diode array and
mass spectrometer detectors (HPLC–DAD–MS/MS).

2. Material and methods

2.1. Chemicals

α,α′-Azodiisobutyramidine dihydrochloride (AAPH) and trolox
were obtained from Fluka Chemie GmbH (Steinheim, Germany).
Dihydrorhodamine 123 (DHR), 4,5-diaminofluorescein (DAF-2), H2O2

(30%), sodium hypochlorite solution with 4% available chlorine,
3-(aminopropyl)-1-hydroxy-3-isopropyl-2-oxo-1-triazene (NOC-5),
β-nicotinamide adenine dinucleotide (NADH), phenazine methosulfate
(PMS), nitroblue tetrazolium chloride (NBT), histidine, horseradish per-
oxidase (HRP), 10-acetyl-3,7-dihydroxyphenoxazine (amplex red),
ascorbic acid, tiron, lucigenin, quercetin, chlorogenic acid, luteolin,
apigenin, acetonitrile, formic acid and all other chemical salts and sol-
vents of analytical and HPLC grade were obtained from Sigma–Aldrich
(St. Louis, USA). Ultrapure water was obtained from the arium® pro
system (Sartorius, Germany). All standards of phenolic compounds
showed at least 95% of purity, as determined by HPLC–DAD.

2.2. Artichoke samples

Artichoke leaves (2 kg) were collected in Montevideo, Uruguay. The
fragments of leaves were identified by the Professor of Botany Eduardo
Alonso Paz (Curator of the Herbarium MVFQ, Uruguay) as Cynara
cardunculus subsp. cardunculus (or Cynara scolymus mixture of leaves
of the cv. Purple Globe and cv. Green Globe). A voucher specimen
(MVFQ 4399) has been deposited in the Herbarium of the Cathedra of
Botany of the Faculty of Chemistry, Universidad de la República,
Montevideo, Uruguay. The artichoke leaves were chopped and dried
in an oven with forced air circulation (70 °C) and stored at 20 °C at
light-free conditions until extract preparation.

2.3. Preparation of artichoke leaf extracts

Two aqueous extracts (infusion and decoction) and a hydroalcoholic
extract were prepared according to Cañigueral, Wichtl, and Vila (1998).
Briefly, for decoction preparation, the dried chopped leaves (20 g) were
added to 1000 mL of ultrapure water, heated, kept in boiled water for
10 min and then, the mixture was removed from the heat and stood
for 5min to be filtered through cotton. Infusionwas prepared by adding
1000mL of ultrapurewater at 95 °C to 20 g of dried chopped leaves and
the mixture was left to stand for 10 min to be also filtered through
cotton. Both the infusion and decoction extracts were frozen and
freeze-dried. To obtain the hydroalcoholic extract, 1000mL of amixture
of ethanol/water (70:30, v/v) were added to 20 g of dried chopped
leaves and stirred on an orbital shaker (70 rpm) for 12 h at 25 °C. The
hydroalcoholic mixture was filtered through cotton, concentrated
under reduced pressure in a rotary evaporator (T b 40 °C) (Büchi RE
111, Switzerland) and then freeze-dried. All the extracts were trans-
ferred to amber flasks, sealed under N2 flow and stored under light-
free conditions at−18 °C until analysis. The yield of decoction, infusion
and hydroalcoholic extracts were 4.9 g, 5.7 g and 2.4 g, respectively. It is
important to highlight that the hydroalcoholic extractwas prepared in a
similar way to how it is a pharmaceutical product commercialized in
Uruguay.
2.4. HPLC–DAD–ESI–MS/MS analysis of phenolic compounds

HPLC–DAD analysis of phenolic compounds was performed in an
Accela LC system (Thermo Fisher Scientific, San Jose, CA) equipped
with quaternary pumps (Accela 600), a DAD detector and an auto-
sampler cooled to 5 °C. The equipment was also connected in series
to a LTQ OrbitrapTM XL mass spectrometer (MS/MS) (Thermo Fisher
Scientific, San Jose, CA) with electrospray ionization source (ESI),
and a hybrid system combining a linear ion-trap and the Orbitrap
mass analyzer. For chromatographic analysis, samples and solvents
were filtered using, respectively, membranes of 0.22 μm (OlimPeak,
Teknokroma®, Spain) and 0.45 μm (Billerica, MA, USA).

The phenolic compounds of each extract were analyzed after
solubilizing ≈3 mg of each extract in 1.5 mL of methanol/water
(1:1, v/v). Both identification and quantification of phenolic compounds
by HPLC–DAD–ESI–MS/MSwere carried out on a C18 Synergi Hydro col-
umn (4 μm, 250 × 4.6 mm, Phenomenex) at 0.9 mL/min, column tem-
perature at 29 °C, with a mobile phase in a linear gradient of water/
formic acid (99.5:0.5, v/v) and acetonitrile/formic acid (99.5:0.5, v/v)
(Chisté & Mercadante, 2012). The mass spectra were acquired with a
scan range from m/z 100 to 1000; the MS parameters were set as
follows: ESI source in negative ion mode; the capillary temperature
was 275 °C and the capillary voltage of was set at 2.5 kV. The sheath
gas and the auxiliary gas flow rates were set to 40 and 10, respectively,
(arbitrary unit as provided by the software settings) and normalized
collision energy for MS/MS experiments of 35%. The phenolic com-
pounds were tentatively identified based on the following information:
elution order, retention time of peaks, and UV-visible and mass spectra
features (exact m/z, fragmentation patters in MS/MS) as compared to
authentic standards analyzed under the same conditions and data avail-
able in the literature for artichoke (Gouveia & Castilho, 2012; Pandino,
Lombardo, Mauromicale, & Williamson, 2011; Wang et al., 2003; Zhu
et al., 2004). Phenolic compounds were quantified by comparison to
external standards using six-point analytical curves (in duplicate) for
chlorogenic acid (0.5–49.5 μg/mL at 325 nm, r2 ≥ 0.99), luteolin
(0.6–20 μg/mL at 348 nm, r2 ≥ 0.99) and expressed as mg/g of extract
(dry basis), considering three independent extraction procedures
(n = 3).
2.5. ROS and RNS scavenging assays

All analyses were performed in a microplate reader (Synergy HT,
BIO-TEK), equipped with a thermostat, using colorimetric, fluorimetric
or chemiluminometric detection. Each study corresponds, at least, to
four individual experiments, in triplicate, using five concentrations. All
the assays were performed at 37 °C. The artichoke extracts were dis-
solved in the same buffer used in ROS and RNS scavenging assays. In
each assay, additional experiments were performed in order to verify
the possible interference effects of the artichoke extracts with the
used methodology. Additionally, the artichoke extracts did not showed
any pro-oxidant effect, at the tested concentration range, as evaluated
if these extracts have the ability to oxidize each specific fluorescent or
colorimetric probe in the absence of ROS or RNS generators (data not
shown). All IC50 values were calculated from the curves of percentage
of inhibition versus antioxidant concentration, using the GraphPad
Prism 5 software. Quercetin, tiron and ascorbic acid were used as posi-
tive controls.
2.5.1. Superoxide anion radical scavenging assay
The O2

•− was generated by the NADH/PMS/O2 system and the O2
•−

scavenging capacity was determined by monitoring the effect of the
extracts on the O2

•−-induced reduction of NBT at 560 nm after 2 min
(Chisté et al., 2011). The effects were expressed as the inhibition
percentage of the NBT reduction to diformazan.
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2.5.2. Hydrogen peroxide scavenging assay
The H2O2 scavenging capacity using amplex red was performed as

previously reported (Freitas et al., 2013) with modifications. Reaction
mixtures contained the following reagents at the indicated final
concentrations (in a final volume of 250 μL): 50 mM Tris–HCl buffer,
pH 7.4, amplex red (25 μM), HRP (0.25 U/mL), artichoke extracts
(6–1000 μg/mL) and 1%H2O2. The excitation and emissionwavelengths
used were 530 and 590 nm, respectively. The results were expressed as
the inhibition percentage of the H2O2-induced oxidation of amplex red.

2.5.3. Hypochlorous acid scavenging assay
The HOCl scavenging capacity was measured by monitoring the ef-

fect of the extracts on HOCl-induced oxidation of DHR to rhodamine
123 (Chisté et al., 2011). The results were expressed as the inhibition
percentage of the HOCl-induced oxidation of DHR.

2.5.4. Singlet oxygen scavenging assay
The 1O2 scavenging capacity was measured bymonitoring the effect

of the extracts on the oxidation of non-fluorescent DHR to fluorescent
rhodamine 123 by this ROS (Chisté et al., 2011). 1O2 was generated by
the thermal decomposition of a previously synthesized water-soluble
endoperoxide NDPO2 (disodium 3,3′-(1,4-naphthalene) bispropionate)
(Costa et al., 2007). The results (n = 2) were expressed as the percent-
age inhibition of 1O2-induced oxidation of DHR.

2.5.5. Peroxyl radical scavenging assay
ROO• was generated by thermodecomposition of AAPH at 37 °C

and the ROO• scavenging capacity was measured by monitoring the
effect of artichoke extracts on the fluorescence decay resulting from
ROO• -induced oxidation of fluorescein (Ou, Hampsch-Woodill, & Prior,
2001). The fluorescence signal was then monitored every minute at the
emission wavelength of 528 nm with excitation at 485 nm until the
total decay of fluorescence. Trolox (0.2–6 μg/mL) was used as a control
standard in each assay. The relative ROO• scavenging capacity was then
expressed as the ratio between the slope of each extract (or positive con-
trol) and the slopes obtained for trolox, as suggested by Rodrigues,
Mariutti, Chisté, and Mercadante (2012).

2.5.6. Nitric oxide scavenging assay
The •NO scavenging capacity wasmeasured bymonitoring the effect

of the extracts on •NO-induced oxidation of non-fluorescent DAF-2
to the fluorescent triazolofluorescein (DAF-2T) (Chisté et al., 2011).
•NO was generated by decomposition of NOC-5 and the results were
expressed as the inhibition percentage of the •NO-induced oxidation
of DAF-2.
Table 1
Chromatographic, spectroscopic characteristics and contents of phenolic compounds of infusion
cardunculus).

Peaks tR (min)a λmax (nm)b [M-H]−(m/z) MS/MS (−) (m/z)c

1 19.1 300(sh), 326 353.0885 191, 179, 173, 161, 135
2 22.7 280(sh), 311 337.0933 191, 163, 145, 109
3 23.9 290(sh), 325 367.1040 191, 173, 161, 143, 135, 127
4 26.3 265(sh), 348 593.2840 447, 327, 285, 257, 241
5 27.5 265(sh), 348 447.0938 327, 285, 241
6 28.5 295(sh), 325 515.1202 353, 335, 179, 173
7 29.9 290(sh), 326 515.1207 353, 335, 191
8 30.8 270(sh), 346 533.0952 489, 447, 371, 285
9 31.1 295(sh), 327 515.1209 353, 335, 299, 255, 203, 173

a Retention time on the C18 Synergi Hydro (4 μm) column.
b Solvent: gradient of 0.5% formic acid in water and acetonitrile with 0.5% formic acid.
c In the MS2, the most abundant ion is shown in boldface.
d Mean ± standard deviation (n = 3).
e The peaks were quantified as equivalent of chlorogenic acid (at 325 nm).
f The peaks were quantified as equivalent of luteolin (at 348 nm).
2.5.7. Peroxynitrite scavenging assay
The ONOO− scavenging capacity wasmeasured bymonitoring the ef-

fect of the extracts on ONOO−-induced oxidation of non-fluorescent DHR
to the fluorescent rhodamine 123 (Chisté et al., 2011). ONOO− was syn-
thesized as previously described by Beckman, Chen, Ischiropoulos, and
Crow (1994). In a parallel set of experiments, the assays were performed
in the presence of 25 mMNaHCO3, in order to simulate the physiological
CO2 concentrations. This evaluation is important because, under physio-
logical conditions, the reaction between ONOO− and bicarbonate is pre-
dominant, with a very fast rate constant (k = 3–5.8 × 104 M−1s−1)
(Whiteman, Ketsawatsakul, & Halliwell, 2002). The results were
expressed as the inhibition percentage of the ONOO−-induced oxidation
of DHR.

3. Results and discussion

3.1. Phenolic compounds in artichoke extracts

As can be seen in Table 1, infusion extract presented the highest
phenolic content (108 mg/g extract), followed by the hydroalcoholic
(73 mg/g) and decoction (63 mg/g) extracts; and these contents
account for 10.8%, 7.3% and 6.3% of dry weight of each extract, respec-
tively. These results are in agreement with those found in artichoke
leaf extracts (in 60% methanol solution) from Imperial Star, Violet and
Green Globe varieties (6.8–9.8% of dry weight) (Wang et al., 2003).
Moreover, the phenolic contents obtained in this study were much
higher than that naturally found in artichoke leaves, as reported for
various clones derived from the two Sicilian landraces (2.1–8.4 mg/g
leaves, dry matter) (Pandino, Lombardo, & Mauromicale, 2013).

Considering that a detailed description about the identification of
phenolic compounds from artichoke leaves and other extracts was
already reported in details by the literature (Gouveia & Castilho, 2012;
Pandino et al., 2011; Wang et al., 2003; Zhu et al., 2004), only the
most important aspects will be discussed below. The applied HPLC–
DAD–ESI–MS/MS methodology allowed the separation (Fig. 1), quanti-
fication and tentative identification of 9 phenolic compounds (Table 1).

Cholorogenic acid (peak 1) was the major phenolic compound in all
extracts and was positively identified after matching both the chro-
matographic behavior and spectroscopic characteristics (UV–Vis, exact
m/z and MS/MS spectra) with authentic standard. Peak 2 showed a
deprotonated molecule [M–H]− at m/z 337, a MS/MS fragment at m/z
191, which represents the quinic acid molecule after the neutral loss
of a coumaroyl moiety (−146 u), and was assigned as p-
coumaroylquinic acid. Peak 3 was tentatively identified as
5-feruloylquinic acid, with [M-H]− at m/z 367 and a MS/MS fragment
, decoction and hydroalcoholic extracts from artichoke leaves (Cynara cardunculus L. subsp.

Compound Concentration (mg/g extract)d

Infusion Decoction Hydroalcoholic

Chlorogenic acide 64 ± 2 40 ± 3 43 ± 2
p-Coumaroylquinic acide 1.1 ± 0.1 1.1 ± 0.1 0.09 ± 0.03
5-Feruloylquinic acide 1.6 ± 0.3 0.9 ± 0.1 0.6 ± 0.1
Luteolin-7-rutinosidef 7.6 ± 0.1 7.4 ± 0.8 9.3 ± 0.4
Luteolin-7-glucoside (cynaroside)f 3.0 ± 0.1 2.9 ± 0.4 3.8 ± 0.3
3,4-Dicaffeoylquinic acide 2.1 ± 0.1 0.9 ± 0.3 0.03 ± 0.01
1,3-Dicaffeoylquinic acid (cynarin)e 22.4 ± 0.1 6.5 ± 0.5 14 ± 1
Luteolin-7-malonyl-hexosidef 1.7 ± 0.1 1.3 ± 0.1 1.0 ± 0.1
4,5-Dicaffeoylquinic acide 5.1 ± 0.1 1.9 ± 0.4 1.1 ± 0.1
Phenolic contents (total sum) 108 ± 2 63 ± 5 73 ± 4



Fig. 1. Chromatogram obtained by HPLC–DAD (330 nm) of phenolic compounds of infusion, decoction and hydroalcoholic extracts from artichoke leaves (Cynara cardunculus L. subsp.
cardunculus). Peak characterization is given in Table 1.

153M. Pistón et al. / Food Research International 64 (2014) 150–156
at m/z 191 [M-H-feruloyl moiety]−, which fragmentation pattern
matches those already described in artichoke extracts (Gouveia &
Castilho, 2012). Peaks 4, 5, and 8 were tentatively identified as luteolin-
7-rutinoside, luteolin-7-glucoside and luteolin-7-malonylhexoside,
respectively; although in the present study, the exact position of the
sugar moiety could not be determined by the applied methodology. The
assignment was based on previous reports concerning the conclusive
identification (Nuclear Magnetic Resonance, NMR) of these compounds
in artichoke leaf extracts (Gouveia & Castilho, 2012; Pandino et al.,
2011; Schütz, Kammerer, Carle, & Schieber, 2004; Wang et al., 2003;
Zhu et al., 2004). Additionally, these compounds showed [M-H]− atm/z
593 (peak 4), m/z 447 (peak 5) and m/z 533 (peak 8) and characteristic
fragments inMS/MS spectra, which indicate the cleavage of the glycosidic
linkage as neutral losses: 162 u (hexose), 146 u (ramnose) and 308 u
(rutinose). Finally, peaks 6, 7 and 9 were assigned as 3,4-,1,3- (cynarin)
and 4,5-dicaffeoylquinic acid, respectively, with the same [M-H]− atm/z
515 and intense fragments in MS/MS spectra at m/z 353 [M-H-caffeoyl
moiety]−. These isomers of dicaffeoylquinic acid were already identified
by LC–MS and NMR (Wang et al., 2003; Zhu et al., 2004) and are
commonly reported in artichoke extracts, being cynarin (1,3-O-
dicaffeoylquinic acid) the most abundant among them (Gouveia &
Castilho, 2012; Pandino et al., 2011; Schütz et al., 2004). 4,5-
dicaffeoylquinic acid has been suggested to be an artifact from cynarin
that is unavoidable produced during the extraction step to release steric
strain in the cynarin molecule, that rearranges itself to other more stable
isomers (Wagner & Bladt, 1996). Other possible products of cynarin
hydrolysis, such as caffeic acid, that have been reported in the literature
(Pérez-García et al., 2000) were not detected in the extracts from the
artichoke cultivar studied.
Table 2
Superoxide anion radical (O2

•−), hydrogen peroxide (H2O2), hypochlorous acid (HOCl), singlet

Extracts IC50 (μg/mL

O2
•− H2O2

Infusion 34 ± 2 NA
Decoction 43 ± 2 NA
Hydroalcoholic NA NA

Positive controls
Quercetin – –

Tiron 0.065 ± 0.003 –

Ascorbic acid – 106.5 ± 7.9

IC50 = concentration, in vitro, required to decrease in 50% the reactivity of the studied reactive s
artichoke extracts curves. STrolox = slope of trolox curve. NA = no activity was found up to 1

a (n = 2).
b IC50 value obtained by our research group (Chisté et al., 2012).
3.2. Scavenging capacity of artichoke extracts against ROS and RNS

The production of reactive species is beneficial in somephysiological
processes, as example, in defense against infectious agents and in the
function of a number of cellular signaling systems. However, an imbal-
ance between the generation of pro-oxidant reactive species and the
antioxidant defense capacity of the cell, affects major cellular compo-
nents, including lipids, proteins and DNA (termed oxidative stress).
This phenomenon is closely related to a number of human disorders,
including cardiovascular diseases, diabetes, cancer and neurodegenera-
tive diseases and with almost all liver pathologies. As such, it is of out-
most importance the equilibrium of the antioxidant defenses as they
represent the direct removal of free radicals (pro-oxidants), thus pro-
viding maximal protection for biological sites (Valko et al., 2007). The
artichoke leaf extracts presented a remarkable capacity to scavenge all
the tested ROS and RNS, with exception of H2O2, as shown in Table 2.
It is important to note that the antioxidant activity of this extract
could not be attributed just to one particular phenolic constituent but
rather to the agonist action of the mixture of several bioactive mole-
cules. The scavenging ability of the studied compounds provided out-
standing results, considering the lower range of the IC50 values found.
The scavenging capacity of all the extracts seemed to be closely depen-
dent on the phenolic compound contents. It is important to note that
the extracts of artichoke leaves were prepared using different solvents
commonly used for human consumption (water and ethanol).

Our study starts with the evaluation of the inhibition of O2
•− produc-

tion by artichoke leave extracts. O2
•− production plays an important role

in redox cell signaling and development of pathophysiological condi-
tions, such as hypertension, ischemia-reperfusion injury, inflammation
oxygen (1O2) and peroxyl radical (ROO•) scavenging capacities of artichoke extracts.

)

HOCl 1O2 ROO• (Ssample/STrolox)

3.7 ± 0.7 29.0 ± 0.9a 0.64 ± 0.09
4.2 ± 0.9 30.1 ± 2.2a 0.62 ± 0.07
4.7 ± 1.1 20.5 ± 1.0a 0.31 ± 0.04

0.28 ± 0.07 0.8 ± 0.2b 1.34 ± 0.07
– – –

– – 1.44 ± 0.09

pecies in the testedmedia (mean ± standard error of themean, n = 4). Ssample = slope of
mg/mL.
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and atherosclerosis (Dikalov, Griendling, & Harrison, 2007). The exces-
sive production of O2

•− is critical not by the action of this species by itself,
since it is relatively unreactive toward the most biological substrates,
but by the fact that O2

•− is a precursor of a variety of powerful oxidants
(Freitas, Lima, & Fernandes, 2009). One of the main sources of O2

•−

is the enzyme xanthine oxidase (XO), which has been used to
evaluate the antioxidant activity of plant extracts (Valentão et al.,
2002). However this methodology presents some pitfalls, such as the
possibility of the substance under test to inhibit directly xanthine oxi-
dase (Halliwell, Aeschbach, Loliger, & Aruoma, 1995). As so, in order
to avoid the confounding effects derived from the XO, in this work O2

•−

activity wasmeasured by a non-enzymaticmethodology. The inhibition
against superoxide was higher using the infusion extract, which pre-
sented an IC50 value of 34 ± 2 μg/mL. The efficacy of lyophilized infu-
sion of Cynara cardunculus in scavenging O2

•− using the xanthine/
xanthine oxidase system and NADH/PMS/O2 system was already re-
ported and corroborates the results obtained in this work (Valentão
et al., 2002). The efficacy of the infusion extract could be related with
the higher content of phenolic compounds, namely chlorogenic acid,
since this component was described as a good O2

•− scavenger
(Nakatani et al., 2000; Sato et al., 2011). According to Sato et al.
(2011) chlorogenic acid has a stronger antioxidant activity, namely
against O2

•−, with IC50 values close to those obtained to allopurinol, a fre-
quently prescribed agent for gout andwhich is themost commonly used
xanthine oxidase inhibitor (Pacher, Nivorozhkin, & Szabó, 2006). O2

•− is
produced readily by multiple processes in vivo and leads to the genera-
tion ofmany other oxidants. As example, O2

•− is rapidly dismutated either
spontaneously or through enzyme-catalysis (by superoxide dismutase,
SOD) into H2O2 (Freitas et al., 2009). H2O2, per se, is one of the less reac-
tive among ROS. However, as O2

•−, H2O2 could generate other species
with more potent and toxic effects, such as hydroxyl radicals (HO•).

No activity was found for the tested compounds against H2O2. These
results were obtained using amplex red as a specific probe for H2O2. To
avoid erroneous conclusions, lucigenin was also used to detect H2O2,
and once again, the tested extracts did not inhibit the generation of
H2O2 up to 1 mg/mL (data not shown). H2O2 results in the production
of two of the most harmful ROS, HO• and HOCl. In the presence of iron
and other metal ions, H2O2 can form HO•, through the Fenton reaction
(Valko et al., 2007). Most of the H2O2 produced by phagocytic cells is
consumed by myeloperoxidase (MPO) to catalyze the formation of
HOCl. This reactive species is very toxic, it is almost 100–1000 times
more toxic than O2

•− and H2O2 (Conner & Grisham, 1996). HOCl has
been implicated in several pathologies induced as a result of chronic
inflammation (e.g., in atherosclerosis, glomerulosclerosis, ischemia-
reperfusion injury, kidney damage, some cancers, multiple sclerosis
and Alzheimer's disease among others) (Ho, Karimi Galougahi, Liu,
Bhindi, & Figtree, 2013; Malle, Marsche, Arnhold, & Davies, 2006;
Spickett et al., 2000). The oxidation of low density lipoprotein (LDL)
and subsequently accumulation of primary and secondary lipid peroxi-
dation products appear to play a key role in the damage induced by
HOCl (Ho et al., 2013; Malle et al., 2006; Spickett et al., 2000). Due to
this effect, it was of our great interest to evaluate the HOCl-scavenging
capacity of artichoke leaf extracts. All of the three extracts showed a
good scavenging activity of HOCl, with low IC50 values. The IC50 values
were very similar between the studied extracts. Nevertheless infusion
extract was the most efficient with an IC50 of 3.7 ± 0.7 μg/mL.
Schaffer et al. (2004), have already reported the HOCl scavenging effi-
ciency of an extract of Cynara cardunculus (ethanol-based extraction),
which scavenged almost 25% of HOCl at 10−5 M. Surprisingly, it
was reported a weak antioxidant protective effect against HOCl by ly-
ophilized infusion of Cynara cardunculus, which was not
concentration-dependent, in the range of 0–1 mg of extract/mL, mea-
sured by the oxidation of 5-thio-2-nitrobenzoic acid (TNB) (Valentão
et al., 2002). Interestingly, Schaffer et al. (2004) find no inhibitory effect
of the extract in MPO of neutrophils, as opposed to reference antioxi-
dants such as quercetin, trolox, and highly concentrated ascorbic acid
(500 μM). Pérez-García et al. (2000) studied the effect of artichoke
leaves against oxidative stress in human neutrophils. The extract re-
vealed a good scavenging activity of reactive species produced by neu-
trophils. Taking into account our results and the results provided by
Schaffer et al. (2004), we can conclude that the protective effect of arti-
choke extracts occurs by a direct scavenging process and not by the
MPO inhibition. According to Pérez-García et al. (2000), chlorogenic
acid, caffeic acid, cynarin and luteolin contributed to the antioxidant ac-
tivity of artichoke leaf extract in human neutrophils. This could explain
the best results obtained in this work with infusion extract, which
presented the higher phenolic content. However, besides these
constituents, other components of the extract may participate in its
antioxidant activity, since in PMA-stimulated neutrophils the pure
constituents were less effective than the extract in inhibiting ROS pro-
duction (Pérez-García et al., 2000).

As mentioned above, although being a rather unreactive molecule,
H2O2 can originate HO•, one of the most harmful reactive species.
Valentão et al. (2002) tested lyophilized infusion of Cynara cardunculus
leaves for its scavenging capacity of HO•, generated by the Fe3+-EDTA/
ascorbate Fenton system and concluded that the extract was able to
chelate iron ions only for concentrations above 200 μg/mL.

HO• is one of the strongest oxidizing agents, which induce severe
damages by initiating lipid peroxidation due to its well-known reactiv-
ity with polyunsaturated fatty acids, resulting in the production of ROO•

among other cytotoxic agents (Gomes, Fernandes, Lima, Mira, & Corvo,
2008). In the present study, we evaluated the potential of artichoke
leaf extracts to scavenge ROO• by the ORAC assay. The results indicated
that the infusion extract was the most efficient than the other two ex-
tracts tested. The ability of artichoke extract to inhibit lipid peroxidation
was already reported (Brown& Rice-Evans, 1998). The authors attribut-
ed the protection of lipid peroxidation to luteolin (1 μM),which demon-
strated an efficacy similar to that of 20 μg/mL of artichoke extract in
inhibiting lipid peroxidation. Moreover, chlorogenic acid showed anti-
oxidant activities by increasing the resistance of LDL to peroxidation
(Brown & Rice-Evans, 1998). We speculate that this could occur by the
scavenging activity of artichoke, namely against ROO•. These results
constitute an important finding, considering the relevance of lipid oxi-
dation to biological systems.

It was also our purpose to study the effect of artichoke leaf extracts
against RNS, since there are no reports in the literature about this
issue. The reactivity of RNS may have profound effects on the biological
activity of numerousmolecules (Pacher, Beckman, & Liaudet, 2007). The
production of RNS is started by •NO production which is produced by
inducible nitric oxide synthase through the conversion of L-arginine to
L-citrulline (Pacher et al., 2007). •NO has been found to play a critical
role in numerous physiological processes, as well as in the pathophysi-
ology of many human diseases. Its toxicity is not only related to the
levels of •NO generation but is also highly dependent upon the levels
and types of other species which react with •NO, converting it into
toxic oxidants and nitrating agents. As example, the fast reaction of
•NO and O2

•− produce ONOO− that has been shown to oxidize a variety
of biomolecules including thiols, lipids, proteins, carbohydrates, DNA,
among others, via complex and strongly pH-dependent oxidative reac-
tion mechanisms. This RNS has been implicated in an increasing list of
diseases, including arteriosclerosis, cardiovascular diseases, inflamma-
tion, ischemia-reperfusion, septic shock, cancer, diabetes, asthma, and
neurodegenerative disorders such as Alzheimer's or Parkinson's
diseases (Pacher et al., 2007). Our results clearly demonstrated that
artichoke extracts are effective scavengers of RNS, namely of •NO and
ONOO−. It seems that the phenolic content of artichoke extracts is re-
sponsible for the efficiency in the inhibition of the oxidizing effect of
•NO and ONOO−. The infusion and decoction extracts, which presented
the highest phenolic contents, showed the greatest scavenging capacity
against •NOandONOO−, with very low IC50 values (Table 3). In addition,
the ability of chlorogenic acid to scavenge ONOO− was already de-
scribed (Kono et al., 1997).



Table 3
Nitric oxide (•NO) and peroxynitrite (ONOO−) scavenging capacities of artichoke extracts.

Extracts IC50 (μg/mL)

•NO ONOO−

Absence of NaHCO3 Presence of 25 mM NaHCO3

Infusion 5.5 ± 0.5 3.5 ± 0.2 5.6 ± 0.2
Decoction 6.8 ± 0.5 3.4 ± 0.3 4.8 ± 0.4
Hydroalcoholic 11.0 ± 0.8 5.1 ± 0.3 6.5 ± 0.2
Positive control
Quercetin 0.53 ± 0.04 0.156 ± 0.001 0.26 ± 0.02

IC50 = concentration, in vitro, required to decrease in 50% the reactivity of the studied
reactive species in the tested media (mean ± standard error of the mean, n = 4).
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It has been reported that physiological concentrations of CO2 can
modulate ONOO− reactivity due to the fast reaction between these
two compounds, yielding •NO2 and CO•−

3, which are themain responsi-
ble radicals for the nitration and oxidation reactions that are usually ob-
served in vivo (Freitas et al., 2009). Following the results of the present
study it may be expected that the artichoke leaf extract is also an effec-
tive scavenger for •NO2 and CO•−

3 since it maintained its scavenging
effectiveness in the presence and absence of HCO−

3.
Therefore, we clearly demonstrate the importance of consuming an

infusion preparation of artichoke leaves, due to their high phenolic
content. Moreover, this is the first report concerning the scavenging
capacity of artichoke leaf extracts against the most physiologically
relevant RNS. These findings confirm that the production of extracts
from accessible natural sources, with high levels of bioactive
compounds, can be considered as a very interesting approach to the
food, pharmaceutical and cosmetic industries (Chisté, Benassi, &
Mercadante, 2014). From this study it became clear that the artichoke
extracts have efficient antioxidant activity against biologically relevant
ROS and RNS, being infusion extract the most promising antioxidant
agent. The scavenging capacities of artichoke extracts against all tested
ROS and RNS were closely related to the content of phenolic com-
pounds. These findings suggest that artichoke could be a potential
source of natural antioxidant and has an undeniable nutraceutical value.
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