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Artichoke leaf extract was studied in human leuko-
cytes for activity against oxidative stress using flow
cytometry and dichlorofluorescin diacetate as a fluo-
rescence probe. It produces a concentration-dependent
inhibition of oxidative stress when cells are stimulated
with agents that generate reactive oxygen species
(ROS): hydrogen peroxide, phorbol-12-myristate-13-ace-
tate (PMA), and N-formyl-methionyl-leucyl-phenyla-
lanine (FMLP). Cynarin, caffeic acid, chlorogenic acid,
and luteolin, constituents of artichoke leaf extract, also
show a concentration-dependent inhibitory activity in
the above models, contributing to the antioxidant
activity of the extract in human neutrophils.
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INTRODUCTION

The traditional use of artichoke (Cynara scolymus
L.) leaf extract in medicine is based mainly upon
its strong antidyspeptic actions! 12, Apart from
that, it also reduces cholesterol biosynthesis in
primary cultured hepatocytes at doses between
0.7 ug/ml and 100 pg/ml. Screening of several
known constituents of artichoke extract revealed
that luteolin was mainly responsible for this
inhibition and chlorogenic acid showed also

some activity, whereas caffeic acid, cynarin and
other dicaffeoylquinic acids were without signif-
icant influence %4l Previous investigations
showed strong antioxidant effects for artichoke
leaf extract on several test systems. Artichoke
leaf extract reduced CCly radical hepatotoxicity
in rats 1%, Only cynarin and, to a lesser extent,
caffeic acid showed cytoprotective action (6] o
CCly, toxicity in isolated rat hepatocytes. Extracts
from leaves of artichoke showed antioxidant
action against hydroperoxide-induced oxidative
stress in cultured rat hepatocytes in concentra-
tions down to 1 ug/ml. Chlorogenic acid and
cynarin accounted for part of this activity 71,

In addition, an antioxidant effect was also
observed in the form of a reduction of LDL oxi-
dation. Artichoke extract prevented LDL oxida-
tion induced by copper, in part due to the
flavonoid luteolin 8], Moreover, caffeic and chlo-
rogenic acid showed antioxidant activities by
increasing the resistance of LDL to peroxidation,
protecting LDL cholesterol from oxidation, and
preventing the oxidative modification of the
LDL apoprotein B100, probably through a
peroxyl radical scavenging action 81 Caffeic acid
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seems to form a transient chelating complex with
cupric ions, coupled with its free radical scaven-
ging properties, accounts for its inhibitory acti-
vity o1

For the extract of artichoke leaves, pharmaco-
kinetic data are not yet available, but pharmaco-
logical effects, including clinical data, suggest
enough bioavailability for the active constituents
of the extract. Evidence for the bioavailability of
hydroxycinnamates and flavonoids is growing
[10—12]‘

Considering the results available on pharma-
cological activities of artichoke extract, the next
step was to investigate its actions on appro-
priate human blood cell systems, since epidemi-
ological studies based on assessment of intake
and clinical endpoints have shown a role for
polyphenolic compounds in disease prevention
and health protection 314, Thus, the main
objective of the present work was to study the
activity of artichoke leaf extract on oxidative
stress in human blood leukocytes stimulated by
several ROS-provoking agents: hydrogen
peroxide, phorbol-12-myristate-13-acetate (PMA)
and N-formyl-methionyl-leucyl-phenylalanine
(FMLP). Whether cynarin, caffeic acid, chloro-
genic acid and luteolin, constituents of artichoke
leaf extract, could be responsible, in part, for
such activity was also investigated.

MATERIALS AND METHODS

Materials

Hanks Balanced Salt Solution (HBSS), phor-
bol-12-myristate-13-acetate (PMA), N-formyl-
methionyl-leucyl-phenylalanine (FMLP), pro-
pidium iodide, caffeic acid, chlorogenic acid and
luteolin were purchased from Sigma Chemical
Co. (St. Louis, MO, USA). Hydrogen peroxide
was obtained from Jansen (Geel, Belgium),
2',7-dichlorofluorescin diacetate from Serva
(Heidelberg, Germany), and the components of

the lysis solution were from Panreac (Montcada i
Reixac, Spain). Cynarin was obtained from
Extrasynthése (Merignac, France). Human blood
cells were obtained from healthy donors in the
Hospital de la Vall d'Hebron (Barcelona, Spain)
in the form of a buffy coat preparation. The flow
cytometer used was an EPICS XL (Coulter,
Miami, FL, USA).

Artichoke leaf extract

The artichoke leaf extract tested was
Supra-Sern®, used in the drug Hepar SL Forte®
(Sertiirner Arzneimittel GmbH, Berlin, Ger-
many), and the preparation consisted of 80%
genuine artichoke leaf extract, 17% lactose, and
3% colloidal silicon dioxide. Content of caffeoyl-
quinic acids was 1.5% (calculated as chlorogenic
acid) and content of flavonoids was 0.5% (calcu-
lated as luteolin-7-O-glucoside).

Antioxidant assay

Flow cytometry was used for evaluating ROS in
human neutrophils as described previously [1>16]
The method was adapted for the study of natural
products 7. 2" 7"-Dichlorofluorescin diacetate
(DCFH-DA) was used as a fluorescence probe for
ROS measurement. After DCFH-DA enters the
cells it is deacetylated to dichlorofluorescin
(DCFH) by a cellular esterase. Then, if ROS are
present in the cells, they oxidize the DCFH to flu-
orescent 2’,7’-dichlorofluorescein (DCF). Cellular
fluorescence is proportional to ROS production,
and can be monitored by flow cytometry.

Enriched leukocytes were obtained from the
buffy coat by hypoosmotic lysis and washing
with HBSS. Leukocytes were incubated (37°C, 15
min) with the fluorescence probe DCFH-DA (10
uM), after which the cells were incubated (37 °C, 5
min) with the stimulant (H,O,, 100 uM; PMA, 10
UM or FMLP, 10 uM) in the presence of the blank
or tested materials. Artichoke leaf extract was
tested at concentrations between 100 ug/ml and
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FIGURE 1 Inhibitory activity of artichoke leaf extract on ROS production in human neutrophils stimulated with H,O, (o), PMA

(A) and FMLP ()

1 ng/ml using a blank with lactose and colloidal
silicon dioxide in HBSS. Cynarin, caffeic acid,
chlorogenic acid and luteolin were assayed over a
micromolar range, using HBSS as the blank.
Finally, preparations were analyzed by flow
cytometry: the leukocyte subpopulations were
discriminated and the fluorescence of 10.000 neu-
trophils from each sample was measured.

All measurements were repeated using leuko-
cyte samples from 10 different volunteers. Via-
bility was measured using propidium iodide in
the flow cytometer during the experiment: it was
always more than 95%.

Concentration-response curves were ana-
lyzed according to a sigmoidal model of variable
slope (Graph Pad Prism, San Diego, USA).

RESULTS AND DISCUSSION
Both artichoke leaf extract (Figure 1) and the

pure constituents cynarin, caffeic acid, chloro-
genic acid and luteolin (Figure 2) reduce ROS

production induced by the three stimulants
H,O0,, PMA and FMLP in a concentra-
tion-dependent manner.

H,0, is a key compound in free radical metab-
olism since it can be transformed into other dan-
gerous ROS in the cell. PMA is a phorbol ester
that acts as a tumour promoter and FMLP is a
chemotactic peptide released from bacteria dur-
ing infection. Both stimulate ROS generation by
different mechanisms.

When H,0, is used as stimulant, artichoke
leaf extract produces ca. 50% inhibition at con-
centrations between 10 ug/ml (454 %) and
100 pg/ml (50.3 %). The pure constituents
assayed show the same level of inhibition at
lower concentrations, between 3.5 pug/ml and
9.0 ug/ml: chlorogenic acid at 3.5 ug/ml (66.1 %
inhibition), cynarin at 5.2 ug/ml (55.2 %), caffeic
acid at 57 pg/ml (559 %) and luteolin at
9.0 ug/ml (51.6 %). Thus, these compounds give
a clear contribution to the antioxidant activity of
the artichoke leaf extract on human leukocytes
stimulated with hydrogen peroxide.
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FIGURE 2 Inhibition of oxidative stress by constituents of the artichoke leaf extract. Activity of caffeic acid, chlorogenic acid,
cynarin and luteolin on ROS production in human neutrophils stimulated with HyO, (o), PMA (&) and FMLP (e)

Concerning ROS production of neutrophils
stimulated by FMLP, similar responses at the
same concentrations (3.5-9.0 pug/ml) of the pure
constituents than those found with H,O, as
stimulant were observed. Nevertheless, arti-
choke leaf extract inhibits from 44 % to 54 % at
concentrations starting from 1 pg/ml. This indi-
cates that chlorogenic acid, cynarin, caffeic acid
and luteolin have only a moderate contribution
to the antioxidant activity of the extract when the
stimulant is FMLP.

Artichoke leaf extract shows strong inhibitory
activity on ROS production induced by PMA
(IC5y of 023 pg/ml). The pure constituents
assayed have even less activity than the extract.

This indicates that constituents other than chlo-
rogenic acid, cynarin, caffeic acid and Iuteolin
are the main components responsible of the anti-
oxidant activity of the extract when the stimu-
lant is PMA.

In summary, the investigated artichoke leaf
extract shows relevant antioxidant properties in
human neutrophils. The data correspond with
the results obtained in other test systems, partic-
ularly in rat and human liver cells!®”). Further-
more, artichoke extract expresses its antioxidant
action by a dual mechanism, both as a radical
scavenger and as an inhibitor of PMA-induced
radical generation.

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/22/11

For personal use only.

ANTIOXIDANT ARTICHOKE EXTRACT 665

Caffeic acid, chlorogenic acid, cynarin and
luteolin have been confirmed to have a relevant
contribution to the antioxidant activity of arti-
choke leaf extract in human neutrophils, specifi-
cally concerning the scavenging action. This is in
accordance with recent literatura data 1921, In
addition, results suggest that other constituents
of the extract may participate in its antioxidant
activity; specifically in neutrophil stimulated
with PMA, where the polyphenols tested seem
not to be responsible for the antioxidant effect of
the extract.
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