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Abstract

Background: Strenuous acute exercise induces oxidative stress in the active muscles and
circulation, However, consumption of products rich in antioxidants may potentially
ameliorate these effects.

Objective: The present investigation was conducted to determine the effect of Artichoke (Cynara
scolymus L.) extract on oxidative stress and antioxidant defense after aerobic exercise in young athletes.

Method: Twenty two subjects received 2400 mi/kg/day Artichoke-leaf extract or placebo
capsule for a period of 14 days. All subjects of both groups underwent in acute aerobic exercise
before and after 14 days supplementation. Blood samples were collected at pre supplementation,
pre exercise, post exercise and 24 hours after exercise. Malondiadehyde (MDA), plasma total
antioxidant capacity (FRAP), superoxide dismutase (SOD), and 8-iso-prostaglandin-F2a (8-iso-
PGF2a) were measured.

Results: The results showed that concentration of MDA and Serum 8-iso-PG F2a, SOD, and plasma
total antioxidant significantly increased at immediately and 24 hrs after aerobic exercise (P<0.05).
Artichoke supplementation has no effect on concentration of MDA, FRAP and SOD activity
immediately after aerobic exercise (P>0.05), but after 24-h of exercise, 8-is0-PG F2a concentration in
the group supplement was significantly lower in comparison to placebo group (P=0.002).
Conclusion: The results of this study indicated that a single session of strenuous aerobic
exercise induces oxidative stress production and increase of antioxidant indices in young
athletes. However, further studies are necessary to clarify the exact antioxidant effects of
Artichoke extract in athletes.
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Introduction

Despite the fact that regular exercise
training is associated with numerous positive
physiological adaptations, and consequently
with numerous health benefits (including
prevention of cardiovascular disease, diabetes,
cancer, hypertension, obesity, depression,
osteoporosis and premature death) [1-3],
strenuous acute exercise induces oxidative
stress in the active muscles and circulation [4].
It is plausible that oxygen consumption level
and metabolic rate considerably increase
during exercise (high intensity and/ or long
duration moderate) [5], and this may, in turn,
lead to an elevation of superoxide anion
production in the mitochondria and increase
oxidative stress [6], a state where increased
generation of ROS overwhelms body
antioxidant protection and subsequently
induces lipid, protein and DNA damage [7]
and it is thought that play an important role in
the pathophysiology of this disease [8].
Moreover, it seems that in sports and exercise
training, oxidative stress can implicated in
muscle damage [7] and development of
symptoms of overtraining including increased
fatigue, decreased immune function and
decreased performance [5, 9-10].

Nevertheless, all aerobic organisms,
including human beings, have antioxidant
defenses that protect against oxidative stress
damages. However, this natural antioxidant
mechanism may be inefficient during
strenuous  exercise, hence, many of
investigators and clinicians in an attempt to
attenuate the oxidative stress biomarkers [11],
which, it has been suggested that exercise-
induced oxidative stress may reduce by
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supplementation with antioxidants.
Antioxidants are substances that
help reduce the severity of oxidative stress
either by forming a less active radical or by
quenching the reaction [12]. In this regards,
recently, the wuse of herbal antioxidants,
because of fewer side effects than synthetic
antioxidant component, more has been
attention from several researchers [13].
Artichoke (Cynara scolymus L.) is one of
the famous traditional medicinal plants that
found mainly in the Mediterranean countries
[14]. Artichoke (Cynara scolymus L.) is an
ancient herbaceous plant that has been used for
many years in traditional medicine for various
types of therapeutic conditions such as
hepatoprotective, antimicrobial and hypo-
lipidemic [15]. There are also some reports in
the literature for antioxidant effects of
Artichoke leaf extracts [16], which it has been
found that Artichoke decrease the production
of reactive oxygen species, and oxidative
stress indices such as lipid peroxidation and
protein oxidation [15], moreover this herbal
supplement increase the activity of glutathione
peroxidase as antioxidant enzyme [17].
According to consumption of Artichoke
(Cynara scolymus L.) may be beneficial in
ameliorating the negative effects of oxidative
stress damage following strenuous aerobic
exercise, hence, the present investigation was
conducted to determine whether graded
maximal aerobic would elevate post exercise
oxidative stress biomarkers. Specifically, we
tested the hypothesis that aqueous extract of
Artichoke (Cynara scolymus L.) can attenuate
exercise-induced oxidative stress in young
athletes after graded maximal aerobic exercise.
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Materials and Methods

Participants and Study design

In a randomized double-blind placebo-
controlled trial, twenty four active men were
allocated into two equal groups: supplement
(n=11) and placebo (n=11) groups. The criteria
of exclusionwere cardiovascular and pulmonary
disease, smoking, obesity and hormonal
abnormalities. Moreover, none of them was
taking exogenous anabolic-androgenic steroids,
drugs, medication, or dietary supplements with
potential on redox and physical performance
during six months preceding the study. The
experimental procedures and potential risks were
explained, and informed consent was obtained
from all subjects. All were asked to abstain from
intense physical activity for 48-72 h before the
measurements. The study protocol and
methodology, in  accordance with the
Declaration of Helsinki, were approved by the
Clinical Research Ethics Committee of the
Mahabad Islamic Azad University of Iran and
were and conducted in a laboratory environment
(temperature 22 - 25 C°; humidity 50-55%).
Physical and physiological characteristics of the
subjects at the beginning of the research are
presented in Table 1. 30810/7809

There were no differences between groups
at the beginning of the research for age,
VO2max, body weight, height, and BMI and
body fat percent (P> 0.05).

Anthropometric and Physiological Measurements
Subjects’ height (nearest 0.1 cm) and
weight (nearest 0.1 kg) were measured using a
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stadiometer and digital scale, and BMI (body
weight [kg]/height [m?]) was calculated. Fat
density (fat mass) was predicted from the skin-
fold measurements taken on the right side of
the body using a specialised skin fold caliper
(Baseline Dconomy ‘Slim-Guide’) at the
triceps, abdominal, and super iliac sites after
10 h of fasting. Percentage body fat was then
estimated through regression equations
described by Brozek, et al. [18]. Moreover,
one week before the study protocol the
maximal oxygen uptake or VO,max of each
subject was estimated from a maximal
multistage 20-m shuttle run test [19].

Supplementation protocol

The supplemented group was given two
Artischocken capsules (each capsule contained
400 mg of Artichoke (Cynara scolymus L.),
product EuRho Vital, Germany, Which
consisted of the following compounds;
Artichoke-Concentrate (79.7 @), Gelatine of
Cow, Water, Bulking Agent Magnesium
Stearate, Colouring E) tree times per day
(2400 mg/day), for fourteen days, and the
control group received a placebo of the same
form and size at the same times. During
supplementation, all subjects completed a
validated food intake questionnaire and
recorded a 24 hours food record to determine
if both groups had similar diets. All subjects
reported adherence to the experimental
protocol and complete ingestion of the
supplement.

4
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Table 1- Physical and Physiological characteristics of the supplement and placebo groups

Supplementation (n=11) Placebo (n=11) P
Age (year) 24.18+3.11 23.03+£2.55 0.359
Height (cm) 176.29+5.11 175.53+6.71 0.721
Weight (kg) 76.49+8.13 73.64+6.41 0.294
BMI (kg/m2) 24.61+2.1 23.90+1.76 0.442
Body fat (%) 18.11+2.96 16.93+£3.19 0.241
VO2 max (ml/kg/min) 44.65+4.39 45.82+3.94 0.311

Values are mean = standard deviation

Exercise test

One week prior to initiation of the study
protocol, all participants visited the laboratory
to familiarize them to the experimental
exercise test (separate to the VOzmax). The
subjects performed a gentle warm-up before
beginning a multistage 20-m shuttle run test.
The shuttle run test was carried out on flat
terrain between two parallel lines 20 m apart,
and required continuous running with
progressive intensity. The test ended when the
participant failed to come within 2 m of the
ends of the lines at the moment indicated by
the tape. The maximal aerobic exercise
protocol utilized in this study has been
reported previously [20]. Each subject
performed exactly the same exercise test on a
second occasion, just after the end of the
fourteen day intervention period; this being the
experimental exercise test.

Blood collection and analysis procedures
Blood samples were collected prior to
supplementation for baseline analysis of
oxidative stress biomarkers. Further samples
were taken pre-exercise, immediately post-
exercise and 24 hrs following the experimental
exercise test. A 5mL blood sample was
extracted via venipuncture of an antecubital
vein and collected into a specialized blood
tube (5 ml; made by SUHA Co); the resultant
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samples were allowed to clot at room
temperature for 10 min and then centrifuged
for 15 min at 0 °C. The serum was then
pipetted into polystyrene tubes and frozen at
—80 °C for subsequent analysis. The total
antioxidant capacity of plasma was evaluated
by applying the FRAP assay (ferric reducing
antioxidant power or ferric reducing ability of
plasma) according to the method of Benzie
and Strain (1996) [21]. The method is based
on the reduction of ferric (Fe®*") to ferrous
(Fe?*) ion at low pH. This causes a formation
of blue colored ferrous tripyridyltriazine (Fe?*-
TPTZ) complex, which absorbs at 593 nm.
Moreover, plasma malondialdehyde (MDA)
concentrations  spectrophotometrically — were
assayed by measurement of thiobarbituric acid
reactive substances (TBARS) assay according to
the procedure of Uchiyama and Mihara (1978)
[22]. Serum 8-is0-PG F2a levels were measured
in duplicate using an enzyme immunoassay Kit
(Cayman Chemicals Co., Ann Arbor, Michigan,
USA) [23]. Moreover, the activity of superoxide
dismutase (SOD) was measured at 500 nm with
a commercially available kit (Randox
Laboratories, kit Ransod superoxide dismutase).

Statistical analyses

All data were tested for homogeneity of
variance and for normal distribution using a
Kolmogorov-Smirnov and Levene’s test
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before statistical procedures were applied. The
differences in physiological characteristics of the
subjects in two groups at the beginning of the
research were performed using independent t-
test. Two-way repeated measures ANOVAs with
2 groups (Artichoke supplementation and
placebo) and 4 time points (pre supplementation,
pre exercise, post exercise and 24 hours after
exercise) for plasma malondialdehyde, FRAP,
SOD and serum 8-iso-PG F2a across the
assessment protocol. For all analyses, the level
of significance was P <0.05. All results shown
are mean £ SD in the text, figures and tables.

Results

Results  demonstrated no  significant
difference between activity of SOD, Serum 8-
is0-PG F2a, and also FRAP and MDA plasma in
supplement and placebo before starting the study
protocol (P> 0.05). Results also showed that
concentrations of MDA significantly increased
immediately post-exercise and 24 hrs after
aerobic exercise in both supplement and placebo
groups (P<0.05). However, there were no
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differences in the pattern of change between
groups (group effect, P=0.657) (Fig. 1).

The changes in FRAP and SOD levels
following aerobic exercise, as shown in Fig. 2
and Fig. 3, indicated that these antioxidant
biomarkers increased significantly after the
aerobic exercise in both groups (P<0.05), but
there were no differences in the pattern of
change between supplement and placebo
groups (group effect, P=0.279 and P=0.172
respectively). On the other hand, acute
exercise would result in an increase in
oxidative stress biomarkers in both conditions.

Interestingly, the serum concentration of 8-
is0-PG F20, as a measure of oxidative stress,
increased significantly immediately post-
exercise and 24 hrs after aerobic exercise in
both supplement and placebo groups (P<0.05),
but the pattern of change in the 8-iso-PG F2a
was significantly higher 24h post exercise in
placebo versus supplement group (P=0.002),
as well as exhibiting interaction (P=0.000) and
time (P = 0.001) effects (Fig. 4).

= =¢== Supplemant
—a&— Placebo

Postexr 24hPostexr

Fig. 1- Plasma malondialdehyde (MDA) concentration at pre supplementation, Pre exercise, Post exercise and
24 hours after exercise, * Indicate Significant difference (P < 0.05) compared with Presupplement and pre exercise.
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Fig 2- Plasma total antioxidant capacity of plasma (FRAP) concentration at pre supplementation, Pre exercise,
Post exercise and 24 hours after exercise
* Indicate Significant difference (P<0.05) compared with Presupplement and pre exercise.
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Fig. 3- Superoxide Dismutase (SOD) activity at pre supplementation, Pre exercise, Post exercise and 24 hours
after exercise
* Indicate Significant difference (P<0.05) compared with Presupplement and preexr.
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Fig. 4- Serum 8-iso-PG F2a concentration at pre supplementation, Pre exercise, Post and 24 hours after exercise.
* Indicate Significant difference (P<0.05) compared with Presupplement and pre exercise.

Discussion

While is well established that regular
exercise training is associated with a numerous
health benefits, some published studies
indicate that strenuous exercise leads to
increased oxidative cellular damage and
decreased muscle performance. However,
consumption of products rich in antioxidants
may potentially ameliorate these effects.
Therefore, this study was conducted to
investigate the effects of Artichoke (Cynara
scolymus L.) extract on oxidative stress and
antioxidant defense in young athletes after
graded maximal aerobic exercise.

The first finding of this study is that
maximal  aerobic  exercise induces a
measureable increase in oxidative stress and
antioxidant biomarkers. In accordance with the
results of this study, recently it has been
shown that exhaustive aerobic exercise
induces a significant rise in the oxidative stress
markers malondialdehyde and lipid
hydroperoxides in healthy male subjects.

Researchers attributed this increase in cell
membrane oxidation to a greater production of
free radicals and subsequent attack on
membrane phospholipids [24]. In this context,
Waring et al. reported that plasma 8-iso-
PGF20 concentrations, a measure of lipid
peroxidation, significantly increased following
high-intensity ~ aerobic  exercise  [25].
Furthermore, it has been suggested that
exercise intensity and duration plays a major
role in post-exercise blood oxidative stress;
very high intensity exercise appears to
exaggerate this stress response [26]. Johnson
et al. revealed that exercise-induced
thiobarbituric ~ acid  reactive  substances
(TBARYS), as an index of oxidative stress, were
exercise intensity-dependent, which
significantly increased following acute aerobic
exercise at 80% VO (2peak) versus 50%
VOgpeak in trained men [27]. In this regard,
Fisher-Wellman and bloomer, in their review,
reported that during low-intensity and duration
protocols, antioxidant defenses appear

Y
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sufficient to meet the RONS production, but as
intensity and/or duration of exercise increases,
these defenses are no longer adequate,
potentially resulting in oxidative damage to
surrounding tissues [9]. It has been proposed
that, aerobic exercise through two mechanisms
might result in increase of oxidative stress [1]:
1) increased pro-oxidant activity via a mass
action effect when VO is elevated 10- to 15-
fold above rest; and 2) inadequate antioxidant
activity relative to pro-oxidants [28].
Furthermore, because of the increase in
oxygen consumption by mitochondria during
exercise, there is an increase in free radical
formation by these organelles [29].

It has also been shown that acute exercise is
followed by an increase in antioxidant enzyme
activity in plasma and other tissues [30]. For
example Diaz et al. demonstrated that total
antioxidant capacity (TAC) and superoxide
disumutase (SOD) activity significantly
increased immediately after aerobic exercise in
young adults (Bruce-protocol treadmill test to
75-80% of their heart rate reserve) [31]. It
seems that exercise activates different redox-
sensitive transcription factors, including NF-
kB, probably through the induction of free
radicals generated by the exercise [32].

Results of some previous studies are in
contrast to our findings. Saritas et al. observed
that acute aerobic exercise (12 min run test)
had no effect on plasma antioxidant capacity
and markers of DNA damage in young trained
men [33]. Moreover, others have shown that a
20 km running race did not significantly
influence on TBARS, (index of lipid
peroxidation), in trained male athletes [34].
The differences in the exercise intensity /or
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training status, participant’s age and body
status may account for the discrepancy
between our results may
account for the discrepancy between studies.

It has been suggested that antioxidant
supplementation can attenuate exercise-
induced oxidative stress. In this regard, the use
of herbal antioxidants after physical exercise
has received attention from  several
researchers. For example, Skarpanska-
Stejnborn et al. reported that black grape
extract supplementation significantly increased
plasma antioxidant capacity and superoxide
dismutase activity, and therefore, may
attenuate blood oxidative stress in response to
acute exercise in male rowers [35]. It was also
indicated that short-term blackcurrant extract
consumption might result in attenuation of
exercise-induced oxidative stress in healthy
subject [36]. On this basis, the therapeutic
benefits of Artichoke (Cynara scolymus L.)
were used in the present study to test the
hypothesis that this herb would reduce
exercise-induced oxidative stress. In support of
our hypothesis, it had been revealed that
administration of Artichoke extract prevents of
oxidative stress-induced hepatotoxicity by
decrease hepatic MDA and increase of
antioxidant levels in rats [14]. Zapolska-
Downar et al. demonstratet that artichoke
extracts have marked protective properties
against  oxidative  stress induced by
inflammatory mediators and ox-LDL in
cultured endothelial cells and monocytes [37].
The potential probably mechanism by
Artichoke may reduce the harmful effects of
free radicals and oxidative stress could be
related to their antioxidant compounds. In this
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regard, it has been reported that the antioxidant
properties of Artichoke result from its high
content of chlorogenic acid, cynarine, and
flavonoid- derivatives of luteoline [38].
Moreover Skarpafiska-Stejnborn et al. reported
that Artichoke (Cynara scolymus L.), as a
natural vegetable preparation of high
antioxidant potential, significantly increased
total antioxidant capacity in competitive
rowers subjected to strenuous training [39]. Li
et al. also reported that flavonoids from
artichoke (Cynara scolymus L.) up-regulate
endothelial-type nitric-oxide (NO) synthase
gene expression in human endothelial cells
[40], and interestingly it has been proposed
that, NO can protect against oxidative damage
by intercepting reactive species, which
converting them to less damaging and more
easily detoxified products [41]. While in
contrast to our results these researches also
indicated that supplementation with Artichoke
did not influence the level of free radical-
damage markers. The difference in dosage can
explain this difference. However, there is a
dearth of published data available in support of
this finding, and thus the exact mechanism
which underpins our finding is unknown.
Clearly, further studies are necessary to affirm
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the antioxidant properties and oxidative stress-
scavenging of Artichoke (Cynara scolymus L.)
extract in athletes and the mechanism through
which this is affected.

Conclusion

In conclusion, the results of the present
research indicate that a single session of
strenuous aerobic exercise induces oxidative
stress, but also an increase of antioxidant
activity in the circulation of young athletes.
However, fourteen days supplementation with
Artichoke (Cynara scolymus L.) extract may
ameliorate the exercise induced increase in
serum iso-PG F2o concentrations 24hrs after
acute aerobic exercise, suggesting a protective
effect of the herb on oxidative damage.
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