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Abstract Intense exercise is directly related to muscular
damage and oxidative stress due to excessive reactive
oxygen species (ROS) in both, plasma and white blood
cells. Nevertheless, exercise-derived ROS are essential to
regulate cellular adaptation to exercise. Studies on anti-
oxidant supplements have provided controversial results.
The purpose of this study was to determine the effect of
moderate antioxidant supplementation (lemon verbena
extract) in healthy male volunteers that followed a 90-min
running eccentric exercise protocol for 21 days. Antioxi-
dant enzymes activities and oxidative stress markers were
measured in neutrophils. Besides, inflammatory cytokines
and muscular damage were determined in whole blood and
serum samples, respectively. Intense running exercise for
21 days induced antioxidant response in neutrophils of
trained male through the increase of the antioxidant
enzymes catalase, glutathione peroxidase and glutathione
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reductase. Supplementation with moderate levels of an
antioxidant lemon verbena extract did not block this cel-
lular adaptive response and also reduced exercise-induced
oxidative damage of proteins and lipids in neutrophils and
decreased myeloperoxidase activity. Moreover, lemon
verbena supplementation maintained or decreased the level
of serum transaminases activity indicating a protection of
muscular tissue. Exercise induced a decrease of interleu-
kin-6 and interleukin-1p levels after 21 days measured in
basal conditions, which was not inhibited by antioxidant
supplementation. Therefore, moderate antioxidant supple-
mentation with lemon verbena extract protects neutrophils
against oxidative damage, decreases the signs of muscular
damage in chronic running exercise without blocking the
cellular adaptation to exercise.

Keywords Lippia citriodora - Antioxidants - Exercise -
Oxidative stress - Neutrophils

Introduction

Exercise can have both positive and negative effects on
inflammatory and redox status. While moderate activity
may enhance immune function over sedentary levels,
excessive, prolonged and high-intensity exercise may
impair immune function (Gleeson 2007). Intense physical
activity increases oxygen consumption and the formation
of reactive oxygen species (ROS) (Ji 1995) and induces an
acute phase immune response similar to infection. Oxida-
tive stress associated with exhaustive exercise may also
impair the immune response increasing athletes’ suscepti-
bility to upper respiratory tract infections (Nieman 1994).
Exercise-related immunological acute changes include
signs of inflammation such as release of cytokines
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(Petersen et al. 2001), activation of immunocompetent cell
lines and neutrophil priming for acute phase response
(Suzuki et al. 1999). In addition, higher oxidized gluta-
thione levels and lower antioxidant enzymes levels in
neutrophils (Tauler et al. 2002a), and the induction of acute
phase proteins such as elastase or myeloperoxidase (MPO)
are related to exhaustive exercise (Yamada et al. 2000;
Morozov et al. 2003).

It is well accepted that health benefits of exercise are
enhanced by positive dietary modification. The influence of
the consumption of antioxidant supplements in health and
disease, as well as athletic performance and adaptation
to training and their impact on inflammation and oxidative
stress has brought up much attention (Pedersen and
Hoffman-Goetz 2000). However, attention has more
recently shifted toward the specific interaction between
antioxidant nutrients, redox-sensitive signaling pathways
and inflammatory responses to exercise, e.g. it has been
demonstrated that endogenous antioxidant enzymes and
dietary antioxidant supplements can potentially attenuate
cytokine production after exercise (Vassilakopoulos et al.
2003; Nieman et al. 2007).

Although there is large evidence on the positive effects
of the supplementation containing antioxidant nutrients
associated with exercise (Tauler et al. 2002b, 2008; Fischer
et al. 2004; Sureda et al. 2004a; Su et al. 2008), some
studies using high doses of antioxidant vitamins have
shown that antioxidant supplementation may counteract the
up-regulation of endogenous antioxidant capability in
response to exercise (Gomez-Cabrera et al. 2008; Ristow
et al. 2009). While some supplements may just demonstrate
chemical antioxidants properties, which may indeed
counteract the up-regulation of beneficial adaptive events
(i.e. endogenous antioxidant capability) within a cell and
therefore have a detrimental action, some natural antioxi-
dants utilized at adequate doses may actually complement
the action of exercise.

Therefore, there is no consensus regarding the need of
antioxidant supplementation for athletes who have a bal-
anced diet. On the other hand, physical training associated
to a low intake of antioxidant nutrients may represent a
period of greater vulnerability to oxidative stress. Thus, the
intake of a diet enriched in antioxidants at moderate level is
still the most cautious recommendation to minimize the
deleterious actions of free radicals resulting from exercise
(Urso and Clarkson 2003). According to this hypothesis,
several studies have reported that supplementation with
dietary polyphenols diminishes the exercise-induced oxi-
dative stress and decreased inflammatory markers
(McAnulty et al. 2004; Morillas-Ruiz et al. 2005, 2006;
Nieman et al. 2007; Panza et al. 2008).

Lemon verbena (Aloysia triphylla, Lippia citriodora) is
a widely used herb for food and medicinal purposes
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(Newall et al. 1996). Flavones, iridoids and phenylpropa-
noids represent the main class of compounds of this plant,
being verbascoside the most abundant one (Funes et al.
2009; Quirantes-Piné et al. 2009). The strong antioxidant
properties of this compound have been studied in detail
(Valentao et al. 2002; Liu et al. 2003; Funes et al. 2009). In
addition, this compound has also shown anti-inflammatory
activity through different in vitro assays and animal
models (Diaz et al. 2004; Lee et al. 2005; Lin et al. 2006;
Hausmann et al. 2007; Korkina et al. 2007).

The aim of this study was to determine the influence of
moderate antioxidant supplementation (lemon verbena
extract containing 10% verbascoside, w/w) on neutrophils’
antioxidant response, muscular damage markers and cyto-
kines’ profile of healthy male volunteers subjected to
intense training sessions of 90-min running exercise pro-
tocol. The effects of exercise and supplement on immune
cells adaptive response to exercise and activation of anti-
oxidant defence systems were also studied.

Materials and methods
HPLC analysis of lemon verbena extract

Lemon verbena extract solution of 1 mg/ml was prepared
in water:methanol 1:1, centrifuged and filtered through
0.45 pm polycarbonate filters. A sample of 10 pl was
analyzed by HPLC with diode array detection coupled to
electrospray and ion-trap mass spectrometry system
(HPLC-DAD-ESI-MS/MS) under identical detection and
operating conditions to those previously described (Funes
et al. 2009). The LC/MS system consisted of an Agilent LC
1100 series (Agilent Technologies Inc., Palo Alto, CA,
USA) controlled by the Chemstation software. The HPLC
instrument was coupled to an Esquire 3000+ (Bruker
Daltonics, GmbH, Germany) mass spectrometer equipped
with an ESI source and ion-trap mass analyzer, and con-
trolled by Esquire control and data analysis software.
Briefly, a Merck LiChrospher 100 RP-18, 5 pm,
250 x 4 mm (i.d.) column was used for the analysis. The
HPLC protocol consisted on a linear gradient: 0 min, 5%
B; 20 min, 30% B; 30 min, 90% B; 40 min, 5% B. The
initial conditions were held for 10 min. Flow rate was
0.5 ml/min and mobile phase was water:acetonitrile
(90:10, v/v) with 1% of formic acid (A) and acetonitrile
(B). Identification and quantification of the major constit-
uents of lemon verbena extract were performed by HPLC—
DAD- and -MS/MS analysis, comparing the retention
time, UV and MS spectra of the peaks in the samples with
those of authentic commercially available standards (ver-
bascoside) or data reported in the literature (Funes et al.
2009).
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Subjects and study protocol

The study was conducted on 15 young healthy and mod-
erately trained males from the Sport Sciences degree of the
Miguel Hernandez University (Elche, Spain), who gave
their written informed consent. The experimental proce-
dures were approved by the corresponding Ethics Com-
mittee (reference number IB 544/05 PI) and complied with
the respective legal requirements for this purpose. The
inclusion criteria involved absence of any chronic disease
(hypertension, diabetes, cardiovascular disease, alcohol,
drug dependence) or other deviation from normal food
habits. Diet and exercise routine were monitored with twice
a week meetings. Subjects agreed to avoid the use of
vitamin/mineral supplements, nutritional or antioxidant
supplements, herbs and medication.

Prior to the assay, a selection of the volunteers was
made in order to obtain the most possible homogeneous
group in sport and physical performance. For that, a
2,000 m run test was done and only those volunteers who
achieved it under 10 min were chosen (Table 1). This
selection reduced considerably the sample size.

The volunteers were instructed by a qualified dietician to
record food intakes and followed an adapted diet with per-
sonalized caloric expenditure. The diet was designed by
software Dietsource Novartis and was rich in carbohydrates
(60% carbohydrate, 25% lipids and 15% protein). In a ran-
domized and double-blind procedure, the 15 participants
were assigned either to extract group (EXT, n = 8) or pla-
cebo group (PLB, n = 7). The participants took three hard
gelatin capsules/day (1,800 mg/day) containing lemon ver-
bena extract (10% verbascoside, w/w) or placebo (micro-
crystalline cellulose) during 21 days, which were provided
by Monteloeder, S.L. (Elche, Spain). To homogenize food
habits and trained status of the participants, a 3-week
washout period was used before supplementation period.

Table 1 Initial physical characteristics of 15 participants

EXT PLB
Age (years) 20 £ 04 20.1 £ 1
Height (cm) 176 £ 1 182 £2
Body mass (kg) 73+ 1.8 83 £ 6.1
BMI (kg/m?) 23405 25+ 16
% Body fat 13+1 14+13
% Body muscle 457 £ 2.2 413 £ 3.8
Sprint time (min) 85+0.2 8.1+04
FC after run (beats/min) 170 £ 15 160 + 28

The results are the mean &+ SEM, EXT, n = 8; PLB, n =7

BMI body mass index; Sprint time time of participants to accomplish
the 2,000 m test; F'C cardiac frequency

No significant differences were found between groups
Student’s ¢ test for unpaired data, P < 0.05

Participants were regularly trained people before the study
but in a much less extent and intensity than that one of the
trial.

During the trial, the volunteers performed training ses-
sions of 90-min eccentric running (14.5-16.5 km, pedom-
eter determined) three times a week (non-consecutive days)
during 21 days. The physical characteristics of the partic-
ipants are shown in Table 1 (initial anthropometry
parameters). All blood samples were collected between 9
and 11 am, before (0 day) and after (21 days) of training
and supplementation period. Blood samples were taken
more than 24 h after any physical activity, i.e. basal con-
dition. The antecubital vein was punctured using a hypo-
dermic needle and blood was collected in suitable tubes
with EDTA as anticoagulant. The total volume of blood
drawn did not exceed 30 ml.

Biochemical serum parameters

Part of blood was used for routine biochemical analyses,
which was performed by a clinical hematology laboratory
and included serum enzymes activities of creatine phos-
phokinase (CK), myoglobin (Mgb), aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT) and
y-glutamyltransferase (GGT). The remaining blood was
used to make additional determinations in our laboratory as
described below.

Neutrophils’ purification

The neutrophils’ fraction was purified following a previ-
ously reported method (Tauler et al. 2002a; Ferrer et al.
2009). Blood was carefully introduced on Ficoll in a pro-
portion of 1.5:1 and then was centrifuged at 900g and 4°C
for 30 min. The precipitate containing the erythrocytes and
neutrophils was incubated at 4°C with 0.15 M ammonium
chloride to hemolyse the erythrocytes. The suspension was
centrifuged at 750g, at 4°C for 15 min and the supernatant
was discarded. The neutrophils phase at the bottom was
washed first with ammonium chloride and then with
phosphate-buffered saline, pH 7.4. One sample of the
precipitated neutrophils’ obtained from a known blood
volume was used directly for RNA extraction. Other frac-
tion was resuspended in water to determine enzyme
activities, oxidative stress markers such as malondialde-
hyde (MDA) and protein carbonyl derivatives.

Enzymatic determinations in neutrophils
Catalase (CAT), glutathione peroxidase (GPx), glutathione
reductase (GRed), superoxide dismutase (SOD), and MPO

were determined in neutrophils using a microplate reader
(SPECTROstar Omega, BMG LabTech GmbH, Offenburg,
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Germany) at 37°C. CAT, GPx, GRed and SOD activities
were measured by spectrophotometric methods of Aebi
(1984), Flohe and Gunzler (1984), Golberg and Spooner
(1983) and McCord and Fridovich (1969), respectively
(McCord and Fridovich 1969; Goldberg and Spooner 1983;
Aebi 1984; Flohe and Gunzler 1984), according to previ-
ously published adaptations (Tauler et al. 2008). MPO
activity of neutrophils was measured by guaiacol oxidation,
under identical conditions to those previously described
(Sureda et al. 2004a).

HPLC analysis of neutrophils’ malondialdehyde

First, 100 pl of neutrophils’ lysate was mixed with 50 pl of
0.05% butylated hydroxytoluene (BHT) in ethanol and 50 pl
of trichloroacetic acid 20% in HC1 0.6 M. The samples were
incubated 15 min on ice and then centrifuged at 5,000g dur-
ing 15 min at 4°C. Then 100 pl of thiobarbituric acid (TBA)
0.6% in water was added to 100 pl of supernatant. At follow,
the mixture was incubated at 97°C for 1 h, let to cool down
and extracted with 300 pl of n-butanol through vigorous
shaking, and then samples were centrifuged at 10,000g for
3 min. The TBA-MDA chromogen was determined using
HPLC and fluorescence detection system as previously
described (Funes et al. 2009). Promptly, the analysis was
conducted by injecting 20 pl of sample into a reverse phase
column LiChrospher® 100 RP-18 (5 pm, 250 x 4 mm i.d.)
from Merck KGaA (Darmstadt, Germany) using isocratic
mode with methanol-50 mM potassium phosphate buffer,
pH 6.8 (40:60, v/v), and a flow rate of 1 ml/min. The TBA—
MDA product was monitored by fluorescence detection with
excitation at 515 nm and emission at 553 nm. Results were
expressed in micromoles MDA/10° neutrophils.

Protein carbonyl derivatives determination
in neutrophils

Protein carbonyl derivatives were measured in neutrophils
by an adaptation of the method of Levine et al. (1994) using
the precipitates of deproteinized samples. Precipitates were
resuspended with 2,4-dinitrophenylhydrazine (DNPH)
10 mM and incubated for 60 min at 37°C. Then, samples
were precipitated with 20% TCA and centrifuged for 10 min
at 1,000g and 4°C. The precipitate was washed twice with
ethanol:ethyl acetate (1:1; v/v) to remove free DNPH.
Guanidine (6 M) in 2 mM phosphate buffer, pH 2.3, was
added to the precipitate, and samples were incubated for
40 min at 37°C. Finally, samples were centrifuged for 5 min
at 3,000g and 4°C to clarify the supernatant and absorbance
was measured at 360 nm. The molar absorption of
22,000 M~ ' cm ™' was used to quantify the levels of protein
carbonyl derivatives. Samples were analyzed against a blank
of guanidine solution (Sureda et al. 2004b).
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Whole blood cytokines assay

Within 2 h after collection, the blood samples were cultured
in a whole blood assay, following a previously reported
method with some modifications (Baum et al. 1999). A
volume of 100 pl of blood was added to 900 pl of Roswell
Park Memorial Institute medium (RPMI) 1640 (Invitrogen
Life Technologies, Carlsbad, CA, USA) in a 24 well plate.
The culture medium was supplemented with 1% of peni-
cillin/streptomycin obtained from Invitrogen Life Tech-
nologies (Carlsbad, CA, USA). Cells were cultured in the
absence and in the presence of lipopolysaccharide 10 ng/ml
(LPS, E. coli 0111:B4; Sigma, Munich, Germany) for 12 h
in a humidified atmosphere at 37°C in 5% CO,. The
supernatants of the cultures were collected after plate cen-
trifugation and frozen at —80°C. Cytokine concentrations,
specifically, interleukin-1f5 (IL-1f), interleukin-6 (IL-6)
and tumor necrosis factor-o. (TNF-a), were determined by
standard enzyme-linked immunosorbent assay (ELISA)
technique, according to the manufacturer’s instructions
(Peprotech Inc., UK and U-Cytech biosciences, The
Netherlands). The lower limits of detection were: 32 pg/ml
for TNF-a, 5 pg/ml for IL-1f, and 32 pg/ml for IL-6.

Neutrophil RNA extraction and relative quantitative
RT-PCR assay

Glutathione reductase mRNA expression was determined
by real-time RT-PCR with human 36B4 rRNA as reference
gene. mRNA isolation from neutrophils and quantitative
PCR was performed as described in Sureda et al. (2007a).
The primers used were: GRed, forward: 5'-CAA GGA
AGA AAA GGT GGT TGG GAT C-3' and reverse:
5'-GTC AAA GTC TGC CTT CGT TGC TCC-3'. h36B4-
rib, forward: 5-ATG TGA AGT CAC TGT GCC AG-3’
and reverse: 5'-GTG TAA TCC GTC TCC ACA GA-3'.
The relative quantification was performed by standard
calculations considering 2(=AACD method. Initial mRNA
levels at the beginning of the study were arbitrarily referred
to as 1.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS, v. 13.0 for Windows).
The results were expressed as mean and standard errors of
the mean (mean + SEM). Statistical significance was set at
P < 0.05, unless explicit indication. All the data were
tested for normality. The statistical significance of the data
were assessed using two-way analysis of variance
(ANOVA). The ANOVA factors were antioxidant extract
supplementation (S) and exercise training (7). The sets of
data for which there were effects of supplementation,
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exercise training or a significant interaction between these
two factors were tested by one-way ANOVA. Student’s
t test for unpaired data were used to identify differences in
the results of Table 1 and Fig. 2.

Results
Lemon verbena extract composition

The identification of the peaks was based on the analysis of
their retention time, UV spectra and MS/MS data as men-
tioned in “Materials and methods”. Figure 1 shows the high
performance liquid chromatography profile at 330 nm of
lemon verbena extract (Fig. 1a) and its corresponding base
peak chromatogram (BPC) (Fig. 1b). Among the phenyl-
propanoids, verbascoside was clearly the most abundant
compound (approximately 10%, w/w). Minor compounds of
the extract were other phenylpropanoids (isoverbascoside
and martynoside) and several diglucuronidated flavones.

Characteristics of participants

In order to assure the homogeneity of the volunteers, a
strict selection was performed based on the physical
characteristics and performance of the participants after a
2,000 m run test (see “Materials and methods”). Table 1
shows the initial values of the sportsmen participating in
the study. No significant differences in age, body charac-
teristics or performance were observed between placebo

Fig. 1 High performance liquid

and extract supplemented groups before supplementation
and training period.

Muscular damage markers measurement

Table 2 shows the initial and final values of muscular dam-
age markers found in serum samples of the volunteers in
basal conditions. The activity of CK and Mgb was not sig-
nificantly influenced by ANOVA factors. Nevertheless, the
ANOVA analysis revealed a significant effect of the extract
supplementation (S) factor on the enzymatic activities of
ALT, AST, and GGT. Serum ALT activity increased after
the study in the PLB group (4-12.5%), whereas ALT activity
was maintained constant in the EXT group. Moreover, serum
AST activity showed significant lower values in the EXT
group compared to the PLB at the end of the training period
(—22%). With respect to GGT values, whereas the supple-
mentation induced a significant effect on the EXT group
(31% decrease), no significant effect was observed for the
PLB group, as derived from ANOVA analysis.

Neutrophils antioxidant enzymes and myeloperoxidase
activities

Table 3 shows the effect of extract supplementation () and
training sessions (7) in neutrophils enzymatic activities for
all the antioxidant enzymes studied (CAT, GPx, GRed and
SOD) and MPO activity before and after the intervention
study in basal conditions.
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Table 2 Effects of extract supplementation on serum markers of muscle damage

Variable EXT PLB ANOVA
Initial Final Initial Final S T SxT
CK (mg/dl) 273 + 46 218 + 28 332+ 72 317 + 69
Mgb (ng/ml) 32+4 39+4 36 +4 45 + 8
ALT (U/N) 18 +1 18 +1 24 + 4 27+ 6
AST (U/) 27 £ 2 21 £+ 2% 28 £ 2 26 £ 1
GGT (U/N) 19+1 13+1 19+ 0 16 £1

The results are the mean &= SEM, EXT, n = 8; PLB, n =7
Two-way ANOVA, P < 0.05

Factor: S extract supplementation; 7 training sessions; S x 7 interaction

x = significant effects (S or 7) or significant interaction (S x T)
One-way ANOVA, P < 0.05

& Significant difference between EXT and PLB after supplementation period

Table 3 Effects of extract supplementation and training sessions on
neutrophils’ antioxidant enzymes and MPO activities

Antioxidant enzyme Initial Final ANOVA
act1v1ty -
S T SxT
Catalase (K/10° cells) X
EXT 483+4 64+7"
PLB 438+7 73+ 9*
GPx (nK/10° cells) x
EXT 58+9 91+ 15
PLB 55+9 116 + 24*
GRed (nK/10° cells) x
EXT 69+£9 290 + 70"
PLB 47 +£ 10 183 + 47*
SOD (pK/10 cells)
EXT 2041 2642
PLB 2044 2347
MPO (uK/10° cells) x
EXT 30+£5  2242%
PLB 14+3 31 +4"

The results are the mean &= SEM, EXT, n=38; PLB, n=7,
expressed per cell number

Two-way ANOVA, P < 0.05

Factor: S extract supplementation; 7 training sessions; S x T
interaction

x = significant effects (S or 7) or significant interaction (S x T)
One-way ANOVA, P < 0.05

& Significant difference between EXT and PLB after supplementa-
tion period

# Significant difference between initial and final values

The two-way ANOVA analysis showed that the activi-
ties of CAT, GPx and GRed were influenced by the training
factor. Besides, one-way ANOVA analysis was performed
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and significant differences were observed for these activi-
ties in both groups (EXT and PLB), when comparing
between the initial and final values. CAT and GPx
increased 67 and 110% in the PLB group, and 32 and 57%
in the EXT group, respectively. Neutrophils’ GRed activity
also exhibited a dramatic increase, i.e. 2.9-fold for PLB
group and 4.2-fold for EXT group.

A strong interaction was observed on the effects of
supplementation and exercise training in the MPO activity
expressed on the basis of neutrophils’ number. A striking
increase in the MPO activity was detected for the placebo
group when values before and after the training period
were compared, i.e. more than twofold. In contrast, in the
supplemented group, the MPO activity at the final stage
was substantially lower than the corresponding one deter-
mined in the PLB group.

Neutrophils’ oxidative stress markers

Figure 2 shows the values of MDA (a) and protein car-
bonyl derivatives (b) in neutrophils for PLB and EXT
groups before and after the supplementation period.
Neutrophils’ MDA level increased significantly (P = 0.05)
when final values of PLB and EXT groups were compared.
The behavior observed for the protein carbonyl derivatives
was similar to that of MDA. This parameter underwent a
significant increase (P = 0.08) in the placebo group
through the study (468%), whereas no significant change
was observed for the EXT group.

Cytokines determination

The results obtained in the present study derived from
whole blood stimulation experiments, which is a system
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a &, p=005

1,01

0,5

MDA (uMoles10° neutrophils)

0,0
EXT

PLB

Fig. 2 Effects of extract supplementation and training sessions on
oxidative damage markers in neutrophils. Concentration of MDA
(a) and protein carbonyl derivatives (b) before (white) and after (light
gray) supplementation period. The results are the mean £ SEM

Fig. 3 Effects of extract
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B
e 1t
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EXT PLB

(EXT, n=8; PLB, n = 7). For the analysis Student’s ¢ test for
unpaired data were used. “Significant difference between EXT and
PLB after supplementation period. *Significant difference between
initial and final values

supplementation and training I T, SxT

sessions on IL-6 (a), IL-1f (b),
and TNF-o (c) cytokines release
from whole blood stimulated
with LPS, before (white) and
after (light gray)
supplementation period. The
results are the mean == SEM
(EXT, n = 8; PLB, n = 7).
Two-way ANOVA, P < 0.05. 1t
S extract supplementation, 0

IL-6 (ngfenl)
b w E-9 L [ W |

3
IL-1p (ng/mil)

EXT

T training sessions,

S x T interaction. Capital
letters significant effects (S or 3
T) or significant interaction

(S x 7). One-way ANOVA,

P < 0.05. “Significant
difference between EXT and
PLB after supplementation
period. *Significant difference
between initial and final values

TNF <. (ng/ml)

reported to be closer to in vivo conditions (Gleeson
2007). As shown in Fig. 3a, IL-6 decreased in both
groups in a significant manner. Moreover, a more sig-
nificant decrease was observed for the EXT group when
the final values of the two groups were compared (—63%
EXT vs. —45% PLB). The ANOVA analysis showed that
IL-6 level was affected by exercise training and by the
interaction between supplementation and exercise.
Regarding IL-1f (Fig. 3b), a significant decrease of the
level of this cytokine was also observed in both groups
(—=29% EXT and —26% PLB), and ANOVA analysis
showed a significant effect of 7. TNF-a concentration
(Fig. 3c), exhibited a weak decrease in both groups
throughout the study, but the change was not significant
regardless the ANOVA factor considered.

PLB EXT PLB

L8]

—

EXT PLB

Neutrophil RNA extraction and relative quantitative
RT-PCR assay

The values of GRed expression in neutrophils at the end of
the study were 1.23 = 1 and 1.31 £ 1 for EXT and PLB
group, respectively. The ANOVA analysis of results
showed that gene expression of this antioxidant enzyme
was affected neither by exercise training (7) nor by extract
supplementation (S) ANOVA factors.

Discussion
It has been established that exhaustive exercise leads to

an excessive production of ROS causing cellular damage
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(J1 1995; Sureda et al. 2008, 2009). Nevertheless, exercise-
derived ROS are required for the cellular adaptation con-
sisting of an increased expression of antioxidant proteins
through the activation of the nuclear factor kB (NF-xB) (Ji
et al. 2004). Recently, a high dose of antioxidant vitamins
supplementation has shown a preventive effect on this
positive cellular adaptation mechanism (Ristow et al.
2009). In the present study the effect of a moderate dose of
an antioxidant supplementation consisting of a polyphe-
nolic extract on exhaustive exercise (approx. 15.5 km run)
is discussed.

A significant increase in the neutrophils’ CAT and GPx
activities was observed in both placebo and supplemented
groups, revealing the metabolic activation of these
enzymes in order to detoxify peroxides (H,O,, ROOH) by
the type of physical exercise performed. Previous studies
have also reported an increase of post-exercise GPx
activity after different types of exercise (Tauler et al. 2004;
Sureda et al. 2007a; Ferrer et al. 2009). The increase
observed for both groups must be interpreted as a beneficial
regulatory effect of subtoxic levels of ROS (Ji 2008). GRed
activity also showed a noteworthy increase indicating a
higher regeneration of the reduced glutathione. This result
is in agreement to those found after a football match
(Tauler et al. 2008) and in lymphocytes GRed 3 h after a
cycling stage (Tauler et al. 2006). Anyhow, our results
showed that moderate lemon verbena supplementation do
not affect the increase of the endogenous antioxidant
enzyme response promoted by exercise. On the contrary,
GRed activity was even higher in the group supplemented
with the lemon verbena extract (up to 4.2-fold). Surpris-
ingly, glutathione gene expression was maintained after the
training period, indicating that this up-regulation could be
at post-transcriptional level.

In agreement to that recently reported using a vitamins-
enriched drink (Sureda et al. 2007b), in our study, a sig-
nificant inhibitory effect on neutrophils’ MPO activity was
detected in the EXT group. Several studies have shown that
physical exercise promotes neutrophils activation through
enzymatic activities such as MPO (Yamada et al. 2000;
Morozov et al. 2003, 2006), which may lead into excessive
ROS production. This enzyme is the main source for
hypochlorous acid, which induces a transitory oxidative
stress concomitant to the respiratory burst (Sureda et al.
2005). Therefore, our results support that MPO activity is
strongly regulated by the supplementation with antioxi-
dants and this fact may offer an additional protective effect
of neutrophils against oxidative damage.

High levels of MDA and protein carbonyl derivatives
in plasma, neutrophils and lymphocytes have been
reported as oxidative stress markers derived from acute
bouts of exercise (Sureda et al. 2005, 2007a, b, 2008;
Tauler et al. 2006). These are signs of lipid and protein

@ Springer

peroxidation and may compromise the function of white
blood cells. Our results corroborate this statement, since
consistent increases of neutrophils’ MDA and protein
carbonyl derivatives were observed in the placebo group
as a consequence of the 21 days exercise period. On the
contrary, oxidative damage level did not increase for the
Lippia supplemented group, which suggests that antioxi-
dant supplementation protects neutrophils against exer-
cise-induced damage, as reported for lymphocytes (Sureda
et al. 2008). Moreover, neutrophils’ oxidative damage
induced by acute exercise has been related to impaired
immune function through the decrease of neutrophil
chemotaxis and phagocytosis indexes (Ferrer et al. 2009).
Therefore, supplementation with lemon verbena extract
could improve the effectiveness of neutrophils immune
function in exhaustive exercise.

Endurance physical exercise significantly increases
serum enzymatic activities such as CK, Mgb, ALT, AST
and GGT. Hence these have been considered as markers for
the muscular damage derived from intense exercise (Fallon
et al. 1999; Suzuki et al. 1999; Sureda et al. 2004b, 2007a;
Miura et al. 2005; Kim et al. 2007). The presence of some
of these markers in plasma has been used to relate the
positive influence of antioxidants’ supplementation on
muscular damage (Morillas-Ruiz et al. 2005, 2006; Sureda
et al. 2007b; Panza et al. 2008; Su et al. 2008). The
increase of plasmatic CK or Mgb has been reported just
after exhausting bouts of exercise (Tauler et al. 2006;
Sureda et al. 2007a, b) probably through muscle micro-
ruptures, evoking an inflammatory response. Nevertheless,
no changes for CK or Mgb levels were observed in the
present study when values before the study (basal condi-
tions) and after the study in the recovery phase were
compared, which would probably indicate an adaptation
phenomenon, as reported (Noakes 1987).

On the contrary ALT, AST and GGT levels were sig-
nificantly reduced in the supplemented group. The increase
of the activity of some transaminases has been correlated to
muscular, joint, hepatic or even osseous damage, which
may be induced by extreme exercise conditions such as
ultramarathon (Fallon et al. 1999; Kim et al. 2007). ALT
and AST are present in muscle and liver, but GGT is a
rather-specific hepatic enzyme. Little information is
available on the relationship between exercise, antioxi-
dants’ supplementation and transaminases’ activities.
Anyhow, it was reported that the increase in AST and
oxidative stress markers induced by exercise was inhibited
by an antioxidant green tea beverage, in agreement to our
results (Panza et al. 2008). Regarding ALT and GGT
transaminases, there is no information available. However,
the results obtained in the present study lead us to postulate
that the consumption of Lippia extract provides a protect-
ing effect against physical exercise damage.
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Physical exercise induces immunological acute changes
in the cytokines level. After an acute bout of exercise,
immunological functions normally return to pre-exercise
values within 3-24 h (Gleeson 2007). An increase in IL-6
levels, which seems to derive from skeletal muscle, is
observed when basal conditions are compared to those
immediately post-exercise (Pedersen and Hoffman-Goetz
2000). However, light-moderate exercise (1 h/day walking)
does not affect IL-6 circulating levels (Gleeson 2007). In
the present work, exercise induced a significant decrease of
IL-6 and IL-1f levels after 21 days measured in basal
conditions. Moreover the decrease of IL-6 was also influ-
enced by the supplementation with the antioxidant extract.

Whereas a large body of studies has focused on the
immune response upon acute exercise, just little informa-
tion is available concerning the chronic effects on the
adaptive immune function (Pedersen and Hoffman-Goetz
2000). Neutrophils’ count increase induced by acute
exercise is dependent on catecholamines such as epineph-
rine and cortisol. Nevertheless, this effect disappears some
days after adaptation, when this exercise becomes repeti-
tive, then hormonal regulation seems to be involved
(Suzuki et al. 1999; Pedersen and Hoffman-Goetz 2000;
Pedersen and Toft 2000; Miura et al. 2005). Our results on
IL-6 are in agreement to those previously reported indi-
cating that the immune adaptive response induced by
chronic exercise is not blocked by moderate antioxidant
supplementation. Attenuation in IL-6 level has been also
related to lower exercise-induced depression of immune
function, and hence lower incidence of upper respiratory
tract infections symptoms in ultramarathon runners sup-
plemented with vitamins (Fischer et al. 2004).

Little information is available about the effect of anti-
oxidant supplementation on the cytokines profile during
exercise (Fischer et al. 2004; Tauler et al. 2006; Davison
et al. 2007; Su et al. 2008). Anyhow, our results on IL-6
levels are in agreement to those reported after long-term
antioxidant supplementation on individuals performing
moderate exercise (Phillips et al. 2003; Fischer et al. 2004;
Nieman et al. 2007), indicating that moderate antioxidant
supplementation (vitamins or polyphenols) do not affect
immune adaptive mechanisms of long-term exercise.

Conclusions

In conclusion, intense running exercise for 21 days by
trained male induced antioxidant response in neutrophils
through the increase of the antioxidant enzymes CAT, GPx
and GRed. Supplementation with moderate levels of an
antioxidant lemon verbena extract did not block this cel-
lular adaptive response and also reduced exercise-induced
oxidative damage of proteins and lipids in neutrophils.

Moreover, supplementation maintained or decreased the
level of serum transaminases activity indicating a protec-
tion of muscular tissue.

Finally, exercise induced a decrease of IL-6 and IL-1/
levels after 21 days measured in basal conditions. The
decrease of IL-6 was also influenced by the supplementa-
tion with the antioxidant extract. Therefore, moderate
antioxidant supplementation with lemon verbena extract
protects neutrophils against oxidative damage, decreases
the signs of muscular damage and acute inflammation in
chronic running exercise and do not block the cellular
adaptation to exercise.
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