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bstract

We have determined the effects of maximal and submaximal cycloergometer tests on the antioxidant enzyme defences of neu
ymphocytes. We also compared the neutrophil and lymphocyte basal enzyme antioxidant activities. A total of 17 well-trained
thletes, runners, and cyclists participated in this study. Two tests were performed on an electromagnetic reduction cycloerg
aximal exercise test, and the submaximal prolonged exercise test. Blood samples were taken before and after the tests. B
ctivity of superoxide dismutase was higher in lymphocytes but neutrophils presented higher activities of catalase and g
eroxidase. The maximal test increased the circulating number of lymphocytes and the activities of catalase and glutathione per
hanges were observed in lymphocyte number or in lymphocyte antioxidant enzyme activities after the submaximal test. The
umber of neutrophils increased significantly after the submaximal test. Maximal and submaximal tests decreased the activities o
lutathione dependent antioxidant enzymes (glutathione peroxidase and glutathione reductase), but no changes were observe
r superoxide dismutase activities after either test. Neither the maximal nor submaximal test produced increases in serum activiti
ehydrogenase and creatine kinase (CK). © 2004 Elsevier Inc. All rights reserved.
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. Introduction

Exercise increases production of reactive oxygen sp
ROS) exceeding the capacity of antioxidant defences[1,2].
itochondria, as well as catecholamine metabolism,

hine oxidase reaction, hemoglobin oxidation, and activ
eutrophils, are oxygen radical sources that may be re
ible for oxidative stress during exercise[3,4]. The ROS ha
een shown to damage lipids, proteins, and DNA[5].

It is well recognized that exercise causes perturbatio
he immune system. The effects of exercise on the circ
ng number of immunocompetent cells have been wel
cribed[6–10]. Neutrophilia is well documented after e
austive exercise such as a marathon race[11–14].
owever, lymphocyte concentration increases during e
ise and falls below basal values after intense exerci
ong duration[15].

It has become clear that the immune response to exe
ould be related to exercise intensity. Although mode

* Corresponding author. Tel.:�34 971 173171; fax:�34 971 173184

oE-mail address:dbsapb0@clust.uib.es (A. Pons).

955-2863/04/$ – see front matter © 2004 Elsevier Inc. All rights reserved
oi:10.1016/j.jnutbio.2004.03.002
xercise stimulates the immune system, strenuous ex
nduces immunosuppression in the recovery period and
xplain the increased risk of infection in athletes[16]. The
echanisms underlying exercise-associated imm

hanges are multifactorial and include neuroendocrino
al factors such as adrenaline, noradrenaline, growth
one, and cortisol[17,18], as well as oxidative stress.
Despite substantial evidence indicating that stren

xercise induces oxidative stress and acute immun
ponse, information concerning interactions between
xidant defence and the immune system within exerci
canty. It has been reported that antioxidant vitamins
s vitamin E and ascorbate are present in large conce

ions in neutrophils and lymphocytes, and that they pla
mportant role in order to maintain the immune cell integ
nd functionality[19]. However, it is also of interest
nderstand the adaptations to exercise of the endog
ntioxidant defences of these immune cells in orde
alibrate the intake requirements of antioxidant nutrien

Human blood mononuclear cells, as well as neutrop
xpress superoxide dismutase, catalase, and glutathion

xidase; and all these scavenging enzymes provide cellular

.
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efence against endogenous and exogenous ROS. We have
ecently evidenced the effects of strenuous exercise on neu-
rophil antioxidant enzyme activities [20]. Intense exercise
nduced a decrease in neutrophil activities of antioxidant
nzymes such as catalase, superoxide dismutase, and gluta-
hione peroxidase. Taking into account that exercise inten-
ity could affect oxidative stress and the immune response,
t is important to know the effects of exercise intensity on
he antioxidant defences of the immune cells.

The aim of this study was to determine the effects of two
ifferent cycling exercise tests on the circulating number of
ymphocytes and neutrophils, on neutrophil and lymphocyte
ntioxidant enzyme activities and on lactate dehydrogenase
LDH) and CK serum activities. The exercise tests were a
aximal intensity exercise test, representative of high in-

ensity and short duration, and a submaximal exercise test,
epresentative of prolonged, continuous, intense exercise.

. Methods and materials

.1. Subjects and exercise tests

The subjects who volunteered to participate in this study
ere 17 amateur sports enthusiasts, who were all athletes,

unners, and cyclists. They trained 14 � 1 hours each week.
heir mean (�SEM) age was 23.3 � 2.0 years, height 168

3 cm, weight 70.8 � 1.2 kg, and body mass index 24.5
1.3 kg/m2. Two tests were performed on an electromag-

etic reduction cyclo-ergometer (Ergometrics 900,
edGraphics, St. Paul, MN): the maximal exercise test and

ubmaximal prolonged exercise test. In the maximal exer-
ise test, subjects warmed up for 3 minutes at 30 watts
efore starting the test. The test started at 50 watts and the
ubjects’ work rate was increased by 30 watts every 3
inutes. The test ended when increased work did not in-

rease or decrease oxygen consumption; this value was the
O2max. During this maximal exercise test the participants
id not drink anything. The submaximal prolonged exercise
est was carried out one week after the maximal test. The
ycloergometer resistance was adjusted so that the athletes
orked at 80% of their maximal capacity of oxygen con-

umption. This test was prolonged for 1.5 hours and all
ubjects drank 500 mL of spring water. All tests were
erformed after an overnight fast at the same time, in the
ame room, and with the same temperature and humidity
onditions.

The study protocol was in accordance with the Declara-
ion of Helsinki and was approved by the local ethics com-
ittee (Ethical Committee of Universitary Hospital Son
ureta).

.2. Experimental procedure

Venous blood samples were taken from the antecubital
ein with suitable vacutainers with EDTA as anticoagulant.

he basal venous blood was obtained from all the subjects m
articipating in this study on the morning of the exercise test
ay, after 12 hours of overnight fasting. The postexercise
ample was taken immediately after the exercise. One blood
acutainer was used to purify neutrophil and lymphocytes
ollowing an adaptation of the method described by Boyum
21]. Blood was centrifuged at 900 � g, 4°C for 30 minutes
fter carefully introducing on Ficoll in a proportion of 1.5:1.
he lymphocyte layer was carefully removed. The plasma
nd the organic phase were discarded. The phase at the
ottom contained the erythrocytes and neutrophils. Eryth-
ocytes were hemolyzed with 50 mL of ammonium chloride
.15 mol/L at 4°C. The suspension was centrifuged at 750

g, 4°C for 15 minutes and the supernatant was then
iscarded. The neutrophil phase at the bottom was washed
rst with 50 mL of ammonium chloride 0.15 mol/L and then
ith 20 mL of PBS. The slurry was centrifuged again as

bove. Finally, neutrophils were lysed with distilled water
1:10).

The lymphocyte slurry was then washed twice with PBS
nd centrifuged for 10 minutes at 1000 � g and 4°C.
inally, the cellular precipitate of lymphocytes was lysed
:10 with distilled water.

The lysed neutrophils and lymphocytes were used to
etermine antioxidant enzyme activities. Neutrophils and
ymphocytes were quantified in fresh blood using an auto-
nalyzer system (Technicon H*2; Bayer, Pittsburgh, PA,
SA) [22].

.3. Enzymatic determinations

We, and glutathione peroxidase activities in lymphocytes
nd neutrophils and, also, the glutathione reductase activity
n neutrophils and the cytochrome oxidase activity in lym-
hocytes. All activities were determined with a Shimadzu
V-2100 spectrophotometer (Shimadzu Corporation, Ana-

ytical Instruments Division, Kyoto, Japan) at 37°C.
Catalase activity was measured by the spectrophotomet-

ic method of Aebi [23] based on the decomposition of H2O2.
Glutathione reductase activity was measured by a mod-

fication of the Goldberg and Spooner [24] spectrophoto-
etric method. This assay required oxidized glutathione as

he substrate.
Glutathione peroxidase activity was measured using an

daptation of the spectrophotometric method of Flohé and
unzler [25]. This assay required H2O2 as a substrate and
lutathione reductase and reduced nicotinamide adenine
inucleotide phosphate (NADPH) as an enzyme indicator.

Superoxide dysmutase (SOD) activity was measured in
he neutrophil preparation by an adaptation of the method of

cCord and Fridovich [26]. The xanthine/xanthine oxidase
ystem was used to generate superoxide anion. This anion
roduced the reduction of cytochrome c, which was moni-
ored at 550 nm. The superoxide dismutase of the sample
emoved the anion superoxide and produced an inhibition of
he reduction. The value of this reduction was used as a

easure of enzyme activity.
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Cytochrome oxidase activity in lymphocytes was mea-
ured by an adaptation of the spectrophotometric method
escribed by Wharton and Tzagoloff [27].

.4. CK and LDH determinations

These determinations were made in an autoanalyzer
echnicon DAX system. The LDH activity determination is
ased on the measurement of the conversion of pyruvate to
-lactate by monitoring the oxidation of NADH [28]. The

ate of oxidation is proportional to LDH activity. The ac-
ivity is monitored by measuring the decrease in absorbance
t 340 nm.

In the determination of the CK activity the enzyme reacts
ith creatine phosphate and adenosine diphosphate to form

denosine triphosphate, which is coupled to the hexokinase/
uanosine diphosphate reaction generating NADPH [29].
he CK activity is proportional to the rate of increase in the
oncentration of NADPH. The reaction is monitored at 340
m.

.5. Statistical analysis

Statistical analysis was carried out using the Statistical
ackage for the Social Sciences (SPSS 9 for Windows;
PSS, Chicago, IL). Results are expressed as mean � SEM,
nd a value of P � 0.05 was considered to be statistically
ignificant. The statistical significance of the data was as-
essed by the two-way analysis of variance (ANOVA). The
tatistical factors analyzed were the different test performed
T) and the exercise (E). In the sets of data in which there
as a significant ExT interaction or significant effects of T

actor or E factor, one-way ANOVA was used to determine
he differences between the groups involved. Basal enzyme
ctivities in neutrophils and lymphocytes were compared by
sing the Student t test for unpaired data.

. Results

Figure 1 shows the basal neutrophil and lymphocyte
ntioxidant and COX enzyme activities expressed on a
ellular basis. COX activity was undetected in neutrophils,
s we expected, because neutrophils do not have mitochon-
ria. The catalase activity was approximately 1.8 times
ignificantly higher and glutathione peroxidase was about
.5 times higher in neutrophils than in lymphocytes. SOD
ctivity was about 3.8 times higher in lymphocytes than in
eutrophils.

The changes in the lymphocyte number and in the lym-
hocyte antioxidant enzyme and COX activities expressed
er cell are shown in Table 1. A significant interaction
etween the exercise and the ANOVA factors was found in
he lymphocyte number. The submaximal test did not affect
his parameter, but the maximal test produced a significant

ncrease (30.2%). A significant interaction between the two i
NOVA factors analyzed was found in the catalase and
lutathione peroxidase activities. The maximal test signifi-
antly decreased (40.7%) the catalase lymphocyte activity
xpressed per cell, but the submaximal test maintained the
asal values. Glutathione peroxidase activity expressed per
ell decreased significantly after the maximal test (31.6%),
hereas the submaximal test produced a slight but nonsig-
ificant increase. Both glutathione peroxidase and catalase
ctivities after submaximal test were higher than those after
he maximal test. No changes were observed in the lym-
hocyte SOD activity after the maximal and submaximal
ests.

Table 2 shows the neutrophil number and the neutrophil
ntioxidant enzyme activities during the duathlon competi-
ion and the recovery. The kind of test and the exercise
ignificantly influenced the neutrophil number. The maxi-
al test maintained the basal values but the submaximal test

ncreased neutrophil number about 58.6%. The neutrophil
umber after the submaximal test was significantly higher
han the value after the maximal test. No changes were
bserved in the neutrophil catalase or SOD activities during
he maximal and submaximal tests. The glutathione perox-
dase activity was significantly affected by the exercise. The

aximal and submaximal tests slightly decreased this ac-
ivity. A significant effect of the exercise was found in the
lutathione reductase activity, with no changes after the
aximal test and a significant decrease (27.2%) after the

ubmaximal test.
No statistically significant changes were found in the

erum activities of CK and LDH after the maximal or
ubmaximal tests (Fig. 2).

. Discussion

Lymphocytes and neutrophils present a different antiox-

ig. 1. Basal enzyme activities in neutrophils and lymphocytes. * Indicates
ignificant differences between neutrophil and lymphocyte activity. Cellu-
ar activities: COX (pkat / 109 cells); SOD (pkat / 109 cells); catalase (K /
09 cells); GPx (nkat / 109 cells). n.d.: not detected.
dant enzyme activity profile, probably related to the exis-
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ence of mitochondria in the lymphocyte but not in neutro-
hils, in accordance with the nondetected COX activity in
eutrophils. Because of the existence of a mitochondrial
soenzyme, the Mn-SOD, the higher SOD levels in lympho-
ytes than in neutrophils could be related to the high super-
xide anion production in the mitochondria. It has been
ointed out that about 5% of the oxygen reduced in the
itochondria is transformed into superoxide anion [30]. On

he other hand, during the oxidative burst, the neutrophil
roduces high amounts of H2O2 and ClOH [31]. Then, the
igher catalase and glutathione peroxidase activities could
rotect the neutrophil against these ROS. It has been pointed
ut that high neutrophil catalase activity appears to explain
heir high resistance against exogenous H2O2 [32].

The maximal test produced a significant lymphocytosis.
his result is in agreement with the usual increase in the

ymphocyte number during exercise [15]. It has been re-
orted that the lymphocyte number increases during mod-
rate exercise but after the exercise falls below resting
alues [15]. The increase in circulating number of lympho-
ytes is due to recruitment of all lymphocyte subpopulations
o the blood [33]. We can suspect that the short duration of
he maximal test and the work at maximal VO2 at the end of
he test induced the increase in the circulating number of
ymphocytes. The submaximal test, with a longer duration,
roduced a slight decrease in the lymphocyte concentration.
he combination of duration and intensity of the exercise is
basic factor to determine the changes in the circulating

able 1
ffect of maximal and submaximal exercise tests on lymphocyte number

Maximal test

Before After

ymphocytes (103/�L) 1.79 � 0.16a 2.33 � 0.16b

atalase (K/109 lymphocytes) 13.9 � 1.1a 8.24 � 0.41b

Px (nkat/109 lymphocytes) 61.7 � 8.3a 42.2 � 2.9b

OD (pkat/109 lymphocytes) 62.8 � 8.0 44.2 � 6.5
OX (pkat/109 lymphocytes) 23.6 � 2.3 22.9 � 3.2

Factor T represents the test type; factor E represents the realization of th
* Significant differences between the after maximal and after submaxima

efore and after the test.

able 2
ffect of maximal and submaximal exercise tests on neutrophil number a

Maximal test

Before After

eutrophils (103/�L) 3.05 � 0.25a 3.72 � 0
atalase (K/109 neutrophils) 27.4 � 3.8 20.0 � 1
Px (nkat/109 neutrophils) 105 � 11a 94.3 � 1
. Reductase (nkat/109 neutrophils) 98.0 � 7.9a 78.8 � 7
OD (pkat/109 neutrophils) 13.6 � 0.2 13.7 � 0

Factor T represents the test type; factor E represents the realization of th
* Significant differences between the after maximal and after submaxima
efore and after the test.
ymphocyte number [11,15]. Taking into account the char-
cteristics and the results obtained after the short maximal
est, we can suspect that after the submaximal test, with a
ong duration, the lymphocyte number was decreasing from
igh values attained at the beginning of the test.

The maximal test produced a general decrease in the
ymphocyte antioxidant enzyme activities. It seems that the
rst effect of oxidative stress induced by exercise on these
nzymes was a partial inactivation, as we observed in the
rythrocytes [34]. However, antioxidant enzyme activities
fter the submaximal test did not decrease, and even gluta-
hione peroxidase activity increased after this submaximal
est. It has been established that ROS and cytokines such as
NF-� and IL-1 [35–37] can regulate the expression of
ome antioxidant enzymes [35]. Lymphocyte antioxidant
nzymes show adaptation to oxidative stress induced by
ong duration exercise. Glutathione peroxidase activity in-
reased in lymphocytes as a consequence of the long dura-
ion exercise. We suspect that the oxidative stress during the
ubmaximal test, with a longer duration, could exceed an
nactivation stage and initiate the activation or the synthesis
nduction of antioxidant enzymes by the ROS. In this sense,
he submaximal test could be considered a prolongation of
he maximal test.

The response of cytochrome c oxidase activity to the
aximal test was different to that described above for an-

ioxidant enzymes. After the maximal test, cellular cyto-

antioxidant enzyme activities

Submaximal test ANOVA

Before After T E T � E

2.12 � 0.15a 1.98 � 0.19a X
12.7 � 1.3a 13.1 � 1.4a* X X
62.5 � 6.1a 76.7 � 8.0a* X X
59.2 � 7.8 60.7 � 10.1
18.4 � 2.2 23.1 � 3.4

efore–after test); T�E represents the interaction between the two factors.
alues. Different superscript letters indicate significant differences between

ntioxidant enzyme activities

Submaximal test ANOVA

Before After T E T�E

3.38 � 0.32a 5.36 � 0.58b* X X
23.8 � 2.8 28.2 � 2.8
85.7 � 5.2a 70.8 � 10.8a X
100 � 9a 72.8 � 6.2b X
11.7 � 1.6 10.6 � 1.2

efore–after test); T�E represents the interaction between the two factors.
alues. Different superscript letters indicate significant differences between
and on

e test (b
l test v
nd on a

.33a

.6
3.3a

.5a

.8

e test (b
l test v
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hrome c oxidase activity is maintained, thus indicating
ossible different regulating mechanisms.

Immediately after the submaximal test, significant neu-
rophilia was observed. It has been pointed out that physical
xercise produces pronounced neutrophilia, which is as-
ribed to the mobilization of cells from marginal pools
11–14]. The maximal test produced a slight increase in the
umber of circulating neutrophils, thus indicating that the
hort duration and the time during which the athletes exer-
ised at high intensities were not enough to induce neutro-
hilia.

We have shown that neutrophil priming induced by in-
ense and prolonged exercise such as cycling stage includes
n important decrease in the activity of antioxidant enzymes
n neutrophils [20]. In the present study we point out that
oth maximal and submaximal tests decreased the neutro-
hil glutathione-dependent enzyme activities (glutathione
eductase and glutathione peroxidase). By contrast, these
xercise tests did not affect the cellular activity of catalase
r SOD. The exercise effects on the neutrophil antioxidant
nzymes may depend mainly on the enzyme, inasmuch as
he maximal and submaximal tests produced similar effects.
owever, the maximal test did not produce neutrophilia,

ndicating that the decrease in antioxidant enzyme activities
s induced before neutrophilia.

It has been reported that exercise increases plasma ac-
ivities of cytosolic enzymes such as LDH and CK [38].
hus, LDH and CK are used as muscle damage indicators.
oth maximal and submaximal tests induced slight in-
reases of these activities in plasma but, because the vari-
bility, the differences are not significant. However, the
esponse of the neutrophil antioxidant enzyme activities,
ainly the glutathione-dependent enzymes, was evident be-

ore the appearance of serum muscle damage indicators.
In summary, cycloergometer test performed at different

ntensities produced different effects on the circulating
umber of neutrophils and lymphocytes and also on the

ig. 2. LDH and CK serum activities before and after maximal and
ubmaximal tests. Enzyme activities were expressed as enzyme unit activ-
ties per litre of serum. No significant differences were found.
ntioxidant enzyme activities of these cells. It seems the [
ffects on antioxidant enzymes in neutrophils depend
ainly on the enzyme, whereas in lymphocytes they depend
ainly on the type of test. These changes could be used as

amage indicators because in this study they are more
ensible than changes in serum LDH or CK activity.
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