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Different effects of exercise tests on the antioxidant enzyme activities
in lymphocytes and neutrophils
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Abstract

We have determined the effects of maximal and submaximal cycloergometer tests on the antioxidant enzyme defences of neutrophils an
lymphocytes. We also compared the neutrophil and lymphocyte basal enzyme antioxidant activities. A total of 17 well-trained amateur
athletes, runners, and cyclists participated in this study. Two tests were performed on an electromagnetic reduction cycloergometer: the
maximal exercise test, and the submaximal prolonged exercise test. Blood samples were taken before and after the tests. Basal enzyn
activity of superoxide dismutase was higher in lymphocytes but neutrophils presented higher activities of catalase and glutathione
peroxidase. The maximal test increased the circulating number of lymphocytes and the activities of catalase and glutathione peroxidase. N
changes were observed in lymphocyte number or in lymphocyte antioxidant enzyme activities after the submaximal test. The circulating
number of neutrophils increased significantly after the submaximal test. Maximal and submaximal tests decreased the activities of neutrophi
glutathione dependent antioxidant enzymes (glutathione peroxidase and glutathione reductase), but no changes were observed in catale
or superoxide dismutase activities after either test. Neither the maximal nor submaximal test produced increases in serum activities of lactat
dehydrogenase and creatine kinase (CK). © 2004 Elsevier Inc. All rights reserved.
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1. Introduction exercise stimulates the immune system, strenuous exercise
induces immunosuppression in the recovery period and may
Exercise increases production of reactive oxygen speciesexplain the increased risk of infection in athlefés]. The
(ROS) exceeding the capacity of antioxidant deferjte. mechanisms underlying exercise-associated immune
Mitochondria, as well as catecholamine metabolism, xan- changes are multifactorial and include neuroendocrinologi-
thine oxidase reaction, hemoglobin oxidation, and activated cal factors such as adrenaline, noradrenaline, growth hor-
neutrophils, are oxygen radical sources that may be respon-mone, and cortisd]17,18], as well as oxidative stress.
sible for oxidative stress during exerc{Se4]. The ROS has Despite substantial evidence indicating that strenuous
been shown to damage lipids, proteins, and DISA exercise induces oxidative stress and acute immune re-
Itis well recognized that exercise causes perturbations tosponse, information concerning interactions between anti-
the immune system. The effects of exercise on the circulat- oxidant defence and the immune system within exercise is
ing number of immunocompetent cells have been well de- scanty. It has been reported that antioxidant vitamins such
scribed[6-10]. Neutrophilia is well documented after ex-  as vitamin E and ascorbate are present in large concentra-
haustive exercise such as a marathon r4té—14] tions in neutrophils and lymphocytes, and that they play an
However, lymphocyte concentration increases during exer-important role in order to maintain the immune cell integrity
cise and falls below basal values after intense exercise ofand functionality[19]. However, it is also of interest to
long duration[15]. understand the adaptations to exercise of the endogenous
It has become clear that the immune response to exerciseantioxidant defences of these immune cells in order to
could be related to exercise intensity. Although moderate calibrate the intake requirements of antioxidant nutrients.
Human blood mononuclear cells, as well as neutrophils,
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defence against endogenous and exogenous ROS. We have
recently evidenced the effects of strenuous exercise on neu-
trophil antioxidant enzyme activities [20]. Intense exercise
induced a decrease in neutrophil activities of antioxidant
enzymes such as catalase, superoxide dismutase, and gluta-
thione peroxidase. Taking into account that exercise inten-
sity could affect oxidative stress and the immune response,
it is important to know the effects of exercise intensity on
the antioxidant defences of the immune cells.

The aim of this study was to determine the effects of two
different cycling exercise tests on the circulating number of
lymphocytes and neutrophils, on neutrophil and lymphocyte
antioxidant enzyme activities and on lactate dehydrogenase
(LDH) and CK serum activities. The exercise tests were a
maximal intensity exercise test, representative of high in-
tensity and short duration, and a submaximal exercise test,
representative of prolonged, continuous, intense exercise.

2. Methods and materials
2.1. Qubjects and exercise tests

The subjects who volunteered to participate in this study
were 17 amateur sports enthusiasts, who were all athletes,
runners, and cyclists. They trained 14 + 1 hours each week.
Their 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/m?. Two tests were performed on an electromag-
netic reduction cyclo-ergometer (Ergometrics 900,
MedGraphics, St. Paul, MN): the maximal exercise test and
submaximal prolonged exercise test. In the maximal exer-
cise test, subjects warmed up for 3 minutes at 30 watts
before starting the test. The test started at 50 watts and the
subjects’ work rate was increased by 30 watts every 3
minutes. The test ended when increased work did not in-
crease or decrease oxygen consumption; this value was the
VO,max. During this maximal exercise test the participants
did not drink anything. The submaximal prolonged exercise
test was carried out one week after the maximal test. The
cycloergometer resistance was adjusted so that the athletes
worked at 80% of their maximal capacity of oxygen con-
sumption. This test was prolonged for 1.5 hours and all
subjects drank 500 mL of spring water. All tests were
performed after an overnight fast at the same time, in the
same room, and with the same temperature and humidity
conditions.

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

2.2. Experimental procedure

Venous blood samples were taken from the antecubital
vein with suitable vacutainers with EDTA as anticoagul ant.
The basal venous blood was obtained from all the subjects

participating in this study on the morning of the exercise test
day, after 12 hours of overnight fasting. The postexercise
sample was taken immediately after the exercise. One blood
vacutainer was used to purify neutrophil and lymphocytes
following an adaptation of the method described by Boyum
[21]. Blood was centrifuged at 900 X g, 4°C for 30 minutes
after carefully introducing on Ficoll in aproportion of 1.5:1.
The lymphocyte layer was carefully removed. The plasma
and the organic phase were discarded. The phase at the
bottom contained the erythrocytes and neutrophils. Eryth-
rocytes were hemolyzed with 50 mL of ammonium chloride
0.15 mol/L at 4°C. The suspension was centrifuged at 750
X @, 4°C for 15 minutes and the supernatant was then
discarded. The neutrophil phase at the bottom was washed
first with 50 mL of ammonium chloride 0.15 mol/L and then
with 20 mL of PBS. The dlurry was centrifuged again as
above. Finally, neutrophils were lysed with distilled water
(2:10).

The lymphocyte slurry was then washed twice with PBS
and centrifuged for 10 minutes at 1000 X g and 4°C.
Finally, the cellular precipitate of lymphocytes was lysed
1:10 with distilled water.

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

2.3. Enzymatic determinations

We, and glutathione peroxidase activities in lymphocytes
and neutrophils and, aso, the glutathione reductase activity
in neutrophils and the cytochrome oxidase activity in lym-
phocytes. All activities were determined with a Shimadzu
UV-2100 spectrophotometer (Shimadzu Corporation, Ana-
Iytical Instruments Division, Kyoto, Japan) at 37°C.

Catalase activity was measured by the spectrophotomet-
ric method of Aebi [23] based on the decomposition of H,0..

Glutathione reductase activity was measured by a mod-
ification of the Goldberg and Spooner [24] spectrophoto-
metric method. This assay required oxidized glutathione as
the substrate.

Glutathione peroxidase activity was measured using an
adaptation of the spectrophotometric method of Flohé and
Gunzler [25]. This assay required H,O, as a substrate and
glutathione reductase and reduced nicotinamide adenine
dinuclecotide phosphate (NADPH) as an enzyme indicator.

Superoxide dysmutase (SOD) activity was measured in
the neutrophil preparation by an adaptation of the method of
McCord and Fridovich [26]. The xanthine/xanthine oxidase
system was used to generate superoxide anion. This anion
produced the reduction of cytochrome ¢, which was moni-
tored at 550 nm. The superoxide dismutase of the sample
removed the anion superoxide and produced an inhibition of
the reduction. The value of this reduction was used as a
measure of enzyme activity.
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Cytochrome oxidase activity in lymphocytes was mea-
sured by an adaptation of the spectrophotometric method
described by Wharton and Tzagoloff [27].

2.4. CK and LDH determinations

These determinations were made in an autoanalyzer
Technicon DAX system. The LDH activity determination is
based on the measurement of the conversion of pyruvate to
L-lactate by monitoring the oxidation of NADH [28]. The
rate of oxidation is proportional to LDH activity. The ac-
tivity is monitored by measuring the decrease in absorbance
at 340 nm.

In the determination of the CK activity the enzyme reacts
with creatine phosphate and adenosine diphosphate to form
adenosine triphosphate, which is coupled to the hexokinase/
guanosine diphosphate reaction generating NADPH [29].
The CK activity is proportional to the rate of increase in the
concentration of NADPH. The reaction is monitored at 340
nm.

2.5. Satigtical analysis

Statistical analysis was carried out using the Statistical
Package for the Social Sciences (SPSS 9 for Windows,
SPSS, Chicago, IL). Results are expressed as mean = SEM,
and a value of P < 0.05 was considered to be statistically
significant. The statistical significance of the data was as-
sessed by the two-way analysis of variance (ANOVA). The
statistical factors analyzed were the different test performed
(T) and the exercise (E). In the sets of data in which there
was a significant EXT interaction or significant effects of T
factor or E factor, one-way ANOV A was used to determine
the differences between the groups involved. Basal enzyme
activities in neutrophils and lymphocytes were compared by
using the Student t test for unpaired data.

3. Results

Figure 1 shows the basal neutrophil and lymphocyte
antioxidant and COX enzyme activities expressed on a
cellular basis. COX activity was undetected in neutrophils,
as we expected, because neutrophils do not have mitochon-
dria. The catalase activity was approximately 1.8 times
significantly higher and glutathione peroxidase was about
1.5 times higher in neutrophils than in lymphocytes. SOD
activity was about 3.8 times higher in lymphocytes than in
neutrophils.

The changes in the lymphocyte number and in the lym-
phocyte antioxidant enzyme and COX activities expressed
per cell are shown in Table 1. A significant interaction
between the exercise and the ANOVA factors was found in
the lymphocyte number. The submaximal test did not affect
this parameter, but the maximal test produced a significant
increase (30.2%). A significant interaction between the two
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Fig. 1. Basal enzyme activitiesin neutrophils and lymphocytes. * Indicates
significant differences between neutrophil and lymphocyte activity. Cellu-
lar activities: COX (pkat / 10° cells); SOD (pkat / 10° cells); catalase (K /
10° cells); GPx (nkat / 10° cells). n.d.: not detected.

ANOVA factors analyzed was found in the catalase and
glutathione peroxidase activities. The maximal test signifi-
cantly decreased (40.7%) the catalase lymphocyte activity
expressed per cell, but the submaximal test maintained the
basal values. Glutathione peroxidase activity expressed per
cell decreased significantly after the maximal test (31.6%),
whereas the submaximal test produced a slight but nonsig-
nificant increase. Both glutathione peroxidase and catalase
activities after submaximal test were higher than those after
the maximal test. No changes were observed in the lym-
phocyte SOD activity after the maximal and submaximal
tests.

Table 2 shows the neutrophil number and the neutrophil
antioxidant enzyme activities during the duathlon competi-
tion and the recovery. The kind of test and the exercise
significantly influenced the neutrophil humber. The maxi-
mal test maintained the basal values but the submaximal test
increased neutrophil number about 58.6%. The neutrophil
number after the submaximal test was significantly higher
than the value after the maximal test. No changes were
observed in the neutrophil catalase or SOD activities during
the maximal and submaximal tests. The glutathione perox-
idase activity was significantly affected by the exercise. The
maximal and submaximal tests slightly decreased this ac-
tivity. A significant effect of the exercise was found in the
glutathione reductase activity, with no changes after the
maximal test and a significant decrease (27.2%) after the
submaximal test.

No statistically significant changes were found in the
serum activities of CK and LDH after the maximal or
submaximal tests (Fig. 2).

4, Discussion

Lymphocytes and neutrophils present a different antiox-
idant enzyme activity profile, probably related to the exis-
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Table 1
Effect of maximal and submaximal exercise tests on lymphocyte number and on antioxidant enzyme activities

Maximal test Submaximal test ANOVA

Before After Before After T E TXE
Lymphocytes (10%/uL) 179 + 0.16% 233+ 0.16° 212 = 0.15% 1.98 = 0.19* X
Catalase (K/10° lymphocytes) 139+ 1.12 8.24 + 0.41° 127+ 13 131 + 1.4% X X
GPx (nkat/10° lymphocytes) 617 + 832 422+ 2.9° 62.5 + 6.12 76.7 + 8.0 X X
SOD (pkat/10° lymphocytes) 62.8 + 8.0 442 £ 65 592+ 7.8 60.7 = 10.1
COX (pkat/10° lymphocytes) 236+ 23 229+ 32 184+ 22 231+ 34

Factor T represents the test type; factor E represents the realization of the test (before—after test); TXE represents the interaction between the two factors.
* Significant differences between the after maximal and after submaximal test values. Different superscript letters indicate significant differences between

before and after the test.

tence of mitochondria in the lymphocyte but not in neutro-
phils, in accordance with the nondetected COX activity in
neutrophils. Because of the existence of a mitochondrial
isoenzyme, the Mn-SOD, the higher SOD levelsin lympho-
cytes than in neutrophils could be related to the high super-
oxide anion production in the mitochondria. It has been
pointed out that about 5% of the oxygen reduced in the
mitochondriais transformed into superoxide anion [30]. On
the other hand, during the oxidative burst, the neutrophil
produces high amounts of H,O, and CIOH [31]. Then, the
higher catalase and glutathione peroxidase activities could
protect the neutrophil against these ROS. It has been pointed
out that high neutrophil catalase activity appears to explain
their high resistance against exogenous H,0, [32].

The maximal test produced a significant lymphocytosis.
This result is in agreement with the usual increase in the
lymphocyte number during exercise [15]. It has been re-
ported that the lymphocyte number increases during mod-
erate exercise but after the exercise fals below resting
values [15]. The increase in circulating number of lympho-
cytesisdueto recruitment of al lymphocyte subpopulations
to the blood [33]. We can suspect that the short duration of
the maximal test and the work at maximal VO, at the end of
the test induced the increase in the circulating number of
lymphocytes. The submaximal test, with a longer duration,
produced a slight decrease in the lymphocyte concentration.
The combination of duration and intensity of the exerciseis
a basic factor to determine the changes in the circulating

lymphocyte number [11,15]. Taking into account the char-
acteristics and the results obtained after the short maximal
test, we can suspect that after the submaximal test, with a
long duration, the lymphocyte number was decreasing from
high values attained at the beginning of the test.

The maximal test produced a general decrease in the
lymphocyte antioxidant enzyme activities. It seems that the
first effect of oxidative stress induced by exercise on these
enzymes was a partial inactivation, as we observed in the
erythrocytes [34]. However, antioxidant enzyme activities
after the submaximal test did not decrease, and even gluta-
thione peroxidase activity increased after this submaximal
test. It has been established that ROS and cytokines such as
TNF-a and IL-1 [35-37] can regulate the expression of
some antioxidant enzymes [35]. Lymphocyte antioxidant
enzymes show adaptation to oxidative stress induced by
long duration exercise. Glutathione peroxidase activity in-
creased in lymphocytes as a consequence of the long dura-
tion exercise. We suspect that the oxidative stress during the
submaximal test, with a longer duration, could exceed an
inactivation stage and initiate the activation or the synthesis
induction of antioxidant enzymes by the ROS. In this sense,
the submaximal test could be considered a prolongation of
the maximal test.

The response of cytochrome ¢ oxidase activity to the
maximal test was different to that described above for an-
tioxidant enzymes. After the maximal test, cellular cyto-

Table 2
Effect of maximal and submaximal exercise tests on neutrophil number and on antioxidant enzyme activities
Maximal test Submaximal test ANOVA
Before After Before After T E TXE
Neutrophils (10%/uL) 3.05 + 0.25% 3.72 +0.332 3.38 + 0.322 5.36 = 0.58" X X
Catalase (K/10° neutrophils) 274+ 38 200+ 1.6 238+ 28 282+ 28
GPx (nkat/10° neutrophils) 105 + 112 94.3 + 13.3% 85.7 + 522 70.8 = 10.8% X
G. Reductase (nkat/10° neutrophils) 98.0 + 7.9? 788 + 7.52 100 + 92 728 + 6.2° X
SOD (pkat/10° neutrophils) 136 = 0.2 137+ 0.8 11716 106 = 1.2

Factor T represents the test type; factor E represents the realization of the test (before—after test); TXE represents the interaction between the two factors.
* Significant differences between the after maximal and after submaximal test values. Different superscript letters indicate significant differences between

before and after the test.
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Fig. 2. LDH and CK serum activities before and after maxima and
submaximal tests. Enzyme activities were expressed as enzyme unit activ-
ities per litre of serum. No significant differences were found.

chrome ¢ oxidase activity is maintained, thus indicating
possible different regulating mechanisms.

Immediately after the submaximal test, significant neu-
trophiliawas observed. It has been pointed out that physical
exercise produces pronounced neutrophilia, which is as-
cribed to the mobilization of cells from margina pools
[11-14]. The maximal test produced a slight increase in the
number of circulating neutrophils, thus indicating that the
short duration and the time during which the athletes exer-
cised at high intensities were not enough to induce neutro-
philia

We have shown that neutrophil priming induced by in-
tense and prolonged exercise such as cycling stage includes
an important decrease in the activity of antioxidant enzymes
in neutrophils [20]. In the present study we point out that
both maximal and submaximal tests decreased the neutro-
phil glutathione-dependent enzyme activities (glutathione
reductase and glutathione peroxidase). By contrast, these
exercise tests did not affect the cellular activity of catalase
or SOD. The exercise effects on the neutrophil antioxidant
enzymes may depend mainly on the enzyme, inasmuch as
the maximal and submaximal tests produced similar effects.
However, the maximal test did not produce neutrophilia,
indicating that the decrease in antioxidant enzyme activities
is induced before neutrophilia.

It has been reported that exercise increases plasma ac-
tivities of cytosolic enzymes such as LDH and CK [38].
Thus, LDH and CK are used as muscle damage indicators.
Both maxima and submaximal tests induced dight in-
creases of these activities in plasma but, because the vari-
ability, the differences are not significant. However, the
response of the neutrophil antioxidant enzyme activities,
mainly the glutathione-dependent enzymes, was evident be-
fore the appearance of serum muscle damage indicators.

In summary, cycloergometer test performed at different
intensities produced different effects on the circulating
number of neutrophils and lymphocytes and also on the
antioxidant enzyme activities of these cells. It seems the

effects on antioxidant enzymes in neutrophils depend
mainly on the enzyme, whereas in lymphocytes they depend
mainly on the type of test. These changes could be used as
damage indicators because in this study they are more
sensible than changes in serum LDH or CK activity.
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