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Changes in Several Neutrophil Functions in Basketball Players
Before, During and After the Sports Season
G. Benoni , P Bellavite 2, A. Adami I , S. Chirumbolo 2, G. Lippi 2, G. Brocco 2, G. M. Giulini, L. Cuzzolin I
I Institute of Pharmacology and 2Institute of Chemistry and Clinical Microscopy, University of Verona, Verona, Italy
1

suppress the immune function is unknown (15). Some authors
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Neutrophils play an important role in the
immune system, forming the "first line of defence" against
invading microorganisms and there are few data available
concerning neutrophil functions in relation to exercise. We
investigated in 7 basketball professional players possible
changes before, during and after the sports season, in some
haematological parameters and in several aspects of the
phagocytic process ofneutrophils, such as adhesion, superoxide anion release and bactericidal activity. Training and
competitions produced a significant rise in the number of
total leukocytes and differential counts, but the values returned to the pre-start levels 3 weeks after the end of the
championship. The bactericidal activity and the superoxide
anion released were significantly greater during the sports
season, *{rile the percentage of cellular adhesion sigrrificantly decreased during the championship; after the sports
season the values returned to the control levels. As in the
literature data concerning neutrophil functions in reiation to
exercise are non-convergent. it is important in our opinion.
to understand whether the alterations induced by exercise
can persist after repeated stimuli.

experienced (5).

Neutrophil granulocytes play an important role
system, forming the "first line of defence"
against invading microorganisms (20) and there are few data
available concerning neutrophil functions in relation to exercise. Moreover many of the observed changes about immune
parameters, like leukocytosis (7,12) and increase in natural
killer cells (11) appear to be transient, retuming to normal
within hours after the exercise stimulus.

in the immune

The aim of this work was to investigate in professional basketball players possible changes, before, during
and after the sports season, in some haematological parameters
and in several important aspects of the phagocytic process of
neutrophils, such as adhesion, superoxide anion release and
bactericidal activity.

Materials and Methods
Subjects

The group of elite sportsmen participating in
of7 athletes between 20 and30 years ofage
from the "GLAXO" professional team. Only those basketball
players who had had no symptoms of illness or infection in the
the study consisted

previous 2 months were selected for the study. None had taken
drugs or any other medication in the 2 months prior to the study

period. The investigation was performed before, during the
basketball training and competition program (in the middle of

Kev words
Basketball
immunological parameters

observed that runners and joggers claim a state of physical
well-being in which they are less susceptible to infections (18),
while it is a common observation in sports medicine that highly
trained athletes are more subjected to infectious diseases (6,23),
probably due to the greater physical and psychological stress

players, neutrophil functions,

the season) and 3 weeks after the end of the championship. The

training program followed by these athletes is the common
program for an elite basketball team, based normally on "hollow sprints", interval training. sprint training, weight exercises
and technical exercises lasting some 3hl day;, the competition
program consisted of one game a week.

Introduction
Protocol
The influence of exercise on the immune function is an important community health issue that encompasses
a wide raage of activities, from recreational jogging to the
performance of elite athletes undertaking training programs.

The optimal level

of

exercise that enhances, but does not
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Peripheral venous blood samples were drawn
by antecubital venepuncture and collected into EDTA-containing tubes. The blood was taken at 8 a.m., the day after the
competition, before, after 4 months from the beginning and 3
weeks after the end of the sports season. The samples were
immediately sent to our laboratory for the assays.
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Analytical methods

37

The determination of red blood cell count
(RBC) was made with a Technicon H6000 automatic analyser;
total leukocytes and differential counts were estimated by
standard procedures (Coulter Counter T 660).
Separation of neutrophils

The neutrophils were prepared from ethyleneEDTA anticoagulated blood which was fractionated by different
centrifugations over Percoll gradients. The cells (>98% of
purified neutrophils) were finally resuspended in Hank's
balanced salt solution (HBSS) supplemented with 0.2 0/o human

serum albumin, 5mM glucose, 0.5mM CaC12 and
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"C in a humidified incubator throughout the experiment.

When indicated (at 5, 10, 20,30 and 40min) the plates were
rapidly transferred into a microplate reader (READER 400,
SLI Labs Instr.) and the reduction of cytochrome c was
measured at 550nm using 540nm as a reference waveiength to
avoid interference due to light scattering. In all procedures, care
was taken to avoid cooling of the plate when it was taken from
the incubator during handling and taking readings. To obtain the
nmol of superoxide anion produced, the O.D. of the sample was

divided

by the O.D. of the ferricltochrome c

Bactericidal assay

A wild strain of Staph. aureus, grown in Brain
Heart Infusion for 16h at 31 "C, was used in the experiment.
The suspension of bacteria was then centrifuged at 3000 rpm for
10min an{ discarding the supernatant, resuspended in
HCGMA. The concentration of bacteria in the suspension was
adjusted to obtain an O.D. (Optical Density) against a buffer
blank at 620r:rnt approximately to 0.200, corresponding to about
5.12 x 108 bacteria/ml. Scalar dilutions 1:1 from the starting
suspension (named Ds) were prepared until D7. 25 pl of these
dilutions were delivered in triplicate into the wells of a 96-we11
sterile microplate with flat bottom (Limbro-type, FLow). Then
the wells were supplemented with 25;r1 of 16 % pooled human
sera (diluted in HBSS) and, after 10min, with 50p1 of the
neutrophil suspensions or 50 pl of HCGMA in control samples.
The incubation was carried out for 60 min at 37 "C in a humidified thermostat, then after the killing of the cells the plates
were prepared using Brain Heart Infusion as medium. Bacterial
growth was followed at interval times (every hour from 0 to 5
hours) by reading the O.D. at 620nm with a microplate reader.
Bactericidal capacity of human neutrophils was evaluated by
comparing the bacterial growth of samples incubated with
neutrophils to the bacterial growth in the absence ofcells.

reduced

(1nmol :0.04O.D.). All the tests were made in triplicate.
Adhesion

lmM

MgSOa GCGMA) and immediately used at the concentration
of 4 x 106 neutrophils/ml for superoxide anion assay and 5 x
106 cells/ml forbactericidal activity. Cell viability was checked
by the trypan blue exclusion test and in all cases was greater
than 95o/n.

(1995)

The endothelium adherence capacity

was

measured immediately after the detection of the superoxide
anion according to the method of Bellavite et al. (1). The microplate was subjected to two washing cycles with PBS at room
temperature and the cellular adhesion was evaluated by measuring the membrane enzyme acid phosphatase. 75 pl of an
acetate buffer 0.15M, pH 5.3, containing 0.2% Triton X-100
were plated: after 5min at room temperature 75pl of 0.i5M
acetate buffer containing the substrate (10mM p-nitrophenylphosphate) were added. After incubation at room temperature
for 20min, the reaction was stopped by adding 100 pl of NaOH
2 N. The p-nitrophenol production was measured spectrophotometrically at 405 nm. The percentage of cellular adhesion was
calculated on a standard curve obtained with known numbers of
neutrophils. The test was made in triplicate.

Statistical tnalysis

All the values were expressed as the mean*
S.D. The statistical evaluation of the data was carried out bv
applying the ANOVA test.
Results
The total number of red blood cells (RBC) and

white blood cells (WBC) as well as the number of neutrophils,
lymphocytes, monocytes and eosinophils in the 7 athletes
studied before, during and after the sports season are shown in
Table l. Training and competitions produced a significant rise
in the number oftotal leukocytes and differential counts, but the
values retumed to the pre-start levels 3 weeks after the end of
the championship.

Superoxide anion assay

The superoxide anion was measured by the superoxide dismutase (SOD)-inhibitable reduction of ferricytochrome c modified for microplate assay (1). As preliminary
experiments showed that neutrophils spontaneously adhered to
the bottom ofthe wells and produced considerable amounts of
Of, nonspecific activation was totally abolished by coating the
microplate wells with 100 pl of fetal bovine serum (FBS) for at
least 2h. at room temperature: immediately before use, the
plates were washed three times with phosphate saline buffer
(PBS) using an automatic plate washer (SLT Lab. Instr.). Operatively, the wells were supplemented with 25 pl of fMLP 1 0-z M
as stimulant, 25 pl of cytochrome c as the probe for the detection of Of, and finally 50p1 of the neutrophil suspension prewarmed at 37"C for 10min. As controls, 25pl of HCGMA,
25 pl of clochrome c and 50 pl of the cells without the stimulant were added in the wells. The plates were then brought to

The results ofthe bactericidal assay are shown
in Fig. 1. We evaluated the bacterial dilution D3 since the results

Table 1 Haematological parameters in our 7 athletes before,
during and after the sports season. The values are expressed as
mean + SD.

Before

During

After

5.25 + 0.56
4.51 +0.81

Neutrophils (10+/pl)

2.58!0.62

5.25 + 0.84
6.83 r 0.79*
3.58 0.80-

5.16

WBC (10+/pl)
Lymphocytes (10+/pl)
Monocytes (10+/pl)
Eosinophils (10-s/ul)

1.54

r

2.48t0.72-

RBC (10+/pl)

.p <
0.05; -.p < 0.005

0.34

0.27 10.09
0.08 r 0.02

i

0.43
0.14

r 0.08*
r 0.05-

r

0.34

4.44+ 1.O5
3.04
1.58
0.33
0.08

+
+
+
+

0.70
0.40
0.25
0.03
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Fig.3 The percentage of cellular
adhesion with

fMLP 1Èz M as
stimulant in our
7 athletes. The
values are expressed as
mean + sE.
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Discussion

There are few data available

concerning

neutrophil functions in relation to chronic exercise, despite the
ability of neutrophil granulocytes to protect the body against
infections (8). Waller (23) has indicated that better-designed
studies are needed to determine whether the effects of exercise
enhance or suppress the immune response.
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Fig.2

Superoxide anion production with fMLP 10-7 M as stimulant before (Q, during (l) and after (L) the sports season in our
7 athletes. The values are expressed as mean + SE.

for the ratio cells/bacteria were better in this and in previous
experiments. The bactericidal activity, expressed as percentage

of growth inhibition, was significantly

greater (p<0.005)

during the sports season, indicating a skong influence oftraining on this parameter.

The superoxide anion released by neutrophils
isolated from our athletes before, during and after the sports
season is given in Fig.2. The values, significantly increased
during the sports season, returned to the control values 3 weeks
after the end of the championship.

The percentage

of cellular adhesion

before,

during and after the sports season is shown in Fig.3. We observed a higher percentage of adhesion in our athletes before
and after the sports season, while this parameter of leukocl'te
function significantly decreased (p<0.001) during the championship.

Recent investigations in top athletes indicate
that intense training during a competitive period may suppress
the immune system and increase susceptibility to infections (9,
18). However, most of these studies have evaluated athletes
immediately after their participation in competitive events involving maximal exertion and stress, thus it is impossible to
know whether the observed alterations in immune functions are
due to the outpouring of hormones that occurs during intense
stress induced by exercise, to the exercise itselfor to both (2).
Moreover, many of the observed changes appear to be transient
and return to normal within a short time (14). Finally, the duration of the training period and the sport being studied are important parameters that might explain the conflicting results
observed in the literature.

For all these reasons, we also studied the
phagocytic process ofneutrophils from our highly trained athletes at rest (3 weeks after the end of the championship) and not
immediately after the sports season.
With regard to the number of immune cells, our
results show a significant increase in the WBC total number and
in the differential counts during the sports season, compared to
other published data that indicate the appearance of leukocytosis related to physical exercise (.3,12,17). Nevertheless, three
weeks after the end of the championship the vaiues returned to
the pre-start levels in agreement with other studies (23).

In recent years, some authors found that the
phagocytic function is stimulated after acute exhausting exercise both in peritoneal macrophages (4, 15) and in blood neutrophiis (19), but the potential ofthe neutrophil population to kill
foreign pathogens is depressed chronically by an intensive training (22).

Int. J. Sports Med. 16

Changes in Several Neutrophil Functions in Basketball Players

Adhesion is the early event in the neutrophil
participation in the host defence mechanisms. The adherence
capacity ofneutrophils significantly decreased during the sports
season in our subjects, while other authors (21) have indicated
an increase in this neutrophil function over the duration of the
training program in football players. It is possible that the influence of exercise on this leukocyte function depends on the
sport being studied: the effect of basketball could be different
from that of football, since the duration and programs of training followed are different. Moreover the exercise, which is a
form of stress (2) increases the plasma levels of many hormones, including glucocorticoids and some authors (13) have
reported that the adherence capacity is decreased by glucocorticoids.
Concerning the next stage of the phagoclic
process we found an increase of bactericidal activity in the
middle of the competitive season, which is in agreement with
Ortega et al. (16) and Lewicki et al. (10), although these authors
measured this process by other techniques (microbicide index
against C. albicans after 60 min of incubation) and they did not
give any indication about the values at rest, comparing trained
to untrained subjects.

Finally, we observed a significant increase in
production during the sports season. There is
anion
superoxide
a number of possibie expianations for the observed alterations
in this parameter: exercise-induced enhancement of neutrophil
oxygenation activity could be due to cytokines released into the
circulation during exercise or, more indirectly, to the selective
release from isolated vascular poois of a subpopulation of
neutrophils with intrinsically higher activiry (22).
Since the few data available in the literature
concerning neutrophil functions in relation to exercise are nonconvergent, as a consequence ofthe different methods use4 of
the characteristics ofthe exercise (duration and workload) and
of the tlpe of the athletes tested, in our opinion, this argument
requires to be further elucidated by investigating and comparing
same cohorts of athletes before, during and after a period of
intense training.

It is important to understand if the aiterations
in the leukocyte functions induced by exercise, even if they are
tralsient, can persist after repeated stimuli.
Acknowledgements

per

1o

This work was supported by grants from Consorzio
Sviluppo degli Studi Universitari, Verona, Ita1y.

References

:

Hill H. R.: Exercise-induced changes in the blood
concentration of leukocyte populations in teenage athletes. Am J
Pediatr Hematol Oncol 9: 140-142,1987.
+ De La Fuente M., Martin M. I., Ortega E.: Changes iri the phagocltic function of peritoneal macrophages from o1d mice after strenuous physical exercise. Comp Immun Microbiol Infect Dis 73: 189
198,1990.
Fehr H. G., Lotzerich H., Michna H.: Human macrophage function
and physical exercise: phagocytic and histochemical stttdies. Eur J
Appi Physiol 58: 613-617, 1989.
o Fitzgerald L.: Exercise and the immune system. Immunol Today 9:
Christensen R. D.,

:

337,339,1988.
7 Galun E., Burstein R., Assia E., Tur-Kaspa I., Rosenblum J., Epstein
Y.: Changes of white blood cell count during prolonged exercise. 1nl

J Sports Med 8:253 255,1987.
s Gaudry M., Combadiere C., Marquetty C., Sheibani A., El Benna J,
Hakim J.: Dissimilarities in superoxide anion production by human
neutrophils stimulated by phorbol myristate acetate or phorbol
dibutyrate. Immunopharmacol 19: 23 32, 1990.
e Keast D., Cameron K., Morton A. R.: Exercise and the immune
response. Sports Med 5:248 267,1988.
to Lewicki R., Tchorzewski H., Denys A., Kowalska M., Golinska A.:
Effects of physical exercise on some parameters of immunity in
conditioned sportsmen. Int J Sports Med 8:309-314,198'7.

L. T.: Exercise ald natural killer cells, what is the relationship? Sports Med 7 : l4l -149, 1989.
iz McCarthy D. A., Dale M. M.: The leukocytosis of exercise. A review
and model. Sports Med 6: 333 363, 1988.
13 McGregor R. R., Spagnuolo P J., Lentnek A. L.: Inhibition of
granuiocyte adherence by ethanol, prednisone and aspirin measured
in an assay system. N Engl J Med 291: 642 646, L974.
la Ndon J. A., Snyder A. C., Foster C., Wehrenberg W B.: Elfects of
chronic iatense exercise training on the leukocl'te response to acute
exercise. Int J Sports Med 13: 176 182,1992.
ls Ofiega E., Collazos M. E., Barriga C., De La Fuente M': Stimulation
of phagocy.tic function in guinea pig peritoneal macrophages by
physical activity stress. Eur J Appl Physiol 64: 323 327,1992.
16 Ortega E., Barriga C., De La Fuente M.: Study of the phagocytic
process in neutrophils from elite sportswomen. Eur J Appl Physiol
11 Mackinnon

ir

66:37 42,1993.

Oshida Y, Yamanouchi K., Hayamizu S., Sato Y.: Effect of acute
physical exercise on lymphoclte subpopulations in trained and untrained subjects. Int J Sports Med 9: 13'7 -I40, 1988.
18 Pedersen B. K.: Influence of physical activity on the cellular immune
system: mechanisms of action. Int J Sports Med 12: 523 -529, 1991
1e Rodriguez A. B., Barriga C., De La Fuente M.: Phagoclic function
of blood neutrophils in sedentary young people after physical exer-

.

cise. Int J Sports Med 12 276-280,1991.
20 Sawyer D. W., Donowitz G. R., Mandell G.

1991.

L.: Polymorphonuclear

neutrophils: an effective antimicrobial force. Àev Infect Dis 1\:

s1532 51544,

1989.
Seneczko F.: White blood cell count and adherence in sportsmen and
non-training subjects. Acta Physiol Pol 34: 5-6, 1983.
z2 Smlth J. A., Telford R. D., Mason I. 8., Weidemann M. J.: Exercise,

2l

training and neutrophil microbicide activiry. Int J Sports Med ll:
179-187, 1990.
23 Wa11er K. V: Effects of stress on the immune system. C/ln Lab Sci
2: 213-214,1.989.

I

Bellavite P., Chirumbolo S., Mansoldo C., Gandini G., Dri P: Simultaneous assay for oxidative metabolism and adhesion of human
neutrophlls: evidence for correlations and dissociations of the two
responses. J Leukoc Biol 5l:329-335,1992.
2 CarenL. D.: Effects of exercise on the human immune system. Does
exercise influence susceptibility to infections? -Biol Sci 4l:410 414,

(1995)

Dr. Giuseppina Benoni
Instihrte of Pharmacology
University of Verona
Policlinico Borgo Roma
I-37 1 34 Verona

Italy

37

