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Abstract

Background: There is increasing evidence that exercise-in-
duced bronchoconstriction (EIB) is associated with eosino-
philic airway inflammation. In the pathogenesis of EIB the
role of chemokines - responsible for promoting the migra-
tion and activation of inflammatory cells — as well as blood
platelets, a potential source of those chemokines, remains
unclear. Methods: The study was conducted in a group of 19
asthmatics (11 with EIB, 8 without EIB) and 8 healthy volun-
teers. Changes in the plasma concentrations of RANTES and
B-thromboglobulin (B-TG) induced by intensive exercise
were determined. Moreover, the possible correlation of
these measurements with the results of other tests used in
the diagnosis of asthma as well as laboratory tests common-
ly associated with asthma were investigated. Results: A com-
parison of the concentrations of B-TG in all groups studied
atrestdid not reveal any significant differences. In all groups
studied, 30 min after exercise elevated B-TG concentrations
were observed; the most significantincrease was revealed in
asthmatics with EIB. The baseline concentrations of RANTES
before exercise in both groups of asthmatics were signifi-

cantly higher in comparison to the group of healthy volun-
teers. After exercise, in the group of patients with EIB, a sig-
nificant increase in RANTES concentrations was observed.
These changes correlated with an increase in other markers
of airway inflammation 24 h after exercise. Conclusions:
We suggest that platelet activation, resulting in elevated
RANTES release, could be one of the factors responsible for
the increase of airway inflammation observed in conse-

quence of EIB in asthmatics. Copyright © 2008 S. Karger AG, Basel

Introduction

Asthma has become recognized as a chronic inflam-
matory disease associated with inflammatory cell infil-
tration and airway epithelial damage. Eosinophils, T
lymphocytes and mast cells are the key effector cells in
asthma [1]. However, platelets, which are an important
source of many biologically active mediators, can also
participate in this allergic inflammatory process.

Many investigations into the role of platelets in asthma
have focused on their aggregation, release of platelet fac-
tor-4 (PF-4) and B-thromboglobulin (3-TG), and their
accumulation in lungs. Platelets have been found to ac-
cumulate in the pulmonary microvasculature and been
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detected in the bronchoalveolar lavage fluid of patients
undergoing bronchial provocation with allergens [2].
Some reports concerning the release of chemokines, such
as PF-4 and RANTES, from platelets have also been pub-
lished [3]. Kameyoshi et al. [4] demonstrated that agonist-
mediated activation of platelets is augmented in asthmat-
ics, resulting in enhanced secretion of chemokines such
as RANTES. These chemokines, released from platelets
after stimulation, have been implicated in the allergic in-
flammation of asthma by promoting the migration and
activation of inflammatory cells, including eosinophils
[5].

Eosinophils initiate tissue damage by the release of cy-
totoxic substances like major basic protein, eosinophil
cationic protein (ECP), eosinophil peroxidase, and the
autocrine production of chemokines which cause a self-
sustaining inflammatory process and chronic disease [6].
Eosinophils play a crucial role in inflammation in asth-
ma [1], but their role in exercise-induced bronchocon-
striction (EIB) still remains to be elucidated.

Yoshikava et al. [7] have revealed that there is a rela-
tionship between the severity of EIB and the eosinophil
count in induced sputum as well as in serum ECP levels
in adult asthmatic patients. This suggests that the pres-
ence of sputum eosinophilia predicts the airway respon-
siveness induced by an exercise challenge. Eosinophilic
inflammation is also augmented by postexercise bron-
choconstriction, which in turn is stimulated by many me-
diators released mainly by mast cells [8]. We observed the
upregulation of airway inflammation, expressed as an in-
crease in exhaled nitric oxide (Fgno) levels and in bron-
chial hyperresponsiveness to histamine after postexer-
cise bronchoconstriction in allergic asthma patients [9].

A number of reports have been published on the effect
of exercise on platelet activity [10]. During exercise-asso-
ciated stimulation, platelets can release many chemotac-
tic substances and activation markers (e.g. B-TG and
PF-4) [10].

In the present study we have decided to investigate the
role of platelets and RANTES, released during their acti-
vation, in the pathogenesis of EIB in asthmatic patients.
We have tried to establish whether there is a difference
with regard to platelet function and platelet RANTES re-
lease between asthmatics with EIB or without EIB and
healthy persons. We determined changes in plasma con-
centrations of RANTES and B-TG following intensive ex-
ercise in order to establish the possible correlation of
these measurements with the parameters of airway in-
flammation and their changes after exercise.
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Methods

Subjects

The study involved a group of 19 patients with mild allergic
asthma (11 with EIB, 8 without EIB). Asthma was diagnosed ac-
cording to the criteria recommended by the GINA [11]. The pres-
ence of an allergy to common allergens (house dust mite, trees,
weeds, grasses, cat, Alternaria, or Cladosporium) was demon-
strated in all patients by positive skin-prick tests. The character-
istics of the patients studied are presented in table 1. All patients
had been in a stable condition, free from respiratory tract infec-
tions and acute exacerbations during the past 4 weeks. Patients
with other factors which could influence Fgno levels (except for
asthma, features of atopy, or allergic rhinitis) were excluded from
the study. Before the beginning of this study, patients were al-
lowed to take short-acting (3,-agonists. Asthmatic patients, who
had been treated with inhaled steroids in the preceding 3 months,
were excluded from the study.

The control group included 8 healthy volunteers. Fgyno, flow/
volume spirometry, and prick tests with common inhaled aller-
gens were performed in all healthy persons. All of them were free
of chronic or recurrent respiratory symptoms with no past his-
tory of significant pulmonary disease. They were non-atopic and
had FEV, >80% predicted. They were free of respiratory tract in-
fection within 2 months prior to the study as well as from other
significant illnesses known to affect Fgno measurements.

All asthmatic patients studied and healthy volunteers were
non-smokers and during the last year had not been passive smok-
ers. Total IgE, serum ECP, peripheral blood eosinophilia and
platelet count were determined in all asthmatic patients and
healthy volunteers. In all subjects studied an exercise test on a bi-
cycle ergometer was performed. 24 h after exercise, measure-
ments of serum ECP, peripheral blood eosinophilia, platelet count
and Fgno were determined and a bronchial provocation test with
histamine was performed.

The study protocol was approved by the Ethics of Research
Committee of the Medical University of Biatystok (Agreement
No.R-1-003/80/2006). Informed consent was obtained from every
patient entered into the study.

Measurements

The baseline spirometry was performed using a MasterScreen
Pneumo PC spirometer (Jaeger, Héchberg, Germany). Spirome-
try was performed according to ATS standards [12]. FEV; (forced
expiratory volume in 1 s) was evaluated. Before the examination,
the patients did not take any medications that could change spi-
rometry results.

A non-specific bronchial provocation test with histamine
(BPT) was carried out according to the method described by Ryan
et al. [13]. Provocation was performed using a De Villbiss nebu-
lizer 646 (Viasys Healthcare GmbH, Hochberg, Germany) at an
air pressure of 0.15 MPa linked to a Rosenthal-French dosime-
ter (Baltimore, Md., USA). The results were presented as PCy,
FEV, - the concentration of histamine which causes a decrease in
FEV, of exactly 20% in comparison to initial values.

An exercise test was performed on a bicycle ergometer for
9 min with a fixed workload adjusted to increase the heart rate to
85% of the maximum predicted for the age of each patient [14].
Serial FEV|; measurements were made 5 min before exercise and
at 5, 10, 15, 20, 25, 30, 60 min, and 24 h after exercise. Those pa-
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Table 1. Characteristics of study subjects and healthy volunteers

Characteristics Patients Patients Differences between groups ~ Healthy

with EIB without EIB of asthma patients, p value volunteers
Patients, n 11 8 8
Female/male 7/4 5/3 4/4
Age, years 33.45%+7.80 33.25+7.04 0.95 29.87x7.05
Duration of symptoms, years 42%35 3.6%23 0.67
Baseline FEV, % predicted 86.72%£9.10 92.87+5.96 0.11 98.37 £ 4.45%°
logPC, histamine FEV}, mg/ml -0.05%0.51 -0.04+0.71 0.98
Serum ECP, g/l 14.56 £2.51 11.11%2.11 0.005 2.88£0.84%0
Serum total IgE, kU/I 270+ 128 191+74 0.13 39+ 120
Blood eosinophil count, cells/mm? 262£142 18997 0.18 68 + 3750
Platelets, cells/j.l 223 %42 214+ 34 0.87 201 %53
Baseline Fgno, ppB 84+49 60+ 36 0.27 15£5%0
Baseline RANTES, pg/ml 7,089.55+2,979.85 7,173.50 £ 2,280.78 0.94 4,700.38 +1,373.84%°
Baseline B-TG, IU/ml 53.77*14.47 53.22%13.09 0.93 51.33%+11.22

Data are presented as medians (ranges).

FEV, = Forced expiratory volume in 1 s; PC,, histamine FEV| = provocative concentration of histamine that caused a 20% fall in
FEV; ECP = eosinophil cationic protein; RANTES = regulated upon activation normal T cell expressed and presumably secreted

(CCL5); B-TG = B-thromboglobulin.

2 Values significantly different from patients with EIB, p < 0.05.

b Values significantly different from patients without EIB, p < 0.05.

tients whose maximum decrease in FEV; was greater than 15%
from baseline were considered to have EIB. The blood samples
were collected before, 30 min after, and 24 h after the exercise
test.

Frno was measured by the chemiluminescence technique, us-
ing a Sievers 280i NO Analyzer (Boulder, Colo., USA). The mea-
surements were performed at an expiratory flow of 50 ml/s ac-
cording to ATS recommendations for online measurement of
FENO in adults [15]

Serum total IgE and ECP concentrations were measured using
ImmunoCAP™ Technology (Pharmacia Diagnostics, Uppsala,
Sweden). Platelet count and peripheral blood eosinophilia were
determined using an automatic hematological analyzer AD-VIA-
120 (Bayer AG, Leverkusen, Germany).

Plasma samples were obtained using citrate-theophylline-
adenosine-dipyridamole (CTAD) anticoagulation for evaluation
of B-TG (BD Vacutainer CTAD 2.7-ml collection tubes; BD Diag-
nostics, Plymouth, UK) and using citrate as an anticoagulant for
evaluation RANTES (precooled BD Vacutainer INC, 0.129 M,
4.5-ml collection tubes; BD Diagnostics, UK). CTAD anticoagu-
lated blood samples were incubated on ice for 30 min and then
centrifuged at 2,500 g for 30 min at 4°C. The supernatants were
aliquoted and stored at —-80°C until tested. Citrate anticoagulated
blood samples were centrifuged at 2,500 g for 20 min at 4°C, with-
in 30 min of collection. Plasma supernatants were aliquoted and
stored at —80°C until tested.

The plasma concentrations of the RANTES (R&D Systems,
Wiesbaden-Nordenstadt, Germany; detection limit 2.0 pg/ml)
and B-TG (Diagnostica Stago, Asniéres, France; detection limit
5.0 TU/ml) were determined using enzyme-linked immunosor-

RANTES and B-TG in EIB in Asthmatics

bent assay. All measurements were performed in a blinded fash-
ion. All samples were run in duplicate.

Analysis

Statistical significance was analyzed by using analysis of vari-
ance (ANOVA) followed by Bonferroni’s post-hoc t test to deter-
mine statistical differences. All values were expressed as means
+ SD; p values <0.05 were considered significant. PC,, values
were logarithmically transformed for analysis. The relationship
between the parameters studied was assayed by correlation. Pear-
son’s linear correlation coefficient was used.

Results

The characteristics of asthmatic patients and healthy
volunteers are presented in table 1. In the group of asth-
matics studied, 11 patients had a positive and 8 had a neg-
ative exercise test. In none of the healthy volunteers were
spirometric indices worse after exercise. In both groups
of asthmatics there were no statistically significant dif-
ferences in baseline spirometric indices, non-specific
bronchial hyperreactivity, total IgE, blood eosinophil
count, or the levels of Fgno, however in the group of pa-
tients with positive exercise tests, statistically significant-
ly higher ECP levels were observed.

Int Arch Allergy Immunol 2009;148:31-40 33



Asthma with EIB
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Fig. 1. Changes in the plasma concentrations of 3-T'G induced by intensive exercise in the groups of asthmatics

studied and healthy volunteers.

Exercise-Induced Changes in Baseline Levels of the

Parameters Studied

A comparison of the concentrations of 3-TG in both
groups of asthmatic patients and healthy volunteers at
rest did not reveal any statistically significant differences
(asthma with EIB: 53.77 * 14.47 IU/ml vs. asthma with-
out EIB: 53.22 * 13.09 IU/ml, p = 0.93, vs. healthy volun-
teers: 51.33 * 11.23 IU/ml, p = 0.69; asthma without EIB
vs. healthy volunteers: p = 0.76). 30 min after exercise in
all groups studied a statistically significant increase in
the concentration of 3-TG was observed, however the
most elevated levels of this chemokine and the highest
statistical relevance were observed in the group of asth-
matics with EIB (patients with EIB: 95.07 + 28.71 IU/ml;
patients without EIB: 67.55 £ 11.1 IU/ml; healthy volun-
teers: 63.67 * 13.14 IU/ml). 24 h after exercise the con-
centration of 3-TG was significantly higher in compari-
son to the baseline values only in the group of patients

34 Int Arch Allergy Immunol 2009;148:31-40

with EIB (patients with EIB: 88.88 £ 34.14 IU/ml; pa-
tients without EIB: 51.45 * 11.1 IU/ml; healthy volun-
teers: 51.25 * 12.12 IU/ml) (fig. 1).

The concentrations of RANTES before exercise in
both groups of asthma patients were statistically signifi-
cantly higher in comparison to the group of healthy vol-
unteers (patients with EIB: 7,089.55 * 2,979.85 pg/ml
vs. patients without EIB: 7,173.50 % 2,280.78 pg/ml, p =
0.94, vs. healthy volunteers: 4,700.38 % 1,373.84 pg/ml,
p = 0.046, asthma without EIB vs. healthy volunteers:
p = 0.02). In the group of patients with EIB, a statisti-
callysignificantincreasein RANTES levels was observed
30 min after exercise (9,512.73 % 2,817.55 pg/ml). 24 h
after exercise, the concentration of RANTES had subse-
quently increased (11,779.73 % 2,853.72). There were no
significant changes in the group of asthma patients with-
out EIB and healthy volunteers before and after exercise

(tig. 2).
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Asthma with EIB

Healthy volunteers

]6’000 e e . ]6,000 e P 16,000 e [EREEEEEE FERREERERE ERREEEERE .
;' p=0.0008 : : 5 : : : :
D= - p=0.007 °
ép 0012 : p=0.63 : S : :
14’000 N ........ , ,,,,,,, .......... 14’000 . ......... , ,,,,,,,,, weeeeeea ]4’000 N ......... ,,,,,,,,, ..........
: : : : Pt : : : :
;p:0.06;P=0.115
12,000 12,000 12,000 - oooonnoo: ERRRREREEE S 5
10,000 ~ 10,000 ~ 10,000 —
E E E
= ~ ~
D (2] D
& & &
> 8,000 > 8,000 > 8,000
w w w
E [ =
z z z
< < <
o o o
6,000 - OO 6,000 - 6,000
AR | oooaeees ....... ,,,,,,,,, ......... 4,000 - 4,000
2’000 N ........ , ,,,,,,,,, .......... 2,000 . ............................... 2’000 -
0 T T T . 0 T T T 0 T T T
Before 30min 24h Before 30min 24h Before 30min 24h
exercise after after exercise after after exercise after after

Fig. 2. Concentrations of plasma RANTES at rest, and subsequent changes during the exercise test in groups of

patients with asthma and healthy volunteers.

Correlations between RANTES and B-TG and Other

Parameters Studied

There were no statistically significant correlations be-
tween the baseline concentrations of 3-TG or RANTES
and other parameters studied in either group of asthmat-
ic patients or the healthy volunteers.

We have discovered a statistically significant positive
correlation between the increase in RANTES concentra-
tions, observed 30 min after exercise, and serum ECP
(r =0.68, p = 0.02) or Fgno (r = 0.66, p = 0.02) before ex-
ercise, and the increase in RANTES concentrations 24 h
after exercise and serum ECP (r = 0.63, p = 0.036) or Fgno
(r=0.77,p =0.005) before exercise in asthmatics with EIB
(fig. 3). There was no statistically significant correlation
between postexercise changes in 3-TG concentrations
and the results of other tests performed before exercise.
There were no significant correlations between the sever-
ity of EIB and the degree of change in plasma 3-TG and
RANTES levels induced by the exercise challenge.

RANTES and B-TG in EIB in Asthmatics

Correlations between the Changes in Fgno, BHR, and
Serum ECP 24 h after Exercise and Other Parameters
Studied

Changes in Fgno, BHR, and serum ECP 24 h after ex-
ercise are presented in table 2. 24 h after the exercise test
in the group of asthmatics with EIB, a statistically sig-
nificant increase in Fgyo, serum ECP concentrations and
BHR to histamine was revealed. Such changes were not
observed in the group of asthmatic patients without
EIB.

A statistically significant correlation between the in-
crease in RANTES concentrations 30 min after exercise
and an increase in Fgyo (r = 0.53, p = 0.039), an increase
in ECP (r=0.59, p=0.027) or adecrease in logPC,, FEV,
(r = -0.61, p = 0.045) 24 h after exercise were revealed
(fig. 4). Such correlations between the increase in RAN-
TES concentrations 24 h after exercise and an increase
in Fgno (r=0.68, p =0.019), an increase in ECP (r = 0.67,
p = 0.021) or a decrease in logPC,, FEV; (r = -0.63,

Int Arch Allergy Immunol 2009;148:31-40 35
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Table 2. Changes in Fgyo, BHR to histamine, and serum ECP 24 h after exercise in the studied groups of asthmatics and healthy vol-

unteers
Studied groups Feno» ppB BHR to histamine, logPC,, FEV;  ECP, pg/l
before 24 h after p before 24 h after p before 24hafter p
exercise exercise exercise exercise exercise exercise
Patients with EIB 84.00+49.15 101.18%52.77 0.0005 -0.05*0.51 -0.13*0.58 0.03 14.56*2.51 17.95*3.72 0.03
Patients without EIB  60.75+36.52  58.81+27.30 0.47 -0.04+£0.71 0.04*x046 042 11.11%*2.11 12.05%*2.83 0.41
Healthy volunteers 15.02%£5.10 14.41£3.80 0.51 2.88%£0.84 2.61x0.75 0.53

Fgno = Exhaled nitric oxide; PC, histamine FEV; = provocative concentration of histamine that caused a 20% fall in FEV;
ECP = eosinophil cationic protein; EIB = exercise-induced bronchoconstriction.

p = 0.035) 24 h after exercise were also observed

(fig. 5).

There was no correlation between the changes of B-TG
concentrations 30 min and 24 h after exercise and other

36
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parameters described earlier. We did not reveal statisti-
cally significant changes in blood platelet and eosinophil
count during the study in either the group of patients
studied or healthy controls (data not shown). No changes
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in the mean plasma concentrations of RANTES or B-TG
were found within 30 min after a non-specific bronchial
provocation test with histamine (data not shown).

Discussion

Platelet activation has been described in many inflam-
matory diseases, including asthma. These clinical obser-
vations have been confirmed by in vitro and in vivo stud-
ies, which revealed that platelets are an integral and nec-
essary component of the inflammatory response [16].
Yamamoto et al. [17] have demonstrated the raised basal
levels of platelet activation markers in asthmatic patients.
Yasuba et al. [18] revealed that the release of platelet-spe-
cific granular products is increased during symptomatic
periods of asthma and after bronchial provocation. These
changes in the release of platelet-specific chemokines
from granular compartments (including 3-TG and PF-4)
indicate that intravascular platelet activation occurs.

There are several studies in which changes in the func-
tion of platelets during an allergen challenge were as-
sessed. Platelet activation can occur early after the onset
of the early asthmatic response to allergen [19]. Evidence
of platelet-derived mediators in bronchoalveolar lavage
fluid several hours after an allergen challenge has been
shown [20]. Kowal et al. [21] demonstrated the relation-
ship between intravascular platelet activation in asth-
matic patients and the development of allergic inflamma-
tion during a late asthmatic reaction in response to aller-
gen exposure.

Human platelets contain both high- and low-affinity
receptors for IgE on their membrane [22]. In patients with
allergic asthma, compared with healthy persons, the larg-
er proportion of platelets expresses a high-affinity IgE
receptor on their surface [23]. The activation of platelets
taken from asthmatics via IgE receptor results in the re-
lease of inflammatory mediators, revealing that a non-
thrombotic pathway for platelet activation exists [22].

Experimental models of allergic inflammation have
revealed a requirement for platelets in pulmonary leuko-
cyte recruitment - this is dependent on the expression of
platelet P-selectin [24]. Jawien et al. [25] demonstrated the
ability of platelets to bind to eosinophils. Platelets form
heterogeneous platelet-leukocyte complexes in the circu-
lation after an allergen challenge and may facilitate eo-
sinophil tethering to endothelium [26]. The activated
platelets can influence inflammatory cell recruitment
during the late asthmatic reaction. Platelets are recruited
to the lungs immediately following allergen exposure in

38 Int Arch Allergy Immunol 2009;148:31-40

an experimental animal model. Platelets migrate extra-
vascularly in response to a sensitizing allergen via a
mechanism dependent on the interaction between aller-
gen, allergen-specific IgE and the FceRI, and this may
allow them to participate directly in allergic tissue in-
flammation [27]. It has been shown that platelets can in-
duce histamine release from mast cells during intrave-
nous administration of an allergen [28]. It has also been
demonstrated that allergen exposure in asthmatic pa-
tients can elicit platelet migration through tissue to the
inflammatory site [29] and their ability to deliver costim-
ulatory signals to antigen presentation cells [30] as well as
to communicate with T cells [31].

Exercise is known to have a considerable effect on
blood hemostasis [32]. A number of reports have been
published on the effect of exercise on platelet activity [10].
During exercise-induced platelet activation, many che-
motactic substances are released for neutrophils and
monocytes (e.g. serotonin, thromboxane A,, adenine nu-
cleotides, platelet-derived growth factor). Platelet activa-
tion markers (e.g. B-TG and PF-4) are also secreted [10].

Mant et al. [33] have reported that, in normal subjects,
short maximal exercise causes neither platelet activation
nor altered platelet activity, however it causes a transient
increase in the platelet count. In opposition to these re-
sults, heavy exercise is reported to have a significant
platelet-activating effect, which is evident in both pa-
tients with stable angina pectoris and matched healthy
controls [34]. After morning exercise, a significant in-
crease in the platelet count was reported. This increase
could be caused by the fresh release of platelets from the
spleen, bone marrow, and lungs [35].

B-TG is a marker protein that is released from platelet
a-granules simultaneously during any activation process
[10]. This occurrence can be explained by the endogenous
release of ADP and/or epinephrine and their surface re-
ceptor sensitivity to adhesion [10]. Though its functional
relevance remains unclear, it is very likely that exercise-
induced platelet activation may likewise cause neutro-
phil-platelet aggregate formation [36].

Ahmadizad and El Sayed [37] have revealed that heavy
resistance exercise is followed by an increase in PLT
(platelet count), PCT (platelet-crit), and MPV (mean
platelet volume). This occurred in parallel with an in vivo
activation of platelet as manifested by an increase in
platelet aggregation and a rise in B-T'G. These changes
could be explained partially by changes in plasma volume
and platelet count induced by exercise [38].

Wilkens et al. [39] assessed the effects of a specific PAF
acether antagonist on the early asthmatic response to ex-
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ercise in asthmatic patients with EIB. The authors re-
vealed a significantly lower increase in PF-4 and 3-TG
concentrations after an exercise challenge in patients
treated with a PAF antagonist when compared with a pla-
cebo group. The results of this study confirmed that dur-
ing EIB in asthmatic patients, platelet activation occurs
and PAF is one of the mediators involved in postexercise
bronchoconstriction.

RANTES, a member of CCL chemokines, is produced
by endothelium cells, fibroblasts, T lymphocytes, eosino-
phils, and other cells [40]. Previous studies have revealed
that an important source of RANTES could be also plate-
lets [41, 42]. RANTES is a powerful chemoattractant of
eosinophils, T lymphocytes and basophils [40]. It also ac-
tivates these immune cells and induces the exocytosis of
bronchoconstrictive mediators, such as histamine and
cysteinyl leukotrienes from basophils, and eosinophilic
cationic protein from eosinophils [40]. Therefore, RAN-
TES might be involved in inflammatory cell recruitment
and the induction of bronchoconstrictive mediators re-
lease from cells, resulting in airflow limitation.

Our results also confirm the occurrence of platelet ac-
tivation during postexercise bronchoconstriction in asth-
matic patients. This observation could have very impor-
tant clinical implications, because platelets are a rich
source of a wide range of biologically active mediators
capable of inducing or augmenting allergic inflammato-
ry responses [3]. The similar pattern of the increase in
plasma concentrations of RANTES and 3-TG presented
in our study indicates that a major source of RANTES
could be exactly activated platelets.

Many reports are focused on the importance of the
inflammatory process related to eosinophil activation in
the pathogenesis of EIB in asthma. Kivity et al. [43] have
demonstrated significant increases in sputum eosinophil
counts in patients with EIB, but not in those with no EIB
or after BPT with metacholine.
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