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Abstract

During  physical  exercise  bronchodilation  occurs,  which  requires  adaptation  from  the 
airways. Prostaglandins are key factors in airway regulation, their plasma level changes 
during exercise. The purpose of this study was to investigate the effect of symptom-limited 
exercise  on  the  levels  of  prostaglandin  E2 (PGE2)  and  thromboxane  B2 (TXB2)  in  the 
airways of elite athletes. Thirty healthy, elite judo competitors, 17 women and 13 men aged 
between 16 and 30 years (members of the Hungarian National Judo Team) participated in 
this  study.  The  subjects  completed  a  standardized  maximal  treadmill  exercise  test. 
Exhaled breath condensate (EBC) was collected for non-invasive sampling of the airway 
lining  fluid  before  and  immediately  after  the  exercise.  PGE2 and  TXB2 levels  were 
determined by a commercially available radio immunoassay. Data are given as median 
(range). Baseline levels of PGE2 and TXB2 were not different between male and female 
subjects.  Exercise  caused  a  significant  increase  in  PGE2 concentration  from  180 
(borderline  values  from:  100-350)  to  240  (borderline  values  from:  115-720)  pg/ml,  (p< 
0.05).  TXB2 levels  increased  from  24  (borderline  values  from:  0-80)  to  37  (borderline 
values from: 0-110) pg/ml; respectively (p<0.01), but not in female subjects. 
Our data suggest that physical exercise modulates the airway level of PGE2 and TXB2 in 
healthy subjects. These changes may play an important role in the airway adaptation to 
exercise. 
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Introduction

Strenuous  physical  exercise  requires  adaptation  of  the  pulmonary  system  including 
bronchodilatation.  The  ventilatory  response  to  exercise  starts  at  the  onset  of  physical 
activity.  This is a two-phase process; first an almost immediate, marked increase occurs, 
followed by a continued, more gradual rise in the depth and rate of breathing (Wilmore & 
Costill,  1999).  This  physiological  so-called  normal  adaptation  is  controlled  by  an 
instantaneous  activation  of  the  bronchi-dilatation-mediators.  The  adaptation  process 
continues with the cooling and drying of the airways. The rise in depth and rate of breathing 
results in an increased, intense inhalation from the environment (allergens, vapour-sterilizing 
agents, etc.) (Wolach et al., 2000).     

Some lines of evidence suggest that mediators of cyclooxigenase (COX) enzyme play a 
regulatory role in the airway (Redington et al., 1994). Further on, levels of prostaglandin E2 

(PGE2) and thromboxane B2 (TXB2) are changed in skeletal muscle and plasma in the effect 
of physical exercise (Todd et al., 1994; Ronni-Sivula et al., 1993; Todd et al., 1992). It is 
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reasonable to assume, that exercise may modulate the concentration of these mediators in 
the airways as well, however, this hypothesis has not been tested.

Recently, the collection of exhaled breath condensate (EBC) has been put forward as a 
non-invasive method for investigating different mediators directly from the airway (Kharitonov 
& Barnes, 2001; Mutlu et al., 2001; Montuschi, 2002). Different authors have reported that 
cyclooxygenase products including TXB2 and PGE2 are detectable in  EBC (Montuschi  & 
Barnes, 2002; Mutlu et al., 2001; Vass et al., 2003; Kostikas et al., 2003). 

The primary purpose of  the present  study was to investigate the effect  of  symptom-
limited exercise on the levels of PGE2 and TXB2 in the airways of healthy elite athletes. The 
secondary purpose was to compare exercise intensity,  respiratory function by measuring 
pulmonary and acid-base parameters with the concentration of COX mediators in exhaled 
breath condensate. We thought that the combined examination of respiratory parameters 
and COX mediators  may offer  a  new perspective  in  assessment  of  health  and training 
status. 

Methods

Subjects

A total  of  30  healthy  elite  athletes,  members  of  the  Hungarian  National  Judo Team 
participated  in  this  study.  Seventeen  female  and  thirteen  male  judo  competitors,  the 
participants of the study, were aged between 16 and 30. The study was approved by the 
local Ethics Committee. All subjects were volunteers, who agreed to participate by signing 
the informed consent.

Study protocol

The subjects were asked to get an adequate amount of sleep (6 to 8 hours) the night 
before the test. We instructed them to avoid exercise or strenuous physical activity on the 
day of the exercise test and to refrain from food, tobacco, alcohol, and caffeine for at least 8 
hours prior to taking the test. We used a standard treadmill, ergometric exercise test, with a 
constant 1.5% incline and speed set at 6 km/h with a 1 km/h increase in every minute. EBC 
samples were collected for 10 minutes prior and immediately after the exercise test.

Table 1. The mean cardiorespiratory values for the participants.

MALE BFmax 
(1/min)

VEmax 
(liter/min)

VEexp. 
%

VO2rel (ml/
kg/min)

FVC 
(ml)

FEV1 
(ml)

MVV 
(liter)

MEAN 54 175.7 113.0 58.8 6615 5545 193

SD 6 29.2 12.9 7.5 1342 889 43

FEMALE BFmax 
(1/min)

VEmax 
(liter/min)

VEexp. 
%

VO2rel (ml/
kg/min)

FVC 
(ml)

FEV1 
(ml)

MVV 
(liter)

MEAN 57 105.8 98.6 50.5 3907 3547 104

SD 6 17.5 11.5 5.5 515 413 17

Exhaled breath condensate collection

EBC  was  collected  by  using  a  commercially  available  condenser-EcoScreen  (Erich 
Jaeger GmbH, Hoechberg, Germany). 
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Subjects breathed through a mouthpiece and a two-way non-rebreathing valve, which 
also served as a saliva trap. The condensate was collected in a cool-trap at  -20°C frozen 
and stored at -70°C. Without wearing a nose clip, inhalation both through the nose and the 
mouth was allowed during EBC collection. In a previous study we showed, that inhalation via 
nose or mouth did not influence EBC TXB2 level (Vass et al., 2003). Similarly we found no 
difference  in  EBC  PGE2 concentration  between  samples  collected  with  nasal  or  oral 
inhalation/oral  exhalation (unpublished  observations).  To exclude  salivary  contamination, 
amylase was determined in all samples.

Statistical analysis

Both PGE2  and TXB2 values were expressed as median (range). Comparisons between 
groups were  performed by non-parametric  t-test,  because mediator  levels  in  some EBC 
samples were under the detection limit. Correlations between the variables were calculated 
by Spearman′s rank method. Differences were considered significant at (p<0.05). Statistical 
analyses were performed by GraphPad Prism Version 3 software.

Results

All subjects performed the exercise test, EBC and other sample was collected without 
any  adverse  event.  There  was  no  significant  difference  in  any  assessed  value  at  rest 
between male and female subjects. Exercise intensity was higher in males than in females 
shown  by  the  pulmonary  data,  and  the  post-exercise  pH  and  lactic  acid  values  of  the 
subjects 

Comparison of acid-base parameters in male and female subjects 

The blood pH and lactic acid values were both measured at rest, at maximum and at the 
fifth minute of recovery (R5’) stages.

The male subjects  demonstrated a lower  pH concentration,  thus a higher  lactic  acid 
concentration at all three stages of measurements than the females. The mean pH values 
were (7.42 ± 0.02 versus 7.44 ± 0.03 at rest; 7.20 ± 0.05 versus 7.26 ± 0.04 at maximum 
and 7.18 ± 0.06 versus 7.26 ± 0.04) at R5’ stages in male and female athletes. Similarly, 
resting, maximal and R5’ lactic acid values in male and female subjects were (1.7 ± 0.6 
versus 1.4 ± 0.4 mmol/l; 14.5 ± 2.9 versus 9.1 ± 1.7 mmol/l; 15.5 ± 2.7 versus 8.7 ± 2.3 
mmol/l; respectively, p<0.05.) 

Table 2. The mean blood pH and lactate values in mmol/l for the participants.

MALE pH rest pH max pH R5' La rest La max La R5'

MEAN 7,424 7,203 7,182 1,7 14,5 15,5

SD 0,019 0,050 0,062 0,6 2,9 2,7

FEMALE pH rest pH max pH R5' La rest La max La R5'

MEAN 7,440 7,261 7,261 1,4 9,1 8,7

SD 0,027 0,042 0,044 0,4 1,7 2,3
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The effect of exercise on the level of PGE2 and TXB2 in exhaled breath condensate in male  
and female subjects

The  PGE2 and  TXB2 values  demonstrated  individual  differences  in  both  males  and 
females. The data showed no significant difference in the concentration of cyclooxigenase 
mediators between the two groups at rest. In male subjects EBC PGE2 concentration was 
significantly higher after exercise than at rest (240 (115-720) pg/ml versus 180 (100-350) pg/
ml; p<0.05). In female subjects post-exercise PGE2 concentration was higher than that at 
rest, but the difference was not significant (270 (90-490) pg/ml versus 220 (115-1100) pg/ml; 
p<0.05).

Figure 1.  Pre and post-exercise PGE2 concentration values for all participants

There was one outlier value in the group of female subjects, therefore data were also 
analysed without that value and similar results (no significant difference between pre and 
post-exercise levels) were obtained. TXB2 concentrations increased also in male subjects 
due to exercise (from 24 (0-80) pg/ml to 37 (0-110) pg/ml, p<0.01; but not in female subjects 
(from 39 (0-130) pg/ml to 36 (0-120) pg/ml, p<0.05).

Figure 2.  Pre and post-exercise TXB2 concentration values for the participants

Discussion

It  is  known,  that  intense physical  exercise results  in an adaptation of  the pulmonary 
system. Bronchi-dilation occurs which facilitates the increased exchange of gases by the 
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working  muscles.  Measurement  of  exhaled  biomarkers  has  been  suggested  to  provide 
useful  information  in  athletes.  Increased  level  of  exhaled  nitric  oxide  (NO)  has  been 
observed in cross-country skiers and this was suggested to reflect airway inflammation of 
the airways (Chirpaz-Oddou et al., 1997). 

In  the  present  study  we  investigated  judo  competitors.  Judo,  a  combat-sport  unlike 
cross-country skiing is characterised by a more dominant anaerobic component. Although 
not directly compared in our study, EBC TXB2 and PGE2 concentrations at rest were similar 
to those observed in healthy subjects in other studies (Vass et al., 2003, Kostikas et al., 
2003). It is worthy of note that a marked difference can be observed in TXB2 concentrations 
measured by RIA (used in the present work) and enzyme immunoassay (EIA) technique, 
which  is  likely  to  be  attributed  to  the  different  specificity  of  the  two  assay  techniques 
(Montuschi & Barnes, 2002; Vass et al., 2003; Montuschi et al. 2003). It seems that top level 
athletes after several years of intense training through an adaptation process were able to 
compensate the inflammatory effects triggered by the COX mediators. 

The synthesis  of  prostaglandins  and tromboxanes is  primarily  mediated by the COX 
enzyme  (Oguma  et  al.,  2002).  Two  essential  fatty  acids,  either  arachidonic  acid  or 
endoperoxide are the main precursors of the formation of either PGE2 or TXB2. High intensity 
exercise results in an increased utilization of anaerobic metabolism. At maximal exercise 
testing  the  respiratory-exchange-ratio  is  the  most  common,  widely  used  indicator  of 
anaerobic requirements of a specific activity. An “oxygen-debt” eventually builds up, which 
may  induce  inflammatory  reactions  in  the  airways,  triggered  by  the  COX  mediators 
(Shelhamer et  al.,  1995).  Interestingly,  in our study the concentration of  COX mediators 
increased only  in  male subjects,  but  not  in  females.  This  finding is  keeping in  line  with 
previous  works  showing  gender  difference  in  COX metabolism  (Pedersen  &  Hoffmann-
Goetz, 2000). Different exercise intensity, achieved by males and females might also play a 
part in the observed difference.   
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Figure 3.  Relation between COX products in EBC
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In this research, the effect of symptom-limited exercise on the levels of PGE2 and TXB2 in 
the airways of healthy subjects was investigated. Collection of exhaled breath condensate 
(EBC) has been suggested as a useful sampling method, obtaining mediators directly and 
non-invasive  from  the  airway  surfaces.  Minute  ventilation  increased  profoundly  in  our 
subjects and this was associated with increase in EBC volume. It is not likely, however that 
the drying of the airways caused the observed difference in COX metabolites in our study, 
because  previously  it  has  been  shown  that  estimated  water  loss  does  not  change 
significantly under wide range of ambient air temperature, humidity and minute ventilation 
condition  (Eschenbacher  & Sheppard,  1985;  Smith  & Anderson,  1986).  Furthermore,  no 
significant  difference  was  found  in  conductance,  an  accepted  dilution  factor  for  EBC 
samples, of the samples (data not shown) (Effros et al., 2003).  

In summary, our data indicate that physical exercise modulates the airway level of PGE2 

and TXB2 in  healthy subjects.  These changes may play an important  role in  the airway 
adaptation to exercise. 
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