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OZET

Amag: Yoga, kisinin bedeni, zihni ve ruhunu birlestirmesine yaradigi diisiiniilen eski bir
bilimdir. Yoga yapmanin, astim ve havayolu asir1 duyarhlig1 iizerine olumlu etkileri olduguna
dair c¢ahgmalar bulunmaktadir. Calismamizin amaci yoga yapmanmn egzersize bagh
bronkokonstriksiyon lizerine etkisinin belirlenmesidir.

Yontem: Calismaya egzersiz yanit1 pozitif olan (n=13) ve egzersiz yanit1 negatif olan (n=11)
astimh hastalar alindi. Her iki grup haftada iki saat olmak {izere toplam ii¢ ay yoga programina
dahil edildi. Yoga programi ayni yoga egitmeni tarafindan yaptirildi. Egzersiz yanit1 pozitif
hastalarin {icii, egzersiz yanit1 negatif hastalarm biri yoga yapmaya devam edemediginden
calisma dis1 kaldi. Calismayr 10 egzersiz yanit1 pozitif olan ve 10 egzersiz yanit1 negatif olan
astimli hasta tamamladi. Ug aylik yoga progranu sonunda hastalar yeniden degerlendirilerek,
egzersiz testleri tekrarlandi

Bulgular: Egzersiz oncesi solunum fonksiyon testlerinde her iki grup arasinda istatistiksel
olarak anlamh fark tespit edilmedi. (p > 0.05; Mann-Whitney U test). Yine, yoga Oncesi ve
sonrasi solunum fonksiyon testlerinde, her iki grup arasmnda anlaml fark saptanmadi (p > 0.05,
Willcoxon test). U¢ ayhk yoga uygulamasi sonrasinda, egzersiz testi pozitif olan grupta
egzersiz yanitinda belirgin diizelme oldugu goriildii (p < 0.05, Willcoxon test).

Sonu¢: Calismamiz, yoga yapmanm egzersize bagl bronkokonstriksiyon {izerine olumlu
etkileri oldugunu gostermektedir. Bu durum, astimh hastalarin ila¢ tedavisine ek olarak yoga
yapmasinin hastalik kontroliine ilave katki saglayabilecegini diistindiirmektedir. Konu ile ilgili

daha kapsamli ¢aligmalara ihtiya¢ vardir.

Anahtar Sozciikler: Astim, egzersize bagh bronkokonstriksiyon, yoga.



Is Yoga Training Beneficial for Exercise Induced Bronchoconstriction?

Background: Yoga is a scientific system of physical and mental practices. Preliminary studies
investigating yoga for treating airway hiperreactivity have been promising. This study was
undertaken to assess the beneficial effect of yoga in the exercise induced bronchoconstriction.
Methods: Two groups of children were enrolled in the study: asthmatic children with positive
(n = 10) and negative (n = 10) responses to exercise. Both groups attended one-hour sessions
of yoga training twice a week for three months. After three months, all children participated in
another exercise challenge.

Results: No significant difference was observed in the pre-exercise spirometric measurements
among the groups (p > 0.05; Mann-Whitney U test). Likewise, there was no difference in
spirometric measurements between before and after yoga training for both groups (p > 0.05,
Willcoxon test.). After yoga training, we observed significant improvement in maximum FEV1
% fall following the exercise challenge (p < 0.05, Willcoxon test). All exercise response
positive asthmatics became exercise response negative asthmatics after yoga training.
Conclusion: This study has shown that practise of yoga training has beneficial effects on
exercise induced bronchoconstriction. It is our opinion that yoga training can supplement drug

therapy in order to obtain better control of asthma.

Key words: Asthma, Exercise induced bronchoconstriction, Yoga training,



GIiRiS ve AMAC

Astma c¢ok sayida inflamatuvar hiicre ve mediatoriin katilimi sonucu ortaya ¢ikan, havayolu
obstriiksiyonu ile karekterize bir sendromdur (1). Inflamasyon, genetik yap: ile gevresel
faktorler arasindaki son derece karmasik bir iligki sonrasi ortaya ¢ikar. Astmali hastalarin % 70-
80’inde egzersizle beraber astma semptomlar1 ortaya cikabilir (2). Egzersizle beraber astma
bulgularmm ortaya c¢ikmasmin brons hiperreaktivitesinin klinige yansimasi oldugu ileri
stiriilmektedir. Yoga, kisinin bedeni, zihni ve ruhunu birlestirmesine yarayan eski bir bilimdir.
Yoganm astim ve havayolu asir1 duyarliligi {izerine olumlu etkileri olduguna dair pek cok
calisma yaymlanmustir (9-11). Join ve ark. Yoga uygulamasmm astimh hastalarda semptomlari
azalttigi, solunum fonksiyon testini diizelttigi, egzersiz toleransim artirdigmi saptanuslardir
(14). Daha 6nce yapilan ¢alismalarda tespit edilen olumlu bulgular, bronsial hiperreaktivitenin
klinige yansimasi olarak kabul edilen EBB’da yoga uygulamasmim olumlu etkilerinin olacagini
disiindiirmektedir. Bu  calismanin  amaci yoga uygulamasmm  egzersize bagh

bronkokonstriksiyon {lizerine etkisinin belirlenmesidir.



GENEL BIiLGILER

Astma c¢ok sayida inflamatuvar hiicre ve mediatoriin katilimi sonucu ortaya ¢ikan, havayolu
obstriiksiyonu ile karekterize bir sendromdur (1). Inflamasyon, genetik yap1 ile gevresel
faktorler arasindaki son derece karmasik bir iligki sonrasi ortaya ¢ikar. Astmali hastalarmn % 70-
80’inde egzersizle beraber astma semptomlar1 ortaya cikabilir (2). Egzersizle beraber astma
bulgularmm ortaya c¢ikmasinin brons hiperreaktivitesinin klinige yansmmas: oldugu ileri
stiriilmektedir. Egzersize bagli bronkokonstriksiyonda (EBB) hava yollarinin sogumasi ve
kurumasi 6nemli rol oynar. Egzersiz esnasmda soguk ve kuru hava EBB i¢in giicli bir
uyaricidir. Mukozal kuruma ve artmis ozmolarite mast hiicrelerinden mediator salinimini uyarir.
Egzersiz sonrasi hava yollarinin hizla 1sinmasi vaskiiler konjesyon, permeabilite artisi ve 6deme
sebep olarak bronkokonstriksiyon gelisimine yol acar (3-5). Inflamatuvar mediatdrler
(histamin, lokotrienler, nitrik oksit, ndropeptidler, notrofil kemotaktik faktér gibi) EBB’da
anahtar rolii oynarlar (4-7).

Yoga bir Din degildir, kisinin bedeni, zihni ve ruhunu birlestirmesine yarayan eski bir
bilimdir; yoga s6zciigii de zaten birlik anlamina gelir. Batihilar birlik kavraminin yerine biitiinliik
sO0zcligiinii kullanabilirler. Yoga duruslar1 bedeni iyilestirmek ve genglestirmek, gii¢lii duygulari
sakinlestirmek ve zihni berak bir hale getirmek icin gelistirilmistir, duruslar yanlizca bu amagla
yapilabilir. Farkli yoga tiirlerinin amaglar1 hemen hemen birbirinin aynidir: insan1 "esir" eden
duygu ve diisiincelerden kurtararak ylicelmesine yardimci olmak. Yoga uygulamasi, nefes
egzersizleri, fiziksel egzersizleri ve meditasyonu igerir. Yoga 50 yildan uzun siiredir astimh
hastalarda tedavi amach kullanilmaktadir (8). Yoganin astim ve havayolu asir1 duyarhligi
iizerine olumlu etkileri olduguna dair pek ¢ok calisma yaymlanmistir (9-11). Yoga ile astimh
hastalarda semptomlarm azaldigi, beta agonist ihtiyacinda belirgin bir diisme gdzlendigi

belirtilmistir (10). Yoga uygulamasmm 6nemli bir kismuni kontrollii nefes teknigi olusturur.



Yoga nefes egzersizlerinin astimli hastalarda hava yolu asir1 duyarliigmi azalttigi saptanmigtir
(12, 13). Yoga ile nefes paternindeki degisikligin hava yolu diiz kasmi direkt etkileyerek hava
yolu asirt duyarlihgmi azaltnms olabilecegi one siiriilmiistiir (13). Join ve ark. Yoga
uygulamasmim astimhi hastalarda semptomlar1 azalttigi, solunum fonksiyon testini diizelttigi,
egzersiz toleransini artirdigini saptamuslardir (14). Yine bagka bir ¢alismada astimli hastalarda
yoganin solunum fonksiyon testlerini diizelttigi, atak sikhigmi azalttig1 saptanmistir (13). Yoga

ile kardiyopulmoner diizelme arasinda pozitif korelasyon oldugu goriilmiistiir (15, 16).



GEREC VE YONTEM

Cahsma Grubu

Calismaya yaslar1 6-17 arasinda olan astimh ¢ocuklar alind1. Astim tanist GINA rehberine gore
konuldu. USYE gegiren ve son 6 hafta i¢inde astim atag1 gegiren ¢ocuklar ve inhale steroid
alan ¢ocuklar calismaya alinmadi. Calismaya dahil edilen 24 astimli hastaya ATS protokoliine
uygun olarak egzersiz testi yapildi. Egzersiz testinde FEV,% degerinde %10 ve daha fazla
diisiis gosteren 13 hasta egzersiz yanit1 pozitif, FEV,% degerinde %10’un altinda diisiis olan
11 hasta egzersiz yanit1 negatif olarak degerlendirildi. Tiim ¢ocuklar 3 aylk haftada 2 saat
olmak {izere yoga programina alindi. Yoga programma devam ve ¢alisma dis1 kalan hastalar
Sekil 1°de goriilmektedir.

Kisa etkili beta 2 agonistler en az 12 saat once, uzun etkili bronkodilatorleri 48 saat Once,
Iokotrien reseptor antagonistlerini 48 saat Once kesmeleri Onerildi (8). Hicbir hasta
antihistaminic kullanmiyordu. Total IgE diizeyleri UniCap teknigi ile 6l¢iildii (Pharmacia,
Kalamazoo, Michigan, USA). Eozinofil sayilar1 Coulter Counter ile belirlendi. Deri prik testi
15 aeroallerjen, 8 besin allerjeni olacak sekilde 23 parametreli yapildi. 3 mm ve iizeri
endurasyon pozitif olarak degerlendirildi.

Yoga programi

Yoga program ayni egitmen tarafindan haftada 2 giin 1’er saat olacak sekilde 3 ay boyunca uygulandi.
Her yoga seansinda nefes egzersizleri (10 dakika), fiziksel egzersiz (asanas) (40 dakika), and gevseme
(10 dakika).

Istatistiksel Inceleme

Yas, cins, IgE diizeyleri, eozinofil sayilari, FEV1,FEF 25-75, FVC, PEF yiizdeleri Mann-
Whitney U ve Wilcoxon test kullanilarak degerlendirildi. Korelasyon analizi Pearson veya

Spearman yontemi kullanilarak yapildi. P<0.05 degeri anlamli kabul edildi.



BULGULAR

Hastalarin 6zellikleri Sekil 1 ve Tablo 1’de goriilmektedir.

24 Astimh Cocuk

3 Cocuk yogaya
devam etmedi

1 Cocuk yogaya
devam etmedi

1 Cocuk 1,5 ay devam etti

1 Cocuk 2 ay devam etti

8 Cocuk 3 aylik yoga programini
tamamladi

10 Cocuk 3 aylik yoga programini
tamamladi

Sekil 1. Caligmaya alinan ¢ocuklarin devam durumlari

Biitiin hastalarin atopi durumlari cilt testi yapilarak degerlendirildi. Besin allerjenleri ve inhalan

allerjenleri iceren 23 adet antijenle test yapildi. Egzersiz yanmit1 pozitif ve negatif olan her iki

grubun atopi durumlari istatistiksel olarak farksizdi (Tablo.1).




Tablo 1. Calismaya alinan hastalarin 6zellikleri

Egzersiz Yanmit1 Pozitif | Egzersiz Yamt1 Negatif
Hastalar Hastalar P degeri
n=10 n=10
Yas (Yil) 7.5 (5.5-13) 9.5 (6-15.5) >0.05+
Cins 5 (50) 4 (40) >0.05%
Erkek (%) 5 (50) 6 (60)
Kiz (%)
FEV,% 118.9 112.8 >0.05+
(107.6-155.1) (98.9-150.7)
Egzersiz Sonras: | 19 (15-35.6) <0.05%
Maksimum FEV1 % Diisiis 9 (0-14)
Atopi % 50 30 >0.05%
Eozinofil Say1s1/mm3* 200 (60-410) 135 (60-690) >0.05 +
IgE (ku/L)" 49 (4.9-394) 52.5 (6.6-128) >0.05+

* Ortanca (Ceyrekler arast aralik)

7 Mann Whitney U test

fKi-kare test

Egzersiz testi oncesi solunum fonksiyon testlerinde her iki grup arasinda anlamh fark yoktu (p
> (0.05; Mann-Whitney U test). Forced vital capacity (FVC), forced expiratory volume in the
first second of expiration (FEV1), the ratio FEV1/FVC, peak expiratory flow rate (PEFR),
veya FEF25-75% degerlerine bakildiginda yoga egitimi Oncesi ve sonrasinda anlamhli fark

yoktu (p > 0.05, Willcoxon test). Ug aylik yoga egitimi sonrasinda egzersiz testlerinde belirgin



diizelme gozlendi (p < 0.05, Willcoxon test) (Sekil 2). Egzersiz yanit1 pozitif olan tiim hastalar

3 aylik yoga egitimi sonrasinda egzersiz yanit1 negatif olmustu.
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Sekil 2. Yoga Egitimi Oncesi ve Sonrasinda Egzersiz Testi



TARTISMA

Calismamiz, astimli ¢cocuklarda 3 aylik yoga egitiminin egzersize bagh bronkokonstriiksiyon
iizerine olan etkisini degerlendiren ilk caligmadwr. Yoga yapmanin egzersiz yanitmni
degistirebilecegini gostermektedir.

Astimli hastalarda yoga yapmanin solunum fonksiyon testlerini etkiledigi, bronsiyal
hiperreaktiviteyi azalttigi, bronkodilator kullanmmim azalttig1 ve egzersiz toleransini artirdigini
gosteren pek cok ¢alisma bulunmaktadir.

Yoga yapmak nasil bu etkilere sebep olabilir? Tam olarak sebebi bilinmemekle beraber degisik
aciklamalar yapilmaktadir. Bunlarm basinda yogada yapilan nefes egzersizleri gelir. Nefes
egzersizlerinde; solunumun yavaslamasi,  inspirasyon/ekspirasyon oranmm 1:2 olmasi,
inspirasyon ve ekspirasyon arasmnda bosluklar bulunmasi sayilabilir. Solunum paternindeki
degisiklikler hava yolu asir1 duyarhligini azaltabilir. Hava yolu asir1 duyarliigi hava yolu
inflamasyonunun bir gostergesidir ve egzersiz yanitinda pozitiflige sebep olur.

Yine solunum paterninin degismesi hava yolu diiz kasinin dinamiklerini etkileyebilir. Hava yolu
diiz kaslarmm kisalma hiz1 hava yolu asir1 duyarlihgmm 6nemli gostergelerindendir. Ve hava
yolu diiz kas kasilma hiz1 tidal volumden etkilenir. Tidal voliim azaldik¢a hava yolu diiz kas1
kasilma hiz1 artar. Yogadaki derin ve yavas nefes egzersizleri tidal voliimii artirarak hava yolu
diiz kas kasilma hizin1 yavaslatabilir.

Emosyonel stresin astim ataklarmi tetikledikleri bilinmektedir. Yoga yapmak emosyonel stresi
azaltmakta, ayn1 zamanda kaslardaki gevseme solunum fonksiyonlarinda diizelmeye neden
olmaktadir.

Yine yogada yavas ve zorlamadan yapilan solunum egzersizleri siirtlinmeyi azaltmakta ve

dolayisi ile mast hiicre degraniilasyonunu onlemektedir.



Sonug olarak, ¢alismamiz yoga yapmanin egzersize bagh bronkokonstriiksiyon iizerine olumlu
etkileri oldugunu gostermektedir. Bu durum astimh hastalarin ila¢ tedavisine ek olarak yoga

yapmasinin hastalik kontroliine ilave katki saglayacagim diisiindiirmektedir. Bu konu ile ilgili

daha kapsamli ¢aligmalara ihtiya¢ vardir.
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EGZERSIZE BAGLI BRONKOKONSTRIKSIiYONDA NEFES HAVASI LiPOKSIN
A4 DUZEYLERI

OZET

Amag: Astimhi hastalarm neden yalnizca bir boliimiiniin egzersize bronkokonstriktér yanit
verdikleri bilinmemektedir. Lipoksin A4 anti-inflammatuvar 6zelligi oldugu bilinen bir
mediyatordiir. Astimh hastalarda lipoksin A4 diizeyleri ile ilgili yapilan ¢alismalar olmakla
beraber, egzersiz yanitina nefes havasi lipoksin A4’iin etkisi aragtirilmamistr.

Bu ¢alismanin amaci, astimli hastalarda egzersize verilen yanittaki degiskenlige lipoksin A4’iin
katkisini arastirmaktir.

Yontem: Calismaya egzersize bronkokonstriktor yamit veren (n=17) ve vermeyen (n=28)
astimh ¢ocuk alindi. Egzersizden once ve egzersizden hemen sonra nefes havasi lipoksin A4
diizeyleri ELISA yontemiyle dlgiildii.

Bulgular: Egzersiz 6ncesi ve egzersiz sonrasi nefes havasi lipoksin A4 diizeylerinde gruplar
arasmnda anlamh bir fark bulunamadi (>0.05). Egzersize pozitif yanit veren hastalarda, egzersiz
sonrast nefes havasi lipoksin A4 diizeylerinde belirgin artis oldugu saptandi (p=0.05). Egzersize
negatif yanit veren hastalarda ise belirgin bir fark goézlenmedi (p>0.05). Egzersiz sonras1t FEV1
% degerleri ve nefes havasi lipoksin A4 diizeyleri arasinda ters korelasyon saptandi ((p =
0.055, r=-0.505).

Sonu¢: Calismamiz egzersize bagli bronkokonstriksiyonda, egzersiz sonrasi nefes havasi
lipoksin A4 diizeylerinde belirgin artis oldugunu gostermektedir. Hava yolu lipoksin A4
diizeyleri bronkokonstriksiyona yamit olarak artiyor olabilir. Lipoksin analoglar1 ve benzer

iirlinler egzersize bagl bronkokonstriksiyon tedavisine yeni bir yaklasim getirebilir.

Anahtar Sozciikler: Astim, bronkokonstriksiyon, egzersiz, lipoksin A4



Exhaled breath condensate Lipoxin A4 in Exercise-Induced Bronchoconstriction in
Asthma

ABSTRACT

Background. The pathogenesis of exercise-induced bronchoconstriction in asthma is
incompletely understood, and the role of exhaled breath condensate lipoxin A4 has not been
investigated.

Objective. To investigate the involvement of exhaled breath condensate lipoxin A4 in exercise-
induced bronchoconstriction.

Methods. Two groups of children were enrolled in the study: asthmatic children with positive
(n=17) and negative (n = 28) responses to exercise. Levels of lipoxin A4 were determined

in exhaled breath condensate before and immediately after exercise challenge using enzyme-
linked immunosorbent assay.

Results. No significant difference was observed in the pre and post exercise exhaled breath
condensate lipoxin A4 levels among the groups (p > 0.05). We observed significant increases
in exhaled breath condansate lipoxin A4 levels immediately after exercise challenge in
asthmatic children with positive responses to exercise (p = 0.05). But we could not find any
statisticaly significant difference in negative responses to exercise (p > 0.05). There was an
inverse correlation between lipoxin A4 levels and a reduction in forced expiratory volume at
one second percent after exercise in positive responses to exercise (p = 0.055, r =—0.505).
Conclusion. We suggested that exhaled breath condansate lipoxin A4 levels immediately
increase after exercise induced bronchoconstriction. We hypothesize that airway lipoxin A4
levels increases to compensate the bronchoconstriction. Spontaneous bronchodilatation after
exercise induced bronchoconstriction may be due to lipoxin A4. Lipoxin mimetics and related
compounds could provide novel therapeutic approaches to the treatment of exercise-induced
bronchoconstriction in asthma.

Key words: Exhaled breath condansate, exercise induced bronchoconstriction, lipoxin A4



Introduction

Asthma is a chronic inflammatory disease characterized by airway inflammation (1). Chronic
inflammation observed in asthma leads to airway hyper-responsiveness that is defined as an
abnormal increase in airflow limitation following exposure to a stimulus, such as exercise (2,
3). Exercise-induced bronchoconstriction can be demonstrated in up to 70% of patients with
asthma (4). However, the reasons exercise induces bronchoconstriction in only a subgroup of
asthmatic children are not clear (5).

Lipoxins are lipid mediators that promote inflammation resolution. They are produced
endogenously and might be potential mediators or modulators of inflammation within the lung
(6, 7). Lipoxin and their stable analogs could promote resolution of inflammation via multiple
mechanisms. They inhibite (1) leukocyte recruitment and activation (8); (2) cytokine and
chemokine production; (3) biosynthesis of proinflammatory lipid mediators; (4) stimulating the
clearance of apoptotic leukocytes (9); and (5) blocking edema formation (10). The actions of
lipoxins contrast with those of most other lipid mediators that are primarily proinflammatory,
such as leukotrienes.

Release of inflammatory mediators can be observed during strenuous exercise (11-14).
Gangemi et al. observed a significant increase in lipoxin A4 urinary excretion after strenuous
exercise in nine healthy volunteers (15). Because lipoxins are potently anti-inflammatory and
because release of lipoxins increases during strenuous exercise, we evaluated exhaled breath

condansate Lipoxin A4 levels before and after exercise challenge in asthmatic children.

Material and Methods
Study population
Children with asthma aged 5 to 17 years were recruited from the Allergy and Asthma Unit of

Erciyes University, School of Medicine, Kayseri, Turkey. Asthma was diagnosed according to



the published GINA guidelines (16). In an attempt to prevent the severity of disease from
being a confounding factor, only children who strictly fulfilled the criteria for mild asthma (16)
were enrolled and those with moderate to severe asthma were excluded from the study.
Children who had an upper or lower airway infection or had an asthma exacerbation within the
last six weeks were excluded from the study.

Starting from january 2011, children with stable asthma were subjected to a standard exercise
challenge test and blood samples were obtained according to the study protocol when they
presented for their regular follow-up. Every child with a positive response to exercise was
entered in the study. All children underwent a standard exercise challenge. Before and
immediately after the exercise challange exhaled breath condensate was collected. Spirometric
measurements, total IgE, and eosinophil counts were obtained and skin testing was done with a
battery of 23 antigens including 15 aero-allergens and eight food allergens with appropriate
positive and negative controls on the upper back of the children at presentation. Reactions with
an induration >3 mm that of the negative control were considered positive.

Collection of EBC

Exhaled breath condensate was collected using a commercial device (R tube; Respiratory
Research, Inc, Charlottesville, VA) as previously described (17, 18) and following the
guidelines of the American Thoracic Society/European Respiratory Society (18). Subjects
were instructed to breathe tidally for 10 mins through the mouthpiece of the R tube with a one-
way valve, which was connected to a condenser. Subjects were also instructed to temporarily
discontinue EBC collection if they needed to swallow saliva or had an urge to cough. The EBC

samples were transferred into sterile containers and immediately stored at _70°C until analysis

Study Measurements



Exercise testing was conducted according to a previously described protocol (19), with the
child on a treadmill at submaximal workload for 6 min while breathing dry air. Short-acting
bronchodilators were discontinued for at least 12 hours, long-acting bronchodilators for at
least 48 hours, and leukotriene modifiers for at least 72 hours, in accordance with American
Thoracic Society guidelines (20). None of the patients had taken antihistamines during the
week before exercise challenge. Children who have used inhaled corticosteroids within the last
two weeks were generally excluded from the study.

Children with asthma increased their exercise effort until their heart rate reached 90 % of the
maximum for their predicted age group within 1 minute of starting the test and maintained it
during 6 minute of exercise. FEV1 was then measured in duplicate immediately (O minute) and
then at 5, 10, 15, and 20 minute after exercise was stopped. A reduction in FEV1 of at least 15
% of the pre-exercise value was considered positive (21).

IgE levels were measured with Uni-Cap technology in accordance with the specifications of
the manufacturer (Pharmacia, Kalamazoo, MI). Eosinophil counts were determined from
Coulter Counter leukocyte measurements.

Lipoxin A4 measurements

The ELISA kits used to detect Lipoxin A4 levels were obtained from Biosource (Camarillo,

CA, USA).

All study procedures were done in accordance with a protocol previously approved by the
Institutional review Board of Erciyes University. Written inform consent was obtained from all

patients and control subjects before the procedure and all children gave assent.

Statistical Analyses



Lipoxin A4 levels in exhaled breath condensate were compared by Mann Whitney U test,
depending upon the distribution of the data. A p value of less than 0.05 was considered

significant.

Results

Patients Characteristics

A total of 45 children with asthma were screened for exercise response. 17 children with a
positive exercise response (exercise response positive asthmatics) and 28 children with a
negative response (exercise response negative asthmatics) were included in the study. There
were no significant differences among the groups with respect to age, gender, IgE levels,
eosinophil numbers, atopy status, and FEV1 percent (p > 0.05, Table 1).

EBC Lipoxin A4 Levels

No significant difference was observed in the pre-exercise lipoxin A4 levels among the groups
(p > 0.05, Mann-Whitney U test, Table 2). We observed significant increases in exhaled breath
condansate lipoxin A4 levels immediately after exercise challenge in asthmatic children with
positive responses (p = 0.05, Wilcoxon, Table 3). But we could not find any statisticaly
important difference in negative responses to exercise (p > 0.05). No significant difference was
observed in the lipoxin A4 levels between atopic and nonatopic asthmatics (p>0.05, Mann-
Whitney U test).

Correlation Analyses

Correlation analyses were performed between pre-exercise lipoxin A4 levels and the available
asthma phenotypes, such as total IgE levels, eosinophil counts, and FEV1 values. We could
not find any significant correlation between plasma lipoxin A4 levels and eosinophil counts,

total IgE levels, and atopy (>0.05, Spearman). There was an inverse correlation between



lipoxin A4 levels and a reduction in FEV1 percent after exercise (p = 0.055, r = —0.505,

Spearman test).

Table 1. Patients characteristics

Exercise-response

Exercise-response

positive asthma negative asthma P value
. n=17 n=28
Age (year) 11 (5-16.5) 10 (6-17) >0.05%
Gender >0.05%
Male (%) 9 (52.9) 16 (57.1)
Female (%) 8 (47.1) 12 (42.9)
FEV1% predicted 114.6 (83.7-163.9) 115.2 (86.8-205) >0.05t
Maximum % falll
after exercise 18 (15-50) 7 (1-13) <0.05¢
Skin test positivity % 52.9 50 >0.05%
Eosinophil count ~ 200 (30-1630) 175 (40-1360) >0.05 t
IgE (ku/L) 53.8 (4.93-568) 70.5 (2.1-1193) >0.05t

* Median (Interquartile range)

T Mann Whithney U
T Chi-square test




Table 2. EBC Lipoxin A4 Levels (pg/ml)

Exercise-response

Exercise-response

positive asthma negative asthma P value
n=17 n=28
Pre-exercise 109 (55-200) 118 (41-190) >0.05t
EBC-Lipoxin A4
Post-exercise 131 (68-210) 126 (25-220) >0.05t
EBC-Lipoxin A4
T Mann Whithney U
Table 3. EBC Lipoxin A4 Levels (pg/ml)
Pre-exercise Post-exercise
EBC-Lipoxin A4 EBC-Lipoxin A4 P value
Exercise-response
positive asthma 109 (55-200) 131 (68-210) =0.05 §
n=17
Exercise-response
negative asthma 118 (41-190) 126 (25-220) =0.879 §

n=28

§ Wilcoxon




Discussion

To our knowledge, this is the first study that investigates the role of EBC lipoxin A4 in the
bronchoconstrictor response observed in asthma. Our results suggested that the EBC levels of
lipoxin A4 after exercise immediately increased in children who had a positive response to
exercise.

Airway hyper-responsiveness is defined as an abnormal increase in airflow limitation following
exposure to a stimulus, such as exercise (6, 7). Airway hyperresponsiveness appears to be one
manifestation of airway inflammation (22). Some studies showed that inhaled lipoxin A4
significantly reduced leukotriene-C4-evoked airway obstruction in asthmatic subjects, with no
significant side effects (23). The effect of lipoxin on airway responsiveness and inflammation
was recently investigated using a lipoxin analog (24). Intravenous administration of a lipoxin
A4 analog to ovalbumin sensitized mice significantly reduced methacholine-induced
bronchoconstriction (25). This analog also reduced lung infiltration by eosinophils and
lymphocytess. The postchallenge concentration of Th2 cytokines and of proinflammatory lipid
mediators was significantly lower in lipoxin A4 analog-treated mice. Patients with exercise-
induced bronchoconstriction have significantly higher levels of eosinophils and eosinophil
cationic protein in their sputum. Eosinophil recruitment to the lung in asthma is primarily a
consequence of Th2 lymphocyte activation, which was reduced by lipoxin A4 (24). Lipoxin A4
inhibits eosinophil chemotaxis and block eotaxin formation in vivo parasite animal models (26,
27). Pulmonary eosinophilia was also reduced in mice given lipoxin A4 (24). Lipoxin A4
mimetics can significantly inhibit allergic pulmonary inflammation (25).

We showed that EBC levels of lipoxin A4 after exercise immediately increased in children who
had a positive response to exercise. This result is deffirent our previous investigation results
(28). Because our earlier study showed that lower plasma levels of lipoxin A4 was associated

with exercise induced bronchoconstriction. We had considered that the development of



exercise-induced bronchoconstriction in asthmatic children might be in relation with a reduced
endogenous lipoxin biosynthetic capability. But present study results showed us that airway
lipoxin A4 levels were different from plasma levels (28).

It is already known that strenuous exercise may induce lipoxin biosynthesis and further
metabolism in healthy volunteers (15). Lipoxins are autacoids and are formed on cell
stimulation, act locally, and are metabolized and inactivated (11). Lipoxin A4-derived material
appears in urine immediately at the end of strenuous exercise (15). Lipoxin A4 formation can
be very rapid, because it can be observed within 10 seconds from angioplasty (29). Most of
Lipoxin A4 (>%60) is metabolized by peripheral blood monocytes within 30 seconds (30). An
increase in lipoxin biosynthesis during exercise may have relevant pathophysiological
implications.

We know lipoxins play important role in the resolution of the inflammatory response (7). Their
production in the course of physical exercise may supress the action of exercise-induced
proinflammatory mediators. And lipoxin A levels may increase to be able to compansate the
inflammation and bronchoconstriction.

Conclusion

We suggested that exhaled breath condansate lipoxin A4 levels immediatatly increased after
exercise induced bronchoconstriction. We hypothesize that airway lipoxin A4 levels increases
to compensate the bronchoconstriction. Spontaneous bronchodilatation after exercise induced
bronchoconstriction may be due to lipoxin A4. Lipoxin mimetics and related compounds could
provide novel therapeutic approaches to the treatment of exercise-induced bronchoconstriction

in asthma.
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