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Nitric oxide (NO)

Exhaled NO is a useful and practical non-invasive marker,
which is strongly related to airway inflammation [10, 11] .
NO is generated by several cells in all areas of respiratory
tract by NO synthase (NOS). Inducible NOS is activated by
cytokines and is the major source of elevated NO in asthma.
Exhaled NO has been standardized and validated against
invasive assessment of inflammation by bronchoscopy [13]
and induced sputum, and therefore reproducible and com-
parable between different centres.

Elevated exhaled and nasal NO levels correlate strongly
with skin test scores, total IgE, and blood eosinophilia in
atopic asthma, and exhaled NO may differentiate between
healthy subjects with or without respiratory symptoms and
patients with asthma and atopy. An addition of PC, | makes
NO/PC,, combination a very specific test for allergic asthma.
Therefore, exhaled NO measurements may be used for
patient selection and asthma screening.

Exhaled NO may be used to monitor the effect of anti-
inflammatory tfreatment in [17] and unstable asthma [18].
Exhaled NO levels may be increased before any significant
deterioration in lung function, PC,, or sputum eosinophils
[92] and may serve as a “loss-of-control-marker” [10]. Ex-
haled NO is exiremely sensitive to steroid treatment, and
the reduction in NO may be seen within 6 hours after a
single dose of nebulized steroids, or within 2—3 days follow-
ing treatment with inhaled steroids [14, 17, 18, 29]. The
levels of exhaled NO are higher in more severe adults and
children with asthma, and are related to asthma symptoms
and B,-agonists use in difficult severe asthma [24], and an
improvement in FEV, including children [2]. A correlation
between exhaled NO, sputum Eos and ECP, but not be-
tween NO and PC,, is preserved in asthmatics treated with
steroids [8], but is lost in asthmatics smokers.

Corticosteroids have no effect on exhaled NO in normals
[28], but reduce NO in asthma (Table 1) and this reduction
is more prominent in more severe disease [1, 2]. The onset
of action of inhaled budesonide on exhaled NO is short (2—
3 days) and dose-dependent [14] (Fig 2).

The short- and long-acting B,-agonists have no acute
effect on exhaled NO [27], as they do not have any anti-
inflammatory effect on chronic inflammation in asthma.

Pranlukast inhibites the rise in exhaled NO when the
dose of inhaled corticosteroids is reduced, and montelukast
rapidly reduces exhaled NO by 15-30 % [3] in children
with asthma. This may reflect a reduced impact of inflam-
matory cytokines on iINOS.

NOS inhibitors by blocking NO synthase [29] may be impor-
tant in management of severe steroid-resistant asthma. Inhaled
prostaglandins E,, which also down-regulates iINOS, decreased
exhaled NO in asthma [16]. Potentially, the effect of
immunosuppressants (cydosporin and rapamyain), or cyclooxygenase
inhibitrors (ibuprofen), which are able to inhibit both iINOS and
COX-2, may be studied by monitoring exhaled NO.

Oxucb asora (NO)

Boigbixaemsirt NO — nonesHbii M MpakTMieckyt HEMHBOSUBHbIH
MOpPKep, KOTOPbIM TECHO CBA3AH C BOCTQNEHMEM LbIXOTEMbHbIX
nytert [10, 11]. NO reHepurpyeTcs HECKOMbKUMIM TMMAMM KIETOK,
PACMONOXEHHBIX HO BCEM MPOTSIXEHUM apixatenbHbix myteit NO-
annretasoit (NOS). Mupyumbenshas NOS aktvenpyetcs upro-
KMHOMM MU CTOHOBMTCS ITIABHbIM MCTOYHMKOM MoBbileHHoro NO
npm actme. Boisixaemsii NO 6bin cTaHROPTUSMPOBAH M yTBEP-
XOEH KAK anbTepHATMBA MHBO3MBHOM OLEHKM BOCNANeHua npu
nposeneHm Gporxockonum [ 13] v ncaneaoBaHmy MHaYLMPOBAH-
HOM MOKPOTBI, MOCKOMbKY Gbln BOCNPOM3BOOIMM M CPCBHMM B
PABMMYHBIX LIEHTPAX.

[MoBbILLEHHBIN ypOBEHD BbiAbIXaemoro 1 HazansHoro NO 8
3HQUUTENBHOM CTEMEHU KOPPENMPYET C PESYSILTATAMM KOXHbIX
npob, obLwm IgE 1 303MHOGMNaMI KPOBM NpPK ATOMMYECKOM
actme, 1 Boiapixaemsit NO MOXeT GbiTb PA3IMUHBIM Y 3A0POBbIX
Cy6beKTOB C 1 6e3 PECIMPATOPHBIX CUMMTOMOB M NALMEHTOB
C OCTMO¥ M aTonmen. A koMBMHALMA C BPOHXONPOBOKALMOH-
Heimmn Tectamu (PC, ) nenaer NO/PC, | ouerb cneumduyeckim
TECTOM NPy Qnepr1ieckoit actme. Takum oBpasom, MsmepeHmre
Bbiabixaemoro NO MOXET NPUMEHATLCA A OTOOPA NALMEHTOB
M CKPMHUHIE OCTMbI.

Boigbixaemsbiit NO MOXET NPUMEHSTLCH 4t MOHUTOPMHIG
3 PEKTUBHOCTH NMPOTUBOBOCTANUTENBHON TEPANUM Npwu
crabunbHoi [17] u HectabunbHoit actme [18]. YposeHs Bbiabi-
xaemoro NO MOXeT NoBbIlLaTLCA Nepe MobbIM 3HAUUTENb-
HbIM yXyaLeHnem yHKUMU Nerkux, Npu NpoBeneHmn BpoHXo-
npoeokaunoHsix Tectos (PC, ), unu 303MHOGUIMM MOKPOTSI
[9] v moxeT cnysxuTs “mapkepom notepu kontpons” [10].

Copepxanne NO B BbIABIXOEMOM BO3AYXE YPE3BLIYANHO
YYBCTBMTENBHO K JeueHuio crepomaamu, u cHkerne NO
MOXET OTMEUATLCA YXE HA NPOTIKEHUM & YACOB NOCTE EANH-
CTBEHHOM 103bl HEBYNIM3MPOBAHHBIX CTEPOMIOB MW HA NPOTS-
XeHun 2—3 OHel nocne neyYeHUs UHMANSUMOHHBIMU CTePO-
uaomm [14, 17, 18, 29]. Yposhu sbigpixaemoro NO 6onee
BLICOKM Y B3POCIIbIX M IETEN C TAXENOM aCTMOM, HabnogaeTcs
WX CBA3b CUMMTOMOMM GCTMbI M MPUMEHEHUEM [3,-OrOHMCTOB
npu TpyaHoM Tsmxenoh actme [24]. Y acTMATUKOB, neYeHHbIX
CTEPOMAAMM, COXPAHAETCA KOPPENALMSA MEXTY BbIAbIXAEMbIM
NO, sosuHodunmein mokpotsl n ECP, Ho He mexay NO u
PC,,, [8], HO oHa yTpauMBaETCS Y KypALLIMX OCTMATHKOB.

KOpTMKOCTepOMJJ,bl HE OKA3bIBAKOT HNUKAKOIO BAMAHUA HO
soigbixaembiit NO y s3poposeix [28], Ho cHuxaior NO npw
actme (Tabnmua 1), 1 370 cHkerne 6onee BLIPAXKEHO Npw
bonee Taxenom TedeHum Gonesnm [1, 2]. Bospencreme
MHranMpyemoro 6ynecoHmnaa Ha yposeHs Boigbixaemoro NO
Hactynaet 6bicTpo (Ha 2—3 fgeHb) U OHO AO03030BMCUMMO
[14] (Puc. 2).

3,-QrOHMCTBI KOPOTKOTO M [NIUTENBHOTO AEMACTBUS HE OKO3bI-
BAIOT BIMAHMS Ha BbiabixaemMbit NO, nockonbky oHu He obna-
AQIOT NPOTUBOBOCMANUTENbHBIM AEHCTBUEM HA XPOHUYECKOE
BOCMNANEHME Npu acTme.

MpaHnykact uHrmbupyet nossiwenmne soigsixaemoro NO
npn CHUXEHUNU [A03bl MHTANAUMOHHbBLIX CTepOMaoB, M MOH-
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Exhaled NO levels in stable COPD [15] are lower than
in either smoking or non-smoking asthmatics and are not
different from normal subjects. This is due to the effect of
tobacco smoking, which down-regulates NOS and reduces
exhaled NO [15]. Patients with unstable COPD, however,
have high NO levels [20], which may be explained by con-
tinuous neutrophilic inflammation and oxydative stress. Ex-
haled NO can be used to monitor COPD exacerbations.

Carbon monoxide (CO)

CO is a product of heme degradation by heme oxygen-
ase (HO), reflects oxidative stress and can be measured by
electrochemical CO sensors in exhaled air of adults, children
and neonates. It is affected by active or passive smoking, but
a cut-off level of 6 ppm effectively separates non-smokers
from smokers. Despite of the early reports on elevated levels
of exhaled CO in mild stable asthma we have found signifi-
cantly elevated CO levels only in patients with severe asthma.
This may reflect high level of oxidative stress and predomi-
nantly neutrophilic inflammation in these patients.

Considering the simplicity of CO measurements and
portability of CO analysers, exhaled CO may be used moni-
toring of pediatric asthma. Children with persistent asthma
despite treatment with steroids have elevated exhaled CO
compared with those with infrequent episodic asthma [25].
We have found elevated CO levels in ex-smokers COPD
patients suggesting the ongoing oxidative stress.

Hydrocarbons

Exhaled hydrocarbons, non-specific markers of lipid
peroxidation, may help to estimate the magnitude of in vivo
lipid peroxidation, and to monitor the effect of novel drugs
with anti-oxidant properties. Ethane and pentane can be
measured by gas chromatography from a single-breath
sample, in which no pre-concentration is required [23], and
are elevated in acute acute asthma [22] and in smokers [5].

Exhaled condensate

Exhaled breath condensate is collected by cooling or freez-
ing of exhaled air. Abnormalities in condensate chemistry and
exhaled markers reflect intrinsic abnormalities of the airway
lining fluid caused by inflammation and oxidative stress and
may be valuable means of monitoring of lung diseases. The
collection takes 10—15 minutes of tidal breathing to obtain 1—
3 ml of condensate and well tolerated by patients with severe
airway obstruction and children. Exhaled condensate is ana-
lysed by gas chromatography (GC), or by immunoassays (ELISA).

Activation of inflammatory cells result in an increased
production of H,O,, which is increased in exhaled conden-
sate in asthma and severe COPD [4].

Eicosanoids

Prostaglandins, thromboxane, isoprostanes and leukotrienes
are derived from arachidonic acid and have potent pro-
inflammatory properties. Their non-invasive analysys provides
an opportunity to assess eicosanoids profile in asthma and
COPD directly, and may be a better predictor of clinical
efficacy of leukotriene antagonists, corticosteroids, or TXA,
receptor antagonist than urine, serum, or invasive BAL.

Isoprostanes

Isoprostanes, products of arachidonic acid peroxidation,
can be detected in exhaled breath condensate by ELISA, which
is comparable to GC analysis, and reflect cellular effects of
oxidative stress. We have found that 8-isoprostane levels were
doubled in mild asthma to compare with normals, and in-
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Tenykact 6bicTpo noHmxaeT Boigbixaemsit NO Ha 15-30 %
[3] y meTeit ¢ acTMOit. DTO MOXET OTPAXATh YMEHbLLEHUE
BO3MEMCTBMA BOCNANUTENbHBIX UMTOKMHOB Ha INOS.

Murmburopsl NOS, 6nokmpys NO cuntetasy [29], moryt
UrPATL BOXKHYIO POSib B YMPABAEHWU TKENOM CTepoua-
pesnCTeHTHOM acTmol. Babixaembie npoctarnamamHel E,,
koTopble Takxe noHmkatoT INOS, yMEeHbLIAIOT BbIALIXAEMbIH
NO npu actme [16]. CnepoeatensHo, nyTem MOHUTOPUHIG
Bbigbixaemoro NO MOXHO U3yuaTh BAMSAHKME UMMYHOLENPEC-
CAHTOB (UMKNOCMOPUH U PAMNAMMUMH), MM UHIMOUTOPOB
UMKITOOKCUrEHa3bl (MBynpodeH), KOTopbie MOMyT UHIMOMPOBATL
kak iNOS, tak u COX-2.

Mpu crabunbrom XO3JT yposens soiasixaemoro NO ke,
YeM KAK Yy KypsLLKMX, TOK U HE KypaLLMX ACTMATUKOB U HE OT-
NMYAETCA OT TAKOBOTO Y 3[0POBbIX Cy6bekTOB. DTO 06bACHS-
eTca Tem, 4to Tabakokypenme noHmkaeT perynaupio NOS
crmxaet yposers NO [15]. Opgnako y naumeHTos ¢ Hecta-
BunbHeim XO3J1 otmeuaetcs soicokui yposens NO [20],
4TO MOXHO OBBACHWTb IFIUTENbHBIM HEMTPOMUILHBIM BOCMANE-
HMEM M OKCUAAHTHBIM CTPECCOM.Bhigbixaembiit No moxeT 6biTb
mapkepom oboctpenma XO3J1.

Okeup yrmepoaa

CO — npoaykT paspyLueHMs rema OKCUreHa3oM rema
(HO) — oTpaxaeT okcuMaaHTHBIN CTpecc u MoxeT ObiTb
uamepeH snektpoxummdeckumm gatankami CO B BbigbixaemMom
BO3lyxe Y B3POCIbIX, AETEM U HOBOPOXAEHHbIX. Ha Hero
BAMAET OKTUBHOE M NACCMBHOE KyPEHUE, HO €ro ypoBeHb B 6
pPPM OTAENAET KyPALWMX OT Hekypswmx. Panee Gbinu naHHbie
NPO noBbilEHHbIe ypoBHK Boigbixaemoro CO npu nerkoi
CTABUNBHON ACTME, Mbl XE OMPEAenunn 3HAYUTENbHO
nosbiweHHsle yposHU CO TOMbKO y MAUMEHTOB C TAXENO
QCTMOM. DTO MOXET OTPAXQATb BLICOKMH YPOBEHb
OKCUAAHTHOTO CTPECCA U MPEUMYLLECTBEHHO HEUTPOMUITbHBIN
XAPAKTEP BOCNQMEHMS Y 3TUX MALMEHTOB.

Yunteisast npoctoty mamepenns CO u nopTatMsHOCTL
ananuzatopos CO, sbiabixaemsit CO MOXET NPUMEHATHCS
B MOHWUTOPMHIE ACTMbI Yy feTei. Y aeter C nepCcucTpyroLLen
QCTMOM, HECMOTPS HQ feueHne CTEPOMAAMY, HaBMoRaeTCs
6ornee seicokoe copepxarmne CO B BbILIXAEMOM BO3LyXE,
MO CPABHEHUIO C TEMM, Y KOrO 3MM30abl ACTMbI HE YACTHIE
[25]. Mbi onpegenmnu nossilwerHbie yposHn CO y BpocusLumx
kypwmTb nauyentos ¢ XO3J1, uto npegnonaraet NpoaomkeHme
Y HUX OKCMAQHTHOTO CTpecca.

Yrnesopgopoas

Buigbixaemble yrnesonopoasl, Hecneumdryeckue Mapkepsl
NEPEKMCHOTO OKMUCIIEHMS SINMMAOB, MOTYT MOMOYL B OLEHKE
NEPEKUCHOTO OKMCTIEHUS IUMMAOB “in VIVO “, M B MOHUTOPUHrE
5bdEKTUBHOCTM HOBbLIX NEKAPCTBEHHbIX CPEencTs C
QHTHMOKCHUAQHTHBIMKM CBOMCTBAMM. DTAH M NEHTAH MOTYT BbiTh
M3MEPEHBI MPU MOMOLLY TA30BOM XPOMATOrpaduu 8 0bpasue
€AMHMYHOTO BbIGOXA, MPU KOTOPOM He TPebyeTca HUKaKas
npea-KoHueHTpauus [23], 1 nx conepxaque NoBbILLEHO Npw
octpon actme [22] vy kypunbmkos [5].

Boigbixaemsiit koHgeHcaT

Bbiabixaembiit KOHAEHCAT COBUPAETCS NYTEM OXIOXAEHMS
WM 30MOPQKMBAHMA BbIABIXAEMOrO BO3ayxa. OTKNOHEHMs
OT HOPMbl B BMOXMMMYECKMX MOAPAMETPAX KOHAEHCATA W
BbIAbIXAEMbIX MAPKEPAX OTPAXAIKOT BHYTPEHHUE OTKIOHEHUA
B XWNOKOCTH, BbICI'VIJ'IOIOLLI,eFI ObIXATENbHbIE MYTH, BbI3BAHHbLIE
BOCMANEHMEM M OKCMAQHTHBIM CTPECCOM M MOTYT CITyXWThb
LEeHHbIM MOKA3ATENEM B MOHUTOPUHIE 30B0NEBAHUM NETKUX.
1—3 M1 KOHAEHCATA MOXHO MOMYYUTH MPM CMOKOMHOM [bIXQ-
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Fig 1. Exhaled gases and condensate measurements.

creased by 3-fold in severe asthma irrespective of corticosteroids
[21]. Lack of the effect of corticosteroids on 8-isoprostane is
most likely due to their ineffectiveness at inhibiting oxidative
stress. It makes isoprostane a good marker of oxidative stress
in moderate/severe asthma. We have found that the concen-
tration of 8-isoprostane is also increased in normal cigarette
smokers, but to a much greater extent in COPD patients.

Prostaglandins

An increased expression of COX-2 leads to high levels of
prostaglandins (PG) and thromboxane (TxB) in asthma and
COPD. We have demonstrated that PGE, and PGF, ~are
markedly increased in exhaled condensate of patients with
COPD, but not in asthma. In contrast, TxB, is increased in
asthma but undetectable in either normal subjeds or patients
with COPD. Exhaled prostaglandins and thromboxanes may
be useful markers to monitor the effects of TXA, receptor an-
tagonist and phosphodiesterase inhibitors in asthma and COPD.

Leukotrienes

Leukotrienes (lipid mediators derived from arachidonic acid
via the 5-lipoxygenase pathway) are potent pro-inflammatory
mediators in asthma and COPD. We have demonstrated
further elevation of LTE,, LTC,, LTD, in exhaled condensate
during the late asthmatic response to allergen challenge, and
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Fig 2. The effect of inhaled budesonide (BUD) on exhaled nitric oxide
(NO) in mild asthmatic patients.
Mean values = SEM in patients treated with 400 mg BUD (-e-) or
100 mg BUD (-=-) or placebo (-o-). Level of significance of difference
between 400 mg BUD and 100 mg BUD: *= p<0.05.

HUK Ha npoTsxeHun 10—15 MuryT, npoueaypa xopoLuo nepe-
HOCMUTCH KOK MALMEHTAMMU C BBIPAXKEHHOM BpPOHX006CTPYK-
LuMed, TaK M LeTbMM. Boigbixaembli koHLEeHCaT aHanMampyeTcs
xpomatorpadudeckm (GC), unm npu NOMOLM MMMYHONOMM-
yeckux aHanmsos (ELISA).

H,O,

AKTI/IBOLI,I/IFI BOCNANUTENbHbIX KNETOK NPUBOOUT K yBENNYEH-
Hoi nponykumn H,O,, 1 ee copepxanue Bo3pactaeT npu
actme u txenom XO3JT [4].

DitkosaHouab!

MpocTarnananHel, TPOMBOKCAHbLI, M30MPOCTAHBI W
NENKOTPHUEHDI ABMSIOTCS EPUBATAMM APAXMOOHOBOM KMCTIOTEI
n 0BNAKAIOT MOLLHBIMM MPOBOCMANMUTENbHBIMA CBOMCTBAMM.
MX HEMHBO3MBHLIM QHOMM3 LOET BO3MOXHOCTb HEnocpes-
CTBEHHO OLEHMUTbL NPOodumnb 3MKkozaHouaos npu actme 1 XO3J],
M MOXET BbITb MYHLLMM NPEAMKTOPOM KITMHMYECKOIM SdbexTHe-
HOCTM QHTAFOHWUCTOB NIEMKOTPUEHOB, KOPTUKOCTEPOMULOB, UM
aroHuctoe TXA,-peLenTopos, Yem MOYd, CbIBOPOTKA MM
MHBA3MBHBIM arpeccusHbid BAJT.

MaonpocTaHsl

M30npoCTaHbl, NPOAYKTLI MEPEKUCHOTO OKUCIIEHUS APAXM-
NOHOBOM KMCNOTbI, MOTYT BbiTh OBHAPYXEHbI B KOHAEHCATE
BHIALIXOEMOTO BO3ayxa npu nposegermn ELISA, uto
COMOCTABMMO C GHOMIM3OM HA FO30BOM Xpomarporpade, w
OTPOXAIOT BAMSHUE OKCUAAHTHOrO CTPECCA HA Knetku. Mol
onpeaenuimn, 4To ypoBeHb 8-M3onpoctaHa Gbin B 2 pasa
BbILLE MPW NIETKOM ACTME MO CPUBHEHUIO CO 300POBLIMU, W
BO3pACTAN A0 3-X PA3 MPU TAXKENOW KOPTUKOCTEPOUA-
pesuctentHoin actme [21]. HepoctaTtouHocTs BansHus
KOPTUKOCTEPOMAOB HA 8-M30MPOCTAHLI MPOUCXOAMT,
BEPOSTHO, BCIEACTBME TOrO, YTO OHU HedbbEKTUBHLI NPU
MHMIMOMPOBAHMM OKCMAQHTHOTO CTPecca. JTO AenaeT w3o-
NPOCTAH XOPOLIMM MAPKEPOM OKCHMAAHTHOTO CTPEeCCa mpw
YMEPEHHOMN /Taxenon actme. Mbl onpepenunu, 4To KOHUEH-
Tpaums 8-M30NPOCTAHA YBENMUMBAETCH TAKXKE Y 340POBbIX
KYPLOB, HO B 3HQYMTENLHO GOMbLIEN CTeneHn M y GOombHbIX
XO3J.

MpocrarnaxguHbl

YeenuuenHas skcnpeccust COX-2 npuBOaMT K BLICOKMM
ypoBHam npoctarmnananHos (PG) n tpombokcaros (TxB) npu
actme 1 XO3J1. Mel nokasanu, 4to copepxarne PGE,
PGF,, 3ameTHO noBbILIEHO B BHIALIXAEMOM KOHAEHCATE
6onbHbix ¢ XO3J1, Ho e npu actme. Hanpotus, TxB,
YBEMYEH NPU ACTME, HO HE OBHAPYXKMBAETCA HM Y 300POBbIX
cybbekTos, Hu y 6onbHeix ¢ XO3J1. Boigbixaembie npocra-
MAHOMHBI U TpOM6OKCOHbI MOTyT 6b|Tb none3HbIMM Mapke-
POMM s KOHTPONS 3bPEKTUBHOCTM QHTArOHWUCTOB TXA,-
PeUenTOPOB M MHIMBUTOPOB GOCPOAMICTEPASH NPH ACTME
n XO3J1.

JleikoTpumersi

JleiikoTpreHsl (MeanaTopsl AMAMAOB, NOMYYEHHbIE W3
OPOXMAOHOBOM KMCIOTHI Yepes3 5-NMNoOKCUreHa3HbIN MyTh) —
MOLLHbBIE MPOBOCMANMUTENBHBIE MEAMATOPLI MPU ACTME U
XO3J1. Mbl NpOBEMOHCTPUPOBANM AANBHENLLEE NOBLILLEHUE
LTE,, LTCA, LTD, B BbIbIXOEMOM KOHAEHCATE BO BpPEMS
NO3OHErO ACTMATMYECKOrO OTBETA HA BO3AEWCTBME annep-
FeHa, M yXyLWEHWE CUMMNTOMOB ACTMbI U DYHKLMM NETKMX Y
BOnbHbIX NP 0BOCTPEHUAX BblM CBA3AHBI C YBENMYEHUEM
NENKOTPUEHOB U HUTPOTUPO3MHA B KOHAEHCATE. 3AMETHO
MOBLILLIEHHbIE YPOBHM BbiAbxAeMOTO LTB, Gbin oTMeUeHb! 1
npu actme, u npu XO3JT, Toraa kak LTE, Gein ysenuuen
TONMBKO MPM ACTME.
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Table 1
Effect of corticosteroids on exhaled NO
Drugs Magnitude Time after IS treatment Reference
Normal subjects
*Pred 30 pg/day, 3 days | No effect | | (Yates et al., 1995)
Asthma
*BUD 1600 pg/day (Mild) 1 30% 7 days (Kharitonov et al., 1996b)
*BUD 100 pg/day (Mild) 1 29% 28 days (Jatakanon et al., 1999)
BUD 400 ug/day 150 % 28 days
*Pred 30 pg/day, 3 days (Mild) 1 22% 72 h (Yates et al., 1995)
Pred + IS (Severe) 1 40% 48 h (Massaro et al., 1995)
Pred Tug/kg, 5 days (Severe) 1 46% 5 days (Baraldi et al., 1997)
Pred Tug/kg, 5 days (Moderate) 1 52% 5 days (Baraldi et al., 1999)
FP 1000 pg/day, 4 weeks 1 76% 2 weeks (van Rensen et al., 1999)
*BUD 100 pg/day (Mild) No change 3 days (Kharitonov et al., 2000)
BUD 400 pg/day 1 26% 3 days

BUD: budesonide; FR: fluticasone; Pred: prednisolone; IS: inhaled steroids; d: decrease; T: increase; *: placebo-controlled randomized trial

the worsening of asthma symptoms and lung function in pa-
tients with exacerbations was associated with the increase of
leukotrienes and nitrotyrosine in condensate. Markedly el-
evated levels of exhaled LTB, were seen in both asthma and
COPD, whereas LTE, was increased only in asthma.

Oxynitrogen infermediates

Low levels of exhaled S-nitrosothiols, naturally occurring
bronchodilators, have been found in asthmatic children with
respiratory failure. We have shown S-nitrosothiols were re-
duced after 3 weeks of treatment with 400 mg, but not 100
mg of budesonide [14]. In contrast, there was a rapid and
dose-dependent reduction in nitrite/nitrate (NO, /NO,) in the
same mild asthmatics, suggesting that NO, /NO," are more
sensitive fo anti-inflammatory treatment. Increased levels of
nitrotyrosine correlated with asthma symptoms during steroid
withdrawal in moderate asthma, suggesting that exhaled
nitrotyrosine may predict asthma deterioration caused by in-
flammation. Chronic oxidative stress presented to the lung by
cigarette smoke may increase decomposition of nitrosothiols,
explaining elevated exhaled S-nitrosothiols in healthy smok-
ers, which were related to their smoking history.

Cytokines and lipids

Measurement and identification of proteins in exhaled
condensate is still controversial. Higher concentrations of
total protein in exhaled condensate have been found in
young smokers v.s. non-smokers, whilst the levels of IL-1
and TNF-a were not different. We have found that IL-8
levels in exhaled condensate were only mildly elevated in
stable cystic fibrosis (CF), but were 2 fold higher in unstable
CF patients compared with normal subjects (Balint et al.,
unpublished observation). Primary (diene conjugates) and
secondary (ketodienes) products of lipid peroxidation are
increased in exhaled condensate and in bronchial biopsies
samples from patients with COPD and chronic bronchitis
compare with normal subjects [6]. Potentially, these ap-
proaches may be of a considerable interest.

Conclusions

Accurate assessment of airway inflammation and oxidative
stress is important to the clinical management of a variety of
pulmonary conditions, including asthma and COPD. It may
allow the clinician to monitor the progression of the disease
and to assess the efficacy of anti-inflammatory or antioxi-
dant treatment.

ACTMA TA AJIEPTIG, Ne 1, 2002

MpomexyTouHble NPOAYKTb OKCUHUTPOTrEHOB

Huskue ypoBHM BBIABIXAEMBIX S-HUTPOCOTUONOB, ECTECT-
BEHHbIX BPOHXOMMNATATOPOB, BbiMK OnpepeneHsl y aetei-
QCTMATUKOB C ABIXATENbHOM HELOCTATOYHOCTbIO. Mbl noka-
30, YTO S-HUTPOCOTUOMbI BbINIM CHIKEHBI NOCTE 3 Hepenb
neuenmsa 400 mkr, Ho He 100 mkr Gynecormaa [14]. Hanpotus,
HAMOAA-N0CL BLICTPOE M [O03030BMCUMOE YMEHbLUEHUE
conepxanms Hutputa / Hutpata (NO, /NO,) y Tex xe cameix
B0OnbHbIX NEMKOM ACTMOM, M MOXHO Npeanonoxuts, 4o NO,
/NO, sBnsiotca 6onee YyBCTBUTENbHBIMM K NPOTUBOBOCMA-
NUTENBHOM Tepanuu. YBENMUYEHHOE COAEPXAHNE HUTPOTUPO-
3MHQO KOPPENMPOBASIO C CUMITOMAMM ACTMbI BO BPEMS OTMEHI
CTEPOWIOB NMPY YMEPEHHOM ACTME, MPEANONArasl, YTO Bbidbl-
XAEMBIN HUTPOTUPO3UH MOXET, BbiTb MPEAMKTOPOM YXYALLEHMS!
QCTMbI, BbI3BAHHOTO BOCTIANEHUEM. XPOHUYECKMIA OKCUIQHTHbIM
CTPECC, KOTOPbIA CYLLECTBYET B NETKMX MPU KYPEHWU, MOXET
YBEMNYKMBATL pACNAn HUTPOCOTHUOIOB, O6'I::FICHF|$| MOBbILLEHHME
S-HUTPOCOTHONOB Y 3AOPOBbIX KYPUITBLLMKOB CO CTAXKEM KYPEHMS.

LIuTokuHb 1 nunugp

Nameperne 1 mpeHTMdMKaUMA GENKOB B BbIALIXAEMOM
KOHIEHCATe BCe elue CnopHbl. bonee BeicokMe koHLEHTPALWM
o6Lero 6enKka B BbiAbIXAEMOM KOHAEHCATE Bbinv ONpeaeneHb
Y MOMOABIX KYPHIbLLMKOB MO CPABHEHMIO C HEKYPALLWMM, TOTAQ
kak yposHu IL-13 1 TNF-a He pasnuuanucs. Mbl onpeaenmnu,
4TO ypoBHM IL-8 B BLIALIXAEMOM KOHAEHCATE ObIAM TOMLKO
HECKOMNBKO MOBBILLIEHBI NPU CTabMALHOM Mykosucumaose (CF),
HO 6biNK B 2 PA3Q BhILLE Yy HECTABUABHBIX NALMEHTOB C MyKO-
BMCLMAO3OM MO CPABHEHMIO CO 3A0Pp0BbIMM CybbekTamu (Balint
u apyrue., HeonybnmnkosaHHoe Habniopenune). ConepxaHme
NEPBUYHBIX (IMEHOBbIE COEAUHEHMS) M BTOPMYHBIX (KETOAMEHbI)
NPOLYKTOB MEPEKUCHOTO OKMCIIEHUA TIUMULOB YBEMUEHO B
BbILIXOEMOM KOHAEHCATE M B MATEPUANE, MOYYEHHOM NPK
Buoncnm 6poHxos, nonydeHHom ot GonbHbix XO3JT u xporu-
4ECKUM BPOHXMTOM MO CPABHEHMIO CO 3A0POBBIMA CyOBKTAMM
[6]. BosmoxHO, 3T nOaxOapl MOMYT MPEACTABNATL 3HAUUTENb-
HbIM MHTEpEC.

3aknioueHmne

TO‘-IHOﬂ OUEeHKA BOCNaneHms AbIXaTesNbHbIX |'|yTel71 N OKCU-
AQHTHOrO CTPECCA BAXHbI ANt KITMHMYECKOTO YNPABNEHMS PA3-
JIMYHBIX COCTOAHMM nerkmx, Bkmodas actmy u XO3J1. Ito
MOXET AATb BO3MOXHOCTb KIMHULMCTAM MOHUTOPMPOBATH
NPOrpPeccMpoBaHue 3a60NEBAHMS U OLEHUTb SPPEKTUBHOCTL
NPOTUBOBOCMANMUTENBHOTO MU AHTUOKCHUAAHTHOTO NIEYEHUA.
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AHAIIVI3 BbiObIXAEMOIMO BO30OV XA

C.A. XAPUTOHOB, . BAPHC

Pesiome

Kak y B3pocnbix, Tak M y feTel B BbABIXAEMOM BO3MyXe OMPEAenaloTca HeKoTopble rassl, Takue kak okeup asota (NO),
monookena yrnepoaa (CO), ymesopopoasl. Panee, B BbiabXAEMOM BO3AyXe M KOHAEHCATE ObiM OBHAPYXEHBI HENETYYME MAPKEPHI
M MEIMATOPHI (MepeKkMch BOOPOAQA, U3OMPOCTAHBI, NEMKOTPUEHbI, MPOCTAMAHAUHBI, LMTOKMHbI, MPOAYKTbI MEPEKUCHOTO OKUCTEHMS
AUAMAOB, HUTPUTBI / HATPATBI, S- HUTPOCOTUOMLI, HUTPOTUPO3MHBI). DTH BLIABIXAEMBIE MAPKEPHI MOXHO MCMOML30BATH N1 MOHUTOPMHIQ
BOCMQNEHUS ALIXATENbHBIX MyTEN M okcuaaHTHOro crpecca npu actme u XO3J1, a Takxke npu neyeHun KOpTUKOCTEPOMLAMM,

AHTATOHUCTAMMU ﬂeﬁKOTpMeHOB, AHTUOKCMAOAAHTAOMU U T.A4.

EXHALED BREATH ANALYSIS

S.A. KHARITONOQV, P.J. BARNES

Summary

Several gases, such as nitric oxide (NO), carbon monoxide (CO), hydrocarbons have been measured in exhaled air in adults
and children. More recently, non-volatile markers and mediators (hydrogen peroxide, isoprostanes, leukotrienes, prostaglandins,
cytokines, products of lipid peroxidation, nitrite/nitrate, S-nitrosothiols, nitrotyrosine) have been detected in exhaled air and
condensate. There is a strong rationale to use these exhaled markers to monitor airway inflammation and oxidative stress in
asthma and COPD, as well as during treatment with corticosteroids, leukotriene antagonists, antioxidants and novel therapies.
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