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Nitric oxide (NO)Nitric oxide (NO)Nitric oxide (NO)Nitric oxide (NO)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

20
 makes

NO/PC
20
 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 treatment in [17] and unstable asthma [18].
Exhaled NO levels may be increased before any significant
deterioration in lung function, PC

20
, or sputum eosinophils

[9] and may serve as a “loss-of-control-marker” [10]. Ex-
haled NO is extremely 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 β

2
-agonists use in difficult severe asthma [24], and an

improvement in FEV
1
 including children [2]. A correlation

between exhaled NO, sputum Eos and ECP, but not be-
tween NO and PC

20
, 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 β
2
-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 iNOS.

NOS inhibitors by blocking NO synthase [29] may be impor-
tant in management of severe steroid-resistant asthma. Inhaled
prostaglandins E

2
, which also down-regulates iNOS, decreased

exhaled NO in asthma [16]. Potentially, the effect of
immunosuppressants (cyclosporin and rapamycin), or cyclooxygenase
inhibitrors (ibuprofen), which are able to inhibit both iNOS and
COX-2, may be studied by monitoring exhaled NO.
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Îêèñü àçîòà (NO)Îêèñü àçîòà (NO)Îêèñü àçîòà (NO)Îêèñü àçîòà (NO)Îêèñü àçîòà (NO)
Âûäûõàåìûé NO — ïîëåçíûé è ïðàêòè÷åñêè íåèíâàçèâíûé

ìàðêåð, êîòîðûé òåñíî ñâÿçàí ñ âîñïàëåíèåì äûõàòåëüíûõ
ïóòåé [10, 11]. NO ãåíåðèðóåòñÿ íåñêîëüêèìè òèïàìè êëåòîê,
ðàñïîëîæåííûõ íà âñåì ïðîòÿæåíèè äûõàòåëüíûõ ïóòåé NO-
ñèíòåòàçîé (NOS). Èíäóöèáåëüíàÿ NOS àêòèâèðóåòñÿ öèòî-
êèíàìè è ñòàíîâèòñÿ ãëàâíûì èñòî÷íèêîì ïîâûøåííîãî NO
ïðè àñòìå. Âûäûõàåìûé NO áûë ñòàíäàðòèçèðîâàí è óòâåð-
æäåí êàê àëüòåðíàòèâà èíâàçèâíîé îöåíêè âîñïàëåíèÿ ïðè
ïðîâåäåíèè áðîíõîñêîïèè [13] è èññëåäîâàíèè èíäóöèðîâàí-
íîé ìîêðîòû, ïîñêîëüêó áûë âîñïðîèçâîäèì è ñðàâíèì â
ðàçëè÷íûõ öåíòðàõ.

Ïîâûøåííûé óðîâåíü âûäûõàåìîãî è íàçàëüíîãî NO â
çíà÷èòåëüíîé ñòåïåíè êîððåëèðóåò ñ ðåçóëüòàòàìè êîæíûõ
ïðîá, îáùèì IgE è ýîçèíîôèëàìè êðîâè ïðè àòîïè÷åñêîé
àñòìå, è âûäûõàåìûé NO ìîæåò áûòü ðàçëè÷íûì ó çäîðîâûõ
ñóáúåêòîâ ñ èëè áåç ðåñïèðàòîðíûõ ñèìïòîìîâ è ïàöèåíòîâ
ñ àñòìîé è àòîïèåé. À êîìáèíàöèÿ ñ áðîíõîïðîâîêàöèîí-
íûìè òåñòàìè (PC

20
) äåëàåò NO/PC

20
 î÷åíü ñïåöèôè÷åñêèì

òåñòîì ïðè àëëåðãè÷åñêîé àñòìå. Òàêèì îáðàçîì, èçìåðåíèå
âûäûõàåìîãî NO ìîæåò ïðèìåíÿòüñÿ äëÿ îòáîðà ïàöèåíòîâ
è ñêðèíèíãå àñòìû.

Âûäûõàåìûé NO ìîæåò ïðèìåíÿòüñÿ äëÿ ìîíèòîðèíãà
ýôôåêòèâíîñòè ïðîòèâîâîñïàëèòåëüíîé òåðàïèè ïðè
ñòàáèëüíîé [17] è íåñòàáèëüíîé àñòìå [18]. Óðîâåíü âûäû-
õàåìîãî NO ìîæåò ïîâûøàòüñÿ ïåðåä ëþáûì çíà÷èòåëü-
íûì óõóäøåíèåì ôóíêöèè ëåãêèõ, ïðè ïðîâåäåíèè áðîíõî-
ïðîâîêàöèîíûõ òåñòîâ (PC

20
), èëè ýîçèíîôèëèè ìîêðîòû

[9] è ìîæåò ñëóæèòü “ìàðêåðîì ïîòåðè êîíòðîëÿ” [10].
Ñîäåðæàíèå NO â âûäûõàåìîì âîçäóõå ÷ðåçâû÷àéíî

÷óâñòâèòåëüíî ê ëå÷åíèþ ñòåðîèäàìè, è ñíèæåíèå NO
ìîæåò îòìå÷àòüñÿ óæå íà ïðîòÿæåíèè 6 ÷àñîâ ïîñëå åäèí-
ñòâåííîé äîçû íåáóëèçèðîâàííûõ ñòåðîèäîâ èëè íà ïðîòÿ-
æåíèè 2–3 äíåé ïîñëå ëå÷åíèÿ èíãàëÿöèîííûìè ñòåðî-
èäàìè [14, 17, 18, 29]. Óðîâíè âûäûõàåìîãî NO áîëåå
âûñîêè ó âçðîñëûõ è äåòåé ñ òÿæåëîé àñòìîé, íàáëþäàåòñÿ
èõ ñâÿçü ñèìïòîìàìè àñòìû è ïðèìåíåíèåì β

2
-àãîíèñòîâ

ïðè òðóäíîé òÿæåëîé àñòìå [24]. Ó àñòìàòèêîâ, ëå÷åííûõ
ñòåðîèäàìè, ñîõðàíÿåòñÿ êîððåëÿöèÿ ìåæäó âûäûõàåìûì
NO, ýîçèíîôèëèåé ìîêðîòû è ECP, íî íå ìåæäó NO è
PC

20
, [8], íî îíà óòðà÷èâàåòñÿ ó êóðÿùèõ àñòìàòèêîâ.

Êîðòèêîñòåðîèäû íå îêàçûâàþò íèêàêîãî âëèÿíèÿ íà
âûäûõàåìûé NO ó çäîðîâûõ [28], íî ñíèæàþò NO ïðè
àñòìå (Òàáëèöà 1), è ýòî ñíèæåíèå áîëåå âûðàæåíî ïðè
áîëåå òÿæåëîì òå÷åíèè áîëåçíè [1, 2]. Âîçäåéñòâèå
èíãàëèðóåìîãî áóäåñîíèäà íà óðîâåíü âûäûõàåìîãî NO
íàñòóïàåò áûñòðî (íà 2–3 äåíü) è îíî äîçîçàâèñèìî
[14] (Ðèñ. 2).

β
2
-àãîíèñòû êîðîòêîãî è äëèòåëüíîãî äåéñòâèÿ íå îêàçû-

âàþò âëèÿíèÿ íà âûäûõàåìûé NO, ïîñêîëüêó îíè íå îáëà-
äàþò ïðîòèâîâîñïàëèòåëüíûì äåéñòâèåì íà õðîíè÷åñêîå
âîñïàëåíèå ïðè àñòìå.

Ïðàíëóêàñò èíãèáèðóåò ïîâûøåíèå âûäûõàåìîãî NO
ïðè ñíèæåíèè äîçû èíãàëÿöèîííûõ ñòåðîèäîâ, è ìîí-
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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)Carbon monoxide (CO)Carbon monoxide (CO)Carbon monoxide (CO)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.

HydrocarbonsHydrocarbonsHydrocarbonsHydrocarbonsHydrocarbons
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 condensateExhaled condensateExhaled condensateExhaled condensateExhaled 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).

HHHHH
22222
OOOOO

22222

Activation of inflammatory cells result in an increased
production of H

2
O

2
, which is increased in exhaled conden-

sate in asthma and severe COPD [4].
EicosanoidsEicosanoidsEicosanoidsEicosanoidsEicosanoids
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

2

receptor antagonist than urine, serum, or invasive BAL.
IsoprostanesIsoprostanesIsoprostanesIsoprostanesIsoprostanes
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-

òåëóêàñò áûñòðî ïîíèæàåò âûäûõàåìûé NO íà 15–30 %
[3] ó äåòåé ñ àñòìîé. Ýòî ìîæåò îòðàæàòü óìåíüøåíèå
âîçäåéñòâèÿ âîñïàëèòåëüíûõ öèòîêèíîâ íà iNOS.

Èíãèáèòîðû NOS, áëîêèðóÿ NO ñèíòåòàçó [29], ìîãóò
èãðàòü âàæíóþ ðîëü â óïðàâëåíèè òÿæåëîé ñòåðîèä-
ðåçèñòåíòíîé àñòìîé. Âäûõàåìûå ïðîñòàãëàíäèíû E

2
,

êîòîðûå òàêæå ïîíèæàþò iNOS, óìåíüøàþò âûäûõàåìûé
NO ïðè àñòìå [16]. Ñëåäîâàòåëüíî, ïóòåì ìîíèòîðèíãà
âûäûõàåìîãî NO ìîæíî èçó÷àòü âëèÿíèå èììóíîäåïðåñ-
ñàíòîâ (öèêëîñïîðèí è ðàïàìèöèí), èëè èíãèáèòîðîâ
öèêëîîêñèãåíàçû (èáóïðîôåí), êîòîðûå ìîãóò èíãèáèðîâàòü
êàê iNOS, òàê è COX-2.

Ïðè ñòàáèëüíîì ÕÎÇË óðîâåíü âûäûõàåìîãî NO íèæå,
÷åì êàê ó êóðÿùèõ, òàê è íå êóðÿùèõ àñòìàòèêîâ è íå îò-
ëè÷àåòñÿ îò òàêîâîãî ó çäîðîâûõ ñóáúåêòîâ. Ýòî îáúÿñíÿ-
åòñÿ òåì, ÷òî òàáàêîêóðåíèå ïîíèæàåò ðåãóëÿöèþ NOS è
ñíèæàåò óðîâåíü NO [15]. Îäíàêî ó ïàöèåíòîâ ñ íåñòà-
áèëüíûì ÕÎÇË îòìå÷àåòñÿ âûñîêèé óðîâåíü NO [20],
÷òî ìîæíî îáúÿñíèòü äëèòåëüíûì íåéòðîôèëüíûì âîñïàëå-
íèåì è îêñèäàíòíûì ñòðåññîì.Âûäûõàåìûé No ìîæåò áûòü
ìàðêåðîì îáîñòðåíèÿ ÕÎÇË.

Îêñèä óãëåðîäàÎêñèä óãëåðîäàÎêñèä óãëåðîäàÎêñèä óãëåðîäàÎêñèä óãëåðîäà
CO — ïðîäóêò ðàçðóøåíèÿ ãåìà îêñèãåíàçîé ãåìà

(HO) — îòðàæàåò îêcèäàíòíûé ñòðåññ è ìîæåò áûòü
èçìåðåí ýëåêòðîõèìè÷åñêèìè äàò÷èêàìè CO â âûäûõàåìîì
âîçäóõå ó âçðîñëûõ, äåòåé è íîâîðîæäåííûõ. Íà íåãî
âëèÿåò àêòèâíîå è ïàññèâíîå êóðåíèå, íî åãî óðîâåíü â 6
ppm îòäåëÿåò êóðÿùèõ îò íåêóðÿùèõ. Ðàíåå áûëè äàííûå
ïðî ïîâûøåííûå óðîâíè âûäûõàåìîãî CO ïðè ëåãêîé
ñòàáèëüíîé àñòìå, ìû æå îïðåäåëèëè çíà÷èòåëüíî
ïîâûøåííûå óðîâíè CO òîëüêî ó ïàöèåíòîâ ñ òÿæåëîé
àñòìîé. Ýòî ìîæåò îòðàæàòü âûñîêèé óðîâåíü
îêñèäàíòíîãî ñòðåññà è ïðåèìóùåñòâåííî íåéòðîôèëüíûé
õàðàêòåð âîñïàëåíèÿ ó ýòèõ ïàöèåíòîâ.

Ó÷èòûâàÿ ïðîñòîòó èçìåðåíèÿ CO è ïîðòàòèâíîñòü
àíàëèçàòîðîâ CO, âûäûõàåìûé CO ìîæåò ïðèìåíÿòüñÿ
â ìîíèòîðèíãå àñòìû ó äåòåé. Ó äåòåé ñ ïåðñèñòèðóþùåé
àñòìîé, íåñìîòðÿ íà ëå÷åíèå ñòåðîèäàìè, íàáëþäàåòñÿ
áîëåå âûñîêîå ñîäåðæàíèå CO â âûäûõàåìîì âîçäóõå,
ïî ñðàâíåíèþ ñ òåìè, ó êîãî ýïèçîäû àñòìû íå ÷àñòûå
[25]. Ìû îïðåäåëèëè ïîâûøåííûå óðîâíè CO ó áðîñèâøèõ
êóðèòü ïàöèåíòîâ ñ ÕÎÇË, ÷òî ïðåäïîëàãàåò ïðîäîëæåíèå
ó íèõ îêñèäàíòíîãî ñòðåññà.

ÓãëåâîäîðîäûÓãëåâîäîðîäûÓãëåâîäîðîäûÓãëåâîäîðîäûÓãëåâîäîðîäû
Âûäûõàåìûå óãëåâîäîðîäû, íåñïåöèôè÷åñêèå ìàðêåðû

ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ, ìîãóò ïîìî÷ü â îöåíêå
ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ “in vivo “, è â ìîíèòîðèíãå
ýôôåêòèâíîñòè íîâûõ ëåêàðñòâåííûõ ñðåäñòâ ñ
àíòèîêñèäàíòíûìè ñâîéñòâàìè. Ýòàí è ïåíòàí ìîãóò áûòü
èçìåðåíû ïðè ïîìîùè ãàçîâîé õðîìàòîãðàôèè â îáðàçöå
åäèíè÷íîãî âûäîõà, ïðè êîòîðîé íå òðåáóåòñÿ íèêàêàÿ
ïðåä-êîíöåíòðàöèÿ [23], è èõ ñîäåðæàíèå ïîâûøåíî ïðè
îñòðîé àñòìå [22] è ó êóðèëüùèêîâ [5].

Âûäûõàåìûé êîíäåíñàò
Âûäûõàåìûé êîíäåíñàò ñîáèðàåòñÿ ïóòåì îõëàæäåíèÿ

èëè çàìîðàæèâàíèÿ âûäûõàåìîãî âîçäóõà. Îòêëîíåíèÿ
îò íîðìû â áèîõèìè÷åñêèõ ïàðàìåòðàõ êîíäåíñàòà è
âûäûõàåìûõ ìàðêåðàõ îòðàæàþò âíóòðåííèå îòêëîíåíèÿ
â æèäêîñòè, âûñòèëàþùåé äûõàòåëüíûå ïóòè, âûçâàííûå
âîñïàëåíèåì è îêcèäàíòíûì ñòðåññîì è ìîãóò ñëóæèòü
öåííûì ïîêàçàòåëåì â ìîíèòîðèíãå çàáîëåâàíèé ëåãêèõ.
1–3 ìë êîíäåíñàòà ìîæíî ïîëó÷èòü ïðè ñïîêîéíîì äûõà-
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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.

ProstaglandinsProstaglandinsProstaglandinsProstaglandinsProstaglandins
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

2
 and PGF

2a
 are

markedly increased in exhaled condensate of patients with
COPD, but not in asthma. In contrast, TxB

2
 is increased in

asthma but undetectable in either normal subjects or patients
with COPD. Exhaled prostaglandins and thromboxanes may
be useful markers to monitor the effects of TXA

2
 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

4
, LTC

4
, LTD

4
 in exhaled condensate

during the late asthmatic response to allergen challenge, and

íèè íà ïðîòÿæåíèè 10–15 ìèíóò, ïðîöåäóðà õîðîøî ïåðå-
íîñèòñÿ êàê ïàöèåíòàìè ñ âûðàæåííîé áðîíõîîáñòðóê-
öèåé, òàê è äåòüìè. Âûäûõàåìûé êîíäåíñàò àíàëèçèðóåòñÿ
õðîìàòîãðàôè÷åñêè (GC), èëè ïðè ïîìîùè èììóíîëîãè-
÷åñêèõ àíàëèçîâ (ELISA).

HHHHH
22222
OOOOO

22222

Àêòèâàöèÿ âîñïàëèòåëüíûõ êëåòîê ïðèâîäèò ê óâåëè÷åí-
íîé ïðîäóêöèè H

2
O

2
, è åå ñîäåðæàíèå âîçðàñòàåò ïðè

àñòìå è òÿæåëîì ÕÎÇË [4].
ÝéêîçàíîèäûÝéêîçàíîèäûÝéêîçàíîèäûÝéêîçàíîèäûÝéêîçàíîèäû
Ïðîñòàãëàíäèíû, òðîìáîêñàíû, èçîïðîñòàíû è

ëåéêîòðèåíû ÿâëÿþòñÿ äåðèâàòàìè àðàõèäîíîâîé êèñëîòû
è îáëàäàþò ìîùíûìè ïðîâîñïàëèòåëüíûìè ñâîéñòâàìè.
Èõ íåèíâàçèâíûé àíàëèç äàåò âîçìîæíîñòü íåïîñðåä-
ñòâåííî îöåíèòü ïðîôèëü ýéêîçàíîèäîâ ïðè àñòìå è ÕÎÇË,
è ìîæåò áûòü ëó÷øèì ïðåäèêòîðîì êëèíè÷åñêîé ýôôåêòèâ-
íîñòè àíòàãîíèñòîâ ëåéêîòðèåíîâ, êîðòèêîñòåðîèäîâ, èëè
àãîíèñòîâ TXA

2
-ðåöåïòîðîâ, ÷åì ìî÷à, ñûâîðîòêà èëè

èíâàçèâíûé àãðåññèâíûé ÁÀË.
ÈçîïðîñòàíûÈçîïðîñòàíûÈçîïðîñòàíûÈçîïðîñòàíûÈçîïðîñòàíû
Èçîïðîñòàíû, ïðîäóêòû ïåðåêèñíîãî îêèñëåíèÿ àðàõè-

äîíîâîé êèñëîòû, ìîãóò áûòü îáíàðóæåíû â êîíäåíñàòå
âûäûõàåìîãî âîçäóõà ïðè ïðîâåäåíèè ELISA, ÷òî
ñîïîñòàâèìî ñ àíàëèçîì íà ãàçîâîì õðîìàòðîãðàôå, è
îòðàæàþò âëèÿíèå îêñèäàíòíîãî ñòðåññà íà êëåòêè. Ìû
îïðåäåëèëè, ÷òî óðîâåíü 8-èçîïðîñòàíà áûë â 2 ðàçà
âûøå ïðè ëåãêîé àñòìå ïî ñðàâíåíèþ ñî çäîðîâûìè, è
âîçðàñòàë äî 3-õ ðàç ïðè òÿæåëîé êîðòèêîñòåðîèä-
ðåçèñòåíòíîé àñòìå [21]. Íåäîñòàòî÷íîñòü âëèÿíèÿ
êîðòèêîñòåðîèäîâ íà 8-èçîïðîñòàíû ïðîèñõîäèò,
âåðîÿòíî, âñëåäñòâèå òîãî, ÷òî îíè íåýôôåêòèâíû ïðè
èíãèáèðîâàíèè îêñèäàíòíîãî ñòðåññà. Ýòî äåëàåò èçî-
ïðîñòàí õîðîøèì ìàðêåðîì îêñèäàíòíîãî ñòðåññà ïðè
óìåðåííîé/òÿæåëîé àñòìå. Ìû îïðåäåëèëè, ÷òî êîíöåí-
òðàöèÿ 8-èçîïðîñòàíà óâåëè÷èâàåòñÿ òàêæå ó çäîðîâûõ
êóðöîâ, íî â çíà÷èòåëüíî áîëüøåé ñòåïåíè è ó áîëüíûõ
ÕÎÇË.

ÏðîñòàãëàíäèíûÏðîñòàãëàíäèíûÏðîñòàãëàíäèíûÏðîñòàãëàíäèíûÏðîñòàãëàíäèíû
Óâåëè÷åííàÿ ýêñïðåññèÿ COX-2 ïðèâîäèò ê âûñîêèì

óðîâíÿì ïðîñòàãëàíäèíîâ (PG) è òðîìáîêñàíîâ (TxB) ïðè
àñòìå è ÕÎÇË. Ìû ïîêàçàëè, ÷òî cîäåðæàíèå PGE

2
 è

PGF
2a
 çàìåòíî ïîâûøåíî â âûäûõàåìîì êîíäåíñàòå

áîëüíûõ ñ ÕÎÇË, íî íå ïðè àñòìå. Íàïðîòèâ, TxB
2

óâåëè÷åí ïðè àñòìå, íî íå îáíàðóæèâàåòñÿ íè ó çäîðîâûõ
ñóáúåêòîâ, íè ó áîëüíûõ ñ ÕÎÇË. Âûäûõàåìûå ïðîñòà-
ãëàíäèíû è òðîìáîêñàíû ìîãóò áûòü ïîëåçíûìè ìàðêå-
ðàìè äëÿ êîíòðîëÿ ýôôåêòèâíîñòè àíòàãîíèñòîâ TXA

2
-

ðåöåïòîðîâ è èíãèáèòîðîâ ôîñôîäèýñòåðàçû ïðè àñòìå
è ÕÎÇË.

Ëåéêîòðèåíû
Ëåéêîòðèåíû (ìåäèàòîðû ëèïèäîâ, ïîëó÷åííûå èç

àðàõèäîíîâîé êèñëîòû ÷åðåç 5-ëèïîîêñèãåíàçíûé ïóòü) —
ìîùíûå ïðîâîñïàëèòåëüíûå ìåäèàòîðû ïðè àñòìå è
ÕÎÇË. Ìû ïðîäåìîíñòðèðîâàëè äàëüíåéøåå ïîâûøåíèå
LTE

4
, LTC

4
, LTD

4
 â âûäûõàåìîì êîíäåíñàòå âî âðåìÿ

ïîçäíåãî àñòìàòè÷åñêîãî îòâåòà íà âîçäåéñòâèå àëëåð-
ãåíà, è óõóäøåíèå ñèìïòîìîâ àñòìû è ôóíêöèè ëåãêèõ ó
áîëüíûõ ïðè îáîñòðåíèÿõ áûëè ñâÿçàíû ñ óâåëè÷åíèåì
ëåéêîòðèåíîâ è íèòðîòèðîçèíà â êîíäåíñàòå. Çàìåòíî
ïîâûøåííûå óðîâíè âûäûõàåìîãî LTB

4
 áûëè îòìå÷åíû è

ïðè àñòìå, è ïðè ÕÎÇË, òîãäà êàê LTE
4
 áûë óâåëè÷åí

òîëüêî ïðè àñòìå.

Fig 1. Exhaled gases and condensate measurements.Fig 1. Exhaled gases and condensate measurements.Fig 1. Exhaled gases and condensate measurements.Fig 1. Exhaled gases and condensate measurements.Fig 1. Exhaled gases and condensate measurements.

Fig 2. The effect of inhaled budesonide (BUD) on exhaled nitric oxideFig 2. The effect of inhaled budesonide (BUD) on exhaled nitric oxideFig 2. The effect of inhaled budesonide (BUD) on exhaled nitric oxideFig 2. The effect of inhaled budesonide (BUD) on exhaled nitric oxideFig 2. The effect of inhaled budesonide (BUD) on exhaled nitric oxide
(NO) in mild asthmatic patients.(NO) in mild asthmatic patients.(NO) in mild asthmatic patients.(NO) in mild asthmatic patients.(NO) in mild asthmatic patients.

Mean values ± SEM in patients treated with 400 mg BUD (-•-) or
100 mg BUD (- -) or placebo (-o-). Level of significance of difference
between 400 mg BUD and 100 mg BUD: *= p<0.05.



11ÀÑÒÌÀ ÒÀ ÀËÅÐÃ²ß, ¹ 1, 2002

ÎÃËßÄÈ Ë²ÒÅÐÀÒÓÐÈ

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

4
 were seen in both asthma and

COPD, whereas LTE
4
 was increased only in asthma.

Oxynitrogen intermediatesOxynitrogen intermediatesOxynitrogen intermediatesOxynitrogen intermediatesOxynitrogen intermediates
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

2
-/NO

3
-) in the

same mild asthmatics, suggesting that NO
2
-/NO

3
- are more

sensitive to 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 lipidsCytokines and lipidsCytokines and lipidsCytokines and lipidsCytokines 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-1β
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.

ConclusionsConclusionsConclusionsConclusionsConclusions
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.

Ïðîìåæóòî÷íûå ïðîäóêòû îêñèíèòðîãåíîâÏðîìåæóòî÷íûå ïðîäóêòû îêñèíèòðîãåíîâÏðîìåæóòî÷íûå ïðîäóêòû îêñèíèòðîãåíîâÏðîìåæóòî÷íûå ïðîäóêòû îêñèíèòðîãåíîâÏðîìåæóòî÷íûå ïðîäóêòû îêñèíèòðîãåíîâ
Íèçêèå óðîâíè âûäûõàåìûõ S-íèòðîñîòèîëîâ, åñòåñò-

âåííûõ áðîíõîäèëÿòàòîðîâ, áûëè îïðåäåëåíû ó äåòåé-
àñòìàòèêîâ ñ äûõàòåëüíîé íåäîñòàòî÷íîñòüþ. Ìû ïîêà-
çàëè, ÷òî S-íèòðîñîòèîëû áûëè cíèæåíû ïîñëå 3 íåäåëü
ëå÷åíèÿ 400 ìêã, íî íå 100 ìêã áóäåñîíèäà [14]. Íàïðîòèâ,
íàëþäà-ëîñü áûñòðîå è äîçîçàâèñèìîå óìåíüøåíèå
ñîäåðæàíèÿ íèòðèòà / íèòðàòà (NO

2
-/NO

3
-) ó òåõ æå ñàìûõ

áîëüíûõ ëåãêîé àñòìîé, è ìîæíî ïðåäïîëîæèòü, ÷òî NO
2
-

/NO
3
- ÿâëÿþòñÿ áîëåå ÷óâñòâèòåëüíûìè ê ïðîòèâîâîñïà-

ëèòåëüíîé òåðàïèè. Óâåëè÷åííîå ñîäåðæàíèå íèòðîòèðî-
çèíà êîððåëèðîâàëî ñ cèìïòîìàìè àñòìû âî âðåìÿ îòìåíû
ñòåðîèäîâ ïðè óìåðåííîé àñòìå, ïðåäïîëàãàÿ, ÷òî âûäû-
õàåìûé íèòðîòèðîçèí ìîæåò, áûòü ïðåäèêòîðîì óõóäøåíèÿ
àñòìû, âûçâàííîãî âîñïàëåíèåì. Õðîíè÷åñêèé îêcèäàíòíûé
ñòðåññ, êîòîðûé cóùåñòâóåò â ëåãêèõ ïðè êóðåíèè, ìîæåò
óâåëè÷èâàòü ðàñïàä íèòðîñîòèîëîâ, îáúÿñíÿÿ ïîâûøåííèå
S-íèòðîñîòèîëîâ ó çäîðîâûõ êóðèëüùèêîâ ñî ñòàæåì êóðåíèÿ.

Öèòîêèíû è ëèïèäûÖèòîêèíû è ëèïèäûÖèòîêèíû è ëèïèäûÖèòîêèíû è ëèïèäûÖèòîêèíû è ëèïèäû
Èçìåðåíèå è èäåíòèôèêàöèÿ áåëêîâ â âûäûõàåìîì

êîíäåíñàòå âñå åùå ñïîðíû. Áîëåå âûñîêèå êîíöåíòðàöèè
îáùåãî áåëêà â âûäûõàåìîì êîíäåíñàòå áûëè îïðåäåëåíû
ó ìîëîäûõ êóðèëüùèêîâ ïî ñðàâíåíèþ ñ íåêóðÿùèìè, òîãäà
êàê óðîâíè IL-1β è TNF-a íå ðàçëè÷àëèñü. Ìû îïðåäåëèëè,
÷òî óðîâíè IL-8 â âûäûõàåìîì êîíäåíñàòå áûëè òîëüêî
íåñêîëüêî ïîâûøåíû ïðè ñòàáèëüíîì ìóêîâèñöèäîçå (CF),
íî áûëè â 2 ðàçà âûøå ó íåñòàáèëüíûõ ïàöèåíòîâ ñ ìóêî-
âèñöèäîçîì ïî ñðàâíåíèþ ñî çäîðîâûìè ñóáúåêòàìè (Balint
è äðóãèå., íåîïóáëèêîâàííîå íàáëþäåíèå). Cîäåðæàíèå
ïåðâè÷íûõ (äèåíîâûå ñîåäèíåíèÿ) è âòîðè÷íûõ (êåòîäèåíû)
ïðîäóêòîâ ïåðåêèñíîãî îêèñëåíèÿ ëèïèäîâ óâåëè÷åíî â
âûäûõàåìîì êîíäåíñàòå è â ìàòåðèàëå, ïîëó÷åííîì ïðè
áèîïñèè áðîíõîâ, ïîëó÷åííîì îò áîëüíûõ ÕÎÇË è õðîíè-
÷åñêèì áðîíõèòîì ïî ñðàâíåíèþ ñî çäîðîâûìè ñóáúêòàìè
[6]. Âîçìîæíî, ýòè ïîäõîäû ìîãóò ïðåäñòàâëÿòü çíà÷èòåëü-
íûé èíòåðåñ.

Çàêëþ÷åíèåÇàêëþ÷åíèåÇàêëþ÷åíèåÇàêëþ÷åíèåÇàêëþ÷åíèå
Òî÷íàÿ îöåíêà âîñïàëåíèÿ äûõàòåëüíûõ ïóòåé è îêñè-

äàíòíîãî ñòðåññà âàæíû äëÿ êëèíè÷åñêîãî óïðàâëåíèÿ ðàç-
ëè÷íûõ ñîñòîÿíèé ëåãêèõ, âêëþ÷àÿ àñòìó è ÕÎÇË. Ýòî
ìîæåò äàòü âîçìîæíîñòü êëèíèöèñòàì ìîíèòîðèðîâàòü
ïðîãðåññèðîâàíèå çàáîëåâàíèÿ è îöåíèòü ýôôåêòèâíîñòü
ïðîòèâîâîñïàëèòåëüíîãî èëè àíòèîêñèäàíòíîãî ëå÷åíèÿ.

Table 1Table 1Table 1Table 1Table 1
Effect of corticosteroids on exhaled NOEffect of corticosteroids on exhaled NOEffect of corticosteroids on exhaled NOEffect of corticosteroids on exhaled NOEffect of corticosteroids on exhaled NO

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

sgurD sgurD sgurD sgurD sgurD edutingaM edutingaM edutingaM edutingaM edutingaM tnemtaertSIretfaemiT tnemtaertSIretfaemiT tnemtaertSIretfaemiT tnemtaertSIretfaemiT tnemtaertSIretfaemiT ecnerefeR ecnerefeR ecnerefeR ecnerefeR ecnerefeR

stcejbuslamroN stcejbuslamroN stcejbuslamroN stcejbuslamroN stcejbuslamroN

03derP* µ syad3,yad/g tceffeoN )5991,.latesetaY(

amhtsA amhtsA amhtsA amhtsA amhtsA

0061DUB* µ )dliM(yad/g ↓ %03 syad7 )b6991,.latevonotirahK(

001DUB* µ )dliM(yad/g
004DUB µ yad/g

↓ %92
↓ %05

syad82
syad82

)9991,.latenonakataJ(

03derP* µ )dliM(syad3,yad/g ↓ %22 h27 )5991,.latesetaY(

)ereveS(SI+derP ↓ %04 h84 )5991,.lateorassaM(

1derP µ )ereveS(syad5,gk/g ↓ %64 syad5 )7991,.lateidlaraB(

1derP µ )etaredoM(syad5,gk/g ↓ %25 syad5 )9991,.lateidlaraB(

0001PF µ skeew4,yad/g ↓ %67 skeew2 )9991,.latenesneRnav(

001DUB* µ )dliM(yad/g
004DUB µ yad/g

egnahcoN
↓ %62

syad3
syad3

)0002,.latevonotirahK(
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ÀÍÀËÈÇ ÂÛÄÛÕÀÅÌÎÃÎ ÂÎÇÄÓÕÀ
Ñ.A. ÕÀÐÈÒÎÍÎÂ, Ï. ÁÀÐÍÑ

ÐåçþìåÐåçþìåÐåçþìåÐåçþìåÐåçþìå
Êàê ó âçðîñëûõ, òàê è ó äåòåé â âûäûõàåìîì âîçäóõå îïðåäåëÿþòñÿ íåêîòîðûå ãàçû, òàêèå êàê îêñèä àçîòà (NO),

ìîíîîêñèä óãëåðîäà (CO), óãëåâîäîðîäû. Ðàíåå, â âûäûõàåìîì âîçäóõå è êîíäåíñàòå áûëè îáíàðóæåíû íåëåòó÷èå ìàðêåðû
è ìåäèàòîðû (ïåðåêèñü âîäîðîäà, èçîïðîñòàíû, ëåéêîòðèåíû, ïðîñòàãëàíäèíû, öèòîêèíû, ïðîäóêòû ïåðåêèñíîãî îêèñëåíèÿ
ëèïèäîâ, íèòðèòû / íèòðàòû, S- íèòðîñîòèîëû, íèòðîòèðîçèíû). Ýòè âûäûõàåìûå ìàðêåðû ìîæíî èñïîëüçîâàòü äëÿ ìîíèòîðèíãà
âîñïàëåíèÿ äûõàòåëüíûõ ïóòåé è îêñèäàíòíîãî ñòðåññà ïðè àñòìå è ÕÎÇË, à òàêæå ïðè ëå÷åíèè êîðòèêîñòåðîèäàìè,
àíòàãîíèñòàìè ëåéêîòðèåíîâ, àíòèîêñèäàíòàìè è ò.ä.

EXHALED BREATH ANALYSIS

S.A. KHARITONOV, P.J. BARNES
SummarySummarySummarySummarySummary

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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