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ANALYZA DECHU

Doc. RNDr. Petr Kuban, Ph.D.
Bioanalyticka Instrumentace, CEITEC, MU
Ustav Chemie, PiF, MU

DECH fakta

Clovék dycha od narozeni

Denni vyména vzduchu

Cely Zivot : 70 let X 365 dni 255 500 000 L = 255 000 m3

Srovnani objemu:

Rodinny ddm : 1000 m3
Men§i mrakodrap ~ 255 000 m3

10.000 L/ den
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Uvod

Dulezitost klinické analyzy
Priklady — krevni vySetfeni
POC analyza

Glukometr

Test moci

Téhotensky test

Neinvazivni davkovani

INVAZIVNI vs. NEINVAZIVNI

ODBER
KREV MoC
CSF (cerebrospinal fluid) SLINY
BIOPSIE

TKANOVY ODBER
DECH
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Testovani moci - uroskopie

Sladka - diabetes

Hnédava - Zloutenka

Cervené zbarveni, péna - ledviny

Krev - rakovina mocového Ustroji

HISTORIE ANALYZY
DECHU

Hippokrates (460 BC — c. 370 BC)

fetor oris and fetor hepaticus in his treatise on breath aroma
and disease

Hippocrates, The Corpus: The Hippocratic Writings, Kaplan
Publishing, New York, 2008.

The Hippocratic Corpus (Latin: Corpus
Hippocraticum) is a collection of around
seventy early medical works from
Alexandrian Greece.It is written in lonic
Greek

Palickovité prsty u pacienta s Eisenmengerovym syndromem

Poprvé popséany Hipokratem, "Hippocratic fingers". jsou
dusledkem dlouhodobé hypoxie periferie u cyanotickych
srdec¢nich vad.

Pali¢kové prsty jsou pfipisovany chorobam plicnim:
rakovina plic, CF, komplikovana TBC, srde¢nim chorobam

Antoine Lavoisier 1784

"Experiments on Animal Respiration and the Changes Occurring
When Air Passes Through the Lungs"

1874  Anstie made an observation that small amounts of
alcohol were excreted in breath

1897  Nebelthau jedinci, ktefi trpi cukrovkou maji v
dechu aceton

1927  Bogen prvni alko tester
McNalley Breathalyzer

1936 Patent Harger

MODERNI ERA
ANALYZY DECHU

1971 Linus Pauling (nositel Nobelovy ceny 1954)
analyzoval v dechu ca 250 raznych VOC

V soucasnosti identifikovano ca 400 latek



http://en.wikipedia.org/wiki/Alexandrian_period
http://en.wikipedia.org/wiki/Ionic_dialect
http://en.wikipedia.org/wiki/Ionic_dialect
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Fi0.2. Chromatogram of brosth

-poprvé analyzoval kondenzéat dechu
- pouzil kondenzaci a zmrazeni v ocelové trubici ledové lazni

Dals$i prace na téma EBC:

1979

T.V. Larson, D.S. Covert, R. Frank, J. Appl. Physiol. 46 (1979) 603—
607.

1980
G.l. Sidorenko, E.l. Zborovskii, D.I. Levina, Ter. Arkh. 52 (1980) 65-68.
1987

M.V. Kurik, L.V. Rolik, N.V. Parkhomenko, L.I. Tarakhan, N.V.
Savitskaia, Vrach Delo 7 (1987) 37-39.
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year has increased dramal
and Barnes PJ, unpublished observations)

METODY ANALYZY

IMS

TEKAVE LATKY SIFT MS
GCIMS

DECH

N . Spektrofotometrie, enz. reakce
NETEKAVE LATKY HPLC

GC

CE

ANALYZA TEKAVYCH LATEK

lontova mobilitni spektrometrie
Selected ion flow tube mass spectrometry

Plynové chromatografie s MS

Velké mnoZstvi latek, malé koncentrace
Nutnost zakoncentrovani
Kontaminace z okoli

Vyuziti statistickych metod pro analyzu dat

IMS priklad
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ANALYSIS OF HUMAN BREATH USING NS
V. Ruzsenyi, 1.I. Baumbach

ISAS - Instite for Analytical Scences, Bursen-Kirchhofl-Str, 11, 44138 Dartmund, Germany
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Figure 2: IMS-Chromatogeam of the breath of a smoker

SIFT MS priklad

Selected ion flow tube mass spectrometry, SIFT-
MS, is a technique for real-time measurement of
concentrations of trace gases and vapours of
volatile compounds in humid air including exhaled
breath. It is based on chemical ionization using
H,0*, NO*, and O,* precursor (reagent) ions via
ion/molecule reactions proceeding during an
accurately defined time. Absolute concentrations
of trace gases can be calculated from the ratios of
ion count rates using the know reaction rate
constants with a limit of detection being typically 1
parts-per-billion, ppb. SIFT-MS is used in several
areas of research including non-invasive breath
analysis for clinical diagnosis and for therapeutic

Figure 1: IMS-Chromatagram of the breath of a non-smokar > . N
monitoring, environmental research and security
related research.
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GC/MS priklad

The main compounds contained in exhaled breath samples
of healthy volunteers are unsaturated hydrocarbons, ketones,
alcohols and hydrocarbons.  Usually, breath samples of
smoking persons contain a high concentration of acetonitrile
and furans, as well as aromatic hydrocarbons (e.g., benzene,
toluene).
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The analysis of healthy volunteers’
exhaled breath by the use of solid-phase
microextraction and GC-MS
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Figure 3. Results of quantitative analysis of exhaled breath samples for 39 healthy volunteers.

ANALYZA NETEKAVYCH LATEK

KONDENZAT VYDECHOVANEHO
VZDUCHU

EBC

Spektrofotometrie
Enzymatické reakce
HPLC, HPLC/MS
GC, GC/MS

CE

Relativné méné latek, také malé koncentrace

Latky rozpustné ve vodeé

PLICE A DYCHANI

Respiratory
droplets

Plice jsou houbovity Sedorazovy organ, ktery vypliiuje pfevaznou &ast hrudniku. Svym tvarem
pripominaji kfidla. Povrch plic je kryty blanou zvanou poplicnice. Mame pravou a levou plici.
Prava je véts, sklada se ze tfi laloku. Levé ma pouze dva laloky.

Pradugnice Trachea

Mainstem bronchus
Pradusky
Lobar bronchus Lo

<
Segmental bronchus Jf-]

Pradusinky ~ Bronchioe — 7

v plicnich sklipcich dochazi
k vlastni vyméné plyn( mezi
vzduchem a krvi v sitich
krevnich kapilar
obetkavajicich alveoly. V
obou plicich je celkem 300 —
400 milionG alveol(, jejichz
celkova plocha ¢ini pfi
vdechu 55 — 80 m2.

Plicni sklipky Alveolus —g;

air flow >

respiratory droplets h
S

respiratory droplet evolution

evaporation

ALF

respiratory surface

Mouth.
NHy, amytase

Inflammatory
medators

AIR FLOW
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Larynx,

Bronchi: respiratory,
Nonvoiatle  oral, nasal
Soutesin & upper GI
Raspiratory  droplets
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Water vapor
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Bronchiole fluid film burst (BFFB) model

G.J. Johnson, L. Morawska, J. Aersol. Med. Pulm. Drug Deliv. 22 (2009) 229-237
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DAVKOVANI EBC

Principem je kondenzace vydechovaného vzduchu po ochlazeni

Pristroje - komeréni
- védecké

- jednoduché prenosné
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Polypropylene
test tube

Condensate

«+— lce bucket

Ice liquid N,

Inner glass Outer glass
device device

Mouthpiece

Saliva
filter

One-way valve

Breath
condensate

FIG 2. A commercially available collaction device, The RTub col
laction system is portable and disposable, and it can collect a
sampla in as lttla @ 1 minute,
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Asthmais a
it it
ASTHMA
airways of the
lungs to swell Normal bronchiole  Asthmatic bronchiole:
and narrow, 7
leading to
wheezing,
shortness of
breath, chest
tightness, and
coughing.

http://www.ncbi.nlm.nih.gov/pubmedhealth/aboutnim/

Pollen
Dust mites

Proper warm-up and
cool-down may
prevent or reduce
the incidence of
exercise-induced

Pet dander asthma

FADAM

Spirometry measures how
fast and how much
17 yoil beeathe Gt Peak flow meter

A peak flow meter is commonly used by a person with asthma to measure the
amount of air that can be expelled from the lungs. If the airways become
narrow or blocked due to asthma, peak flow values will drop because the
person cannot blow air out of the lungs as well. A peak flow meter can be a
useful aid in monitoring a person's asthma over time and can also be used to
help determine how well a patient's medications are working.

#ADAM

NO MONITORING

WWW.Nnioxmino.com, www.aerocrine.com

Aerocrine

COPD

Chronic obstructive pulmonary
disease (COPD) is one of the
most common lung diseases. It
makes it difficult to breathe.

Alveoli with
emphysema

Microscopic view
of normal alveoli

There are two main forms of
COPD:

Chronic bronchitis, which

involves a long-term cough with
mucus.

Emphysema, which involves
destruction of the lungs over
time.

Most people with COPD have a
combination of both conditions.

CF - cystickafibroza

lidska dédi¢na nemoc, ktera postihuje prevazné dychaci a travici soustavu.

Jde o autozomalni recesivni vrozené onemocnéni zpisobené mutaci
genu produkujiciho protein CETR (anglicky Cystic fibrosis
transmembrane conductance regulator).

Lécba se v soucasnosti soustfeduje zejména na Ié¢bu dychaciho Ustroji —
inhalace, fyzioterapie, antibiotika. Nemocni uzivaji travici enzymy v
kapslich, tedy na odstrariovani disledk( onemocnéni. Jeho pficina je
lécitelna, ale zatim nevylégitelna.[!]

Polovina nemocnych se dnes v Ceské republice doziva alespor 32 let.
Predpoklada se, Ze kazdy 25. ¢lovék v populaci je prenaSecem
postizeného genu, ale jelikoZ ma jednu kopii poskozenou a druhou v
poradku, onemocnéni se u ného neprojevuje



http://cs.wikipedia.org/wiki/Nemoc
http://cs.wikipedia.org/wiki/D%C3%BDchac%C3%AD_soustava
http://cs.wikipedia.org/wiki/Tr%C3%A1vic%C3%AD_soustava
http://cs.wikipedia.org/wiki/Autozom
http://cs.wikipedia.org/w/index.php?title=Recesivn%C3%AD&action=edit&redlink=1
http://cs.wikipedia.org/w/index.php?title=Vrozen%C3%A9_onemocn%C4%9Bn%C3%AD&action=edit&redlink=1
http://cs.wikipedia.org/wiki/Mutace
http://cs.wikipedia.org/wiki/Gen
http://cs.wikipedia.org/w/index.php?title=CFTR&action=edit&redlink=1
http://cs.wikipedia.org/wiki/Angli%C4%8Dtina
http://cs.wikipedia.org/wiki/Cystick%C3%A1_fibr%C3%B3za#cite_note-fakta-1
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PRIKLADY MONITOROVANI
MARKER( OX. STRESU

Increased Nitrosothiols in Exhaled Breath Condensate
in Inflammatory Airway Diseases

MASSIMO CORRADI, PADLO MONTUSCHI, LOUISE E. DONNELLY, ALBERTO PESCI, SERGEI A. KHARITONOV,
and PETER |. BARNES

Am | Respir Crit Care Med Vol 163. pp 854-858, 2001
Internet address: www.atsjournals.org
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3-Nitrotyrosine, a marker of nitrosative stress

breath condensate ol allergic asthmatic children

E. Baraldi, G. Giardano,
WL F. Pasquale, S. Carrara,
A. Mardegan, G. Banetto,
. Bastardo, F. Zacchello,
$. Zanconato

Allergy 2006: 61 90-96
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Fig. 2. Concentration of lonic species in non-deasrated EBC samples (N - 246). The central bars
pper and lower bars.

according to lognormal distributions). Circles are before exercise values, triangles are after

exercise values.

lonic Determinants of Exhaled Breath Condensate
pH Before and After Exercise in Adolescent Athietes

PRIKLAD ANALYZY EBC POMOCI KAPILARNI ELEKTROFOREZY

polypropylene straw
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BLOOD LACTATE COMCENTRATION FOLLOWING MAXIMUM EXERCISE
N TRAINED SUBJECTS

. C. GASS, PD," 5. ROGERS, DipPhry,"* and A, MITCHELL, MSet

Venous blood lactate concentration has long been con-
sidered a useful measurement in quantifying the extent
of watecidc eablian diing Gxocos dnd ey e

criterion of the degree of exhaustion,
{Rstrand ot 1. 1963). The xtent o which venous blood
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Figura 1: Biood (sctate concentration following maxi-
mum exercise.
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STANOVENI MARKERU RAKOVINY PLIC

Diagnosing lung cancer in exhaled breath using
gold nanoparticles

Gang Peng'?, Ulrike Tisch'?, Orna Adams', Meggie Hakim', Nisrean Shehada’, Yoav Y. Broza',
Salem Billan®, Roxolyana Abdah-Bortnyak®, Abraham Kuten®* and Hossam Haick'#*

jung
for widespread screening™® because they are expensive and
occasionally miss tumours. Gas chromatography/mass spec-

studies have shown that several volatile organic com-
‘pounds, which normally appear at levels of 1-20 ppb in healthy

cancer
based on gold nanoparticles can rapidly mm..w the bresth

an atmosphere of high muny In combination with solid-
e microextraction’, chromatography, mass _spec-

‘wan ol b Ky 42 ekt rgonke sompnods
iyl ooty Sl stng oot rontgrane
used to train and optimize the sensors, demonstrating good
agreement between patient and simulated breath samples.
Our results show that sensors based on gold nanoparticles
could form the basis of an inexpensive and non-invasive diag-
nostic tool for lung cancer.
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Figure 4 | Principal component analysis (PCA) of the dataset of real and
simulated breath, Each data point nds to the multidimensional

sensor in the absence of

ance change

Analyza dechu se jevi jako slibny diagnosticky nastroj

Nez bude mozné jej pouzit v klinické praxi, je tfeba provést
standardizaci jak davkovani tak obsahu biomarkert u zdravé populace

Dech je komplexni vzorek a analyza jednotlivych marker( neni
jednoducha, je tfeba vyvinout nové, citlivé metody analyzy

Aplikace v point of care diagnostice.

VyuZiti statistickych metod a chemometrie.

A JEDNA PERLICKA NA KONEC...

Patr Macejczak, SUP

Certified police dogs, on average, performed slightly better than the experi
mental set. However, they displayed greater variability: the best and the worst

dogs in our trial were both from the police set

26 McCulloch M, Jezierski T, Broffman M, et al. Diagnostic accuracy
of canine scent detection in early-and late-stage lung and breast
cancers. Integr Cancer Ther 2006; 5: 30-39.

The year 2003 has seen a new direction of canine detection research at our
Department. According to some anecdotal reports dogs are able to detect the
presence of human cancers on the basis of odorous volatile organic compounds
produced by cancer tissue.

The trained dogs were able to distinguish breath samples taken from
patients with lung or breast cancer versus healthy volunteers with a
sensitivity and specificity of about 97%!

This is a significantly higher rate than that achieved using gas chromatography
and mass spectroscopy.

Dékuji za pozornost !
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