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Analyza stopovych latek v lidskem
dechu pro diagnostiku nemoci.

Uz po staleti je znamo, ze nékteré choroby vedou k pritomnosti latek
v lidském dechu, ale az donedavna neexistovaly jednoduché a
objektivni metody, jak merit jejich koncentrace. Pritom je nadéje, Ze
klinicka diagnostika pomoci analyzy dechu by byla neinvazivni a
pomerné rychla, jak se jiz ukazuje v nékterych oborech, jako
diagnostika astmatu nebo Zaludecnich infekci.

' Dech (zivotni sila) spojuje télo, dusi a ducha.
Ukolem této Zivotni sily je udrzeni dokonalé
rovnovahy mezi elementy téla navzajem a mezi
elementy téla a okoli.

Avicenna, Kanon mediciny (Al-Kanun fi ttibb),
kolem 1030.




Slozeni vdechovaného a vydechovaného vzduchu
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Metoda grafického zaznamu obsahu oxidu uhliciteho

béhem urcitého casového useku. Srov. kapnometrie
kapno-; -grafie.

Overi spravnost ventilace pri operacich
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Original prototype Capnostat CO2 sensor and airway adapter (Image courtesy of Respironics,
Inc., Murrysville, PA.).
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Zaznam parcialniho tlaku CO,

Normal

Airway




Parcialni tlak CO, na konci vydechu

EtCO2 - End Tidal CO2

The measurement of exhaled CO2 in the breath

Normal Range | 35-45 mmHg
Normal

Hypoventilation

Hyperventilation




Oveéreni spravné intubace - napriklad pri cisarskem rezu

© Caprography.Com |



Méreni vymény plynu

» Neprima kalorimetrie

» Kinetika O,

dV(0,)/dt = CO%(O2art = Ozven)
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Vydej energie

» V(O,) =V (F; (O;) -F.(Oy)Hy)
» V(CO,) =V (Fo(COy)H; - F; (COy))

» EE = (3.9 V(O,) + 1.1 V(CO,)) x 1440 (kcal/den, L/min).

Respiracni kvocient (RQ)

» Pomeér mezi V'CO, and V 'O, souvisi s metabolismem RQ:

> RQ=V COz/v .02.

» Normalné se pohybuje mezi

0.70 and 1.00.

Substrate

Carbohydrate

Gas volume equivalent of 1 g of substrate (ml)

0, co, RQ
830 830 1.00
2020 1430 0.71

970 780 0.81

Caloric value

4.2
9.5
4.3



Soucasne dechove testy

» NO, oxid dusnaty, astma

» 13CO, isotopicky znaceny oxid _','"'3’:2« /» gl
funkcm diagnostika, Helicobacter [ShEesvCsis
Pylori

» H,, vodik, malabsorbce fruktozy a
laktozy (nekdy spolecné s CH,)

» Ethanol, poziti alkoholu

Substrat Klinicko-laboratorni korelace
dechového testu

3C ~ triofein steatorhea > 11-14 g/den

'*C = hiolein intralumindini lipolyza

3C ~ mixed specificita k pankreatické lipa-

triglyceride ze, vydej lipazy < 90 kU/hod.
3G - cholesteryl pankreaticka cholesterol estera-

octanoate za, steatorhea > 11 g/den
3G - tripalmitin malabsorpce tukl
13C — trioctanoin tkanové poskozeni
fibroza > 30 %

3C - starch sekrece amylazy < 10 %



Malabsorpcni syndrom

Per Capita Consumption (pounds)
of Selected Sweeteners, 1970 - 2005."

» Malabsorpce laktozy. Deficit
laktazy, ktery postihuje asi 10%

naS] populace a Je hlavm Total Caloric Sweeteners
pri¢inou nesnasenlivosti mléka e, B

» Malabsorpce fruktoézy. (az 30%
populace). Metabolicky podklad
malabsorpce fruktdzy:
pravdépodobné zpusobena
poruchou prenasece fruktozy v
tenkém streve. Poziti fruktozy
tak vede k bolestem bricha a
prajmdm. Chorobu lze

diagnostikovat dechovym testem /,:iuh{ructose Corn Syrup

Refined Sugar

po peroralnim podani fruktozy.

» Stanoveni rychlosti evakuace _H/
ZaIUdku DeChovyteStS 7 TT I T T T T T T T T T T T T T T T T TT T ITTITrTTIrrrl
podanim 13C-oktanove kyseliny 070 1975 190 1995 1090 195 2000 2005

(kyselina kaprylova) je
neinvazivnim testem gastrické
evakuace.



Analyza stopovych tekavych latek v lidskem dechu

» Hmotnostni spektrometrie
» Plynova chromatografie (GC/MS)

» Laserova spektrometrie
» Senzory
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Puvod tékavych latek v dechu
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Laminarni a turbulentni proudeni
dychacimi cestami

» Re=pvd/ pn

» At Re > 500 flow becomes
turbulent

» Resistance + mixing
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FIGURE 4. Ratio of airway gas exchange to total pulmonary
gas exchange [Eq. (10)] is plotted vs. A,., for ten soluble
gases as calculated from the airway-alveolar gas exchange
model during tidal breathing. Greater than 95% of ethane,
cyclopropane, and halothane gas exchange in the alveoli.
The exchange of ether is partitioned equally between the
airway and alveoli. Acetone and gases with a \,., greater
than acetone exchange completely in the airways.
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Anderson et al. Modeling Soluble Gas Exchange in the Airways and Alveoli
Annals of Biomedical Engineering, Vol. 31, pp. 1402-1422, 2003
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Vyzkum moznosti analyzy dechu

S s beodtieem E,]
N 3

Fyziologie

Diabetes

3 4 o J4 roduci roduci
Cysticka fibroza cels Fels Gesores
FADAM,

Navykove latky

|diopatické strevni choroby

vV v v vV VvV Vv

Nadory

Cyste Trosis s 8
heraditary disarder
characterized by lung
congestion and infectico
ard malasorpiion of
mutrients by the pancreas

FADAM

Cysticka fibréza

Recesivni vrozené onemocnéni zplsobené mutaci genu |
protein CFTR u 1 ze 4000 déti.

Priznaky: Vysoka koncentrace sodnych a/nebo chloridovych iontd v
potu, Casté (nékdy trvalé) zanéty dychaciho Ustroji zplisobené
baktériemi - Pseudomonas aeruginosa, Burkholderia cepacia,
Staphylococcus aureus a Haemophilus influenzae. Pseudomonady
jsou tézko lécCitelné, nebot se obali mikrofilmem a znemozni pristup
antibiotikim. Dale se casto objevuji zanéty slinivky, snizena
mobilita travici trubice &i cirhdza jater.

Lécba se soustredi zejména na lécbu dychaciho Ustroji -
fyzioterapie, antibiotika. Smrt nastava nejcastéji mezi 20. a 30.
rokem Zzivota.



Hmotnostni spektrometrie je analyticka technika zalozena na mereni pomeéru hmotnosti a naboje
elektricky nabitych castic.

ProC neni mozné analyzovat neutralni molekuly?
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1. Priprava iontd ze vzorku

2. Separace iontl podle poméru hmotnosti a naboje
3. Detekce poctu iontl kazdého druhu

4. Vytvoreni hmotnostniho spektra



Magneticky sektorovy
hmotnostni spektrometr




Elektronova ionizace

- Energie elektron( obvykle
kolem 70 eV

- charakteristicka fragmentace
- existuji rozsahlé knihovny
spekter

Electron
accelerating Gaseous
potential sample
i Jinlet
T lonization
‘ _h— space
Filament [\ }
heater ...... : :> AnOde.
potential L/D electron
/ discharge
Cathodic
flament: Electron \
electron ~ Frajectory Extracting lens
emitter Focusing lens
l Accelerating lens

To the analyser

M+e > M+ 2e



ionization
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data recording

plot of bar
graph



Action of Electrostatic and Magnetic Field

on the charged particles y
A muv
W 5 Ex = T =qV;

%9 | - Fv = qguvB

7 2
muv
quB = —

v

m r2 B2

Orientation of the magnetic
force on a moving ion. q 2V

If the radius » is imposed by the presence of a flight tube with a fixed radius r, for a
given value of B only the ions with the corresponding value of m/g go through the analyser.
Changing B as a function of time allows successive observations of ions with various values
of m/q. If ¢ =1 for all of the ions, the magnetic analyser selects the ions according to their
mass, provided that they all have the same kinetic energy. Thus the magnetic analyser
(which 1s fundamentally a momentum analyser) can be used as a mass analyser provided
that the kinetic energy of the ions or at least their velocity is known.




Quadrupolovy hmotnostni spektrometr

Mass Quadrupole Mass Spectrometer
Analyzer (QMS)
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El Mass Spectra
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Hmotnostni spektrometrie v
medicine

GC/MS

ESI ElectroSpray lonization

MALDI Matrix Assisted Laser Desorption lonization
Tandem MS (MS?)

N O w N =

Nobelovy ceny za chemii
1952 Martin and Synge, GC.
2002 John B. Fenn ESI, Koichi Tanaka MALDI



Princip plynové chromatografie GC-MS
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lon Formation By ESI

Reduction

Taylor Cone ®
/ n e
@@ o ot
@ e®

Cixidation

High voltage
power supply

Adapted from Kebarle and Tang; Aral. Chem., 65, 2, 972A-9854 (1993)

Voda - metanol - acetonitril

Zvyseni vodivosti - kyselina
mravenci

Rozpoustédlo se vyparuje -
zbydou volné ionty



MALD| — Matrix Assisted Laser Desorption lonization

Time-of-flight
Mass Analyser

| |
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Novorozenecky screening

» Pravdépodobnost, ze pravé u jednoho konkrétniho vysetrovaného
novorozence bude zjisténo nékteré z uvedenych onemocnéni, je velmi
mala. Stane se tak pouze u jednoho ditéte z priblizné 1150 prave
narozenych. Pravé jemu ale novorozenecky screening pomuze uchranit
zdravi, nékdy i zivot, a z hlediska ekonomie zdravotnictvi snizi naklady na
jeho lécbu, protoze naklady na lécbu komplikaci vzniklych z pozdé
diagnostikované choroby byvaji mnohem vyssi.

» Vyznamnym meznikem v rozvoji novorozeneckého screeningu v CR se stal
1. rijen 2009. Od tohoto data doslo Metodickym navodem uvedenym ve
Véstniku MZ CR &astka 6 vydaného 12. 8. 2009 k zavedeni metodiky
tandemové hmotnostni spektrometrie do pravidelného celoplosného
novorozeneckého screeningu v CR a tim i k rozsifeni spektra
vysetrovanych chorob na celkem 13 (CH, CAH, CF, PKU a 9 dalSich
metabolickych poruch).

Elecrraspray M5-1 Clerllisions Cell M- Detecionr
Toization
Source



Novorozenecky screening

V Ceské republice se té. vysetfuje 13 onemocnéni:
vrozena snizena funkce stitné zlazy (kongenitalni hypotyreo6za - CH)
vrozena nedostatecnost tvorby hormond v nadledvinach (kongenitalni adrenalni hyperplazie - CAH)

vrozena porucha tvorby hlenu (cysticka fibroza - CF)

vV v.v.v Vv

dédicné poruchy latkové vymény aminokyselin

» vrozena porucha latkové vymény aminokyseliny fenylalaninu (fenylketonurie - PKU a
hyperfenylalaninemie - HPA)

» vrozena porucha latkové vymeény vétvenych aminokyselin (leucinéza, nemoc javorového sirupu - MSUD)
» glutarova acidurie typ | (GAl)
» izovalerova acidurie (IVA)

»  dédicné poruchy latkové vymény mastnych kyselin

v

deficit acyl-CoA dehydrogenazy mastnych kyselin se stredné dlouhym retézcem (deficit MCAD)
deficit 3-hydroxyacyl-CoA dehydrogenazy mastnych kyselin s dlouhym retézcem (deficit LCHAD)
deficit acyl-CoA dehydrogenazy mastnych kyselin s velmi dlouhym retézcem (deficit VI FAM
deficit karnitinpalmitoyltransferazy | (deficit CPT I) ¥
deficit karnitinpalmitoyltransferazy Il (deficit CPT II)

vV v.v.v Vv

deficit karnitinacylkarnitintranslokazy (deficit CACT)
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A directly coupled monolithic rectangular resonator
forming a robust microwave plasma ion source for SIFT-
MS

P Spanél, E.F.H. Hall, C.T. Workman and D Smith
Plasma Sources Sci. Technol. 13 (2004) 282-284.
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vyvéva

Microwave plasma ion sources for selected ion flow tube mass spectrometry:
Optimizing their performance and detection limits for trace gas analysis
Patrik Spanél, Kseniya Dryahina and David Smith

International Journal of Mass Spectrometry 267 (2007) 117-124.
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Analyza dechu
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the jon signal ratios of the precursor ions (NO%) and the characteristic product ion of acetone
(NO*.CHyCOCH;, at m/z 88), together with the known reaction time and the known sample and
carrier gas flow rates. Both the alveolar portions of the exhalation and the ambient air portion
are indicated, being used to calculate the mean exhalation levels and the levels in the laboratory
air respectively. The water vapour concentration is calcalated from the relative levels of the NO*
precursor jons and its hydrates NOWHz0), 2.



On-line Analyza dechu

ppb
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Metan a aceton v dechu

35 acetone median =347 ppb

mean = 376 ppb

10' 100 1000 10000 100000
acetone (ppb)

35 methane
\ median = 3.2 ppm
\ mean = 6.2 ppm
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Quantification of methane in humid air and exhaled breath using selected ion flow tube mass
9:30 10:00 10:30 11:00  11:30 12:00 12:30 13:0 spectrometry

. K. Dryahina, D. Smith, P. Spanél
time of day (h:m) Rapid Commun. Mass Spectrom. 24 (2010) 1296-1304



ppb 12/05/2011 15:11:35, O2+, PS, 5min kllidny stav, 5 min rotoped, zklidneni, p=1.224, fc= 5.4, f1=0.370, S=4.7, A

|lzopren

= 0.8, Tg=304, Ir=4.0, 16=1024.0, p_i=0.124, fscan=1024.0

.32 De(139)=1.36

260F 1d=11.1:15.1pA fr= 0.37 t= 0.43ms st= 0.32s Mr(19)= 1.20
isoprene67only = 168 ppb+6.7 ppb, ~+12.1 ppb (1.93 cps/ppb) 6.4e-12 mol pc mTorr 1215.4

3 Id pA 13.6

220F fc mTorr | / s 5343.1
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Jak se méeni slozeni dechu s vekem?

Volunteer groups:

Children N=4 (2 M, 2 F)

Young adults N=26 (10 M, 16 F)
Adults N=34 (11 M, 23 F)

Over 60 y. N=13 (10 M, 3 F)

age 4 to 6 years
age 17-19 years
age 25 to 62 years
age 60 to 83 years

no disease reported

1 asthmatic

6 asthamtics, 2 diabetics
4 diabetics

Distributions of breath levels measured in the “young adults”, “adults” and “over 60 y.” groups

N over . N
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Journal of Breath Research 1 (2007) 011001 (4pp)




Zatim nejveétsi vyzkum, ktery jsem délala, Vék vyska vaha BMI Slehaéka (g)
byl celkem dost ndrocny nejen pro télo ale i
pro Zaludek, kdy jsme zkoumali zvySovdni 18 165 68 24.98 134
acetonu v dechu pri hladovéni a pak pri 30 170 70 24.22 132
poddvdni ketogenniho jidla po nékolik hodin.
Prekvapilo mé, Ze i pfes ne zrovna ldkajici 25 177 67 21.39 133
zadani toh,otoo experimentu se seslo 8 28 163 68 25 59 130
dobrovolnikd.
42 176 99 31.96 153
Alzbéta Rejskova, studevntka septimy
Biskupské gymnazium, Zd'ar nad Sazavou 25 183 6 22.69 141
25 180 66 20.37 132
33 172 64 21.63 126
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gipion 1800, inflate2200, biopsy 2500, another biopsy at 3200s, axtracting the lymph node at 3400s, deflate 4100, endoscope 5700, disconeted 7600s, 100% O2 initially, p—l 01!
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Ammoniak, rozdil ve vydechu usty a nosem

10 100 1000 10000 10 100 1000 10000 10 100 1000 10000
10l BREATH 10l BREATH 10} BREATH
Median = 1088 ppb Median = 885 ppk Median = 855 ppb e
8 G.SD.=13 [ 8rG.S.D.=13 8rG.S.D.=13
6r 61 6}
4t \ 4t 4t
2+ k 2+ 2+
0 0 0
10} NOSE 12+ NOSE 151 NOSE
Median = 103 ppb 10} Median = 110 ppk Median = 83 ppp
8 G.SD. =12 G.S.D.=13 GSD.=12 |
6l 8 » 10}
N 6 N
A at 5t
| T
0 0 0
s MOUTH gl MOUTH 10} MOUTH
Median = 1465 ppb Median = 2146 ppb 8| Median = 1859 ppb —
GSD.=14 6l G.S.D.=15 G.S.D.=13
4t 6
7 i
4t
2F
0 0 : S 0 y
10 100 1000 10000 10 100 1000 10000 10 100 1000 10000
Ammonia, [ppb] Ammonia, [ppb] Ammonia, [ppb]
Volunteer A Volunteer B Volunteer C

Ammonia in lab air: 91+27 ppb

The intra-individual distributions of ammonia obtained from three healthy
volunteers, A, B, C, measured in mouth-exhaled breath, nose-exhaled
breath and in the closed mouth cavity.



Testovani zubni pasty a ustni vody

Klara Pichova, Vaclav Simanek, stfedoskolsky projekt

» Pachove latky
» Aromat

» Zmeéna Vv case
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Bakterialni
kultury

» Multivariacni statisticke
metody

» PCA
Analyza hlavnich komponent

» Xm/z18, 36 and 54
» Ym/z 28,59 and 77
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Mereni kyanovodiku u deti s cystickou fibrozou

Cysticka fibréza
100 . . 100 . .
Recesivni vrozené onemocnéni zplsobené | (a)directbreath: T | (b)direct breath:

, dukuiicih . individual visits distribution of medians
mutaci genu produkujiciho protein CFTR u 1 a0 | | a0 L from several visits
ze 4000 deti. N=117 ~

_ , , - median 11 ppbv N=15
Pfiznaky: Vysoka koncentrace sodnych a/nebo | . | |y g Medani4ppby
chloridovych iontl v potu, Casté (nékdy 2 2
trvalé) zanéty dychaciho Ustroji zpusobené Z | z

4 . . ° = “-\

bakteriemi - Pseudomonas aeruginosa, T 40| d"i'anfgpw | 1 T 40f
Burkholderia cepacia, Staphylococcus 1 - L N=19
aureus a Haemophilus influenzae. 20l KO 20 | median 2 ppbv
Pseudomonady jsou tézko lécitelné, nebot se o 5
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o .1 © s v . .’ D4 0 | om 4 »* 0 I
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Lécba se soustredi zejména na terapii
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20. az 40. let Zivota.



Ulcerozni kolitida
Crohnova nemoc

Vyznamne rozdily u pentanu

- - = cyclic peroxide

(peroxy! radical)

-

LOOH
(lipid peroxide)

LO" L - - = pentane
(alkoxyl radical)
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1-pentane: Inflammatory bowel disease

Inflammatory bowel disease (IBD) o ' T
« The major types of IBD are 200 -
Crohn's disease (CD) and ulcerative colitis (UC). Bl r]j i
& .
£ 100 : oy :

= | s .~
a 50-% = -1.‘ . ..o ‘s il
o.— E

healthy CcD uc

(N =188)

1.0 T v .

 a group of chronic disorders of the gastrointestinal s | j‘\' 47 ppby

tract causing extensive inflammation and damage to i Bl

the intestines and rectum g . \.‘ (53 ppby)
« The actual cause of the disease is unclear, but all 3 e TR

indications are that it is an autoimune disease, g X

genetic pregi.sposition, environment and lifestyle play S 04w

an importa role. § | o

.

« IBD primarily occurs in young people aged 20 to 30
years.
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(b)

pentane, ppbv
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Acetic acid: GERD and Cystic Fibrosis
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Figure2. Concentrations of acetic acid in exhaled breath of healthy controls and patients with GERD (from [24]) and patients with
CF obtained using SIFT-MS. In addition to the individual data points the box-and-whisker plots are included to indicate the 10th,
25th, 50th, 75th and 90th percentiles.



Aspartame

» The acceptable daily intake (ADI)
» Europe: 40 mg/kg
» United States: 50 mg/kg

» Aspartame must not be ingested by sufferers from
phenylketonuria.

» Although declared safe at ADI or lower doses,
connection has been suggested to diseases,
including lymphomas and leukemia

» The aspartic acid component is connected to

Aspartic
acid O Phenylalanine
OH H O Methanol
H,N" NN o CHs
O
Aspartame

neurological disorders including migraine, seizures,

epilepsy




Breath methanol kinetics after ingestion of aspartame
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TBW ~ 60% of body weight

M- P =1032 ppbv

One-compartment model



Smeéry vyzkumu moznosti analyzy dechu

Fyziologie

Diabetes

producing
celis destroyed

Cysticka fibroza
Navykove latky

|diopatické strevni choroby

vV v v vV VvV Vv

Nadory




Dalsi mezioborovy vyzkum

» Zivotni prostiedi

» Bezpecnost (vybusniny)
» Potravinarstvi
>

lontova chemie (planetarni atmosféry)



Pouziti SIFT-MS
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Volatile compounds in breath and EBC headspace

Petr Cap?, FrantiSek Pehal!, Kseniya Dryahina2, Patrik Spanél?

Some compounds correlate well
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Selected ion flow tube mass spectrometry of exhaled breath condensate headspace

Petr Cap, Kseniya Dryahina, FrantiSek Pehal and Patrik Spanél

Rapid Commun. Mass Spectrom. 22 (2008) 2844-2850
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