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Abstract: Real-time analysis of exhaled breath is a promisiew method to get quantitative information on
lipophilic compounds stored in the human body. Sqite results are presented on isoprene, whigirasluced

as a by-product of the cholesterol synthesis arukays in exhaled breath at concentrations of afioGt
parts-per-billion (ppb). The results have been iabth using proton transfer reaction mass spectmymet
(PTR-MS) from healthy volunteers undergoing an ergter challenge test (with 75 W). Peak exhalatiow of
isoprene is about 400 nmol/min shortly after stdrthe challenge. The setup holds great potentiaaipturing
continuous dynamics of non-polar, low-soluble VOGger a wide measurement range with simultaneous
recording of physiological parameters affectingadation kinetics.
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Numerous organic compounds may be stored in theahubody, and this is, in
particular, so for lipophilic species. Determinatiof the amounts of such compounds in
different compartments of the body (eg a hypotleksihomogenous fat compartment or
various organs) is an important task. A popularngxe in this framework is isoprene,
a moderately cancerogenous C5 hydrocarbon, whadegenous origin in mammals has
mainly been attributed to the cholesterol synthptithway. Isoprene is also produced by
plants in huge amounts. Other examples are hydsonar(C3-C13), which partly are of
exogenous origin (kerosene, petrol) and partly imaylue to metabolization of precursors
by cytochrome P450 enzymes, by bacteria in theogw#tre formed as a result from lipid
peroxidation.

Considering their often high volatility, analysi$ exhaled breath is the method of
choice to reveal the presence of such compoundermimation of their concentrations in
a provided breath sample can be done by gas chognagthy with mass spectrometric
detection (GC-MS), proton transfer reaction masscspmetry (PTR-MS), selected ion
flow tube mass spectrometry (SIFT-MS), laser spp@ogtry or ion mobility spectrometry
(IMS). Particularly, PTR-MS and SIFT-MS allow rdahe measurements of exhaled
breath, even with breath-to-breath resolution.

The concentration levels in exhaled breath chadgpending on the stored amount of
the compound in the body, but also depending oiowsrphysiological factors such as
heart and breathing rate, rate of synthesis inbtbdy, and rate of uptake from external
sources.
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Based on the real-time capability of PTR-MS and TSMFS, one may model and
simulate the continuous flows of volatile compoumdthin the human body, and validate
such simulations by experiments: eg, by measuroncentration levels during physical
activity on an ergometer, or by looking at the amtcation changes during sleep (with
different sleep phases giving rise to differentrhaad breathing rate).

Methods

A high-sensitivity proton transfer reaction massgpmeter (PTR-MS, 3 turbopumps,
lonicon, Innsbruck, Austria) with Teflon rings (tead of Viton rings) was used for our
measurements. The count rate of primary iog®"Hvas around 10counts per second.
Hydronium ions (HO") and water clusters g9 H,O) are primary ions, the parasitic

primary ionsO, and NH, are controlled (with counts being less than 2%hef primary

ions, respectively). Isoprene (molecular weightgd®ol) and acetone (molecular weight
58 g/mol) were measured using their respectiveopaied forms at mass-to-charge ratios
m/z 69 and m/z 59. Due to their contrasting phydiemnical properties (isoprene is
strongly lipophilic whereas acetone is hydrophilia}e view these two species as
paradigmatic examples revealing valuable infornmatim the broad spectrum of possible
VOC responses according to distinct physiologicelditions.
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Fig. 1. Schematic presentation of the experimesglip for non-invasive real-time analysis of extidbeeath.
Measurement of volatile compounds is performed bgtgn transfer reaction mass spectrometry
(PTR-MS) or by selected flow tube mass spectroméfFT-MS, not shown). Alveolar ventilation is
determined by a flow measurement (SpiroStar, Medi®y, Kuopio, Finland). The electrocardiogram
(ECG), cardiac output and blood pressure are medswy the Task Force Monitor (CNSystems, Graz,
Austria)

Respiratory flow is obtained by means of an OEMsiger of the Medikro SpiroStar
USB differential pressure sensor (Medikro Oy, Kugprinland) delivering volumetric
flow rates with a sampling frequency of 100 Hz.dlation and exhalation occurs through
pre-calibrated single-use flow transducers, whieim de connected to sterilizable or
personal silicone head masks (CORTEX biophysics Bmbeipzig, Germany). This
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allows the test subject to breath freely throughuthcand/or nose while simultaneously
reducing the risk of hyperventilation (see Fig. 1).

Results

The concentration of isoprene in healthy volunteisraround 100 ppb in mixed
expiratory exhaled breath [1]. During a challengepegiment at an ergometer its
concentration increases ~3-fold (see Fig. 2). Stheealveolar ventilation increases during
pedalling at the ergometer by a factor ~5, the lalsa@oncentration of isopreruecreases
soon after having reached a peak concentration.
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Fig. 2. Isoprene concentration (in ppb) during a challeagean ergometer of one healthy volunteer (75 W,
starting at 317 s, ending at 1213 s). Cardiac dupd alveolar ventilation (in ditmin) are shown. As
soon as the volunteers starts pedalling at theneetgr, the concentration of isoprene shows a hegg, p
with the concentration increasing ~3-fold. The @age in alveolar ventilation by a factor
of ~5 dilutes the amount of isoprene and therefeagls to adecrease in absolute concentration. The
maximum amount of isoprene excreted per minutels times the amount per minute at rest. The mean

amount of isoprene excreted during pedalling (is &xperiment) is ~3.2 times the amount per miratite
rest
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The production rate of isoprene has been estimase6.34umol/h/kg B.W., from
which 0.31umol/h/kg B.W. are metabolized [2]. Only 0.@&nol/h/kg B.W. isoprene are
exhaled unchanged (net isoprene production), arimaumo 5<10° mol/day for a 70 kg
person. Elimination through the lungs happens abrcentration of about 100 ppb [1],
corresponding to an alveolar concentration of ~btb (5.%10° mol/dn? at body
temperature). Considering an alveolar minute vaiiih flow of 5.25 drifmin [3], this
corresponds to ~4.0°mol of isoprene/day (~2x1.0°mol of isoprene per minute), which
is about 80% of the net isoprene production.

The maximum amount of isoprene excreted per minute (in the ergomexperiment
described in Fig. 2) is ~12 times the amount pemutei at rest. Thenean amount of
isoprene excreted during pedalling (in this experithis ~3.2 times the amount per minute
at rest.

With a partition coefficient of 0.75 between aréérblood and alveolar air [2], the
concentration of isoprene in arterial blood is mated as 3:210° mol/dn?. The
distribution constant between fat and blood in hasna ~82 [2]. Hence, in steady state the
concentration of isoprene in the fat compartmemtsismated to be 320" mol/dn¥. For
an arterial blood volume of 2.8 drj#] and fat tissue volume of 13.3 &if19% of B.W.),
the amount of isoprene in this compartments ismegdéd to be 1A410° mol
and 4.%10°° mol, respectively. Therefore in steady state tmewnt of isoprene in the fat
compartment is ~380 times the amount of isoprerieeararterial blood.

Discussion

Kinetic modeling and corresponding on-line detemtion of concentrations of
lipophilic compounds in exhaled breath is a neveriesting field of research, still in its
infancy. In the future it will be a powerful toobrf better understanding of the fate of
volatile compounds within the body.

Acknowledgement

The research leading to these results has recedweding from the European
Community's Seventh Framework Programme (FP7/2@)/aithder grant agreement No.
217967. Julian King is a recipient of a DOC felltnygs of the Austrian Academy of
Sciences at the Breath Research Unit. We greatlyeafate the generous support of the
Member of the Tyrolean regional government Dr. Briioler and the Director of the
University Clinic of Innsbruck (TILAK) MSc AndredgSteiner.

References

[1] Kushch I., Arendacka B., Stolc S., Mochalski PFilipiak W., Schwarz K., Schwentner L., Schmid, A.
Dzien A., Lechleitner M., Witkovsky V., Miekisch WSchubert J., Unterkofler K. and Amann Breath
isoprene - aspects of normal physiology related to age, gender and cholesterol profile as determined in
a proton transfer reaction mass spectrometry study. Clin. Chem. Lab. Med., 2008(5), 550-560.

[2] Filser J.G., Csanady G.A., Denk B., Hartmann Kauffmann A., Kessler W., Kreuzer P.E., Putz €hen
J.H. and Stei PToxicokinetics of isoprene in rodents and humans. Toxicology, 19961131-3), 278-287.

[3] West J.B.: Respiratory Physiology. The Essdntizth ed. Lippincott Williams & Wilkins, Baltimer2005.

[4] Mork A.K. and Johanson GA human physiological model describing acetone kinetics in blood and breath
during various levels of physical exercise. Toxicol. Lett., 2006164(1), 6-15.



Exhaled breath analysis - quantifying the storddgophilic compounds in the human body 13

ANALIZAWYDECHU - OZNACZANIE ZAWARTO SCl
ZWI AZKOW LIPOFILOWYCH W ORGANIZMIE CZLOWIEKA

Abstrakt: Przedstawiono wgbne wyniki oznaczeniagtenia izoprenu w wydechu zdrowego cztowieka. Izopren
jest produktem ubocznym reakcji syntezy cholesterblo oznaczenia zastosowano metogbkcji przeniesienia
protonu przy wykorzystaniu spektrometrii mas (PTRM

Stowa kluczowe:analiza wydechu cziowieka, izopren, metoda reakmjzeniesienia protonu wraz ze
spektrometti mas (PTR-MS)
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