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Multisensory educational system “electronic tongue” for
the diagnosis of the functional state of the human body
on the characteristics of exhaled breath condensate

The structure of a learning diagnostic system, produced on basis of a new concept of multi-parameter
electrochemical analysis, simulating the organization and functioning of biological sensory systems, is
developed. System features: 1) the use of an array of multi-selective sensors with cross-sensitivity to different
chemical components in the investigated medium, 2) evaluation of the measurement results using the methods
of processing large amounts of multi-dimensional information and pattern recognition. Such analysis systems
are called “electronic tongue”. The purpose of this paper is to investigate the possibility of application
of analytical trained multisensor system for non-invasive monitoring of individual functional state of the
human body using exhaled breath condensate indicators. The diagnostic system consists of two units - the
measuring and informational. They realize the basic functions of the system: learning and recognition of
multi-dimensional “images” formed by the sensor module. Studies performed on the test subjects have
shown that each of them has its own individual reproduced “image” of exhaled breath condensate and can
be identified on this “image”. The results obtained indicate the possibility of developing on this basis a
new non-invasive method of rapid diagnosis of the functional state of the person on indicators of exhaled

breath condensate.

INTRODUCTION

Human activity is largely determined by the
metabolic processes in the organs and tissues.
Their products are distributed throughout the
internal environment (cells, extracellular space,
blood plasma, exhaled air, urine, etc.). They are
indicators of the functional state of physiological
systems and characterize the “image” of the
functional state of the organism. Therefore
the analysis of the chemical composition
liquid and gaseous media of the body is the
leading technology of diagnosis, prognosis and
monitoring of the treatment process [6, 7]. This
procedure requires the precise measurement of
large quantities of chemical components. For
example, in human exhaled air detected over
600 chemicals indicators its functional state.
A significant number of laboratory diagnostic
tests, that determine the content of chemical
substances (indicators of disease) in the body,

are made using electrochemical methods. These
methods are used in most modern analytical
devices to measure the content of organic
and inorganic materials in different media
of the body. Their sensors (in most cases)
are sensitive not only to main test substance,
but also a number of related (“interfering”)
substances [1, 2, 5]. This increases the error
of f measurements. Meanwhile, biological
sensory systems with high accuracy recognize
complex “images” of the object being analyzed,
precisely because their sensors have cross-
sensitivity to a range of substances contained
in it. These properties are determined their two
features: a - their receptors are cross sensitivity,
b - in the process of identification of the object
involved “information system” - the brain,
which carries out the processes of learning and
pattern recognition. These principles of sensory
analysis systems of humans and animals were
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the basis of a new, intensely developed areas
multiparametric electrochemical analysis of
complex multicomponent biological media.
Analytical systems created on this basis were called
“electronic nose”, “electronic tongue”. They have
been successfully used to control of the liquid and
gaseous body media, environment and the food [3, 8,
4]. Their features are: 1) the measurement is made
with the use of sensors with cross-sensitivity
to different groups of important chemical
components of the medium, 2) evaluation of
the results of measurements carried out with the
help of pattern recognition methods, processing
of large arrays of multidimensional data and
mathematical models of neural networks.

The purpose of this study is development
multi-sensor analysis system using an array of
sensors with cross-sensitivity to different groups
of important chemical components of exhaled
breath condensate, able to create an “image” of
the functional state of the human body for later
use it for diagnosis of various diseases.

DESCRIPTION OF THE DIAGNOSTIC
SYSTEM

The diagnostic system consists of two units -
the measuring and informational. The first unit
includes of sample preparation module, sensors
module, measurement module. The second unit
includes modules: learning, pattern recognition
and visualization of images.

Sample preparation module is designed
to obtain condensate from exhaled air of test
subject.

Sensor module consists of six electrochemical
electrodes (sensors), each of which has a high
sensitivity to the main determining ion (Na*, K™,
Ca*2,NO“,NH,", H") and the cross-sensitivity
to biologically important components (other
inorganic ions, proteins, fats, organic acids,
products of lipid peroxidation, the white blood
cells, foreign substances). Each of the sensors,
placed in exhaled air condensate, generates its
electrical potential. Their composition forms
the “image” of the condensate of the diagnosed
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person. The composition and number of sensors
are selected based on their cross-sensitivity to
diagnostically significant components of the
object.

Measurement module (based on micropro-
cessor) performs high-precision measurement
of the electrical potentials of the electrodes
(measuring range +4.0 V, permissible limit
of error = 0.005 mV) and the transfer of this
information to the computer. This information is
statistically processed and displayed graphically
on the computer screen.

Learning and recognition module is pre-
sented in the form of a mathematical model.
During training, the system creates a database
(“images”) in the form of a particular composition
of electrical potentials of the electrodes that
characterize the functional state of certain
test subjects. In the recognition process, the
composition of electrical potentials (registered
by from the test subject) compared with the
composition of known potential “images”
in the database. Then, in accordance with a
predetermined criterion (permissible deviations
potentials recorded by the electrodes from their
average values in the database), the decision is
made about which the “image” of the database
corresponds to the functional state of the test
subject.

EXPERIMENTAL RESEARCH

Studies were carried out on three test subjects
during five days. Following conditions are met:
1) the absence of signs of acute illness in the
subjects, 2) lack of physical activity for 3 hours
prior to the collection of condensate, 3) the
experiment began not earlier than 3 hours after
a meal, at one and the same time (12 hours). A
sample of the condensate was collected for 10
minutes. The value of electrode potential in
the obtained sample was measured for each of
the sensors (Na*, K*, Ca*2, NO, NH,*, H").
The results of measurements were processed
statistically. They are presented in Figure 1 as
a visual “images” of the condensate - hexagons
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EpH--805+43

ENO;=155.6+ 7.4

Eca= 498+38

EK--132+0.2

Figure 1. A visual representation of the “image” of condensate test subjects (A, B, C) in the form of diagrams - the hexagon. On
the axes (dotted lines) are indicated average values (n = 5) electrical potentials of six electrodes. E, - symbol represents recorded
electrode potential (mV) with the basic of the ion (e.g., E, - is the total electric potential of the sodium electrode that includes
potential generated ions Na, and additional potentials caused sensitivity of the electrode a number of chemical components in
the sample). To the right of this symbol is shown the arithmetic mean value of the total electric potential of each electrode and
the value of its mean square deviation
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with rays (the coordinate axes), directed from the
center to the point of intersection of the facets of
the hexagon. The length of the rays at the points
of intersection facets hexagon corresponds to
the arithmetic mean of the measured electric
potential (average of 5 samples) generated by
each electrode.

The presented data shows that by using
a selected set of potentiometric sensors with
cross-sensitivity, may be obtain reproducible
individual “images” of the condensate tested
subjects (standard deviation of less than 5%
of the arithmetic average of the electrode
potential). These «images» in the process of
«trainingy are stored in the computer’s memory.
The character of their changes, depending on
the functional state of the tested subjects, will
be the subject of follow-up studies.
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MYJIBTUCEHCOPHASA OBYYAEMASI CUC-
TEMA «QJIEKTPOHHBIN SA3BIK» JIJISI TUAT -
HOCTUKHU ®YHKIIMOHAJIBHOI'O COCTOSI-
HUS YEJTOBEKA 11O XAPAKTEPUCTUKAM
KOHAEHCATA BBIABIXAEMOI'O BO3YXA

Pazpaborana cTpykTypa 00y4aemMoii [MarHoCTHUECKON CHCTe-
MBI, CO3/1aBaEMOIi HA OCHOBE HOBOW KOHLIENLUY MHOronapa-
METPUYECKOTO 3IEKTPOXUMUYECKOTO aHAIN3a, OCHOBAHHOTO
Ha MMHTALUK CIIOCOOOB OpraHu3aluy U QyHKIIHOHUPOBAHHS
OHOJIOTMYECKUX CEHCOPHBIX cucTeM. OCOOCHHOCTH CHCTEMBI:
1) ncronp30BaHNe MAaCCHBA MONUCENEKTHBHBIX CEHCOPOB C I1e-
PEKPECTHON UyBCTBUTENBHOCTBIO K PA3IMIHBIM XMMHUECKUM
KOMIIOHEHTaM HCCIIClyeMOH Cpelibl, 2) OLIEHKA PEe3yIbTaToB
HU3MEpPEHUH ¢ MPUMEHEHUEM METOH0B 00paOOTKH OOIBIINX
00beMOB MHOTOMEpPHOI MH(pOPMAllUU U PACHO3HABAHUS
00pa3oB. [lonoOHbIE aHATUTHYECKHE CHCTEMBI MOTYYHIN
Ha3BaHUE «3JIEKTPOHHBIN A3bIK». Llenbio HacTosmmel padoTh
SIBJIIETCS MCCIIEN0BaHNE BO3MOXKHOCTH IPUMEHEHHUs 00yya-
€MOM MYJIBTUCEHCOPHOW aHAJIMTUYECKON CUCTEMBI ISl HE-

WHBA3WBHOI'O UHAWBUAYAJIbHOI'O KOHTPOJIA d)yHKLII/IOHaJ'[]:HOFO
COCTOSTHMSI OpraHU3Ma YeJI0BeKa Mo MHANKAaTOpaM KOHJIeHcaTa
BBIIBIXa€MOTO0 BO3/lyXa. J[MarHocTHUeCKasi CHCTEMa COCTOUT
u3 JIByX Moznyneﬁ: HU3MEPUTEIIBHOT'O U HH(bOpMaLII/IOHHOFO.
OHH pean3yloT OCHOBHbIC (DYHKIIMH CUCTEMBbI: OOyUeHHS 1
pacro3HaBaHUSI MHOTOMEPHBIX «00pa3oBy, (OpMUPYEMBIX
CEHCOPHBIM MojyleM. Mccienosanus, npoBejieHHbIE HA
UCIBITYEMBIX, IMOKa3aJI1, YTO Ka)l():lbli’l 13 HAX HMMEET CBOU
MHJIMBULyaJIbHbIHA, BOCIPOM3BOIUMBII «00pa3» KOHAeHcaTa
BBIIBIXa€MOTO BO3/1yXa U MOXKET OBITh HACHTU(DUIIMPOBAH T10
3TOMY «00pa3zy». [ToiyueHHbIE Pe3y/IbTaThl CBUICTEIBCTBYIOT
0 BO3MOXXHOCTH Pa3pabOTKH Ha X OCHOBE HOBOTO HEMHBA-
3MBHOTO METO/Ia JKCIPECC-AUArHOCTUKY (yHKIIMOHAIBHOTO
COCTOSIHHSI UeJIOBEKA T10 TOKa3aTelIsiM KOHEHCaTa BbIIbIXa-
€MOr0 BO3/lyXa.
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