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Universal mobile analytical complex for research
of respiration and gas exchange in man and animals

Experimental model of universal mobile and compact analytical complex for continuous monitoring of O,
consumption and CO, emissions in breathing humans and laboratory animals has been developed. These
gas exchange parameters are calculated based on the simultaneous recording of expiratory flow rate and
partial pressures of oxygen (pO,) and carbon dioxide (pCO,) in the exhaled air during each respiratory
cycle (for a man), and the dynamics of the partial pressures of O, and CO, in a metabolic chamber (for
animals and other biological objects). An analytical complex has a small size, light weight, and measure
human respiration and gas exchange immediately during each breathing cycle. The analytical complex
consists of two units - the measuring and informational. The first unit consists of a sample preparation
module, the sensor module, data logging module and the module data transmission through the channels
wired and wireless communications in the information unit. The second unit consists of a module data
reception from the measuring unit and the processing module, for the analysis and storage of data. The
experimental results showed that the generated mobile analytical complex allows to measure with high
precision volumetric expiratory flow rate and the partial pressure of O, and CO, in the breath of man, as
well as the partial pressures of O, and CO, in a metabolic chamber with the animal The complex has been

tested in human studies and in studies on laboratory animals.

INTRODUCTION

The state of energy and plastic metabolism,
determined by the intensity of O, consumption
and CO, emissions, is the leading method for
diagnosing the functional state of humans and
animals [1, 3, 4]. For the determination of these
parameters is necessary for a certain period of
time continuously, synchronously and accurately
carry out measurements space velocity of
breathing and the content of O, and CO, in air
exhaled during each breathing cycle.

Currently on the market there are a consi-
derable number of instruments for recording
these parameters (EOS-Sprint, ER 800, ER
900, Ergo-line, Oxycon 5, Meta Max 3B,
Rapidlab 840, Synthesis 15, Omni 3). The
main disadvantages of most of these devices -
a complicated procedure of removing moisture
from exhaled air, large size, stationary conditions
of exploitation, the high cost of the devices
themselves and expendable materials.

The purpose of this work - the development
of universal, high-speed, compact, mobile
and economic access analytical complex for
the diagnosis of energy metabolism in humans
and animals with the use of new technology,
constructive and informational solutions.

DESCRIPTION OF THE DIAGNOSTIC
SYSTEM

The analytical complex consists of two units - the
measuring and informational. The measurement
unit is intended for registration the parameters of
external respiration and gas exchange of subjects
and transfer this data into information block.
The information unit is intended to receive data
from the measuring unit and determination on
the basis of their state of energy and plastic
metabolism, physical efficiency and physical
health subjects on the whole complex of
recorded and calculated parameters.
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The first unit consists of a sample preparation
module, the sensor module, electronic data
logging module and the data transmission
module through the channels a wired or wireless
communications to the information unit. The
second unit consists of a module data reception
from the measuring unit and the processing
module for the analysis and storage of data.

Sample preparation module provides a
continuous flow of exhaled air in the sensor
module. It is thermostatic breathing tube that
contains sensors for monitoring the parameters
of respiration and gas analysis.

Sensor module consists of three electrodes
(sensors), each of which has a high sensitivity
to the main determining respiration and gas
exchange parameters: volume expiratory flow
rate q (1/ sec), the partial pressure of O, and CO,
in expired air (mm Hg). Control of the partial
pressures of O, (amperometry method) and
CO, (infrared spectroscopy method) is carried
out continuously during each exhalation. Each
of the sensors generates its electrical potential.

Electronic data logger module (based
on microprocessor) performs high-precision
measurement of the electrical potentials of
the electrodes (measuring range +12.0 V,
permissible limit of error = 0.005 mV) and
transmission of these data in the information

unit. This information is statistically processed
and displayed graphically on the computer
screen.

Transmitting and receiving modules sends
the data from the measuring unit in the infor-
mation unit through the channels wired or
wireless connection.

Module handling, analysis and storage
of recorded data provides their mathematical
treatment, visual display of the calculated
indicators and storing them in an array of data,
tables and graphs.

The basic continuously measured parame-
ters: the volume rate of exhaled air during the
respiratory cycle, the content of O, and CO, in
exhaled air and the environment, temperature of
the environment, atmospheric pressure.

Definable parameters: indicators of pulmo-
nary ventilation, the intensity of O, consum-
ption, CO, evolution intensity, the respiratory
coefficient.

EXPERIMENTAL RESEARCH

Technical characteristics analytical complex
(error measurements and dynamic parameters)
determined using the calibration gas mixtures
and the stand, simulated gas flow rate of during
exhalation, are presented in Table 1.

Table 1. Technical characteristics of sensors.

Registered parameters | Range Error limit of measurement
pO,, mmHg 50-200 +0.2
pCO,, mmHg 0-60 +0.3
Expiratory flow rate, 1/ s 0-12 +2%

Investigate the dynamic characteristics of
sensors with step changes in the composition
and flow rate of gas mixtures showed that the
time to reach steady state of their evidence less
than 0.1 seconds.

The developed analytical complex allows
to carry out continuous measurements recorded
parameters of human breathing (volumetric
expiratory flow, the partial pressures of O,
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and CO, in exhaled air) during each exhalation
individually for each measured parameter (Fig.
1), in any combination of the two analyzed
parameters (Fig. 2) , as well as to determine
their average values for the three parameters
being measured in a given period of time of
continuous respiration (Fig. 3), which allows to
determine the intensity of O, consumption and
CO, emissions.
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Figure 1. Measurements of the partial pressure of O, in the flow
of exhaled air during prolonged exhalation. On the horizontal
axis - time in minutes and seconds

For laboratory animals these indicators can
be determined for a certain period of time in a
closed space metabolic chamber (Fig. 4).
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Figure 3. Simultaneous recording of three parameters (volume
expiratory flow rate (Vin), the partial pressure of O, and CO,
in exhaled air) after a delay of breathing (55 seconds). On the
horizontal axis - time in minutes and seconds
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Figure 2. Simultaneous recording of expiratory flow rate (Vin)
and the partial pressure of CO, in exhaled air. On the horizontal
axis - time in minutes and seconds

Demonstrated research results indicate the
possibility of using the analytical complex in
physiological studies of the functional state
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Figure 4. Changes O, partial pressure and temperature in the
metabolic chamber for 5 minutes stay a rat in it. On the hori-
zontal axis - time in minutes and seconds

105



Universal mobile analytical complex for research of respiration and gas exchange

of gas exchange and respiratory systems of
humans and animals, as well as to measure the
basic parameters of the gas exchange of the
body (the intensity of O, consumption and CO,
emissions) characterizing its metabolism in
normal, pathological and extreme situations [2].
The project was supported by grants of the Program
of the Presidium Russian Academy of Sciences
«Establishment and improvement of methods of
chemical analysis and investigation of the structure
of substances and materials”.
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UNIVERSAL MOBILE ANALYTICAL
COMPLEX FOR RESEARCH OF
RESPIRATION AND GAS EXCHANGE IN MAN
AND ANIMALS

Pazpaboran sxciepuMeHTanbHbINH 00pa3el] YHUBEPCaIbHOTO
MOOMIIBHOTO MajorabapUTHOIO aHATUTHYECKOTO KOMILIEKCa
JUISl HETIPEPBIBHOTO KOHTPOJIS TAPaMeTPOB AbIXaHHs, TOTpe-
Gnenns O, n Beaenenns CO, 4eOBEKOM M 1a60paTOpPHLIMH
x&uBOTHBIMH. [Toka3aTenn ra3000MeHa BBIYUCIISIIOTCS Ha OC-
HOBE JTaHHBIX OJHOBPEMEHHOW perucTpauuy 00beMHOM CKO-
POCTH BBIIOXA M NAPUMAIBHBIX AaBieHui kucnopona (pO,),
yrexuenoro raza (pCO,) B BBIABIXaEMOM BO3/yXe B IPOLIECCE
Ka’K/I0T0 JBIXaTeNbHOIO IUKIIA (17151 4eI0BEKa) 1 MO THHAMHUKE
napuuanbHeix nasnenui O, u CO, B MeTaboIMYECKOl Kamepe
(7151 )KUBOTHBIX U JPYTMX OMOJOIMYECKHX OOBEKTOB). AHa-
JIUTHYECKUI KOMIUIEKC UMEET MaJble radapHuThl, HEOOIBIION

BEC U M3MepsieT MapaMeTphl JbIXaHUs U ra3000MeHa 4Yelo-
BEKa HEMOCPE/ICTBEHHO B MIPOLIECCE KaXKIOTO JIBIXaTeILHOTO
uiiia. OH COCTOMT U3 JBYX OJIOKOB —M3MEPHUTEIBHOTO U
uHpopMaroHHor0. M3MepuTenbHbIi O10K BKITI0YAET MOLYITb
POOOIIOIrOTOBKH, CEHCOPHBIN MOYIIb, MO/YIIb PETHCTPALIMH
JTAaHHBIX U MOJYJb Iepeadyn JaHHBIX B WH(OPMAIIMOHHBIH
OJIOK 110 KaHaJaM MPOBOAHOW MM OSCHPOBOIHON CBS3H.
WudopmannoHHslii 610K BKIIFOYAaET MOIY/Ib IIpHEMa JJAaHHBIX
OT U3MEPUTENHHOTO 0JI0Ka U MOJLYIIb 00padOTKH, aHAIIN3a U
XpaHEeHUsI 3apEernCTPUPOBAHHBIX JaHHBIX. [I[pOBEICHHBIE dKC-
HEePUMEHTAJIbHBIC MCCIICIOBAHUS TIOKA3aJI1, YTO CO3/IaHHBIM
MOOWJIbHBIM aHAJUTUYECKUI KOMIUICKC MO3BOJISCT U3MEPSTh
C BBICOKOH TOYHOCTBIO 00BEMHYIO CKOPOCTB BBIZIOXa U MApLHU-
AJIbHBIC TaBJICHUS O2 i CO2 B BBbI/ILIXaEMOM BO3JlyX€ Y€JI0BEKa,
a Tax ke napuuanbhbie nasnenns O, u CO, B MeTabomm4eckoi
Kamepe C )KMBOTHBIM. KOMILTEKC ObLT HCTIBITaH B MICCIICIOBAHHSIX
Ha JIFOISIX U JJA0OPATOPHBIX KUBOTHBIX.
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