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The aim of this study is to develop a universal, rapid and affordable method for the identification of dydrogesterone, troxeru-
tin, and ademetionine in drugs by multisensor digital colorimetry using a unique two-dimensional code. The developed
approach can be applied to rapid detection of counterfeit drugs at the preliminary stage of the analysis (before using more
expensive specialized equipment).

Materials and methods. To implement the proposed approach, the substances of dydrogesterone (“Abbott Biologicals B.V.”,
Netherlands), troxerutin (JSC “Interfarma”, Prague, Czech Republic) and ademetionine (LLC “Farmamed”, Moscow, Russia),
troxerutin capsules 300 mg (LLC “Pranafarm”, Samara, Russia), lyophilisate for an intravenous solution and the intramuscular
administration “Heptral”® (ademetionine) 400 mg (“Abbott Laboratories”, GMBH, Germany), tablets “Duphaston”” (dydro-
gesterone) 10 mg (“Abbott Healthcare Products B.V.”, Netherlands), were used. A multisensor colorimetry method has been
implemented using the following set of 8 sensors (C—C,): an intact solution —a 96% (v/v) aqueous ethanol solution — C ;
1 mM alcoholic solution of anthraquinone green (CAS#4403-90-1) — C,; a 0.2% aqueous solution of 3-methylbenzothiazoli-
none hydrazone (CAS#1128-67-2) — C,; a 0.2% methyl orange aqueous solution (CAS#547-58-0) — C,; a 1 mM alcoholic solu-
tion of sulforhodamine B (CAS#3520-42-1) — C,; a 1 mM alcoholic solution of 1-hydroxypyrene (CAS#5315-79-7) — C; 1 mM
alcoholic solution of allura red AC (CAS#25956-17-6) — C,; a1 mM aqueous solution of iron (Ill) chloride — C,- Transparent
flat-bottomed polypropylene plates with 96 cells, with a cell volume of 350 pl (Thermo Fischer Scientific, USA, cat. No.
430341) were used as a base for the chip. For obtaining raster images, an Epson Perfection 1670 office flatbed scanner
(CCD-matrix) with a removable cover was used. The obtained digital images of the cells were processed using the Image)
software (Wayne Rasband, National Institutes of Health, USA; http://imagej.nih.gov/ij) with a 24-bit RGB color model (8 bits
per channel).

Results. The adequacy of the developed approach was confirmed by the analysis of the above-listed drugs. It has been shown
that the results obtained have no statistically significant differences from the values determined by the spectrophotometric
method.

Conclusion. The possibility of using multisensor digital colorimetry for pharmaceutical analysis has been shown. The devel-
oped methods for the identification of the active substances can serve as a good supplement to more expensive traditional
methods.

Keywords: dydrogesterone; troxerutin; ademetionine; digital multisensor colorimetry; barcode

Abbreviations: RGB — red, green, blue; MBTH — 3-methylbenzothiazolinone hydrazone; PCA — Principal Component Analysis;
PC1 — Principal Component 1.
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Lienb. Pa3paboTka yHMBEPCAZIbHOFO 3KCNPECCHOrO M AOCTYMHOro cnocoba onpeaeneHna AnaporecTepoHa, TPOKCepyTUHa
1 afleMeTUOHMHA B JIEKaPCTBEHHbIX Mpenapatax MeTo40M My/IbTUCEHCOPHON LUUMPPOBON LLBETOMETPUN C UCTMONb30BaAHNEM
YHWUKaNbHOTO ABYMEPHOro Koga. Pa3paboTaHHbIM Nogxos MOXKeT bbiTb NpUMeHeH A/1a 6bicTporo BbiABneHUA danbcuduka-
TOB /IEKAPCTBEHHbIX CPEACTB Ha NpeABapuTe/IbHOM 3Tane aHaausa (4o ncnonb3oBaHusa 6onee 4OPOroro cnewunanmsnpoBaH-
Horo o6opynoBaHus).

Marepuanbl U metoapl. [117 peanvsaumm NpeasioKeHHOro NoAXo4a UCMoib30BaHbl CybCTaHLMM AMaporecTepoHa («3660TT
Buonoaxunkans b.B.», HuaepnaHgbl), TpokcepytuHa (AO «MHTepdapmar, Mpara, Yexua), agemeTmoHuHa (000 «dapmames»,
MockBa, Poccus), Kancynbl TpokcepyTrHa 300 mr (OO0 «lMpaHadapm», Camapa, Poccus), anodunmnsat ana npurotoBneHUs
pacTBopa A8 BHYTPUBEHHOIO M BHYTPMMbILEYHOTO BBeaeHus «fentpan»” (agemetrormnH) 400 mr («3660TT J1abopaTopus»,
IMBX, lfepmatus), Tabnetku «JrodactoH»’ (auaporectepoH) 10 mr («3660TT Xenckea Mpoaakte b.B.», Huaepnanapl). Metog,
MYNIbTUCEHCOPHOI LIBETOMETPUM Peann30BaH € MCMNo/b3oBaHWeM ciedytolero Habopa u3s 8 ceHcopos (C,—C,): MHTaKTHbIN
pacteop — 96% (v/v) BoAHbIii pacTeop 3TaHoNa — C ; 1 MM cnnpToBOI pacTBOP aHTPaxMHOHOBOTO 3eneHoro (CAS#4403-90-1)
- C,; 0,2% BoAHbIV pacTBOp 3-MeTUI6€H30TUa30NMHOH-TAPa30Ha (CAS#1128-67-2) — C,; 0,2% BOAHbIN pacTBOp METUJIO-
paHxa (CAS#547-58-0) — C,; 1 MM cnupToBo# pacTBop cynbdopoaammuta B (CASH#3520-42-1) - C.; 1 MM cnnpToBoii pacTBop
1-ruapokennupera (CAS#5315-79-7) — C.; 1 MM cnupTOBO PacTBOP KpacHOro o4aposatesibHoro AC (CAS# 25956-17-6) — €
1 mM BogHbIV pactBop xenesa (ll) xnopuaa — C,. B KayecTBe OCHOBbI 417 YMMA UCTIONb30BA/IM NPO3PaYHbIe NAaHLeTbl U3
NOAMMNPONUIEHa C NIOCKMM AHOM Ha 96 aveeK, 0b6bem Avelikm — 350 mka (Thermo Fischer Scientific, CLUA, kaT. Ne 430341).
[ns nonyyeHWs pacTpoBbiX M306pakeHUin NpUMeHANn odUCHbIM NAAHLWWETHBIM cKkaHep Epson Perfection 1670 (CCD-ma-
TPULLA) CO CbEMHOW KpbIWKOW. MonyyeHHble LmMbpoBbie N306pakeHna aueek obpabaTbiBann B Nnporpamme Imagel (Wayne
Rasband, National Institutes of Health, USA; http://imagej.nih.gov/ij) c ncnonbzosaHnem LseToBoi mogenn RGB 24 6ur (8
61T Ha KaHan).

Pe3ynbratbl. ALEKBAaTHOCTb Pa3paboTaHHOro NoaAxoAa NOATBEPNKAEHA NPY aHaIM3e BbllenepeyncNeHHbIX NeKAPCTBEHHbIX
npenapaTtos. [oKa3aHo, YTO NOyYEHHbIE Pe3y/ibTaTbl HE UMEIOT CTAaTUCTUYECKM 3HAYUMBIX OT/IMUYUI OT BEZIMYMH, ONpeaenEH-
HbIX CNEKTPODOTOMETPUYECKMM METOLOM.

3akntouyeHue. [oKkazaHa BO3MOMXKHOCTb MCMO/Ib30BAHWUA MY/IbTUCEHCOPHON LMPPOBON LiBeTOMeTpUN AnA dapmaLeBTuye-
CKOro aHanu3a. Pa3paboTaHHble cnocobbl onpeaeneHna AeNCTBYIOLLMX BELWECTB MOTYT C/IYXKNTb XOPOLUMM JONONHEHUEM K
6onee AOPOroCTOALLMM TPAAULMOHHBIM METOAAM.

KntoueBble cnoBa: AUApOrecTepoH; TPOKCEPYTUH; aeMETUOHWH; LMdPOBaA My/IbTUCEHCOPHAA LLBETOMETPUSA; LUTPUX-KOA,
Cnucok cokpaweHuii: RGB (K3C) — KpacHbIi, 3eneHbli, cuHuii; MBTT — meTun6eH30T1a3onnHoH-rnapasoH; PC1 — rasHasn
KommnoHeHTa 1 / Principal Component 1; PCA — meTog, maBHbIX KOMNOHEHT / principal component analysis.

INTRODUCTION

For a preliminary rapid detection of counterfeits (even
before using more expensive analytical equipment), it is ad-
visable to practise simple, accessible and express methods.
One of these methods is a digital colorimetry, based on the
registration of electromagnetic radiation in the visible range of
wavelengths by digital devices to get color raster images [1-6].
Digital colorimetry has become widespread in pharmaceutical
analyses. In this area, the method is used to: analyze medicinal
plants [7, 8]; assess the quality of collections, which include
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powders of medicinal plants [9—11]; determine the whiteness
of powdered and tableted drugs [12]; identify the biologically
active substances and drugs both by their own color and by the
color of the products of color reactions used in pharmacopoe-
ial tests [12]; identify the DOA and banned products [13, 14].
Digital colorimetry combines the availability of chemical
test methods with a visual detection and a good performance
of instrumental methods, primarily optical molecular spectros-
copy. The extremely low cost of the analysis by this method
is due to the possibility to measure the analytical signal using
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consumer digital optical devices not certified as measuring in-
struments [1, 5, 15, 16]. Despite the obvious advantages, the
colorimetric method is not devoid of a number of limitations,
the main one of which is its low selectivity [4, 17].

To increase the selectivity of the method, the use of
molecular sensors was proposed [18]. It is advisable to use
a cell of several chromogenic agents as sensors, in which a
series of analytical reactions can be carried out simultane-
ously. The multisensor colorimetry method [19-29] is based
on obtaining colored products of an analyte interaction with
molecular sensors, getting information about their color
characteristics, and then converting them into a discrete
substance “barcode” that can be used for chemical analyses
[17, 30].

A unique colorimetric two-dimensional code makes it
possible to estimate both the nature and the content of ac-
tive substances in the drugs at the minimum level of infor-
mation noise [17, 30]. To form the “barcodes”, it is advisable
to choose such sensors and color channels, the values of the
lightness of which correlate with the content of the analyte.
Lightness shall mean the color coordinate on one of the color
channels in the RGB system (varies in the range from 0 to
255).

The drugs of three different pharmacological groups
were selected as the test objects. Dydrogesterone is synthet-
ic progestogen that fully ensures the onset of the secretion
phase in the endometrium in cases of endometriosis and
dysmenorrhea. Troxerutin is a flavonoid, a phleboprotective
drug that has venotonic, angioprotective, anti-inflammatory,
anti-edema and antioxidant effects. Ademetionine is an anti-
oxidant, hepatoprotective, detoxifying agent. The structural
formulas of the active substances are shown in Fig. 1. The
development of alternative methods for their identification,
suitable for a preliminary screening analyses of drugs, is an
important and urgent task of the pharmaceutical and analyt-
ical chemistry.

THE AIM of this study is to develop a universal method
by multisensor digital colorimetric analysis of drugs of vari-
ous pharmacological groups using dydrogesterone, troxeru-
tin and ademetionine as examples. The developed complex
of molecular sensors in combination with new approaches
to the processing of analytical signals will make it possible
to identify the above-mentioned active substances in the
drugs.

MATERIALS AND METHODS

Study objects

To implement the proposed approach, the substances of
dydrogesterone (“Abbott Biologicals B.V.”, Netherlands), troxeru-
tin (JSC “Interfarma”, Prague, Czech Republic) and ademetionine
(LLC “Farmamed”, Moscow, Russia), troxerutin capsules 300 mg
(LLC “Pranafarm”, Samara, Russia), lyophilisate for an intrave-
nous solution and an intramuscular administration of “Heptral”®
(ademetionine) 400 mg (“Abbott Laboratories”, GMBH, Ger-
many), tablets “Duphaston”” (dydrogesterone) 10 mg (“Abbott
Healthcare Products B.V.”, Netherlands) were used.
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Materials

For a quantitative analysis, a series of calibration solu-
tions was prepared using the substances troxerutin and ade-
metionine (4.0-20.0 mg/ml) in increments of 4 mg/ml, dydro-
gesterone (1.0-3.0 mg/ml) in increments of 0.5 mg/ml. The
concentration range had been selected in such a way that the
content of the active substance in the real drug would be in the
middle of the calibration curve.

The calibration solutions were analyzed by multisensor
colorimetry using the following set of 8 sensors (C,—C,): an in-
tact solution — a 96% (v/v) aqueous ethanol solution — C; 1
mM alcoholic solution of anthraquinone green (CAS#4403-90-
1) - C,; a 0.2% aqueous solution of 3-methylbenzothiazolinone
hydrazone (MBTH) (CAS#1128-67-2) — C,; a 0.2% methyl or-
ange aqueous solution (CAS#547-58-0) — C,; a 1 mM alcoholic
solution of sulforhodamine B (CAS#3520-42-1) - C; a 1 mM
alcoholic solution of 1-hydroxypyrene (CAS#5315-79-7) — C,;
1 mM alcoholic solution of allura red AC (CAS#25956-17-6) —
C,; a1 mM aqueous solution of of iron (Ill) chloride - C,.

Equipment

Transparent flat-bottomed polypropylene plates with 96
cells [31-33], cell volume 350 ul (Thermo Fischer Scientific,
USA, cat. No. 430341) were used as a base for the chip.

Using Biohit mLine dispensers (Sartorius, USA), 100 uL of
alcohol solutions of substances, sensor solutions (Cl—CS), and
purified water were placed into the cells of the plate. The num-
ber of sensors was determined so that it would be possible
to analyze the maximum number of samples on one plate (8
sensors by the number of rows of the plate).

For obtaining raster images, an Epson Perfection 1670 of-
fice flatbed scanner (CCD-matrix) with a removable cover was
used. The plate with the samples was scanned using the Epson
Scan software in the Professional mode (600 dpi resolution,
24-bit color depth). “Color restoration”, “Unsharp mask filter”
and “Descreening filter” options were disabled. To perform
a digital colorimetric analysis using a 96-cell plate (Thermo
Fischer Scientific, USA, cat. No. 1256604), a Teflon insert of
210%x297x17 mm in size, was made with a center rectangular
cut (128x86 mm) and was placed under the cover of an of-
fice A4 flatbed scanner. It made it possible to: expedite and
formalize the procedure for placing the plate on the working
glass table of the scanner; fix the coordinates and lighting
conditions of the plate with an electroluminescent lamp built
into the carriage; minimize the side stray illumination of the
plate with substrates by external illumination sources; improve
the accuracy of measuring results of plate raster images color
channels lightness.

The difference in the color channels lightness between
the analyte cell and the intact cell was used as an analytical
signal. The obtained digital images of the cells were processed
using the ImageJ software (Wayne Rasband, National Institutes
of Health, USA; http://imagej.nih.gov/ij) using the RGB 24-bit
color model (8 bits per channel), in each cell the central area
was selected and 3 averaged values of lightness were obtained
for it, one for each color channel of RGB. The choice of color
channels was carried out empirically.
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RESULTS AND DISCUSSION

Semi-quantitative colorimetric analysis of troxerutin,

dydrogesterone and ademetionine

The obtained values of the lightness of RGB-channels
were processed in the MS Excel spreadsheet editor, the opti-
mal threshold values of the difference in the lightness of the
channels for the analyzed solution and the intact cell were
chosen. The values above them were conventionally designat-
ed as “1” and below them as “0” (Table 1) and colorimetric
“barcodes” were created (Table 2). When choosing the optimal
threshold value for the difference in lightness, the following
requirements were met: (1) the code must be unique; (2) the
difference in coding between adjacent concentrations should
be minimal (1-2 values). To meet these requirements, it is ad-
visable to set individual thresholds for each channel. This prob-
lem was solved using MS Excel (Add-in “Search for a solution”).

The presented one-dimensional “barcodes” can be clus-
tered into a two-dimensional code (Table 3), which makes it
possible both to estimate the nature and the content of the
active substance in the drugs at the minimum level of the
information noise. The interpretation of a two-dimension-
al code for the identification of the substances is possible
both in visual and “instrumental” mode, for example, using
a software “barcode” scanner on a smartphone after its pre-
liminary setup. The latter mode is especially useful when
processing large data sets to increase the reliability of the
analysis results.

Thus, the technique of the semi-quantitative analysis of
drugs can be reduced to comparing the code of the test solu-
tion with the corresponding code of a standard solution of the
known concentration. Since the inaccuracy of the semi-quanti-
tative analysis results is initially high, there is no need to use an
inaccessible standard sample. It is just necessary to reproduce
the described conditions of measuring the analytical signal and
use a ready-made set of two-dimensional barcodes.

Colorimetric quantitative analysis of dydrogesterone,

troxerutin and ademetionine drugs

For the quantitative analysis, it is advisable not to use all
color channels and sensors, but only those the lightness values
of which correlate with the analyte content. The coefficients of
determination (r2) are calculated for all analytes, sensors and
color channels, sensors and channels for which the value of r2
> 0.99 is a linearity criterion for the pharmaceutical analysis

methods are identified. Thus, for the analysis of troxerutin, 4
color channels were selected (G4, G5, R7 and R8), for dydro-
gesterone — 5 channels (R2, G4, G6, B6 and R7), for ademe-
tionine — 6 channels (R2, G2, R3, B3, G5 and G7).

To test the developed approach, a colorimetric analysis of
the following drugs was carried out: tablets of dydrogesterone
“Duphaston”® 10 mg, capsules of troxerutin 300 mg and lyo-
philizate of ademetionine “Heptral”® 400 mg. In order to select
the optimal method for the identification of active substances,
a comparison of the metrological characteristics of the meth-
ods using all the proposed color channels and sensors, was
carried out. The content of the active substance in the drugs
was determined by the calibration curve method. The results
of the active substances identification in the indicated drugs
using the developed approach, are presented in Table 4.

For all variants of colorimetric techniques, the equality of
the means was proved using the modified Student’s t-test for
independent samples (P=0.95). The table shows that methods
of the troxerutin identification using the R-channel of sensor 7,
of ademetionine —the G- channel of sensor 2, and of dydroges-
terone — the R-channel of sensor 2, have the best metrological
characteristics. The presented data show that the results of the
analysis of the drugs by method of multisensor digital colorim-
etry, accord well with the data declared by the manufacturer
(obtained by high performance liquid chromatography and
spectrophotometric method).

Using the technique of the principal component analysis
for the assay of dydrogesterone, troxerutin and ademetionine
drugs.

An approach in which the set of lightness values of color
channels is considered as a kind of “colorimetric spectrum”,
seems promising. In this case the data can be processed using
chemometric algorithms, of which the principal component
analysis (PCA) is used most often. In this case, it is possible, on
the one hand, to select all useful information from all sensors
on all channels at once, on the other hand, the level of the
information noise can be reduced and the accuracy of the anal-
ysis results can be increased.

To test chemometric approaches, a series of calibration
solutions of the troxerutin and ademetionine substances (4.0—
20.0 mg/ml) in increments of 4 mg/ml, and dydrogesterone
(1.0-3.0 mg/ml) with a step of 0.5 mg/ml were used. The val-
ues of the first principal component (PC1) were calculated by
the formulas.

For dydrogesterone:

PC1=-0.01-AG, - 0.31-AR, - 0.02-AG, — 0.23-AB, -
-0.01-AR, - 0.01-AG, - 0.35-AB, — 0.01-AR, — 0.21-AG, — 0.01-AB, +
+0.01-AR, — 0.44-AG, — 0.40-AB_ - 0.01-AR, - 0.09-AG_ - 0.22-AB_ -

—0.24-AR, - 0.09-AG, — 0.02-AB, — 0.04-AR, — 0.46-AG, — 0.03-AB,

For troxerutin:

PC1=0.02-AR, +0.10-AG, + 0.05-AB, + 0.38-AR, + 0.01-AG, + 0.31-AB, +
+0.17-AR, + 0.48-AG, + 0.21-AB, + 0.13-AG, + 0.14-AB, +
+0.23-AR, + 0.16:AG, + 0.38-AB_ + 0.17-AR_+ 0.18-AG, +

+0.23-AR, +0.01-AG, + 0.02-AB, + 0.27-AR, — 0.02-AG, + 0.02-AB,

Tom 9, Buinyck 1, 2021
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Figure 1 — Structural formulas of dydrogesterone (a), troxerutin (b), ademetionine (c)

Table 1 - Colorimetric codes corresponding to various concentrations of dydrogesterone,
troxerutin and ademetionine

Dydrogesterone
¢, mg/ml AR, AG, AG, AB, AR,
1.0 0 0 0 0 1
2.0 1 0 0 1 1
3.0 1 1 1 1 1

¢, mg/ml AG AG AR AR
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Table 2 — Scale of “barcodes” corresponding to various concentrations of dydrogesterone,
troxerutin and ademetionine

Dydrogesterone Troxerutin Ademetionine
¢, mg/ml “Barcode” ¢, mg/ml “Barcode” ¢, mg/ml “Barcode”
1.0 4 4
1.5 8 m 8
2.0 12 I[ 12
2.5 16 ” 16
3.0 20 I.I 20
Table 3 — Two-dimensional “barcodes” for simultaneous analysis dihydrosterone,
troxerutin and ademetionine
Active C, C, C, C, C, C, C, C,
substance,
¢, mg/ml R G B R G B R G B B G B
Dydroge-
sterone
(2.5 mg/ml)
1.0
O
O
N N
O O

Troxerutin
(16 mg/ml)
4

8
12
16
20
Ademetionine ..:.
(8 mg/ml)

4

: ]
12 H H BN
16 a =N

20

Note: C,—C, — sensors; the dark fill of the cell corresponds to the presence of a signal, the light one — to its absence
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Table 4 — Results of active substances identification in medicinal products by multisensor digital colorimetry
using various color channels and sensors

Active ingredient content, mg/unit S
and ccs);eonrsé)l':annel Spectrophotometry Digital colorimetry (for .digital
(n=3,P=0.95) (n=11,P=0.95) colorimetry)
Dydrogesterone
R2 11.1+£1.2 0.048
G4 84+1.0 0.053
G, 10.2:0.1 7.0£0.8 0.050
B6 6.2+0.6 0.042
R, 144+1.7 0.053
Troxerutin
G, 294 %23 0.036
G, 284+ 25 0.040
R, 287%2 290 £ 20 0.036
R, 291+18 0.028
Ademetionine
R, 393 +42 0.048
G, 395+19 0.022
R, 389 +27 0.031
B, 3914 388 + 28 0.033
G5 400 £ 35 0.040
G, 376+ 24 0.029
Table 5 — Results of multisensor colorimetric identification of active substances
in drugs by the principal component analysis
Active ingredient content, mg/unit S,
(for digital
Spectrophotometry (n =3, P = 0.95) Digital colorimetry (n =11, P = 0.95) colorimetry)
Dydrogesterone
10.2+0.1 11.0+0.8 0.031
Troxerutin
287 +2 290+ 7 0.016
Ademetionine
391+4 388+9 0.020
200 + 200 + 200 ©
150 150 150
100 - 100 100
50 - 50 50
S o - S oty B oo bl
50 0 25 -50 0 4 8 /12 16 20 24 -50 0 4 8 /12 16 20 24
-100 - -100 -100 -
-150 -150 -150
-200 - C, mg/ml -200 — C, mg/ml ~200 -~ C, mg/ml
a) b) <)

Figure 2 — Dependence of the first main component vs concentration
of dydrogesterone (a), troxerutin (b), ademetionine (c) in calibration solutions
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For ademetionine:

PC1=0.02-AR, + 0.01-AG, + 0.27-AR, + 0.54-AG, + 0.03-AB, +
+0.28-AR, + 0.09-AG, + 0.29-AB, + 0.02-AR, + 0.08-AG, + 0.01-AB, +
+0.01AR, +0.16°AG, + 0.01-AG, + 0.13-AB_+
+0.43-AG, + 0.01-AB, + 0.02-AR, + 0.12-AG, + 0.46-AB,

It can be notified that there is a linear correlation between
the value of the first main component (PC1) and the content
of dydrogesterone, troxerutin and ademetionine in calibration
solutions (Fig. 2), which can be used to determine the content
of these active substances in the drugs. The results of the anal-
yses of the drugs for the identification of the active substances
in the drugs using the developed approach, are presented in
Table 5. The results obtained, accord well with the data de-
clared by the manufacturer. Tables 4 and 5 show that the use of
the principal component analysis improves the reproducibility
of the analysis results in comparison with the use of the cali-
bration dependence for the selected sensor and color channel.

CONCLUSION

An efficient approach (potentially having a wide appli-
cation) has been proposed for a screening analysis of drugs
of various pharmacological groups by multisensor digital col-
orimetry after a preliminary sample preparation. The simul-
taneous use of several chemical sensors in a chip provides
sufficient selectivity. Discretization of the multisensor signal
makes it possible to generate a unique barcode suitable for
the identification of the active substances in drugs. The de-
veloped methods for the identification of active substances
can serve as a good supplement to more expensive tradition-
al methods.
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