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PIPECURONIUM IDENTIFICATION ACCORDING TO THE SCHEME
OF APPLICATION OF ANALYTICAL METHODS RESEARCH
DEPENDING ON THEIR SELECTIVITY (SWGDRUG)

The purpose of the article is to comprehensively analyze the theoretical and practical aspects of pipecuronium
identification in accordance with the scheme of application of analytical research methods due to their selectivity, and to
develop a method of testing a standard sample of pipecuronium by physicochemical methods to confirm substantiated
expert report. Methodology. The reliability of the obtained results and conclusions is ensured by the use of a set of
general scientific and special research methods. Methods of analysis, synthesis, comparison, generalization allowed
to analyze information sources in the field of research, as well as the analytical scheme of a set of physicochemical
research methods recommended by SWGDRUG. Approbational analytical study of a standard sample of pipecuronium
using experimental methods, analysis, comparison, as well as special physical, chemical, statistical research
methods allowed to test a set of physicochemical methods of research of this substance and draw conclusions about
the suitability of certain species and outline further research. Scientific novelty. The laboratory of the State Research
Forensic Center of the Ministry of Internal Affairs of Ukraine tested the analytical scheme of physicochemical research
methods for identification of potent and toxic drugs, recommended by SWGDRUG, and proposed a method of testing
a standard sample of pipecuronium by physicochemical methods according to the scheme of analytical methods. due
to their selectivity. Conclusions. The SWGDRUG recommendations on the combination of analytical methods are
analyzed and the minimum requirements for their application are characterized. It was stressed that in the context
of sufficiency for the identification of potent and toxic drugs, in particular heavy substances, expert laboratories,
given the physicochemical properties of such substances and analytical equipment available in expert institutions
of the country, must determine a combination of methods to ensure reliable results. Analytical research.
The possibility of its identification by means of methods: qualitative chemical reactions (with the most available
reagents, such as: Marquis, cobalt rhodonite, Dragendorff, Wagner, potassium iodoplatinate, Nessler), IR spectroscopy,
mass spectrometry, Liquid chromatography-mass spectrometry with corona discharge detection. The expediency
of combining methods is argued, which allows to implement the application of the analytical scheme of research
methods recommended by SWGDRUG. It is stated that, given that the use of category B methods is not publicly
available, the development of a derivatization process for the study of pipecuronium derivatives by publicly available
methods: Gas chromatography-mass spectrometry (GC-MS) and Thin-layer chromatography using different types
of sorbents. The results obtained during the approbation of a complex analytical study of pipecuronium according
to the recommended international scheme are summarized, and certain proposals are initiated, which can be
the basis of research methods of standard sample of pipecuronium by physicochemical methods to confirm
the validity, reliability, reproducibility of scientific identification expert report.
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methods used by SWGDRUG; selectivity; analytical scheme of research methods; identification of potent and toxic
drugs; hardly volatile compounds; pipecuronium bromide.

Introduction

Forensic experts, while conducting examinations
on the study of controlled substances, in order to
achieve the proper quality and ensure the scientific
validity of their results must adhere to the minimum
standards for the identification of chemical
compounds.

Improving the quality of such examinations, study
and development expertise internationally accepted
minimum standards of scientific research takes care
of the working group on the analysis of seized drugs
(Scientific Working Group for the Analysis of Seized
Drugs; SWGDRUG), part of which today includes
over twenty legal experts from around the world.
Some aspects of this area expressed by scientists
and practitioners (Lurie, Marginean, & Rowe, 2006;
Tchekhovskoi, Phinney, & Stein, 2017; Nagqi, 2019;
Wallace, Cascini, De Giovanni, Inserra, Santaroni,
& Laura, 2020; Liu, Brettell, Wood, Staretz, & Victoria,
2020, Jun.; Liu, Victoria, Wood, Staretz, & Brettell,
2020, Aug.).

Thanks to the efforts of SWGDRUG as a minimum
standard for the identification of chemical compounds,
expert laboratories were offered to implement
ananalyticalscheme of research methods (combination
of analytical methods) to achieve a scientifically
justified result and developed recommendations
for their application by selectivity (Scientific Working
Group, 2019).

However, according to the expert practice
of analytical research of hardly volatile compounds,
particularly pipecuronium, to apply the recommended
combination of analytical research methods in
full, given the physicochemical properties of such
substances and analytical equipment available in
expert institutions of the country, is quite problematic:

certain features of substance identification by
thin-layerchromatography (TLC),gaschromatography
and ultraviolet-visible spectroscopy;

absence of library mass spectrums (AIPSIN,
CAYMAN, SWGDRUG, NIST etc.) and spectrum
of infrared spectroscopy;

unfinished methodological approaches and
methods of conducting specific chemical reactions.

In addition, it should be noted that the literature
and other sources of information contain mostly
general data about the physicochemical properties
of pipecuronium and its effects on the human
body (Karpati, & Bir6, 1980, p. 346-354; Naguib, &
Abdulatif, 1993, p. 556-560; Blazewicz, Fijalek, &
Samsel, 2008, p. 191-195; Garcia, Gomes, Santoro, &
Kedor-Hackmann, 2008, p. 639-644; National Center
for Biotechnology Information, 2021) and there is a lack
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of information that can be used to objectively identify
and quantify analysts in accordance with international
research approaches and analytical schemes.

The issue of using different methods for the study
of hardly volatile compounds was covered by domestic
and foreign experts (Mazina, Vaher, Kuhtinskaja,
Poryvkina, & Kaljurand, 2015; Blakey, Boyd, Atkinson,
Wolf, Slottje, Goodchild, & McGowan, 2016; Breindahl,
Kimergard, Andreasen, & Pedersen, 2017; Chia, Ong,
Yeo, Ho, Nasir, Tan, Chua, Yap, & Lim, 2019; Yu, Ge, Li,
Xie, & Yang, 2019; Ferrari, Arantes, Salum, & Caldas,
2020; Liu, Brettell, Wood, Staretz, & Victoria, 2020,
Jun.; Liu, Victoria, Wood, Staretz, & Brettell, 2020,
Aug; Peng, Athukorale, Hu, Cui, & Zhang, 2021); tested
in practice the use of publicly available physicochemical
methods for the study of pipecuronium (Zamoshets,
Barikova, Zelenyi, Kosmina, &  Korobchuk,
2021); reviewed instrumental methods of analysis
(Studeniak, Voronych, Sukhareva, Fershal, & Bazel,
2014); studied the validation characteristics of hardly
volatile compounds, including pipecuronium, using
themethodothigh-performanceliquidchromatography;,
as well as the problem of using different mobile
phases for its study (Gazdag, Babjidk, Kemenes-Bakos,
& Gorog, 1991; Blazewicz, Fijalek, & Samsel, 2008;
Garcia, Gomes, Santoro, & Kedor-Hackmann, 2008).

However, today, despite the interest of scientific
community of the world in the outlined issues,
in Ukrainetherecommended SWGDRUG theoretically
constructed analytical methods for the study of hardly
volatile compounds for the identification of chemical
compounds need to be systematized and tested.

The purpose and objectives of the study

The purpose of the article is to comprehensively
analyze the theoretical and practical aspects
of pipecuronium identification in accordance with
the scheme of application of analytical research methods
due to their selectivity, and to develop a testing method
a standard sample of pipecuronium by physicochemical
methods to confirm justified expert report.

To achieve this goal you need to perform
the following tasks:

analyze the SWGDRUG recommendations on
the combination of analytical methods, characterize
the minimum requirements for their use in the context
of sufficiency for the identification of potent and toxic
drugs, in particular hardly volatile compounds;

conduct testing of complex analytical research
of pipekuronium by the recommended international
scheme, including methods of color tests, thin-
layer chromatography, spectroscopy in the infrared
region of the spectrum (infrared spectroscopy), Gas
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chromatography-mass spectrometry (GC-MS), mass
spectrometry with direct insertion probe (MS-DIP),
high performance liquid chromatography (HPLC);

generalize the obtained results and propose
a method of research of a standard sample
of pipecuronium by physicochemical methods
to confirm the validity, reliability, reproducibility
of the results of its identification and sufficiency for
the preparation of a scientifically expert report.

Presentation of the main material

Analytical  research  methods  according
to the SWGDRUG recommendations for their
combination (Scientific Working Group, 2019)
depending on the level of selectivity (ability to
obtain with their use individual information about
the characteristics of individual objects that are units
of the studied population, to distinguish them) are
divided (Naqi, 2019) into three categories (Table 1).

Table 1

Categories of analytical research methods used by SWGDRUG

Analytical methods of category A research allow to
obtain information about the structure of the molecule
and provide the highest level of selectivity; category B
methods on physicochemical characteristics
of samples, providing an average level of selectivity;
category C - only about the class of substances,
and therefore have the lowest selectivity.

As practice shows, accurate identification
of a chemical compound depends on the analytical
scheme of proven research methods and the competence
of the analytical chemist. SWGDRUG recommends
that expert laboratories, using analytical methods,
adhere to the following minimum requirements:

in the case of using one of the methods of category
A to use at least one other method of category A, B, C;

ifresearch is planned without the use of category A
methods, it is mandatory to use at least three different
methods, two of which must belong to category B;

if possible, compare the results of analytical
measurements of the test sample with the measurement
results of the reference (standard) sample; the samples
are examined under the same conditions;
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a parallel study (or the use of at least two separate
samples);

when using combined methods (GC-MS, etc.),
they belong to categories (B+A);

it should be remembered that the analytical
scheme ensures the achievement of a scientifically
sound result only if the application of each
of the methods obtained identification results that
confirm each other;

the use of a category A method cannot provide
a sufficient level of selectivity if the ability to
distinguish an analyte (generally a substance or other
component of a system to be chemically analyzed, such
as a solution, gas mixture or solid component) from
similar structural compounds and sample number
or the analyte concentration is limited. In this case,
the method may form part of the analytical scheme,
provided that the limitation is removed by using
another method in accordance with the analytical
scheme.

Thus, the analytical scheme research methods
can be used in such combinations (they are not
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exhaustive): Methods category B+ A; A+ C;C+ B+ B;
C+B+A.

These recommendations are the minimum
standards for forensic examination, which will ensure
the results for the formulation of a scientifically
expert report. However, it should be recognized
that these methods may not be sufficient to identify
all substances. In this case, expert laboratories must
determine which combination of methods will ensure
the reliability of the results of analytical studies.
(Scientific Working Group, 2019).

Pipecuronium, which illustrates the possibility of
identifying compounds of unknown nature (chemical
compounds) by the scheme of application of analytical
methods depending on their selectivity, is one of
the representatives of non-depolarizing long-acting
neuromuscular blocking agents. A synthetic steroid
compound structurally similar to pancuronium

and vecuronium that has no hormonal activity. Bis-
quaternary structure with piperazine rings attached
at positions 2 and 16 of the steroid nucleus (Naguib,
& Abdulatif, 1993, p. 556-560; Tassonyi, Szabo, &
Vimlati, 1986, p. 599-616).

In medicine, pipecuronium is used in the form of
bromide (Fig. 1, Table 2) for muscle relaxation during

Fig. 1. Structural formula of pipecuronium bromide

Table 2

General characteristics of pipecuronium bromide
(National Center for Biotechnology Information, 2021; Rashkovsky, Agoston, & Ket, 1985, p. 1063-1066)

Chemical name
Gross formula
CAS number
Molar mass (bases)

Synonyms

Visual appearance
Release form

Solubility

surgery, including heart surgery and obstetrics and
gynecology.

Effective (Karpati, & Biro, 1980, p. 346-354;
Aronson, 2016, p. 775-776; Smith, & White, 1993,
p. 446-448) pipekuronium bromide dose is 0.03 mg/kg
and 0.05 mg/kg. At the same time, a dose of
0.05 mg/kg provides 40-50 minutes of muscle
relaxation. The maximum effect is observed in
1.5-5 min, faster if doses of 0.07-0.08 mg/kg are used.

According to the experience of studying potent
and poisonous drugs, the physicochemical features of
pipecuronium make it impossible to study by thin-layer
chromatography, gas chromatography, ultraviolet-visible
spectroscopy. Therefore, the author's approbation study
used methods of qualitative chemical reactions, mass
spectrometry, high performance liquid chromatography
with mass spectrometric and corona discharge detection
and infrared spectroscopy.

Studies by the method of color tests involve
the addition to the aliquot sample of the test substance
2-3 drops of one of the reagents (Table 3), the results
are observed for color change.

2B, 16B-Bis (4-dimethyl-1-piperazino)-3a, 17p-diacetoxy-5-a-androstane dibromide

C,.H_Br N,O

35776277720 4 4

52212-02-9
762,7 t/MOIb

Pipicuronium bromide, arduan, aperomide, atracad, vero-pipecuronium, intuban,

norcuron, RGH 1106

The crystalline powder is almost white
Dry matter in ampoules of white color, transparent colorless solutions (pH = 5,0-6,5)

Well soluble in water and ethanol

The results of these qualitative reactions, although
not specific for pipecuronium, but may be a part
of the analytical scheme of the study.

Due to the fact that pipecuronium is tested mainly
in the form of the drug pipecuronium bromide,
additional clarification information about it may
be the determination of bromide ions (Br-).

To do this, a sample of a specimen weighing
3-4 mg is dissolved in 1 ml of water, taking 3-5 drops
of the resulting solution and further diluting in 1 ml of
distilled water. To the resulting dilute solution adding
2-3 drops of 5 % aqueous solution of argentum
nitrate (AgNO,). In the presence of bromide ions,
a pale yellow precipitate is formed, insoluble in nitric
acid and easily soluble in sodium thiosulfate solution
(Na,S,0,) (Studeniak, Voronych, Sukhareva, Fershal,
& Bazel, 2014).

Physicochemical characteristics of pipecuronium
significantly complicate its study by thin-layer
chromatography, the use of silica gel as a stationary
phase does not provide positive results, after elution
the sample applied to the plate remains at the starting
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line. In this case, it may be informative when observing
the results of the study (it is not about identification),
the nature of the point of application of methanolic
solution of pipecuronium after its manifestation.
It is applied in the amount of 3-5 ul on a plate
for thin-layer chromatography, dried in a stream
of warm air and treated, for example, with cobalt
rhodonide. After developing the point of application of
the pipecuronium solution on the plate, we observe that
during the application on the plate the sample of the
pipecuronium solution was concentrated docentrically,
and the blue spot filled the entire area of the application
point from the outer edge to the center (Fig. 2).
Among the convenient, from the practice
of forensic examination, methods of identification
of category A, which are used to obtain information
about the molecular structure of the substance -
infrared spectroscopy. This is due to the use of modern
devices with a diamond crystal (method of disturbed
total internal reflection), which allows you to easily
analyze most liquid and solid samples without time-
consuming sample preparation (native research).

Fig. 2. Image of the manifested point of application
of pipecuronium on a plate (Sorbfil) for TLC
Note. The color scheme of the drawing can be observed
in the electronic version of the scientific article
(https://visnyk.dndekc.mvs.gov.ua/index.php/visnuk)

To obtain the spectrum, the test sample
(conditions, see Table 4) is pressed against
the working surface of the prism (or multiple reflection
element), through which the radiation is directed
to the spectrophotometer. The sample completely
covers the work surface. The spectrum contains bands
of two types: characteristic and non-characteristic
(Tsomko, Sirenko, & Mazepa, 2012, s. 109-129).

Table 3
Analytical effects of qualitative reactions of a solution of a standard sample
of pipecuronium with the most available reagents
Reagent Color
Marquis -
Cobalt rhodanide Blue
Dragendorff Brown
Wagner Orange-pink
Potassium iodoplatinate Dark purple
Nessler -
Table 4

Conditions of research by IR spectroscopy

Parameter Terms
Spectrum registration range 4000-525 cm™!
Resolution 4 cm™
Number of scans 32

The IR absorption spectraum obtained as a result
of such a study is a unique physical imprint, a form
of reflection of the structure of the test substance,
because there are no two compounds (except
for optical isomers) that have the same IR spectra
for different structures (Kuzmenko, & Churanov, 1977;
Lawson, Ogwu, & Tanna, 2018; Naguib, & Abdulatif,
1993, p. 556-560).

Given thattoday the IR spectrum of pipecuronium
is not available in libraries available to expert
laboratories, the substance was identified by comparing
the vibrational spectrum of the test sample with
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the spectrum of a standard sample of pipecuronium
bromide (Fig. 3) obtained under similar conditions.
Characteristic maximum of the absorption bands
of the standard sample of pipecuronium are: 3257;
1727; 1452,11; 1248; 1085,15; 1022,66; 931,06 cm™.

The method of IR spectroscopy, like most
spectroscopic methods of analysis, should be used
in combination with other methods, so the IR
spectrum is used as a source of primary information
about the compound of unknown nature.

It is also difficult to objectively identify
pipecuronium by the GC-MS method, while the mass
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spectral information of the substance can be obtained
by the method of direct introduction of the analytical
sample into theionization region (MS-DIP). According
to this method, the sample is introduced into the ion
source of the device (MS) by means of a valve, rod,
conveyor or autosampler; due to the slow evaporation
from the micro crucible (DIP), it is possible to study
solid and liquid strongly polar, thermolabile and
hardly volatile substances or their trace amounts.

The method allows to obtain mass spectrum of organic
compounds with a relative molecular weight of from
400 to 1000 a. at. m and a boiling point of about
400 °C. Effective mainly for pure substances.

Research by this method, 0.1 ul of the solution
or = 1 mg of solid sample is placed in a microtiegel,
the analysis is performed under the conditions given
in Table 5 (Zamoshets, Barikova, Zelenyi, Kosmina,
& Korobchuk, 2021).

Fig. 3. IR spectrum of a standard sample of pipecuronium bromide

Table 5
Conditions for the study of pipecuronium by MS-DIP
Temperature level Hold, Heating rate, Temperature,

min °C/min °C

Start 1 - 40

1 1 0,5 150

2 1 1 250

3 3 1 390
(final)

Total time 10,99

The study by this method allows to obtain general
information about the sample, in case of negative
results increase the amount of test substance or
change the conditions of the study. The main ions for
the identification of pipecuronium by the SIM method:
437;497; 512 m/z.

A typical chromatogram and mass spectrum
of a standard sample of pipecuronium bromide are
shown in Fig. 4 and 5.

The most objective method of qualitative research

and quantification of pipecuronium is the method
of high-performance liquid chromatography based
on the mechanisms of adsorption, distribution, ion
exchange or size division of molecules.

For such a study, prepare a methanol solution
of the test sample with an analyte concentration
of 1-1.5 mg/ml, diluted in a ratio of 1:100.
Chromatography is performed under the conditions
specified in Table 6 (Zamoshets, Barikova, Zelenyi,
Kosmina, & Korobchuk, 2021).

Fig. 4. Typical chromatogram of a standard sample of pipecuronium bromide
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Fig. 5. Mass spectrum of a standard sample of pipecuronium bromide

Table 6

Conditions of chromatography by liquid chromatography

Column
phase - 2,7 um
Moving phase
A:B =40:60
The speed of the mobile phase | 0,400 ml/min

Detector

1 mkl

Injection volume

Chromatogram and mass spectrum of a standard
sample of pipecuronium bromide, investigated under
the conditions specified in Table 6, shown in Fig. 6 and 7.

Pipecuronium, muscle relaxants and steroid
compounds using possible variants of other mobile
phases (Table 7) were also studied by foreign colleagues

Agilent Poroshel 120 EC C-18, length - 150 mm, diameter - 2,1 mm,

A - 0.1 % aqueous solution of formic acid in water
B - 0.1 percent methanolic solution of formic acid

Mass spectrometric (Q-TOF G6550A)
Corona discharge (Thermo Corona Veo RS)

(Gazdag, Babjak, Kemenes-Bakos, & Gorog, 1991,
p. 639-644; Blazewicz, Fijalek, & Samsel, 2008, p. 191-
195; Garcia, Gomes, Santoro, & Kedor-Hackmann,
2008, p. 1895-1908).

To confirm the results, a parallel study of
the samples and checked the convergence of the signals.

Fig. 6. Typical HPLC chromatogram of a standard sample of pipecuronium bromide
obtained under the conditions described in Table 6

Fig. 7. Mass spectrum of a standard sample of pipecuronium bromide,
obtained by HPLC chromatogram
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Table 7

Mobile phases used in the study of pipecuronium, muscle relaxants
and steroid compounds by HPLC

Eluent A
Eluent B

Eluent A
Eluent B

Eluent A
Eluent B

Scientific novelty

The laboratory of the State Scientific Research
Forensic Center of the Ministry of Internal Affairs
of Ukraine tested the analytical scheme
of  physicochemical research  methods for
identification of potent and toxic drugs, recommended
by SWGDRUG, and proposed a method of testing
astandard sample of pipecuronium by physicochemical
methods according to the scheme of analytical
methods due to their selectivity.

Conclusions

1. The SWGDRUG recommendations on
the combination of analytical methods are analyzed
and the minimum requirements for their application
are characterized. It should be emphasized that in
the context of sufficiency for the identification of potent
and toxic drugs, particularly heavy substances, expert
laboratories, taking into account the physicochemical
properties of such substances and analytical equipment
available in expert institutions of the country, must
determine a combination of methods to ensure reliable
results of analytical research.

2. The possibility of its identification by means

Mobile phase 1

4 M LiCIO, - 0,1 M HCIO, : water

Acetonitrile

Mobile phase 2

Water + 0.1 percent formic acid

Acetonitrile / methanol + 0.3 percent formic acid

Mobile phase 3

100 mm phosphate buffer, pH = 1,8

Acetonitrile

of: qualitative chemical reactions (with the most
available reagents, such as: Marquis; cobalt rhodonide;
Dragendorff; Wagner; potassium iodoplatinate;
Nessler), IR spectrometry, mass spectrometry, mass
spectrometry liquid chromatography with mass
spectrometric and corona discharge detection.
The expediency of combining methods is argued,
which allows to implement the application
of the analytical scheme of research methods
recommended by SWGDRUG. It is stated that, given
that the use of category B methods is not publicly
available, the development of a derivatization process
for the study of pipecuronium derivatives by publicly
available methods: gas chromatography with mass-
selective detection and thin-layer chromatography
using different types of sorbents.

3. The results obtained during the approbation
of a complex analytical study of pipecuronium
according to the recommended international scheme
are summarized, and certain proposals are initiated,
which can be the basis for research methods of standard
sample of pipecuronium by physicochemical methods
to confirm the validity, reliability, reproducibility
of scientific identification in forensic expert report.
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ITEHTU®IKAIIIA HIITEKYPOHIIO 3A CXEMOIO
3ACTOCYBAHHS AHAJIITUYHUX METOIIB TOC/IIKEHHS
3AJIEJKHO BII IXHBOI CETEKTUBHOCTI (SWGDRUG)

Mema cTaTTi IONATa€E B KOMIUIEKCHOMY aHaJIi3i TEOPETUYHUX 1 MPAKTUYHUX acIeKTiB ifeHTH(iKalil minekypo-
HIIO BifITIOBIHO [0 CX€MM 3aCTOCYBaHHA aHA/ITUYHUX METONIB JOC/I[KEHHS, 3yMOB/IEHOI IXHbOK CE/IEKTUBHICTIO,
Ta PO3pOO/IEHHI METOVKM JOCII/PKEHHS CTAHAAPTHOTO 3pasKa IMilleKypPOHilo (i3nKo-XiMIYHNMM METOfaMU IS Iifi-
TBEP/PKEHHsI apTyMeHTOBAHOCTI, ZOCTOBIPHOCTI, BifTBOPIOBAHOCTI pe3y/nbratiB 1ioro ifeHTHdiKaIil Ta JOCTATHOCTI
UL MATOTOBKM HayKOBO OOIPYHTOBAHOTO BICHOBKY CYJOBOTO eKcIepTa. Memo0omozis. [JoCTOBIpHICTb OTpUMaHUX
pe3ynbratiB i BUCHOBKIB 3a0e3lledeHO BMKOPMCTAHHAM KOMILIEKCY 3araJIbHOHAYKOBMX i CIleljia/IbHIX METOfIB [O-
cmimKeHHA. MeTopy aHasmisy, CMHTe3y, NOPiBHAHHA, y3ara/JbHeHH: NO3BOMWIM NPOaHaIisyBaTy iHpopMaLiliHi mxe-
peia 3a HaIpsMOM JOCTIKEHHA, a TAKOK aHAITUYHY CXeMy KOMIUIEKCY (i3MKO-XIMiYHMX MeTOZIB JOCTiIKeHHH,
pexomenpoBany SWGDRUG. AnpobariiiHe aHaTiTMYHE JOCTIKEHHA CTAaHIAPTHOTO 3pasKa IIINeKypoHilo i3 3acTo-
CYBaHHAM METOIiB eKCIIepYIMEHTY, aHajIi3y, HOPiBHAHHA, a TAKOX CIIeLlia/IbHNX (i3NYHNX, XiMIYHNUX, CTATUCTUIHUX
METO[IB JOCTIIKEHHs JO3BOIIMIO anmpoOyBaTi KOMIUIEKC (i3MKO-XiMIYHMX METORIB HOCIIKEHH i€l pedoBMHM 1
OiliTX BMCHOBKIB LIOZIO JOCTATHOCTI JYIA LiijIell JOC/TiIPKEHHA MEeBHUX iX BUJIB Ta OKPECAUTH HAIPAMU IOAAIbLINX
HAyKOBO-JIOCTiZHUX po3Binok. Haykoea Hosusna. B ymoBax naboparopii [lep>kaBHOTO HayKOBO-JOCTIHOTO €KCIIePT-
HO-KpuMiHanictiyHoro neHTpy MBC Ykpainu anpo6oBaHO aHATIYHY cXeMy (i3MKO-XiMiYHMX METOMIB HOCIIiKeH-
HA 114 ifeHTHdiKanii CUIBHOAIHNX Ta OTPYIHUX JIKapChKUX 3ac06iB, pekoMeHgoBaHy SWGDRUG, i 3anpornonosa-
HO METOJVIKY JOCT/KeHHA CTaHAapTHOIO 3pa3Ka IIiIleKypoHiio ¢i3nko-XiMiYHMMIU MeTOaMM BifiIOBITHO O cxeMu
3aCTOCYBAaHHA aHAIITUYHMX METOMIB NOC/IIPKEHHA, 3yMOBJIEHOI iXHbOIO CENIEKTUBHICTIO. Bucnosxu. IIpoananisoBano
pexomenparii SWGDRUG cTocoBHO KoMOiHawil aHaTITUIHNX METOAIB i cXxapaKkTepy3yBaHO MiHiMajIbHi BUMOTY OIS
ix 3actocyBanHs. [Ipy IbOMY Haro/loOIIEHO, 110 B KOHTEKCTI JOCTATHOCTI yiA iffeHTH(iKalil cCUIbHOMIMHNX 1 OTpYit-
HYIX JIIKapChKUX 3ac06iB, 30KpeMa BaXXKOJIETKIX PeYOBVH, eKCIIepTHi 1abopaTopii, 3Bakarouy Ha ¢isuko-ximMivHi B1a-
CTUBOCTI TaKUX PEYOBUH i HasABHE B eKCIIEPTHMUX YCTAHOBAX KpalH!U aHaTiTW4YHe 0OTaflHAHHA, MAlOTh CAMOCTIIIHO BU-
3HauaTy KOMOiHAIiI0 METOAIB, 11106 3a6e3IMeunTy JOCTOBIPHICTD Pe3y/IbTATiB aHAITUYHUX AOCIIIKeHDb. 3aCBifueHo
KOMIUIEKCHVIM aHATITUYHUM HOCTiHKEHHSIM CTaHAAPTHOTO 3pasKa IIeKYPOHiI0 MOXIUBICTD itoro imeHTudiKarii 3a
IOIIOMOTO0 METO/IB: SKICHUX XIMIYHMX peakiiit (i3 HaibiIbII JOCTYIHNMI peaKTUBaMI, TAKUMH sIK: Mapki, pofoHiz
K06anbTy, parengopda, Baraepa, itogonatnHar Kaiito, Heccnepa), [4-criekTpoMeTpii, Mac-CIIeKTpoMeTpil, BUCOKO-
edexTUBHOI pifMHHOI XpoMaTrorpadii 3 Mac-ClIeKTPOMETPUYHMM Ta KOPOHOPO3PATHUM JIeTeKTyBaHHAM. APryMeHTO-
BaHO JOILi/IbHICTh 1<0M6iHyBaHH;1 METOJIB, 1110 JO3BOJIAE Peali30ByBaTy 3aCTOCYBAHHSA aHAITMYHOI CXeMU METOHIB
mocrnimkenns, pekomengosanol SWGDRUG. KoHcTaToBaHO HeOOXifHICTD, 3 OI/IARY Ha Te, 1[0 BUKOPUCTAHHA METOJIB
Kareropii B He € 3ara/IbHOZOCTYITHNM, PO3pOO/IEHHS IPOLIECY AepUBATU3ALII /IS ZOCIIKEHH TOXIAHYUX MIMeKyPOHiio
3ara/IbHOROCTYIIHUMM METORAMM: Ta30BOK0 XpoMaTorpadiero 3 Mac-CeleKTUBHNM AeTeKTYBaHHIM 1 TOHKOIIAPOBOIO
xpoMarorpadiero 3 BUKOPUCTaHHAM Pi3HNX BUAIB COPOEHTIB. Y3araqbHeHO pe3ynbTaTyl, OTPUMaHi IIif yac anpobanii
KOMIIJIEKCHOTO aHA/ITUYHOTIO JOCTIIPKEHHs IIIEKYPOHIiI0 32 PEKOMEH/I0BAaHOI MI>XXHAPOJHOI CXEMOIO, i 3aII09aTKO-
BAHO II€BHI IIPOMO3KIIL, AKi MOXYTb CTaTy IiAIPYHTAM METOLUKM JOC/TIPKEHHs CTAHLAPTHOTO 3pasKa IIIEeKYyPOHI0
(isuko-xiMiYHNMI MeTOFaMM [IA HiATBePIKeHHA apTyMeHTOBaHOCTI, JOCTOBIPHOCTI, BifITBOPIOBAHOCTI pe3y/IbTaTiB
itoro ifeHTr(iKanii Ta JOCTATHOCTI /1A MATOTOBKM HAYKOBO OOIPYHTOBAHOTO BICHOBKY CYZJOBOTO eKCIIepTa.

KnrouoBi cmoBa: cyoBa eKkcrepTi3sa; CyfoBuUit eKCIlepT; BUCHOBOK cyoBoro excriepta; SWGDRUG; anamiTny-
Hi MeToiM JocnimkeHHs, BukopucrobyBaHi SWGDRUG; ceneKTUBHICTb; aHaMiTUYHA cXeMa MeTO/[iB HOCIiI>KeHHS;
imeHTH}IiKALiA CUIPHOMINMHYX i OTPYITHUX NTiKapChKUX 3aCO0iB; BAXKKOJIETKI peYOBMHY; MIMIEKYPOHi0 OpOMiZ.
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VIEHTNOUKADIVA ITMIIEKYPOHNA COITTACHO CXEME
ITPUMEHEHUA AHAJIMTUYECKNX METOJOB VICCJIEHOBAHVIA,
OBYCJIOBIEHHOW X CETEKTUBHOCTDBIO (SWGDRUG)

IJenv craTby 3aKI0YaeTCs B KOMIUIEKCHOM aHa/IN3e TEOPETUYECKVUX M IPAKTUYECKUX aCIIeKTOB MACHTU(M-
Kallyy IUIIEKYPOHMS COITIACHO CXeMe IPMMEHeHVs aHaIUTUYEeCKMX METONOB MCCIeNOBaHMUA, OOYCTIOBIEHHON MX
CEJIEKTMBHOCTBIO U Pa3pabOTKe METORUKY MCCIEFOBAHNS CTAHAAPTHOTO 00pasiia MUIEKyPOHUsT (PU3MKO-XUMITIe-
CKMIMM METOIaMMU /IS IOATBEP)KIAEHNA apTYMEHTPOBAaHHOCTH, JOCTOBEPHOCTH, BOCIIPOM3BOAMMOCTH Pe3y/IbTaToB
€ro MAeHTU(PUKALNY Y JOCTATOYHOCTH /s TIOATOTOBKM HAYYHO 0OOCHOBAHHOTO 3aK/IIOUEHsI CYIeOHOTO aKCIepTa.
Memoodonozus. [J0ocTOBEPHOCTH IIOTYYEHHBIX PE3y/IbTATOB M BBIBOJOB OOecreyeHa IICII0/Ib30BaHeM KOMITIeKCca 06-
I[eHayYHbIX ¥ CHel[MaIbHBIX METOLOB JCCIefoBaHys. MeToapl aHanu3a, CUHTe3a, CpaBHeHMs, 00001eHNs TI03BO-
VN IIPOaHAIN3UPOBATh MH(OPMaLMOHHbIE MCTOYHMKI IO HaIIpaB/IeHUIO YICCTIEOBAHMS, @ TAKXKe aHATUTUYECKYIO
cXeMy KOMIUIeKca (PM3MKO-XMMIYeCKIX MEeTO/IOB MCCIefoBanms, pekoMeHnoBanHylo SWGDRUG. Anpob6annosHHoe
AHAIUTUYECKOE UCCIefOBaHNe CTAHJAPTHOrO 0Opaslia NMUIEKYPOHUS C IPMMEHEHNMEM MEeTOHOB IKCIIEPUMEHTa,
aHanM3a, CPAaBHEHMS, A TAK)XKe CIeNMANbHBIX (PU3NIECKNX, XUMUIECKNX, CTATUCTIIECKUX METOOB MCCIefOBaHNs
HI03BOJINJIO AIIPOOMPOBATh KOMITIEKC PU3MKO-XMMUIECKMX METONOB MICCTIEfOBAHMS 9TOTO BElleCTBa M CHe/IaTh BbI-
BOJIbI OTHOCUTEIbHO HOCTAaTOYHOCTU I Iiefeil MCCAefOBaHUA ONpele/leHHbIX MX BUJIOB ¥ HAMETUTD HaIpaBie-
HUA JabHEMIINX Hay9HO-VICCTIeOBATeNIbCKUX U3bIckauuil. Hayunas nosusna. B ycnosusax naboparopuu locynap-
CTBEHHOT'O HAYYHO-UCC/IENOBATENbCKOTO 9KCIIEPTHO-KPUMIHAIMCTITYeCKoro eHTpa MBJI Ykpaunsl anpo6yupoBana
aHa/IMTUYeCKas cxeMa (QU3UKO-XVMUYECKUX METOLOB MCCIENOBAHNUA I NAEHTUDUKALUY CYIbHOMECTBYIOMINX
U ANOBUTBHIX JIEKAPCTBEHHBIX CpeficTB, pekoMeHoBaHHasA SWGDRUG, u npepnjokeHa MeTOAMKA MCCIENOBAHMA
CTaH[apTHOro oOpasla MUIEKYPOHUSA (PU3NKO-XMMUYECKUMM METOLAMMU B COOTBETCTBMM CO CXeMOJl IpMMeHe-
HIISI aHAIUTUYECKMX METOOB MCCIENOBaHMUsA, OOYCTIOBIEHHON MX CEeKTUBHOCTBIO. Bvigoowt. IIpoananusuposa-
Hel pekoMengauny SWGDRUG oTHOCHTENbHO KOMOWHALIMY aHATUTUIECKUX METOMOB U OIMCaHbl MMHVMAaIbHbIE
Tpe6OBaHMA OISl UX IPUMeHeHMs. [Ipy 9TOM OTMEYeHO, YTO B KOHTEKCTE JOCTATOYHOCTU IS MAEHTUPUKALIN
CUIbHOJIEVICTBYIOIMX U ATNOBUTHIX JIEKAPCTBEHHBIX CPECTB, B YaCTHOCTHU TPYAHONETYUYNX BELIECTB, SKCIIEpTHbBIE
nMabopaTopuM, YUUTBIBas (PUSUKO-XMMUYECKIE CBOICTBA TAKVX BEIIECTB U MMeIollleecs B 9KCIIEPTHBIX YUPEKAeHNU-
X CTPaHBbl aHATUTHYECKOe 000PYHOBaHNe, HO/DKHBI CAMOCTOSATENBHO ONpeReATh KOMOMHALIMIO METOLOB, YTOODI
00€eCIIeYNTh JOCTOBEPHOCTD PEe3y/IbTATOB aHAIUTUYECKMX UCCIeROBaHMIL. KOMIIIEKCHBIM aHaIUTUYECKMUM UCCIIERO-
BaHJAM CTaHAPTHOTO 0Opasia NUIeKYPOHMS MOATBEP>KAeHa BO3MOXXHOCTD €r0 UACHTU(MUKALMY C IIOMOIIBIO Me-
TOJIOB: Ka4eCTBEHHBIX XMMIYECKUX peakiuil (¢ Hanbosee JOCTYIHBIMY peaKTUBaMY, TAKUMM Kak: MapKu, pOgoHN
Kobainbra, Iparenpopda, Baruepa, itogoriarnuar kanusi, Heccrnepa), VIK-ciekTpomeTpnn, Macc-CrieKTpOMETPUIL,
BBICOKO3(D(PEKTUBHOI >KMAKOCTHON XpoMarorpaduu ¢ Macc-CIIEKTPOMETPUIECKUM ¥ KOPOHOPO3PALHUM [eTeK-
TUpPOBaHMeM. APIryMeHTIPOBaHa 11e71eCO00pasHOCTb KOMOMHMPOBAHNS METOOB, YTO II03BOJISIET Peann30BbIBATh
TIpMMeHeHNe aHATUTUYeCKOI CXeMbl MeTOIOB MccnefioBaHusA, pekoMeHioBaHHOI SWGDRUG. KoncraTupoBaHa He-
006XOAVIMOCTbD, YYUTBIBASA TO, YTO UCIIONb30BaHME METOM0B KaTeropuu B He AB/IsgeTCA 00IIeOCTYIIHBIM, pa3paboTKu
IIpoliecca AepUBaTU3ALVIM I UCCIeNOBAHNA IPOVN3BOJHbBIX MUIIEKYPOHNA 0OLIeOCTyIIHBIMY METOAMU: Ta30BOA
xpomarorpaduu ¢ Macc-Ce/IeKTUBHBIM IeTEKTUPOBaHMEM 1 TOHKOC/IOIHOI XpOMaTorpadui C UCIIOIb30BaHIEM pas-
JIMYHBIX BUAOB cOp6eHTOB. O600IIeHDI pe3y/IbTaThl, HOMYYeHHbIE IIPY AIPO6ALNY KOMIUIEKCHOTO aHa/TUTUYECKOTO
UCCTIeNOBAaHNUA IUIIEKYPOHNA MO peKOMEH/I0BaHHOI MeXIYHAPOHOI cXxeMe, 1 Clle/laHbl HeKOTOpble IpeiIoXKeHNs,
KOTOpble MOTYT CTaThb OCHOBOJ METOJMKY MCCIEOBaHNs CTaHAPTHOIO 06paslia MUIeKYpOHMs (USUKO-XUMIYe-
CKVIMM METOIaMMU /I IOATBEP>KAEHNA apTyMEHTIPOBAaHHOCTH, JOCTOBEPHOCTI, BOCIIPOM3BOAVIMOCTY Pe3y/IbTaTOB
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ero UeHTUGMKALNY U JOCTATOYHOCTH AJIA IOATOTOBKM HAYYHO 0OO0CHOBAaHHOTO 3aKITIOUEHNS CYAeOHOT0 SKCIepTa.

KnroueBble coBa: cyfeOHast akCIiepTI3a; CyLeOHBIl 9KCIepT; BBIBOA cyfebHOro sKkcnepTa; SWGDRUG; ana-
MUTUYECKVe MEeTOMBI MccrefoBanus, ucrnonbdyemble SWGDRUG; ceneKTMBHOCTD; aHAIMTUYECKasl CXeMa MEeTOfIOB
VICCTIE[OBAHST; MAEHTU(DUKALNS CUIBHOMEICTBYIOINX U STOBUTHIX JIEKAPCTBEHHBIX CPELCTB; TPYLHOIETYYNE Be-
IeCTBa; IUIEKYPOHUS OPOMIA.



