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Articles

Comparison between Elisa and Nested PCR for Detection of Toxoplasma Gondii
in Blood and Milk and Its Genotyping in Goats and Aborted Women in Iraq

Entesar Hussain Madi 2, Firas Rashad Al-Samarai 2:*, Yusuf Mohammad Attia Maaeni?

aCollege of Veterinary Medicine, University of Baghdad, Iraq
b Office of Agricultural Research, Ministry of Agriculture, Baghdad, Iraq

Abstract

The purpose of the study was to compare the immunological and nested PCR (nPCR) for
detection of Toxoplasma gondii in blood and milk in a flock of goats (local and Shami) in the
middle of Iraq, as well as to identify the genotyping of Toxoplasma gondii in goats and aborted
women. 80 female goats' samples (blood and milk) were collected. Samples of blood and milk were
tested using Elisa and nPCR. The results revealed that 23 (28.7 %) goats tested positive for Elisa,
and 17 (21.2 %) also tested positive for nPCR. The Kappa values (0.14) showed slight agreement
with nPCR and Elisa in blood, with sensitivity (58.82) and specificity (74.60). The comparison
between nPCR in blood and nPCR in milk revealed positive results of 17 (21.2 %) and 23 (28.7 %) in
the samples respectively. The results showed a fair agreement according to kappa (0.471), had a
sensitivity of 70.59 and a specificity of 82.54, and had a 95 % confidence interval (0.252 to 0.689).
Elisa had a positive 17 (21.2 %) milk result. A positive sample in the blood nPCR was 17 (21.2 %),
with sensitivity (82.35) and specificity (22.22) and a 95 % (-0.254 to 0.162), the kappa values
(-0.046) showed no agreement with Elisa in milk and nPCR in the blood. By the (SAG3) gene, DNA
sequencing of T. gondii based on goat and human isolates was submitted to NCBI Genbank and
assigned the accession numbers (OL792791, OL792792, OL792793, OL792794, OL792795) for goat
isolates and (OL792796, OL792797, OL792798, OL792799, OL792800) for human isolates.
The homology sequence identity between Toxoplasma gondii goats and human isolates with NCBI
BLAST-related Toxoplasma gondii genotype I and III isolates showed genetic homology sequence
identity ranging from (98.65-99,90 %). In conclusion, the similarity of Toxoplasma gondii in
molecular detection of milk and blood and homology identity isolates humans and goats as a
zoonotic disease.

Keywords: toxoplasmosis, prevalence, genotyping, nested PCR, Elisa.

1. Introduction

Toxoplasma gondii is an intracellular parasite that an obligated affects humans and animals
and causes illness and zoonosis (Elgodwi, Mohamed, 2021). Around a third of the world's
population was impacted (Djurkovi¢-Djakovié et al., 2019). A parasitic coccidian that has cats as its
main host although it infected any warm-blooded mammals, including humans as a result it is
found all across the world and may cause both acute and chronic toxoplasmosis, infection can be
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contracted by ingesting tissue cysts from infected intermediate hosts' meat or oocysts from cat
feces through polluted water or food (Freppel et al., 2019). This parasite is caused by an
opportunistic member of the phylum Apicomplexa which is a protozoan (Mancianti et al., 2013).
Toxoplasmosis in goats and sheep is very important because it leads to many economic and
production losses, consequently transmitted to humans (Camossi et al., 2011). In addition, goats
are regarded to be more susceptible to toxoplasmosis than sheep because of their higher activity
and mobility, which increases the chances of coming into contact with polluted sources (Abu-
Dalbouh et al., 2012). The acute phase in immunocompetent individuals causes transient low or
mild symptoms that go unrecognized T.gondii has been a life-threatening opportunistic infection
that could result from the reactivation of silent infection or primary infection in
immunocompromised people (Manuel et al., 2020). Furthermore, congenital toxoplasmosis occurs
when tachyzoites migrate via the placenta into the baby during a pregnant primary infection, could
lead to miscarriage, stillbirth, ocular, or and neurologic illness, and neurocognitive defect in the
newborns, there are still cases of congenital toxoplasmosis (Manuel et al., 2020). Goats infected
with toxoplasmosis are a major source of human infection due to the consumption of meat and
milk of infected animals (Dubey, 2004). Goats excrete tachyzoites in their milk (Spiséak et al., 2010;
Bezerra et al., 2013), and are resistant to processing in fresh cheeses (Dubey et al., 2014). There are
many different diagnostic methods for T. gondii diagnosis, such as serological detection enzyme-
linked immunosorbent assay (ELISA) and latex agglutination test (LAT), cell line culture,
bioassays, and molecular techniques (Switaj et al., 2005). Amplification-based assays including
PCR, nPCR, and real-time PCR have been widely developed for quick, definite, and accurate
detection of toxoplasmosis among the many detection techniques (Bretagne, 2003; Al-Samarai and
Al-Kazazm 2015 ;Liu et al.,, 2015). Many stage-specific surface antigens (SAG) have been
discovered, and many of them are divided into two groups: SAG1 and SAG2. So SAGS3, bradyzoite
specific recombinant (BSR) 4 SAG-related sequences (SRS) 1—4 proteins, SAG5, SAG5.1, and
SAGs5.2 are all members of the SAG1 family (Parigi, 2014).

SAG1 and SRS1-SRS3 are exclusively found on tachyzoites, whereas BSR4 is only found on
bradyzoites and SAG3 is found on both stages. As SAG1 and SAG3 have shown, this family of
proteins is likely to have a function in the attachment process prior to parasite invasion. SAG2A
(formerly SAG2) and SAG2B—SAG2D are four related proteins in the SAG2 family. SAG2A and
SAG2B are only expressed by tachyzoites, whereas SAG2C and SAG2D are exclusively expressed by
bradyzoites (Parigi, 2014; Lyons et al., 2002).

2. Materials and methods

Samples collection

The research was conducted in Iraq at the Ruminant Research Station of the General
Authority for Agricultural Research/Ministry of Agriculture/Baghdad. And in AL-Dibuni Research
Station for Researches/Wasit. Blood (10 ml) was drawn from the jugular veins of 80 female
lactating goats using disposable needles and simple vacutainer tubes (gel tubes) and then brought
to the laboratory on ice in a cooler box. Serum samples were extracted using a 2,000 g centrifuge
for 10 minutes and kept at — 20 °C in labeled Eppendorf tubes until ELISA testing. Samples were
obtained from the jugular vein using a medical syringe with a capacity of 10 ml (Vacum Tube
Needle) with EDTA (Ethylene Diamine Tetra Acetic Acid) samples are kept at - 20 °C for the DNA
extraction process G-spin TM Total DNA Extraction Kit iNtRON Korea and is based on B1 gene by
nPCR. Milk samples were taken from 80 female animals using plastic tubes with a capacity of 100 ml
for Elisa IgG (Toxo-IgG) ELISA Kit Goat Toxoplasma gondii SunLong Biotech Co., LTD China, and
DNA extraction. In aborted women, results showed that out of (30), the positive cases were 15 in
ELISA and 10 in nPCR.

Nested PCR

This technique was performed for direct detection of Toxoplasma gondii based on B1 gene
from animal blood, milk and human blood samples. This method was carried out according to
method described by Halleyantoro et al. (2019) as following steps: Primers and Primer3 plus.
These primers were provided by (Scientific Researchers. Co. Ltd/Iraq) as following table:
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Table 1. B1 gene PCR primer and B1 gene Nested primer

Primers Sequence 5-3’ PCR product size
F GGAACTGCATCCGTTCATGAG

B1 gene

e 89 160 bp
primer | R | GGCGACCAATCTGCGAATACACC

Bi1 gene F TGCATAGGTTGCAGTCACTG
Nested primer 131 bp

R TCTTTAAAGCGTTCGTGGTC

Polymerase chain reaction (PCR) for Sag3 gene

The PCR technique was performed for detection Sag3 gene in Toxoplasma gondii human
blood goats’ samples. These genes were used DNA sequencing analysis for genetic variation
genotyping analysis. This method was carried out according to method described by (Vitale et al.,
2008).

Statistical analysis

A total of 80 blood and milk samples were collected and subjected to Elisa test and nPCR.
To evaluate the Elisa test, a comparison was done between the results to obtain sensitivity,
specificity, and Kappa coefficient. The odds ratios were estimated to identify the risk of some
factors. Two types of odds ratios were estimated; crude odds ratio and the adjusted odds ratio by
using logistic regression.

3. Results and discussion

Serological test and molecular test in blood and milk

The ELISA and nPCR tests were used for the detection of Toxoplasma gondii in the blood
and milk of goats and women aborted. Several studies have been carried out in goats to study the
prevalence of toxoplasmosis; various laboratory approaches were utilized. T.gondii seroprevalence
was discovered by researchers. (Agglutination test modified, ELISA, Immunosorbent agglutination
assay, indirect fluorescent antibody agglutination assay, Hemagglutination assays indirect, and Dye
test) (Subedi et al., 2018). In the current study, we decided to employ an ELISA for this
investigation approach (Iovu et al., 2012; Asal, 2016) because it provides pleasing, quick, and
sensitive results. In general, many studies have been conducted using serological and molecular
diagnosis of T. gondii, (Burg et al., 1989; Al-Sanjary et al., 2012; El-Madawy and Metawea, 2013;
Al-Abady et al., 2014; Hade et al., 2015), and all of these studies agree with our conclusion that
molecular (PCR) is a more sensitive and specific tool than serological tools for the detection of
T. gondii. The sensitivity (95.45 %) and specificity (97.29 %) of PCR for identifying toxoplasmosis
were determined using an ELISA test as a standard (Mikaeel et al., 2015).

Total infection by indirect ELISA and nPCR

Milk and blood

Out of 80 female lactating goats’ blood and milk were examined by using indirect IgG Elisa
and nPCR. In blood, Elisa was positive 23 (28.7 %), blood nPCR, positive sample 17 (21.2 %).
The Kappa results (0.14.) indicated slight agreement with Elisa in blood and nPCR in blood with
sensitivity (58.82) and specificity (74.60), 95 % CI (-0.0886 to 0.368), Table 2.

Table 2. Comparison between infection rate using ELISA and PCR for blood

Blood-nPCR
Serum-Elisa - +
- 47 10 57 (71.2 %)
+ 16 7 23 (28.7 %)
63 (78.7 %) 17(21.2 %) 8o
Weighted Kappa? 0.140
Standard error 0.117
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95 % Cl -0.0886 t0 0.368
Sensitivity 58.82
Specificity 74.60

The presence of the parasite in a lower amount in the blood by the nPCR assay compared to
the antibodies may be due to 7. gondii being more tenacious in tissues than in blood after
infection. Consequently, the umbilical cord, heart, placenta, and brain are appropriate samples for
PCR analysis (Kijlstra, Jongert, 2009). Toxoplasma. gondii has been found in sheep and processed
meat using PCR (Mason et al., 2010; Duncanson et al., 2001). In their study, (Nematollahi et al.,
2014) found that the prevalence of antibodies against T. gondii was 34.6 % in aborted fetal tissue
and 56.6 % when the prevalence was assessed by nested-PCR. These findings corroborate one
another. The following explains the existence of sero-negative and positive samples using nPCR:
no serologic test is sure in the diagnosis of toxoplasmosis, according to (Dubey, Frenkel, 1998) this
parasite's seroconversion is complicated, and numerous variables might be at play. The comparison
of nPCR in blood and milk, with positive 17 (21.2 %) and 23 (28.7 %) in blood and milk
respectively, with fair agreement by results kappa (0.471) with sensitivity (70.59) and specificity
(82.54), 95 % CI (0.252 to 0.689), Table 3.

Table 3. Comparison between infection rate using PCR in milk and PCR in blood

Blood_nPCR
Milk nPCR - +
- 52 5 57 (71.2%)
+ 11 12 23 (28.7%)

63 17 8o
(78.7 %) (21.2 %)

Weighted Kappa? 0.471
Standard error 0.111
95 % CI 0.252 10 0.689
Sensitivity 70.59
Specificity 82.54

These results are in agreement with Mancianti et al. (2013) who found a perfect agreement
between nPCR blood and nPCR milk in 100 % of the cases (n = 10) goats that tested positive to
n-PCR on blood samples also tested positive to n-PCR on milk samples. As a result, it's possible to
claim that a certain n-PCR result on blood samples proves a goat is shedding Toxoplasma DNA
into its milk. Also, Camossi et al. (2011) and Silva et al. (2010) they claimed that weakened
immunity in sheep through the peripartum period may favor the revitalization of cystic forms of
T. gondii, resulting in the tachyzoite being eliminated from milk. Because not all positive animals
remove the parasite in their milk, the serology results do not always match the PCR results. This
elimination is dependent on the animal's infection stage as well as their immunity.

In milk Elisa was positive 17 (21.2 %), blood nPCR, positive sample 17 (21.2 %). The Kappa
results (-0.046) which indicated no agreement with Elisa in milk and nPCR in blood with
sensitivity (82.35) and specificity (22.22), 95 % CI (-0.254 to 0.162), Table 4.

Table 4. Comparison between infection rate using ELISA in milk and nPCR in blood

Blood nPCR
Milk Elisa - +
- 49 14 63 (78.7 %)
+ 14 3 17 (21.2 %)
63 17 8o
(78.7 %) (21.2 %)
Weighted Kappa? | -0.046
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Standard error 0.106
95 % CI -0.254 t0 0.162

sensitivity 82.35

specificity 22,22

The results of this study are comparable to those of de Santana Rocha et al. (2015), who
discovered that anti-T. gondii antibodies were present in 41.5 % of the studied animals (114/275).
However, there was no association between parasite excretion in milk and the presence of IgG in
38.9 % of the studied animals (7/18), Because of the high seropositivity and the detection of
parasite DNA in the milk, it was determined that the sheep population in southern and
southwestern Bahia is infected with T. gondii. A very low value of kappa presented that there was
no agreement between seroprevalence and prevalence parasite in milk. The animals who tested
positive for milk in the PCR but negative in the serology might be in the early stages of disease,
with inadequate antibodies to be identified in the serology so the presence of T. gondii DNA in goat
milk does not imply that the parasite is still alive (Bezerra et al., 2013). Because of IgGs are
detectable within 1-2 weeks of infection and reach their peak between 1-2 months later; they are
present for the rest of one's life at levels that progressively drop (Montoya, 2002). Disagree with
results were reported by Amairia et al. (2016) in Northwest Tunisia were Elisa (31.2 %) while nPCR
(7.8 %) According to Saad and Ewida (2018), the low incidence of T. gondii observed by qPCR is
due to the late expansion of IgG antibodies, and the parasite is limited to organs and tissues rather
than being dispersed in the circulation, thus it does not enter the milk.

Nested PCR product analysis

Samples were obtained from human blood and goat's milk, Lanes (1-15) were showed some
Toxoplasma gondii were showed at (131bp) Nested PCR product and N: non-DNA template
negative control samples. Based B1 gene, were subjected to nested PCR based SAG3 for sequence,
Figures 1, 2.

M12 345678 9101112131415N

Fig. 1. Agarose gel (1 %) electrophoresis image that showed the Nested PCR product analysis of B1
gene in Toxoplasma gondii from human blood samples. Where M: marker (1500-100 bp) Lanes
(1-15) were showed some Toxoplasma gondii were showed at (131 bp) Nested PCR product and N:
non-DNA template negative control samples
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M123 456 7 8 9101112131415N

1500bp8e

Fig. 2. Agarose gel electrophoresis image that showed the Nested PCR product analysis of B1 gene
in Toxoplasma gondii from milk samples. Where M: marker (1500-100bp) Lanes (1-15) were
showed some Toxoplasma gondii were showed at (131bp) Nested PCR product and N: non-DNA
template negative control samples

DNA Sequence results

The DNA sequencing method was carried out to Toxoplasma gondii genotyping analysis
based on surface antigen (SAG3) gene complete nucleotide sequence in local Toxoplasma gondii
goats and human isolates with related NCBI-Blast related Toxoplasma gondii clonal lineages
genotype I, II, and III isolates. The phylogenetic tree genetic relationship analysis was showed that
the local Toxoplasma gondii goats and human isolates (Tg-IQ-Goat.1, Tg-1Q-Goat.2, and Tg-1Q-
Goat.4) and The Toxoplasma gondii Human isolates (Tg-IQ-human.3, Tg-IQ-human.4, and Tg-1Q-
human.5) were showed closed genetic related into Toxoplasma gondii genotype III (AF340229.1).
The Toxoplasma gondii goats’ isolates (Tg-1Q-Goat.3 and Tg-IQ-Goat.5) and the Toxoplasma
gondii human isolates (Tg-IQ-human.1 and Tg-IQ-human.2) were showed closed genetic related
into Toxoplasma gondii genotype I (AF340227.1). And there are no Toxoplasma gondii isolates
were related as genotype II (AF340228.1). At total genetic change (0.01) as showed in Figure 3.

.| Tg-1Q-Goat.2
1 Tg-lIQ-Human.5
Tg-1Q-Goat.1

84%

Tg-1Q-Goat.4

Tg-IQ-Human.3
Tg-lIQ-Human.4

@ AF340229.1-genotype:lll

Tg-1Q-Human.2

AF340227.1-genotype:l

| Tg-1Q-Human.1

s I.[ Tg-1Q-Goat.3

83%

Tg-1Q-Goat.5

@ AF340228.1-genotype:ll

t 1
nom non

Fig. 3. Phylogenetic tree analysis based on the complete sequence of surface antigen (SAG3) gene in
local Toxoplasma gondii goats and human isolates that used for genotyping analysis. The phylogenetic
tree was constructed using Unweighted Pair Group method with Arithmetic Mean (UPGMA tree) in
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(MEGA 6.0 version). The Toxoplasma gondii goats isolates (Tg-IQ-Goat.1, Tg-IQ-Goat.2, and Tg-1Q-
Goat.4) and The Toxoplasma gondii Human isolates (Tg-IQ-human.3, Tg-IQ-human.4, and Tg-1Q-
human.5) were showed closed genetic related into Toxoplasma gondii genotype III (AF340229.1).The
Toxoplasma gondii goats’ isolates (Tg-IQ-Goat.3 and Tg-IQ-Goat.5) and The Toxoplasma gondii
Human isolates (Tg-IQ-human.1 and Tg-IQ-human.2) were showed closed genetic related into
Toxoplasma gondii genotype I (AF340227.1). And there are no Toxoplasma gondii isolates were
related as genotype II (AF340228.1). At total genetic change (0.01).

The homology sequence identity between Toxoplasma gondii goats and Human isolates with
NCBI BLAST related Toxoplasma gondii genotype I and III isolates were showed genetic homology
sequence identity ranged from (98,65-99,9 %). Finally, the local T. gondii goats and human
isolates were submitted into NCBI Genbank and identified by accession numbers (OL792791,
OL792792, OL792793, OL792794, OL792795) for goat and accession numbers (OL792796,
OL792797, OL792798, OL792799, OL792800) for human isolates. As showed in Table 5.

Table 5. Homology sequence identity between local Toxoplasma gondii gaots and Humans
isolates with related to NCBI BLAST Toxoplasma gondii genotypes isolates

Toxoplasma Genbank Homology sequence identity
gondii accession Genotypes Genbank Identity,
isolate No. number accession %
number
Tg-1Q-Goat.1 OL792791 Genotype: 111 AF340229.1 99,90
Tg-1Q-Goat.2 OL792792 Genotype: 111 AF340229.1 99,90
Tg-1Q-Goat.3 OL792793 Genotype: 1 AF340227.1 99,31
Tg-1Q-Goat.4 OL792794 Genotype: 111 AF340229.1 99,90
Tg-1Q-Goat.5 OL792795 Genotype: 1 AF340227.1 086
Tg-1Q- OL792796 Genotype: 1 AF340227.1 99,28
human.1
Tg-1Q- OL792797 Genotype: 1 AF340227.1 99,90
human.2
Tg-1Q- OL792798 Genotype: 111 AF340229.1 99,90
human.3
Tg-1Q- OL792799 Genotype: 111 AF340229.1 99,90
human.4
Tg-1Q- OL792800 Genotype: 111 AF340229.1 99,90
human.5

Genotyping is critical for studying the parasite's epidemiology and demographic genetics
since various strains of T. gondii generate distinct clinical signs in humans and animals (Grigg et
al., 2001; Wang et al., 2013). In spite of the majority of strains 7. gondii detected in animals and
humans in Europe belong to one of three clonal lineages (I, II, or III), atypical strains have also
been discovered (Ajzenberg, 2010). Type II is more prone to cause persistent illnesses, but type I1I
is more likely to affect domestic animals (Sroka et al., 2017). In France, toxoplasmosis type II was
discovered in over 90 % of human congenital cases and also in animal isolates (Ajzenberg et al.,
2002; Dardé, 2008).

4. Conclusion

Type III or type I may be more prevalent in Portugal, Spain, and the Slovak Republic,
according to research (Fuentes et al., 2001; de Sousa et al., 2006; Turcekova et al., 2013). Genetic
characterization confirmed the presence of genotype III in seven samples, genotype I in one
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sample, and atypical genotypes in two samples, according to Mancianti et al. (2013). Only type III
lineage is distinguished in 14 samples by de Sousa et al. (2006), eleven samples exhibited alleles
type III at the 5'SAG2 locus, four samples had SAG3 alleles, and seven samples had GRAG6 alleles,
seven samples showed allele types I/III at the 3'SAG2 gene, whereas one had allele types I/III at
the BTUB locus. Two samples have alleles II/III in the SAG1 gene. Goat muscle with the
phylogenetic tree's major branch, sequence KC607824.1, at 100 % identity (Altamemy, Khiry,
2016). This finding was identical to that of Bezerra et al. (2013) who used PCR to match 5 positive
samples of goat milk with (DQ779196.1) at 99.9 % identity in North Eastern Brazil. Conferring to
the (Mohammed et al., 2015), that genotyping of Toxoplasma Type 11 9(15.25 %), Type I, and Type
IIT 2(3.38 %) has grown substantially, the genotype I the most fatal type, Type II was the most
widespread genotype, type III, an entero-zoonotic parasite discovered for the first time in Iraq in
aborted women. There is very little information on the genetic diversity of T. gondii in humans in
Iraq (A'aiz, 2016a). In the current study, no Toxoplasma gondii isolates were related genotype II.
This is in disagreement with (A'aiz 2016a; A'aiz 2016b), in Iraq in the Wasit province aborted women
and sheep who found in aborted women the genotyping assay revealed that 6.6 % (1/15), 13.3 %
(2/15), and 80 % (12/15) of the examined isolates represent the genotypes of I, III, and II respectively.
Additionally, a sheep genotyping assay showed that 60 % (6/10), 30 % (3/10), and 10 % (1/10) of the
isolates under examination correspond to genotypes II, III, and I, respectively, whereas, the type 11
looked to be the predominant image of both humans and sheep. These outcomes may be based on
nested PCR-RFLP of the SAG2 gene or they could be based on genetic characterizations.
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Abstract

It is known how promising the use of nanopores is for DNA sequencing, including the
problems of functional genomics and epigenetics. For example, projects with nanopore sequencing
of complete bacterial genomes and complete metagenomes, as well as resistomes (pools of
antibiotic resistance genes) in microbial communities are already being implemented. This
technique is based on changing electrical parameters and analyzing the signal as molecules pass
through a nanopore. In addition to DNA, this method can study the characteristics of peptides and
proteins, glycans and proteoglycans, and many supramolecular structures based on proteins and
DNA (for example, viruses, in particular, bacteriophages), as well as microparticles and liposomes.
It seems possible to analyze not only the recent biomolecular polymer structures, but also
biomimetic and xenobiochemical sequences and ultramicroparticles. The unified principles of
nanopore analysis for various biological macromolecules indicate the possibility of explicating
nanopore measurement technologies for various tasks. However, to do this, it is necessary to
calibrate and control the sizes of nanopore detectors themselves. Accordingly, one of such methods
is multiparametric pore morphometry, carried out automatically (using machine image recognition
methods) or manually. Scanning and transmission electron microscopy systems can be a source of
data for this method. In this case, not only the pore size can be used, but also dimensionless
characteristics (parameters of ellipticity, elongation, compactness, roundness, Feret diameter ratio
for different levels of cutting or etching of nanopores, etc.). This work is an expanded version of the
report on this topic prepared in 2021 (for a conference on new polymer and composite materials).
This extended version is integrated with the texts of reports (on the measurements of biological
and viral particles in pores of different sizes and geometries) from the virtual meeting held online
during the coronavirus pandemic (Webinar on Electrochemical Technologies in NGS (March 14,
2022 — March 15, 2022)). Despite the significant obsolescence of some parts of this review,
the physical principles of detection have not changed, as well as the biological and biomedical
significance of this approach. This allows us to consider this material as a good didactic reference
source (as well as a retroforesight review, a number of assumptions and bibliographic conclusions
from which have already come true or are beginning to come true at the present time — several
years after writing and presenting of the original reports).

Keywords: nanopore sequencing; resistive-pulse sensing method; bioparticle counting and
sizing; ultrastructure; nanopore size; nanopore geometry; signal processing based bioinformatics.
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1. HaHOmoOpoBoe CeKBEeHHPOBAaHHE U U3MEPEHHA JIEKTPUUYECKHX IIapaMeTpPOB
OHMOMaKpPOMOJIEKYJI IIPH MIPOXOKAEHUHU Yepe3 HAHOMOPHI.

OOmen3BeCTHO M CTAJI0 IPAKTUYeCKH "OOIIMM MeCcTOM' YTBEPKAEHHE HACKOJIBKO
MEPCIIEKTUBHO WCIOJIb30BaHUE HaHomOp Ay cekBeHupoBanus JIHK (Derrington et al., 2010;
Maitra et al., 2012; Loman, Watson, 2015; Bayley, 2015; Burgess, 2020), B ToM 4ucje B 3aja4ax
QYHKIIMOHAIPHOH T€HOMUKHA M OIWUTE€HEeTUKU, BKJIIOYAsA, IPEUMYIIEeCTBEHHO, 3(hdeKThI
MetunupoBanus (Rand et al., 2017; Schatz, 2017; Kono, Arakawa, 2019). Ha maHHBIII MOMEHT
CTAaHOBUTCA BO3MOJKHBIM HAHOIIOPOBOE CEKBEHHPOBAaHHE IIOJHBIX OaKTepUaJIbHBIX TE€HOMOB
(Loman et al., 2015) uiu MOJHBIX IyJIOB TeHOB aHTUOMOTHKOPE3UCTEHTHOCTH B COOOIECTBAX KAK
MaTOTeHHBIX, TAK U HeMaToreHHbIX 6akTepuii (van der Helm et al., 2017).

Mertoz OCHOBaH Ha U3MEpPEHUU U3MEHEHUN 2JIEKTPUUECKUX ITapaMeTPOB IPH MTPOXOKIEHUU
Mostekys1 4epe3 HaHoropy (Timp et al., 2010) ¥ MO3TOMY XOpPOIIIO MaTeMaTHYECKU IPEACKa3yeM
(4TO ecTECTBEHHO COIIPSI?KEHO C XOPOIIEH CXOAUMOCTBIO JIAHHBIX in Silico u in vitro). B cuty atoro
CTAaHOBUTCA BO3MOJKHBIM HCIIOJIb30BAHHE MaTEMATHYECKUX CHUMYJIAIUOHHBIX METOJIOB (THIa
DeepSimulator (Li et al., 2018)) u Bbi60p MeT0O0B 6MOMH(GOPMATHKH /I aHATI3a HAHOIIOPOBOTO
cexkBeHupoBanus (Makalowski, Shabardina, 2020) cooTBeTcTBeHHO mpuHIUIaAM 00pabOTKU
MMepBUYHOTO aHaymuTuueckoro curHana (Molina, Manolakos, 2003; Ahdesmaiki, 2006),
B 3aBHCHMOCTH OT XapakTepa 00pabOoTKU CUTHAJIOB — MO MpUHIUIaM Iudposoi (Nwankwo, 2013,
2015; Nwankwo et al., 2015; Nwankwo, Okafor, 2023) wiau ananorosoi (Gradov et al., 2019)
00pabOTKU CUTHAJIA CEKBEHUPOBAHUS.

Kpome JTHK, c¢ wucnosib30BaHHEM HAHOIODP MOTYT OBITh HCCIIEJOBAaHBI XapaKTEPUCTUKU
nenTuoB u 6enkoB (Freedman et al., 2012; Zhou et al., 2016; Thakur, Movileanu, 2019; Acharya et
al., 2020), Bxitrouas ¢pepMeHTHI (M BO3MOKHO HaOJIIO/IEHHE MTPOoIeccoB ¢ ux ydactueM (Craig et al.,
2017)), T/INKaHOB ¥ mporeorsinkaHoB (Takemasa et al., 2011) 1 MHOKecTBa CyIpaMoJIeKyJIsIPHBIX
CTPYKTYP, COJleprKalux OeJIKHM U HyKJIEMHOBBIE KUCJIOTHI, TakuX, Kak ¢aru (Lee et al., 2014), wiu
HHBIX QYHKIIMOHAJIBHBIX OMOHAHOCTPYKTYD, TAKUX Kak JuriocoMsl (Lee et al., 2019).

B HacTosiIiee BpeMsi U3MepPeHUsI BEAYTCS C IOCTATOYHO BHICOKUM BPEMEHHBIM pa3peleHueM
— 1o 100 HC Ha TBepAoTeabHBIX mopax (Shekar et al., 2016) mwnu ¢ wacToTol MOpsizIKa JECATKA
Mmerarepiy (Chien et al., 2019), yTo npemocTaBIAeT MPAaKTUUYECKU OECKOHEUHbIE BOBMOXKHOCTH JIJIST
MOZYJIAIMOHHBIX u3MepeHuii (Adamovich, Gradov, 2018a; Adamovich, Gradov, 2018b;
Adamovich, Gradov, 2022a; Adamovich, Gradov, 2022b) Ha pa3HbIX 3Tanax TpaHcaokanuu JTHK
win OejKa CKBO3b IIOPY U, COOTBETCTBEHHO, CYIIECTBEHHbIE BO3MOXKHOCTH /IS T.H. 'signal
processing based bioinformatics" (Chen et al., 2003; Serpedin et al., 2009). OaHako
OJTHOBPEMEHHO C JIAHHBIMH BO3MOKHOCTSIMA BO3HHKAIOT MOBBIIIIEHHBIE TOTPEOHOCTH K Ka4YeCTBY
00paboTKu "3aroTOBKH', cofiepsKalllell HAaHOTIOPHI, U CTaHZAPTHHIM IIOPOBHIM pa3MepaM, TaK Kak
H3BECTHO, UTO KaYeCTBO HAHOIIOPOBOT'O CEKBEHUPOBAHUS 3aBUCUT OT Pa3MEPHBIX, T€OMETPUUECKHUX
XapaKTepUCTUK HAHOIIOP U MeTo/10B ux nosyuenus (Rhee, Burns, 2007).

Hanopuwmep, ucciaenoBanue tpanciaokanuu JHK mpoucxoguT Ha mopax, COMOCTaBUMBIX C
JUIMHOW BOJIHBI yJIBTPaHOJIETOBOTO [AHAalla30Ha WM IopaX, CHOPMHUPOBAHHBIX METOZAMH
¢oronurorpadpun yAbTPa0JIETOBOTO JinanasoHa, BKJTIOUAs BYO® (BakyyMHBII
yIbTpadHOIETOBBIA AUANa30H), WIH NpHU yabTpaduoseroBoM Bo30y:xkaeHun (Yamazaki et al.,
2014; Shintaro et al., 2015), (1 ga’ke MeHee, 0COOEHHO — €CJTM Peub HAET O CBepXpas3peliaronei
MHKPOCKOITMH WJIH MUKpouHTepdepomeTpun). COOTBETCTBEHHO, HEOOXOAUM METOZ, AJ11 KOHTPOJIS
pa3MepoB HAHOIIOP U YJIBTPAMHKPOIOpP, PaboTalIMui Ha IJIyDOKO CyOMHKPOHHOM YPOBHE
MIPOCTPAHCTBEHHOTO paspellleHusl, COBMECTUMBIN TaKKe C KapTHPOBAaHUEM WJIW aHaJIN30M
3apSAKUA KOHTYPOB IIOP M aHAJIM30M MJIM KaPTUPOBAHUEM UX UMIIEIaHCA UJIH IIPOBOAUMOCTH.

[TockosibKy CBOOOJHBIA pa3Mep HAHOIOP MOXKET OBITh OIpeeseH M0 HX ITPOBOAUMOCTH
(conductance) (Wen et al., 2017), BO3MOXHO HCIIOJIE30BaTh JJIA 3TOrO0 TEXHOJIOTHMH THIIA
"conductance-based profiling of nanopores" (Bandara et al., 2018). /leficTBUTEJIbHO, JJI METO/A
aHaJM3a TPaHCJIOKaIuu buomosiekys, Takux kak JJHK, TpeOyercs 3/eKTpUYECKH MasIONIyMINas
WIKN HEeUTpaJbHas IO Mapa3UTHBIM I10JI0CAM B HMMIIEJJAHCHBIX CIIEKTpaxX IIOPOBas CTPYKTypa
(Steinbock et al., 2013), moaToMy /TaHHBIE IIPEACTABIECHHSA, HA HAIIl B3TJIS, KayKyTCSI OUEBUTHBIMU
(B obJracTyl BHICOKHMX COIIPOTHBJIEHUH JIOCTUTAETCS MAJIBIN IIIyM — KaK HA TUTAOMHOM KOHTaKTe B
METO/IaX JIOKAJIbHOU (PUKCAIIUKM TIOTEHIIHAJa, IT03BOJISIONIUX PErucTPUPOBATh AKTUBHOCTH
OJMHOYHBIX HOHHBIX KAHAJIOB).
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2. Kpastmmerpuyeckue TpeGoBaHUA K BOCIIPOU3BOAMMOCTH IIAPAMETPOB IOP M
MX HEIOJIHAA IMEPEKPhIBAEMOCTh ¢ METPOJIOTHYECKUMH KPUTEPUAMHU ONMTUMAJIbHOTO
aHaJIN3a CUTHAJIA HAHOIIOP.

OnHako, B JIEHCTBUTEILHOCTH, JIa’Ke TBEPAOTEIbHbIE HAHOIOPHI U PEryJsApHbIE MaTPUIIbI
mop (pore arrays), u30OpaHHbIE II0 KpPUTEPUAM (DJIEKTPO)XUMHUYECKOH PE3UCTEHTHOCTH,
MEXaHUYECKOM JKECTKOCTH U  BOCIPOH3BOAUMOCTH MX CTPYKTYPbI, a, CJIeI0BaTeIbHO,
1 BOCIIPOU3BOMMOCTHU 3JieKTpuueckux cBoicTB (Tabard-Cossa et al., 2007; Smeets et al., 2008;
Park et al., 2016), BKJIo4ass ONTHMH3AIUIO 10 IIIEHHOHOBCKOU sHTponuu (Wojcik, Krapf, 2011) u
BBIIpsAMIIsTIOIUM cBodicTBaM (Knowles et al., 2019), "mymsar". IIlyMbpl HAHOTIOp PETrUCTPHUPYIOTCS
Kak Ha HHU3KHX dacToTax (Smeets et al., 2009; Wen et al., 2017b) (uto cBA3bIBaeTcs OOBIUHO C
agcopbonHoi kuHetwkou (Gravelle et al., 2019) u MokeT OBITh (PaKTHUECKH JIOKA3aHO W3
MEPBBIX IPUHIIUIIOB C IPUMEHEHNEM MeTO/I0B MoJsieKyisipHo# nuHamuku (Patil et al., 2020)), Tak
1 B 00J1aCTH BBICOKUX YaCTOT, 0COOEHHO — B BBICOKHUX AJieKTpomnosisax (Beamish et al., 2012). 1 eciin
s pukkep-uryma (posoBoro myma wiau 1/f noise) Ha Takmx mopax (Siwy, Fulinski, 2003;
Fragasso et al., 2019; Saharia et al., 2020), MOXHO BOCHOJIb30BAaThCSI METOAUKAMU (DIUKKEpP-
mymoBoli criektpockonuu (Timashev, Vstovskii, 2003; Timashev, 2006; Timashev, Polyakov,
2007, 2008a, 2008b; Astafev et al., 2017) (mpumeHsBIIEHCS paHee /IS aHATIN3a POCTA IIOPUCTOTO
kpemaus (Parkhutik, Timashev, 2000; Parkhutik et al., 2000; Parkhutik et al., 20002003) u
XapakTepuCTHK HOoHOooOMeHHBIX MeMOpaH (Kolyubin et al.,, 1996), a Takke — I aHaIMU3a
MeXaHUUECKHUX W BJIEKTPUUYECKUX XapaKTEPUCTUK OHOMeMOpaH W BE3HKYJI MPH 3JIEKTPOMOPAIHT
(Mitkova et al., 2016) wiu crenUaaIN3UPOBAHHBIM MaTeMaTHYECKHM alllllapaToM /IS aHaJIu3a
PO30BOr0 IllyMa HOHHOM IIPOBOJIMMOCTH CKBO3b OJIMHOYHBbIe HaHomopsbl (Tasserit et al., 2010),
TO JI/IsI. MHO?KECTBA JIDYTUX IIIyMOB, B OCOOEHHOCTH — KOMOWHHPOBAHHBIX IIIYMOB, HeoOXoamMa
paciiupeHHas MyJIbTUIIapaMeTpruueckas 00paboTKa CUTHasa.

B wuTore mpezcraBisieTcsi, YTO HaMHOTO OoJiee IiesiecooOpa3HbIM, UYeM Y4eT BCEX THUIIOB
IIIyMOB B HUX HEBOCIIPOW3BOJMMOM COUYETAHWM M IIONBITKA OpPTaHHM3AIlUH IIIyMOIIO/JIAaBJIEHU,
COTJIACOBAaHHOTO II0 BCEM THIIAM JIaHHBIX IIIyMOB, sBJseTCS YyHU(POPMHOE II0 KayecTBY
BOCIIPDOU3BEJIEHNE TeOMETPUU KM pa3MepOB HAHOIOp, a Takke pabora B obiyactu Haumbosiee
HU3KOIIYMSIIUX — BILIOTh /0 TATAOMHBIX — KOHTAKTOB C yY4€TOM 3JIEKTPODU3UUECKUX ITapaMETPOB
MOI00HBIX HAHOMOP /I HU3KOYACTOTHBIX 3aluceidl, TO ecTb, B KOHEUHOM HTOre, pabora c
Huskomymsamumu 3anucaMu  ("low-noise recording of resistive pulses through nanopores")
(Kim et al., 2006; Bafna, Soni, 2016; De Vreede et al., 2019).

OfHAKO BTO ABJAETCS TEXHOJOTHYHOH U JOCTATOYHO HECTAaHAAPTHOH (DU3HUECKOH
mpo0IeMoi, TpeOyroIleli BHPTYO3HBIX HABBIKOB SKCIIEpHMeEHTa (MIPUMEPHO KakK obOecredeHue
THTAOMHOTO KOHTaKTa B MeTOJaX JIOKAJbHOW (uKcanuu moTeHIuasa — patch-clamp — u uHBIX
MeMOpaHHBIX MeTOJlaX UW3MepeHHH, TpeOyIoIMuX BecbMa HHU3KOrO YPOBHA IIIyMa HWJIA
BBICOKOA((HEKTUBHOTO aHAJIOTOBOTO IIIYMOIIO/IaBJIEHHUsI, B OCOOEHHOCTH — Ha YPOBHE OJMHOYHBIX
nouHbIx kaHanos (Kuroda et al., 1984; Cook et al., 1985; Leonard et al., 1986; Huddie et al., 1986;
Bates et al., 1988, 1990; Etcheberrigaray et al., 1991; Jonas et al., 1996, 1997; Reccius, Fromherz,
2004; Sixi, Anlian, 2004; Vockenroth et al., 2008; Verma, Melosh, 2010)). IIpo6siema cocTout B
HEyCTPAaHUMBbIX (PU3UUYECKUX MPUUYMHAX BO3HUKHOBEHHUs IIyMOB (HAIpUMEpP, €CJIU TOBOPHUTH O
MIPUBEIEHHOM BBIIlIE TTpUMepe (PIUKKEpP-IIyMOB, U3BECTHO HEPABHOBECHO-TEPMOAUHAMUYECKOE
nopoxkaenue Guukkep-iryma (Vlassiouk, 2009; Powell et al., 2009; Su et al., 2020)).

Ha maHHBIT MOMEHT HU3BECTHBI JIECATKH METO/IOB IIOJIyYeHUs] HAHOIIOP M YJIBTPAMUKPOIIOP,
KaK TBep/OTeJbHBIX (Storm et al., 2003a, 2003b; Arnault et al., 2013; Kudr et al., 2015; Xia et al.,
2018), Tak u nmosmuMepHbIX (Apel et al., 2007); kak guasnexkrpudeckux (Apel et al., 2007), Tak u
MEeTA/UTM3UPOBAHHBIX KakuM Jubo obpaszom (Wei et al., 2010; Alam et al., 2011) -
C UCIIOJIb30BAHUEM KaK METOJIOB XMMHYECKOTO TPaBJIEHUs] WJIM TEMIUIATHOTO cuHTe3a (Zhang et
al., 2006; Park et al., 2007; Chen et al., 2018), Tak u (pu3UUECKUX METOJOB (IJTEKTPUUECKUX,
3JIEKTPOHHO-ITyYKOBbIX (Yemini et al., 2009; Kuan et al., 2015)).

CTporo roBopsi, HAC WHTEPECYIOT He TOJIbKO HAHOIIOPHI B Y3KOM CMBICJIE CJIOBA — Sensu
stricto, IJIsi KOTOPBIX BeCjeACTBHe rpadeHoBOro Oyma Bce METOABbI KOHTPOJISI TEOPETHUYECKU
JIOCTATOYHO Xopomio paspaboransl (Zhang et al., 2018) (manmpumep, B paMmkax
paccMaTpUBaBIIIErOCs BbIllle MpHMepa QIHKKep-IIyMa, U3BECTHBI PabOThI 110 aHAIU3Y PO30BOTO
myma rpadenoBbsix HaHOTIOP (Heerema et al., 2015; Song et al., 2003), HO U CyOMUKPOHHBIE TTOPBI
B 0OoJiee IIMpOKOAWANA30HHOW TpakToBKe — sensu lato (Uram et al.,, 2008). H3BecTHBI
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KOHIIENITyaJIbHbIEe OCHOBBI aHAJIM3a IIYMOB HAa HAHOIOPOBBIX M MUKPOIIOPOBBIX HJIU
YJIBTPAaMHUKPOTIOPOBBIX cTpyKTypax (Wen et al., 2017b; Park et al., 2016; Parkin et al., 2018; Liang
et al., 2020), B TOM YuHCile HAHOCEHCOPHBIX U OHOCEHCOPHBIX CTPYKTypaX Pa3HBIX TUIIOB —
OT OMOJIOTUYECKUX WJIN OMOMHUMETHUYECKHX YaCTHYHO VIIOPSAAOYEHHBIX Cpend — soft matter no
HEOPTaHUYECKUX TBEPAOTENHHBIX (B TOM umciie rpadeHOBbBIX, pa3 0 HUX ObLJIO COOOIIEHO BHIIIE
(Kumar et al., 2013; Zhang et al., 2018)) (Kocer et al., 2012; Fragasso et al., 2020). EcrecTBeHHO,
YTO BO3MOKHOCTH IOJ/IEPIKAHKS Pa3MepOB U (pOPMBI Y TBEPAOTEIBHBIX IIOP, KaK MPABUIIO, OOJIBIIIE,
103TOMY 0O0JIee CyIIeCTBEHHBIH WHTEPEC MPECTaB/IsIeT U3yuyeHHe Pa3MepOB IOP B MOJMMEPHBIX U
MHBIX YaCTUYHO YHOPAZOYEeHHBIX (soft matter) MmaTeprasnax, B TOM YHCJIE — TP AHAIU3€E UX PEAKIUN
HAa BO3JIEMCTBHUSA TEX WIM WHBIX CPeJ] WIN YCJIOBUHM IPOTEKAHUS SKCIEPHMEHTAIBHOTO IIpoIecca.
CraTucTiuecky BBIOOpKA pa3MepoB U 6Ge3pa3MepHBIX MOPGOMETPHUYECKUX JECKPUITOPOB IIOp Ha
TIoJIIMeEpe WIH 2Ke Soft mater Gyzner 6osee GoraToit (Grigorieva et al., 2021; Grigorieva et al.,2022),
a pazbpoc 371eKTPOGU3UIECKUX TAPAMETPOB IIOP BBIIIIE.

3. MeTpoJsiornueckue mpodaeMbl METOA0B KAPTUPYIOIIEil HAHOMMOPOMETPUH /IS
HCCIE0OBAHUM MAaKPOMOJIEKYJ M OHMOJTOTHYECKUX YIABTPAMHUKPOYACTHIL.

B To ke BpeMs cTaHAapTHBIE MeTO/bI mopoMeTpun/mopo3umerpuu (Ito, Kobayashi, 2005;
Gao et al., 2013; Petrova et al., 2015; Jannot et al., 2018; Zhang et al., 2020), He TPeABABIAIOT
ITOJIb30BATENII0 CTATUCTHUKHU PaCIpeZe/IeHUi [TapaMeTpPOB II0 JaHHBIM CUYeTa HHAMNBUIYaTbHBIX
HAHOIIOp, €CJW He COMPOBOXKAAIOTCA METOAaMHM WMOBPKHUHTa, HaIpUMep CKaHUPYIOIeh
MHKPOCKOITMH WJIH Ke HaHoToMorpaduueckumu 3D uzmepeHnusmu. F3-3a 3TOTO MpeJICTaBIIsAETCS
11eJ1ecO00pa3HbIM OOPATUTHCA K METOAMKAM MHUKPOCKOIIMH, KOTOPBIE JAIOT 3Ty BO3MOXKHOCTD
(Grigorieva et al., 2021, 2022). B Hacrosillilee BpeMs H3BECTHbI METOAbI HCCIENOBAHUS TIOD
Pa3JIMYHON TPUPOABI M Pa3MepOB C IOMOIIBI 30HJIOBOH, TYHHEJIBHOH U aTOMHO-CHJIOBOM
mukpockonuu (Popa et al., 2010; Connelly et al., 2014; Sokolov et al., 2014; Liu et al., 2019;
Acharjee et6 al., 2020; Schlotter et al., 2020; Jugade et al, 2021), ofHAaKO BO MHOTHUX 30H[OBBIX
MeTO/IaX eCTh PUCK 3a/IeBaHUSI 30H/IOM O pesibed MOBEPXHOCTH.

[TosToMy Hamo uCKaTh '"Hepas3pyllalolihe METOJbl KOHTPOJIsA', He 3a/eBalolue peibed
ITOBEPXHOCTH, HO IPU BSTOM VAOBJIETBOPSAIOIINE KPUTEPUSAM JOCTATOYHOCTH YBEIUYEHHUA W
paspeliieHus, HeOOXOAUMBIM JJIsI aHA/IM3a YABTPAMHKDPOIIOP/HAHOIIOP. YUUTHIBAsA MPUMEHEHIE
ITOCJIEIHUX B METO/IaX, OCHOBAHHBIX Ha 3JIEKTPOMUBUUECKHX IPUHIUAINAX JETEKTUPOBAHUS YACTHUI]
(Gadaleta et al., 2015) u mosekys (Tok u conporuBiaenue/ummnenanc (Goldstein et al., 2011; Gao et
al., 2014; De Vreede et al., 2019)), menecoo6pa3HO HAWTH JPyrhe METOAbI, OCHOBAHHbBIE Ha
HCITOJIb30BAaHUU HOCUTEJIEH 3apsifia WM BHENTHUX ITyYKOB 3apsI?KEHHBIX YACTHII.

V3 TO3UIMOHHO-YYBCTBUTEJBHBIX W KAPTHUPYIOIUX MHKPOCKOIIMYECKUX IIOJXO/IOB,
MPUMEHUMBIX JJI TIOJIyYeHUs] CTATUCTHKU pacIpezie/IeHus IMop Mo pa3Mepam, JIOTUYHO Ha3BaTh
METO/[bl 3JIEKTPOHHOU MHKPOCKONHU. Tak, M3BECTHHI METOJIbl ITPOCBEUHUBAIOIIEN BJIEKTPOHHOMN
mukpockomnuu (Carpenter et al., 2004; Rubloff, 2008; Wu et al., 2010; Qian, Egerton, 2017; Li et
al., 2019; Borrelli et al., 2019) ansa ananuza pazmepoB U MOPGOJIOTUH TOP (B TOM YHCIIe, KaK
BU/IHO W3 IPOIUTHPOBAHHOUN juTepatypbl — Metroasl TEM-tomorpaduum u omnepanmo-TEM B
peaJibHOM BpPEMEHU, MO3BOJIAIONINE In Situ HAaOJII0AATh MPOoIecchl GYHKIMOHUPOBAHUA STUX IOP
IIPU CEKBEHHPOBAHUH, B TOM UHCJIE IO/ SJIEKTPOHHBIM IIYYKOM, M UX U3MEHEHHe B pa3Mepax Ipu
peanusauu 3TOTO Tmporecca). Takke u3BecTHbI SEM MeTOoAbl MHKpPO- W HAHOIIOPOMETPHUU
(Chansin et al., 2011; Jacob et al., 2021) (mpuMeHsBIIMEeCS B TOM YHCJIe W B paboTax HaIero
kosutektuBa (Maklakova et al., 2021)), B TOM 4Hcie — ¢ HUCIOJIb30BaHHEM CHOKYCHPOBAHHOTO
HOHHOTO TIyuka, wmoaudwunupywomero oo6pazer; (FIB-SEM) ©u cOOTBETCTBYIOIIMX METO/IOB
3D-Busyaiu3anuu IpU KOMIIBIOTEPHOH MHKpPOTOMOTpadUM HAHO- U CYOMHUKPOIIOp B KaMepe
anekTpoHHOro Mukpockomna (Tong et al, 2017; Zhou et al., 2018; Holzinger et al., 2018; Fang et al.,
2019; Matthews et al., 2020).

Bosiee TOro, M3BECTHBI METO/ABI CO3MaHUS U MOJUGPUKAIIUKA TIOP B KaMepe 3JIEKTPOHHOTO
MHKpOCKoIa — Kak mpocBeuunBatoiero (Chen et al., 2007; Bell, 2008; Liu et al., 2011; Prakash et
al., 2012; Menestrina et al., 2015; Zhu et al., 2019), Tak u ckanupytoiero (Chang et al., 2006;
Prabhu et al., 2011; Olanipekun, Azmy, 2016; Zhou et al., 2016b; Chen et al., 2017; Gong et al.,
2018; Jacob et al.,, 2021). 3T0 JaéT BO3MOXHOCTb TOBOPUTh O NPHUMEHHMOCTH METO/IOB
SJIEKTPOHHOM  MHKPOCKONMHMHU I in  Situ  duxcarnuu  3apsaoBbix  2¢G@EeKToB  IIpu
BpeMspas3pelIeHHOH oIlepaH/10-HaHOTIOPOMETPUH B X07ie (OPMUPOBAHUS TIOP.
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4. O BO3MOKHOCTH aHAJIN3a OUOJIOTUYECKUX HAHOCTPYKTYP (YJIbTPACTPYKTYPbI)
M X MOJIeJIed ¢ MIPUMEHEHUEM aHAJIN3aTOPOB HA 0a3e HAHOMOP/y/IbTPaAMUKPOIIOP.

Takas WHTerpanus IIO3BOJIUT B OyAyIleM yCOBEPIIEHCTBOBATh HE TOJIBKO METO/IbI
CEeKBEHUPOBAHUS M cYeTa OMOMAaKpPOMOJIEKY/IAPHBIX YACTUI]/CTPYKTYP MPHU MPOXOKAEHUHU Uepe3
MaJible IIOPHI (B TOM YHC/Ie — CHHTE3UPOBaHHBIE B 3JIEKTPOHHOM MUKpockorie (Storm et al., 2003b;
Kim et al., 2012), cOOTBETCTBEHHO BBINIEONUCAHHBIM (aKTaM), HO M cAejaTh IIar K
KOJIMYECTBEHHOU JIOKAJIbHOU (HKCAIUM ITOTeHIMasia Ha 0a3e TBEpIOTEJIbHBIX IOP C 3apaHee
M3BECTHBIMU 3apsA/IoBbIMU Xapaktepuctukamu (Kim et al., 2010, 2011; Plucinski et al., 2014) He
TOJIBKO JIJI1 peayibHbIX OuoMemOpaH ¢ wuoHHBIMU KaHatamu (Howorka, 2017), HO u s
MeMOpaHOMUMETHYECKHUX CTPYKTYP € HCKyccTBeHHbIMU Topamu (Gradov, Gradova, 2016).

Ecyi McXoAuTh M3 aHAJIOTHUU C UMIIEJIAHCHBIMU CUeTUYHKaMu (Thmna cueTdyukoB Koyirepa),
OCYIIIECTBJISIIONIUX HM3MEpeHHe Ha IeJIAX H3BEeCTHBIX pa3MepoB U CIeNHaJIUu3WUPOBaHHON
TeOMETPHUH, MOKHO TPEJIIOJIOKUTh, YTO MOP(OMETPUUECKUH KOHTPOJIb YJIBTPAMUKPOIIOP WU
HAHOIIOP MOKET OBITh IT0JIE3eH HE TOJIBKO JIISi CEKBeHUPOBaHUsA. Tak, U3BECTHbI MHOTOUHCIEHHbBIE
METO/Ibl JIeTEKTUPOBAHUs, CUeTa, XapaKTepU3alluu U pasjieJieHus OWoYacTUIl, B TOM YHCIIEe
OenkoBBIX wacTull U BupycoB (Mota et al., 2006, 2008; Darvish, et al., 2015; Yang, Yamamoto,
2016; Houghtaling et al, 2018; Song et al., 2018; Xu et al., 2019), MeTo/TaMu ¢ UCIIOIB30BAHUEM
HaHOIIOP. B HacTosIlee BpeMsl IpOrpecc B 3TOM 00JIaCTH JOCTUT JIOCTATOYHO BBICOKOTO YPOBHS.
Ot ssieMmeHTapHBIX Moziesiell quddy3un He B3aUMOJENCTBYIONUX YACTUI] B JIUHEHHOU HaHOIIOpe
(Zschiegner et al.,, 2008) ocymecTBieH mnepexos K 0Oojiee CIOKHBIM, B TOM YHCIIE
MyJIbTHDU3UUECKUM MojiesiaM. ['eoMeTpusi/MOpPdOJIOTHA TPOXOAAIINX YacCTHUI[ CYIeCTBEHHO
paciivpeHa, a TakyKe y4TeHa POJIb 3JIEKTPHUYECKOTO (a B psijie CjIlydaeB M MarHHUTHOTO) IIOJIs,
BKJIIOYAsi BapbUPYEMBIH 3aps/] caMoi MeMOpaHbl WK obsactu mopsl B Helr (Wells et al., 2022).
OcyllecTBJIEH TIepeX0] OT TEOPETUUECKOTO0 MOJEJHPOBaHHA K TexHosioruu. Co3maHO HeMasio
YCTPOMCTB /JII ONTUYECKOTO M 3JIEKTPUYECKOTO JIEeTeKTUPOBAHHUs OJWHOYHBIX 4YacTHI] (KaK H
OJIMHOYHBIX MOJIEKYJI) B XOJle IIPOXOXK/IEHUs yepe3 TBepoTeabHble HaHONOpPHI (Shi et al., 2015).
OnHOM U3 MEPCIEKTUBHBIX CXEM, SIBJISIETCS MOHUTOUHT MPOXOXKAEHUS MOJUMEPHBIX HAHOYACTHI]
Yyepes IUIa3MOHHbIE HAHOIIOPHI METOZaMU CIIEKTPOCKOITMY KOMOMHAIIMOHHOTO paccesiHus (1 0co00
SERS) (Kerman, 2014). Ecti B IpOIIJIOM U MO3AIPOIILJIOM JIECATUIETUSIX HAHOIIOPHI, PABHO KaK U
MHKPOKAHAJIbI, WCIOJb30BAJIMCh JJIs MHOTOKAaHAJIHLHOTO 3axBaTa U 3JIEKTPOKUHETHYECKOTO
mepenoca yacrturn, (Kovarik, Jacobson, 2008), To ceiiuac K COXpaHSMIOIIAM IPAKTHYECKYIO
3HAYHUMOCTh 33JladaM B3JIEKTPOKUHETUUYECKOTO U 3JIEKTPO(GOPETHIYECKOTO MEPEABUIKEHHS YACTHI]
Yyepe3 HaHOIIOPHI (HO y?Ke ¢ BOBMOXKHOCThIO XapaKTepU3aIuuH, Pa3ejIeHus U IMocUeTa YaCTHUII 110
UMIyJabcaM B pesucTuBHOU cxeme (Shafiei Souderjani et al., 2023)) mobaBiisieTcsi BO3MOKHOCTD
3JIEKTPOUMITEZJAHCHONW CIIEKTPOCKOTIUU OFWHOYHBIX HAHOYACTHUI[ INPH IPOXOXKAEHUU Uepe3
HAHOIIOPY U OIIpeJieJIeHUs UX AuadJieKTpuueckux cBoricts (Hori et al., 2023).

B pamkax mnoxaxomoB mnosimMepomuku (Altuntas, 2013; Altuntas, Schubert, 2014), He
OTPAaHUYUBAIOIIEN IpPHUMEHEHHEe CEKBEHHPOBAHUS OejKaMH ¢ HYKJIEHMHOBBIMU KHCJIOTAMU
(Gradov, 2016), MOKHO aHaJIM3UPOBATHh pAa3JUYHbIE THIBI TOMO U Te€TEePOIIOJIUMEDPOB.
MpbI pezijlaraeM  1epexoji OT YHCTO MAacC-CIEKTPOMETPUYECKOW TMOJUMEPOMUKH U Macc-
CIIEKTPOMETPUYECKOTO CEKBEHHPOBAHUSA KaK 0Oe3aJlbTepDHATUBHOM TEXHOJIOTUHM aHaJIM3a
MIOCJIE/IOBATEIPHOCTEN IeTlell K HAHOIIOPOBOHM IMOJMMEPOMHUKe, 0a3upymooleiics Ha (QU3NIeCKuX
CBOMCTBaX ITOJIUMEPOB U (PU3MYECKUX MeXaHHU3MaX TPaHCJIOKAIlUM WX udepe3 mopy. [Ipu sTom
JKECTKOCTh Iienu Oy/eT BIUATh Ha 3(G¢GEeKTUBHOCTh TPAHCIOKAIIMU IIOJIMMEPA depe3 HaHOIIOpY
(Yu, Luo, 2014) B IPUCYTCTBUH CBA3BIBAIOIIUX YACTHII.

[TocenHee 00CTOSATEIHCTBO MTO3BOJISIET HAM MHTETPUPOBATh METO bl HAHOIIOPOBOTO aHAIN3a
YacTUI[ C MEeTOJaMU IIOJIMMEPOMHKH, TO €CTh HCCJIEJIOBAHUS IIOJIUMEPOB C Pa3IUYHOU
mocJie/IoBaTesIbHOCThI0 U cBoiictBamu (Bhattacharya et al., 2008; Yu et al.,, 2012; Adhikari,
Bhattacharya, 2015; Abdolvahab, 2016). B 3aBuCHMOCTH OT TEXHOJIOTHI U 3a/1a4 UCCIEA0OBAHUS C
HCIIOJIb30BAaHHEM HAHOIIOPOBBIX MeMOpaH, MOJKHO HCIIOJIb30BaTh Pa3Hble METOJbI YIPaBJIEHUS
JIETEKTUPYEMBIMU YaCTUIIAMU - oT IMTHEBMATHYECKHUX (maByenue) bi (o)
3JIEKTPOKUHETUYECKUX/3JIEKTPOOCMOTHYECKUX; TPHU 3TOM OOBEKT WCCJIEIOBAaHUA U JIETEKTOP
MOTYT MEHAThCS MecTaMu (IIPUMep — KCIIOJIb30BaHUE MOPUCTHIX IOJUMEPHBIX MeMOpaH pa3HOTO
3apsifla U CcOCTaBa JJIsg TPaHCJIOKAIIUU 4Yepe3 HUX ITOJMMEPHBIX YaCTHUIl OTJIMYHOTO 3apsjaa u
COCTaBa), a aKIeHT WCCJIEIOBAaHUS CABUTAThCA B OOJIbIIIEH WJIM MEHBIIIEH Mepe B CTOPOHY YHCTOM
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¢usuku (T.e. ©3MepeHUil CBONCTB HAHOYACTUI] HA HAHOIIOPE) WJIM YHUCTOH IOJIMMEPHON HayKH
(t.e. anasnm3za neneii nosumepos) (Holden et al., 2011; Zhu et al., 2015).

5. ODyHaaMeHTaJbHbIE 3aJaYu OyAyIlero, peiaeMbie ¢ IPUMEHEHUEM HAHOIIOP
1 METOJ0OB aHAJIN3a OMOJIOTHUYECKUX 1 OMOMHMETHYECKHUX YaCTHII.

Vcxo/ist U3 TOTO, YTO ITOJTUMEPOMUKA He OTPAaHUYMBAETCS 3a/jauaMy aHaIn3a OMOMIOJINMEPOB,
BBIBO/IS 3aJlaul aHAJIM3a IOC/IeI0BaTeIbHOCTEH Ha HOBBIH ypOoBeHb (HM3MKKU U abCTparupoBaHUs,
3aTparuBaioIuil mpobaeMy TpaHHI] OHOMIMOA00HS B HayKe O ITOJIUMEpaxX, MOKHO IIOIBITATHCSA
HCII0JIb30BAaTh HAHOTIOPOBBIM aHAIM3 JUIA 3a/ad IOJUMEPHOW OwoMuMeTUKHu. OJHUM U3
HaIpaBJIEHUH MOKET SIBJIATHCS MCCIEIOBAHIE KCEHOHYKIEMHOBBIX KUCIOT (Pinheiro, Holliger, 2014;
Yan, Huang, 2019; Crnkovi¢ et al., 2021; Gradov et al., 2021), 4To IpeaCTaBJIsETCS OJTHUM U3 ITyTeH
Pa3BUTHS aBTOMATHUKH IS 33/1ad KCEHOOMOXUMHUU U aCTPOOHMOJIOTUM — OT MOJETUPOBAHUS 10
norcka 6uocurnatyp (Rezzonico, 2014). OnHako 6osiee 1es1ecoo0pa3HbIM MPEICTABIIAETCS, HAa HaIIl
B3IUIsA/ (C yUETOM BBIIIEN3JIOKEHHBIX IIEPCIIEKTUB MHTErPaIli HAHOIIOPOBOT'O aHAIM3a HAHOYACTHI]
1 OMOMaKpOMOJIEKYJ), aHaAu3 He JIHHEWHBIX IIOC/IEZIOBATEIbHOCTEH  ITOJIMMEPOB U
KCEeHOOHOITOJTMMEPOB,/ KCEHOOMOMAKPOMOJIEKY/T (HAaIIpUMeEpP, CM. IPOIUTHPOBAHHYIO ITyOJIMKAIHIO
"Direct Sequencing of Xeno-Nucleic Acids using Nanopore"), HO ITOJIHOIIEHHBIX OHOMUMETUYECKUX
ITOJTMMEPHBIX HAHOYACTHI] (3TO, B CBOIO OUEPE/b, MOKET OBITh COMPSIKEHO C aHATHU30M BO3MOKHBIX
BapHUAHTOB Pa3BUTHSA MPOTOOMOJIOTUH/pAaHHEH XUMHUYECKOH SBOJIIONMHI B IIPOUCXOKIEHUH KU3HU B
3eMHBIX MM "9K30IUIaHeTapHBIX' ycaoBusax (Bains, 2004; Davies et al., 2009; Sedov et al., 2013;
Ilardo et al., 2015; Taran et al., 2019; Rimmer et al., 2021; Niemoller et al., 2022).

B Hacrosimee BpeMs NpPUMeHEHWE TEPMUHOB "OHOMHMETHYECKHUU mosuMep" U
"dbuoMuMeTHYecKkaa mnoiauMepHas vacrura' u ("biomimetic polymer" and "biomimetic polymer
particle") cyiiecTBeHHO OTpaHWYEHO NPEUMYIECTBEHHO MEIUIIMHCKUMU (JIHarHOCTUYECKUMH,
TeparneBTHUecKUMH U Tepanoctudeckumu (Clawson et al., 2011; Paul et al., 2017; Maheshwari, 2017;
Carmona-Ribeiro, 2020; Wang et al., 2021; Kaur et al., 2023; Li et al., 2023; Jin et al., 2024))
MIPUIOKEHUSIMU, B TO BpeMsl KaK IPHUHATHE IMUPOKOH TPAKTOBKU TEPMHHA TO3BOJIUT BBIATU 3a
mpefiebl JAaHHOW IIPUKIATHOM YCTAHOBKM U KCIIOJIB30BaTh 3TOT TEPMHUHOJIOTHYECKHH Te3aypyc
(B peBepc-6romumermyeckoM kKoHTtekcre (Apicella, 2008; Deska, 2018; Sharon et al., 2023)) ma
MOHUMaHuUs1 60J1ee PyHITAMEHTATIPHBIX 1 MMEIOIIHX KOHIIENTYaIbHOE 3HAUEHHE ITPo0IeM:

1. CootHomenuss reocdepsl/Tuapochepbl (¢ €€ HaTypaJbHBIMH aOWOTE€HHBIMH
MMOJTUMEPHBIMU YacTHIaMu) U 6uocdepsl (¢ OMOTEHHOH YJIBTPACTPYKTYpPOH, HaHOMACIITaOHOM,
110 OIIPEZIEJIEHNIO) B acleKkTe obeclieueHuss OGHOCOBMECTUMOCTH W OHMOJIOTMYECKOTO BO3/IEACTBUA
HAHOYACTHUI] U HAHOCTPYKTYD,

2. Bo3MokHOCTH aHa/IM3a AOMOTEHHBIX MUHEPAIbHBIX HAHOYACTHUI KAaK OHOMUMETHYECKUX
(c moHATHEM COOTBETCTBYIOIIUX KOMIUIEKCHBIX MPO0OJIEM aHaIn3a U30MOp(U3Ma U TEMIIATHBIX
3(pdeKToB, MOTEHIMAJIBLHO YYaCTBOBABIIMX B BO3HHUKHOBEHHH II€pEHOCA TeHETHYECKOU
vHbOpMAIlUd B IEPUOJ JO0 HYKJIEMHOBBIX KHCJIOT, COIVIACHO W3BECTHBIM € 1960-X IT.
npezacraBienuam (Cairns-Smith, 1966; Cairns-Smith, 1975; Cairns-Smith, 1977; Cairns-Smith,
1988; Cairns-Smith, 2005; Cairns-Smith, 2008));

3. IIpoGsiem aucrnepcHOCTH GHOKOCHBIX CTPYKTYP B JIerpajjoOMUKE M OHOHEOPTaHHYECKOU
xumun (Doucet et al., 2008; Butler, Overall, 2009; Strlic et al., 2009; Tjaderhane et al., 2015;
Savickas et al., 2020);

4. TIpoGysieM KO3BOJIOIMM HEOPraHUYECKHX M  OPraHUYEeCKHX HAHOCTPYKTYPHBIX
KOMIIOHEHT B paHHed »sBojonuu u I1pobseM 3GPEKTUBHOCTH JTOOHOJOTHYECKUX HJIU
IPeA0NOIOTHYECKHIX HAHOYACTHII, BBIIOJTHSBIIIHX SH3UMOMUMETUYECKHE WIN
npotosH3uMarnueckue pyukiuu (Ragg et al., 2016, 2017; Hu et al., 2017; Korschelt et al., 2018;
Chen et al., 2020; Liu et al., 2021), a Takke QYHKIIUU HOCUTeJIEH OMOKAaTHAIUTHYECKUX CUCTEM U
ceTeli peaKI[UH B IIpeI0MOJIOTHYECKOl 1 paHHel xumuueckoi sposonuu (Willner et al., 2007; Wu
et al., 2011; Singh et al., 2019; Breger et al., 2023);

5. Posmm MOHHBIX KaHAJIOB M OMOMUMETHYECKUX CTPYKTYP U (HAHO)YaCTUI] ¢ HAHOIIOPpaMHU B
obecIieyeHruH DBOJIIOIUN B3aUMOZEHCTBUS OMochepPhl B TEOXUMUYECKOTO OKPYKEHHUs, U3 KOTOPOTO
oHa popMHUpOBasIach, HAUMHAs C PAHHUX 9TAIIOB reocdepbl, KOT/la BCce HOCUTEIH HAHOIIOP ObLTH YHCTO
HEOPraHUYECKMMU TBEP/IOTEIbHBIMU MHUHEPATbHBIMU abroreHHbIMU crcTeMamu (Rasmussen, 2000;
Russell, 2006; Baaske et al., 2007; Yu et al., 2014; Kreysing et al., 2015; Niether et al., 2016; Mast et al.,
2017; Rodrigues et al., 2019; Navrotsky et al., 2021; Ianeselli et al., 2022).
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Takum 00pa3oM, HaAHOIOPOBBIE TEXHOJIOTHU 37IeCh CTAHOBATCS HHCTPYMEHTOM
MOZIEJINPOBAHUS PAHHUX MPEAONOJOTHYECKNX CHCTEM B IITUPOKON TPAKTOBKE B3aMMOEACTBUI
MHUHEPAJIbHOU MaTPHUIBI ¢ TIOPAaMH U IPEAOHOJIOTHYECKUX YACTHI] MPOMU3BOJIBHOTO cocTaBa. Ilpu
9TOM, C MO3ULHH peBepc-OMOMHUMETHKH, B XO/A€ MOJEIUPOBAHUA peIIaeTcs TaKKe 3azada
HaXOXJIEHUs  TEPBUYHOTO  YPOBHS  CJIOXKHOCTH  CTPYKTYP,  CIIOCOOHBIX  BBITIOJIHATH
COOTBETCTBYIOIIYIO (IIpem)0HNOIOTUUECKY0 (PYHKIHMIO — HUCXOAsA W3 (UBUYECKUX IPUHIIUIIOB,
obmux 1A (make paHHeH) OHMOJIOTUYECKOW W aOMOTeHHOH NpPenOHOJIOTHYECKON CTPYKTYPHI.
Hanomopbl MOTYT BBICTYIIaTh KaK MOJEJTH KakK OMOJOrnyeckux mop (MOHHBIX KaHAJIOB, IOp —
MIPOJIYKTOB 3JIEKTPOIIOPAIIM MeMOpPaH U T.JI.), TAaK aOMOTE€HHBIX MPeA0U0IOTUUECKUX KaHAJIOB U
op B MHUHEpajJax — YTO INPHUBOAUT K BO3MOXKHOCTA (opMasbHOr0 OHodU3UIECKOro-
OMOMHUMETHYECKOTO COIIOCTABJIEHUsI UX POJIEd M IPOIECCOB IEPEX0/ia OT BTOPBHIX K IIEPBBIM B
MpeIOUO0JIOTUYECKON SBOJTIOIUH.

6. baarogapHocTu

JlanHas paboTa MOCTPOE€Ha Ha PACIIMPEHHOM PYCCKOA3BIYHOM JIOKJIaZie, TOTOBUBIIIEMCS B
2021 rToxmy ana koHpepenmum HIIKM-2021 ("HoBble moJMMepHBIE KOMIIO3UTHBIE
marepuasnbl' /XVII Conference "New Polymer Composite Materials"). ABropbsl 6GiaromapsT
OopraHusaTopoB KoHpepeHInH, 0ocobo — kosuter u3 KBIY, 3a mHCnupaTUBHOE NpUIJIANIEHUE U
BO3MOKHOCTb ITOITOTOBKH JIAHHOTO BHICTYIUIEHUsA (KOTOPOE, B CHJIY MaHAEMUH, He ObLIIO 03BYYEHO
OYHO HA PYCCKOM S3BIKE, UTO, COOCTBEHHO TOBOPS, MCIPABJISIETCA HACTOAIIEH ITyOJIMKAIAEH).
Takke CyIIeCTBEHHYIO 4YacTh JIAHHOM CTaThU COCTaBJIsIeT OKCIUIMKAIMA HAmMX OO30pPHBIX
JIOKJIaZIOB Ha BeOMHAape IO 3JIEKTPOXUMUYECKUM TexHoyuorusM B NGS (14-15 mapra 2022 r.;
Webinar on Electrochemical Technologies in NGS), Te3nchl KOTOPBIX pa3MeIeHbl B PETO3UTOPUU
OSF npenpunToB dsektpoxumudeckoro obmecra (The Electrochemical Society). B cuty atoro,
MbI 0JIaroZlapuM HAIINX KOJUIET W3 JAHHOTO OOIecTBA 3a IPUIVIAINIEHHWE K BBICTYIUIEHHIO U
pasMeIeHn0 JOKIaIoB (HECMOTpPsS HAa HANPSKEHHYI0 OOCTaHOBKY (eBpais-mapra 2022 T.,
pe3yJsIbTaTOM KOTOPOH CTajI0 OTKJIOHEHHE OOJIBIIOTO KOJIMYecTBa PaboT POCCUHCKUX aBTOPOB U3
3apyOeXHBIX  W3JJaHUA W  OT3bIB  IpPUIJIANIEHUA  KOH(MEPEeHIMH  eBPONEeNCKOU U
ceBepoaMepUKaHCKOH JIOKATU3aI[UH ).
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HaHommopoBble TEXHOJIOTHH I MOJEKYJIAPHON OHOTEXHOJIOTHU: OT HAHOIMOPOBOTO
CEKBEHHPOBAHHA A0 CUYETA U U3MEPEHHA MapaMeTPOB GMOHAHOYACTHI] HA HAHOIIOPaX
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AnHOTamuA. lI3BeCTHO, HACKOJIBKO IEPCIIEKTUBHO WCIIOJIb30BAaHWE HAHOIOD JJIA
cexkBenupoBanus JIHK, B Tom uucie B 3asjauax (PyHKIIMOHAJILHOH T€HOMHKH U SIUTEHETUKH.
Hampumep, yxe MoJHOMAcIITAaOHO peasM3yIOTCA MPOEKTHl C HAHOIIOPOBBIM CEKBEHHPOBAHHEM
IIOJTHBIX OAaKTepUATbHBIX T€HOMOB U IIOJTHBIX METareHOMOB, a TaKXKe Pe3UCTOMOB (IIyJIOB TeHOB
QHTUOMOTUKOPE3UCTEHTHOCTH) B COODOIIECTBAX MHUKPOOPTAaHU3MOB. B OCHOBE METOAWKU JIEKUT
M3MeHeHUe 3JIEKTPUYeCKUX IIapaMeTpPOB U aHaJIM3 CUTHaJa IPU IPOXOKJIEHUU MOJIEKYJ depe3
Hanomnopy. Kpome /THK, naHHBIM MeTOZIOM MOTYT OBITh MCCIEAO0BAHBI XapaKTEPUCTHUKHU TENTHOB
1 0esKOB, IJIMKAHOB M IPOTEOIVIMKAHOB M MHOXKECTBA CYIPaMOJIEKYJIAPHBIX CTPYKTYp Ha 0ase
6enxoB u JIHK (Hampumep, BUPYCOB, B YacTHOCTU OakTeoprodaros), a TaKKe MHUKPOYACTHUI] U
sunocoM. IlpezcraBisgeTcss BO3MOXKHBIM AHAIU3 HE TOJBKO PEIEHTHBIX OHOMOJIEKYJISAPHBIX
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IOJINMEPHBIX  CTPYKTYpP, HO TakKke UM OHOMUMETHYECKHX U  KCEHOOMOXUMHYECKHX
IIOCJIE/IOBATEIPHOCTE U YJIBTPAMHUKPOYACTHUIl. YHHUUIMPOBAHHBIE IPUHIUIIBI HAHOIIOPOBOTO
aHIM3a JJIA PA3JINIHBIX OMOJIOTUYECKHX MAaKPOMOJIEKYJ CBHUETETBCTBYIOT O BO3MOKHOCTU
SKCIUTMKAIIMN TEXHOJIOTUH HAHOIMOPOBBIX M3MEPEHUH I PA3JINYHbIX 3371a4. OHAKO JJI 3TOTO
HY>KHO KJIMOPOBaTh U KOHTPOJIMPOBATh CAMU pa3Mepbl HAaHOMOP-/1eTeKTOpOB. COOTBETCTBEHHO,
OTHUIM U3 TOJIOOHBIX METOZOB SIBJISIETCA MYyJIbTHIIAapaMeTpUdecKkass MOpdOMeTpus Iop,
OCyIIleCTBJIsIEMasi B aBTOMATHYECKOM (C HCIIOJIb30BAHHEM METOO0B MAITMHHOTO PACIIO3HABAHMUS
00pa3oB) WU B PyYHOM pekumMe. VICTOUHHUKOM JJaHHBIX JIJISI 3TOTO METOZA MOTYT OBITh CHCTEMBI
CKaHHUDYOIIeH ¥ IPOCBEYMBAIOIIEH 3JIEKTPOHHOU MUKpockonuu. I[Ipu 5TOM MOXKeT OBITh
HCIIOJIb30BAaH HE TOJIBKO pasMep IOp, HO U 06e3pamMepHble XapaKTepUCTUKH (I1apaMeTphl
9JUTUITUYHOCTH, YIJIMHHEHHOCTH, KOMITAKTHOCTH, OKPYIJIOCTH, OTHOIIIEHU JuaMeTpoB Depe i
Pa3HbBIX YPOBHEU cpe3a WU TpaBJeHUA HAHOIOP U T.7.). [laHHaa paboTa fABjsAeTcs paclIupeHHOU
BepcHel JOKJIa/la 0 YKa3aHHBIM TeMaM, TOTOBHBIIEroCs B 2021 rofy (s KoHQepeHIUU 110
HOBBIM IIOJIUMEPHBIM U KOMIIO3UTHBIM MaTepuasaMm). JlaHHas pacliupeHHas BepcUs
MHTETPUPOBAHA C TEKCTAMH JOKJIAZ0B (110 M3MEePEeHUAM OMOJIOTHYECKUX W BUPYCHBIX YACTHUI] HA
Iopax pasHbIX Pa3MEPOB M T€OMETPUiIl) BUPTYaIbHOTO COBEIIAHUS, COCTOSABIIErocs B dopMmare
OHJIAMH B mepuoj naHzaeMun kopoHaBupycHoi nHdekiuu COVID (Webinar on Electrochemical
Technologies in NGS (March 14, 2022 — March 15, 2022)). HecmoTpsi Ha cylllecTBEHHOE
ycTapeBaHUe HEKOTOPBIX YacTell JTaHHOTO 0030pa, puanueckue MPUHIUIBI AETEKTUPOBAHUS HE
U3MEHWINCh, PABHO KaK W OuoJorHyeckas ¥ OMOMeIHMITUHCKAs 3HAYMMOCTh JAaHHOTO IOJAXOZA.
9TO MO3BOJISIET pAacCMATPUBATh JAHHBIM MaTepuas B KadecTBE JOOPOTHOTO IUIAKTHUECKOTO
CIIPABOYHOTO HCTOYHHKA (a Takke Kak peTpodOpCaNTHBIA 0030p, pAA MPEANOJIOKEHUN U
6ubmrorpaduuecKkux BBIBOJIOB KOTOPOTO yKe COBUICA WM HAaYMHAeT COBIBAThCA B HACTOSAIIEE
BpeMs — Yyepe3 HeCKOJIbKO JIET I10CJ/Ie HAITMCAHUSA U alpOOaIiy UCXOJHBIX JIOKJIAZIOB).

KirroueBbie cj10Ba: HAHOIIOPOBOE CEKBEHUPOBAHUE, HMIIEJAHCHbIE METO/BI CueTa U
U3MepeHUs pa3MepOB YAaCTHI], CUeT M U3MepeHHe Pa3MepoB OHMOHAHOYACTHII, YIBTPACTPYKTYPA,
M3MepeHUs pa3MepPOB HAHONOP, TeOMeTpUs HaAHOIOpP, OmomHGopmaruka Ha 6aze HUGPOBOU
00paboTKU cUTHAIA.
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Lecture Notes on History of Determination of Bio-Antioxidants and Neuromediators
by GC- and GC-MS Techniques in Personalized Molecular Medicine

Evgenii D. Adamovich 2, Oleg V. Gradov 2, Fedor K. Orekhova-*
aSemenov Institute of Chemical Physics, CHEMBIO Dept., Moscow, Russian Federation

Abstract

A significant task related to the practice of using various antioxidants in medicine is their
detection in natural samples, pharmaceutical substances and their precursors, in human tissues
and physiological secretions. Without registering the redox status of the latter, the transition from
redox biology to redox medicine cannot be made. Without objective registration of redox status,
a constructive approach to redox pathology, redox etiology and redox prevention of diseases by
introducing antioxidant-containing foods and active additives into the diet is impossible.
Therefore, technologies for analytical and analytical biochemistry of antioxidants are extremely
important in setting problems in redox medicine. At the same time, many methods that are used
for these purposes determine the activity, but not specific, selective in composition and reactivity in
a given environment, chemical systems, an example of which is the potentiometric determination
of redox-active forms. If we accept that many antioxidant schemes work effectively in micro-
heterogeneous/ultramicroheterogeneous environments, and biological tissue with organelles with
different electrophysical parameters is one of the most typical examples of these environments,
then it becomes obvious that additive analysis, as well as assessment of the overall redox
efficiencies are not stringent enough for redox medicine. It is necessary, at a minimum,
to separately evaluate the concentrations of different redox components and antioxidants, and, as a
maximum, to carry out position-sensitive analysis — in the compartments in which the reaction
process takes place. The second task relates to typical cytochemistry or ultrastructural
biochemistry, therefore it is not considered in this review, and the first task is simple, from the
point of view of measurements at individual points or with averaging over a sample — that is,
standard methods of bioanalytical chemistry. In particular, methods of gas chromatography of
antioxidants, which are most intensively developed in the aspect of GC-MS, can be considered the
optimal means for achieving such analytical goals. However, classical gas chromatographic
techniques can also be used for these purposes, as will be shown in this historical bibliographic
review, based on a course of lectures on these methods that has been formed since the 2000s to
2020s (due to which the depth of the search, unlike the latest reviews, is not limited to the last few
years, and the review has a significant historical bias).

Keywords: redox-status, antioxydants, bio-antioxydants, redox-etiology, redox-pathology,
neuromediators, neurotransmitters, microheterogeneous systems.
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1. HpaKanecxaﬂ BAXKHOCTh QaHAJIUTUYICCKOIO Oo1npeac/jicHud aHTUOKCHAAHTOB.

CylIliecTBEHHYIO 33j1auy, OTHOCSAIIYIOCS K MPAKTUKE IMPUMEHEHUS B MEJUIIMHE Pa3IUYHbBIX
antrokcuzanToB (Kancheva, Kasaikina, 2013), npejictaBisieTr ux JeTEKTUPOBaHUE B MPUPOHBIX
obpasmax (Guseva et al., 2010; Baranova et al., 2012), dapmaneBTHYECKHUX CyOCTaHIIMAX,
ux mpekypcopax (Ozhogina, Kasaikina, 1995; Kasaikina et al., 1998), B TkaHsIX 4eJlOBEKa M €ro
dusnomornueckux BhIIeIeHUsIX. be3 perucrpanuu peoKc-craTyca MOCAeAHUX BOIIPOC Iepexo/ia
ot penokc-ouosoruu (Halliwell, 2006; Circu, Aw, 2011; Flohé, 2020; Feelisch et al., 2022) k
penokc-menuiiuHe (Sies, 2015; Ali, Walker, 2018; Mas-Bargues et al., 2022; Bellanti et al., 2022;
Bourgonje et al., 2003) He MOKeT CTaBUThCSA. A 3TO 3HAYUT, UTO 0e3 OOBEKTUBHOU PETUCTPAIINH
penoKc-cTaTyca HEBO3MOKEH KOHCTPYKTHUBHBIN MOAX0M K pemokc-narosiorun (Huang et al., 2004;
Burgoyne et al., 2012; Li et al., 2013; Frye, James, 2014; Handy, Loscalzo, 2016; Chen et al., 2021),
penokc-atuosioruu (Aitken, Curry, 2011; Da Costa, 2018) u k pemokc-ipodprIakTHKe 3a00IeBaHUN
(Bailey, 2010; Silva et al., 2020), obecrieuriBaeMo¥i BBeZIEHHEM B PAIlOH aHTHOKCHAHT-COEPKAIINX
MIUIIEBBIX MPOIYKTOB M aKTHBHBIX 700aBok (Diplock, 1991; Harman, 1995; Ji, 1995; Packer, 1997;
Ruhe, McDonald, 2001; Fraga, Oteiza, 2002; Askew, 2002; Quiles et al., 2002; Hsu, Guo, 2002;
Gaetke, Chow, 2003; McDonough, 2003; Heyland et al., 2005; Granados-Principal et al., 2010).

OueBH/IHO, UTO, HE UMeST BO3MOKHOCTH aHATUTHUYECKH OTCJIETUTh aT€HTHI, IEHCTBYIOIIHE KaK
AHTHOKCHIAHTHI B META00IM3Me, HEBO3MOYKHO OCYIIECTBUTh PETY/IAIUI0 UX COAEPKAHUA B TKAHU,
a, B ujiease, yrpaBjaeHre aHTUOKCUAAHT-UHAYIIUPOBAHHBIM CTaTyCOM KJIETOK, TKaHH, IO KpalHen
Mepe, C TIeJbI0 IIOIAacTh B TMyJ ONTUMAJbHBIX KOHIEHTPAIlMH C MPOTHO3UPYEMBIM
dusnonornueckum s dexrom (Bagirov, 2004; Bocharova, Bocharova, 2017; Huyut, Huyut, 2021).
[ToaTOMy TEXHOJIOTMH aHAJIUTHYECKOW XMUMHHU aHTHOKcuaaHTOB (Robards, Dilli, 1987; Sawai,
Moon, 2000; Perrin, Meyer, 2003; Budnikov, Ziyatdinova, 2005; Ziyatdinova, Budnikov, 2018)
1, B YaCTHOCTH, aHAJIMTHUYECKON OHMOXMMHHU aHTHOKcHAaHToB (Rumley, Paterson, 1998; Abou-
Elella et al.,, 2014; Marmaro, 2017) UMelOT KpaliHe Ba)KHOe 3HaueHHE B IIOCTAHOBKE 3a/lay B
penoKc-MeauIHe. B TO ke BpeMs, MHOTHE METOJbI, KOTOPbIE HCIIOJIb3YIOTCA B JAHHBIX IEJIAX,
OTIPENeJISIIOT aKTUBHOCTh, HO He clielu(uUecKue, CeJIeKTUBHBIE IO COCTaBy M PEAKTHBHOCTU B
JIAHHOW cpefle, XUMUUYECKHE CHCTEMbI, IPHUMEPOM UYero SBJISETCA IOTEHIIMOMETPHYECKOE
olpefieieHre PeIOKC-aKTUBHBIX (popM (B yacTHOCTU pagukaibHbIX dopm (Ivanova et al., 2017)) u
anTuokcuanToB (Brainina, 2004, 2007; Lee et al., 2014; Tessutti et al., 2013; Kazakovet al., 20109;
Ivanova et al., 2020).

Eciu mpuUHATH, YTO MHOTHE AaHTHOKCHAAHTHBIE cXeMbl 3(¢eKTHBHO paboTaioT B
MUKDPOTeTepOTeHHbIX/yIbTpAMUKporeTeporeHHbIX  cpemax  (Kasaikina et al, 2017a),
a OroJtorMyecKkasl TKaHb C OpraHe/UIaMU C Pa3jIMYHBIMU 3JIEKTPOMU3HUYECKHMMU IapaMeTpaMu
SBJIIETCA OZHUM K3 HaunboJiee XapaKTePHBIX IIPHUMEPOB JJAHHBIX CPEJI, TO CTAHOBUTCSA OYEBHU/IHO,
YTO aJIUTUBHBIN aHAJIN3, a TAKXKe OIeHKa 110 001el penokc-3(pheKTUBHOCTH, VBbI, HE SIBJISIOTCSA
JIOCTaTOYHO-CTPOTHUMH JIJISI IeJield peloKc-MeauIuHbl. HeoOXoaumMo, KaKk MHHUMYM, paszeabHO
OIIEHUBATh KOHIIEHTPAI[UU Pa3HbIX PEIOKC-KOMIIOHEHTOB, aHTUOKCHIAHTOB, a, KAK MaKCHMYM,
MPOU3BOAUTh AHAJIN3 IO3UIIMOHHO-UYBCTBUTEJIPHO — B KOMIIADTMEHTaX, B KOTOPBIX
Pa3bITPBIBAETCSA PEAKI[MOHHBIM IMPOIECC, HE3aBUCHUMO OT TOTO, O KaKMX — PACTHUTEJIbHBIX HJIH
JKMBOTHBIX — TKaHAX UAET peub (Pérez-Peiro et al., 2023; Yeum et al., 2001; Yeum et al., 2004;
Aldini et al., 2003; Banu et al., 2017; Crapo et al., 1993; Tan et al., 2011ab; Sundar et al., 2004;
Shafiq et al., 2020; Palma et al., 2023).

Bropasi 3ajjaua OTHOCHTCS K THIIMYHOM IUTOXUMHUU WU YJIBTPACTPYKTYPHOH OHOXUMHUH,
ITOBTOMY 3/1eCh HE pacCMaTPUBAETCs, a MepBasi 3a/1a4a BIIOJIHE IIPOCTa, C TOUKH 3PEHUA U3MEpPEHU
B OT/JIEJIbHBIX TOYKAX WJIH C yCPEAHEHHEM I10 BBIOOPDKE — TO €CTh CTaHJapPTHBIMH METOJaMHU
ouoananutudeckor xumuu (Hinchen, 1967; Frank et al., 1981; Miller, Miller, 1988; Danzer, 1989;
Ziegel, 2004; Ellison, Fearn, 2005; Goncharov et al., 2015; Palma et al., 2023). B gactHOCTH,
METO/Ibl Ta30BOI XpoMaTorpaduu aHTHOKCHU/IAHTOB, ¢ Havasia 2000-X IT. (Zuo et al., 2002; Guo et
al., 2006; Guo et al., 2007; Shin, 2007; Tsai, Lee, 2008; Li et al., 2009; Zafra-Gémez et al., 2010;
Alin, Hakkarainen, 2011; Shuangshuang, 2013; Ahmad ety al., 2015; Nasr et al., 2019; Viet et al.,
2019; Svecnjak et al., 2020; Frauscher et al., 2020; Gupta et al., 2021) Haubosiee UHTEHCUBHO
passuBamomuecs B acuekre I'’X-MC (Ha ¢oHe yero ocrasbHble Ta30XpoMaTorpaduyecKre TEXHUKU
"OIeKHyT, Tepsis cBOU Kiaccuueckuii Oseck” (Luong et al.,, 2013; Keene et al., 2019)), moryr
CUUTATHCSA ONMTUMAJIbHBIM CPEJICTBOM /IS IOCTHIKEHHUS TMOA00HBIX aHATUTHYECKUX Iiesieil. OHaKO
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U KJIACCUYECKHe ra3oxpoMaTorpaduyeckre TEXHUKH MOTYT OBITh UCIIOJIb30BAHBI JJIsI ATUX IIeJIeH,
Kak Oy/IeT IToKa3aHo HUKE.

2. K Bonpocy o "nuajiekTuuecKknx MexaHusmax' B peokc-(pHu3u0JI0ruu.

Bmecre ¢ TeM — HeCMOTps Ha YIPOINEHHBIH IOJAX0Z — XHMHYecKas (PHU3UKAa CHUCTEM
MOJIEKYIAPHO-0HMOJIOTUYECKOH PEry/AIluyd He MeHseTCs, sIBJIsiACh AuasektudeckuM (Jeney, 1962;
Bellu, 1973; Budreiko, 1974a; Budreiko, 1974b; Goldstein, 1997; Neves et al., 2012; Pechenkin,
2014; Imyanitov, 2016; Nufez et al.,, 2019; Zhu, Wang, 2023) oTpakeHHeM MeXaHHU3MOB
COOTBETCTBYIOIIUX (PU3HOJIOTO-OMOXUMHYECKUX peaknuii. Hampumep, B cydae oOIEen3BECTHHIX
THOJIOB COCYIIIECTBYIOT IIPOOKHUCIUTEIbHbIE U aHTUOKCUAAHTHBIE adpdekTrl (Straghan et al., 1996;
Graham, Wood, 1996; Lynch, Frei, 1997; Iwata et al., 1997; Kim et al., 2001; Leroy, 2003; Menon et
al., 2005; Fujisawa, Kadoma, 2006; Zinatullina et al., 2018a; Valent et al., 2022). B Tosibk0 uTO
IUTUPOBAaHHOU cratbe (Zinatullina et al., 2018a) mokasano, uro mpookucauTeabHble 3Gb@EKTHI
HATUBHBIX THOJIOB CBS3aHBI C PEAKI[USIMH JIETKO MPUCOEIUHSIOMMNXCSA K HEHACBHIIIIEHHBIM CBSA3SIM
TUWIBHBIX PaJIUKAIOB, KOTOPbIE, B YAaCTHOCTH, 00pa3yioTcsi B OOMEHHBIX PEAKIIUAX THOJIOB C
JIDYTUMH pafiiKaJiaMH U ITPYU B3aUMOJIEHCTBUH THOJIOB C THAPOIIEPOKCHIAMU.

B TO ke Bpems, B pacTBopax, Ipu GHUBHOJIOTHYECKOW TeMIlepaType, MeXaHHU3MBbI
AHTHOKUCIUTEIBHOTO JEHCTBUS €CTECTBEHHBIX THOJIOB (TJIyTaTHOH, IMCTEMH, TOMOIIUCTEHH)
BKJIIOUAIOT peakIWd C aKTUBHBIMH (OpMaMH KHCJIOPOJa — IE€POKCHJIBHBIMU paguKaIaMu
(¥ mepoKCUIOM BOZOPO/a), a BOCCTAHOBJIEHIE TIOCIeAHEr0 (IIEPOKCH/Ia BOAOPO/Ia) COMPOBOXKIAET
obpazoBaHue pagukayioB. DeHOJIbHbIE AHTUOKCHIAHTBHI, HCIOJIb30BaHHBIE B TOJIBKO YTO
IIUTHPOBAaHHOU paboTe (pecBepaTpoJsi U KoelHas KUCIOTa) PACXOAYIOTCS MIPH B3aUMOIEHCTBUH C
JIyTaTHOHOM. Peaknusi yckopsieTcs B TPHUCYTCTBHHU IEPOKCHIA Bojopoza. Takum obOpasowm,
Ha IPUMEPEe THOJIOB MOXXHO INPOWUIIOCTPUPOBATh BECh CIEKTP AHTAarOHHUCTHYECKUX U
KOHKYPEHTHBIX, KOOTIEPATUBHBIX U CHHEPTETHYECKH JIEUCTBYIOIIUX MIPOIIECCOB B XUMUHU MOOOHBIX
CHUCTEM, WCKJII0Yasi 00yCJIOBJIEHHBIE JONOJHUTEIBbHBIMU (pa3zaMu U KOMIIAPTMEHTATU3YIONUMU
rpaHunamMu. JJisi XdiMHUH PacTBOPOB, XUMHUU TOMOTEHHBIX cpeli (1 B BOAHOM, U B HEBOJHOU Cpejie
(Zinatullina et al., 2017a; Zinatullina et al., 2017b)) sT0 mOCTaTOUHO.

3. YKCKYpC B XUMHUI0O MUKPOTETEPOTEHHBIX CUCTEM U MEMOPaHOMUMETHKOB.

JIJis1 XMMHH MUKDPOTETEPOTEHHBIX CHCTEM CHUTYaIUsl BRITJIAAUT elé ciokHee (Lissi, Rubio,
1990; Oliveira et al., 2001; Huang et al., 2005; Bohstrom, 2012; Chakraborty, 2013; Moreiraa,
Lyonb, 2022), kak B acleKkTe IOBeIeHHSA BEIECTBA B MUIIE/IaX, TAK U B aclieKTe GOTOMETPHUUECKOTO
U CIEKTPO(POTOMETPUUECKOTO OIIPE/IeJIEH s, a TAKKE B aclleKTe XpoMaTorpaduu ¥ XpoMaTo-Macc-
CIEKTPOMETPHUH COOTBETCTBYIOIIUX CHUCTEM, CTAHOBSIIIENUCS OYTH HEBO3MOXKHOU 0e3 HapyIlIeHUs
CTPYKTYPbl MUKPOTETEPOTEHHOU CHUCTEMBI (TO €CTh MEeTOJ TEPeCTaéT XOTh B KaKOH-TO Mepe
OTHOCUTBCS K MeToZaM Hepa3pylIaInero KOHTPOJSA, B CHIYy 3MEPIKEHTHOCTH CBOWCTB
MHKPOTETEPOTeHHBIX KOMOMHAIIMN U UX HECBOAUMOCTH K CBOMCTBAM OJUHOYHBIX KOMIIOHEHTOB).
Il Hammx pabOT OCHOBHBIM U3 NMPAKTUUYECKUX HUCTOUHUKOB O MOBEJAEHUU WHTEPECYIOIIUX HAc
MHKPOTETEPOTEHHBIX CHUCTEM SIBJIAIOTCA pabOThI jabopaTopuu KujKodasHoro okucieHus X
PAH, no cyru, ABAIONIENCA TPOAOIKaTeIeEM paboT B 00JIaCTH TOMOJUTHYECKUX PEAKIIUN aKa/l.
H.M. OmanHyssis U ero KoJUleKTuBa. JTta Jabopatopus 00eCcrneYnBaeT CMBbIKAHUE MEK/TY
HECKOJIbKUMU acleKTaMu, (haKTHYeCKU He 3aTparuBaeMbIMU B HACTOSAIIEM 0030pe, HO BaXKHBIMHU
JUIT  TIOHMMAaHUS HEHPOXUMUUYECKOTO acliekTa (EeHOMEHOB, B  KOTODPBIX y4YacCTBYIOT
HEHUPOTPaHCMUTTEPHI/ HEHPOMETUATOPHI, B YACTHOCTH:

1. BimsaHusA MeMOpaHHBIX JIUIIH/IOB Ha TeHEPAINIO CBOOO/THBIX PAJUKAJIOB B alleTUIXOJIUH-
comeprkamux —cucremax (Potapova et al., 2018); coBmecTtHOro (CymepajIuTHBHOTO,
MHKPOCTPYKTYPHO-3aBUCUMOTI'0) BKJIa/Ia JIUITUA0B/cypdaKTaHTOB U aHTUOKCHIAHTOB B MOAOOHBIX
MHKporereporeHHbIX cucreMmax (Kasaikina et al., 2018);

2. BzaumopelicTBUS THOJIOB U KATE€XOJIAMHUHOB C AKTUBHBIMH (OpMaMU KHCIOPOJA
(Zinatullina et al., 2018b);

3. Karasimza paauKajJbHBIX peaKIUi B CMEIIaHHBIX MUIEIAX CyppaKTaHTOB C
THUPOIIEPOKCUIAMHU.

ITO HampapyieHHe HuMeeT 0Oojiee MHUPOKUN (PUBUKO-XUMUYECKHH KOHTeKCT. B pabore
(Kasaikina et al., 2015) yntaem:
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— B oxucasrowuxca yenesodopodax (RH) eudponepoxcudst (ROOH) — nepsuuHble
am@pudunvHble npodykmsvl oKucaeHus — obpasyiom c¢ KIIAB cmewaHHble MUuennbl
{mROOH-nKITIAB}, 8 komopbix npoucxodum yckopeHHwiil pacnad ROOH Ha padukanvl u mo2ym
KOHUEeHMpuposamucs opyaue NoAAPHble KOMNOHEHMbl — COeOUHEHUA Memanios, UHaubumopsl u
m.0., 4Mo CYwecmeeHHbIM 00pa3om 8ausem Ha CKOpPOCMb U MexaHu3m okucaeHus. IToxasaHo,
ymo ummobunu3o8aHHvle Ha meepdom Hocumene KIIAB coxpanstom cnocobHocmb
Kamaauauposams pacnad 2udponepokcudos8 ¢ obpazosaHuem paduxkan0s U UHUYUUPOBAMb
PaduKanbHble NPoYecCsl OKUCAEHUS U NOAUMEPU3AYUL.

— Paccmompersl ocobeHHOCMU Kamaaumuueckoz2o 0eticmeus KAMuOHHbIX N08ePXHOCITTHO-
axmusgHbix seuwjecms (KITAB) 8 couemanuu ¢ 2udponepokcudamu Ha 2eHepuposaHue paouxkanos u
BNUAHUE PA3AUYHBIX HAKMOPO8 HA 3MOm npouecc: coeduHeHUll NepexoOHbIX Memannos,
Kuc/a0poda u HewHe20 Ma2HUMHO20 NOASL.

ITO KOPPEKTHO /IJIs1 HEHPOMeINaTOP-COIEPsKAIIUX, B YACTHOCTH all€TUJIXOJIMH-CO/IEPIKAIIIIX
cucreMm. Tak, B pabore (Kasaikina et al., 2018) ykazaHo cieznyroiee:

— "KamuoHHble nogepxHocmHo-akmueHvle eewecmsa (S+) u auemuaxoaun (ACh,
swicHellwuull Helipomeduamop, uzsparwWuil CyYweCmeeHHyr poab 6 HEePEHO-MblleHHOlU U
KOZHUMUBHOU AKMUBHOCMU HCUBLLX CYuwjecms) 8 Op2aHUUecKuUxX cpedax obpasyom cmeuwaHHbvle
obpaweHHble Muyeansvt ¢ 2udponepoxcudamu (ROOH), 8 KOMOpPbIX KAMAAUMUYECKU YCKOPSiemcs
pacnad ROOH Ha ceobo0Hble padukanwl”.

— Jlobasxa xoaecmepuna (Chol, 30 mon., %) x 6pomudam nupudurus (CPB) u
yemuampumemuaammonus (CTAB) 8 HeckoabKO pas ymeHvulaem CKOPOCMb 2eHePUPOBAHUS
paduxanos npu kamaaumuueckom pacnade ROOH.

— ...8 cayHae meHee YynopadoueHHbIX U boavwux no pasmepy obpaweHHvix muyean ACh-
ROOH Habawdaemcs ygeauueHue cKOPOCMU UHUYUUPOBAHUS PAOUKAN08.

— Jobaska Chol npaxmuuecku He eausem Ha pa3mepbt muyean CTAB u CPB c
2udponepokcudamil, HO npusooum K ux ymeHvuweHuro 8 cayuae ACh-ROOH".

BriosHe oueBHIEH, C OJHOM CTOPOHBI, '"MOCTHUK" MEXAy XUMHEH TMO00HBIX
MHKDPOTETEPDOT€HHBIX CHCTEM U HEUpPOXMMHUEH, TaK KaK aleTHWIXOJHH B HEPBHOH TKaHU
mmepefiaéresl TakyKe B BHUJE MHUKPOTETEPOTEHHBIX CHCTEM — CHHAIITOCOM, HE BIIOJIHE a/[€KBAaTHBIX
MHUIEIIaM MOJIEJIbHBIX MUKPOTETEPOTEHHBIX CHCTEM Ha €ro OCHOBe, HO, TeM He MeHee,
ABJIAIONIUXCA MpoToTUnaMu Mojesel nepemgaun ACh-curaana Ha ux ocHoBe (Marchbanks, 1968;
Booth et al., 1974; Gundersen Jr et al., 1978; Roskoski Jr, 1978; Jope et al., 1978; Ksiezak, Gibson,
1981; Weiler et al., 1981; Morel, Meunier, 1981; Jope, 1981; Israél et al., 1981, 1987; Breer, Knipper,
1984; Adam-Vizi, Ligeti, 1984; Meyer et al., 1986; Boksa et al., 1988; Satoh, Nakazato, 1992;
Kirkpatrick, Richardson, 1993; Ni et al., 1993; Arribas et al., 1993; Gifford et al., 2000; Hornick et
al., 2011).

C Apyro¥i CTOPOHBI, YKa3aHKe Ha POJIb X0JIeCTEPUHA MIPUBOJUT K CBA3KE C HYTPHUIIEBTUKON U
dbynoMukoii, a XOJTMHIPTrUYECKE HEPBHO-MBIIIIEYHbIE CHHAIICH B 9TOM KOHTEKCTe 00eCIIeunBaoT
Takke cBsi3b ACh-MHUKpOreTepOreHHBIX CUCTEM C MHOJIOTHENH. MOKHO TaK’Ke MOCTaBUTh BOIIPOC O
CBSI3U 3JIEKTPOONMOGU3UUECKUX U MarHutobuosiorudecknx ¢peHomeHoB ACh-HelipoTpancMuccuu
CO CTPYKTYPOH MHKPOTETEPOTEHHBIX "HEHPOMUMETHYECKUX' MHUIIEJUIAPHBIX CHCTEM, HECYIIUX Te
"kBaHTBI' ACh-HEHpOTpaHCMUTTEpPA, KOTOpPHIE TaKKe MOTYT IepefaBaThCsi — XOTs Obl U B
MOJIeJIbHBIX cucTteMax. Tak, B pabote (Kasaikin, Pisarenko, 2015) unraem:

— ObHapyxceHo 3amedanioulee Oelicmeue KUCA0poOd U 6HewHe20 MAZHUMHO20 NOAS HA
CKOpOCMb UHUYUUPOBAHUA paduxkanos npu pacnade 2udponepokcudos 8 Kamaaumuueckux
HaHopeakmopax. Poab HaHOpeakmopog8 u2parm CcMewaHHble O00paweHHble MUulyennbl,
obpasosaHHble kamuonom I[TAB u cudponepoxcudom {mLOOH...n[IAB}.

— AHanoz2uuHble aPdexmbvl Kucaopoda u eHewHe20 MAZHUMHO20 noas (60-150 mTa) Ha
CKOpOCMb UHUYUUPOBAHUS padukanos Habawdarmces npu Kamaaumu1eckom padukanbHOM
pacnaode 2udponepokxcuda 8 npucymcmaeuu ayemuaxoauHa.

— IIpumeuamenvHo, umo 3ameodastowuil 3@@dexm MasHUIMHO20 NOASL YMEHbUAemcs 6
npucymcmeuu NapamasHUmMHbIX Yacmuuy - KUcA0pood U OMHOCUMeAbHO CMabuabHbLX padukanos.

Wiu B pabore (Kasaikina et al., 2017b):

— YcmanoeaeHo, WMo auemMuaxoauH — eadcHellwuil Hetipomeduamop, u2parowuil
CyuwecmeeHHY0 pPoab 8 HEPBHO-MblUEHHOU U KOSHUMUBHOU AKMUBHOCMU JHCUBbIX Cyujecms,
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8 opeaHuveckux cpedax nodobHo KITAB kamaausupyem padukaavHulil pacnad sudponepokcudos,
8b1X00 paduKan08 8 KOMOPOM YMeHbULAeMCA 8 MAZHUMHOM NO/e U 8 NPUCYMCMBUU KUCA0POOd.

Takum o0Opa3oM, MOXKHO OOOCHOBaTh, C OJHOW CTOPOHBI, HEOOXOAWMOCTh BBOJIA B
paccMOTpeHUE AalEeTHIXOJUHA U JIPYTHUX HEHPOMEIUaTOpPOB KAaK aHTHOKCHUIAHTOB, a C JPYrou
CTOPOHBI — THOJIOB.

4. Ucropusa razosoii xpomarorpadpuu u I'X-MC Trnos10B

Wrak, nnsa Havaja HaM CJielyeT pPacCMOTPETh Ha KOHKDETHOM IIpHMepe Kakue-Inbo
MeTOAMYECKHE TOAXOAbI K aJINTUBHOMY pa3/ie/IeHUI0 U UIeHTU(UKAIUN Ha MPAKTHKE TeX WU
WHBIX peIOKC-(PaKTOPOB Y AHTHOKCUJAHTOB, IPUMEHUMBIX (WM UMEIUX 3HA4YeHUe) B
dusuonorun u mMeaunuHe. Vcxons W3 BHINIEU3JIOKEHHOTO, BEPOSITHO, UMEET CMBICJI HA4yaTh C
THOJI0B. VICX0/ M3 BOCIIPOMU3BOAMMOCTH IIEJIOTO PsJia METO/IOB UX aHAJIN3a, AaHAJIOTUYHO JIPYTUM
peloKc-aTeHTaM U AaHTHOKCHJAHTaM, ObLIO peIleHO pean30BaTh 3TO Ha OCHOBE IIPUHITUIIA
razoBoi xpomarorpadumu.

[TepBbie pabOTHI IO TA30BOY XpoOMaTOrpadUu THOJIOB, B 0COOEHHOCTH — I10 UX CENapaIuu OT
WHBIX KOMIIOHEHT CMecel, OTHOCATCSA K Hadaimy 1960-x rr. (Farrugia, Jarreau, 1962). Ilpu sTom
JUINTEJIbHOE BpEMs IIOBCEMECTHOE BHEIPEHWE WX TOPMO3WJIOCh TEXHHYECKOH 06a30u,
HEJIOCTaTOYHOU Ui 3(P@deKTuBHOTO aHaimu3a. OJHAKO BHEAPEHHE METOAO0B, O0ECIeUHBIINX
yIpolleHe mocyieaHero, B 1980-e rr. (B Tom uucie headspace gas chromatography (Zygmunt,
Przyjazny, 1984)), IpuBeso0 K BO3MOKHOCTH PE3KOH aKTUBU3AIMH PabOT B 3TOM HAIlpaBJIEHUU B
1990-€ IT., IPUYEM BO3HUKHOBEHHE JIOCTYyIHBIX MC-/IeTEeKTOPOB M IIPOTpaMMHO-aIapaTHbIX
koMmiuiekcoB I'X-MC czenajso BO3MOKHBIM — pa3pabOTKy IPOTOKOJIOB  BKCIEPUMEHTOB,
BKJIIOUAIOIINX HE TOJIBKO pasjie/iIeHHe, HO U MPSIMYI0, a TaK:Ke MyJIbTUIIapaMeTpUUYecKyio (mpu
MHOTHX JIeTEKTOpax) UAeHTU(PUKAIINIO B COIEPKAIUX THOJIBI HATUBHBIX U CHHTETHYECKUX CPeZlax
(Wronski, 1991; Kirichenko et al., 1996; Tsikas et al., 1999). Okasasgoch, YTO BO3MOKHO
CONOCTABJIATh JaHHble pa3HOdasHbIX MeToZ0B: Kak npumep — I'X-MC u BIXKX. IIpakTtuka
npeBanupoBanusa ['X-MC Hag «uucrbiM» ['X B aHanuze THOJIOB 0oGoOpMHIach K cepefuHe
2000-X TIT., IpUYEM CTajla 3aTparuBaTh U KaTAIUTUYECKH-TE€HEPUPYIOIIHE CHCTEMBI C
HCIIOJIb30BAaHUM Pa3IUYHBIX — (POTOKATATUTHUYECKUX U UHBIX areHToB (Courtney, Voegel, 2005).
MUKpOMUHHATIOPU3AIYs ITPpUBEia K BO3MOXKHOCTH aHAIN3a HE TOJBKO B CTAHJAPTHOU KOJIOHKE,
HO U B KaTWJUIIPHBIX WJIH UIJIOBBIX KOJIOHKAX, HE UCKJII0Uas XpOMAaTO-Macc-CIIEKTPOMETPUYECKIE
metons! (Tuna NTD-GC-MS) (Warren et al., 2013).

B cepeayHe 2010-X IT. aKTUBU3UPYIOTCA MPHIOKeHUs TaHaeMHOoN I'X-MC B 3TuX 3amavyax
(Thibon et al., 2015; Coetzee et al., 2018). YBenuueHne paspeliamInell CIOCOOHOCTH Macc-
CIIEKTPOMETPOB, B TOM 4YHCJIe — KOHCTPYKIIMI, HHTErpajibHO mpucrpanBaeMbix K I'X-MC,
¥ uctoyib3yeMbix B MC-TaH/ieMe, TPUBEJIO K BO3MOKHOCTH MTPENM3UOHHOTO U BOCIIPOU3BOUMOTO
n3oTomHoro aHaiuzda (Pavez et al., 2016), a mosiBJieHHE MacC-CIIEKTPOMETPOB IIOJIEBOTO H
MOOMJIBHOTO TIPUMEHEHHUs IPUBEIO K BO3MOKHOCTH HMHTETpPaIlid Ta30XpOMaTOrpaduyuecKoro
aHamm3a u ondaxkToMeTpuu (3amemjailedl IpUMEHEHHWe JIPYTUX TEXHOJOTHH  THIa
«MCKYCCTBEHHBI HOC») KaK METO/Ia KOMIIAPATHBHOTO O[0POJIOTUYECKOTO U (PJIeBOXUMHYECKOTO
a”Hasmu3a. MeToabpl Ta30BOM Xpomarorpaduu, HCKJIIOUYas CXEeMbl MacC-CIIEKTPOMETPUUECKOTO
JIETEKTUPOBAHUS, TAK)KE PAa3BUBAJIMCh B ATOT IEPUO/I, HO 3HAYUTEIPHO MeJIJIEHHEE, TTIOCKOJIBKY UX
BO3MOJKHOCTH IIPAKTHYECKH HcueprnaHbl. OIHAKO CpPeAu W3BECTHBIX M HHTEPECHBIX ITyHKTOB
MOJKHO Ha3BaTh pasjieJIeHhe METOJIOM XHWPaJbHOH Tra30BOM XpoMaTorpaduu IPOIYKTOB
THOJIMHOBOTO cuHTe3a/“xiuk-xumuun’ (Cui et al., 2020). OcHOBHas ke YacTh MPUKJIAHBIX PadboT
II0 EeCTECTBEHHOMY CBIPDbIO /IO HACTOSIIIIET0 BpPEMEHH, KaK IPaBHUJIO, OCYIIECTBJISIETCA C
HCHoJab30BaHUeM craHgapTHOH I'X-MC, XOTS W ¢ pa3IudYHBIMH BJIEMEHTAMH METOAUYECKOH
HOBU3HBI Ha CTQAMAX NPoOOMOATroTOBKU U paszenenus (Wenging et al., 2021). «Meromom
WHTUOUTOPOB» YCTAHOBJIEHO, UTO BOCCTAaHOBJIEHHWE ITEPOKCHJIAa BOAOPOJA THOJAMH B BOJHBIX
pacTBopax CTaHJAPTHO COIPOBOXKAAETCS OOpa3oBaHWEM paauKaioB. IIpu B3auMOAeHCTBUU
[JIyTaTHOHA U CUHTETUYECKOTO/TI0TyOMOCHHTETUUECKOTO THO 1A N-aIeTU/IIUCTENHA C TTIEPOKCUIIOM
Bozioposia mpu pH<7 o6GpasyiooTcs TUWIbHBIE W TUAPOKCUIbHBIE pajukaibl (Zinatullina et al.,
2020). ITO TMO3BOJISIET, B YAaCTHOCTH, HCIOJb30BaTh, KPOME MacC-CIEKTPOMETPHHU, METObI
JIIOMHUHECIIEHIIUY U 3JIEKTPOHHOTO ITapaMarHUTHOTO PE30HAaHCA.
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5. Ucropus razoBoi xpomarorpadunu u I'X-MC anernimucrenHa.

Kak ykasaHo Bblllle, IPE/CTABIIAET UHTEPEC B3aMMOJENCTBUE THOA N-aleTUINICTENHA C
MIEPOKCUJIOM BOJOPO/Aa B IPUCYTCTBUM TIJIyTaTHOHA. Ilo3TOMy MOXKeT OBITh Ie1ecO00pa3HO
paccMoTpeHue ciieAyrIinuM myHKToM MeTo/1oB I'X u I'X-MC auetuinucrenHa.

B oamHOM acmekTe MOXKHO cOOOIIUTh ciexayiomee. ['X-aHanmu3 N-aneTwinmucTenHa
HEOJTHOKPATHO IIPOU3BOAMWIICA, Kak MakcuMyMm, ¢ 1970-x rT. (Hannested, Sorbo, 1979),
MIPAKTUYECKH IIOJTHOCThIO TEPENAA B KaNWLIIPHO-XpoMarorpadudeckyro ¢GopMy K Hadary
1990—xrr. (Takahashi et al., 1993). OmHOBpeMeHHO ¢ 3TUM BHEAPEHO HCIIOJIb30BAaHUE Ta30BOH
XpoMartorpaduu ¢ Macc-ClIeKTPOMETPUUECKUM JIETEKTHPOBAaHNEM (B TOM UHCJIE — B IJIa3Me KPOBHU
Y WHBIX OMOTEHHBIX YaCTHYHO yIOpsAA0UeHHBIX cpenax (Longo et al., 1991)), koTopoe K 2000-M IT.
BOIIUIO B IPOTOKOJIBI KJIMHHYECKOHN JaboparopHoil nuarHoctuku kKak B CIIA, tak u B EC
(manpumep, B pyruHHOM aHaynm3e moun (Gopaul et al., 2000)). IToaTomy ceituac HeT poboIEM C
MTOCTAHOBKOU 3a7lau HAEHTHU(UKAIUN U JIMaTHOCTUKHA OpraHm3Ma Ha 0a3e KJIMHUYECKOU Mace-
CIEKTPOMETPUH, BKJIIOUAIOIIel B ce0Os TakKe nu3MepeHus (He HCKIouad resell hapMaKOKMHETUKU
u papmakoamHaMUKN) N-aneTHInucTenHa.

6. cropusa razoBoii xpomarorpacdpunu u I'X-MC aneTwixosnHa.

CyllleCTBEeHHBI MHTEPEC MPEICTABIISAET OIpe/ieieHe HepoMeIaTOpOB B Ta30Boi (ase, UTo
XOPOIIIO BIIMCHIBAETCA B UEO0JIOTHIO «Ta30BOM OHOJIOTHUM», CO3/IaBast 3a7IeJIbl I/Is1 KAUECTBEHHO HOBBIX
oTpacjiell — ra30BOM HEHPOXMMUM WIH ra3zodasHoll OMOXUMHUYECKOH Helpoduanosoruu. OqHUM U3
HanboJlee U3BECTHBIX HEHPOMEIHATOPOB MMapaCHMIIaTUYECKOH HEPBHOUM CHCTEMbBI — all€THJIXOJIUH.
Yucro razoxpomarorpaduuecKre MeTOAbI ONpEeNesIeHHs] aleTHIXOJINHA H3BECTHBI C 1960-X IT.
(Stavinoha et al., 1964; Stavinoha, Ryan, 1965; Szilagyi et al., 1968). Kak npaBiio, HCIIOJIb30BaINCh
METOZIUKH ITUPOJIUTHYECKOU ra3oBoi xpomarorpaduu (Schmidt et al., 1969, 1970; Green et al., 1970;
Szilagyi et al., 1972; Stavinoha, Weintraub, 1974; Schmidt, Speth, 1975; Maruyama et al., 1979). OgHako
y’Ke CO BTOPOH ITOJIOBUHBI 1960-X IT. W Jjajiee HAUMHAIOT BHEAPATh U METOAbl KOMOMHHUPOBAHHOM
ra3oBou xpomaTtorpaduu/macc-ciekrpomerpun (Hammar et al., 1968; Jenden, 1973; Jenden et al.,
1973, Jenden et al., 1974; Hanin, Schuberth, 1974; Haug et al., 1980), B ToM 4uciie — MO3BOJISIONINE
HU3MEPSATH €r0 B CYOITMKOMOJIIPHBIX KOJTMYeCTBaxX (HECMOTPs Ha TO, YTO STO HE OTMEHSIET B 1970-€ IT. U
MO3Ke HWCIIOJIb30BaHUs O00bIYHON razoBod (Jenden et al., 1972; Tretyn et al., 1986) wim
razoxkuzikocTHoH (Chang, 1974; Davies, Hayward, 1984) xpomaTtorpadun).

VHTerpanusa TUPOJIUTUUYECKON ra30BoM XxpomMatorpaduu U Macc-CIIEKTPOMETPHU B aHAJIA3€
alleTUIXOJIMHA ¥ UHBIX HEHPOMEIHNATOPOB IMPOMCXOAUT B cepenuHe 1970-x IT. (Polak, Molenaar,
1974; Fidone et al., 1976; Bishop et al.,, 1977) u npuobpeTaeT KOHIIENTYyaJbHYIO 3PEJIOCTh B
1980-e rT., KOT/la BO3HHMKAaeT mHpojuThudeckas xpomarorpadus c MC-geTeKTUpOBaHUEM,
JIOXOZAINAsi, KaK MHHHMIM, 0 IHKOMOJIIPHBIX KOHIIEHTpAaIlii, W HHTErpupyeMas ¢ Macc-
dparmentorpadpueit (Khandelwal et al., 1981; Boshart, 1981; Hasegawa et al., 1982; Mori et al.,
1986). dpa HMUPOJUTHYECKOU Xpomarorpaduu, M0 MPUYNHAM, CBA3AHHBIM C BO3HHKHOBEHHEM
00J1ee YyBCTBUTEILHBIX TEXHOJIOTHH, B aHATN3€ alleTUIXOJINHA, 3aKaHYuBaeTcs B 1990-¢ IT. (Terry
Jretal., 1991).

K stomy Bpemenu B MC-ananutuke yxe opOpPMIIAIOTCA METOAbl BTOPUUYHO-MOHHOU Macc-
cektpoMerpuu 3Toro Tuma coeauHeHuin (Ohashi et al., 1990), macc-cmekTpomerpuu c
rmoBepxHocTHOU noHu3aruen (Rasulev et al., 1998), MALDI (Kasheverov et al., 1998), :xuakocTHOM
xXpoMaTtorpapuu ¢ Macc-CIIEKTPOMETPUYECKUM THUIIOM JI€TEKTHPOBAaHUA (BK/IIOYAs TAHIAEMHYIO
Macc-cnekrpometpuio (Schroeder et al., 1991) u TexHOJIOTMM MHKpPO- U HOJIyMUKpPO- BIIKX Ha
Bxojie (Acevedo et al., 1996), a Takke MeToIbI ¢ 6oMbOapAUPOBKOIT ObICTphIMU HOHaMU (Ishimaru et
al., 1993, 1995)). T'azoByl xpomaTtorpadui ¢ Macc-CIIEKTPOMETPHEN, B CHJIy BO3POCIIUX
QHAJIUTHYECKUX  TpebOBaHWI W  ONTUMHU3AIUH  NPOOOIMOATOTOBKH,  COBMECTHIIM  C
UHTpalepedbpasbHbiM nuanu3om (Marien, Richard, 1990). B rasoBoii xpomatorpaduu c macc-
CIEKTPOMETpHUEHN MPUHAT MOAXOJ C aHAJIU30M Macc-CIIEKTPOB 3JIeKTpoHHOro ynapa (Patterson,
Kosh, 1992a; Patterson, Kosh, 1992b). OnHako 4uCThIH TUPOTUTHUYECKUH TIOX0 IPUMEHSIICS U B
1990-e rr. (Harris et al., 1993).

7. Ucropus razoBoi xpomarorpaduu u I'’X-MC karexo,1aMHHOB U UX METa00/INTOB.
KarexosmaMUHBI B II€JIOM OIPEJIEJISIOTCA KakK "(U3MOJOTUYECKHM AaKTHUBHBIE BEIECTBA,
BBITIOJTHSIONAE POJIb XUMHUUYECKUX ITOCPETHUKOB U «YIIPABJIAIONIUX» MOJIEKY] (MeIHnaTOpoOB U
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HEUPOTOPMOHOB) B MEKKJIETOUHBIX B3aMMO/IEMCTBUSX Y JKUBOTHBIX U U€JIOBEKA, B TOM UHCJIE B UX
MO3re; POU3BOAHbIE THpoKaTexuHa". K HUM, 4TO 00IIIen3BEeCTHO, OTHOCATCS U HEHPOMEIUATOPHI,
TakKue, KaK aZ[peHaINH/3nuHedpUH, HOpaipeHaIuH/HopanuHebpuH, 70dbaMuH (JOTaMuH).

Hcropusi razo-xpomarorpaduueckoro ompezieyieHus KaTeXOJaMHHOB W WX MeTabOJIUTOB
BOCXOJUT K 1960-1970-M rojiaM, MpUYE€M U3HAYAIBHO CBSI3aHA C Macc-ciieKTpoMerpuei (Anggard,
Sedvall, 1969; Brandenberger, Schnyder, 1972; Cashaw et al., 1974; Sjoquist, 1975; Sjoquist,
Anggard, 1976; Hattox, Murphy, 1978; Hattox, Murphy, 1978). PabGotsl 10O
ra3zoxpomMaTorpapu4ecKoMy OIIpe/IeJIEHUI0 KaTex0JIaMHHOB, B OTCYTCTBHE Macc-
CIEKTPOMETPHUYECKOTO JIETEKTOpPA B 1970-€ IT. SBJISIOTCSA OT/AEJbHON BETBBIO, HE OIPE/IEIISIONen
passutue orpaciau (Kishikawa et al., 1975; Nagai et al., 1977), 4To MHOTHE aBTOPHI CBA3BIBAIOT C
OTCYTCTBHEM OITUMAaJIbHBIX KOJIOHOK. Kak MpoMesKyToUHasi BETBb, B 1970-€ IT. IIOJIy9aeT pa3BUTHE
ra30->KUIKOCTHAsI XpoMaTorpadus naHHbIX coennHeHu (Goodwin et al., 1973; Boutagy, Benedict,
1978). B 1980-e Takke BemyTCsA JUCKYCCUM O IPUMEHEHUSAX Ta30BOM WU KHIKOCTHOHU
xpomatorpadun s omnpeneneHus karexosamuHOB (Kleine et al.,, 1982) HO yxke ¢ Havaa
1980-X IT. U MO 2000-€ IT. ycIleX B 00JIaCTH Ta30BOM XpoMaTorpaduu KaTexO0JIaMUHOB, BHE
3aBUCUMOCTH OT  MAacCC-CIEKTPOMETPUYECKUX JIETEKTOPOB, OIPENesAeTcs  BHEAPEHUEM
KaMMWLIIPHBIX KOJTOHOK (Muskiet et al., 1981; De Jong, 1983; Grkovic et al., 2005).

C cepenuHbl 1980-X IT. BHEAPEHBI METOIMKH MacC-CIIEKTPOMETPHUUECKOTO OTCJIEKUBAHUSA U
MOHHUTOPUHTA OTAEIbHBIX HOHOB B peaibHOM BpeMeHH mpu I'X-MC kaTexoJIaMUHOB, B TOM UKCJIE
— Juts oTpHIiaTebHBIX HOHOB (De Jong et al., 1986; Warsh et al., 1987).

C pasButueM TeXHHKH TepMmojsiecopbepoB u CBY-nmepuBaTusamuu  ympolmaercs
IpoOOIIOATOTOBKA UM TEPEBOJ MPOOBI B COCTOsIHUE, IpuroaHoe s I'X-ananusza (Agatha, Kauf,
1999), yTo 6JIaTOTBOPHBIM 00pa3oM cka3biBaercs v Ha ['’X-MC KaTexos1aMUHOB.

B 2010-e rr. I'X-MC u I'X-MC/MC yka3aHHBIX COEIUHEHUN BXOJIUT B IIOBCEMECTHOE
J1abOpaTOPHO-KJINHUYECKOE MIPUMEHEHHE, CTAaHOBSCh, KaK IIPABUJIO, PYTUHHBIM H JOCTYITHBIM
cpenHeMy J1abopaTOPHOMY ITepCOHAy METOJIOM aHaJKW3a, & TOUHOCTh MacC-CIEKTPOMETPUUECKUX
U3MepEeHU BO3PacCTaeT, BCIEICTBHE BHEAPEHUS HOBBIX JIETEKTOPOB, B YaCTHOCTH — OPOUTAIbHBIX
soBymiek Makaposa. B kauectBe oiHUX 13 MHOruX npuMepoB npumenenus ['X-MC u I'X-MC/MC
JUIST aHAJTM3a KaTeX0JaMHUHOB MOYKHO puBecTH (Zoerner et al., 2011; Nguyen et al., 2013).

8. Ucropus razosoii xpomarorpadpuu u I'’X-MC rugponepokcugoB.

Hcropusi razoxpomarorpauueckKoro aHajan3a THJIPOIEPOKCHUIOB, KaK M HCTOPHA HUX
HCIIOJIb30BAaHUsS B Ta30BOM XpoMaTorpaduu, 1o Bcell BUAUMOCTH, BOCXOAUT K 1970-M rT. (Balducci
et al., 1974; Cairns et al., 1975) (mpuuém yke K Hayaysy 1980-X IT. 3/IeCb aKTUBHO HCITOJIb3YIOTCS
KanmuIsipHble KOJIoHKHU (van Os et al., 1980)) u yke K KOHIIy 3TOTO JIeCATHJIETUs BJIUBAETCs B
oOIIUH TpeH/I UHTEeTrpaIuu ra3oBoi xpomaTtorpaduu u macc-criektpomerpuu (Selke et al., 1978),
paboThl B KOTOPOM mpozoykatoTces U B 1980-e (Frankel et al., 1981), u B 1990-¢ rr. (Stephens et al.,
1991; Bachmann et al., 1992; Turnipseed et al., 1993). B 3Tu rozb! ie71a10TCs MOMBITKA WHTETPAITUT
u cpaBHeHus ['X-MC ¢ I'X ¢ miameHHO-MOHU3AMOHHBIM ieTekTopoM (Polzer, Bachmann, 1993),
PaBHO KaK W TONBITKU WHTerpanmuu u comoctabieHus [X-MC (¢ ucrmosib30BaHMEM HOHHOU
snoymku — GC-ITDMS) c¢ BbIcOK03(hGHEKTUBHON KUJKOCTHONH XpoMaTorpaduend s JaHHBIX
coequHenuii (Bortolomeazzi et al.,, 1994). B 1980-1990-e rr. B 3TOH oOJjacTH aHaIu3a
anmpoOupyeTcsi MHOTO "SK30THUKHU'', B YACTHOCTU — BHyTpUKoyIoHOYHAas umkeknusa (Reddy et al.,
1992). K 2000 1. cepTudUIUPYETCA MHOMKECTBO CIEIUATU3UPOBAHHBIX KOJOHOK U KHUTOB,
ONTUMAJIBHBIX JIJII HCCJIEOBAHUS THAPOIEPOKCHIOB, KOTOPbIE IMO3BOJIAIOT OECHpersiTCTBEHHO
BBISBJIATh UX 0€3 HCIIOJIb30BaHUs Macc-CIIeKTpoMeTpuueckoro aetektupoBanHus (Wierzchowski,
Zatorski, 2000; Lagarda et al., 2003; Docherty et al., 2004). 9ToT TpeHJ BBI3pPEBAET 0
ONTUMAJIBHOTO COCTOSIHUS B cepeinHe 2010-X IT. (Zenkevich, 2016), cTaHOBsCH KOJTUYECTBEHHBIM
U JIOTIOJIHSAEMBIM PSAZIOM CPEACTB XEMOMETPHUKHU JIeIIEBbIM/OI0IKETHBIM PEIIeHUEM JIJIsI MAaCCOBBIX
sabopaTopui, I7ie MOKET He ObITh HUYero Jjydiero, ueMm I'X c¢ [T1]/]-gerekropom (Leocata et al.,
2016); X0Ts A1 pabOThl ¢ KaTapOMETPOM JIaHHbBIE MPEIJIOKEHUSA YK€ HEIPUEMJIEMbI — B CHJLY
00IIeN3BECTHBIX OTPAHUYEHHUH JAHHOTO JIeTeKTopa. B 6osiee ocHaIeHHOH 1a00paTOPHOM ITPAKTUKE
(GLP) mpenrmosiaraercsi ONTUMAaJIBHBIM HCIIOJIb30BAHUE B IEJISIX aHAIM3a THUAPOIIEPOKCHUIIOB Macc-
CIEKTPOMETPHYECKOTO JIETEKTUPOBAHUSA U COIIOCTABJIEHHE C JPYTMMHU METOJlaMM, TaKHMMU Kak
ToHKOC/IoMHasA xpomarorpadusi — TLC (Kawai et al.., 2007; Wiklund et al., 2009). Kak MmuauMywM,
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JIOCTAaTOYHO HCIIOJIb30BAaHKME KpaiiHe 3JIEMEHTapHOW ¥ BechbMa IITHPOKO PaCIpOCTPAHEHHOM
MC-TexXHHUKH C 3JIEKTPOHHOU HOHM3anuel B JaHHbIX nesax (Rudbicket al., 2014).

9. Ucropusa razosoii xpomarorpadpuu u I'X-MC ¢pocharungmiaxoanHa.

Pabor mo rasoBoii xpomarorpaduu dochaTUUIXOIMHA HE TaK MHOTO, KaK XOTEJIO0Ch ObI
BHU/IETh IOKJIOHHMKAM KJIACCHYECKOW razoxpoMaTtorpaduueckod TeXHUKH. HavaBmmch B
1970-e IT. ¢ Trazo-kuAKocTHOW xpomarorpadwuu (Harlow et al.,, 1974), sror ¢poHT pabdor
MTHOBEHHO ItepeakiieHTupyercs Ha I'X-MC (B ocHOBHOM — mpoaykToB arerosu3a (Hasegawa,
Suzuki, 1975). Bsyoe pasBUTHE [AaHHOM TEXHUKH IIPOJOJIKAETCA B JaJbHEUIeM, COIJIACHO
3aKOHOMEDPHOCTAM, OTCJIEKEHHBIM BBIIIE JJIsI OCTAJIbHBIX paccMaTpUBAaeMbIX HAMU COeUHEHUH.
B 2010-e TIT. CHEKOTODBIM 3ama3/blBAHUEM OTHOCUTEJIBHO OCTQJIBHBIX PacCMOTPEHHBIX
COEIMHEHUH TPOUCXOAUT TpaHeaAnusa B obOsacth ['X-MC ¢ 5K30THYECKUMHU MeTOJaMU
9KCTPArMpOBaHMsA, TAKUX Kak TBepaodaszHas mukposkcrparus (HS-SPME (Zhou et al., 2013)).
OcobGenHoctpio pa3BuTus TpeHza I'X a  dochaTuAWIXONINHA ABIAETCS UHTETpanus U
conocrassieHue ¢ JanupiMu MALDI MS (Vireque et al., 2017).

10. McTropusa padoThl HaJ JAHHOU CTaThEH.

B ocHOBe maHHOU MyOJIMKAIIUY JIeXKAT HECKOJIBKO paHee HEOIyOJIMKOBAaHHBIX JOKYMEHTOB U
HMHOT/IA — COOTBETCTBYIOIIUX UM CTEHOTPAMM BBICTYIUIEHUH Ha OUOIHorpadMuecKix ceMIUHapax:

1. bubnuorpaduyeckuii CIMCOK-KOHCIIEKT IO XpoMarorpaduu psjga HeHpoMeauaToOpOB
(1o 2010-X TIT.), COCTaBJIEHHBI U KCIIOJIB30BABIINICA BTOPBIM aBTOPOM STOH CTaThU B XOZE
paboTel HaZA J[AMCCEPTAIMEd, a TaK)Ke IIPEJIIECTBOBABIINI €My YHCTO pedepaTuBHBIN U, B
CYIIECTBEHHON 4YacTH, HCTOPUKO-HAYYHBIM MaTepuajl O pa3BUTHUU TIa30BOM xpoMmarorpaduu
HelpoMeInaTOPOB 0 1990-X IT. (BBIMIOJIHEHHBIN B MEPUO PabOThl ¢ yCTapeBIIed TEXHUKOU B
IpeJUIIOMHBIN IepUoj; — IO, PYKOBOJICTBOM CIIeIIUAJINCTa MO OUOTeHHBIM MOHOAMHHAM).
CreneHb UCIIOJIL30BaHUA TAHHBIX HCTOUHUKOB B Hallel pabote — oT 30 %.

2. bubnuorpaduyeckuil CIUCOK-KOHCIIEKT IO Ta30BOM XpoMaTorpaduu U MOTeHIINOMETPUU
B XHUMHU aHTHOKCUJAHTOB, OTHOCAIMMUCA K Ilepuosy momnbITOK opranuzamun HUOKP 1o
MMO3UIIMOHHO-UYYBCTBUTEJIbHBIM  PEIOKC-METPUYECKUM  H3MEPEHUSAM ¢  Tra30MeTPHUYeCKOU
Mukpockormnu B MX® PAH (2011—2012 rT., 3aBeplleHO W3-3a IpPeKpalleHus KOHTpaKTa U
OoTCyTCTBUsI cTaBOK B OT/iesie JMHAMHKH XUMHYECKUX W OHUOJIOTMYECKHUX ITPOIECCOB). ITOT
HMCTOYHHUK HCIIOJIb30BaH IIPUMEPHO Ha 10 % 6ubmorpadpuueckoro Crmcka.

3. bubsnmorpaduueckuii CIHCOK-KOHCIIEKT IO MTPUMEHEHUAM ra30BOH XpoMaTorpadpuu JJ1s
HEMPOXUMUYECKUX WCCAENOBAHUM, OTHOCAIIUICA K TMepUogy paboThl BTOPOro aBTOpa B
Jlaboparopun HEUPOHHOHN CTPYKTYyphl Mo3sra Otnena ucciaenoBanuii mo3dra HIITH PAMH (2012-
2013 rT.). K coxkasienuio, Kk cepeanHe 2010-X IT. 3TH 1wiaHbkl HUP ObpuH mopylieHsl — Tak Kak
niocsie pepopmel PAH B ckopoM BpeMmeHu JlabopaTtopus HEHPOHHOM CTPYKTYPbI MO3Tra IIpeKpaTuia
CYIIECTBOBATh, @ OCTAaTKU XpoMaTorpaduueckoyd TEXHUKH, KOTOPYIO MBI 3aKyIUJIU 32 CBOH CUeT,
OB yTWIN3UPOBaHBL. CTeneHb NCII0Ib30BAHUA UCTOUYHHUKA — /10 20 %.

4. bubnunorpaduuecknil CIMCOK-KOHCIIEKT IO HeWpoxumuyeckuM npumeHeHusMm ['X-MC
(B HECKOJIBKUX BEPCHUSAX, MOAUGDUIIMTPOBABIINXCA €XKETOAHO C 2013 MO 2016 roj — B MEPHOJ
paboThI BTOPOTO aBTOpa B Macc-CIIeKTpoMeTpuueckol jabopartopun B MHIIIX® PAH), a Taxe
QHAJIOTUYHBIN (CTOJIP K€ YacTo OOHOBJSABIIMICA) CHUCOK-KOHCHEKT it paboT 1o
QHTHOKCHUJAHTaM. B 3TOT CIIHICOK HEPEIKO BXO/IMJIH U HHBIE MacC-CIIEKTPOMETPHUYECKHEe METO/TUKH,
KOMMEHTHPYEMbIE B COIIOCTABUTEILHOM KOHTeKcTe. CTeneHb NCII0Ib30BAHUSA JAHHBIX HICTOYHUKOB
B Harmei pabore — ot 30 %. K coxkanenuio, B cuiy ycrapeBaBHus I'X-MC Ha 6aze VARIAN u
Finnigan MAT B HWHIIIX® PAH, npakTUYeCKOTO HCIIOJIb30BaHUA JAHHBIX IIOAXOJ0B Ha
tepputopuu NMHIIIX® PAH peanu3oBaHO He OBLIO.

5. OOHOBJIEHHBIH (OTHOCUTEBHO II. 2) bubmorpaduueckuil cnucok-koHcnekT mo I'X u I'X-
MC B wuccnemoBaHUSAX HEUPOMEAUATOPOB, OHMOAHTUOKCHUIAHTOB, IPOTUBOOAKTEPHUATIBHBIX
IIperapaToB, B COCTaBJIEHWU KOTOPOTO AKTHBHOE Yy4YacTHe IPUHSJIN BCE aBTOPHI JAHHOTO
Marepuasa. JJaHHBIA CIICOK TOTOBWJICA B Hadasle 2020-X IT. /I pyKoBozicTBa OTAena JUHAMUKA
XUMHUYeCKUx U Ouosormyeckux mporeccoB ®UIL X® PAH (panee UX® PAH) u Jlaboparopuu
xkuakodaszHoro okuciaeHus O®UI[ X® PAH (panee MUX® PAH). OxHako, B CHJIy IIPOIIECCOB
peopraHu3anuy U IepepacipesiesieHus IJIOMAAel TaKOH KOHCIIEKT CTaJl HUKOMY He HYKHBIM,
a CrlaceHHOe aBTOopaMu 00OpysOBaHWE OBUIO YTHIM3UHPOBAHO TIPU 3aXBaTe TEPPUTOPHUU
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164 KOMHATBI U JIMIIb OTYACTH IIepeHeCEeHO B aBapuilHble KOMHAThl 1 Koprmyca ®UIl X® PAH
(aBapuItHOTO), B KOTOPBIX IO3Ke Ipousomiesa ob6Ban moTtosika. [lo 5TON NpuvmHE, B CHILY
yCKOpsAIIerocss IpuBeJleHWsA B HerogHocTb uHHOQpacTpykTyppl IX um I'X-MC, a Takxke
COITyTCTBYIOIIMX JIAOOPATOPHBIX ILIOIIAJIed, aBTOPAMH OBLIO IPUHATO KOJUIETUAIBHOE PEIIeHUE
OMyOJIMKOBATh COKPAIIEHHYI0 BEPCUI0 O030PHOrO0 Marepuasa B TEKylleM Buje (He HCIOJIb3Ys
3ajyiesibl  Oubsimorpaduyeckoro o63opa i sMmoupudyeckux crated nmo I'X wm I'X-MC
COOTBETCTBYIOIIIUX HA3BAHUAM paszieJIoB 0030pa BelnecTB). Mbl HE BEPUM B TO, UTO HaM y/IaCTCSA
MIPOJIOJI’KUTH pabOTy B 3TOM HaIlpaBJIEHUH, TIO3TOMY, He ITOJIyYUB IIOMOIIM OT PsJia KOJUIET, MBI He
IIBITAEMCS TIOBBICUTh YPOBEHb 0030pa-3aMETKU /10 PEUTHHTOBOM CTAaThU, B KOTOPOU OBLIO ObI
YMECTHO WX  [UTHPOBaHWE, a  MyOJIWKyeM TO, UYTO  IO3BOJIAIOT  ITyOJIUKOBATH
HMeoIIrecs/ OTCyTCTBYIOIINE MaTepUaIbHO-TEXHUYECKHE BO3MOXKHOCTH.

[Tpu paboTe HaJl JAHHOU CTaTheN HCIIOIb30BAIACh CUCTEMA aBTOMATUYECKOTO PACIIO3HABHUSA
YCTHOM peud, KOHBepTHpyIoIas eé B TekcT. [losTomMy MecramMu TeKCT Oojiee IOXO0XK Ha
pacingpoBKy CTEHOTPAMMbI COOTBETCTBYIOIIUX JIA00PATOPHBIX OUOIHOrpadnIecKux CEMUHAPOB.
Onnako mpu paboTe HaJ JAHHOU CTaThell He MPUMEHSUTUCh METOABI UCKYCCTBEHHOTO MHTEJLIEKTA,
BO3/IEHCTBYIOI[IE HA €ro JINTEPAaTypHOE KAadyecTBO WM CTWJIMCTHUKY. Paszenbl 1-3 0asupyrores,
MIPEUMYIIECTBEHHO, Ha KOJUIEKTUBHOM TPYZE IO II. 5 IPUBEIEHHOTO CIHFCKA JIpadT-UCTOYHUKOB.
Paspesbl 4-9 6a3upyroTcs Ha ApadT-UCTOUYHUKAX 1-4, IeEpepa00TaHHBIX U ITepedOpMaTUPOBAHHBIX
COABTOpPAMU 1 U 3. ABTOPHI JIEKJIAPUPYIOT OTCYTCTBHE KOH(MJIMKTA MHTEPECOB, TAK KAK B CIIydyasix
Hecorslacusi 1Mo (opMe H3JIOKEeHUs, KaK IMPAaBUJIO, COXPAHSIACH HCXOJIHAS ABTOPCKAas BEPCHA
TeKcTa Wiau Onu3Kasg K Hell Bepcus. ABTOpbl NPUHSJIM PaBHOe II0 IIPUOPUTETY y4yacTHe B
JIOBeZIeHUN UTOrOBITO ApadTa ¢ HedOpMATUPOBAHHBIM HAOOPOM CCBUIOK /10 KYPHaJIBHOTO
dbopmarupoBaHus U IMyOIUKAIUU.
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KoHCcIIEeKT Mo ucropuu onpeaeaeHus (01Mo-)aHTUKOCHIAaHTOB 1 HEHPOMEINATOPOB
meroaamu I'X u I'’X-MC 1 X BO3MO:KHBIM NPIIOKEHUAM B MIEPCOHATNINPOBAHHOU
MOJIEKYJ/ISIDHOU MeIUIHE

Esrenntii /lenucosuu AgamoBud 2, Oser Banepbesud I'pajios 2, ®egop KoncrautuHoBud OpexoB? »”
aIX® PAH, OJIXBII, Mocksa, Poccutickas ®enepanus

AnHoTtamusA. CylllecTBeHHYIO 33/1auy, OTHOCSIIYIOCS K IIPAaKTHKe IPUMEHEHUS B MeTUITUHE
Pa3JIMYHBIX AHTUOKCUJIAHTOB, WPEJCTABJsAET HUX JETEeKTUPOBAaHWE B IPHUPOJHBIX 00pasmax,
(apmanieBTHUECKHX CyOCTAaHITUSIX M UX IPEKYyPCOPax, B TKAHAX YEJIOBEKA U ero GU3NOJIOTHUUECKUX
BbIJIeJIEeHUSX. be3 perucrpany pefioKc-cTaryca IOCTIEHUX IIepexXo/i OT PelOKC-OMOoJIOTUH K
pe/lOKC-MeIUITUHE HE MOXKET CTABUTHCA. be3 O0OBEKTHBHON PpETHCTPAIMU PeIOKC-CTaTyca
HEBO3MOXKE€H KOHCTPYKTHBHBIH IIOAXOJ, K PEeJOKC-TIaTOJIOTHH, PEJOKC-3THOJOTUH U PeIoKC-
npoduiakTuKe 3a00JIeBAaHUU ITyTEM BBEJIEHUS B PAIlMOH aHTHUOKCHAHT-COJIEPIKAIUX ITUIIEBBIX
MPOAYKTOB W AaKTHUBHBIX /100aBOK. [l03TOMYy TEXHOJIOTMM aHAJIUTHYECKOHM W aHAJIUTUYECKOH
OMOXMMUHU aHTUOKCHJIAHTOB MMEIOT KpaiiHe Ba’KHOe 3HaueHHWe B IOCTaHOBKE 3a/1au B PeIOKC-
MenuiiHe. B TO ke BpeMsA, MHOTHE METOJIbl, KOTOpbI€ HWCIOJIb3YIOTCI B JAHHBIX IEJIAX,
OIIpeesIIIOT aKTUBHOCTh, HO He creluduyecKre, CeJIEKTUBHBIE 10 COCTaBYy M PEAKTHUBHOCTU B
JIAHHOW cpefle, XUMUYECKHUE CHCTEeMbI, IPHMEPOM UYero SBJISETCA IMOTEHIIMOMETPHUYECKOE
ompe/ieJieHHE PeNOKC-aKTUBHBIX (opM. Ecjii MpUHATH, YTO MHOTHE AHTHOKCU/IAHTHBIE CXEMBI
apdexTrUBHO paboraioT B MHKPOTeTepOreHHbIX/ yJIbTPAMUKPOTETEPOTEHHBIX cpenax,
a OMoJIoTMYecKasi TKaHb C OpPraHe/UIaMHU C Pa3/IMYHBIMU 3JIEKTPODU3NUECKUMH ITapaMeTpaMu
SIBJISIETCST OHUM W3 HamOoJiee XapaKTEPHbBIX MPUMEPOB JIAHHBIX CPEJ, TO CTAHOBUTCS OYEBU/IHO,
YTO QJJUTUBHBIA aHAIN3, a TAKXKe OIleHKa IO 0O0Ied pemoKc-d3(PPEKTUBHOCTH HE SBJISIOTCS
JIOCTaTOYHO-CTPOTUMHU JIJIsI  PeAOKC-MeAuluHbl. HeobXoaumo, Kak MHHHMYM, pasjieJIbHO

“ KoppecmoHUpYIOIIUH aBTOP
Anpeca sy1eKTpoHHOI nouThl: theorehov@gmail.com (®.K. Opexos)
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OLIEHUBATh KOHIIEHTPAIIUU PA3HBIX PEJOKC-KOMIIOHEHTOB, AHTHOKCH/IAHTOB, a, KaK MaKCHMYM,
MPOM3BOAUTh AHAIN3 [O3UIIMOHHO-UYBCTBUTEJPHO — B KOMIIADTMEHTaX, B KOTOPBIX
Pa3bITPBIBAETCA PEAKIIMOHHBIN ITpoIiecc. Bropas 3a71aua OTHOCUTCA K TUITMYHON ITUTOXUMUU UJIH
YJIBTPACTPYKTYPHOH OMOXUMUU, IO3TOMY B JAHHOM 0030pe He paccMaTpUBAaEeTCH, a IepBas 33/1a4a
MIPOCTA, ¢ TOYKU 3PEHUs U3MEPEHUs B OT/IEJIbHBIX TOYKAX WJIM C yCPEAHEHHEM II0 BBIOOpDKE —
TO €CTh CTAaHJAPTHBIMU METOJaMH OHOAHAUTUTUYECKOU XMMHUH. B YacTHOCTH, METO/bl Ta30BOU
XpoMaTorpauu aHTHOKCHUIAHTOB, Hanbojiee MHTEHCUBHO pasBuBalomniuecs B acrekre ['X-MC,
MOTYT CUYHUTATHCS ONTUMAIBHBIM CPEJCTBOM JJIS IOCTHKEHUS MOAOOHBIX aHATIUTHYECKUX IeJIEH.
OJnlHaKO U KJIacCHYEeCKUe ra3oxpoMaTorpaduyeckre TEXHUKH MOTYT ObITh UCIIOJIH30BAHBI JIJIS 9TUX
nesel, kak Oy/ieT MOKa3aHo B JJAHHOM HCTOpPHYECKOM OubnorpaduyeckoM 0630pe, OCHOBAHHOM
Ha Kypce JIEKITUN O JAaHHBIX MeTOoZaX, c(popMHUpOBaBIIeEMCs B IIEPUOJ, ¢ 2000-X IT. II0 2020-€ IT.
(B cuity yero riyOHMHA IOUCKA, B OTJIMYME OT HOBEUIINX 0030pOB, HE OTpaHUYEHA IMOCTIeTHUMHI
HECKOJIbBKUMU T'oZIlaMHU, a 0030p UMeEeT CYIIeCTBEHHBIM UCTOPUYECKUH YKIIOH).

KiaioueBble cJjIOBa: peENIOKC-CTAaTyC, AHTUOKCHAAHTHI, OMO-aHTUOKCUJIAHTBI, peJOKC-
STUOJIOTHS, PENOKC-TIATOJIOTUsA, HEHPOMEAUATOPbI, HEUTPTPAHCMHUTTEPHI, MUKPOTETEPOTEHHBIE
CUCTEMBI.
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History of Science

A Brief Historical Sketch for the Biographical Portrait of Gustav Alexandrovich
Bunge (1844—1920) to the 180th Anniversary of his Birth

Anvar M. Mamadalieva:”*
aEast European Historical Society, Russian Federation

Abstract

The article is dedicated to the 180oth anniversary of the birth of Gustav Alexandrovich Bunge
(1789-1865), a Russian physiologist, nutritionist and chemist of German origin, who became
famous for studying the effects of various trace elements from food on the human body. There are
discrepancies in the medical and historical sciences about the nationality of the scientist; taking
into account Russian citizenship and birth in the Russian Empire, we consider Bunge to be a
Russian scientist. He published his works in German. The materials of this work are the works of
Bunge himself, as well as some biographical works in periodicals and encyclopedic publications.

Gustav Pierce Alexander von Bunge studied the effects of sodium and potassium chlorides,
hydroxides and carbonates on the human body and other mammals, established the necessary
standards for the use of various food salts and the harm of increased levels of such in the body,
determined the chemical composition of milk and made a comparative analysis of its usefulness
with other foods, studied the intake rates of minerals and other trace elements in The human body
was also the first to substantiate the harm of alcohol. He became the scientific supervisor of the
doctoral thesis of N.I. Lunin, the discoverer of vitamins.

Bunge promoted and led a healthy lifestyle himself and promoted the idea of moderation and
abstinence in his writings, proving that many social illnesses of people and the underlying
problems of society in general, and man in particular, can be cured by abstinence. He was actively
engaged in teaching.

Keywords: Gustav Alexandrovich Bunge, 1844—1920, Gustav Piers Alexander von Bunge,
1789—-1865, Russian science, physiology, chemistry, nutrition, the effect of alcohol on the body.

1. Beegenue

Poccutickuii ¢pusmnosior Hemenkoro npoucxoxzaenus I'ycras ITupc Anekcanzap ¢on bynre
(1789—1865) BHec BecoMbI BKJIaA B (UBHUOJOTHI0O IHTAHWSA W TEPBBIM OIyOJHUKOBAJ
HCCIeIOBaHUE O Bpezie askorosis. Ero HaydHble MHTepechl IepeceKauch B 00JIaCTH XUMHU U
MeJUIIUHBI, a MMeHHO (HU3UOJOTUU U HYTPUIMOJIOTUM 4esjaoBeka. CBoM HCCIe0BaHUA
my6IMKOBaJl HA HEMEIIKOM fA3bIKe.

JlaHHas PyKOIIMChH NOCBAIeHa 180-1eTHeMy 1001Iero co THA poxkaeHusd I'. Bynre.

* Corresponding author
E-mail addresses: anvarm@mail.ru (A.M. Mamadaliev)
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2. MarepuaJjibl 1 METOAbI

B kauecTBe MaTepHasiOB JAHHOTO HCCAEAOBAHUS IOCAY:KUIU paboTel camoro bBywre,
a umeHHo «Ueber die Bedeutung des Kochsalzes und das Verhalten der Kalisalze im menschlichen
Organismus» (Bunge, 1873), «Der Kali-, Natron- und Chlorgehalt der Milch, verglichen mit
anderen Nahrungsmitteln und des Gesamtorganismus der Saugetiere» (Bunge, 1874), «Zur
quantitativen Analyse des Blutes» (Bunge, 1876), «Lehrbuch der physiologischen und
pathologischen Chemie: in flinfundzwanzig Vorlesungen fiir Arzte und Studirende» (Bunge, 1894),
a TakKe HEKOTOpble Ouorpaduueckue uccaeaoBaHusa Takux aBTopoB kak K.M. MakKboii (McCay,
1953), JL.A. fxo630u (Axo630H, 1905), A. Xacceanbisarrt, I'. Orro (Hasselblatt, Otto, 1889),
JLII. Yypunos, A.E.Kopouna (Yypwio, KopoBuH, 2016) ¥ SHIUKJIONESUYECKHE H3IAHUSI
(B wactHocTH, BM9, 1974; Baltisches Biographisches..., 2024).

B kauecTBe METO/I0JIOTUYECKOH OCHOBBI JAHHOM paboThl IPUMEHEHBI TAKHE METO/IbI KaK:

— Hcropuorpaduueckuii MeTOM: WCIOJIb30BaH I aHAIN3a MaTepUaJIOB HCCIeNOBaHMUA,
a UMEHHO TPYZ0B caMoro byHre 1 HEKOTOPBIX OrorpaduuecKux UccIeI0BaHUH;

— Buorpaduueckuii MeToz: mpuMeHeH /I aHan3a buorpaduu byHre;

— Mertop cuHTe3a: MPUMEHSJICS /IS PE3IOMHUPOBAHUs Pe3yJIbTaTOB U BHIBOJOB JAHHOTO
HCC/IeI0BAHUS, IIOCBSIIEHHOTO 180-1eTHEMY I00MJIEI0 CO THS POXKAEHUS HYyTPUIIHOJIOTA.

3. O6¢cyxkneHue

buorpaduueckux uccnaezoBanuil o suuHoctd I'. ByHre BecbMa mMasio, a GyHAaMeHTaIbHbIE
TPYZAbl MOHOIPadHUYECKOTO XapaKTepa W BOBCE OTCYTCTBYIOT. Ilokaiyd, HauOOJIBIIUU BKJIaJ B
HccseloBaHue JIMYHOCTU ByHre BHec amepukaHckuit uctopuk K M. MakK»sii B 20-cTpaHuvHON
cratbe «Gustav B. von Bunge: January 19, 1844 — November 5, 1920» (McCay, 1953),
omybukoBaHHOU B »kypHase «The Journal of Nutrition» - usganuu, cnenuatu3upyoIUMcs Ha
M3yYeHUU NUTAHUA 4YesIOBeKa, B HCcJe/loBaHUe KOToporo I'yctaB ByHre BHec BeCOMBIN BKJIAJ:
B CTaThe AHAJIU3UPYyeTCA >KU3HEHHBIM MyTh (PU3HMOJIOra, €ro IJIaBHble Hay4YHble JIOCTHKEHU,
IIpero/iaBaTebCcKas JIeATeIbHOCTh U MHOTOE JIPYTOe.

Taxxke, B 3SHUOUKJIONEAUUYECKUN cyoBapb bpokrayza u Edpona wumeerca kpaTkas
ouorpacduueckast cratbs JI.A. flko63oHa (fIk00630H, 1905), KaK W BO MHOTUX JIPYTHX
SHIMKJIONIEIMYECKUX U3AaHuAX (cM., Hanpumep, BM9, 1974). KpaTkasa nHbopmanusa coaepKuTCcs
U B CTaThsX, OMyOJIMKOBAHHBIX B ceTH VIHTEpPHET, B YaCTHOCTH, JOCTYITHA OMorpaduuecKast CTaThs
o ByHre B SHIIUKJIOTIEITYECKOM HEMEITKOM 3JIEKTPOHOM U3/IaHuU «bantuiickuii 6rorpaduyueckuii
uGPOBOH CIIOBAPh», MOCBANIEHHOM W3BECTHBIM JIMUHOCTAM-BBIXOIIAM U3 OAJITHHCKHX HEMIIEB
(Baltisches Biographisches..., 2024).

OcrasibHble PabOThI HOCAT KOMILJIEKCHBIN XapaKTep U He MOCBAIeHbl HanpsAMYyo buorpaduu
I'yctaBa ByHre, a 3aTparmBaiOT ero Hay4yHble JOCTHKEHHUS JIMIIb B KOHTEKCTe HCCJIeJOBAHUA
Jipyroi mpo06sieMbl. 113 Takux TPyZ0B, B JAHHON paboTe MCIIOJIH30BAIUCh cTaThU A. Xaccesrbb1aTTa
u I. Orro «Axamemuueckuii anpb6om HVmmeparopckoro yHuBepcurera B T. Jlepnr» (Album
academicum der Kaiserlichen Universitidt Dorpat) (Hasselblatt, Otto, 1889), JI.II. YypusoBa u
A.E. KopoBuna o6 ucropuu /leprnrckoro (IOpbeBckoro, TapTyckoro) yHuBepcuTeTa B HUCTOPUH
OTEYEeCTBEHHO!N HAyKU U BJIMAHUM ero MpernojaBaTesiedl Ha pa3BUTHE MUPOBOU HAyKH, I7ie B UUCIe
MIPOYMX YUEHBIX, yHoMuHaeTcs u ums bynre (Uypuwios, KoposuH, 2016) u 1ip.

4. Pe3yabsTarsl

I'ycras ITup Anexcanap ¢on Bynre (Pucynok 1) poawics B r. lepur (FOpbes, coBp. Tapty) B
1874 TOmy B MHOTOZETHON CEMbE JAPYIOTO BEJHUKOTO POCCHUUCKOTO YYEHOTO — AJieKcaH7ipa
Annpeesnua Bynre (Alexander Georg von Bunge). I'ycraBa ¢ JeTcTBa OT/IMYAIO CTPEMJIEHHE K
MeIUIINHE, B TO BpeMs KaK ero crapiiero Opara Biaeksa 6uosorus (2 UMeHHO, 300JI0THS).

[Tpexxze Bcero, OTMETHM, YTO BOIPOCHI BBI3BIBA€T TOCYAAPCTBEHHAsA IPUHA/IJIEKHOCTD
I'ycrasa byHnre.

B pycckosizpiuHOM cerMeHTe Haubosiee obmupHOU HMHTepHer-sHIMKIoneanun Wikipedia,
ByHre 3HAUNTCA POCCUUCKUM yUYEHBIM, B TO BPEMS KaK B HEMEIIKO- U QHIJIOSI3bITHOM CETMEHTaX OH
durypupyer KaxK HEMEIIKUI YIEHBIH.

OTHUYECKas TMPUHAJJIEKHOCTh (U3HOJIOTa K HEMEIIKONM HAIlMd COMHEHUI HE BBI3BIBAET.
[Ty6ukoBasicsa ByHre Takke Ha HEMEIIKOM sI3bIKE, OTHAKO UMeJI POCCUUCKOE MOAAaHCTBO. OHAKO
poawmics yueHsld B poccuiickom T. Jeput (Tapty), npeBHepycckoM ropoze FOpreB, 0CHOBaHHBIM
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emte fApociaBom MyzpbIM MOCJIe IPUCOETNHEHUS IVIEMEHHU 3CTOB. BOJIBIIYI0 YacTh CBOEN UCTOPUH
TOpOJI IEPEXOAWIT U3 PYK B PYKH, B pe3yJsIbTaTe 4ero ObLT 1o/ BiusHueM pycckux (HoBropojackas
pecriyosimka; Poccuss  (MockoBckoe rocymaperBo/Poccuiickas  wmmmnepusi/CCCP), HemieB
(JImBoHCKMIT opAeH), mBenoB (I1IBeackoe KOposieBCTBO), MOIsAKOB (Peuu ITocmoinToi) 1 3CTOHIIEB
(DcToHmsA); OOJBIIYI0 YacTh BpeMeHH (BKJIIOUAsl MEPUO]] IOPUANUECKOTO HAXOXKIEHUS B COCTaBe
MOCKOBCKOTO TOCy/IapCTBa, HO (paKTUYECKOTO — B cocTaBe JIMBOHCKOTO OpZieHa, 3a KOTOPYIO Op/ieH
IUIATHUI apeHIHYI0 IUIaTy PYCCKOMY MOHApXy) OH Haxoawscs B coctaBe Poccuu. Jlosiroe Bpems,
IIOYTH IIIECTh C IIOJIOBUHOH BEKOB, HasbIBaJics HeMelnKuM HasBaHueM Jlopmat (Dorpat) (pycckoe
Ha3BaHwue — JlepnT).

Puc. 1. Poccutickuii pusuosor u xumuk ['ycraB Anekcanaposud ¢oH Bynre (1844-1920)

YuuthiBasg reorpaduveckylo NPHUHAJJIEKHOCTh ropojia K Poccuiickodl uMnepuu B Toj
pokzeHus ByHre, a Tak:ke U TOT aKT, YTO OOJIBIIYIO YACTh KU3HU YYEHBIH IMPOBEJ MUMEHHO B
Jleprite, cuuTaeM BIIOJIHE YMECTHBIM CUUTATh €70 POCCUUCKUM YUEHBIM.

B cBA3u ¢ HeompejesleHHONW TOCYJapCTBEHHOU IPUHAJIJIEKHOCTHIO, UM yUYEHOTO TaKKe
3a4acTylo YIOMHUHAETCS Pa3JIMYHO.

Ero ums nipu poxkaenun — Gustav Piers Alexander von Bunge (I'ycrap ITupc Anexcauap o
Bynre); mpucraBka «¢poH» yKasblBaeT Ha €ro IMPUHAJIJIEXKHOCTh K T€PMAHCKOMY JIBOPSHCKOMY
cocoBu0. OTHAKO YUHUTHIBasI €T0 POCCUIICKOe (MMeeM BBU/LY, TOCYIaPCTBEHHOE, a HE ATHUUECKOE)
MIPOUCXOK/IEHNE U TO/IAHCTBO, MHOTHE IOPEBOJIIONIOHHbBIE aBTOPBI, B YacTHOCTH, JI.f. Ak0630H,
CUMTas €ro PpOCCHHCKUM Yy4YeHBIM, NHCAJIM HMA HAa PYCCKUM MaHep, a uMeHHO «[ycraB
AnekcanzipoBuu bynre» (fIko630H, 1905: 334). CoBeTCKHEe UCTOPUKH MEIUITUHBI MEPEHSIN 3Ty
tpagunuio (cm., Hampumep, BM3, 1974). B 3amagHo#l mcropuorpadpuu ero umsa GUrypupyeT
TaKUM, KAKOBO OHO OBLIIO IIpU posKAeHuH, T.e. Gustav Piers Alexander von Bunge (cm., Hampumep,
Hasselblatt, Otto, 1889: 566; Baltisches Biographisches..., 2024: 133). B Hatem ucciieiloBaHuu €ro
M MBI Oy/ieM ynotpebsisaTh kak «['yctaB ByHre».

B 1863 roxy moctymaer Ha MeAMIMHCKUMN (akynabTeT VMIepaTopcKoro yHUBEPCUTETA B
JlepniTe, OKOHUHB KOTOPBIN mepee3kaeT B JIEHNIUT s MPOJO/IKEHUsT 00yUeHHs U TTOBBIIIEHUS
ypoBHs o6pa3oBaHus. B 1874 rojy 3amuUTHI IOKTOPCKYIO IUCCEPTALIMIO TI0 XUMUH B [leprTckoM
yHUBepcuTeTre, a B 1882 romy — JIOKTOPCKYIO JIHCCEPTalUIO II0 MeauiuHe B JleMnmuurckom
YHUBEPCUTETE.

AKTHUBHO B3aHUMaJICA HE TOJIPKO HAy4YHOW, HO W IIPENOAABATEIbCKON IEATETHbHOCTHIO,
Mperno/iaBas B YaCTHOCTH, B yHUBepcuTeTax Jlepmra, Jletinura, basess.
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fABnsieTcs TOYETHBIM TpakJgaHuHOM T. baszenp u wieHom [‘epmaHCKOUW aKajeMUH
€CTECTBOUCIIbITaTENIeH «JIleomosbAuHa», CTapEeUIIEM HEMEIIKOM OOIIeCTBE €CTECTBOUCIIBITATENEH,
KOTOPOE€ B UTOTE IPEBPATUJIOCh B AKaieMUIo HayK ['epmanHuu.

Bynre Bes 370poBbIi 00pa3 »KU3HU U B CBOUX PabOTax BCAYECKHU IMPOIATaHINPOBAJ UZEI0
YMEPEHHOCTH U BO3JepiKaHUs, IIojiaras, YTO MHOTHE «COI[MaJIbHbIe» OOJIe3HU JIIO/IeH
(1 BBITEKAIOIIME 3 HUX ITPOOJIEMBI) MOTYT OBITH U3JIEUEHBI ITyTEM BO3/iep:kaHusA. YMep B basese B
1920 rozy.

PaccMOTpuUM BKpaTile OCHOBHbIE Hay4HbIe JOCTH:KeHHs ['ycraBa ByHre, koTopble Hamuiu
CBOE OTpa)KeHUE B HECKOJIPKUX €ro MoHorpadusax U craThax. Kak yke OBLJIO YKa3aHO BBIIIE,
Bce CBOM paboThl ByHre my6yinKkoBal Ha HEMEITKOM S3bIKE.

B 1873 roay BeIxoauT ero pynmamMmeHTaIbHOE UccieioBaHue «O 3HAUEHUU TOBAPEHHOU COJH
U TOBEJEHUM KAJIMHHBIX cojied B opraHuaMe desnoBeka» (opur. «Ueber die Bedeutung des
Kochsalzes und das Verhalten der Kalisalze im menschlichen Organismus»), uzsanuyto B Jleprire u
M3YYAIONIyI0 II0JIE3HOE U HETaTHUBHOE BJIMSHHE HATPUEBBIX U KAJIUEBHIX XJIOPHUIOB HA OPTaHU3M
YyeJIOBeKa, HeoOXOJMMble HOPMBI YIOTpeOJIEHUsI TAaKOBBIX W aHAJIMU3 BpeAa INPHU PA3JIUUYHBIX
CTEIeHsX MePe03UPOBKHU MUIIEBBIX costel (Bunge, 1873).

B cienyromem rogy ByHre 3amuinaer JTOKTOPCKYIO AUCCEPTAIHIO 1O XUMUU B JlepnTckom
HMMIIEPAaTOPCKOM YHUBepcuTeTe Ha TeMy «CojieprkaHue Kayius, MAIIEBON COBI U XJIopa B MOJIOKE
[0 CPAaBHEHUIO C JPYTUMH IPOJAYKTaMHU NMHUTAHUS U B OPraHU3ME MJIEKOMHMTAIIINX B IIEJIOM>»
(opur. «Der Kali-, Natron- und Chlorgehalt der Milch, verglichen mit anderen Nahrungsmitteln
und des Gesamtorganismus der Siaugetiere») (Bunge, 1874), B KOTOpOM IpOaHAJIU3UPOBAJ
coziep;kaHue HEKOTOPBIX METAJUIOB U UX COJIEH B MOJIOKE U CPABHUJI 3TO KOJHUYECTBO C JPYTUMHU
IIPOJYKTaMU IMUTAHUS [IPU MOCTYILJIEHUH B OPTraHU3M MJIEKOITUTAOIUX.

B 1894 roxy mocsie 3amuThl JOKTOPCKOH JyicCepTallUU 0 MeunHe, ByHre omybinkoBas B
r. Jlefinmur yuyebHOe mocobme «YueOHHK MO (PU3NOJIOTUYECKOM M NATOJIOTUYECKOM XUMHU:
B IBAJIIIATH TIATH JIEKIUAX sl Bpadell u cTyaeHToB» (opur. «Lehrbuch der physiologischen und
pathologischen Chemie: in fiinfundzwanzig Vorlesungen fiir Arzte und Studirende»), xoTopoe
COZIEP’KUT €ro WCCJIeZIOBaHHWE II0 HOPMaM IOCTYIUIEHUsS MUHEPAIOB, KaJOpPUH U NPOYUX
MUTAIONUX 3JIEMEHTOB B OPraHU3M UeJIOBEKa, a TAKKE BPEJHbIE IOCJIEJICTBUS OT YPE3MEPHOTO
MOCTYILJIEHUS] B OPTaHU3M YKa3aHHBIX 3JIEMEHTOB; KypC Pa3OUT HA 25 pas3/ieJIOB B 3aBUCUMOCTU OT
TeMaTUKH IpeaMeTa uccienoBanus (Bunge, 1894).

W3 ero crareii B IEPUOJUYECKUX U3TAHUAX OTMETUM paboTy «K KOJIMUeCTBEHHOMY aHAIU3Y
kpoBu» (opur. «Zur quantitativen Analyse des Blutes»), omybiukoBanuyo B <« KypHase
o6uosiorun» («Zeitschrift fiir Biologie») B 1876 roay; B maHHON paboTe aBTOp JejIaeT aHAJIU3
XUMUYECKUX DJIEMEHTOB, COJEPIKAIIUXCA B KPOBH, a TaKXKe YPOBEHDb IOTPAHUYHOCTH (IIpE/esIoB
JIOIyCTUMOCTH ) YKa3aHHbBIX 3j1eMeHTOB (Bunge, 1876).

Haubospiyto uzBectHoCTh I'ycTaBy ByHre mpuHecsia BCTynuTesibHas JeKusa B bazenbckom
YHUBEPCUTETE, TPOBe/leHHAsA 24 HOos0pss 1886 roma. OHa copeprkasia BBIBOABI HCCIIEIOBAHUS
BPEHOTO BJIMSTHUS AJIKOTOJISI Ha OPTAHHM3M YeJIOBEKA; JIEKIHs ObLI IepeBe/ieHa Ha 16 sI3BIKOB U
IIPOM3BeJIa CEHCAIUIO.

Bynre crajm Hay4HBIM PYKOBOAMWTENEM JIOKTOpckou guccepranuern H.U.Jlyauna —
MIEPBOOTKPBIBATEIS ITUIIIEBBIX 3JIEMEHTOB, Ha3BaHHBIX BUTaMuHaMmu (Uypuios, KoposuH, 2016: 877).

5. 3aKJII0UYeHue

Poccuiickuii pU3HOJIOT, HYTPUILIMOJIOT U XUMHK HeMeIKoro mpoucxoxaenus ['ycras ITupc
Anexkcauzip ¢ou Bynre (1789—1865) mosyuns U3BECTHOCTh OJiarogapsi HUCCIAEAOBAHUIO BJIUSHUS
Pa3JIMYHBIX MUKPO3JIEMEHTOB, IIOCTYIIaeMBIX C IIUIIed Ha OPTaHU3M YeJIOoBeKa.

B MenuuuHCKON M HMCTOPHUUYECKON HAyKaX CYIIECTBYIOT PACXOXKAEHUSA O TOCYJapCTBEHHOU
MIPUHA/IVIEXKHOCTA YUYEHOTO; € YYETOM POCCHHCKOTO MOJJIAHCTBA M POXKAeHUsA B Poccuiickoit
MMIIepuU, MBI cuuTaeM ByHre poccuiickuM yueHbIM. CBOU TPY/Ibl U3/1aBaJI HA HEMEIIKOM A3bIKe.

VccnenoBas MO3UTHBHOE U HETAaTHBHOE BJIMSHUE HATPHUEBBIX U KAJIHEBBIX XJIOPUJIOB,
THAPOKCU/IOB M KapOOHATOB HAa OPraHU3M 4YesIoBeKa, HeoOXOAMMble HOPMBI YHOTpeOJIeHUs u
aQHAIN3 Bpe/ia IPU PA3JINYHBIX CTEIEeHAX MePeO3UPOBKH IMHUINEBBIX COJIEN, XUMUUYECKUU COCTaB
MOJIOKA W CPaBHEHHE €ro IOJIE3HOCTH C JIDYTUMH IPOJYKTAMHU MUTAHUS, HOPMBI IMOCTYILIEHUSA
MHHEPAJIOB, KAJIOPUH U MPOUYMX MUTAIOIIUX SJIEMEHTOB B OPraHU3M YeJIOBEKA, a TaK:Ke BpeJ, OT
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Ype3MepHOro IIOCTYIUIEHUS KaKJI0r0 U3 HCCJIEeOBAaHHBIX 3jieMeHTOB. CTajl Hay4YHBIM
PYKOBOZIUTEIEM JIOKTOPCKOM Auccepranueit H. M. JlyHuHa, mepBOOTKPHIBATENIS] BUTAMIHOB.

HaubGonpiryio m3BecTHOCTh bByHre mnpuHecsaa BCTynmuTeNdbHAsA JieKnusaA B bazeabckom
YHHUBEPCUTETE, KOTOPas CoZep:Kajia pe3yJsIbTaThl UCCAEN0BAHNA O BPEJHOM BIMAHUM AJIKOTOJIA HA
OpraHN3M 4YeJIOBeKa; JIEKI[Us ObLI IlepeBesieHa Ha 16 A3bIKOB U IPOM3BeJIa CeHCALIHIO.

Bynre Bes 370poBbIi 00pa3 »KU3HU M B CBOUX PabOTax BCAYECKHU IMPOIATaHIUPOBAJ UZEI0
YMEPEHHOCTH W BO3JEPIKaHHA, IIoJarasg, YTO MHOTHE «COIIHAJIbHbIe» OOJIE3HH JIIOJIeH
(i1 BBITEKAOIIME W3 HUX MPOOJEMBI) MOTYT OBITh HM3JIEUEHBI IIyTEM BO3JEpKaHUSI. AKTHUBHO
3aHUMaJICS He TOJIbKO HayYHOU, HO U IIPeIo/]aBaTeIbCKOH /1eATeIbHOCTBIO.
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Kparkuii ncropuueckuii ouepk k ouorpadpuueckomy moprper I'ycraBa
AsekcanapoBu4da bynre (1844—1920) k 180-j1eTHIO CO THA POKIACHUS

AunBap Mupaaxmarosuy MamaianueB? -
2 BOCTOYHO-eBPOIIEHCKOE NCTOPHUUYECKOe 00111ecTBO, Poccuiickas ®enepanus

AnHoTtamusAa. CtaThd nocsmaercs 180-j1eTHEMY I00MJIEI0 CO JTHA POKIAEHUS POCCUKUCKOTO
¢usnosora, HyTpUIMOJIOTa U XUMHKA HEMEIKOro IMpoucxoxaeHusa ['ycraBa AsiekcaHZpoBHYA
Bynre (1789-1865), mosiyanBIINMY U3BECTHOCTH OJIarofapsi UCCAEAOBAHUIO BIIUSHUA PA3JTHIHBIX
MHKpPO3JIEMEHTOB, IIOCTyIlaeMbIX ¢ TMHINEeHd Ha OpPraHu3M 4YejioBeKa. B MeauMIUHCKON U
HCTOPHUYECKON HayKaX CYIeCTBYIOT PacXOXKJeHHs O TOCYZlapCTBEHHON NMPUHA/IJIEKHOCTU YIE€HOTO;
C Y4eTOM POCCHUMCKOTO MOJJIAHCTBA U pOXJeHUsA B Poccuiickoil umnepuu, Mbl cuuTaeM byHre
poccuiickuM ydeHbIM. CBOM TPY/bI M3/1aBajJl HA HEMEIKOM si3bIKe. MaTepuajaMu TaHHON pabOoThI
IIOCJIY>KUJIU TPYy/Ibl caMoro ByHre, a Takke HEKOTOpble Ouorpaduyeckre TpyAbl B IepUOAUYECKUX
Y SHIUKJIONeINYeCKUX U3/TaHUAX.

I'ycras IIupce Anekcannp ¢oH byHre ncesezioBas BJausgHNE HA OPraHU3M 4esloBeKa U JIPYyTUX
MJIEKOIIUTAIOIINX HATPUEBBIX U KaJIUEBBIX XJIOPHJIOB, TUJAPOKCHIOB U KapOOHATOB, YCTaHOBUJI
HeOOXOZ[UMble HOPMBI YIIOTpeOJIEHHS pPa3JIMYHBIX IUINEBBIX COJIEH U Bpes IOBBIIIEHHOTO
COZlepKaHUs TaKOBBIX B OpraHHU3Me, OIpeessasy]l XUMUYEeCKHMH COCTaB MOJIOKA M JieJiaj
CPaBHUTEJIBHBIA aHAJIU3 €ro IOJIE3HOCTH C JAPYTMMU IPOAYKTAMU IUTAHUA, U3y4aJl HOPMBI
MOCTYIUIEHUS MHUHEPAJIOB U JIDYTUX MHKPO3JIEMEHTOB B OPraHU3M UeJIOBeKa, a TaKXKe IePBbIM
obocHOBasm Bpen, OT aikorosisgs. Crajql HaydHBIM PYKOBOAUTENIEM JOKTOPCKOHM AmccepTamueit
H.N. JlyauHa, NepBOOTKPHIBATEISI BUTAMUHOB.

ByHre mpormarasHinpoBaj U caM BeJl 37I0POBbI 00pa3 »KU3HU U MPOABUTAII B CBOUX TPYAaX
UJIel0 YMEPEHHOCTH U BO3JIEpKaHUsA, JOKa3bIBasA, YTO MHOTHE OOIeCTBEHHbIEe OOJIE3HH JIIOEN U
coBeTylolye Mpo6seMbl O0IIecTBa B IIEJIOM, U UYeJIOBEKA B YACTHOCTHU, MOTYT OBITh H3JI€UEHBI
IIyTeM BO3/iep:KaHUA. AKTUBHO 3aHUMAJICA IIPEIo/IaBaTeIbCKOH /1eATeIbHOCTBIO.

Kiarouesbie ciioBa: ['ycraB Anekcanapouyd byHre, 1844—1920, Gustav Piers Alexander von
Bunge, 1789—-1865, poccuiickas Hayka, GU3HUOJIOTHA, XUMUS, HyTPUITUOJIOTHS, BIIMSHUE aJIKOTOJIS
Ha OPraHU3M.

“ KoppecmoHUpYIOIIUH aBTOP
Anipeca 3JIeKTPOHHOH MOYThI: anvarm@mail.ru (A.M. Mamanaives)
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Boris Ivanovich Slovtsov (1874—1924): Biographical Portrait of a Russian
Biochemist Dedicated to the 150th Anniversary of his Birth

Sergei N. Nikitin 2
aEast European Historical Society, Russian Federation

Abstract

The article is dedicated to the 150th anniversary of the birth of the Russian biochemist,
pharmacologist, physiologist and nutritionist, Professor Boris Ivanovich Slovtsov (1874—1924).
The materials of this work are the works of Slovtsov himself, as well as some biographical,
historical and medical research. The research methods used are the historiographical method, the
biographical method, the synthesis method and the classification method.

In his 150 scientific papers, B.I. Slovtsov investigated the peculiarities of salivary oxidase,
the transformation and distribution of dietary protein in the group of anhydride proteins of the
liver, blood and muscles, including in conditions of hunger, the effects of sugar and saccharins in
the human body, as well as diseases associated with elevated blood sugar levels, problems of labor
physiology and related issues of labor regime, overwork, rationing of loads, etc., analyzed the effect
of Matsesta hydrogen sulfide waters as a recreational resource. Slovtsov also studied the history of
pharmacology and its development at his present stage, empirically studying the effects of certain
chemical medicines and herbs. In the life of the Russian medical community, he drew the attention
of colleagues to the problems associated with the malnutrition of the Russian population.

Slovtsov's works were practically oriented, the target audience of his research were practicing
doctors, medical students, and natural scientists.

He also published textbooks on physiology, physiological and biological chemistry, and
occupational physiology; most of these manuals were published several times over the decades and
invariably served as textbooks for several generations of students. The scientific language of
Professor B.I. Slovtsov was distinguished by conciseness, accuracy, ease of perception, as well as a
small bit of professional humor.

Keywords: Boris Ivanovich Slovtsov, 1874-1924, Russian science, biochemistry,
physiology, nutritionology, metabolism, pharmacology.

1. BBegenue

B.1. CioBHoil mpocyiaBuiIcsa Kak OJIMH M3 IMMOHEPOB B MCC/IEAOBAHUU (PU3HOJIOTUH TPY/IA,
JlericTBUsI OOEBBIX OTPABJIAIOIINX BEIECTB Ha >KUBbIE OPTAaHU3MBI, CXEMbI PabOThHl OEJTKOB U
MHKPO3JIEMEHTOB B OpPraHHU3Me 4YeJIOBEKa, JAeHWCTBHUU JieYeOHBIX CEPOBOJOPOIHBIX BOJI,
JIEKAPCTBEHHBIX MPENapaToB XHMHUUYECKOTO U PACTUTEJBLHOTO IPOUCXOXKAeHWs W mp. [lo ero
y4eOHHUKAM, KOTOPbIE HM3AABAJIUCh JECATHUIIETHAMHU, 00ydasioch HE OJHO TOKOJIEHUE CTYIEHTOB
MEIUIMHCKUX YUPEXKIeHUH, a IPaKTUIECKHe MOCoOus /ISl BpaueH CTaJIi BayKHBIM IIOJICIIOPHEM B
HETPOCTOU MEeTUIIMHCKOH paborTe.

JlanHass paboTa mpuypouyeHa K 150-JIETHEMY IOOWJIEI0 POCCUHMCKOrO0 OHOXHMMHKA U
¢usnosora.
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2. MarepuaJjibl 1 METOAbI

CuuraemM 11e/1eCOOOpa3HBIM Ppa3/eIUTh MaTepHasibl Halleld paboThl Ha TPU TPYIIIHI,
a UMEHHO:

— Pabotsl camoro bopuca llBaHoBUUa;

— Buorpaduueckue Tpyas! 0 tuyHOcTU CII0BLIOBA;

— Tpyzpl, He ABAIONIKECT OUOrpadUIECKUMH, HO B TOM MJIM MHOU CTEIIEHU aIIeTUPYIOIe
k buorpaguu CIOBI[OBA U €r0 HAYYHBIM JIOCTHKEHUSIM.

B kauecTBe mepBOM TPYIIBI HCIIOJIb30BAJIUCH CJIEAYIOIIHUE TPY/Ibl YUYEHOTO: JAHUCCEPTAIIHs
JokTopa Oumosiornu «K ydeHuio o6 okcuaaszax KUBOTHOTO Tejia (C/IIOHHAs OKCHAa3a)» TaKHe
(CioBuoB, 1889), w™oHorpaduu «Kpatkuii yueObHHUK ¢usnonorun» (CiaoBIOB, 1906),
«PyKOBOZICTBO /11 KIMHUYECKOTO HccyieioBaHus Mour» (Ci1oBIIOB, 1908), «[1uIeBble pacKIaIKy.
Jliss GOJMBPHUYHOrO M IpakTHdeckoro Bpada» (CioBuOB, 1915), «BiusAHME MAaIECTUHCKHX
HCTOYHHKOB Ha opraHu3M desoBeka» (CioBros, 1917), «Caxap u caxapuH» (CioBmos, 1918a),
«OCHOBHBIE UepTHI JEHCTBUS Y/YIIAMIINX ra30B Ha JKUBOTHBIA opraHusm» (CioBmos, 1918b),
«YuebHuK (usnomornueckoii xumun» (CaoBIOB, 1918c), «Vademecum MpaKTUYECKOTO Bpaya»
(CnoBmos, 1923a), «®usuosiorus tpyaa» (CimoBmos, 1923b), «PyKoBOACTBO /Is TPaKTUYECKHUX
3aHATUH Mo Oumosoruueckor xumun» (CJIOBIIOB, 1925), a Takxke cTaTbidl «O IIOJIOKUTEIHLHOM
XEMOTAKCHCe, BBI3BIBAEMOM HEKOTOPBIMH okcumazamu» (CioBioB, 1896), «IIpeBpalieHue u
pacrpezieJieHHe IHUIEeBOro Oejka B TPYIIE aHTHUPUAHBIX O€JIKOB IEeYeHH, KPOBU M MBIIIII»
(CnoB1ios, 1898), «IIporuioe ¢papMaKoIOruu, U ee uaeansl B Oyaymem» (CI0BIIOB, 1910) U JP.

Ko BTopo#i rpymnme martepuasioB orHeceM pabotsl C.H. 3ymatoroposa (371aToropos, 1924),
B. Becesnkunoii (Becenkuna, 1926), B.A. Comomonoa (CostomoHoB, 2000), FO.M. T'eprep (I'edrep,
1955), O.B. Pemersko, A.W. 3aBbssioBa, H.H. KoBaneBa (Pemersko u ap., 2024), B.W. JlugeHko
(Iunenko, 1984) u ap. K Tperwelt rpynne — pabotsr 3. Jleinena (JleiigeH, 1901), K.A. llImenesa
(IITmenes, 1935), H.P. iBanoBa, F0.M. Munenbkoi (VBanoB, MuyieHbKast, 1976) u Ap.

MeTtoanuyecknii KOMILIEKC UCCIEI0OBAHUA COCTABIIAIOT:

— Hcropuorpaduueckuii MeTO/I: MpeAyCMaTPpUBAET HCCIeNOBaHNE HAYYHOH JINTEPATYPhI O
smyHoctu CJI0BIIOBA, a TAKXKE €r0 COOCTBEHHBbIE HAYIHbIE TPYIbI;

— bBuorpaduyeckuii MeToA: TPUMEHEH i HCCIAeAOBaHUS OuorpaduyecKux CTPaHUIL
bopuca IBanoBuua;

— Metox kimaccudUKaUU: TMPUMEHSUICA JJIA  TPYNIIMPOBAaHUS HCTOpUorpadud |
MaTepuaJoB  JlaHHOTO  Ouorpaduueckoro  wuccaenoBaHus  JsimyHoctd  CJIOBIOBa IO
COOTBETCTBYIOLIUM KPUTEPUSIM;

— Meroa cuHTe3a: MpeayCMaTpUBAaeT CUHTE3UPOBAHHE pe3yJIbTAaTOB WCCJIEJIOBAHUS U3
60s1pIIINX 00HEMOB HH(pOPMAIIHH, a TAKKE TIOBe/IEHNE BKPATIIE €r0 BBIBOIOB.

3. O6cyxaeHnue

PaboT, B KOTOPHIX OBl POBOIUJIOCH KCCiIefoBaHue TUIHOCTH bopuca MBanosuua CiioBIIOBA,
OTHOCUTEJIPHO HEMHOTO.

CunTaeM BO3MOKHBIM KJIACCU(UIMPOBATH UCTOPUOTPAdUIO BOIIPOCA IO ABYM KATETOPUAM,
a WMEHHO: a) HENOCPEJCTBEHHO Omorpaduueckue TpPyAbl; 0) TPYZAbI, MOCBAIIEHHBIE IPYTHM
HAayYHBIM Ipo0OJieMaM, HO B KOTOPBIX YIOMUHAIOTCSA TBOpYecKHe AocTikeHus CIiioBmoBa u
OCBEIIAIOTCS HEKOTOPBIE CTPAHHUITLI €ero Omorpadum.

K mepBoii kaTeropuu oTHOCATCS Oumorpaduueckue cratbu «CioBroB bopuc MBanoBUUY»
C.U. 3nmaroropoBa (31aroropoB, 1924), B. Becenkunoii (Becenkumna, 1926), B.A. CosioMoHOBa
(ConomonoB, 2000) u ap. Takke Henp3d He ynoMaHyTh TpyA IO.M. I'edrep, koTopas KOPOTKO
MpoaHaJIN3upOBasia OCHOBHbIE HAIIPpaBJIEHUs B HAy4YHOU /iesitesibHOCTH ([edrep, 1955).

V3 coBpeMeHHBIX HCCIeOBAaHUN 0COOYI0 IIeHHOCTb IIPeJICTaBJsAeT IOCBAIEeHHAsA
150-yieTHeMY 00useto ydyeHoro ctaths O.B. Pemerpko, A.U. 3aBpsioBa u H.H. KoBaseBa
«ITpodeccop B.1. CioB1ioB — nepBbIi 3aBeayronuil kadeapoilt dapmakosioruu MMmneparopckoro
HHUKOJIA€BCKOTO YHUBepcuTeTa B ropozie CaparoBe (K 150-JIETHIO €O THA poxkaeHus)» (PelreTbko u
ZIp., 2024), B KOTOPBIX aBTOPHI C/ejaiin OuorpaduuecKkuil aHAINU3 OMHPAACh HA apXUBHBIE
MaTtepuanbl l'ocyzmapcrBenHoro apxuBa CaparoBckorr obsactu  (ITACO), IleHTpasibHOTO
rocyzapcrBeHHoro apxwBa Cankrt-IlerepOypra (IITA CII6), omyGiuKOBaB HeW3J[aHHBIE paHee
dororpaduu CiroBIIOBA, OCBETHJIN PaHee HEU3BECTHBIE OMoTrpaduuecKre CTPAHUIIBI U TIP.
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Tak:ke IMOJIEBHBIMH I 337la4 JAHHOU pabOThl OKA3aJIUCh CTAaTbU B SHITMKJIONEUIECKHUX
u3laHusAX, a uMeHHO pabora B.U.lumenxko «CioBroB bopuc HBanoBuu» B «bBosbimnon
MEeIUIIMHCKON sSHIuKIoneaun» (Jumnenko, 1984).

W3 BTOpOU KaTteropum pabOTHI HCHOJIb30Basiack MoHorpadusa J. JlelimeHa «®Puszuosioru,
obmras martosiorusi U Tepamus nuTaHus» (Jledizmen, 1901), cratbsa K.A. IllmeneBa o kadespe
dapmakosiornu CapaTOBCKOTO TOCY/IapCTBEHHOTO MEIUITMHCKOTO MHCTUTYTA, KOTOPOH PYKOBOJIHI
Cnosuos (IlImenes, 1935), a Takxke MmoHorpadusa H.P. ViBanoBa u F0.M. MuieHbKOU 00 UCTOpUU
CapaToBCKOTO MEIUIIMHCKOTO MHCTUTYTa, B KOTOPOU BayKHOE MECTO 3aHUMAaeT U JIeATETbHOCTD
Bopuca NBanoBuua (M1BaHOB, MusieHbKasi, 1976).

YKa3zaHHBI HCTOPUOTPAaPUUECKUN CIHUCOK CYUTAEM BIIOJIHE JOCTAaTOUHBIM JJId Iesen
JIAaHHOU pabOoThI, TOCBAIIEHHOH 150-JIeETHEMY I00UJIIEIO.

4. PegyabsTaTsl

B.U. CnoBioB ponwicsa 8 suHBapss 1874 roma B OMcKe B ceMbe OOIECTBEHHHKA U
uccienoBarens Cubupu U.f. CroBunoa. ITpuHajieskan K IBOPIHCKOMY COCJIOBHIO. Tak Kak OTely
YacTo Mepee3Kayl B CBA3U C HECEHHEM CJIYKOBI, TO ¥ bopuc B /1eTcTBe ycmes HoKuTh U B Cubupwu,
U Ha YpaJie, B 4UacTHOCTH, Tiomenu u ExarepuHOypre, rje OKOHUIII TUMHA3HIO C 30JI0TOH MeIAIbIo
(Bsmatoropos, 1924: 835).

Puc. 1. Poccutickuii 6moxumuk bopuc BanoBua CioBI10B (1874—1924)

C nercrBa, Oyayuu yBjiaedeH MenunuHou, CioBioB moctyrnaer B CaHKT-IleTepOyprckyio
MMIEPAaTOPCKYI0O  BOEHHO-MEIUIIMHCKYI0O  aKaJIeMHI0, B  KOTOPOW, IO  PYKOBO/ICTBOM
A.{. JlanniieBcKOTO, yBJIeKcA Onoxumuei u papMakogoruei.

3amuTuB B 1899 rojly AMCCEPTAIUIO JOKTOPA, MOJIOIOM OMOXUMUK OCTAEeTCs IPENoIaBaTh HA
kadenpe GU3NOJIOTHYECKON XUMHU B JIOJDKHOCTH IIPUBAT-ZIOIIEHTA, a IO37HEe IOJIy4YaeT B
yIpaBJIeHHE U KIUHUYEeCKyIo 1abopaTopuio (CoJIOMOHOB, 2000: 148).

B 1910 romy Ouoxumuk mepee3kaer B CapaToB, rae ycrpamBaerca mmepaTopckuid
HukonaeBckuil yHuBepcurteT npodeccopoM no papMakogsoruu. JHeprudIHbIN xapaktep CiaoB1OBa
MIpUBEJI K TOSIBJIEHUIO B YHHUBEPCUTETE CEPhe3HON (hapMaKOJIOTHYECKOHN IMIKOJIBI, 0600IIast OIBIT
KOTOPOH, OB OMyOJMKOBAaH Kypc JIEKIIMH IO 3KcrepuMeHTasbHOU dapmakosoruu (Tedrep,
1955: 44).

B 1912 roxy nepeesxkaer B CaHkT-IleTepOypr, B KOTOpOM OyZAeT >KUTh J0 KOHIIA >KU3HU.
On ycrpauBaerca npodeccopom CanKT-IleTepOyprckoro »KeHCKOro MeTUIIMHCKOTO HHCTUTYTA,
aKTUBHO 3aHMMaeTcs BOIPOCAMM JIeWCTBUSA U IIPOTHUBOJAEUCTBHA OOEBBHIMH OTPaBJIAIOIIUMU
BEIIECTBAMU, jKeJlasi moMoub (pporToBuKaM (11a IlepBas mupoBas BoitHa). [locite peBosrOIUI
1917 TOZa, B 1919 TOAy OH IIOJy4YaeT B YyIpaBjeHUe OHOXUMHUYECKHH otaen HMHcTuTyTa
SKCIIEPUMEHTAILHON MEUIINHEI, a Yepe3 IMOJITOPa ro/ia U YIIPaBJIeHHUe JAaHHBIM BY30M.
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PenakTupoBasl HaydyHble METUITMHCKUE JKYPHAJIBI « PycCKUE (PU3MOIOTUUECKUH KYPHAJ UM.
U. M. CeuenoBa» u «BpauebHoe 71e710». YMeED B 1924 TOAY.

Heckosbko ¢10B 0 HayuHO-TBOpYeckoM Hacimeauu b.M. CiaoBiiosa.

VueHbIil sABJIsIETCA aBTOPOM Oojiee 150 TPYAOB IO MEJIUIIMHE, XUMUH, (PU3HOJIOTHH,
OMOXUMUH, HyTPULIMOJIOTHH, PEKPeaIliy OpraHu3Ma YeJI0BeKa.

OnHOM u3 mepBhIX (PyHIaMEHTATBHBIX paboT CJIOBIIOBA CTaIa AUCCEPTAINA HA COUCKAHHE
YUEeHOH cTeneHH JOKTopa buosoruu Ha TeMy «K ydeHmnio 06 okcumazax »KUBOTHOTO Testa (CrtoHHas
okcuzasa)» (CimoBuos, 1889), onybmkoBaHHYIO B 1899 rozy. B ocHOBe JaHHOTO Tpy/ia JIeXKaT J[Be
CTaTbU: HCCJIEJIOBAHUE ITOJIOKUTETHLHOTO XEMOTAKCHUCA, BHI3BIBAEMOM HEKOTOPBIMH OKCHUIa3aMU
(CiioBuoB, 1896) W u3ydyeHHe IIpeBpAIlleHUs U paCIpe/eJieHusl IHUINEBOro Oeska B TpyIIe
AQHTUJIPUJTHBIX OeJIKOB medeHu, KpoBH U MbII (CiioBroB, 1898), 3a KOTOpy ObLI Harpak/ieH
30J10TOU MeAasbio (PereTbKo u Jip., 2024: 224).

1906 roxy BBIXOAUT yueOHOe mocobue CioBuoBa mo dusmnosnoruu «KpaTtkuil ydyeOHUK
¢usnosorun» (C1oBIOB, 1906), KOTOPOE TEPEKIIO HE OJTHO MU3JJaHUE U H3/aBaJIOCh B TEYEHHE
HECKOJIBKUX JIeCATUIETUH, a TaKKe B TeUYEHUE JIOJITOTO0 BPEMEHU OCTABAJIOCH €AMHCTBEHHBIM
JIAKOHUYHBIM M €MKHUM y4eOHUKOM MO JaHHOU aucnuiinHe. [TomysnsapHbIM ObUT U «Y4eOHUK
¢usnosornueckol XUMUM», TpeAHA3HAUYEHHBIM JJjd CTYAEHTOB, Bpadell U Yy4YeHBIX-
ecrectBoucnbiTaresel (C1oBIoB, 1918¢).

Jpyrum yue6HbIM mocoOueM M0 OMOXUMHUH, BBIJIEPKABIITUM He OTHO H3/IaHUe, 10 KOTOPOMY
B TeYeHHe MHOTHX JIET YYWJIUCh CTY/IeHThl MEAHIUHCKUX By30B Poccuum crays ydeOHUK
«PyKOBOZICTBO /1151 MPAKTUUECKUX 3aHATUH 110 Grosiornueckoi xuMum» (C10BIIOB, 1925).

OtMmetruM, 4TO HccaenoBaHus bopuca lMBaHOBHMYA KaK IPABUIO, UMETU MPAKTUUYECKYIO
OPHEHTHPOBAHHOCTh. B 1908-M rojy BBIXOJHUT «PyKOBOJICTBO 1A KJIMHHYECKOTO KCCIIEOBAHMUS
MOYH», IIpeHa3HAUYeHHOE JJIs HCII0JIb30BAHUS B TOCIUTAJIAX, OOJIBHUIAX, CAHATOPUAX U JPYTHX
MeIUIMHCKUX yupexxaeHusax (CoBIoB, 1908).

OmbIT paboTHI ¢ OEJTKaMU U KUPAMU, IPOIIECCHI €T0 PACIa/la U YCBOEHUS OPraHU3MOM, B TOM
Yyucsie U B IIEPUO]] TOJIoZla, OIHUCaHbl B MOHOTpaduu «IluieBbie packaagku. /Iy 60IbHUYHOTO U
IpakTUyeckoro Bpavya» (CyoBIOB, 1915); ¥ BHOBb IIOCOOVME OPUEHTUPOBAHO JJI MPAKTHKYIOIINX
MEJIUKOB ¥ WCIIOJIb30BAHUSA B MEIUIIMHCKUX YUPEXKAEHUAX. J[pyTMM «CIIPAaBOYHUKOM» Bpaua,
B KOTOPOM CO/Iep>Kajlach JAKOHUYHAS aHTOJIOTHS HanOoJIee BAXKHBIX COBPEMEHHBIX HCCIIEIOBAHUM
[0 BOIpocaM OWOXUMHH, OWOIOTMH ¥ (ApPMaAKOJIOTHH, a TaKXKe SfABJSJIOCh CBOEro pojia
HAIlyTCTBUEM W U3JIOKEHWEM OCHOBHBIX IIPUHIIUIIOB pabOThl MEJIMKOB, CTaj0 Iocobue
«Vademecum mpakTuueckoro Bpauda» (CioBIOB, 1923), HaNHCAaHHOE B IIPOCTOH JIETKO
3arnoMuHamwIencs ¢opme, He 6€3 TOJMKU MEUITMHCKOTO PO eCCHOHAIBHOTO I0OMOpa.

B 1917 romy CioBHOB H3/Ia€T KOPOTKYIO 17-CTPAHUYHYIO MOHOTPAdUIO, IMOCBAIIEHHYIO
MaIleCTUHCKOMY KypOpPTY, BJIMSHUIO CEPOBOZIOPOJHON BOABI Ha BOCCTAHOBJIEHWE/pEKpearuio u
oZiZiepKaHue 3/T0POBbs opraHu3mMa vesaoBeka (CioBI0OB, 1917).

3aHUMaJICS YYEHBIH W MPo0eMaMHu BOEHHOU MEIWIIMHBI, B YACTHOCTU, BJIUSHUIO OOEBBIX
OTPABJIAIONIUX BEIeCTB HA OpraHu3M (CcM., HanpuMmep, MoHorpaduoo « OCHOBHbIE YePTHI JeHCTBUA
YZIyLIAIOIINX Ta30B HA YKUBOTHBIN opranusm»; C0B1OB, 1918).

Cpenu gpyrux ¢GyHAAMEHTAJIbHBIX TPYAOB OTMETUM pabOThl IO HM3YYEHUIO caxapa u
CaXapWHOB, WX TIOJIB3y M BpEJ] UEJIOBEYECKOMY OPraHH3My W NpOoO0JIeMbI, CBSI3aHHBIE C UX
M30BITOYHBIM IOCTYIIEHUEM, a Tak)Ke 0OJIe3HU, CBSI3aHHBIE C MOBBIIIEHHBIM YPOBHEM caxapa B
kpoBu (CiyioBHOB, 1918), MOHOTpadUI0 IO KCCIEOBAHUIO (PU3UOJIOTHH TPyAa, B KOTOPOU
HCC/IEYIOTCST BOIIPOCHI, CBSI3aHHBIE C PEXHUMOM TpyAa, MepPeyTOMJIEHUEM, HOPMHPOBAaHHEM
Harpy30K Ha OpPraHWU3M U OIMCAHUE COCTOSTHUU WX NPENeJIbHOTO JJIs HEro ypOBHS, M3yYeHUe
Pa3JIMYHBIX BUIOB Tpy/ia u np. (Ci0BIIOB, 1923).

W3 craTeil B MEPUOAUUECKUX HAYUHBIX HU3/IAHUAX O0COO0 OTMETUM 26-CTPAaHUUYHYIO PabOTy
«IIpommoe dapmakosioruu, u ee ujeanbl B Oyaymem» (CioBHoB, 1910), B KoTopoi CIIOBIIOB
MPOSABUJI cebsl He TOJIPKO TaJTAHTIUBBIM XUMHUKOM-(apMaK0oJI0TOM, HO ¥ UCTOPUKOM.

B mesiom, Henb3sg HE COIJIACUTHCSA C MHEHHEM COBPEMEHHBIX YYEHBIX O TOM, YTO
«...MHOTOYHCJIEHHBIE TPY/bI, BhIyIleHHbIe Boprucom MBaHOBHYEM, CBUIETEIHCTBYIOT O HEM KaK O
KPYIHOM YY€HOM, HMEBIIMM MIUPOKYI0 Hay4yHyi0 opyaunuio. OH KHUBO HHTEPECOBAJICA
COCTOSTHHEM Pa3BUTUs MHUPOBON MEIUIIMHCKOM HAyKH W Ha MIPOTKEHHUU CBOEH 30-JIeTHEH
HAyYHOU /IeATEIHHOCTH HE MpeKpamag pa3paboTKu Pa3IMYHBIX BOIIPOCOB MEAUIIMHCKOU XUMHUU»
(Perretpko U Ap., 2024: 227).
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5. 3aKkJII0ueHue

IMIpodeccop bopuc HMBanoBuuy CIIOBIIOB MPOCTABUJICA KAaK POCCUUCKUN OHUOXHMUK,
dapmaxosor, GU3NOJIOT U HYTPUIHAOJIOT.

B cBomx 150 HAy4YHBIX Tpy/laX, OH HCCJIEOBAJI OCOOEHHOCTH PabOTHI CIIOHHOW OKCH/IA3bI,
IIpEBpAIeHUs U PaCIpeie/IeHHs MUIIEBOTO OesIKa B TPYIIIE aHTUAPU/IHBIX O€JIKOB IeYEHH, KDOBU
U MBI, B TOM YHCJIEe U B YCJIOBUSIX TOJIO/A, BOIPOCHI JEUCTBUS caxapa U CAaXxapuHOB B
YyeJIOBeYEeCKOM OpTaHu3Me, a TakyKe OOJIE3HH, CBS3aHHBIE C IOBBINIEHHBIM YPOBHEM caxapa B
KpPOBH, Ipo0OyieMbl (U3HOJIOTHU TpPy/a U CBA3aHHBIE C HHUM BOIIPOCHI pEXHUMa TPY/a,
IepeyToOMJIeHUs, HOPMHUPOBAaHHUA HATrPy30K M Mp., AHAJIU3UPOBAI JeWUCTBUE MAIeCTUHCKUX
CEPOBOIOPOAHBIX BOJ KaK peKpealoHHOTO pecypca. CJIOBIOB H3ydasl TaKKe UCTOPUIO
dbapmakosiorun 1 ee pa3BUTHE Ha COBPEMEHHOM €My 3Talle, SMIUPUUECKH 0COOEHHOCTH BJIUSTHUE
HEKOTOPBIX XUMUYECKUX MEIUITMHCKUX IIPENApaTOB U TPaB. B :KU3HU POCCUUCKOTO METUITMHCKOTO
coob1iecTBa, obparay BHUMaHuEe KOJUIET HA MPOo0JIeMbl, CBSI3aHHbIE C HETPABUJIBHBIM ITUTAHUEM
HaceseHusa Poccuu.

Tpynsr CiioBmoBa OBUIM IPAKTUUECKH OPUEHTHPOBAHBI, IIE€JIEBOM ayJUTOPUENH €ro
HCC/IEIOBAHUM OBUTH MPAKTUKYIOIINE BPAUH, CTY/IEHTHI M€E/IBY30B, ECTECTBOUCITBITATEIIH.

Taxke, 3aHUMAaJICS U3JAHHEM Y4YeOHBIX MOCOOHWI 1O (HU3HMOJIOTHH, (DUBUOJIOTHUIECKOU U
OMOJIOTHYECKON XUMUH, (PU3UOJIOTUHM Tpy/a; OOJIbIIAA YacTh 3THX HOCOOWH H3AAaBAIUCH IIO
HECKOJIPKO pa3 Ha IMPOTSDKEHUU JEeCATWIETHH W HEU3MEHHO CJIYKWIN ydeOHUKaMU JJIs
HECKOJIbKUX IIOKOJIEeHU# cTyzeHToB. Hayunbiéi s3bIk mpodeccopa b.H. CioBmoBa oTiimyaiu
JIAKOHUYHOCTb,  TOYHOCTb, JIETKOCTh  BOCHPHUATHsA, a Takke HeOoJsbIllasg  TOJIHKA
npogeccuoHaILHOTO I0MOpa.
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Bopuc UBanoBuu Ci1oB1oB (1874—1924): 6uorpaduuecKkuii mopTpeT pOCCUUCKOTO
OMOXHMMHKA K 150-JIETHIO CO JHA POKIAECHUA

Cepreit HukostaeBna HUKUTHH 2
2 BocTOYHO-eBPOIIEiCKOe HCTOpHUYecKoe o0I1ecTBO, Poccuiickas ®eneparius

AnHoTanuA. CTaThs NOCBAIIAETCA 150-JIETHUIO CO JHA POXK/IEHHA POCCUUCKOTO OMOXUMUKA,
dapmaxosora, ¢pusnosora u Hyrpunuosora, npogeccop bopuca MBanosuua Crosrosa (1874—
1924). Marepuanamu JaHHOW paboThl cramu TPyAbl camoro CJOBI[OBA, a TaKKe HEKOTOpbIe
6morpaduueckue, HCTOpUYECKHE U MEJUIIMHCKUE WCCIeOBaHUA. B  KadyecTBe MeTO/IOB
HCC/IeIOBAaHUSl TPUMEHEHBl HCTOpuorpaduyecknii Merofi, Ouorpaduyeckwii MeTof, METO]
CUHTE3a U METOJT KiTaccupUKaIy.

B cBomx 150 HayuyHbIX TpyAaX, b./. Ci0BIOB mccienoBas 0cCOOEHHOCTH pabOThI CIIIOHHOU
OKCH/Ia3bl, MPEBpAIeHUs] U pacupezie/IeHus] MUIEBOro Oeka B TPYIIE aHTUJIPUIHBIX OEJTKOB
IevyeHd, KPOBU U MBINII, B TOM 4YHCJIe U B YCJIOBUAX T0JIOJIa, BONPOCHI JIEHMCTBUA caxapa M
CaXapWHOB B YeJIOBEUECKOM OpraHHM3Me, a Tak)Ke 0OJIE3HH, CBSI3aHHBIE C MTOBBIIIIEHHBIM YPOBHEM
caxapa B KpOBH, Ipo6JieMbl (PU3HOJIOTHU TPyAa U CBA3aHHBIE C HUM BOIIPOCHI PeKHUMa TPY/a,
IepeyToMJIeHUsl, HOPMUPOBAaHUA HArpy3oK M IIp., AQHAIM3UPOBAJI JIeMCTBHE MAaIleCTUHCKUX
CEPOBOJIOPOAHBIX BOJ KakK peKpeallMOHHOTO pecypca. CJ0BIOB U3y4yays TakKKe HCTOPHUIO
dapmakosioruu 1 ee pa3BUTHE Ha COBPEMEHHOM eMy 3Talle, SMIIMPUYECKH OCOOEHHOCTH BJIUAHUE
HEKOTOPBIX XUMUYECKUX MEJUIINHCKUX IIPENapaToB U TPaB. B JKMU3HU POCCUIICKOTO MEAUIITHCKOTO
coobiiecTBa, obpamiay BHUIMaHUe KOJIJIer Ha Mpo0JieMbl, CBA3aHHbBIE C HEIPABUJIBHBIM ITUTAHUEM
HacesieHuA Poccun.

Tpynsr CiioBmoBa OBUIM IPAKTUUECKH OPUEHTHPOBAHBI, I[€JIEBOM ayJUTOPUENH €ro
HCC/IeIOBAHUM OBUTH MPAKTUKYIOIINE BPAUH, CTY/IEHTHI M€E/IBY30B, ECTECTBOUCITBITATEIIH.

Takke, 3aHUMAaJICS U3JAHHEM Y4YEOHBIX MOCOOMU IO (U3MOJIOTUU, (PUUOTIOTUUECKON U
OMOJIOTUYECKOU XUMUH, (PU3UOJIOTHH Tpy/a; OoJbIIasg YacTh 3THX ITOCOOWH HW3JaBaUCh IIO
HECKOJIPKO pa3 Ha IMPOTSDKEHUU JEeCATWIETHH W HEU3MEHHO C/IYKWIN ydeOHUKaMU JJIs
HECKOJIBKUX IIOKOJIeHU# cTyzeHToB. Hayunbiéi s3bIk mpodeccopa Bb.M. CioBmoBa oTimyaiu
JIAKOHUYHOCTb,  TOYHOCTh, JIETKOCTb  BOCHPHUATHA, a TakKe HeOoJsbIlasg  TOJIMKA
podeccroHaIIBHOTO I0MOpa.

Karouessbie cioBa: bopuc lBanosuu CiioB1OB, 1874—1924, pocCUICKasA HayKa, OMOXUMUS,
¢dusnonorus, HyTpUIIMOJIOTHUA, OOMEeH BelllecTB, GapMaKOIOTHs.
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