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METHOD | EPIDEMIOLOGY

DEVELOPMENT OF PCR TEST FOR DETECTION OF THE SARS-COV-2 GENETIC VARIANTS ALPHA,
BETA, GAMMA, DELTA

Shipulin GA, Savochkina YuA, Shuryaeva AK =, Shivlyagina EE, Nosova AO, Davydova EE, Luparev AR, Malova TV, Yudin SM
Centre for Strategic Planning and Management of Biomedical Health Risks of Federal Medical Biological Agency, Moscow, Russia

The emergence of novel SARS-CoV-2 genetic variants with increased transmissivity and reduced antibody neutralization efficiency is a threat to global public
health. Reverse transcription polymerase chain reaction (RT-PCR) with the use of fluorescent probes, which make it possible to detect the single nucleotide
substitutions, is a technique suitable for screening the SARS-CoV-2 RNA-containing samples for the already known functionally significant mutations in the S-gene,
identification of which allows to define and differentiate the most epidemiologically significant genetic variants. The study was aimed to develop an assay for the
large-scale monitoring of the spread of the SARS-CoV-2 top-priority variants. Based on the whole-genome alignment of the SARS-CoV-2 sequences, deposited
in the GISAID database, primers and LNA-modified probes were selected to detect mutations in the S gene, typical for the Alpha, Beta/Gamma and Delta variants
of concern (VOC). The developed reagent kit for detection of the key mutations in the SARS-CoV-2 S gene by the real time RT-PCR has good analytical and
diagnostic characteristics and was authorized as a medical device (reagent) for in vitro use. The results of detecting the VOC and the key mutations with the use
of the developed reagent kit were consistent with the data of the whole genome sequencing of 1,500 SARS-CoV-2 RNA samples. The developed reagent kit and
the subsequent SARS-CoV-2 RNA sequencing assay used to perform the epidemiological monitoring of SARS-CoV-2 variants made it possible to promptly report
the emergence of the Delta genetic variant in Russia, and to trace the dynamic changes in the prevalence of Delta in Moscow Region in April-September 2021.

Keywords: coronavirus, COVID-19, SARS-CoV-2, N501Y, P681H, 69-70del, E484K, B.1.1.7, B.1.351, P.1, VOC

Author contribution: Shipulin GA, Savochkina YuA, Davydova EE, Yudin SM — planning the experiment; Shipulin GA, Savochkina YUuA, Yudin SM — literature
analysis; Shuryaeva AK, Shivlyagina EE, Nosova AO, Luparev AR, Malova TV — experimental procedure, data interpretation; Savochkina YuA, Shivlyagina EE,
Nosova AO — reagent kit development; Luparev AR — statistical analysis; Shipulin GA, Shuryaeva AK — manuscript writing and editing; Davydova EE, Yudin SM —
manuscript editing.

Compliance with ethical standards: the study was performed in accordance with the requirements of the Declaration of Helsinki and GOST R ISO 14155-2014.
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PASPABOTKA MUP-TECTA AJ151 BbIABJIEHUA FTEHETUMECKUX BAPUAHTOB AJIb®A, BETA,
FAMMA, OEJNTIbTA BUPYCA SARS-COV-2

I% A. Lvinynun, FO. A. CaBodkuHa, A. K. LLypsiesa =2, E. E. LLinensrvHa, A. O. Hocoga, E. E. dasbinosa, A. P. Jlynapes, T. B. Manosa, C. M. KOguH

LleHTp cTpaTternyeckoro nnaHMpoBaHns 1 ynpasneHnst Meamnko-61onorn4eckmMm pyckamin 300poBbto defepanibHoro Meavko-O1MoNorM4eckoro areHTCTBea,
r. MockBa, Poccust

Bo3HMKHOBEHME HOBbIX BapuaHToB KopoHasupyca SARS-CoV-2, obnagatolpmx noBbILLEHHOW TPAHCMUCCUBHOCTBIO M CHUDKAIOLLMX 3PdEKTUBHOCTL €ro
HeTpanmMsaunm BblpaboTaHHbIMW paHee aHTUTenaMu, NPeacTaBnSeT yrpo3y ANs 300POoBbst HaceneHns Bo BceM Mupe. MeTof, nonmMepasHoi LienHoM peakLumm
¢ obpatHon TpaHckpunuven (OT-MNLP) ¢ dnyopecueHTHbIMX 30H4aMK1, NO3BONSIOLLMMN AETEKTUPOBATL €ANHUYHbIE HYKIEOTUAHbIE 3aMeHbl, MOAXOoaUT Ans
CcKpuHUHra cogepxxatmx PHK SARS-CoV-2 06pasLioB Ha HaMYmMe y>ke U3BECTHbBIX MyTaLmi B S-reHe, KOTOpble UMEOT PyHKLMOHAIbHOE 3Ha4eHe, U BbIgBIEHNE
KOTOPbIX MO3BOMSIET ONPEfensiTb U AnddepeHLMpoBaTL reHoBapuaHTbl, MetoLLMe Hanborbllee anMMAeMMOoNornieckoe 3Hadenne. Liensio HacTosiLel paboTsl
6bIN0 paspaboTatb Habop peareHTOB 1 METOAMKY [ANsi ONepaTUBHOIO MOHUTOPUHIA PacnpPOCTPaHEHNS NMPUOPUTETHO 3HaqMMbIX BapraHToB SARS-CoV-2. Ha
OCHOBE BblpaBHNBaHWsi MONHOrEHOMHbIX nocnegoBatensHocTern SARS-CoV-2, onybnnkoBaHHbix B 6a3e AanHbix GISAID, 6biin BbibpaHbl npaimepsl 1 LNA-
MOAULMPOBaHHbIE 30HAbI 15 BbIABNEHNUS MyTaLii B S-reHe, XapakTepHbIX 418 FEHETUHECKUX NMHIA anba, 6eTa/ramma 1 fensta 0coboi anmaemMmonorm4eckoin
3Ha4mmocTy (VOC). PadpaboTaH 1 3apernctprpoBaH Habop peareHTos B dopmate OT-TLP B peanbHOM BpeMeHW Ans BbISBNEHNS Havboee 3Ha4nMblx MyTaLiii
B S-reHe SARS-COV-2, NpooeMOHCTPMPOBaHbI ero BbICOKME aHaNUTUYECKNE M AMArHOCTUHECKME XapaKTePUCTVKK. [ToKa3aHO COOTBETCTBME PE3ynsraTtoB
BbiaBfeHVs MHUA VOC 1 X OCHOBHbIX MyTaLmii pa3paboTaHHbiM HabopPOM C AaHHLIMI MONHOrEHOMHOIo cekBeHvpoBaHna ana 1500 obpasuos PHK SARS-
CoV-2. MpumeHeHre Habopa peareHTOB B COYETaHWUM C Mocneaytolym cekseHmnpoBaHnem PHK SARS-CoV-2 B pamkax NpOBEAeHVst anaeMMONIorM4eckoro
MOHUTOPWHIa MO3BOIIO OMEPATUBHO YCTAHOBUTL (DaKT MOSIBNEHUS Ha TeppuTopun Poccuy reHoBapuaHTa Aensta U B AalibHeneM OTCneanTb AVHAMUKY
V3MEHEHVIst ero pacrnpocTpaHeHHOCT B MOCKOBCKOM PErvoHe B NMepurog, C anpens no ceHTsopb 2021 1.

KnioyeBble cnoBa: kopoHasupyc, COVID-19, SARS-CoV-2, N501Y, P681H, 69-70del, E484K, B.1.1.7, B.1.351, P.1, n30onsTbl 0cO60l 3nMaeMMONOrM4ecKoit
3Ha4MOCTV

Bknap, aBTtopos: I A. LLnnynwH, KO. A. CasoukuHa, E. E. Jasbigosa, C. M. tOanH — nnanvpoBaHue akcnepumenTa; . A. Lunymmn, KO. A. CaBoykunHa,
C. M. tOanH — aHarms nntepatypsl; A. K. Lypsesa, E. E. LvenarvHa, A. O. Hocosa, A. P. Jlynapes, T. B. ManoBa — nocTaHoBka 3KCMepvMeHTa 1
nHTepnpeTauns pesynstatos; KO. A. CaBoykumHa, E. E. LLnensariHa, A. O. HocoBa — pagpaboTtka Habopa peareHToB; A. P. Jlynapes — cTaTucTU4ecKuiA aHanua;
I A. Wnnynwn, A. K. LLypsieBa — HanmncaHve 1 pegakTtupoBaHiue pykonvew; E. E. Jasbigosa, C. M. FOanH — pepakTvpoBaHmne pykonmcy.

CobniopgeHne aTnYecKux CTaHJapToB: 1CCNefoBaHNe NPOBEAEHO B COOTBETCTBUM C TPEOOBaHUAMMN XenbCHKCKON aeknapauumn n FTOCT P NCO 14155-2014.
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METO/[ | SNMOEMNOSIONINA

A novel coronavirus, causing the dangerous respiratory disease
in humans, COVID-19, was found at the end of the year 2019
in China. After the whole genome sequencing the virus was
classified as a betacoronavirus and referred to as SARS-
CoV-2 [1-3]. High mutagenic capability of coronaviruses is well
known [4]. The majority of emerging mutations do not affect
the properties of the virus, however, some mutations can result
in functional alterations, including fast viral spread and/or more
severe illness.

Since the start of SARS-CoV-2 pandemia, a large number
of genome sequences were published in the GISAID database
[5], which made it possible to trace both the viral spread and
the emergence of mutations in the viral genome.

In December 2020, British authorities declared a rapid
increase in the number of COVID-19 cases. The sharp spike in
morbidity was caused by the novel SARS-CoV-2 coronavirus
genetic variant, which differed from the reference genome. This
variant carried mutations in the gene encoding the S protein
[6, 7]. Based on the phylogenetic analysis, the new British lineage
of SARS-CoV-2 was named B.1.1.7 and classified as a variant
of concern (VOC). The B.1.1.7 variant has a number of typical
mutations in the spike protein, such as N501Y, A570D, D614G,
and P681H, as well as amino acid deletions 69-70 and 144Y
[8, 9]. Simultaneously, one more epidemiologically significant
lineage was detected, which caused the outbreak in various
provinces of the Republic of South Africa. This lineage is
known as B.1.351. The South African strain contains nine spike
mutations in addition to D614G, including the mutation cluster
(for example, 242-244del and R246l) in the spike protein
N-terminal domain (NTD), three mutations (K417N, E484K
and N501Y) in the receptor binding domain (RBD), and one
mutation (A701V) located close to the furin cleavage site [10, 11].
In January 2021, experts of the National Institute of Infectious
Diseases, Japan, discovered a novel SARS-CoV-2 variant, the P.1
lineage, the isolates of which were identified in tourists coming
from Brazil. Some mutations present in the Brazilian strain were
previously discovered in the British and South African variants.
This isolate contains 12 mutations in the spike protein, including
N501Y and E484K [12]. Later the discussed above coronavirus
genetic lineages were named using the letters of the Greek
alphabet in accordance with the nomenclature, introduced by the
WHO: Alpha (B.1.1.7 and subvariants Q.1-Q.8), Beta (B.1.351),
Gamma (P.1). All three SARS-CoV-2 genetic variants listed above
are considered the variants of concern (VOC) by the WHO and
ECDC, and circulate all over the world [6].

In the spring of 2021 in India the new SARS-COV-2 lineage
B.1.617.2 was discovered, which spread rapidly and gave rise
to the new wave of the pandemic, with the sharp rise in the
incidence rate and the number of deaths in India and then in
other countries in different parts of the world. Along with some
closely related genetic lineages identified most recently, AY.1
and AY.2-124, the B.1.617.2 lineage contains the following
typical mutations in the S protein: T19R, E156G, del157/158,
L452R, T478K, D614G, P681R, and D950N, including
mutations in the RBD [13]. Lineages B.1.617.2 and AY.1-124
are classified as the variants of concern, and are referred to as
Delta in accordance with the WHO classification.

According to a number of reports, mutation N501Y in the
S gene, found in the genomes of tree discussed above VOC
out of four, affects the S protein-ACE2 binding affinity, which
may result in increased transmissibility [14—16]. The presence
of mutation E484K can allow the virus escape from monoclonal
antibodies produced in response to the previous infection with
SARS-CoV-2 containing no such mutation, or in response to
vaccination [17-19].

It was shown for individuals infected with the Alpha lineage,
that the mean duration of the acute infection was longer
compared to the values obtained for the strains of other lineages
(13.3 days vs. 8.2 days, respectively) [20]. To date, there is no
evidence that the SARS-CoV-2 Alpha genetic variant has the
potential to escape from monoclonal antibodies, produced
in response to vaccination [8, 21-23]. However, according to
literature, the South African and Brazilian variants could reduce
the efficacy of some vaccines against COVID-19 [7, 24].
Structural analysis of the RBD mutation L452R and the P681R
mutation, located in the furin cleavage site, has shown that
these mutations may help to increase the efficacy of SARS-
CoV-2 binding to the ACE2 receptor and the S1-S2 cleavage
rate, thus contributing to the increased transmissibility. The
presence of this mutation in RBD indicates the reduced binding
with the selected monoclonal antibodies, and may affect their
neutralization potency [13, 25].

Based on the foregoing, detection of various coronavirus
variants and tracing the spread of the SARS-CoV-2 isolates,
being the variants of utmost epidemiological significance, is an
important challenge.

Currently, viral genome sequencing is the most common
technique, allowing one to discover the rapidly emerging
SARS-CoV-2 variants. However, studies involving the use
of genome sequencing are expensive and time-consuming.
Moreover, the method is also limited by the more stringent
requirements to viral load in the sample compared to PCR.
Reverse transcription polymerase chain reaction (RT-PCR) is
a method, which enables screening the samples containing
the SARS-CoV-2 RNA for the already known functionally
significant mutations in the S gene of coronavirus, identification
of which allows one to define and differentiate the viral VOC of
utmost epidemiological significance. The use of oligonucleotide
probes with modified LNA nucleotides enables the successful
differentiation of even single nucleotide substitutions in the
assayed gene sequence [26]. RT-PCR is recommended to
increase the output and performance of screening for the top-
priority genetic variants by the guidelines on the detection and
identification of SARS-CoV-2 variants, issued by the experts
of the WHO and ECDC [27]. There are reagent kits of foreign
production for detection of important mutations in the gene
encoding the S protein by RT-PCR. For example, reagent kit,
manufactured by the Korean company PowerChek, identifies
mutations, typical for the lineages Delta, Alpha, Beta, and
Gamma, and the kit, produced by the French company ID,
detects mutations L452R, E484K, and E484Q. In Russia only
the reagent kits for detection of mutations typical for the Alpha
lineage have been registered (manufactured by the Central
Research Institute of Epidemiology and DNA-Technology LLC),
the other lineages are not covered.

Thus, the development of the domestic reagent kit for the
timely monitoring of the top-priority SARS-CoV-2 variants spread
is extremely relevant. For this purpose we have developed the
RT-PCR-based method and the reagent kit for detection of
the range of mutations in the S gene of coronavirus, typical
for four genetic variants of utmost epidemiological significance,
as well as for detection of RNA of the SARS-CoV-2 variants
Delta, Alpha, and Beta/Gamma (without differentiation between
the latter) by identification of the relevant combination of key
mutations. The study was aimed to develop the reagent kit
allowing one to identify mutations N501Y, P681H and the
deletion 69-70del, the combination of which is typical for the
SARS-CoV-2 Alpha genetic lineage, mutation E484K, which in
combination with the mutation N501Y is typical for the Beta
and Gamma lineages, mutations P681R and L452R, the
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Table. The RNA targets with corresponding fluorescent probes to be detected for each RT-PCR mixture of the kit

RNA target to be detected

Dye of fluorescent probe
FAM

JOE ROX

mutation N501Y in the S gene of
SARS-CoV-2

fragment of codon 501 of the S gene
of SARS-CoV-2 with no mutation
N501Y

deletion 69-70del in the S gene of
SARS-CoV-2

fragment of codon 484 of the
2-B S gene of SARS-CoV-2 with no
mutation E484K

mutation E484K in the S gene of
SARS-CoV-2

mutation E484Q in the S gene of
SARS-CoV-2

mutations P681H/R in the S gene of

2-C SARS-CoV-2

mutation L452R in the S gene of
SARS-CoV-2

mutation P681R in the S gene of
SARS-CoV-2

combination of which is typical for the Delta lineage, as well as
to detect the presence of each of the listed above mutations.
The kit may be used as a monitoring tool enabling the prompt
acquisition of data on the dynamic changes in the spread of the
top-priority SARS-CoV-2 strains (or genetic variants), carrying
the functionally significant mutations.

METHODS

Design of oligonucleotides for amplification of the S gene
target regions

The whole genome alignment of the SARS-CoV-2 sequences,
deposited in the GISAID database (accessed 05.10.2021), was
used to select the diagnostic primers and probes for detection
of mutations, typical for the most epidemiologically significant
SARS-CoV-2 genetic lineages. Based on the alignment data,
regions carrying the relevant mutations were defined in the
viral S gene, primers and LNA-modified probes were selected
to detect the following mutations in the genome of the SARS-
CoV-2 coronavirus: N501Y, deletions 69-70del, P681H and
PB81R, L452R, E484K, E484Q. Oligonuclectides were selected
in accordance with the standard requirements for selection of
primers and TagMan probes [28, 29] with the use of the Oligo Calc
[30] and OligoAnalyzer Tool [31] online resources. Thermodynamic
properties and secondary structure of fluorescent probes were
assessed using the Mfold Web Server [32]. Oligonucleotides were
synthesized by the Genterra (Russia).

Clinical samples

Nasopharyngeal and oropharyngeal swabs (n = 10,297) were
obtained at the Head Center for Hygiene and Epidemiology
of the Federal Medical Biological Agency from patients with
symptoms of ARVI from December 2020 to September 2021.
Swab samples were collected in the test tubes, containing
transport medium (Central Research Institute of Epidemiology;
Russia), and stored at a temperature of =70 °C before testing.

RNA extraction

RNA was extracted using the AmpliTest RIBO-prep kit (FSBI
SPC FMBA; Russia) in accordance with the manufacturer's
guidelines. RNA was eluted in 50 pl of RNA elution buffer. RNA
samples were stored at a temperature not exceeding =70 °C
before using.

RT-PCR
Multiplex RT-PCR was carried out in accordance with the
instructions. In addition to RNA samples, each test included

the positive control samples (PCS) A, B, C, PCS W for the wild
type, and the negative control.
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Each sample was tested for the presence of mutations,
typical for the VOC Alpha, Delta, Beta/Gamma, in three test
tubes, containing mixtures 2-A, 2-B, and 2-C. Fluorescence
signal accumulation curves for three different channels were
analyzed (Table). The volume of RNA solution to be tested
was 10 pl.

Amplification program included the following thermal
cycling steps: 50 °C — 15 min, 95 °C — 15 min. The following
steps were repeated in 45 cycles: 95 °C — 155,60 °C— 30 s,
72°C—15s.

The AmpliTest SARS-CoV-2 VOC v.2 reagent kit was
optimized using the Rotor-Gene Q (Qiagen; Germany), CFX96
(Bio-Rad Laboratories; USA), and DTprime (DNA-Technology;
Russia) systems.

Positive control samples (PCS)

The mixture of recombinant plasmids containing the amplified
target S-gene fragments, being the targets of the selected
primers and probes, was used as a PCS.

The PCR products were purified using the MiniElute
Gel Extraction Kit (Qiagen; Germany), ligated into the
PGEM-T plasmid vector (Promega; USA), and transformed in
Escherichia coli. Recombinant plasmids of individual clones
were purified using the Plasmid Miniprep Kit (Axygen; USA).
The PCS nucleotide sequences were confirmed by Sanger
sequencing (cycle sequencing) using the ABI PRISM Big Dye
v.3.1 kit (Thermo Fisher Scientific; USA) in accordance with the
manufacturer's guidelines, and the Applied Biosystems Sanger
Sequencing 3500 Series Genetic Analyzer (Thermo Fisher
Scientific; USA). The forward and reverse PCR primers, flanking
the fragment to be amplified, were used for sequencing.

The sequencing reaction was carried out in 5 pL of reaction
mixture in the 0.2 mL thin wall microtubes. The reaction mixture
contained 0.8 pL of specific primer (forward or reverse) with
a concentration of 1 pM and 1 pL of the Ready Reaction
BigDye Terminator v3.1 mixture (Thermo Fisher Scientific;
USA). The components were mixed carefully, and thermal
cycling was performed in the SimpliAmp VeriFlex 96 thermal
cycler (Thermo Fisher Scientific; USA) in accordance with the
following program: initial denaturation 2 min at 95 °C, then
45 cycles (denaturation 20 s at 95 °C, primer annealing 30 s
at 60 °C, elongation 1 min at 68 °C). Capillary electrophoresis
was performed in the Applied Biosystems Sanger Sequencing
3500 Genetic Analyzer (Thermo Fisher Scientific; USA) after the
sample purification of excess dideoxynucleotides and salts.

Four PCSs were developed for the reagent kit: PCS A,
containing the fragment of the SARS-CoV-2 S-gene codon
501 carrying the mutation N501Y, and the S-gene fragment
carrying the deletion 69-70del; PCS B, containing the mixture of
recombinant plasmids with the fragments of the SARS-CoV-2
S-gene codon 484 carrying mutations E484K and E484Q;
PCS C, containing palsmids carrying mutations P681H, L452R
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Fig. The results for the SARS-CoV-2 VOC spread monitoring performed from December 2020 to September 2021. The samples (total n = 10,297) were collected in

Moscow and Moscow Region

and P681R in the SARS-CoV-2 S gene; PCS W, containing
palsmids with the fragments of the SARS-CoV-2 S-gene
codons 484 and 501 with no mutations N501Y and E484K.
The concentration of each PCS was measured by Droplet
Digital PCR (ddPCR) with the use of the QX200 Droplet
Digital PCR System (Bio-Rad Laboratories; USA). PCSs were
introduced at the stage of RT-PCR as the separate samples.

Analytical sensitivity and specificity

To assess the analytical sensitivity, we used the SARS-CoV-2
RNA samples, obtained by extraction from biomaterial
(smears from the mucous membrane of nasopharynx and
oropharynx), which were studied using the diagnostic
system developed in order to identify the minimum dilution,
at which the samples were detected as positive. The
concentration of each sample was previously measured
by ddPCR using the QX200 Droplet Digital PCR System
(Bio-Rad Laboratories; USA). The sensitivity threshold was
defined based on the minimum dilution detected in three
iterations.

To assess the analytical specificity of the reagent kit, we
used RNA of the SARS-CoV-2 strain No. GK2020/1 from the
collection of the N. F. Gamaleya National Research Center,
as well as RNA of the strains of coronaviruses HCoV 229E,
HCoV OC43, HCoV NIB3, SARS-CoV HKU39849, MERS-CoV
(European Virus ArchiveGlobal 011N-03868 — Coronavirus
RNA specificity panel), strains of influenza A virus (H1N1)
(ATCC VR-1469), influenza A virus (H3N2) (ATCC VR-776)
and influenza B virus (Victoria Lineage) (ATCC VR-1930) from
the American Type Culture Collection (ATCC; USA), strains
of Streptococcus pneumoniae (Ne 131116), Streptococcus
pyogenes (Ne 130001), Haemophilus influenzae (Ne 151221),
Staphylococcus aureus (Ne 201108), Klebsiella pneumoniae
from the collection of pathogenic microorganisms of the
Scientific Centre for Expert Evaluation of Medicinal Products
of the Ministry of Health of the Russian Federation, strains of
human parainfluenza viruses types 1, 2, 3, human rhinoviruses
types 18, 17, 26 from the State Collection of the Smorodintsev
Research Institute of Influenza in a concentration not less than
1x10° GE/mL.

Whole genome sequencing (WGS)

Whole genome sequencing (WGS) was used as a reference
method for identification of mutations in the RNA samples.
Samples with the cycle threshold (Ct) in RT-PCR not
exceeding 25 were used for sequencing. Reverse transcription
of the RNA samples was performed using the Reverta-L
reagent kit (Centre for Strategic Planning of FMBA; Russia). The
resulting cDNA was amplified using the AmpliSeq for lllumina
SARS-CoV-2 Research Panel (lllumina; USA), containing 247
amplicones in two pools, which covered the entire SARS-CoV-2
genome. Libraries for the high-throughput sequencing were
prepared using the AmpliSeq Library PLUS kit (lllumina; USA).
The quality of libraries was evaluated by capillary electrophoresis
with the Agilent Bioanalyzer 2100 (Agilent; USA). The library
concentrations were measured with the Qubit 4 Fluorometer
(Thermo Fisher Scientific; USA) using the HS Qubit dsDNA
reagent kit (Thermo Fisher Scientific; USA). Sequencing
was carried out with the use of the lllumina NextSeq 550
system (lllumina; USA) and the NextSeq 500/550 v2.5 kit
(800 cycles) (lllumina; USA). All the procedures were carried out
in accordance with the guidelines, issued by the manufacturers.

Statistical analysis

The diagnostic sensitivity (percentage of positive test results in
the group of positive samples) was calculated as A/(A+B)x100%,
and the diagnostic specificity (percentage of negative test
results in the group of negative samples) was calculated as
A/(A+B)x100%, where B was the number of assayed samples,
which tested positive using the kit, of the total number of
samples, and A was the number of assayed samples, which
tested negative using the kit, of the total number of samples
with the true positive results. The 95% confidence intervals for
the diagnostic characteristics were calculated by the Clopper—
Pearson method.

RESULTS

When developing the reagent kit, we have selected the SARS-
CoV-2 S-gene regions, flanking mutations, typical for the
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SARS-CoV-2 genetic lineages Alpha, Beta/Gamma, and Delta,
to be the targets. We have selected primers and probes for
identification of mutations N501Y, P681H and the deletion
69-70del, the combination of which is typical for the SARS-
CoV-2 Alpha genetic lineage (B.1.1.7), mutations P681R and
L452R, the combination of which is typical for the Delta genetic
lineage (B.1.617.2 and all the AY variants), mutation E484K,
which in combination with N501Y is typical for the Beta and
Gamma genetic lineages (B.1.351/P.1, these variants have not
been differentiated).

The reagent kit has been developed in the format of using
three RT-PCR mixtures for analysis. Each mixture enables
the detection of three markers, involving registration in three
different fluorescence channels. In addition to the key mutations
in the S gene, the range of genetic markers, identified using
the kit, includes two codons, E484 and N501, matching with
the reference SARS-CoV-2 RNA sequence. These serve as
endogenous controls for the exclusion of false positive results.

The samples of all the listed above viruses and bacteria
were tested in order to define the analytical specificity, no
false positive results were obtained. When assaying RNA of
the SARS-CoV-2 strain No. GK2020/1 from the collection of
the N. F. Gamaleya National Research Center using the kit, no
mutations were found in the codons 501, 484, 681, and 69-70
of the SARS-CoV-2 S gene, the results corresponded to the
whole genome nucleotide sequence of this isolate, deposited
in the GISAID database (EPI_ISL_421275). The following result
was obtained for all samples containing no SARS-CoV-2 RNA:
the samples have no SARS-CoV-2 RNA for analysis.

To assess the analytical sensitivity, we used the biomaterial
samples with the known concentration of the SARS-CoV-2 viral
RNA, defined by ddPCR. The genetic variants were reproducibly
detected up to the SARS-CoV-2 RNA concentration of 1 x 10°
copies/mL, which defined the analytical sensitivity of the
reagent kit.

The diagnostic characteristics of the reagent kit developed
were assessed in the clinical trial, involving studying the SARS-
CoV-2 RNA samples with genotypes defined by WGS or
Sanger sequencing of the S gene. To assess the diagnostic
sensitivity, a total of 192 nasopharyngeal and oropharyngeal
swab samples were analyzed, including 32 samples containing
the SARS-CoV-2 RNA with a combination of mutations in the
S gene, characteristic of the Alpha genetic lineage (B.1.1.7),
28 samples containing the SARS-CoV-2 RNA with a
combination of mutations, characteristic of the Beta/Gamma
genetic lineages (B.1.351/P1), 50 samples containing the
SARS-CoV-2 RNA of the Delta genetic lineage (B.1.617.2
and all the AY variants). To assess the diagnostic specificity,
a total of 82 RNA samples obtained from nasopharyngeal and
oropharyngeal swabs were analyzed, which contained the
SARS-CoV-2 RNA with no mutations under analysis. All the
target mutations and their combinations, corresponding to the
Delta, Alpha or Beta/Gamma genetic lineages, were identified in
all samples. No discordant (nonspecific) results were registered.
Thus, the diagnostic sensitivity (DS) of 100% was defined (DS
with the 95% level of confidence was 94.2-100% for the Delta
lineage, 91.1-100% for the Alpha lineage, 89.9-100% for the
Beta/Gamma lineages). The diagnostic specificity was 100%
(with 95% level of confidence it was 96.4-100%).

The further practical use of the reagent kit showed full
compliance of VOC and their key mutations' identification
results with the results of WGS performed in 1500 samples
of viral RNA of the genetic lineages Alpha, Beta, Gamma, and
others (collected from March to May 2021), as well as Delta
(collected from June to August 2021). All the samples carried
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the relevant combinations of mutations in the S gene, based on
which the following SARS-CoV-2 genetic lineages were defined:
Delta (n = 750), Alpha (n = 302), Beta/Gamma (n = 32), and
others (n = 416). The RT-PCR results were completely matched
with the data of WGS, so high diagnostic performance of the
reagent kit was shown.

From December 1, 2020 to September 30, 2021 more than
10,000 clinical samples of the SARS-CoV-2 RNA were tested,
collected in Moscow and Moscow Region within the framework
of monitoring the spread of the SARS-CoV-2 VOC. The findings
were split per month and presented as a percentage of the
variants identified (Fig.). During the studied period (December
2020 to September 2021) we observed the emergence of VOC
or single functionally significant mutations and their subsequent
replacement by the novel SARS-CoV-2 virus variants. Thus, in
the samples, obtained from December 2020 to January 2021,
no isolates were found carrying mutations, typical for VOC.
During the period the gradual increase in the proportion of
distinct lineages was observed. In five months the propotion
of the SARS-CoV-2 Beta/Gamma lineages samples changed
from 0 to 1.6%, and the proportion of samples belonging to the
Alpha lineage increased from 0 to 19.2%. The proportion of the
Delta variant rose rapidly to 25% by the end of May, reached
87% by mid-dune 2021, exceeded 95% in the first week of
July, and was above 99% during the next months until the end
of the studied period.

DISCUSSION

The emergence of the novel SARS-CoV-2 variants remains a
grave worldwide concern, since the new variants can have the
poteintial of higher transmissibility, affect the disease duration
and severity, reduce the vaccine efficacy, and increase the
mortality rate [6, 7, 14-20, 24].

Currently, WGS is the most widely used versatile method for
identification of the new SARS-CoV-2 variants. Unfortunately,
the method is very time-consuming and expensive. RT-PCR is
an efficient alternative method, suitable for identification of the
previously defined mutations, the markers of the key lineages,
the detection of which is important for monitoring the spread
of the genetic variants, and understanding the epidemiological
situation.

The outcome of the study is the real time RT-PCR diagnostic
test system for identification of the functionally significant
mutations allowing one to define the SARS-CoV-2 VOC. The
analysis includes the following steps: RNA extraction, RNA
reverse transcription, cDNA amplification with the real time
fluorescence hybridization detection, and data interpretation.

The kit provided allows one to distinguish RNA of the
SARS-CoV-2 Alpha, Beta/Gamma and Delta variants from
the other genetic lineages based on the combinations
of typical mutations. According to a number of studies
[15-23], the presence of distinct mutations (E484K, N501Y,
P681H, P681R), associated with different genetic variants of
coronavirus, results in the functionally significant alterations
in the S-protein structure, including those contributing to the
increased transmissibility, reduced neutralization efficiency of
antibodies, produced in response to infection with the earlier
circulating variants of the virus or in response to vaccination.
That is why the detection of individual mutations, without taking
into account the combinations of mutations, is also of some
epidemiological significance.

The kit shows high analytical sensitivity (1 x 10° copies/mL
of the SARS-CoV-2 RNA) for each of the genetic variants to be
detected, and 100% analytical specificity in the tested panel of
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microorganisms. The diagnostic specificity with the 95% level
of confidence is 94.2—100% for the Delta lineage, 91.1-100% for
the Alpha lineage, 89.9-100% for the Beta/Gamma lineages,
and the diagnostic specificity is 96.4-100% with the 95% level
of confidence.

The use of the reagent kit developed within the framework
of epidemiological monitoring made it possible to detect the
emergence of the SARS-CoV-2 Delta variant in Moscow in April
2021 in a timely manner, and to report promptly the dramatic
increase in the proportion of Delta strains among the SARS-
CoV-2 variants, detected in the surveyed patients in Moscow
Region. It is important to note that the emergence and further
spread of the Delta variant in Russia have resulted in the almost
complete substitution of the other coronavirus lineages.
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The clinical spectrum of SARS-CoV-2 infection continues to expand, raising important fundamental issues regarding the SARS-CoV-2 cellular tropism and
pathogenic mechanisms. Liver damage is observed in patients with all forms of COVID-19, especially severe and critical forms, which could be due to the direct viral
damage, immune dysregulation (systemic inflammatory response and cytokine storm), hypoxia-ischemia, drug-induced hepatotoxicity, and concomitant chronic
disorders. Liver damage, defined primarily by elevated transaminase levels, is often observed in patients with COVID-19 and correlates with clinical outcomes,
including mortality. Diagnostic criteria, pathogenesis, clinical characteristics, treatment, and prognosis of liver injury in COVID-19 should be clarified in further clinical
trials. Currently, there is a critical shortage of proven treatment options for patients with COVID-19, resulting in an urgent need to study the multiple organ failure and
liver damage pathogenesis in patients with this disease. The review provides information about the pathophysiological mechanisms of the SARS-CoV-2-induced
liver damage and the development of liver failure in COVID-19. Information sources were searched in the PubMed database using the keywords “liver damage in
COVID-19” and “immune liver damage in COVID-19”.
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NMOPAXXEHUE NEYEHWN Y BOJIbHbIX COVID-19

0. A. BononkaHu'?, A. C. Tonota' = T. A. Kamunoga', C. B. Makaperko'?, C. I'. LLlep6ak'?

" Topoackas 6onbHMLa Ne 40 KypopTHOro aagMmMHUCTPATUBHOIO paiioHa, CaHkT-MNeTepbypr, Poccus
2 CaHkT-TeTepbyprekuii rocyAapCTBEHHbIN yHUBEpCUTET, CaHKT-TeTepbypr, Poccuist

CneKTp KIMHUYECKMX NposBneHnin nHdekumm SARS-CoV-2 npogomKaeT paclUmMpATbCS, BOSHUKAIOT BakHble (hyHAAMEeHTasbHble BOMPOCHI, KacaloLmecs ee
KNIETOYHOrO TPOMM3Ma W NaToreHeTUHEeCKmX MexaHnM3MoB. [oBpexagHUe neveHr npoucxoauT npu Beex hopmax COVID-19, 0COBEHHO Mpu TSHKENbIX 1 KpaiiHe
TSOKENbIX, YTO MOXET ObITb CBA3AHO C MPSIMbIM BUPYCHBIM MOPaXeHNEM, UMMYHHOW aucperynsaumert (CMCTEMHbIM BOCMaIMTENbHbIM OTBETOM U UMTOKUHOBBLIM
LUTOPMOM), FMAOKCUYECKUM/NLLEMUHECKM MOBPEXAEHVEM, IEKAPCTBEHHOW renaToTOKCUYHOCTBIO M COMYTCTBYIOLLMMU XPOHUYECKUMN 3200N1eBaHNAMN.
[NoBpeXxaeHne neyveHn, onpeaensiemMoe B OCHOBHOM MO MOBbILLEHWIO YPOBHEN TpaHcaMnHasa, 4acTo 06Hapy»xmBatoT y nauyeHToB ¢ COVID-19, 1 oHO Koppennpyet
C KIMHWYECKMMMN UCXOAaMM, BKIKOHas CMEPTHOCTb. [MarHOCTUYECKe KpUTEpUK, NaToreHes, KIMHNHECKNE XapakKTePUCTUKM, NIeYEHMe 1N MPOrHO3 MOpPadkeHWst
neydeHy npu COVID-19 nomkHbl ObiTb YTOYHEHb! B AAIbHEALLINX KIMHUHECKMX MCCNeaoBaHusax. B HacTosilLee BPeMs KPUTUHECKN He XBaTaeT MPOBEPEHHbIX
BapuaHToB edeHrs nauneHTos ¢ COVID-19, 4To NprBOAUT K HEOTIIOXKHOW HEOBXOAVMOCTM N3YyHeHs NaToreHeaa NosMopraHHON HEAOCTATOYHOCTI U NMOBPEXAEHNSA
neyeHy Npu 3Tom 3abonesaHnn. B 063ope npeacTasneHa MHopmaLys 0 NaTohr3noNorM4eckX MexaHamax NoBpPexXaeHNs nevenn KopoHaBmpycom SARS-
CoV-2 1 pa3BuTM neveHo4qHo HegocTatodHocTy nMpu COVID-19. Monck MCTOYHVKOB MHGOpMaLmn NpoBedeH B 6ase faHHbx PubMed no kntoyeBbiM cnosam
«liver damage in COVID-19» 1 «<immune liver damage in COVID-19».

KntouyeBble cnoa: kopoHasupyc SARS-CoV-2, COVID-19, noBpexkagHre neHeHn, CUCTEMHasA renaTtoToKCUYHOCTb, MMMYHHOE MOBPEXOEHVE NEYEHN, NEKAPCTBEH-
Has renaToTOKCUYHOCTb, COMYTCTBYIOLLIEE XPOHMYECKOE 3ab0mneBaHe NeyeHu.
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SARS-CoV-2 coronavirus is a respiratory pathogen causing
COVID-19. Complications of COVID-19 affect almost all
organs, including liver. Direct virus cytotoxicity, dysregulated
immune responses, microcirculatory disorders and thrombosis
contribute to the systemic toxicity in COVID-19. The diversity
of the COVID-19 manifestations is associated with the broad
organotropism of SARS-CoV-2.

SARS-CoV-2 infects cells by means of the multifunctional
cellular receptor, ACE2 (angiotensin-converting enzyme-2),
which is found on the cell membranes in all organs, including
liver, and makes the tissue vulnerable to the coronavirus
invasion. Cellular serine protease TMPRSS2 (transmembrane
protease serine 2) is involved in the SARS-CoV-2 invasion,

contributing to the virus internalization into target cells [1]. ACE2
and TMPRSS2 are expressed in the cells of many tissues,
including gastric glandular cells, enterocytes, hepatocytes,
cholangiocytes, and endothelial cells [2, 3]. Elevated ACE2
expression in hepatocytes has been revealed in patients with
liver fibrosis/cirrhosis [2, 4]. This finding is very important:
concomitant liver disease may increase the SARS-CoV-2 liver
tropism.

Hepatic dysfunction may influence the multisystem
manifestations of COVID-19, such as acute respiratory distress
syndrome (ARDS), coagulopathy, and multiple organ failure.
Liver is the main human organ involved in metabolism and
detoxification, that is why even a moderate decline in liver
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function can alter the safety profiles and therapeutic efficacy of
antiviral drugs metabolized in the liver [4].

Epidemiological data on liver injury in
patients with COVID-19

The prevalence of liver injury in patients with severe COVID-19
(74.4%) is higher than in patients with the mild course of the
disease (43.0%). Patients with severe COVID-19 admitted to an
intensive care unit (ICU) had a more severe hepatic disfunction
compared to patients with the milder disease. The prevalence
of elevated hepatic transaminase plasma levels in patients with
COVID-19, which are particularly high in severe cases, reached
53% in survivors [5, 6] and 78% in the deceased [5]. Elevated
serum levels of aspartate transaminase (AST) were observed in
almost 18% of patients with mild COVID-19 and 56% of patients
with severe disease; elevated levels of alanine aminotransferase
(ALT) were found in almost 20% of patients with mild COVID-19
and 28% of patients with the severe disease. Elevated levels of
cholestatic enzymes, alkaline phosphatase (ALP) and gamma
glutamyltransferase (GGT), were observed in 6.1 and 21.1% of
patients with COVID-19, respectively [7].

Elevated levels of transaminases and bilirubin and the reduced
albumin concentration in patients with COVID-19 correlate with
the length of hospital stay, risk of admission to ICU and 30-day
mortality. In the majority of patients, transaminase levels are back
to normal after recovery. The patients with persistently elevated
transaminase levels are severely ill or have a chronic liver
disease (CLD). Elevated levels of GGT and ALP in patients with
COVID-19 are indicative of damage to the bile duct cells in the
liver. Liver injury could be secondary to the bile duct cell damage,
since there are no viral inclusions in the biopsy specimens taken
from some patients, and the pathological changes manifest
themselves in the form of microvascular steatosis and moderate
lobular and portal inflammation. Furthermore, the extent of liver
injury positively correlates with the infection severity [8].

According to systematic review with meta-analysis of 11
studies (793 patients), abnormally low serum albumin levels
were found in 79% (40-99%) of patients [9]. When performing
meta-analysis, only the baseline laboratory data obtained at
admission were taken into account.

In general, hepatic dysfunction is typical for 76.3% of
patients, and liver injury is typical for 21.5% of patients [10].

Mechanisms underlying liver damage in COVID-19

Pathogenesis of liver injury caused by COVID-19 have not
been properly clarified, since the available data are scarce
and contradictory. The mechanisms of hepatocellular injury
are multifactorial and include direct viral damage, immune-
mediated injury, hypoxia-ischemia, thrombosis, and drug-
induced hepatotoxicity [8, 10].

Direct viral damage to the liver

Infection of hepatocytes with SARS-CoV-2, mediated by the
ACE2 cellular receptor, results in the acute cytopathic liver injury
and is associated with the high mortality [3]. Foci of periportal
and centrilobular necrosis without significant inflammation are
reported [11].

In addition to hepatocellular pattern of the liver enzyme
level elevation, COVID-19-associated liver injury can manifest
itself in the form of cholestatic pattern. ACE2 expression on the
biliary epithelial cells results in the direct viral infection. Swelling
of endothelium of the hepatic artery branches in the portal tract
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together with luminal narrowing are observed, endophlebitis of
the portal vein, endotheliitis, and blood clots in the branches of
the portal vein emerge [12].

ACE2 expression on the majority of cholangiocytes (59.7%
of cells) and a relatively weak expression on hepatocytes
(2.6%; the average expression levels are 20 times lower than in
cholangiocytes) suggest that SARS-CoV-2 contributes to liver
injury, causing cholangiocyte dysfunction. SARS-CoV-2 infection
decreased cell-cell tight junction between cholangiocytes and
reduces their barrier function. Assessment of liver biopsy
specimens in fatal cases has revealed coronavirus in the
cytoplasm of hepatocytes. Considerable hepatocyte apoptosis in
combination with the presence of the CD4 and CD8 T cells in the
lobular and portal tracts is indicative of the direct liver infection with
SARS-CoV-2. These data demonstrate the SARS-CoV-2 ability to
infect hepatocytes, despite low ACE2 expression [10].

Immune-mediated liver injury

In the course of the SARS-CoV-2 infection, 80% of immune
cells entering liver are represented by CD8 T cells. CD4 T cell
infiltration correlates with B cell activation, and the levels
of neutralizing antibodies against SARS-CoV-2 and pro-
inflammatory cytokines (IL18, IL6 and TNFa), as well as the
SARS-CoV-2 hepatic clearance [8]. IL6 is a factor of acute
liver injury in patients with COVID-19, which induces liver
sinusoidal endotheliopathy with neutrophil infiltration and a
hypercoagulable phenotype [13]. The hypercoagulable and
inflammatory phenotypes of the liver sinusoidal endothelial cells
are considered the marker of endothelial damage and mortality
predictor in patients with liver cirrhosis and COVID-19 [14].

Sudden deterioration of liver function at the advanced
stage of the disease is associated with systemic inflammatory
response, which can damage multiple organs, including liver.
Moreover, patients with lymphocytopenia more often suffer
from liver dysfunction [15]. Inflammatory changes, such as
hepatocyte swelling and steatosis, liver sinus cell proliferation,
Kupffer cell hyperplasia, and immune cell infiltration are found in
liver cells of patients with severe COVID-19 [186].

Post-mortem examination of some patients with COVID-19
revealed cholestatic features, such as bile duct proliferation, portal
inflammatory infiltrates, and, in a number of cases, canalicular/
ductular bile plugs [17]. Cytokine storm typical for the SARS-
CoV-2-associated viral sepsis could be the main contributing
factor, since inflammatory cytokines IL6, TNFa and IL18 could
cause hepatocellular cholestasis. Persistent systemic IL6 signaling
induced by the SARS-CoV-2 infection inhibits albumin synthesis.
Hypoalbuminemia associated with the cytokine storm and
cholestasis resulting from inhibition of hepatobiliary excretion could
be considered part of the COVID-19 acute phase. IL6 provides
strong mitogenic stimulation of cholangiocytes, which induce
proliferative and pro-inflammatory phenotypes [4].

In those infected with SARS-CoV-2, elevated C-reactive
protein (CRP) levels and lymphopenia are considered
independent risk factors for liver injury [18]. Taking into account
the fact that histopathological examination has revealed no
signs of severe inflammatory liver injury [19], alterations in the
levels of hepatic enzymes in patients with SARS-CoV-2 could
be due to hepatitis being the secondary response to the SARS-
CoV-2-induced systemic inflammation [10].

Hypoxic hepatitis

Hepatic sinus endothelial cells contribute to perfusion disorders,
responding to inflammatory signals. Ischemia—reperfusion injury
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inthe liver could result in inflammation due to activation of Kupffer
cells, neutrophils, and platelets. In the conditions of ischemia
and hypoxia, inhibition of the cell survival signaling pathway
in hepatocytes results in hepatocyte necrosis. In patients with
ARDS, hypoxia induces oxidative stress, persistent elevation
of the levels of reactive oxygen species, and secretion of pro-
inflammatory substances that cause hepatocyte damage and
necrosis [8].

Hypoxia is a typical sign of severe COVID-19 and the main
regulator of hepatocellular ACE2 expression. This may explain
the fact that extrapulmonary dissemination of SARS-CoV-2
is observed mainly in patients with ARDS and other hypoxic
conditions. Gene expression analysis has shown that primary
hepatocytes infected with SARS-CoV-2 are characterized by
overexpression of pro-inflammatory cytokines together with
inhibition of key metabolic processes. These data illustrate the
comprehensive nature of liver injury in patients with COVID-19
and the mutual influence of multiple SARS-CoV-2-activated
molecular pathways involved. Biliary ducts of patients with
COVID-19 are subject to hypoxia due to respiratory failure
(exacerbated by the peribiliary arterial plexus obliteration
resulting from vasculitis/thrombogenesis). Thus, poor blood
circulation and hypoxia, as well as continuous inflammatory
stimulation, are the main triggers of damage to the bile duct
epithelium in patients with severe COVID-19 [4].

Coagulation and thrombosis

Elevated levels of hypercoagulability markers, D-dimer,
fibrinogen and factor FVIII, were found in 100, 74 and 100%
of patients with the extremely severe COVID-19. Microvascular
thrombosis may result in the end-stage liver disease. Autopsy
has revealed infiltration of lymphocytes and monocytes in the
portal area with sinus thrombosis and congestion; hepatocyte
degeneration and lobular necrosis have been found in the
liver [16]. These data show that in patients with COVID-19
hypercoagulation is one of the causes of liver damage.

Coronavirus therapy-induced hepatotoxicity

Drug-induced liver injury results in varying degree liver
damage, observed in patients with COVID-19. Antiviral drugs
(oseltamivir, abidor, lopinavir, and ritonavir), antibiotics, steroids
and hormones which have side effects, including liver damage,
are widely used in treatment of COVID-19. In particular, the use
of lopinavir/ritonavir increases the likelyhood of liver injury by
4 times. Liver metabolizes the majority of drugs for SARS-CoV-2.
Elevated levels of ALT, ALP, bilirubin, and GGT, were observed
in individuals infected with SARS-CoV-2, who were treated with
lopinavir, ritonavir, and remdesivir [20].

Liver damage was more likely in patients who received
medications of several types, and high-dose hormones. Liver
injury disrupts metabolism and drug excretion and increases
the antiviral drug toxicity. That is why great importance should
be attached to the liver function monitoring, although in the
majority of COVID-19 cases mild liver injury is observed, which
is of a temporary nature and returns to normal without any
specific treatment. Patients with severe liver injury need targeted
hepatoprotective therapy. Treatment of the COVID-19-associated
liver damage is based on inhibition of inflammation and correction
of hypoxemia aimed at preventing the multiple organ dysfunction
syndrome, as well as on one or two hepatoprotective drugs
depending on the patient's liver dysfunction [15].

Hepatotoxic therapeutic agents include antiviral drugs
that target the virus itself (remdesivir), IL6 and its effector

signaling pathways (tocilizumab and baricitinib), and systemic
inflammation (dexamethasone) together with antibiotics and
steroids.

The randomized clinical trials have shown that the
combination of remdesivir, the antiviral drug used in treatment
of SARS-CoV-2 infection, with baricitinib, the JAK protein
kinase inhibitor, improve the COVID-19 outcomes compared
with the use of remdesivir only [21].

Coformulated drug lopinavir/ritonavir can cause liver
necrosis and suppress hepatocyte proliferation. The drug
induces inflammation and exacerbates liver injury due to
increased oxidative stress. Lopinavir/ritonavir administration
results in 7-fold increase in the hepatic enzyme levels [20].

Dexamethasone reduces the levels of biomarkers of
endothelial damage (angiopoietin-2, intercellular adhesion
molecules ICAM-1 and sRAGE) and inflammation (CRP) [22].

The use of endogenous cytokines, interferons, released
by cells in response to viral infection (including SARS-CoV-2),
in treatment of COVID-19 in order to inhibit replication of the
pathogen resulted in leukopenia, lymphopenia, hepatocyte
injury, autoimmune hepatitis, and other severe side effects [8].

Baricitinib, the JAK-STAT signaling pathway inhibitor,
affects hyperinflammatory status arising from the SARS-CoV-2
infection, and is capable of preventing endocytosis and viral
infection. However, the drug increases the risk of thrombosis
and leads to liver injury. The increasing number of the reported
cases of liver damage, cholestasis and hepatitis developing
in the considerable number of patients who received JAK
inhibitors to treat COVID-19, attracts attention [23].

Tocilizumab, anti-IL-6 receptor monoclonal antibody, is
used as part of combination therapy in severe COVID-19
cases. Tocilizumab therapy must be discontinued if the levels
of hepatic enzymes exceed the upper limit of normal more than
three times [8].

These data indicate that it is necessary to regularly monitor
the hepatic enzyme levels during treatment of patients with
COQVID-19 in order to minimize the risk of complications [24].

Taking into account the increased risk of death from
COQOVID-19 in patients with CLD, European Association for the
Study of the Liver (EASL), American Association for the Study
of Liver Diseases (AASLD), and Belgian Liver and Intestine
Advisory Committee (BeLIAC) have recommended to give
priority to vaccination against COVID-19 to patients with CLD
and liver transplant recipients [25].

COVID-19-associated liver damage in patients with no
concomitant chronic liver disease

Liver injury (predominantly hepatocellular rather than cholestatic)
observed at admission correlates with clinical outcomes (ICU
admission, mechanical ventilation, death). Patients having
normal AST levels at admission and patients with abnormal
levels of AST, ALT and ALP at peak hospitalization are at
higher risk of mechanical ventilation [26]. Analysis of biopsy
specimens has shown that the coronavirus-induced liver
damage is the main cause of liver dysfunction in COVID-19
patients with no CLD. SARS-CoV-2 causes hepatic cytopathy
with massive apoptosis and the presence of binuclear (less
mature) hepatocytes being the predominant histological
features [18, 27].

Among 900 COVID-19 patients, 28% had elevated
levels of at least one hepatic enzyme [24]. Liver examination
in patients with COVID-19 revealed endotheliitis [28] and
fibrin microthrombi in hepatic sinusoids [29]. Liver study
performed during autopsy revealed the dilated portal vein
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and the increased number of the portal vein branches,
partial thrombosis or complete obstruction of the portal and
sinusoidal vessels, portal tract fibrosis, and microthrombi in
hepatic sinusoids. None of these patients had CLD before or
at admission to hospital. All liver specimens showed minimum
signs of inflammation. Histopathological findings indicate a
secondary nature of intrahepatic vasculature abnormalities to
systemic changes caused by the virus [30].

Microvesicular steatosis is considered the main COVID-
19-associated hepatocellular alteration. However, signs of liver
damage, such as ground glass hepatocytes, fibrin aggregates
in the sinusoidal lumen, sinusoidal dilatation and hepatocyte
atrophy, dilated Disse spaces, and intrasinusoidal deposition
of fibrin and red blood cells are also found in patients with no
steatosis. Sinusoidal dilatation and Kupffer cell activation are
the signs of thrombotic sinusoiditis. Intrahepatic vasculature
abnormalities, including sinusoidal microthrombi, were found in
the liver of 15% of patients who died from COVID-19: this was
a marker of liver desease caused by SARS-CoV-2. A body of
observations allows us to consider severe thrombotic sinusoiditis
as a negative prognostic factor in patients with COVID-19 [17].
Liver injury can be also associated with the interaction between
the intrahepatic cytotoxic T cells and Kupffer cells. Hypoxia
and shock can cause ARDS, hypoxia/reperfusion-induced
dysfunction, and hepatic ishemia. Indirect damage to the liver
sinusoidal endothelium could result from systemic inflammation
or iatrogenic causes (mechanic ventilation) [4].

Autopsy of the deceased COVID-19 patients' liver also
revealed portal fibrosis accompanied by considerable pericyte
activation. Liver autopsy performed in patients with COVID-19
revealed SARS-CoV-2 RNA in blood vessel lumens and
endothelial cells of portal veins [30]. Inflammation mediated
by endothelium is a possible mechanism of sustained liver
injury, since endotheliopathy persists in patients with long
COVID-19 [31].

Micro- and macrovesicular steatosis was observed when
performing liver autopsy in patients with COVID-19, for whom
SARS-CoV-2 infection was the only factor of liver damage.
Microvesicular steatosis usually results from the genetic or
acquired disorders of mitochondrial B-oxidation. In patients
with COVID-19, SARS-CoV-2 affects mitochondrial activity and
causes mitochondrial cristae abnormalities, thus worsening the
liver metabolic status [18].

COVID-19-associated ARDS could be accompanied by the
right ventricular dysfunction resulting in congestive hepatopathy
due to elevated central venous pressure. In cases of sustained
hemodynamic and/or respiratory failure hypoxia leads to
hepatocyte death, defined as the centrilobular necrosis when
performing histopatological examination. Furthermore, acute
right-sided heart failure and the resulting hepatic congestion in
patients with COVID-19 could be caused by hypercoagulation
[4]. However, in the majority of cases, SARS-CoV-2-associated
liver injury was mild and failed to meet the diagnostic criteria for
hypoxic hepatitis even in patients admitted to ICU [7].

Coagulopathy characterized by elevated levels of D-dimer
and fibrinogen is one of the features of COVID-19. Elevated
levels of D-dimer are associated with severe COVID-19 and
high mortality. High levels of D-dimer were found in almost
all patients (96%) who died from severe COVID-19; elevated
ALT levels were found in the majority of patients (62%), which
pointed to the link between liver injury, hepatic vein thrombosis
and coagulopathy. None of the patients had a history of CLD
or portal hypertension [30]. Autopsy revealed the platelet-fibrin
microthrombi in hepatic sinusoids and platelet aggregation in
the portal vein in at least 50% of patients [30, 32].
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In 86% of cases, autopsy of patients who died from
severe COVID-19-associated pneumonia revealed moderate
centrilobular necrosis associated with minimum portal or
lobular inflammation; steatosis and cholestasis were found in
57% of cases, and in 36% of cases discrete proliferation of bile
ducts was observed. Although most of patients were treated
with drugs having low hepatotoxicity, hypoxia resulting from
severe lung injury could reduce the tolerance of hepatocytes to
toxic damage. The combination of hypoxia caused by severe
pneumonia and drug toxicity was the most likely cause of liver
injury in the deceased patients with COVID-19 [19].

The correlation between liver injury and COVID-19 severity
has been confirmed [33]. Abnormal liver function test results
at admission to hospital increase the risk of severe COVID-19-
associated pneumonia [20]. The COVID-19 severity correlates
with the AST and ALT levels, particularly in patients admitted
to ICU [24]. In patients admitted with liver diseases, the risk
of death correlates with the grade of liver damage: the risk
is 1.4 times higher in patients with grade | liver injury, and
2.8 times higher in patients with grade Il liver damage [34].
Thus, liver damage is an independent prognostic factor of
mortality in patients infected with SARS-CoV-2.

COVID-19 in patients with concomitant liver disease

According to meta-analysis of epidemiological studies, the
overall prevalence of CLD in patients with COVID-19 is 3%.
SARS-CoV?2 infection in patients with CLD is associated with
higher mortality compared to other etiologies [13]. In case
of liver disease diagnosed before the COVID-19 infection,
coronavirus affects the emergence, severity, prognosis of
COVID-19, as well as the treatment success [8]. Individuals
with CLD are more likely to be infected with SARS-CoV-2 due
to weak immune response. Half of the patients with abnormal
liver function test results have CLD, including non-alcoholic
fatty liver disease (NAFLD), alcoholic liver disease, and chronic
hepatitis B [20]. NAFLD is the most common dysmetabolic liver
disease in the world being an independent risk factor of the
COVID-19 progression (OR 6.4). The disorder is associated
with the higher risk of liver dysfunction and the longer viral
clearance period. Moreover, it increases the risk of severe
CQVID-19 progression related to metabolic dysfunction [35].

The study of patients within the Yale-New Haven Health
System (USA) confirmed that the patients with abnormal liver
tests were at high risk of severe disease. Liver injury was
predominantly hepatocellular rather than cholestatic. In these
patients, liver abnormalities increased at peak hospitalization.
Multivariate analysis made it possible to reveal the relationship
between the liver function indicators and clinical outcomes
(admission to ICU, mechanical ventilation, and death) [26].
In COVID-19 with elevated serum transaminase levels, it is
necessary to take into account the SARS-CoV-2-associated
reactivation of the existing liver diseases, including autoimmune
disorders.

Pro-inflammatory environment occurring in patients with
hepatocellular and cholangiocellular COVID-19-associated injury
contributes to activation of hepatic stellate cells, and, as a result,
to fibrosis induction in patients with CLD [4]. Activation and
proliferation of Kupffer cells resulting from systemic inflammation
are often observed, particularly in the liver specimens obtained
from the deceased patients with COVID-19 [8].

Chronic liver damage determines immunosuppression,
which signficantly increases patient mortality, as it has been
shown in the observational study of 17,425,445 patients with
COVID-19 [36].
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Patients with liver cancer are also at high risk of coronavirus
infection, especially those undergoing chemotherapy or
immunotherapy in the hospital [37]. Cancer patients infected
with SARS-CoV-2 have a poorer prognosis compared to
CQVID-19 patients having no cancer; in such patients, mortality
reaches 20% [38].

Liver transplant

The risk of infection and severe course of COVID-19 during
the perioperative and the early post-transplant period is higher
because of the high levels of immunosuppression [39]. At the
same time, hyperactive response of innate immunity can cause
liver damage and multiple organ failure; immunosuppression
reduces the risk of hyperinflammation and cytokine storm in
the liver transplant recipients [15].

The registry of patients with COVID-19 and CLD contains
the data of 1588 patients with CLD and no cirrhosis, 772
patients with cirrhosis, and 280 liver transplant recipients [40].
Acute hepatic decompensation occurred in 46% of patients
with cirrhosis, while 21% of them had no respiratory symptoms.
In patients with acutely decompensated liver disease, mortality
is two times higher than in patients with compensated cirrhosis
(44% vs. 22%; p < 0.001) [41].

Pathogenic gut-liver axis in COVID-19

Since the beginning of the pandemic, gastrointestinal (Gl) symptoms
were reported as the distinctive features of COVID-19 along with the
respiratory and hepatic symptoms. According to meta-analysis of
60 studies involving 4,243 patients with COVID-19, the prevalence
of Gl symptoms is 17.6% [42]. GI symptoms can appear before or
even in the absence of respiratory symptoms [43].
SARS-CoV-2 identification in fecal samples and the
combination of Gl and liver symptoms are indicative of the
gut-liver axis dysregulation in these patients. High expression
of ACE2 receptor in the gastrointestinal epithelium (100 times
higher than on hepatocytes) allows SARS-CoV2 to enter the
cells of biliary ducts and suppress liver function [8]. The COVID-19-
induced bowel infection can disrupt the intestinal epithelial
barrier and gut vascular barrier leading to the viral translocation
into liver through the portal vein. Subsequently, SARS-CoV-2
virions released by the infected hepatocytes, enter the bile [44].
Biliary tract provides the direct link between the liver and the
gut, that is why SARS-CoV-2 can reach the gut and infect the
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PAMAM DENDRIMERS AND PROSPECTS OF THEIR APPLICATION IN MEDICINE
Popova EV =, Krivorotov DV, Gamazkov RV, Radilov AS
Research Institute of Hygiene, Occupational Pathology and Human Ecology of the Federal Medical Biological Agency, Leningrad region, Russia

Development of drug delivery systems based on branched biocompatible polymers is one of the most promising areas of modern nanopharmaceutics. Researchers
have been exploring this area several decades now, and the results of their efforts quickly find their way into production. Dendrimers, a new class of universal
synthetic polymers with a highly functional surface, have a number of unique properties: constant size, high degree of branching, multivalence, solubility in water,
definite molecular weight, internal cavities. With the release of VivaSol gel, the first dendrimer-based commercialized product, the "model range" of dendrimer
carriers has grown significantly. Poly(amide-amine) (PAMAM) dendrimers, which consist of an alkyldiamine core and tertiary amine branches, are believed to be
among the most promising compounds that can be used in the development of the new generation drugs. However, they were kept out of the list of clinically
acceptable compounds for a long time because of their toxicity, unclear behavior in living systems and pharmacokinetic profile, as well the difficulties associated
with establishing a therapeutic dose. This review presents basic information about PAMAM dendrimers and attempts to assess the prospects of their application
in treatment of various diseases, including COVID-19.
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AEHAPUMEPBLI PAMAM U NMEPCMNEKTUBbI X NPUMEHEHUA B MEOAWULIMHE
E. B. MNonosa =, [1. B. KpueopoTos, P. B. lama3skos, A. C. Pagunos

Hay4Ho-1ccnenoBaTenbCKuin UHCTUTYT TUMeHbl, MPoMnaToNorMn 1 aKonorimn YenoBeka PefepanbHOro Meanko-61MoNorMiyeckoro areHTcTea, JleHnHrpaackas
obnactb, Poccusi

PaspaboTka cuctem [OCTaBKM NEKaPCTBEHHbIX BELLECTB Ha OCHOBE Pa3BETB/IEHHbIX BMOCOBMECTVMbIX MOAMMEPOB — OAHO 13 Hanbosiee NepCreKTUBHbIX
HanpaBneHWin COBPeMeHHOM HaHoapMaLeBTVKN. ccnenoBaHns B flaHHOW 06nacTu BedyT Y>Ke He OfIHO LeCATUneTue, a nx pesynbstaTbl akTMBHO BHEAPSIOT B
NPOV3BOACTBO. [leHaprMepbl — HOBbIN KNAacC YHUBEPCaIbHbIX CUHTETUHECKIX MOMMMEPOB C MOBEPXHOCTBLIO BbICOKOW CTeneHn (yHKLMOHaNbHOCTW, — obnagatot
YHVKa/IbHBIMI CBOWCTBaMM: MOCTOSAHCTBOM Pa3mepa, BbICOKOM CTEMEHBIO PA3BETBIEHNS, MHOTOBAIEHTHOCTLIO, PACTBOPUMOCTLIO B BOAE, YETKO OMPEAENEHHON
MOMNEKYSPHO Maccol, HaM4Mem BHYTPEHHNX ronocTer. C BbiMyCKOM NMepBoro KOMMEPHECKOro NpoyKTa Ha OcHOBe AeHapvmepa — rens VivaSol, «<MoaenbHbIi
PO AEHAPUMEPHbIX HOCUTENEN CyLLIECTBEHHO paspoccs. Nonm@mma)aMmnHoBble AEHAPUMEPDI, COCTOSILLME U3 anKUNAMAMUHOBOIO SApa 1 TPETUHHBIX aMUHOBbIX
BETBEW, CHMTAIOT OfHVMMM 13 Hanbonee NepCneKkTVBHBbIX COeAMHEHWA ONs pa3paboTKi NpenapaToB HOBOrO MokoneHns. OgHako 1X KIMHUHYeCKas afanTaums
[ofroe BpeMsi Oblna orpaHndeHa BCNEeACTBME VX TOKCUYHOCTW, HEOMPeAeneHHOCTU NOBELAEHNS B XMBbIX CUCTEMax U (DapMakoKMHETMYECKOro npoduns, a
TaKXe CNOXHOCTU B NMoabope TepaneBTUHecKon fo3bl. B 0630pe npefcTasneHbl OCHOBHbIE CBeAeHWs O AeHapvmepax PAMAM 1 caenaHa nombitka OLeHUTb
NEePCMeKTVBbI X MPUMEHEHVSA B Tepanuy pasnnyHbix 3abonesaHnin, B Tom ynucne COVID-19.

Knto4yeBble cnoBa: feHAPUMEPSI, NlekapcTBeHHble npenapatbl, COVID-19, cucTembl AOCTaBKM

Bknapg aBTOpOB: BCe aBTOPbI CTaTbl B paBHO3HAYHOW CTEMEHW BHECIN BKNAL, B MOWCK 1 aHaNM3 UTepaTypbl, MHTEPNPETaLyo NONYyHYEHHbIX AaHHbIX, MOArOTOBKY 1
0ohopMIIEHME PYKOMCK.
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In the field of pharmaceutical chemistry, the top priority task
is the development of drug and vaccine delivery systems.
Today, pharmaceutical giants are working on the new systems
that would deliver drugs, vaccines and siRNA. Oncology
remains one of the leading areas of their practical application.
However, since 2019, when the COVID-19 pandemic began,
a task considered particularly urgent is the development of
targeted drug delivery systems, i.e., those that deliver antiviral
and standard therapy drugs to target organs (brain, lungs,
intestines). There is a wide range of new delivery systems
available nowadays, which necessitates regular systematization
of information about their actual applicability in clinical practice.
The primary reason behind the interest in three-dimensional
branched monodisperse polymer dendrimers is their unique
and stable structure [1], which can be designed during stepwise
synthesis, something unachievable with other polymers. As
a result, their unique geometry and valence properties are

completed with the low degree of polydispersity. Constant
charge and size enable formation of well-defined complexes
with various drugs.

The purpose of this review is to summarize information
about the various drug compounds delivery systems based
on PAMAM dendrimers that are described in the scientific
literature and used by the pharmaceutical industry. A subject
that received more attention is the trend of using this type of
carriers in the fight against COVID-19.

Use of PAMAM dendrimers for drug delivery: prospects

PAMAM dendrimers can be successfully used to solve
various biomedical problems. Dendrimers-based delivery
systems can be carriers of both hydrophilic and hydrophobic
compounds [2]. However, the adoption of unmodified PAMAM
dendrimers into clinical practice is limited because of their
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toxicity, unpredictable behavior in living organisms, unknown
bioavailability, biocompatibility, or pharmacokinetic profile.
Moreover, it is hard to establish the effective therapeutic dose
of the complex and expensive to produce them.

PAMAM dendrimers are extremely small (1-200 nm), which
significantly improves their chances of avoiding capture and
destruction by the reticuloendothelial system [3]. One of the
downsides of PAMAM dendrimer cations of higher generations
is their ability to destroy cell membranes [4].

It is known that dendrimers are capable of passing through
the blood-brain barrier, which means they can deliver the
carried drugs into the brain. PAMAM dendrimers are most often
used in the therapies of brain disorders [5]. For example, there
are PAMAM dendrimer and carbamazepine (antiepileptic drug)
complexes that are part of the Alzheimer's disease treatment
protocols [6]. Caproyl-modified G2 (second generation)
PAMAM dendrimers are effective carriers of insulin in a nasal
delivery system [7].

A G5 PAMAM dendrimer known for its low solubility in water
has the proven capability of delivering haloperidol, a neuroleptic
drug, to the brain [8]. A smaller dose of haloperidol-dendrimer
complex administered nasally produced a therapeutic effect
comparable to that of intraperitoneal administration of this drug.

A group of researchers has analyzed the possibilities of
using dendrimers as delivery systems carrying immunogenic
peptides into a living organism. Since the bioavailability of
peptides is insufficient to induce immunogenic reactions
unprotected peptides tend to degrade when acted upon by
proteases, there was designed an experimental complex for
nasal administration with G4 PAMAM dendrimers as adjuvant
and carrier of the pPGT122 peptide epitope [9].

Cationic G5 and G7 PAMAM dendrimers loaded with
14C accumulate in the pancreas, which can be used in the
treatment of diabetes mellitus. In addition, these dendrimers
have been shown to be rapidly (< 2 h) excreted by the kidneys
in the urine [10].

Dendrimers can also be used as systems for delivering
proteins into the body: ribonucleases, alcohol dehydrogenases,
aldolases etc., including blood plasma proteins, human serum
albumin and y-globulin [11].

Drugs used in ophthalmology

Up to 105 million people around the world suffer from
glaucoma, a common and severe chronic eye disease that can
manifest itself in a variety of clinical forms in people of different
ages (including newborns) and races [12]. There are many new
glaucoma medications available on the market today, but their
choice is still limited.

In a study, PAMAM dendrimers were shown to be capable
of delivering antiglaucoma drugs, pilocarpine nitrate and
tropicamide [13]. Loading pilocarpine nitrate onto PAMAM
dendrimers also increased its bioavailability.

There was developed a hydrogel (mcDH) of G5 PAMAM
dendrimer and polyethylene glycol diacrylate (PEG-DA) [14].
Based on the hydrogel, a new brimonidine antiglaucoma drug
was designed. The authors of this study have also investigated
cytotoxicity of the NIH3T3 delivery system to fibroblasts,
brimonidine release kinetics in vitro, the ability of this agent to
penetrate rabbit's cornea.

A report published in 2017 described a fast-dissolving
nanofiber scaffold of PAMAM dendrimer and brimonidine
tartrate that, according to the authors, is an alternative to eye
drops [15]. The experiment, which lasted three weeks, was
designed to compare the response to brimonidine tartrate eye
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drops and the said scaffold in a brown Norwegian rat model;
the response to the two drug forms compared was similar. The
researchers have also noted high solubility of the scaffolds,
complete biocompatibility and efficient delivery of brimonidine.

A number of in vitro and ex vivo studies have shown that
PAMAM-based hydrogels can enhance penetration of anti-
glaucoma drugs into eye tissues, which translates into smaller
dosages and higher efficacy.

Drugs used in oncology

The growing incidence of cancer in the population and the
advancements in the methods of treatment of this pathology
have increased the rate of development of this area of medical
science. Radiation therapy (RT) is one of the most commonly
used types of cancer treatment. Its key tasks are to ensure
complete resorption of the tumor tissue, inhibit its growth
and alleviate symptoms of the disease. This treatment option
is not without limitations: in particular, to make RT efficient, it
is necessary to very accurately target the radiation and keep
it targeted on the tumor throughout the procedure. In this
connection, much development effort is now invested into
dendrimer-based radiopharmaceuticals. Conceptually, this type
of medications are designed to deliver the radioactive nuclide
straight into the tumor tissue and in the concentration required,
thus protecting healthy tissues from radiation exposure.
Radiolabeled dendrimers allow using less radiolabels, which
consequently reduces their toxicity and tumor resistance [16].
For example, PAMAM dendrimers can specifically target A549
human lung carcinoma cells overexpressing the avp3 integrin.
The dendrimer, in turn, can be effectively labeled with the 1311
radiolabel and subsequently used in radiation treatment of a
lung carcinoma that overexpresses the avB3 integrin [17].

The modern anticancer chemotherapy arsenal includes
about a hundred drugs and several groups of substances
with similar chemical structure, anticancer action and source
of origin. All anticancer drugs aim to inhibit cell proliferation
and kill tumor cells. What is promising about dendrimers is
they ability to form complexes with chemotherapeutic agents,
deliver them to the affected organs and subsequently release
in high concentrations. Thus, the main goals of chemotherapy
are realized: relapse-free survival of the patient after surgery
(adjuvant chemotherapy), reduction of the degree of surgery
invasiveness (neoadjuvant chemotherapy), improvement of the
quality of life (maintenance chemotherapy).

Anticancer agents with carboxyl groups, such as
methotrexate (MTX) or doxorubicin (DOX), interact well with
PAMAM dendrimers' core and surface. The rate of incorporation
of these agents increases with the generation of dendrimers: for
example, 4G PAMAM dendrimer can accommodate up to 26
MTX molecules (with additional polyethylene glycol (PEG) chains).

Doxorubicin is one of the anticancer drugs commonly
conjugated to dendrimers [18], the resulting complex applicable
in treatments of breast, bladder, stomach cancers and gliomas.
PAMAM dendrimers are known to penetrate intestinal epithelial
barriers, which makes them usable as carriers in oral delivery
systems. In one study, PAMAM dendrimers functionalized with
folic acid (widely used as a vector for anticancer drugs) and
labeled with isothiocyanate were carrying doxorubicin; the
complex proved to be highly efficient [19].

There is a large number of research papers that report on
development of drug vectors based on PAMAM dendrimers
and designed to deliver antitumor drugs, such as fluorouracil
[20], gemcitabine [21], berberine [22], thailandepsin A [23],
paclitaxel [24], cisplastin [25], and malloapelta B [26].
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A standard chemotherapy drug used against advanced
pancreatic cancer is gemcitabine. One of its drawbacks is
the short half-life. Most researchers that invest time and effort
into development of dendrimer-based gemcitabine delivery
systems seek to design an efficient, least toxic complex for
cancer treatment [27].

The isoquinoline alkaloid berberine (BBR), a protoberberine,
is used in traditional medicine to treat conditions such as
type 2 diabetes and hypercholesterolemia. Since BBR inhibits
growth of cancer cells and induces apoptosis, it is also used in
cancer therapy. A complex of PAMAM dendrimer and BBR was
designed and its anticancer activity studied on human breast
cancer cells MCF-7 and MDA-MB-468 [22, 28]. The PAMAM-
BBR system showed a more potent anticancer effect than BBR
alone. Covalent cross-linking of BBR with dendrimer's amino
groups allowed increasing the load of the agent carried and
even enhance its anticancer activity. The hemolytic toxicity and
hypoglycemic effects of BBR were reduced.

Another study demonstrated a complex of trastuzumab
and PAMAM dendrimer linked with paclitaxel or docetaxel,
which can specifically target SKBR3 HER-2-positive cells. The
designed conjugates proved to be even more toxic towards
HER-2-positive human breast cancer cells than the agent alone
or as part of a simple PAMAM-trastuzumab conjugate [29].

Cis-dichlorodiaminplatin(ll) (cisplatin), an anticancer drug,
binds DNA via intracavitary cross-links to d(GpG) (dG =
deoxyguanosine) and d(ApG) (dA = deoxyadenosine), which
impairs DNA replication and transcription and causes cell
death. Cisplatin is very effective against many solid tumors,
including ovarian cancer. However, tumors become resistant
to cisplatin with time and, in addition, it has systemic side
effects, nephrotoxicity and neurotoxicity [25]. Compared to
uncombined cisplatin, PAMAM-—cisplatin complexes showed
greater efficacy against all ovarian cancer cell lines, even
those resistant to cisplatin. In a variety of cell lines resistant to
cisplatin, the G4 PAMAM dendrimer and cisplatin conjugates
caused formation of DNA adducts, increased expression of
apoptotic genes and high caspase activity while exhibiting
better cytotoxicity properties [30].

Genistein (4,5,7-Trihydroxyisoflavone), found in soybean
and chickpea, has a wide range of physiological and pharmacological
functions. It is known to inhibit the growth of human melanoma cells
at the G2/M transition and has been shown to inhibit DNA strand
breaks mediated by H,0O,/Cu(ll) by acting as a direct scavenger
of reactive oxygen species with an OH group at the C-4 position,
which enables its antioxidant activity [31].

Loading of the G4 and G5 PEGylated PAMAM dendrimer
with 5-fluorouracil (5FU, anticancer drug) allowed reducing the
amount of agent lost in delivery and decreased its hemolytic
toxicity [20]. It took 90 molecules of the drug to fully load the
G4 PAMAM-NH2 dendrimer. A group of researchers suggested
[32] a way to increase the synergistic anticancer efficacy by
developing a system for co-delivery of the miR-205 gene vector
and the 5FU target drug on an acetylated PAMAM conjugated
to an LHRH peptide (LHRH-G5.0NHAC). The optimized co-
delivery system was then evaluated for synergistic anticancer
effect in vitro and in vivo.

It is known that folate receptors (FR) are highly expressed
in many types of tumor cells (e.g., breast carcinoma) [33].
Polyethylene glycol-modified G4 PAMAM dendrimers were
functionalized with folic acid (FA), then the complex was
extended with 5FU and 99mTc (technetium-99m) and became
the new PEG-PAMAM G4-FA-5FU-99mTc complex. Compared
to other nanocarriers and normal cells, the FA-specific complex
showed high breast cancer cells penetration capacity.

In one study, PAMAM dendrimer was used to co-deliver miR-21
antisense oligonucleotide (as-miR-21) and 5FU to a human
glioblastoma while increasing cytotoxicity of the 5FU antisense
therapy [34]. Antisense therapy seeks to stop synthesis of the
protein involved in the development of the disease by inhibiting
translation of its mRNA with complementary antisense
oligonucleotides.

Another study describes a PEG core PAMAM dendrimer-
based gemcitabine delivery system that contains anionic
carboxylic acid groups modified with PEG chains that were
simultaneously conjugated with FIt1 antibodies [35]. Flt1 is
the vascular endothelial growth factor (VEGF) receptor 1,
which promotes angiogenesis in histomorphological varieties
of cancer. Extended with gemcitabine, this system became
more efficient in reducing tumor burden in a pancreatic cancer
xenograft model. Moreover, this gemcitabine delivery system
has also changed the growth dynamics of myeloid cells and
decreased their amount in bone marrow.

Dendrimers are also vital components of the anticancer
drugs targeted delivery vector systems. The vectors are
monoclonal antibodies and tumor-specific proteins that can
recognize and bind tumor-specific antigens. Folic acid can be
called a promising vector candidate enabling targeted delivery of
anticancer drugs. Cell membranes of most tumors (carcinomas,
gliomas) have a folic acid receptor. After binding to the receptor,
the drug-dendrimer complex enters the cell by means of the
receptor-mediated endocytosis and releases the drug.

Antiviral drugs

In the last two centuries, viral diseases have been among the
most pressing medical and social problems. Some acute viral
infections claim the lives of up to 14 million people worldwide
each year, according to WHO. Viruses are non-cellular life
forms that can infect living organisms by penetration through
epithelium of the gastrointestinal tract (enterovirus, adenovirus),
epithelium of the respiratory tract (rhinovirus), skin (papilloma
virus, chickenpox), mucous membranes, placenta, during blood
transfusions, organ transplantation operations, breastfeeding.

One of the key requirements for the newly designed antiviral
drugs is the ability to selectively suppress a certain stage of virus
reproduction without affecting the vital processes of other body
cells; another key requirement is high bioavailability that allows
keeping concentration of the drug in target cells at the level
needed to cure and counteract development of drug resistance.

Loading of antiviral drugs on dendrimers enables delivery
to target organs and prolongation of action of the drugs, which
in turn ensures efficacy of drug therapy. The most common
antiviral drugs are interferon derivatives, inhibitors of viral RNA,
enzymes (neuraminidase) that release new virions. Scientists
have been designing interferon-dendrimer complexes for
several years now. In one of the studies, researchers have
successfully formed a complex of arginine-modified PAMAM
dendrimer and interferon beta used in glioblastoma therapies,
which was then studied in mice [36]. Authors of another work
managed to create a PAMAM dendrimer-based transdermal
delivery system with interferon regulatory factor 3 (IFN 3).

In the literature, there are solitary mentions of designed
complexes of a dendrimer and an antiviral drug, for example,
acyclovir [37].

PAMAM dendrimers and COVID-19

There are five classes of drugs that are used in the standard
COVID-19 treatment protocol: anti-inflammatory (non-specific
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anti-inflammatory  drugs), systemic  corticosteroids
(glucocorticosteroids), vitamins, antivirals and anticoagulants.
Targeted delivery can soften the systemic effects drugs have
on the body, increase their bioavailability, reduce the dose and
toxic load on the organs that eliminate them from the body.

Combination drug therapy relying on delivery systems
is one of the promising ways of treatment of complicated
COVID-19 cases. It allows not only to reduce the dosage of
the administered drugs, but also to achieve several therapeutic
goals. For example, COVID-19-induced inflammation in the
lungs calls for non-specific anti-inflammatory, antiviral drugs,
corticosteroids and anticoagulants. These medications
are administered parenterally and act systemically, which
significantly increases the number of side effects and iatrogenic
complications associated with their use.

Antivirals in COVID-19 therapies

PAMAM dendrimer cations themselves are known to possess
antiviral properties and act against herpes virus (HSV) and
influenza [38]. Cationic dendrimers with NH2 and OH groups
interacted with negatively charged envelope of the MERS-
CoV virus and thus blocked it [39]. Another study investigated
antiviral activity of G1 polyamidoamine dendrimers conjugated
with 3'-siallactose or 6'-sialyllactose; the targets were various
strains of the influenza virus [40]. The authors noted that the
complexes prevented penetration of the virus into cells. The
analysis of hemoglutination inhibition data revealed that human
and swine influenza viruses were inhibited by (6SL)-PAMAM
dendrimer complexes and, to a lesser extent, (3SL)-PAMAM
dendrimer complexes.

Brain is one of the organs affected by the new coronovirus
infection. The main problem in establishing the therapeutic
dose of a drug designed to work in the brain lies with the
need to pass the blood-brain barrier. This fact underpins the
importance of development of systems capable of reaching the
focus of the disease through the physiological barriers of the
body and releasing a therapeutic dose of the drug carried in the
tissue affected by the virus.

Anti-inflammatory drugs in COVID-19 therapies

Severe post-COVID-19 complications develop because of the
systemic inflammatory response of the body with excessive
production of cytokines. Tumor necrosis factor alpha (TNFa)
plays a central role in most inflammatory lung diseases,
such as chronic obstructive pulmonary disease, asthma,
acute respiratory distress syndrome and acute lung injury.
Theoretically, TNFa is a promising target for siRNA-based
therapy against acute and chronic lung inflammation. Authors
of one of the studies used G3 PAMAM dendrimers to deliver
TNFa-targeted siRNA to the lungs [41]. They investigated the
efficacy and safety of the resulting complex (dendriplex) in a
mice model of acute pneumonia. Dendriplexes were shown to
efficiently deliver the agent, ensure high transfection efficacy
and high uptake of RAW264.7 by macrophages.

There was described a G2 PAMAM dendrimer and
dexamethasone-based heme oxygenase 1 (HO-1) delivery
system designed to treat ischemic stroke [42]. HO-1 is
an antioxidant enzyme that has anti-inflammatory and
immunomodulatory effects. Dexamethasone, an anti-
inflammatory corticosteroid drug, is a common component
of treatment protocols for a variety of acute inflammatory
diseases. In particular, it is used to alleviate cerebral edema
in ischemic stroke. Therefore, the combined delivery of the
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HO-1 gene and dexamethasone may have an additive effect
on ischemic brain structures.

N-acetylcysteine is a mucolytic expectorant anti-inflammatory
drug prescribed in cases of infectious and respiratory diseases of
the upper and lower respiratory tract. A group of researchers has
found that PAMAM-COOH anionic dendrimer and N-acetylcysteine
(NAC) conjugates can efficiently address neuroinflammations [43].
The antioxidant and anti-inflammatory potency of the PAMAM-
(COOH)-(NAC) complex was assessed in microglial cells in vitro.
Compared to NAC alone, the complex proved to produce a
more intense antioxidant effect [44]. In addition, microglial cells
(resident macrophages of the central nervous system) were used
to investigate cytotoxicity, cellular uptake and the efficacy of the
delivery system. The cellular uptake of dendrimers was rapid, with
a well-defined drug release rate.

Delivery of the PAMAM dendrimer and methylprednisolone
complex to the lungs is a promising pattern in drug therapy
of COVID-19. With G5 PAMAM dendrimer as a carrier for
methylprednisolone and the complex administered nasally, the
dendrimer was demonstrated to persists in the lung for five
days [45]. Repeated daily administrations over the next five
days showed that the complex did not cause any observable
non-specific inflammatory reactions in the lungs.

It is known that COVID-19 may be accompanied by an
aggressive inflammatory response of the body with active
release of inflammatory cytokines. Such response is called a
cytokine storm. It is an uncontrolled overactive reaction of the
immune system to the infecting SARS-CoV-2 virus; the result
is extensive lung damage combined with multiple organ failure.
Cytokine storm is one of the main causes of death of COVID-19
patients. The countermeasures adopted in the clinical practice
involve administration of immunosuppressants, recombinant
humanized monoclonal antibodies to interleukin IL6 and IL1
receptors: tocilizumab, sarilumab, levilimab, olokizumab,
canakinumab. Development of the target delivery systems for
these drugs is an important task in the context of treatment of
complicated new coronovirus infection cases.

Anticoagulants in COVID-19 therapies

Intravascular thrombosis is one of the formidable complications
associated with COVID-19. To arrest its development, standard
treatment protocols always include administration of drugs that
inhibit coagulation hemostasis and prevent formation of blood
clots. PAMAM dendrimers can be used as antithrombotic
agents in anticoagulant therapy [19]. Arginine- and FA-modified
G4 and G5 dendrimers carrying coumarin-3-carboxylic acid
showed a good antithrombotic effect, high hemocompatibility,
hemocompatibility and stability. Another dendrimer-based
complex suggested for treatment of venous thrombosis is the
complex of PAMAM dendrimer and enoxaparin, the efficacy of
which was demonstrated in mice model experiments [46].

The PAMAM dendrimer-heparin  complexes can be
formed both by incorporating the drug into the dendrimer
and by electrostatic interaction with functional groups. It was
discovered that such a complex created through electrostatic
interactions improves biocompatibility of the dendrimer itself
while reducing the cytotoxicity [47]. A G3 PAMAM dendrimer
was used to carry enoxaparin to the lungs, which ultimately
resulted in prevention of thrombosis in blood vessels [48].

Immunobiological drugs

Since interfering RNA therapy has been shown effective in
treatment of the new coronavirus infection, development of
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siRNA and mRNA vaccines became an increasingly popular
activity. Inhaled PAMAM dendrimer-siRNA complex may be a
much more specific and safe therapeutic agent against COVID 19.

CONCLUSION

It is obvious that the interest in development of dendrimer-
based delivery systems (employing their various classes of
dendrimers) will continue to grow. In this connection, it seems
promising rely on such systems to improve the methods of
delivery of the already registered drugs used in the treatment
standards. The advantages that underpin the importance of
the respective efforts include targeted effect on the organs,
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SPECIFICS OF THE WORKLOAD-DEPENDENT DYNAMICS OF PSYCHO-EMOTIONAL EXHAUSTION
AMONG MEDICAL STAFF OF A COVID HOSPITAL

Nazaryan SE &, Samoilov AS, Sedin VI
Burnasyan Federal Medical Biophysical Center, Moscow, Russia

In the beginning of 2020 there appeared an urgent need for substantial advancement of the medical and psychological support for medical personnel involved
in medical care provided to patients with the new coronavirus infection (COVID-19) in hospital settings. This need originated from the necessity to diagnose
the risks of doctors developing mental states that adversely affect their professional performance and, subsequently, lead to disorders. In addition, there are
under-researched matters of dependence of the prevalence of destructive mental states on the intensity of workload experienced by doctors in the "red zones",
where the risk of patient fatalities is high. This study aimed to investigate the workload-dependent dynamics of psycho-emotional exhaustion among the medical
staff of a COVID hospital. We analyzed the psychological tests (MBI, Maslach Burnout Inventory) that 121 people completed during a four-week assignment in
the "infectious" zone and two weeks in the observation department. Seventy-nine doctors comprised the heavy workload group and 42 were in the moderate
workload group. The study showed that healthcare workers experiencing heavier workloads exhibit high values of the psycho-emotional exhaustion indicators
more often. We registered significant differences (o < 0.05) by the Emotional Exhaustion scale at the third and fifth weeks of the study. By the fifth week, i.e.,
when the assignment in the "infectious zone" was over, heavy workload group had the median of 25 (23.5; 27), while in the moderate workload group it was
14 (14; 15), which is 56% lower.
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depersonalization, professional degradation
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OCOBEHHOCTU OUHAMWKIN NMCUXO3MOLIMOHAJIbHOIO NCTOLLEHNA Y MEOAUMUNHCKOIO
MEPCOHAJIA COVID-FOCMUTANA C PA3JIMMHOW MHTEHCUBHOCTbLIO TPYLOBON HAMPY3KU

C. E. HazapsH =, A. C. Camoiinos, B. V. CeanH
DefepanbHbI MEAULIMHCKIMIA Broudndeckimin LeHTp uMmeHn A. V. BypHassiHa, Mocksa, Poccuist

C Havana 2020 r. nosiBKAack 0CTpast NOTPEOHOCTL B PasBUTUM MELAVIKO-NCUXONOrMHECKOro 06ecrne4eHst MeAVILIMHCKOro MepcoHaUa, 3aAe/iICTBOBaHHOMO B OKa3aH!N
MEMLVHCKOM MOMOLLY NaLmeHTamM ¢ HOBOW KOPOHaBMPYCHOM Hbekumen (COVID-19) B cTaumoHapHbIx yenoBuax. OHa NpoaykToBaHa HEOOXOAVIMOCTBIO ANArHOCTVIKA
PUCKOB Pas3BuUTVs Y Bpadel NCUXMYECKIX COCTOSIHIA, MPUBOASALLIMX K CHKEHNIO 3(hMHEKTUBHOCTI NMPOECCHOHANBHOM AEATENBHOCT W, B UTOre, K 3ab0neBaHnsM.
Kpome Toro, HeloCTaToHHO U3y4eHbl BOMPOChH! BAVSIHASA Ha PacnpOCTPaHEHHOCTb AECTPYKTUBHBIX MCUXMHECKMX COCTOSIHUIA Y MEOVKOB UHTEHCVMBHOCTI Harpy3Kki
npw paboTe HEMOCPEACTBEHHO B «KPACHOW 30HE» B OTAENEHNAX C MOBbILLEHHBIM PUCKOM CMEPTHOCTI Y NaumneHToB. Lienbto paboTbl 66110 13y4nTb OMHAMUKY
MCKX03MOLIMOHaNBHOIO UCTOLLEHNS Y MeanepcoHana COVID-rocnuTtans ¢ pasnnmyHolr MHTEHCUBHOCTBIO TPYAOBOW Harpy3ku. [NpoaHannanpoBaHbl pesynstaTsl
nicuxororndeckoro obcnefoBarna 121 Yenoseka ¢ 1Ucnonb3oBaHneM «OnpocHVKa NpodeccroHanbHOro BeiropaHs Macnada» (MBI) B TedeHue YeTbipexHeaensHom
paboTbl B «3apa3HoN» 30HE 1 ABYXHEOENLHOO NpebbiBaHns B 06cepBauu. B rpynny ¢ BbICOKON MHTEHCUBHOCTBIO HArpy3Ky BOLLIO 79 MEOVKOB, B rpynny CO
cpefHelt MHTEHCUBHOCTBLIO — 42. [okadaHo, YTo Yy MearnepcoHana, Yer Tpyg Obin cBa3aH ¢ 60MblUei MHTEHCMBHOCTBIO, Yallle BCTPEYAETCS BbICOKUIA YPOBEHb
riokasarenei NCUXO3MOLIMOHaIbHOMO UCTOLLIEHMS. Tak, Mo LKane «9MOLMOHaNbHOE UCTOLLEHMEe» JOCTOBEPHbIe pasdnuyms (o < 0,05) monydeHbl Ha TPeTben u
NATOM Hepensx nccnefoBaHus. Ha nsaTton Hegene nccnegoBaHvs, T. €. NMocne OKOHYaHWst paboThbl B «3apa3Hoi 30He», B rpynne C BbICOKOW MHTEHCUBHOCTBLIO
Harpysku Meamana coctasuna 25 (23,5; 27), B To Bpemsi kak B rpynne Co CPefHei MHTEHCHBHOCTBIO OHa Oblna Ha 56% Huke 1 cocTtaBuna 14 (14; 15).

KnioueBble cnoBa: MegyUmHCKUIA nepcoHan, COVID-19, NCUXOSMOLWOHaNbHOE COCTOsIHIE, MPOECCHMOHAIbHOE BbIropaHye, NCUxonorndeckoe obcnenosanne,
NMCMXO3MOLMOHABHOE UCTOLLIEHME, SMOLIMOHabHOE VCTOLLEHME, AenepCoHanm3aLs, peayKLms npodeccoHanbHbIX 4OCTUXKEHNI
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Healthcare professionals, especially those working in COVID
hospitals where the conditions are excessively stressful, run
the risk of development of psycho-emotional exhaustion and
other negative mental conditions, like persistently bad mood,
deteriorating health, sleep disorders, asthenia, emotional
exhaustion, professional burnout [1-4]. These problems call for
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solutions, which, in turn, necessitate development of a program
and implementation of preventive psycho-corrective measures
designed to counter progression of negative mental states and,
ultimately, deterioration of professional effectiveness [5]. Many
researchers note that extreme conditions of work peculiar to
activities of many medical professionals translate into high risks
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of development of negative mental conditions, e.g., persistently
bad mood, deteriorating health, sleep disorders, asthenia,
emotional exhaustion, professional burnout etc [1, 6, 7].

Previously, researchers have confirmed the leading role of
psycho-emoational stress in the development of negative states
when working conditions are extreme [8, 9]. For healthcare
professionals, work inside quarantine, so-called "infectious"
zones, in direct contact with COVID-19 patients, is the leading
factor driving development of the aforementioned mental
health disorders [10, 11]. A good example is the study that
involved over 2000 ltalian healthcare workers at the peak of
the COVID-19 pandemic. The researchers found that medical
professionals manning intensive care units and helping infected
patients first-hand exhibited symptoms of post-traumatic
stress disorder (66%), high level of anxiety (64%) and severe
depression (42%). The findings included the conclusion that
healthcare personnel of the departments where patients run
highrisk of death are more susceptible to mental health disorders
[12]. Similar studies were conducted in the Russian Federation
[2, 4, 13, 14]. One of them involved 248 people, its objective
was to investigate professional burnout and emotional
maladjustment among medical workers. According to the
results of this study, over 60% of medical professionals
experience emotional burnout, 23% suffer manifestations of
symptoms of depression and 25% have high level of anxiety [13].
Authors of the study state that the frequency of identification of
these symptoms in healthcare personnel working directly with
COQVID-19 patients is higher than in those who do not work with
them. When the same sample of medical professionals was re-
examined 4 months later, the occurrence of burnout symptoms
decreased to 35%, depression symptoms — to 8.3%, but the
frequency of high anxiety cases has grown to 29.3%.

It is well-known that distribution of workload among
healthcare workers in COVID hospitals is not uniform. This fact
is confirmed by the regulatory documents [15, 16] describing
specifics of work of medical and nursing staff. Management
of COVID hospitals, which sets the pay rates for various
departments thereof, is also well aware of the non-uniform
distribution of workload.

This study aimed to investigate the specifics of workload-
dependent dynamics of psycho-emotional exhaustion among
medical staff of a COVID hospital.

METHODS

Criteria for inclusion of medical workers in the study:
permanent stay in a COVID-hospital; work in "infectious" zone
and observation department; provision of medical care (as part
of professional duties) in direct contact with infected patients
of the COVID hospital. The exclusion criteria were refusal to
participate in the study, violation of the study plan.

The study sample included 121 people, 87 female and
34 male. Forty-two of them were medical doctors, 79 — nursing
staff. Twenty-six doctors and 53 nurses made up the heavy
workload group: they discharged their professional duties in
the "infectious" zone of the COVID hospital, in departments
where the risks of patient mortality and medical personnel
infection were high (intensive care units, emergency room and
departments for patients with severe disease). The moderate
workload group included 20 doctors and 22 nurses working
in the COVID hospital departments where the risk of mortality
among patients was low (two aftercare departments).

The level of workload was assessed by experts; the
assessment factored in the intensity of work in the departments
of the COVID hospital, the likelihood of patient deaths infection

of the staff with coronavirus. The experts (n = 12) were medical
doctors with at least 10 years of experience in intensive care
units and managers of the clinical departments of the Center
the study was conducted at. The participating healthcare
professionals were distributed into heavy and moderate
workload groups. Experts found no doctors nor nurses whose
workload could be qualified as "light."

To identify signs of emotional burnout, the state of the medical
personnel of the COVID hospital was monitored remotely with
the help of a the questionnaire (Google Form) the link to which
was sent to the participants via WhatsApp messenger. In this
work, we used the Maslach Burnout Inventory (MBI) adapted by
N. E. Vodopyanova [17]. The results of the testing were analyzed
by the three scales of the methodology: Emotional Exhaustion,
Depersonalization and Professional Degradation. The study
lasted six weeks: four weeks of work in the "infectious" zone
and two weeks in the observation department. The participants
were tested before starting their work in the "infectious" zone,
thus giving the baseline data. After that, the testing was done
every week, online.

We checked distribution of the data with the Kolmogorov—
Smirnov test. Since it was not normal for most of the data,
the subsequent statistical analysis was performed with
nonparametric data analysis method: Mann-Whitney U test
(pairwise comparison of the two groups at each time point).
The differences were considered significant when the level of
significance was p < 0.05.

RESULTS

In order to obtain the baseline values of Emotional Exhaustion,
Depersonalization and Professional Degradation indicators
under the Professional Burnout Questionnaire methodology,
we tested the participants (psychological examination) before
they started working in the "infectious" zone (Table 1).

The baseline values learned through the initial examination
were compared with the reference values [17]; there were no
negative deviations identified, which indicates the participants
did not have signs of professional burnout before starting work
in the "infectious" zone.

Table 2 presents the analysis of results of psychological
examination of healthcare workers that had different levels
of workload while working in the "infectious" zone and the
observation department.

Figure 1 shows dynamics of the Emotional Exhaustion
indicator depending on the level of workload throughout the study.

In the first week, neither the participants working in the
departments where the risk of patient mortality was high
nor those discharging duties in the rehabilitation treatment
departments exhibited noticeable signs of emotional
exhaustion. In the first group, the values of this indicator were
in the range of 15.65 + 4.89, the range for the second group
was 16.21 + 4.29.

In the heavy workload group, the highest values of the
Emotional Exhaustion indicator (outside the normal range) were
registered on the fifth week of the study: 25.08 + 2.36. By the
end of the study, the values went down to the upper limit of
the range of low level of emotional exhaustion and equaled
15.08 + 2.63.

In the moderate workload group, the highest values of the
Emotional Exhaustion indicator, which lay within the average
level range, were recorded on the fourth week of the study:
22.93 + 2.83. Further, by the fifth week, the values decreased
and equaled 14.21 + 1.05, and by the end of the study, they
returned to the normal range (15.43 + 2.58).
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Table 1. Mean professional burnout values, initial examination, by gender
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Indicators (scales) of the methods (nM:eg 4) go:mee;; Reference values
Emotional exhaustion 16,65 + 4,25 15,53 + 4,81 16,0-24,0
Depersonalization 3,21 + 1,47 2,78 + 1,37 6,0-10,0
Deterioration of personal achievements 37,85 + 1,88 36,79 + 2,34 31,0-36,0

The differences registered on the third and fifth weeks were
significant.

Figure 2 shows the dynamics of the Depersonalization
indicator. The initial examination revealed no signs of
depersonalization in either of the groups. The values of this
indicator recorded in the heavy workload group were 2.85 + 1.41,
in the moderate workload group — 3.00 + 1.43.

In the first group, by the end of the second week of the
study the values of this indicator started climbing (5.28 + 2.01)
and peaked in the third week, reaching 7.30 = 1.16. After that,
the trend is downward: 6.24 + 1.28 from the fourth week and
4.76 + 1.33 by the end of the study.

The second group shows similar dynamics. The values of
this indicator grow up from the second week (5.76 + 2.24) and
reach their maximum levels (7.57 + 1.21) in the third week of
the study. By the end of the fourth week the values equaled
6.67 + 1.59, they were going down and reached the level of
3.81 + 1.21 by the end of the sixth week.

The differences registered on the fifth and sixth weeks were
significant.

The analysis of median values revealed the greatest
intergroup differences at the fifth week of the study. Then, this
value for the heavy workload group was at the level of 6 (5; 7),
and in the moderate workload group it was 4 (3; 4). In both
groups, the values of the Depersonalization indicator were
going up from the first to the third week, remained consistently
high through the fourth week and started going down from the
fifth week. The revealed dynamics was more pronounced in the
heavy workload group, which is the result of the larger number
of patients treated and significant emotional and physical
stress.

Figure 3 visualizes the Professional Deterioration indicator
dynamics throughout the study.

Initial examination revealed no signs of manifestation of the
condition behind this indicator in either of the groups, with its
values being 37.00 + 2.32 and 37.26 + 2.19, respectively.

In the heavy workload group, the values of this indication
decrease through the second week of the study (34.87 + 1.71)

and reach the minimum level on the third week (30.49 + 1.91).
From the end of the fourth week (34.11 + 1.33), the trend
becomes upward: on the fifth week, the values are in the range
of 36.58 + 2.20, and on the sixth — 39.73 + 1.37. This fact
signals of the signs of professional deterioration associated
with peak loads (the second and third weeks).

A similar trend was noted in the moderate workload group.
The values of the indicator decrease from the second to the
third week of the study (35.24 + 1.82 and 30.29 + 1.99,
respectively). After that, they start to go up, with the final
examination revealing no signs of professional deterioration
(39.88 = 1.19).

The values of this indicator remained within the reference
range throughout the study; no significant intergroup differences
were found. The lack of such differences was further confirmed
by the median values and the interquartile range of the data.
In terms of this indicator, the comparison groups exhibited
maximum heterogeneity at the fifth week of the study, but the
values showing the level of Professional Deterioration were not
significantly different: 37 (35; 38) and 36 (34; 38), respectively.

DISCUSSION

Numerous studies conducted by scientists from different
countries confirm that every second healthcare worker involved
in the treatment of patients with the new coronavirus infection
has psychological maladjustment disorders and shows
symptoms of increasing fatigue, irritability, and aggression.
According to the authors of these studies, it is the awareness
of the high risk of contracting the potentially lethal disease,
understanding the imperfection of drug therapy and the
process of care provision to patients with severe complications
that are most stressful for the healthcare professionals working
in the quarantine zones [18-23].

The results obtained are consistent with the data reported
by other researchers. The authors confirm that healthcare
personnel of the departments where patients run high risk of
death are more susceptible to mental health disorders [24, 25].

Table 2. Summary data on the dynamics of the workload-dependent professional burnout indicators (groups of participating healthcare workers)

Week of the study
Method Group, workload level 1 3 4 5 6
M+ SD M+ SD M+ SD M+ SD M+ SD M+ SD
Group 1’7Zeavy 15,65 + 4,89 1957 +2,93 | 1976+292 | 2206+291 | 2508+236 | 1508263
Emotional n=
exhaustion
Group i’_";‘;derate 16,21 + 4,29 19194287 | 12,67+992° | 2293+283 | 14,21+1,05" | 1543+258
Gm“;’ T heaw 2,85 + 1,41 5,28 + 2,01 7,30 £ 1,16 6,24 + 1,28 582+150 | 476133
Depersonalization
Group ﬁ’fr“‘%derate 3,00 + 1,43 5,76 + 2,24 7,57 £1,21 6,67 = 1,59 3,36+ 1,03 | 3,811,221
o Group 1, heavy 37,00:232 | 3487+171 | 3049191 | 3411+133 | 3658+220 | 39,73+1,37
Deterioration n=79
of personal
achievements Group ,27’_”21?”“9 37,26+219 | 3524182 | 3029199 | 8412:135 | 36,12+248 | 39,88+1,19
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Fig. 1. Emotional Exhaustion indicator dynamics, groups with different level of workload (Me [Q,; Q.])

Summarizing the results of our study, we can trace the
general dynamics of psycho-emotional states of healthcare
professionals working under extreme conditions. The level of
workload and the very character of work done by medical staff
are associated with specific mental burden, which makes the
person use various kinds of resources to cope.

The three scales of the Professional Burnout Questionnaire
showed that in the second, third and fourth weeks of the study,
the mental state of the participating healthcare professionals
(both groups) was characterized by moderate manifestations of
psychasthenia, apathy and emotional emptiness. Overall, the
first week of the study was uneventful in terms of pronounced
emotional shocks, which may indicate that the preliminary
training of the medical personnel was high quality. At the second
week, we registered manifestations of emotional exhaustion
and depersonalization, which is the result of high saturation of
the participants' work with emotions. The Emotional Exhaustion
indicator values continue to grow through the third and fourth
weeks of the study and finally go beyond the reference
range. During the fifth and sixth weeks, the downward trend
persists for the Emotional Exhaustion and Depersonalization
indicator values, while the Professional Deterioration indicator
shows growth, which can manifest in underestimation of
one's competence, increased dissatisfaction with oneself,

10 A

Points

YRR

underestimation of the value of work done (professional
activities), negative self-perception in the professional sphere,
appearance of the sense of failure, indifference to work.

CONCLUSIONS

In terms of psycho-emotional disorders, the most difficult were
the second, third and fourth weeks of work in the "infectious"
zone. The Workload Level and the associated specifics of
professional activity should be accounted for when evaluating
the dynamics of the indicators studied. The component to
be paid special attention to in the analysis of the data is the
interquartile range, which was larger at the beginning and
decreased by the end of work in the "infectious" zone, which
means the values registered then reflect the state of the majority
of study participants. Medical personnel working in heavy
workload departments had to deal with severe cases and
patient mortality more often; in this connection, the dynamics
of their psychological state is peculiar in its low variability and
high values of indicators of the psycho-emotional burnout.
The peculiarities of the dynamics of development of negative
psychological conditions in healthcare professionals working in
difficult epidemiological conditions are important factors in the
process of designing preventive and corrective psychological

Il Heavy n=79
B Moderate n= 42

T T T

4 5 6

Weeks

Fig. 2. Depersonalization indicator dynamics, groups with different level of workload (Me [Q,; Q,])

MEOVILIMHA SKCTPEMABHBIX CUTYALNI | 1, 24, 2022 | MES.FMBA.PRESS



ORIGINAL RESEARCH | PSYCHOLOGY

. Heavy n=79

42

39

36

Points

33

30

27 T

. Moderate n = 42

o

Weeks

Fig. 3. Professional Deterioration indicator dynamics, groups with different level of workload (Me [Q,; Q,])

support and recovery programs for those who discharge
their professional duties in extreme conditions with limited
opportunities for direct contact in the context of psychological
support rendered to them. In this case, the relevant methods
are those of cognitive-behavioral therapy (reading or online
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THE EFFECT OF A SINGLE PROCEDURE OF COMBINED MICROPOLARIZATION ON AUTONOMIC
REGULATION AND SENSORIMOTOR REACTIONS
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Micropolarization was already proved an effective method for restoring impaired brain functions and improving intracerebral processes in the absence of impairments.
Combining stimulation methods is a promising approach: a combination of electrode positioning methods can increase the efficacy of the procedures and find
application in various fields, from sports through machinery operation to support of operatives of the Ministry of Emergency Situations, etc. This study aimed
to assess the effect of a single combined micropolarization procedure on the functional state of the autonomic nervous system and sensorimotor reactions of
conventionally healthy individuals. It involved 31 people and relied on the methods enabling evaluation of sensorimotor reactions, cardiorhythmography with
spectral analysis of heart rate variability and pupillary reflexes assessment. Volunteers underwent the combined micropolarization procedure once, the duration
of the procedure was 40 minutes. The most effective combinations were transspinal plus transcranial micropolarization with positioning in the region of premotor
cortex (short-term shift of the autonomic balance towards parasympathetic influence by 48.7%; optimization of the pupil recovery function by 26.4%; increase in
interference immunity by 32.2%) and "solar" plus transcranial micropolarization in the area of the temporal zone of cerebral cortex (15.8% increase of the orthostatic
test transition period ratio; 6.2% deceleration of the visual-motor reaction).

Keywords: transcranial micropolarization, functional state, autonomic regulation, sensorimotor reactions, transcranial stimulation, direct current
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BJIMAHVE OQHOKPATHOWN NPOLEQYPbl KOMBUHUPOBAHHOW MUKPOMONAPU3ALIA
HA BEFETATUBHYIO PErYnAaunio h CEHCOPHO-MOTOPHbIE PEAKLINIA

V. B. Cueaverko'* =, [1. C. Mengenes'?, T. A. ®énoposa’, M. B. Liumban', H. B. LLTtenH6epr’, I. A. MounceeHko?

" Hay4Ho-1ccnenoBatensCkmin MHCTUTYT FreHbl, MpodnaTonorin 1 akonorm Yenosexa PefepansHoro Meamnko-oronorieckoro areHTeTsa, CaHkT-letepbypr, Poccuist
2 CeBepo-3anagHblii rocy1apCTBEHHbI MEAULMHCKMIA YHUBEpCUTET umenmn . V. MedHrkosa, CaHkT-MNeTepbypr, Poccus
¢ NnctutyT cpuamonorum umenn . T. Maenosa, CaHkT-MNeTepbypr, Poccus

MeTon MrKpononapusaummn yxxe nokasasn cBoo ahdPeKTUBHOCTb AN BOCCTAHOBAEHUS HAPYLUEHHbIX MO3roBbiX (MYHKUMA, a Takke ANS yyulleHus
BHYTPVMO3IOBbIX MPOLIECCOB B HOPME. [1epCneKTVBHbIM HanpaBneHnemM NPeACTaBNSeTcs KOMOMHPOBaH/E METOAOB CTUMYISLIAN, MOCKOMBKY COHYeETaHe METOAO0B
MO3MLMOHNPOBAHNS SNIEKTPOAOB MOXKET MOBbICUTL PE3YNLTATUBHOCTL MPOLEAYP U HATV MPUMEHEHNE B PadniyHbIX cdepax OeAaTeNbHOCTU: CONMPOBOXAEHNN
onepaTopoB, CrOPTCMEHOB, coTpyaHnkos MYC 1 ap. Lensto nccnenosaHns 6bi10 OLEHUTb BAUSHWE OAHOKPATHON KOMOVHMPOBAHHOM MUKPOMONSpU3aLmmn
Ha (PYHKLMOHANbHOE COCTOSHME BEreTaTMBHON HEPBHOW CUCTEMBI 1 CEHCOPHO-MOTOPHbBIE PeaKLMM YCIOBHO 300POBbIX L. B nccnegosaHnm ¢ yqactnem 31
YernoBeKa MCNoNb30Ba METOANKI AJ15 OLEHKM CEHCOPHO-MOTOPHbIX PEaKLIN, KapAVOPUTMOrpadmi CO CNEKTPasibHbIM aHAIM30M BapuabdensHOCTV CEPAEHHOrO
pyTMa, NPOBOAVMN OLIEHKY 3padvkoBbix pechnekcos. Mpolenypy KOMOUHMPOBAHHOM MUKPOMOnapr3aLm JO6POBObLb! MPOXOANIN OOHOKPATHO, B TedeHue
40 MVH. Havnbonee athheKTVBHBIMU OKa3anCh CXeMbl KOMOVHALMM TPAHCCIMHANBHON 1 TPaHCKPaHMaIbHOM MUKPOMOASpU3aLmn ¢ NO3MLMOHNPOBaHEM B
061acT MPEMOTOPHON 30HbI KOPbI FOSIOBHOMO MO3ra (KPaTKOCPOYHOE CMELLIEHWE BEreTaTMBHOMO HanaHca B CTOPOHY NapacMNaTNHECKOro BAVSHMS — Ha 48,7 %;
ONTUMM3aLYIS (OYHKLWIM BOCCTAHOBEHUS 3padka — Ha 26,4%; yBenm4eHmne NoMexoyCTOMIMBOCTN — Ha 32,2%), 1 KOMBUHALWN «COMNSPHOM» 1 TPaHCKPaHWabHOM
MVKpPOMONSpU3aLmum B 061aCT NPOEKLMN BUCOYHONM 30HbI KOPbI FMOIOBHOMO MO3ra (yBenmyeHve KoaddumLmeHTa NepexoaHoro neproga B OpToCTaTuHecKom
npobe — Ha 15,8%; 3amMeaneHns 3pUTenbHO-MOTOPHON peakumn — Ha 6,2%).

KntoueBble croBa: TpaHCKpaHmasbHas MUKPOMonapuaaLysi, hyHKUMOHaBHOE COCTOsIHME, BEreTaTuBHas PerysLyis, CEBHCOPHO-MOTOPHbIE PeakLyn, TpaHCKpa-
HUasbHast CTUMYALMS, MOCTOSAHHbBIN TOK
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Recent studies have shown that micropolarization is effective
in both functional restoration following pathological processes
[1, 2] and functional improvement when intracerebral processes
are normal [3-5]. Micropolarization was demonstrated [5-7]
to reduce the severity of manifestations of the chronic fatigue
syndrome; normalize autonomic regulation processes (vascular
tone, blood pressure, stimulation of humoral and cellular
immunity); normalize psychophysiological state, produce anti-
stress and antidepressant effects, alleviate fatigue, improve
performance etc.

Methods that combine cerebral cortex transcranial
micropolarization and additional spinal nerves transspinal
stimulation (both direct current and magnetic impulses) seem
to show promise [6, 7].

Transspinal micropolarization is a method for treatment of
cerebral functional disorders associated with vascular tone
regulation [7]. Transspinal micropolarization optimizes the
parasympathetic effect on the heart rate by engaging the neural
pathway for autonomic nervous system (ANS) activation [6].

Earlier studies [8, 9] suggested the option of "solar"
micropolarization, which implies acting on the solar plexus area
where there is a large cluster of autonomic neurons that receive
up to 90% of signals from the metasympathetic nervous
system of the abdominal region and are closely connected with
the vagus and sympathetic nerves. The neural ganglia in the
solar plexus region play an important regulatory role on the part
of the ANS.

Thus, in order to improve the methodology supporting
practical use of micropolarization, it seems important to
evaluate and compare the effects of various approaches to
combined micropolarization.

The purpose of this study was to assess the effect of a
single combined micropolarization procedure on the functional
state of the ANS and sensorimotor reactions of conventionally
healthy individuals.

METHODS

The study involved 31 volunteers, students of the St. Petersburg
Medical and Social Institute (20 people) and other educational
establishment (11 people), aged 20-25 years, 17 male and 14
female. The inclusion criteria were: signed voluntary informed
consent; permission to participate given by a neurologist and
a physician following relevant examinations. The exclusion
criteria were: acute mental disorders, convulsive conditions,
epilepsy; trauma and brain tumors; infectious lesions of the
central nervous system (CNS); hypertension or hypotension,
hydrocephalus; thyrotoxicosis; atrial fibrillation, skin damage at
the electrode sites; implanted pacemakers; a history of clinically
significant allergic reactions, alcoholism, drug addiction.

25 o

1.5 4

0.5 -1

Solar TCMP Moto + C7

[l LF/HF_before stimulation

The assessment of the state of the nervous system relied
on the following methods: 1) cardiorhythmography (GHR) with
spectral analysis of heart rate variability (VNS Micro hardware
and software system, Neurosoft; Russia); 2) Pupillometry
test for assessment of pupillary reflexes (KSRZRts-01
digital pupillometric complex; Research Institute of Hygiene,
Occupational Pathology and Human Ecology of the FMBA;
Russia); 3) test for evaluation of spatio-temporal reactions —
RDO (reaction to a moving object), PZMR (simple visual-motor
response test), interference immunity.

The key criteria for assessment of autonomic reactions to a
single micropolarization procedure were the classic heart rate
variability indications: frequency range in high, medium and low
regions, their interrelation, orthostatic test index and pupillary
reaction indicators.

The time of pupil constriction and dilatation reflects the
functions of cholinergic (parasympathetic) and adrenergic
(sympathetic) constituents of the pupil's dual innervation. The
speed of pupil constriction and dilation reflects the activity
of parasympathetic and sympathetic components when the
pupil constricts or dilutes, and the amplitude of constriction
indicates vegetative activity in the pupillomotor system. If
the difference between initial and final diameters of the pupil
is greater than 0.45 mm, the pupil's restoration is abnormal,
which is associated with the predominance of parasympathetic
activity, a sign of fatigue. To quantify the pupillary reaction,
we processed the pupillogram (automated mathematical
processing) factoring in the generally accepted pupillometric
indicators: the pupil diameter before the light stimulus; final
diameter of the pupil; time of the latent period of pupillary
reaction; time of pupil constriction (parasympathetic phase);
time of pupil dilation (sympathetic phase); average rate of pupil
constriction; average rate of pupil dilation; amplitude of the
pupil constriction. Pupil reaction is a reliable indicator of the
level of attention [10].

The RDO (Reaction to a moving object), PZMR (simple
visual-motor response) and Attention and Interference Immunity
tests allowed evaluating the speed and quality characteristics
of sensory and motor processes and indirectly estimate the
balance of mental processes in the context of the specifics of
higher nervous activity (since the response time depends on
the properties of excitation and inhibition processes and the
person's functional state, the level of fatigue in particular).

After testing, the participants underwent 40 minutes of the
combined micropolarization procedure, followed by another
testing session.

The combination included transspinal, transcranial and
"solar" micropolarization in varying patterns.

For transspinal micropolarization, we used 200 pA
direct current delivered through the cutaneous electrodes

Sight+C7 Placebo

[l LF/HF_after stimulation

Fig. 1. Change in the LF/HF ratio after the micropolarization procedure. * — statistically significant changes (o < 0.05; Wilcoxon test)
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Fig. 2. Changes in the VLF component of the heart rate range after the micropolarization procedure

applied above the spinal canal where spinal nerves exit it;
anode was placed laterally from the spinous process of the
seventh cervical vertebra (C7), cathode — contralateral
to the lumbosacral zone at the level of spinous processes
(L5-S1).

For transcranial micropolarization, we used 200 pA direct
current delivered to the primary visual cortex plane (anode —
O1 of the left hemisphere, cathode — contralateral lumbosacral
zone at the level of spinous processes L5-S1), primary motor
cortex plane (anode — M1, cathode — right shoulder area),
temporal cortex plane (anode — T3, cathode — the area of the
right shoulder).

"Solar" micropolarization procedure employed 200 pA
direct current delivered to the solar plexus area through an
anode just below the umbilical region and a cathode on the
right shoulder.

The sample was divided into four groups.

— Group 1 (8 people), single procedure, combination of
transspinal and transcranial micropolarization, the latter applied
in the primary motor cortex area. The pattern of application and
the group were called "Moto + C7."

— Group 2 (8 people), single procedure, combination of
transspinal and transcranial micropolarization, the latter applied
in the primary visual cortex area). This pattern of application
(and the group) was named "Sight + C7."

— Group 3 (8 people), single procedure, transcranial and
"solar" micropolarization, the former applied in the temporal
zone, the latter — above autonomic ganglia of the solar plexus.
This pattern, together with the group, was dubbed "Solar
TCMP."

— Group 4 (7 people), placebo: the participants had the
electrodes applied as in the "Moto + C7" pattern, but there was
no current running through them throughout the procedure.
This group was called "Placebo."
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RESULTS

Figures 1-4 show the average values of the spectral analysis
of heart rate variability for all four groups before and after the
single micropolarization procedure.

We have registered significant (p < 0.05; Wilcoxon test)
changes in the LF/HF indicator (Fig. 1). This indicator was
detected decreasing by 48.7% from the baseline level in the
Group 1, where the current was directed at the premotor
cortex area ("Moto + C7"). Relative to the placebo group, the
decrease in LF/HF was 43.5%. Against the comparison group,
no significant changes in the dynamics of the indicator were
detected. The values of this indicator tended to decrease in
groups 2 and 3, too, where the micropolarization procedure
was of the combined type with different electrode application
spots.

We identified no significant differences (p > 0.05; Wilcoxon
test) between all groups, "Placebo" included, in the values
of the VLF indicator (the lowest frequency range of the heart
rate variability) (Fig. 2). This indicator shows the level of
neurohumoral activity.

The total spectral power of the heart rate TP reflects the
total contribution of all assessed components to the regulation
of the ANS. Same as for the previous indicator, we identified no
significant differences between the groups for this one, either
(Fig. 3, p > 0.05).

The KB80:15 ratio increased by 15.8% in Group 3, "Solar
TCMP"; the change is significant (o < 0.05; Wilcoxon test)
(Fig. 4). It should be noted that this is the only group where we
detected a significant change in this indicator. Relative to the
placebo group, the increase was 12.8%.

Figures 5-7 show the values of the integral characteristics
of the central nervous system before and after the single
micropolarization procedure through all the four groups.

T

Solar TCMP Moto + C7

T

Sight + C7 Placebo

. TP, ms”2_before stimulation . TP, ms/2_after stimulation

Fig. 3. Change in the total spectral power (TP) after the micropolarization procedure
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Fig. 4. Change in the K30:15 ratio after the micropolarization procedure.

We identified significant (p < 0.05) changes in the mean
reaction time with the simple visual-motor response test (Fig. 5).
In the "Solar TCMP" group, this indicator has grown by 6.2%
relative to the baseline initial level.

There were identified no significant differences in the
"balance of mental processes" indicator registered with the
RDO (reaction to a moving object) test (o > 0.05).

The interference resistance value significantly increased by
32.2% (p < 0.05; Wilcoxon test) in group 1 ("Moto + C7") after
the procedure. The participants in this group had an increased
level of attention and interference immunity (Fig. 7). Relative to
the placebo group, the increase was 12.8%.

Pupillometry done after the micropolarization procedure
allowed identifying a small number of statistically significant
differences in the changing values of indicators (see Table). In
the group where electrodes were applied to the solar ganglia
and temporal zones, the pupil diameter decreased by 26.4%
from the initial to the final states, which is significant. In absolute
figures, the diameter value in this group was more than 0.45
mm, which confirms the insufficient recovery of the pupil.

The analysis of pupillometry indicator values before and
after the "Sight + C7" pattern procedure reveals specific
peculiarities of the pupil dilation time alteration, one of which
is the slight yet significant (2.2%) shortening of the dilation time
that characterizes activation of parasympathetic regulation
mechanisms.

DISCUSSION

The combination of anodic transcranial stimulation with the
electrode on the primary motor cortex plane (anode — M1,

230.0 A
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180.0 —
170.0 =

160.0 —

150.0

Solar TCMP Moto + C7

Moto + C7

T T T T

Sight + C7 Placebo

. K80:15_conv. units_after
stimulation

* — statistically significant changes (p < 0.05; Wilcoxon test)

cathode — right shoulder) and transspinal stimulation (anode —
C7, cathode — contralateral to the lumbosacral zone at the
level of the spinous processes L5-S1) had a positive effect on
autonomic regulation: the parasympathetic and sympathetic
influence were optimized (LF/HF ratio was reduced), which,
presumably, improved attention focusing (increased interference
immunity).

The low-frequency and high-frequency parts of the heart
rate variability range reflect the activity of the sympathetic
and parasympathetic divisions of the ANS. The LF/HF ratio
characterizes the vegetative balance and gives an idea of the
involvement of the central link of regulation. The mentioned
reduction of this ratio can be interpreted as signaling of the
growing activity of the parasympathetic part of the ANS.

Pupil diameter monitoring and K30:15 value obtained from
the orthostatic test allowed discovering activation of the recovery
processes in response to the combination of transcranial
stimulation at the temporal zone (anode — T3, cathode — right
shoulder area) and stimulation above the solar plexus.

The K80:15 ratio characterizes the speed of optimization of
the person's condition when he/she stands up from the supine
position (orthostatic test). The registered dynamics allow
assuming that a single micropolarization procedure improves
general condition of the body.

The pupil function has links to various parts of the central
and autonomic nervous systems, which allows considering
it a sensitive probe capable of reporting the functional
state of a person [11]. Autonomic nervous system, which
enables adaptation of the body both to various environmental
influences and to high physical loads, is one of the first bodily
systems to respond to such influences/loads. In healthy people,

Sight + C7

Placebo

. Simple V-M response, . Simple V-M response,

before (ms)

Fig. 5. Change in the mean reaction time (simple visual-motor response test) after the micropolarization procedure. *

after (ms)

— statistically significant changes (p < 0.05; Wilcoxon test)
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Fig. 6. Change in the balance of inhibition and excitation (RDO test) after the micropolarization procedure
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Fig. 7. Change of interference immunity values after the micropolarization procedure. * — statistically significant changes (p < 0.05; Wilcoxon test)

pupil function largely depends on the state of the ANS, which
adds to the importance of its testing because the fatigue-related
impairment of this function may manifest before other symptoms
signaling of the CNS and ANS fatigue and deterioration of the
adaptive capabilities. A smaller difference between the initial
and final diameters of the pupil indicates optimization of action
of the sympathetic and parasympathetic divisions of the ANS.
The results of this study are consistent with the data reported by

other authors who researched the pupillomotor system reaction
in people undergoing adjustment procedures [12, 13].

As for the modulation of sensorimotor reactions, we
registered activation of the inhibition processes, which is
confirmed by the increased visual-motor response time. The
changes of the mean reaction time detected with the simple
visual-motor response test can be interpreted as signaling of
the growing inhibitory influences. The effect may come from the

Table. Dynamics of pupillometry indicator values after the micropolarization procedure

Solar TCMP Moto + C7 Sight + C7 Placebo

Group Before After Before After Before After Before After
stimulation stimulation stimulation stimulation stimulation stimulation stimulation stimulation
Di 6,26 + 0,30 6,03 + 0,28 5,97 + 0,32 6,18 + 0,17 5,52 + 0,41 5,75 + 0,40 5,82 + 0,30 5,94 +0,27
Tl 0,28 + 0,01 0,28 + 0,01 0,28 + 0,01 0,29 + 0,01 0,28 + 0,01 0,28 + 0,01 0,28 + 0,01 0,27 + 0,01
Ac 1,67 £ 0,12 1,64 + 0,08 1,57 £ 0,10 1,61 + 0,07 1,60 + 0,14 1,66 + 0,11 1,61+ 0,09 1,61+0,12
Tc 0,51+ 0,03 0,53 + 0,02 0,46 + 0,03 0,48 + 0,02 0,46 + 0,02 0,51 £ 0,02 0,48 + 0,03 0,51+ 0,03
Td 2,21 £0,03 2,20 + 0,02 2,26 + 0,03 2,23 £ 0,02 2,26 + 0,02 2,21 +0,02* 2,24 + 0,03 2,22 +0,03
Ve 3,28 £ 0,17 3,14 +0,16 3,46 £ 0,14 3,38 +0,18 3,46 £ 0,23 3,24 £ 0,14 3,40 £ 0,17 3,20+ 0,16
vd 0,76 + 0,06 0,75+ 0,04 0,67 + 0,07 0,72 + 0,03 0,72 + 0,06 0,83 +0,10 0,72 + 0,05 0,73 + 0,06
Df 5,73 +0,29 5,63 + 0,26 5,71+ 0,31 5,75+0,14 5,19+0,35 5,39+0,33 5,31 +£0,32 5,42 + 0,29
Di-Df 0,53 + 0,06 0,39 + 0,06* 0,26 + 0,05 0,44 + 0,07 0,33 + 0,08 0,36 +0,13 0,51 £0,12 0,52 + 0,11

Note: Di (mm) — initial pupil diameter before the light stimulus; Df (mm) — final pupil diameter; Tl (s) — time of the latent period of pupillary reaction; Tc (s) — pupil
constriction time (parasympathetic phase); Td (s) — pupil dilation time (sympathetic phase); Vc (mm/s) - average pupil constriction speed; Vd (mm/s) — average pupil
dilation speed; Ac (mm) — amplitude of pupil constriction. Pupil reaction is a reliable indicator of the level of attention; * — value is significant with respect to background

(o < 0.05; Wilcoxon test).
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increased contribution of parasympathetic part of the ANS to
the regulation of the functional state.

There were no significant effects detected for the
combination of transcranial stimulation in the primary visual
cortex plane (anode — O1, cathode — L5-S1) and transspinal
stimulation (anode — C7, cathode — L5-S1).

The revealed effects of micropolarization pattern combinations
enable further improvement of the methods of micropolarization
procedures. The tested patterns may find practical application in
professional sports. For example, optimization of the autonomic
regulation processes is of paramount importance for athletes
in biathlon, where it is extremely important to switch between
dynamic and static physical loads in an optimal way.

CONCLUSIONS

This study assessed the effect of a single combined
micropolarization procedure on the functional state of the ANS
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ANTIMICROBIAL AND ANTIVIRAL ACTIVITY OF THREE-COMPONENT COMPLEX
OF CHLORHEXIDINE-EDTA-ZINC

Galinkin VA", Enikeev AKh', Podolskaya EP??, Gladchuk AS?#, Vinogradova TI5, Zabolotnykh NV®, Dogonadze MZ?, Krasnov KA? =4

OO0 "ROSBIO”, St. Petersburg, Russia

2 Federal State-Financed Institution Golikov Research Clinical Center of Toxicology under the Federal Medical Biological Agency, St. Petersburg, Russia
3 Institute of Analytical Instrumentation, St. Petersburg, Russia

4 Saint Petersburg State University, St Petersburg, Russia

5 Saint-Petersburg State Research Institute of Phtisiopulmonology, St. Petersburg, Russia

Chlorhexidine bigluconate (CHX) is widely used as a disinfectant, but it is not effective against spore-forming microorganisms, as well as viruses. In this work, a
method has been found to increase the biocidal activity of chlorhexidine by using it as part of a complex including ethylenediaminetetraacetic acid (EDTA) and zinc
chloride. The structure of the three-component complex CHX-EDTA-zinc is proved by the MALDI-MS method. The biocidal activity of the chlorhexidine complex
has been studied in vitro and in vivo experiments. It is shown that the complex is significantly superior to chlorhexidine alone, both in terms of activity level and
in the breadth of biocidal action. In relation to the studied bacterial and fungal strains, the CHX-EDTA-Zn complex was 4-5 times more active than chlorhexidine
bigluconate. In concentrations from 1.0 mg/ml to 0.008 mg/ml (depending on the type of micro-organism), in vitro the complex showed both bacteriostatic and
bactericidal effects against the main pathogens of bacterial diseases of birds. In clinical conditions, the complex has shown high efficiency in the treatment of
dermatitis in small domestic and farm animals. Also, in vitro and in vivo, the complex showed unexpectedly high antitubercular activity comparable to that of
monofloxacin, including on drug-resistant strains of mycobacteria. in vitro experiments involving polio virus and adenovirus have shown that the CHX-EDTA-Zn
complex possesses virulent action.
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Disinfectants are widely used in medical practice, everyday
life and in many other areas of human activity. Disinfection
measures are especially important in the context of epidemics
or the risk of spread of dangerous infections, which makes
provision of medical institutions and general population with
effective antiseptic agents a task of national importance.
Generally, such agents are expected to effectively suppress all
types of pathogenic microflora, including causative pathogens
of microbial, fungal and viral infections, as well as to be safe
for humans and the environment. The currently existing
agents meet these requirements only partially, so the matter of
development of new ones remains urgent.

Chlorhexidine (1.6-di-[bis-(4-chlorophenyl)biguanide]hexane
bigluconate) is one of the most famous antiseptics. It has
been used medical, veterinary and household environments
for over 60 years now; to this day, it remains one of the most
popular antiseptic agents [1]. It is popular because of its strong
bactericidal effect against a wide range of gram-positive and
gram-negative microorganisms, including fungi, as well as
because of the ability to remain highly active in contact with
various biological substrates (blood, saliva, pus, etc.) [2].

A chlorhexidine molecule consists of two symmetrical
chlorophenyl-substituted biguanide groups connected by a
hydrophobic hexamethylene chain. At physiological pH, it exists
as a bication [3]. Like most cationic antiseptics, chlorhexidine
has its antimicrobial action realized at the level of the cell
membrane [4].

Chlorhexidine is the primary active ingredient in various
topical disinfectants; it is used to treat wounds, burns, to
sterilize the surgical field, skin. Chlorhexidine is a component of
anti-cold solutions and rinses [5]. It is indispensable in dentistry,
where it became acknowledged as a "golden standard" and
once served as a reference agent for the new antiseptics
development efforts [6].

However, chlorhexidine has a number of significant drawbacks.
In particular, at room temperature, it has practically no effect
on bacterial spores, which makes it of little use against spore-
forming pathogens [5]. Acid-resistant microorganisms [7],
including pathogens of tuberculosis and leprosy, also exhibit
high resistance to chlorhexidine. Another serious drawback of
chlorhexidine is lack of pronounced virucidal activity. Although
chlorhexidine has some effect on HIV, herpes 1 and 2, influenza
A [2, 5], it is all but ineffective against most viruses, including,
according to the recent clinical studies, such as SARS-CoV-2 [8].

Last but not least, the efficacy of all such commonly used
agents diminishes with emergence of resistant microbial
strains. For a long time it was believed that microorganisms
cannot become resistant to chlorhexidine [2], but recent
data refute this opinion. For example, it was established that
K. pneumoniae can adapt to chlorhexidine, which leads to the
appearance of pathogenic strains that are practically insensitive
to the recommended antiseptic concentrations [9].

As our studies show, antiseptic potency of chlorhexidine
can be increased by combining it with other chemicals. In this
connection, it seems interesting to study the specific activity of
chlorhexidine in the presence of excipients it creates a complex
with, such as Trilon B (ethylenediaminetetraacetic acid disodium
salt, EDTA) and zinc chloride. Zinc salts and complexes are
moderately active against microbes, fungi and viruses [10],
while EDTA, although it is not antiseptic individually, can form
stable complexes with most metal cations [11] and improve
permeability of cell membranes for other substances, including
zinc and, possibly, chlorhexidine. The purpose of this work
was to study the molecular structure of the new chlorhexidine
complex and to thoroughly investigate its biocidal properties.
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METHODS

The complex compound 0.2% chlorhexidine bigluconate water
solution, 1% ethylenediaminetetraacetic acid disodium salt
(EDTA) and 0.5% zinc chloride was provided by OOO Rosbio
(St. Petersburg).

Mass spectrometry

The technique selected for the analysis was MALDI-MS,
matrix-assisted laser desorption/ionization mass spectrometry.
The original complex solution was diluted with water 100 times.
0.5 pl of the resulting solution were applied to the MALDI target
cell, followed by 0.5 pl of the matrix solution (5 mg/ml). The
mixture was then dried. The matrix was 2,5-dihydroxybenzoic
acid dissolved in 70% acetonitrile with the addition of 0.1%
trifluoroacetic acid (TFA). The samples were left to dry at room
temperature and then examined with an ultrafleXtreme MALDI-
TOF/TOF mass spectrometer (Bruker Daltonics; Germany) at
the Science Park of St. Petersburg State University.

The mass spectra were recorded in the range m/z 600-1500
in the "reflectron" mode with detection of positive ions. For
one spectrum, 15,000 instances of sample irradiation
with a Nd:YAG 355 nm laser were summed up. The mass
spectrometer was calibrated with a Peptide Calibration
Standard Il calibration mixture (Bruker Daltonics; Germany).

The elemental composition of the chlorhexidine-EDTA-Zn
complex was determined by the standard method (CHN
analysis), and the quantitative content of zinc was established
with the help of inductively coupled plasma atomic emission
spectroscopy enabled by the Optima 2100DV spectrometer
(Perkin Elmer; USA). To isolate the individual complex, the
initial solution was concentrated by evaporation in a vacuum
to 1/10 of the primary volume, then the precipitated crystalline
product was separated, washed with water and dried in air
at 40 °C to constant weight. The resulting complex was a
colorless fine crystalline powder, partially soluble in water.
The initial solution contained 0.34% of this complex, which is
0.2% in terms of pure chlorhexidine. Elemental analysis data:
found C — 44.50%, H — 5.21%, N — 19.44%, Zn — 7.57%.
C,H,.CL.N,,0Zn — MW 858.21; calculated C — 44.64%,
H — 5.15%, N — 19.52%, Zn — 7.60%. MALDI-MS mass
spectrum data: m/z 859.27.

In vitro and in vivo microbiological studies

The in vitro experiments and clinical trials of antiseptic
properties of the chlorhexidine-EDTA-Zn complex on animals
were carried out at the Vitebsk State Academy of Veterinary
Medicine (Belarus) and Agrokombinat Yubileyny (Belarus).
The preparation was serially diluted in Petri dishes; each
microorganism was tested in two series of experiments that
made use of cultures grown on two different nutrient media [12].

The in vivo experiments included treatment of dermatitis
in domestic and farm animals (dogs, cats, rabbits and sheep).
The antiseptic was applied once a day for 5-14 days.

Investigation of antitubercular activity

This part of the study was carried out at Saint-Petersburg State
Research Institute of Phthisiopulmonology of the Ministry of
Healthcare of the Russian Federation. In vitro, the antitubercular
activity of the complex was tested on Mycobacterium
tuberculosis H37Rv, a sensitive reference strain (Institute of
Hygiene and Epidemiology, Prague, 1976), and a clinical isolate
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Table 1. Antimicrobial activity of the CHX-EDTA-Zn complex in comparison with chlorhexidine bigluconate (CHX)

Culture
Antiseptic Bac. subtilis E. coli Bac. mycoides Sac. cerevisiae P, breri-compactum Asp. niger
Area of the no-growth zone, cm?
CHX-EDTA-Zn complex 16.8 13.7 15.2 16.8 19.4 18.5
CHX 3.6 4.1 4.1 4.0 4.4 3.6
CHX/Complex activity index 4.7 3.3 3.7 4.2 4.4 5.1

of M. tuberculosis 5582 with multidrug resistance (collection
of MBT strains of Saint-Petersburg State Research Institute of
Phthisiopulmonology). The minimum inhibitory concentration
(MIC) was determined with the help of the REMA method
[13] on cultures of M. tuberculosis H37Rv and clinical isolate
5582 with resistance to isoniazid, rifampicin, streptomycin, and
pyrazinamide. The MIC value was taken as the minimum drug
concentration at which the average fluorescence level did not
significantly exceed 1% of the level registered for the control
MBT culture that grew without inhibition. Bacterial growth
was registered both visually, by the change in the color of
resazurin from blue to pink, and using a FLUOstar Optima plate
fluorimeter (Germany) at an excitation wavelength of 520 nm
and emission wavelength of 590 nm.

In vivo, the antitubercular activity of the complex was
studied in male C57black/6 mice weighing 16-18 g (Andreevka
nursery, Scientific Center for Biomedical Technologies of the
Federal Medical Biological Agency; Russia) [14, 15], with two
models of tuberculosis, first involving infection with the standard
test strain M. tuberculosis H37Rv, second — with the drug-
resistant strain 5582. In both series of experiments animals
received medications from the fourth day on after the infection.
All preparations were administered intragastrically, daily, with
the exception of Saturdays and Sundays, until the end of the
experiment. The CHX-EDTA-Zn complex was administered
in two doses, 7 mg/kg and 14 mg/kg. Moxifloxacin was
the drug the efficacy of the complex was compared to. It was
administered at an average therapeutic dose of 7 mg/kg. The
total duration of the experiment was 40 days.

Table 2. CHX-EDTA-Zn complex activity against avian pathogens

Investigation of virucidal activity

The virucidal activity of the complex was studied at the
Ivanovsky Institute of Virology in accordance with the
Guidelines [16]. Vaccine strain of poliomyelitis virus (type 1,
virus titer 6.5 IgTCID,; M.P. Chumakov Research Institute of
Poliomyelitis and Viral Encephalitis, Russia) and human adenovirus
(type 5, virus titer 5.5 Ig TCID,; State Collection of Viruses of
the Ivanovsky Institute of Virology, Russia) were employed. For
the poliomyelitis virus, we used a transplantable Vero green
monkey kidney cell culture, for the adenovirus — transplantable
HEpP2 cell line.

Statistical data processing

Statistica 7.0 software package (StatSoft; USA) enabled
statistical processing. The metric indicators were presented
as mean and error of mean (M + m). Student's t-test allowed
establishing the significance of differences in metric indicators.

RESULTS
Biocidal activity assessment

The activity of 0.05% CHX-EDTA-Zn was compared in vitro with
that of chlorhexidine bigluconate at the same concentration.
For this comparison, we used a series of cultures of standard
microorganisms. Table 1 shows the results of identification of
the cultureless (no-growth) zones on Petri dishes.

Sample number and active substance concentration, mg/ml
Type of culture Nutrient medium 1 2 3 4 5 6 7 8 9 10
1.0 0.5 0.25 0.125 0.06 0.03 0.015 0.008 0.004 0.002
Plain broth - - - - - - - - + +
E. coli-1
Endo medium - - - - - - - + + +
Plain broth - - - - - - - - + +
E. coli-2
Endo medium - - - - - - - - + +
Plain broth - - - - + + + + + +
S. enteritidlis
Endo medium + + + + + + + + + +
Plain broth - - - - - - + + + +
S. gallinarum

Endo medium - - - + + + + + + +
Plain broth - - - - - + + + + +

S. typhimurium
Endo medium - - + + + + + + + +
Plain broth - - - + + + + + + +

P, vulgaris
Plain agar - + + + + + + + + +
Plain broth - - - - - - - - + +
St. aureus

Plain agar - - - + + + + + + +
Plain broth - - - - - - - - _ +

St. epidermidis
Plain agar - - - - - - + + + +

Note: «—» — complete absence of growth; "+" — growth of single colonies; "+" — normal growth.
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Table 3. CHX-EDTA-Zn complex efficacy indicators in treatment of dermatitis in animals

Indicators Animals Serous catarrhal dermatitis Purulent catarrhal dermatitis Dermgtltls of parasitic etiology
(in complex therapy)
Dogs 14 10 °
Number of Cats 7 2 —
experimental
animals Rabbits ~ - =
Sheep - _ !
Dogs 5 7-10 6-14
Duration of Cats ° el -
treatment, days Rabbits - - o
Sheep - _ o2
Dogs i 9 °
Cats 7 2 —
Animals recovered
Rabbits - - 10
Sheep - - !

Table 2 presents the results of in vitro assessment of
antimicrobial activity against the main pathogens of bacterial
diseases in birds.

At a concentration of 1.0-0.008 mg/ml (depending on
the type of pathogen), the CHX-EDTA-Zn complex has both
bacteriostatic and bactericidal effects against all studied
pathogenic cultures.

Table 3 shows the results of in vivo studies in clinical
conditions that involved treatment of dermatitis in domestic
and farm animals.

Application of the antiseptic for 5-14 days let the animals
recover completely. There were no allergic reactions or other
negative side effects registered that could be attributed to the
treatment.

The results of in vitro investigation of the antitubercular
activity of the complex (against the M. tuberculosis 5582 strain)
are shown in Fig. 1.

According to the results of in vitro testing on the
M. tuberculosis H37Rv model, the CHX-EDTA-Zn complex has a
pronounced antitubercular activity with the MIC value at 6.2 pg/m.

Results of the in vivo investigation of antitubercular activity
of the complex. Table 4 shows the results of investigation
of therapeutic efficacy of the CHX-EDTA-Zn complex in
comparison with moxifloxacin; Table 5 presents the data on
inoculation of MBT from the lungs.

By the end of the experiment, on the 40" day from
infection mortality in the control group (no treatment) was
70% among M. tuberculosis H37Rv cases and 40% among
the strain 5582 cases. Moreover, both infection models have
shown a sharp increase in the mass ratios of lungs and spleen,
overall affectation of the lung tissue with areas of necrosis. In
the cultures of lung homogenates the MBT were recorded to
grow continuously.

Therapeutic effect of the CHX-EDTA-Zn complex was
confirmed in comparison with 7 mg/kg of moxifloxacin (average
dose), a well-known antituberculous drug, in both models of
tuberculosis, i.e. in mice infected with the standard test strain
M. tuberculosis H37Rv and the drug-resistant strain 5582. The
complex showed protective action and effectively prevented
death of mice regardless of the model of tuberculosis (see
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Fig. 1. Changes in the intensity of growth of the M. tuberculosis H37Rv test strain under the influence of the CHX-EDTA-Zn complex. M is the mean value, (M-I) and

(M-+1) are the lower and upper limits of the confidence interval (at a = 0.05)
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Table 4. Tuberculosis infection severity in mice infected with M. tuberculosis H37Rv and infected with drug-resistant strain 5582 (after 5 weeks from the start of

the treatment)

Group ) Mass coefficients, c.u. L
Drug, dose per os Lethality, % Lung injury index, c.u.
Ne lungs spleen
M. tuberculosis H37Rv infection model
1 Infection control (untreated) 70 2.13+£0.18 1.89 +0.19 3.25 £ 0.11
2 Moxifloxacin 0 1.12 + 0.06 0.83 £ 0.03 2.45 +0.03
7.0 mg/kg p,, <0.001 p,_, <0.002 p,, <0.001
3 CHX-EDTA-Zn 0 1.28 + 0.08 1.05 + 0.07 2.55 +0.08
7.0 mg/kg P, < 0.002 p,_, <0.002 P, <0.001
4 CHX-EDTA-Zn 0 1.24 + 0.09 1.01 £ 0.09 2.52 +0.05
14 mg/kg p,, < 0.002 p,, <0.002 p,, <0.001
Multidrug-resistant 5582 strain infection model

5 Infection control (untreated) 40 1.13 £ 0.03 1.05 + 0.04 2.92 + 0.04
6 Moxifloxacin 0 0.98 + 0.04 0.69 + 0.05 2.30 £ 0.08
7.0 mg/kg p,, <0.01 p,_, <0.001 p,, < 0.001
CHX-EDTA-Zn 1.01 + 0.03 0-91+0.05 2.48+0.05
7 14.0 mg/kg 0 p.. <005 P, <0.05. P, <0.001
. =8 P, <0.01 P, ,<0.05

Table 4). In the cases with drug-susceptible M. tuberculosis
H37Rv, the CHX-EDTA-Zn complex significantly reduced the
values of all registered parameters compared to the control
group. The effect from administration of the 14 mg/kg dose was
significantly more pronounced than that produced by the dose
of 7.0 mg/kg, i.e. it was dose-dependent. In terms of reducing
lung damage, 14 mg/kg of the CHX-EDTA-Zn complex in both
models of tuberculosis were almost as effective as 7 mg/kg
of moxifloxacin, although the former was slightly inferior to the
latter in terms of spleen parameters.

Results of investigation of virucidal activity Table 6 presents
the results of assessing the potency of inhibition of viral
reproduction expressed in TCID,, units (50% tissue cytopathic
infectious dose).

In both the suspension (Mixing) and surface treatment tests,
the solution of complex that contain of chlorhexidine 0.2%,
inactivated the contaminating polio and human adenovirus in
the course of 1-5 min.

DISCUSSION

It is known that EDTA forms a stable complex with the zinc
cation (the [Zn EDTA?* K instability constant is 3.2x107"7) [11].
Preparation of a complex compound of chlorhexidine with
EDTA has also been described [17]. However, more involved,

three-component complexes including EDTA, zinc and
chlorhexidine, have not been studied. As we assumed, in an
aqueous medium, chlorhexidine bigluconate, EDTA disodium
salt and zinc chloride can form a complex compound with the
structure shown in Fig. 2. Indeed, MALDI-MS study revealed
a signal with m/z 859.27 that corresponds to the protonated
form (MH+) of the predicted structure. Fragmentation of this
ion leads to the appearance of corresponding signals: m/z
567.2 (ion of protonated adduct of chlorhexidine and zinc), m/z
505.3 (ion of protonated chlorhexidine) and m/z 353.3 (ion of
protonated EDTA-Zn complex), which unambiguously proved
its structure. Apparently, the structure of this complex includes
a central four-coordinated doubly charged zinc cation, a doubly
charged chlorhexidinium cation and a four-charged anion of
a completely deprotonated EDTA molecule. The rather high
stability of this ternary complex should also be noted: it persists
under the harsh conditions of laser-induced evaporation.

The stability of the ternary complex of chlorhexidine, EDTA
and zinc can be explained by intramolecular salt formation,
which makes cationic and anionic fragments in this system
stoichiometrically balance each other, ultimately forming an
electrically neutral molecule.

The inclusion of chlorhexidine in the strong ternary complex
with EDTA and zinc translates into improvement of biocidal
activity (see Table 1). The CHX-EDTA-Zn complex is 4-5 times

Table 5. Inoculation of MBT from the lungs of mice infected with M. tuberculosis H37R and strain 5582 after 5 weeks of treatment with the CHX-EDTA-Zn complex

Group Ne Drug. dose per os Number of MBT colonies in the lungs, Number of viable mycobacteria in the
pRe 9 P CFU x 10° lungs, Ig
M. tuberculosis H37Rv infection

1 Infection control (untreated) 129.6 + 4.3 5.11 £ 0.01
2 Moxifloxacin 246 +4.6 4.36 + 0.09
7.0 mg/kg p,, <0.001 p,, < 0.001
3 CHX-EDTA-Zn 41.99 + 5.54 4.61 +0.05

7.0 mg/kg p,,<0.001.p,,<0.05 p,,<0.001.p,,<0.05
4 CHX-EDTA-Zn 35.40 + 3.19 4.54 + 0.05
14 mg/kg p,, <0.001 P, <0.001

Multidrug-resistant 5582 strain infection

6 Infection control (untreated) 18.39 + 1.60 4.26 + 0.04
7 Moxifloxacin 9.04 +1.57 3.93 + 0.07
7.0 mg/kg p,, <0.01 p,, <0.01
8 CHX-EDTA-Zn 11.48 + 1.58 4.04 + 0.06
14.0 mg/kg P, < 0.02 P, < 0.02
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Virus reproduction rate drop, Ig TCID,
Object Treatment method Treatment time, min
Polio Adenovirus
Viral suspension 1:9blend 5 3.5 4.0
1 4.0 4.0
Faux leather Swab

2x15 5.0 4.5
Latex Swab 3 4.0 4.0
Metal Swab 5 4.7 4.5
Glass Swab 5 5.0 4.3
Plastic Swab 5 4.3 4.3

more active against the studied bacterial and fungal strains
than chlorhexidine bigluconate.

In vitro, the chlorhexidine complex also demonstrates high
efficiency against the main avian pathogens (see Table 2), and
in vivo it proved effective against dermatitis in domestic and
farm animals — dogs, cats, rabbits and sheep (see Table 3).
[t can be concluded that the CHX-EDTA-Zn complex can be
an effective medicine for treatment of bacterial and fungal skin
diseases of various etiologies, healing of scratches, cracks,
burns, infected wounds and pyoderma.

As our experiments show, the CHX-EDTA-Zn complex
exhibits a significant anti-tuberculosis activity, which is quite
unexpected, since chlorhexidine alone is very weak against
Mycobacterium tuberculosis (MBT). In in vitro experiments, the
activity (MIC) of the complex compared applied to the standard
M. tuberculosis H37Rv strain (see Figure 1) is 6.2 pg/ml, and
against the drug-resistant strain 5582 the activity is 2 times
higher (MIC 3.1 pg/ml). In other words, the complex is twice
as effective against the drug-resistant strain than the standard
tuberculosis strain.

Even more surprising is the antituberculous activity of
the CHX-EDTA-Zn complex established in vivo, when it
was administered orally to mice, although it is known that
chlorhexidine alone is practically not absorbed from the
gastrointestinal tract. The reliability of the therapeutic effect
of the drug is confirmed in two models of tuberculosis, based
on animal survival data, on the results of assessment of the
physiological parameters (see Table 4) and data on the MBT

Cl

A\I

L

Fig. 2. Structural formula of the chlorhexidine-EDTA-zinc complex
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inoculation from the lungs (see Table 5). The complex is inferior
to the moxifloxacin when used against the drug-sensitive strain
M. tuberculosis H37Rv and almost as potent against the drug-
resistant strain.

The results obtained allow considering the CHX-EDTA-Zn
complex not only as a disinfectant, but also as a potential
anti-tuberculosis drug that can be used as an adjuvant in the
treatment of drug-resistant forms of tuberculosis.

The biocidal properties of the CHX-EDTA-Zn complex cover
not only bacteria but also viruses (see Table 6). The results
obtained indicate that the complex can be used to disinfect
objects contaminated with these viruses.

CONCLUSIONS

The three-component complex of chlorhexidine, EDTA and
zinc has a pronounced biocidal effect against pathogenic
bacteria, fungi, Mycobacterium tuberculosis and viruses.
It significantly exceeds chlorhexidine in terms of level
of biocidal activity and the breadth of range of action.
Overall, the chlorhexidine-EDTA-Zn complex appears to
be a promising disinfectant that can be used to combat
the spread of dangerous bacterial and viral infections. On
models of experimental tuberculosis, when administered
systemically, the CHX-EDTA-Zn complex exhibits a
therapeutic effect comparable to that of moxifloxacin. This
allows recommending this complex for further study as a
possible treatment for drug-resistant forms of tuberculosis.
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MODELLING MYELOABLATIVE CYTOSTATIC THERAPY WITH CYCLOPHOSPHAMIDE IS ACCOMPANIED
BY GASTROINTESTINAL STASIS IN RATS

Schafer TV & lvnitsky Judu?, Rejniuk VL2

' State Scientific Research Test Institute of the Military Medicine of Defense Ministry of the Russian Federation, Saint-Petersburg, Russia
2 Golikov Research Clinical Center of Toxicology of the Federal Medical Biological Agency, Saint-Petersburg, Russia

Cyclophosphamide is used for the treatment of lymphoma, leukaemia, some solid tumours, and autoimmune disorders. When carrying out myeloablative cytostatic
therapy, the doses of cyclophosphamide are prescribed, which cause irreversible pancytopenia. Early toxic effects of such doses are manifested by asthenic and
emetic syndromes, limiting the treatment tolerance. Administration of cyclophosphamide in a dose of > 600 mg/kg is accompanied by hyperammonaemia and
symptoms, specific to the acute ammonium salt intoxication. Endotoxemia, resulting from the increase in the intestinal barrier permeability due to the impaired
gastrointestinal motility, is considered the possible mechanism underlying these phenomena. The study was aimed to test this hypothesis. Radiographic assessment
of the rat gastrointestinal peristalsis was performed within 25 h after administration of cyclophosphamide in a dose of 1000 mg/kg, which was equivalent to
myeloablative dose for humans. Intraperitoneal, subcutaneous or intragastric administration of cyclophosphamide slowed down the gastrointestinal transit of
bariumsulfate. In the case of subcutaneous cyclophosphamide injection, a moderate effect was observed. In the case of cyclophosphamide administered by
gavage, the effect was manifested by a complete halt of transit. Thus, modelling myeloablative cytostatic therapy with cyclophosphamide in rats is associated with
gastrointestinal stasis. The changes reported may promote the entry of the gut microbial products into the bloodstream and ensuing endotoxemia.

Keywords: cyclophosphamide, myeloablative cytostatic therapy, rat model, radiography, gastrointestinal stasis
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MOJENIMPOBAHUE MUENOABNALNOHHON LUTOCTATUMECKOW TEPAMUU LIMKNTO®OCOAHOM
COMNPOBOXXOAETCA XXEJTYAOYHO-KULLUEYHbIM CTA3OM Y KPbIC

T. B. Wedbep'™, tO. KO. ViBHnuknia?, B. J1. PeiiHiok?

' TocynapCTBEHHbI HAayYHO-MCCNeaoBaTeNbCKUIN UCMbITATENbHDBIN MHCTUTYT BOEHHOW MeauLmHbl MuHncTepcTBa 060poHb! Poccuiickon ®epepaumn,
CaHkT-MNetepbypr, Poccust

2 Hay4HO-KNMHUYECKIIA LIEHTP TOKCUKONOrn nMeHn akagemurika C. H. Tonvkosa deaepansHoro Meavko-6ronorimdeckoro areHtctea, CaHkT-letepbypr, Poccus

LinknoboctaH NpUMEHSAIOT Ans NeYeHns IMMAOM, NENKO30B, HEKOTOPbLIX CONMAHbBIX OMyXONen 1 ayTOMMMYyHHbIX 3abonesaHui. MNpu MrenoabnaumoHHon
LMTOCTaTUYECKOW Tepanmnmn ero HasHa4aioT B j03aX, BbI3bIBaOLLVX HEOOPATUMYIO NaHLMTONEHO. PaHHVe Tokcryeckme ahdeKTbl Mpy Takx Ao3ax NposiBAsioTcs
aCTEHNYECKUM 1 IMETVUHECKUM CUHAPOMaMU, OrpaHUYMBatOLLVIMM NePEeHOCUMOCTb NedeHuns. Beeaerne umnknodocdaHa Kpbicam B fosax = 600 mr/kr
COMPOBOXXAAETCA MMNEPaMMOHVEMMNEN 1 CUMATOMATVIKOW, XapakTepHOW A1 OCTPON MHTOKCUKALIMN CONSMN aMMOHMS. BO3MOXKHbBIM MEXaHN3MOM 3TUX (PeHOMEHOB
ABNSETCA SHAOTOKCEMUSI, 0OYCNOBIEHHAs NOBbILLEHNEM NPOHNLIAEMOCTY dHTeporeMaTuHeckoro bapbepa BCNeACTBIE HapyLLIEHWI MOTOPVIKM >Keny[04HO-
KULLIEYHOro TpakTa. Llenbio HacTosLen paboTbl Obina NpoBepka 3TON rMnoTeabl. PEHTrEHONOrMYECKY U3yYant NepyCTaNBTUKY »enyaoHHO-KULLIEYHOro TpaKkTa
KpbIC B TeyeHne 25 4 nocne BeeaeHns Lknodocdana B f1o3e 1000 Mr/Kr, BUO3KBUBANEHTHOM €ro MMenoabnaLmMoHHON Ao3e Ans Yenoseka. BHyTprOPIOLLMHHOE,
MOAKOXHOE NN BHYTPUXENYA04HOE BBeAeHWE LiyknodocdaHa 3aMefnsano »enyaodHo-KMWeYHbIn TpaHanT cynbdata 6apust. Mpu NoaKoXHOM BBEAEHWN
LvknobocdaHa aToT athdeKT BbiN yMEPEHHbIM, @ NPV BHYTPYKENYAOHHOM — MPOSBASANCA NOMHOW OCTAHOBKOWM TpaHauTa. Takum obpa3oM, MOAenMpoBaHmne
Ha KpbICax M1eNoabNALMOHHOM LIMTOCTATUHECKOM Tepanii LMKIOMOCHaHOM COMPSHKEHO C Pa3BUTMEM >KETyAO4HO-KULLEYHOIO CTasa. BbigBNeHHbIE N3MEHEHNS
MOryT CNOCOBCTBOBATE MOCTYM/IEHWIO B KPOBb MPOLAYKTOB XXUSHEAEATENbHOCTY KULLEYHOW MUKPOMAOPE! 1 (hOPMUPOBAHUIO SHAOTOKCEMUIM.

KnioueBble cnosa: LLI/IKJ'IOd)OCd)aH, MVIeJ'IOaﬁJ'IFILI,I/IOHHaFI LMToCTatn4ecKas Tepanvisd, KpbicnHas Moaesb, peHTI’eHOI’padJI/IFI, )KeJ'Iy,D,OHHO-KIALLIeHHbIl;I cTas
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Cyclophosphamide is used for the treatment of lymphoma,
leukaemia, some solid tumours [1] and autoimmune
disorders [2]. When carrying out myeloablative cytostatic
therapy, the doses of cyclophosphamide are prescribed,
which destroy the tumour, but cause fatal pancytopenia [3, 4].
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Owing to subsequent allogeneic hematopoietic stem cell
transplantation, these doses are an order of magnitude
larger than the doses, used for conservative therapy [5],
and exceed 120 mg/kg [6]. Early toxic effects of such
doses of cyclophosphamide are manifested by asthenic and
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emetic syndromes [7], limiting the drug tolerance. In rats,
bioequivalent doses of cyclophosphamide (= 600 mg/kg)
caused hyperammonaemia and symptoms, specific to
the acute ammonium salt intoxication: ataxia, tremor, loss
of reflexes, and seizure [8]. Increased permeability of the
intestinal barrier could be the possible mechanism, underlying
hyperammonaemia associated with acute cyclophosphamide
intoxication [8-11]. Inhibition of intestinal peristalsis increases
the permeability of the intestinal wall [12]. Thus, the study
was aimed to assess the effects of the myeloablative dose of
cyclophosphamide on gastrointestinal peristalsis.

METHODS

The study involved 24 male outbred albino rats with the
body weight of 161-190 g, obtained from the Rappolovo
laboratory animal nursery. The animals were treated in
accordance with the Principles of Good Laboratory Practice,
stated in the Order Ne 199n of the Ministry of Health of
the Russian Federation, dated April 1, 2016 [13], and the
requirements of the Guidelines for the Housing and Care of
Laboratory Animals [14, 15]. Standard rat diet and ad libitum
water access were provided. The day before the experiment
the rats were deprived of food; however, access to water
was not limited.

The rats were randomized into six groups, four animals
per group. Water was administered in three control groups
(intraperitoneal, subcutaneous, and intragastric routes). The
freshly prepared aqueous cyclophosphamide solution in the
amount of 10 mL/kg in a dose of 1000 mg/kg was administered
in the corresponding three experimental groups. This was an
absolutely lethal dose under either route of administration: all
animals died within two weeks; in the case of intraperitoneal
injection, the dose corresponded to 3.5 LD, .

The 35% aqueous suspension of barium sulfate (10 mL/kg)
was administered into the stomach of all rats using the
gavage tube immediately after the cyclophosphamide
administration. After 1, 3, 5, and 25 h the animals were placed
in plastic pencil boxes, and the radiographic testing with
the use of the Iconos R200 digital x-ray system (Siemens;
Germany) was performed in a pairwise manner (experimental
and control animals). X-ray images were assessed using the
planimetric ruler by calculating the absolute and relative
(percentage) values of the radiopaque shadow area in the
stomach, duodenum, jejunum, cecum, descending colon,
and rectum. The relative values other than zero or 100%,
which were averaged for each group of animals, were ranked
and assigned to one of the intervals (1-25, 26-50, 51-75,
76-99%), marked with various shades of grey; no shadow
was marked with white, and the shadow of 100% of the
injected barium mixture was marked with black. The data
obtained were represented as a scheme.

RESULTS

An hour after the barium suspension administration to intact
rats, a portion of the suspension passed from the stomach
to the duodenum. After 3 h, the suspension was observed
in the jejunum, and after 5 h it was also found in the cecum.
Twenty-five hours after the start of the experiment the major
portion of barium sulfate, found on the x-ray images, was in the
descending colon and the rectum.

In the case of intraperitoneal administration of
cyclophosphamide, barium suspension never reached the
jejunum, and in the case of cyclophosphamide administered

I/p S/c I/g

Fig. 1. X-ray radiography of rats performed at different times (specified on the
left, hours) after administration of cyclophosphamide in a dose of 1000 mg
(routes are specified on the top: i/p — intraperitoneal; s/c — subcutaneous;
i/g — intragastric) and barium sulfate (i/g, mmediately after cyclophosphamide
administration). Control rats are shown on the left in each window

intragastrically, the suspension never left the stomach.
Subcutaneous cyclophosphamide administration resulted
in the less prominent slow-down of transit: after 3 h the
radiopaque contrast medium left the stomach, however, after
25 h the medium did not reach the descending colon (Fig. 1, 2).

DISCUSSION

The development of gastrointestinal stasis in rats after
cyclophosphamide administration is consistent with the earlier
reported [16] slowing of gastric motility after the subcutaneous
injection of cyclophosphamide in a dose of 50-200 mg/kg
to rats. In the case of intragastric administration, the effect
size could be due to the aldophosphamide (transport form of
cyclophosphamide) hydrolysis in the acidic gastric contents
with the formation of more active alkylating metabolites [17, 18].

In our study, the dose of cyclophosphamide corresponded
to myeloablative dose for humans of 155 mg/kg [19]. Therefore,
the data obtained clearly point to the possibility of developing
gastrointestinal stasis in case of using cyclophosphamide to
prepare the patients for the allogeneic hematopoietic stem cell
transplantation.

Gastrointestinal stasis is a potentially fatal complication
found in the intensive care unit patients [20, 21]. The condition
increases the permeability of the intestinal barrier [22, 23],
and results in the gram-negative bacterial lipopolysaccharides
entering the bloodstream, developing systemic inflammation
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Fig. 2. Effects of cyclophosphamide administered in a dose of 1000 mg/kg on the barium suspension passage through the rat gastrointestinal tract. Shades of the
circles are proportional to the percentage of the radiopaque shadow area in the corresponding section of the gastrointestinal tract: black circles — 100% of the

administered barium sulfate; white circles — no barium sulfate

[24, 25] and sepsis [26]. Increased permeability of the intestinal
barrier also results in the enhanced flux of toxic nitrogenous
metabolites, such as ammonia, from chyme into the bloodstream.
In rats, exacerbation of hyperammonaemia after the gavage
with ammonium acetate against the background of acute
cyclophosphamide intoxication leads to the rapid development
of neurological disorders and significantly reduces the animals'
life expectancy [27].
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CONCLUSIONS
Modelling myeloablative cytostatic therapy in rats using
cyclophosphamide results in gastrointestinal stasis. The

changes in gastrointestinal peristalsis reported may contribute
to the flux of the gut microbial products into the bloodstream
and endotoxemia, and may be involved in the development of
the cyclophosphamide early toxic effects.
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DETECTION OF ULTRA-LOW CONCENTRATIONS OF BROMODIHYDROCHLOROPHENYLBENZODIAZEPINE
(PHENAZEPAM) AND ITS METABOLITES IN BIOLOGICAL OBJECTS
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In extreme situations, reliable detection of the minimum therapeutic concentrations of psychotropic substances is important, since this allows one to provide
adequate resuscitation. The group of benzodiazepine derivatives, which includes bromodihydrochlorophenylbenzodiazepine (phenazepam), is widely used in
clinical practice. Along with the positive clinical effect, phenazepam has numerous side effects, capable of causing poisoning, even death. The study was aimed to
develop the method for detection of the phenazepam metabolites by high-resolution HPLC-TMS suitable for achieving the aims and objectives of forensic medical
expertise in case of the ultra-low urine substance concentrations. Urine of six patients (males and females aged 28-40), who were prescribed phenazepam and
took the drug at minimum therapeutic concentrations on an ad hoc basis, was used during the study. Optimum conditions for the analyte chromatography after
the urine sample preparation were defined with the phenazepam retention time of 7.05 + 0.06 min; specific ions (m/z) 179, 183, 206, 242, 271, 285, 320, 348
(main) were defined for identification of phenazepam.
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OBHAPY>XEHUE BPOMANTMAPOXJIOP®EHUIIBEH30ONASENMNHA (PEHASEIMNAMA) U EFO
METABOJIUTA B BUOJIOTMYECKOM OBBbEKTE MNMPU CBEPXHU3KNX KOHLIEHTPALNAX
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B aKkcTpemManbHbix CrTyaumsx BaxkHa pofb AOCTOBEPHOrO OBHAPYXXEHUS MCUXOTPONMHbIX BELLECTB NPV MUHUMATbHBIX TepaneBTUHECKNX KOHLEHTPaLMSX, YTO
MO3BOMT MPOBOAWTb aeKBATHYIO PeaHVMALWOHHYIO Tepanuio. B MeAMLIMHCKOM NpaKTVIKe LUMPOKO MCMOSb3YIOT Fpynny MPOU3BOAHbIX OEH30AMAa3enHOB, CPeam
KOTOPbIX 6pOMANTNAPOXIOPdEHNOeH30ana3en H (eHasenam). NMoMMMO NONOXKUTENBHOMO KIMHUYECKOro addexTa deHasenam obnafaeT OoMbLLINM YUCIIOM
no6o4HbIX 3PHEKTOB, CNOCOOHBIX MPVBECTY K OTPaBNEHVSIM BMNIOTb A0 NeTanbHOro ucxoda. Lienkto nccnenosaris 6bi1o paspaboTtaTtb METOANKY OBHapY KeHs
mMeTabonuToB heHadenama metogom BOXKX-TMC BbICOKOro paspelueHrst Ans uenei 1 3agad cyaebHO-MeanUMHCKON SKCNepTnabl Mpu HaIMHMM CBEPXHU3KIX
KOHLIEHTpaLwmii B Mo4e. B nccnegoBaHnm MCNonb30Bam MOy LLIECTU MALMEHTOB (My>KHMH U XKEHLIVH B Bo3pacTe 28-40 neT), NpuH1MaBLLnx deHasenam B
MUHVMANBHbBIX TEpaneBTUHECKMNX KOHLIEHTpaLMaX B pa3oBbIx CAy4asx, MO HasHadeHuto Bpada. 1o pesynsrtatam vccnefoBaHys paspaboTaHbl OnTUManbHbIe
YCNOBYS XpoMaTorpadrpoBaHns aHanMToB Nocne NPOBOMOATOTOBKN MO4M, C BPEMEHEM yaepxmBaHus heHadenama 7,05 + 0,06 MVH, BbISiBNEHbI XapakTepHble
NoHbI (M/z) 179, 183, 206, 242, 271, 285, 320, 348 (0CHOBHOW) ANs naeHTUdMKaumm heHasenama.
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In extreme situations, reliable detection of the minimum
therapeutic concentrations of psychotropic substances
is important, since this allows one to provide adequate
resuscitation. Currently, benzodiazepine derivatives are among
the most common psychotropic medications used in patients
with anxiety disorders and other psychosomatic disorders.
Bromodihydrochlorophenylbenzodiazepine (phenazepam) is
the most potent benzodiazepine commonly used in medical
practice [1-5]. Along with the positive clinical effect it has
numerous side effects [6], which, in case of inappropriate
medication use or non-medical use, may result in poisoning
and even be fatal [7-9].

Bromodihydrochlorophenylbenzodiazepine is a benzodiazepine
anxiolytic agent (tranquilizer) possessing anxiolytic, sedative-
hypnotic, anticonvulsant and central muscle relaxant effects.
The chemical name is 7-bromo-5-(orthochlorophenyl)-2,3-
dihydro-1H-1,4-benzodiazepin-2-one; the molecular formula
is C, H,,BrCIN,O; in the Russian Federation, the compound is
known mostly under the brand name of “Phenazepam”. The
dosage forms are 0.5, 1.0 and 2.5 mg tablets [10], and the
1 mg/mL solution, 0.5 and 1.0 mL [11]. Bromodihydrochlorop
henylbenzodiazepine is a prescription drug (prescription form
Ne 148-1/u-88). As a potent substance, in 2021 it became
a controlled drug. To phenazepam, the risk of substance
abuse and withdrawal syndrome remains rather high, which
is the cause of the poisoning cases. Side effects, such as
hallucinations, euphoria, etc., define the abuse potential of the
drug [1, 9].

Phenazepam is used in small quantities because of its
huge therapeutic effect. The possibility of the effect manifold
potentiation by other substances entails low concentrations of
the substance in the body's biological objects. Non-medical
use, combinations with other psychotropic medications or
alkohol, and side effects may result in acute or fatal phenazepam
intoxication, that is why development of the method for detection
and identification of the ultra-low substance concentrations in
biological objects using the advanced techniques still remains
an urgent challenge posed by forensic chemistry and chemical
toxicology studies. Simultaneous detection of the phenazepam
metabolites and native substance (bromodihydrochlorop
henylbenzodiazepine) makes it possible to actually verify the
substance use by patient/victim and confirm the lack of false
positive result in case of falsification in the form of adding the
substance to the biological object. The most common non-
invasive biological object used in medical laboratories (including
the chemical toxicology laboratories) is the biological fluid, urine
[12,13].

Today, high performance liquid chromatography—tandem
mass spectrometry (HPLC-TMS) is successfully used as
a reliable, selective and sensitive method for screening,
identification and quantification of small molecules [14-16].
The study was aimed to develop the method for detection
of phenazepam and its major metabolite by high-resolution
(HR) HPLC-TMS based on the Orbitrap technology suitable

Table 1. Mobile phase gradient
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for achieving the aims and objectives of forensic medical
expertise in case of the ultra-low substance concentration in
the biological object (urine).

METHODS

Urine samples were collected from patients (n = 6) in the
morning on an empty stomach 8 + 1 h after administration of
the therapeutic concentrations of phenazepam (in tablets of
1 mg), prescribed due to psychosomatic disorder. Inclusion
criteria: initial medication administration allowing to avoid
deposition and concentration increase in the human body.
Exclusion criteria: patients with comorbidities currently taking
psychotropic medications; kidney disease; age over 45 or
under 25. The average age of both male and female patients
was 34 + 6 years. The samples of biological fluid were collected
anonymously using the non-invasive procedure on a voluntary
basis, with the consent of the patient.

Bromodihydrochlorophenylbenzodiazepine, the active
ingredient of phenazepam (LP-005121-191018), was assessed
after purification of excipients. The working standards (WS)
were prepared: alcohol solution containing 1 mg/mL of the test
substance.

The following was used for assessment: high-resolution
HPLC-TMS and Orbitrap technology [15, 16]; Orbitrap Exploris
120 mass spectrometer (ThermoFisher Scientific; USA), being
the OrbitrapTM standalone unit with the atmospheric pressure
chemical ionization (APCI) source for high-performance liquid
chromatography—mass spectrometry.

Because of the phenazepam side effects being rather
intense for benzodiazepine derivatives when referred to the
forensic medical examination in order to perform chemical
toxicological analysis, sample preparation was performed in
accordance with the generally accepted procedure, developed
for benzodiazepines derivatives. Phenazepam was isolated
in two ways: 1) with no hydrolysis: 5 mL of native urine were
alkalinized to pH 10 by adding sodium hydroxide (3—-6 mL);
2) byhydrochloric acid hydrolysis and subsequent liquid-liquid
extraction: 5 mL of concentrated hydrochloric acid were added
to 5 mL of the first-void urine and heated in the closed tube in a
boiling water bath for an hour (acid hydrolysis). Then the solution
was neutralized by alkalinization with 60% sodium hydroxide
to pH 10. Both options involved the subsequent chloroform
extraction repeated two times: 10 mL in the separatory funnel,
manually shaken moderately for 3 min. After settling chloroform
was poured into the evaporating dish and evaporated to
dryness on a water bath; solid residue was dissolved in 0.5 mL
of acetonitrile and subjected to assessment.

Chromatographic conditions, HR HPLC-TMS
Thermo Scientific Xcalibur 4.4 software (Thermo Scientific; USA),

TF Accucore PhenylHexyl column (100 x 2.1 mm, 2.6 mm) with
the column temperature of 30 °C were used.

Time, min Liquid phase flow rate, mL/min Mobile phase A, % Mobile phase B, %
0 0.5 99.0 1.0
1.0 0.5 99.0 1.0
10.0 0.5 1.0 99.0
1.5 0.5 1.0 99.0
12.0 0.5 99.0 1.0
13.5 0.5 99.0 1.0
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Table 2. Results of urine analysis by HR HPLC-TMS

. Theoretical mass of Experimental mass of Retention time, min Statistical parameters of
Substance Elemental composition . . - R
protonated ion, m/z protonated ion, m/z (n=6) retention time
02 =0.00572;
e
Phenazepam C,;H,,BrCIN,O 349.61 348.97 (6.98; 7.05; 6.95; 7.15; - S
7.06;7.11) A/m, =-0.07035;
T E/m, = -2.14563;
a=0.05667
02 = 0.00756;
o
3-hydroxyphenazepam C,;H,,BrCIN,O, 365.61 364.97 (6.65; 6.88; 6.77; 6.85; T
6.70: 6.77) A/m_=-0.08377
T E/m, =-2.12896
a =0.06333

Note: 0® — variance, o — standard deviation; V — coefficient of variation; A/m, — ratio of skewness to its error; E/m_— ratio of kurtosis to its error; a — mean deviation.

The combined mobile phase was previously prepared.
To increase the speed of analysis and reduce the width of
chromatographic peaks we used different gradients altering
the composition of mobile phase and changed the flow rate of
the delivered mobile phase. Mobile phase in the gradient mode:
mobile phase A — 2 mM ammonium formate with 0.1% formic
acid in water (pH 3.0), mobile phase B — 2 mM ammonium
formate with 0.1% formic acid in the acetonitrile methanol
mixture (1 :1). The flow rate was 0.5 mL/min. The gradient
mode details are provided in Table 1.

Detection was performed in the data-dependent acquisition
mode. The full scan-ddMS2 mode was as follows: scan range
100-1000 m/z; RF Lens 50%, high resolution data acquisition
(Orbitrap, 120,000 FWHM). Automatic scan range mode.
Automatic detection of the ion injection time. Intensity threshold
for fragmentation 2000. Peak detection 30%, isolation window
1 m/z, stepped collisional energy mode, absolute collision
energy. Higher—energy collisional dissociation (HCD) of 15, 30, 45%.
Fragment resolution of 30,000. Detection windows were
adjusted by routine laboratory method in order to optimize
the conditions of the qualitative and quantitative analysis. lon
exclusion mode was used after acquisition of one spectrum
in3s.

The system was fitted with the ion source, the following
settings were used: H-ESI ion source; positive-ion electrospray
voltage of 3500 V; negative-ion electrospray voltage of 2500 V.
Nebulizer gas — nitrogen 50 AU, auxiliary gas — nitrogen
13 AU. Capillary temperature — 280 °C; evaporation source
temperature — 350 °C. Built-in mass calibration EASY-IC™
(fluoranthrene).

After cromatography, native compound, phenazepam, and
its metabolite were identified using the mass spectral libraries:

100 705

90—
80;
70;
60:
50—-

40—

Relative Abundance

30—

486 538
i §

TRACEFINDER 5.1 SP1; TOXFINDER 1.0; EFS_HRAM_
Compound_Database; Toxicology_HRAM_Compound_Database;
Thermo Scientific™ mzVault HRAM MS/MS spectral library;
COMPOUND DISCOVERER 3.1; MzCloud.

Student's t-test was used for statistical data processing.
The differences were considered significant at p < 0.05.

RESULTS

The use of the selected scan mode made it possible to reach
maximum sensitivity (due to the lack of collisional losses), which
was essential for evaluation of the temporal detection windows,
since the method, optimized for fast separation, could yield
false-negative results due to low scan speed, whereas the
significantly increased scan speed could result in the significantly
reduced signal intensity, which was very important for detection
of the low (therapeutic) concentrations of metabolites in
biological fluids (urine). Chromatographic conditions, i.e. the
mobile phase gradient combined with the temperature made it
possible to reduce the quantity of compounds co-eluted from
urine, and ensured reliable results (Fig. 1 and 3).

When performing isolation after hydrolisis, only the peak
of phenazepam was observed (no 2-amino-5-bromo-2'-
chlorobenzophenone was detected); peaks of phenazepam
and 3-hydroxyphenazepam were observed when using no
hydrolisis.

Phenazepam and its metabolite 3-hydroxyphenazepam
were identified on the chromatograms using the selected ion
approach. Detection was performed based on the retention
time values with subsequent identification following the analysis of
specific ions on the mass spectra of these compounds. Statistical
analysis of the retention time values is provided in Table 2.

T T T
1 2 3 4 5 6 7

Time (min)

Fig. 1. Selected ion chromatogram (m/z 348) of the chloroform extract of urine containing phenazepam
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Fig. 3. Selected ion chromatogram (m/z 348) of the chloroform extract of urine containing 3-hydroxyphenazepam

In the body, phenazepam is metabolized to
3-hydroxyphenazepam. The percentage of native phenazepam
excreted from the body is 47-89%, that is why identification
is possible, and it is recommended to perform identification
based on phenazepam.

Along with retention time, spectral characteristics of the
test substances are considered a significant factor when
performing identification (Fig. 2).

Statistical data processing and validation study (Table 3) were
performed using the following parameters: analyte carryover
assessment, determination of interference effects, ionization
suppression/enhancement [17]. Parameters of validation
characteristics met the acceptance criteria.

DISCUSSION

The acquired full range spectra of the test substances with
the dissociated mass spectra of ions specific to the molecular
fragments in various functional groups make it possible to
distinguish ions specific to phenazepam: 179, 183, 206, 242,
271, 285, 320, 348 (main) m/z.

According to the data presented in Table 3, a specific ion
could be distinguished for each test compound, however,
identification requires the use of at least five. During the study

it is possible to perform analysis in the selected ion monitoring
(SIM) mode using the selected ions. lon at m/z 348 is the most
intense ion in the mass spectra of phenazepam. It should
be noted that ions of the “non-informative” range (i.e. below
150 AMU) are present in both test compounds, that is why
identification results are heavily influenced by the components
of the studied sample matrix and the “background” of the
chromatography column. Therefore, it is recommended to use
optimum data exceeding 150 AMU.

CONCLUSIONS

The method for identification of phenazepam in urine extracts
by HR HPLC-TMS using the Orbitrap technology, allowing one
to detect the ultra-low concentrations of phenazepam in the
human biological objects (such as urine), has been developed, to
be used in forensic chemistry and chemical toxicology studies.
The retention time of the metabolite 3-hydroxyphenazepam
after oral administration have been discovered and determined,
specific ions to be used for identification have been defined.
The method has been validated using the following parameters:
analyte carryover assessment, determination of interference
effects, ionization suppression/enhancement; according to
these parameters, the method meets the acceptance criteria.

Table 3. Assessment of the parameters of validation characteristics used for identification of phenazepam and its metabolite by HR HPLC-TMS

Parameter

Result

Analyte carryover assessment

No analyte carryover revealed for 10 ng/mL

Determination of interference effects

No interference effects in the group of medications — metabolites of other
benzodiazepine receptor agonists (clobazam, zaleplon, phenazepam)

lonization suppression/enhancement

from -4,1t0 1,1%
RSD < 11%
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HEPATITIS B, C AND TTV VIRUS INFECTION IN HIGHLY TRAINED ATHLETES
Melnikova LI"® Kozhanova TV?, lichenko LYu?#, Morozov IA?, Soboleva NV?, Nguyen Thi-Hanh?®, Kruglova IV4, Gordeychuk V2
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Biomedical support is aimed at provision of the athletes' training at various stages of the training and competition process. Withholding of access to this process
due to health problems resulting from hepatitis virus infection is a demanding task. The study was aimed to assess the detection rate of the hepatitis B virus,
hepatitis C virus and TT virus infection markers in highly trained athletes. A total of 384 blood serum samples were collected from 240 males and 144 females aged
14-49 (athletes engaged in playing sports, precision sports, technical sports, etc.) within the framework of the multicenter open-label cross-sectional clinical trial.
All athletes answered a questionnaire, which included demographic information, characteristics of sports, information about the infection risk factors, information
about the fact of past acute viral hepatitis and vaccination. Markers of infection with hepatitis B virus, hepatitis C virus and TTV were identified in blood serum
by enzyme immunoassay. HosAg was detected in two surveyed athletes. Anti-HBcore (surrogate marker of latent HBV infection) was detected in 7% of samples
(27/384); 1% of athletes (4/384) had a positive hepatitis C virus total antibody test (anti-HCV). Anti-HCV in combination with anti-HBcore was detected in one
female athlete (14 years of age, tennis player). DNA of TTV, TTMDV and TTMV was detected in blood serum samples of 89.1%, 83.1% and 85.4% of athletes,
respectively. High detection rate of the hepatitis virus markers was observed.

Keywords: highly trained athletes, hepatitis B, hepatitis C, hepatitis TTV, virus markers

Author contribution: Melnikova LI, Kruglova IV — collection of material, data analysis; Kozhanova TV — identification of markers of hepatitis virus infection,
manuscript writing; llchenko LYu — research design development, data analysis; Morozov IA — research design, manuscript editing; Soboleva NV — identification
of the hepatitis virus infection markers, statistical data processing; Nguyen Thi-Hanh — literature analysis; Gordeychuk IV — manuscript editing, approval of the
final version of the article.

Compliance with ethical standards: the study was approved by the Ethics Commitee of the Clinical Hospital No. 85 of FMBA of Russia (protocol Ne 157 dated
September 19, 2018). All subjects submitted the informed consent to blood sampling, identification of the hepatitis virus infection markers, and publication of
results.

P><] Correspondence should be addressed: Lubov |. Melnikova
Kashirskoe shosse, 13G, Moscow, 115230, Russia; mel165@mail.ru

Received: 16.02.2022 Accepted: 05.03.2022 Published online: 22.03.2022
DOI: 10.47183/mes.2022.005

NMHONLIMPOBAHHOCTb BUPYCAMW M'EMATUTOB B, CU TTV
BbICOKOKBATM®ULINPOBAHHbLIX CMTOPTCMEHOB

T1. V. MenbHrkosa' B9, T. B. KoxxaHnosa?, J1. KO. Vine4eHko??, M. A. Moposos?, H. B. Co6onesa?, Nguyen Thi-Hanh?, 1. B. Kpyrnosa®,
V1. B. loppoeivyk®

T KnuHndeckast 6onbH1La Ne 85 GefepansHoro Meanko-bronormydeckoro areHtctea, Mockea, Poccust

2 depepanbHbI HayYHbIA LIEHTP UCCRefoBaHNiA 1 padpaboTki MMMYHOBMONOrMYeckux npenapaTos nmeHn M. T. Yymakosa, Mocksa, Poccuis

3 POCCUNCKIIN HALMOHaBHBI MCCNenoBaTeNbCKuii MEAVLIMHCKIMIA yHMBEpCUTET MeHn H. . TMinporosa, Mocksa, Poccus

4 denepanbHbIf Hay4YHO-KIMHUYECKUI LEHTP CMIOPTUBHOM MEAMLMHBI 1 peabunmTaummn PeaepanbHoOro Meamko-6uonornyeckoro areHTcTea, Mocksa, Poccus

Menuko-6bronorn4eckoe ConpoBoOXaeHVe HanpasneHo Ha obecrneyeHrie NOArOTOBKM CMIOPTCMEHOB B PasfivyHble NePUOAb! TPEHMPOBOYHO-COPEBHOBATENBLHOMO
npoLecca, 0Tkaa OT A0MycKa K HeMy 13-3a OTKITOHEHUIA B COCTOSIHWM 3A0PO0BbS BCAEACTBUE MHMMLMPOBAHNS BYPYyCaMy renaTutoB SBASETCSH AOCTAaTOMHO TPyAHOM
3apaden. Lienbto nccnepoBaHvs Obin10 OLEHWUTL HaCcTOTY BbISBAEHVS MapKepOoB MHPULMPOBaHWs Brpycamn renatntoB B, C n TTV y BbICOKOKBaNMMULMPOBaHHbBIX
CNOPTCMEHOB. B MHOrOLEHTPOBOM OTKPBITOM OAHOMOMEHTHOM KIIMHNYECKOM UCCnefoBaHnm y 240 My>xx4mH 1 144 >xeHLWH B Bo3pacTe 14-49 net (cnopTcMeHoB
NMPOBbIX, CNOXXHOKOOPANHALWIOHHBIX, TEXHUHECKUX 1 OPYIVX BUAOB cnopTa). MNonydeHo 384 obpasLia CbIBOPOTKM KPOBW. BCe CNopTCMEHb! 3aMONHAMM aHKETY,
BKJIOHaBLLYIO AeMorpadrHeckiie iaHHbIe, XapakTeprCTUKy Braa CropTa, CBEAEHs O (hakTopax pucka VHMULIMPOBaHIS, MHPOPMALIIO O HAIHM NEPEHECEHHOTO
OCTPOro BUPYCHOrO renatuta 1 BakuvHonpodunaktike. B cbiIBOPOTKE KPOBK METOAOM UMMYHOEPMEHTHOO aHamaa onpeaensinim Mapkepb! MHOULPOBaHUA
Bupycamu renatutos B, C n TTV. Y aByx 13 obcnepyembix CnopTcMeHoB BbisiBneH HBsAg. B 7% (27/384) obpaaLios obHapy»xeHb! anti-HBcore (CypporaTHbii
Mapkep nareHTHon HBV-uHdekumn), y 1% (4/384) cnopTcMeHOB — CyMMapHble aHTuTena k Bupycy renatuta C (anti-HCV). Anti-HCV 6bin BbIgBNEH B COHETaHUM C
aHTn-HBcore y ogHOM CnopTeMeRKn (Bo3pacT — 14 NneT, 3aHMMaeTcs TeHHMCOM). B obpasLiax cbiBOPOTOK kposm 89,1%, 83,1%, 85,4% crnopTcMeHOB 06Hapy»>KeHbl
DNATTV, TTMDV 1 TTMV COOTBETCTBEHHO. YCTaHOBIEHA BbICOKasi HacToTa OOHAPY>KEHVS MapKEPOB BUPYCOB renaTuTos.

KnioueBble cnosa: BbICOKOKBaﬂMdDMuMpOBaHHbIe CMOPTCMEHbI, MapKepbl BUPYCOB, renatnt B, renatut C, renatut \%

Bknap aBtopoB: JI. /I. MenbHukoea, WM. B. KpyrnoBa — cbop matepuana, aHanma nonydeHHbiX AaHHblx; T. B. KoxaHoBa — onpefeneHvie Mapkepos
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Sport is one of the components of physical fitness, while
high performance (elite) sport is an activity aimed at reaching
peak athletic performance, which requires mobilization of
emotional resources and body's functional capacity.

Peak athletic performance is reached due to the scientific
and methodical support of the athlete training system at various
stages of the training and competition process. Biomedical
support involves investigation of the athletes' competitive
activity together with the serial comprehensive, routine and
detailed medical examinations (DME) performed in accordance
with the specially designed programs in medical institutions [1, 2].

Viral hepatitis is a diffuse inflammatory liver disease
caused by hepatotropic viruses. The infection has a variety of
transmission routes and epidemiologic features [3].

Over the past 30 years, at least five different hepatitis
viruses have been discovered: A (HAV), B (HBV), delta or
D (HDV), C (HCV) and E (HEV) [3]. There is emerging evidence
of the existence of other hepatotropic viruses capable of playing
a role in the pathogenesis of both acute and chronic liver disease
(CLD). Thus, hepatitis G virus (Pegivirus), TT virus and SEN
virus were isolated from the samples collected from patients
with acute or chronic hepatitis (CH) [4]. However, virological
and epidemiological studies made it impossible to define the
role of these viruses in the pathogenesis of the disease [3, 4].

Hepatitis B and C viruses remain the most important
etiological factors of liver disease. Thus, in 2020 the acute
hepatitis B infection incidence per 100,000 population was
0,35; the value for chronic hepatitis B infection was 4.4; the
incidence of acute hepatitis C infection was 0.66; the value for
chronic hepatitis C infection was 16.7 [5]. There are no official
recors of infection caused by hepatitis delta virus and Torque
teno virus (TTV) in our country.

Taking into account the global prevalence of viral hepatitis
it can be affirmed that athletes are also at risk of infection.
They could be infected during the training session or the rest
period. Athletes may get infected with viral hepatitis owing to
activities not related to sports. However, there is some risk of
virus transmission when practicing some sport. Furthermore,
the team sport athletes maintain close contact with the team
members for along time; sharing food and drinks could increase
the likelihood of the hepatitis virus fecal-oral transmission
[6]. The actual prevalence of viral hepatitis among athletes is
unknown [6, 7].

In this regard, questions arise about safety of sport and
participation of athletes in the competitions after the diagnosis
of acute or chronic viral hepatitis. Sports physicians should
decide on the terms of the athlete's admission to training and
competitions, understand the risk of viral transmission during
sport, and be able to advise the athletes accordingly. Finally,
specialists, who take care of the athletes' health, should be
familiar with the strategies of the viral hepatitis prevention [8].

Athletes much more often get infected with HBV and HCV
during activities not related to sport. These are unprotected
sexual intercourse; the use of injection drugs, such as
psychoactive substances and anabolic steroids; sharing
personal items (for example, razors, toothbrushes, nail
nippers). The cases of infection during tattooing, piercing and
body painting have been reported [9].

Furthermore, healthcare professionals should consider the
risk of the HBV and HCV horizontal transmission in athletes [10].
When playing sports, the infected blood could contaminate
skin or mucous membranes of the other team members or
individuals who come into contact with them [10].

The study was aimed to assess the detection rate for the
HBV, HCV and TT infection markers in highly trained athletes.
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METHODS

The multicenter open-label cross-sectional clinical trial was
performed in the Center for Diagnosis and Management of Viral
Hepatitis of the Clinical hospital No. 85 of FMBA of Russia and
Federal Scientific and Clinical Center for Sports Medicine and
Rehabilitation of FMBA of Russia.

Blood samples were collected from 384 athletes during the
detailed medical examination. Inclusion criteria: highly trained
athletes; age 14-49 years; informed consent to blood sampling,
identification of the viral hepatitis markers, and publication of
results.

All athletes completed the questionnaire, which had been
developed by the researhers (Table 1).

Markers of viral hepatitis were identified in blood samples.
Serological markers of HBV and HCV infection (hepatitis B
surface antigen (HBsAg), antibody to hepatitis B core antigen
(anti-HBcore), hepatitis C virus antibody (anti-HCV)) were
identified by enzyme immunoassay using the number of test
systems in accordance with the manufacturers' instructions.
The following test systems were used: DS-EIA-HBsAg-0.01;
DS-EIA-HBsAg-0.01 for confirmation; DS-ElIA-anti-HBc;
DS-EIA- SPECTRUM-G, DS-EIA-ANTI-HCV-SPECTRUM-GM
(Diagnostic Systems; Russia).

Deoxyribonucleic acid (DNA) of viruses of the family
Anelloviridae was detected in blood serum samples by
polymerase chain reaction (PCR). Isolation of nucleic acids
from the blood serum samples was performed using the kit
for isolation of deoxyribonucleic acid/ribonucleic acid (DNA/
RNA) from blood serum or plasma on the MP@SIO, magnetic
particles (Sileks; Russia) in accordance with the manufacturer's
protocol.

DNA of viruses of the family Anelloviridae in blood serum
was identified by nested PCR [4], allowing one to distinguish
between TTV, Torque teno midi virus (TTMDV), and Torque teno
mini virus (TTMV) based on the amplified fragment size. The
amplification product size was 112—-117 nucleotides for TTV,
88 nucleotides for TTMDV and 70-72 nucleotides for TTMV.
The product with the length of 207 base pairs (bp) was defined
by 2% agarose gel electrophoresis conducted with TBE (Tris-
borate-EDTA) buffer.

Statistical analysis of raw data involved calculation of
the main selected indicators for quantitative variables. The
detection rate of the serological markers (HBsAg, anti-HBcore,
anti-HCV) and Anelloviridae virus DNA was calculated as a
percentage of their total quantity in the sample.

RESULTS

The sample of athletes, who's blood samples were included in
the study (384 out of 384), was randomized and represented
by athletes engaged in different sports (playing sports, precision
sports, technical sports, etc.) (Table 2).

Markers of HBV infection

Assessment of 384 blood samples revealed HBsAg in two
individuals (male, fencing; female, volleyball). The detection rate
of anti-HBcore in the general group was 7% (27/384). Female
athletes were at higher risk of HBV infection compared to male
athletes (18/144 and 9/240, respectively).

Analysis of personal data revealed the group of individuals
with positive history. The following risk factors for infection
predominated among athletes with anti-HBcore: dental care
in 16 individuals (59.3%), injuries in 8 (29.6%), surgery in
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Table 1. Questionnaire for highly trained athletes

Full name

Fill in or underline

Age (completed years)

Gender

male / female

Place of birth

Athletic discipline

Athlete's qualification

History of acute viral hepatitis

A, B, C, E (when?)

Vaccination against HAV

Yes, no (when?)

Vaccination against HBV Yes, no (when?)
Surgical interventions Yes, no (when?
Transfusion of blood or blood substitutes Yes, no (when?
Dental care Yes, no (

Tattoos, piercings

Yes, no (when?

Acupuncture

)
)
when?)
)
)

Yes, no (when?

Traveling to foreign countries (which exactly?)

Exposure to individuals with viral hepatitis

Date of blood sampling

Note: HAV — hepatitis A virus, HBV — hepatitis B virus.

9 (83.3%), acupuncture in 2 (7.4%), and tattooing in one
individual (3.7%). There were no defferences between males
and females based on the risk factors. The average age of
athletes with anti-HBcore was 16.1 + 2.5 years.

Anti-HBcore was detected in blood serum of four artistic
gymnasts, eight field hockey players, two pentathlon athletes,
two hockey players, two golf players, two swimmers; single
positive samples were obtained from freestyle skier, golf player,
fencer, tennis player, artistic gymnast, universal martial arts
fighter, and gun shooting athlete.

According to their personal data, only 11.7% of athletes
(45/384) were vaccinated (tree doses) against HBV. However,
HBV infection markers (anti-HBcore) were found in one of
them (female, artistic gymnastics). At this stage of the study,
evaluation of the protective levels of the total hepatitis B surface
antibody (anti-HBs) in athletes has not been completed.

The following was observed in HbsAg-positive patients:
HBV DNA, viremia level exceeding 2000 IU/mL, elevation of
alanine aminotransferase levels up to 1.5 of the reference
limit (upper limit of normal), stage 1 fibrosis based on the
transient elastography data. After 12 weeks of therapy with
entecavir given at a dose of 0.5 mg/day, undetectable levels
of HBV DNA were achieved. Therapy and follow-up were
resumed.

Markers of HCV infection

According to the study, anti-HCV were found only in 1% of
athletes (4/384). Combination therapy with sofosbuvir 400 mg/day
and daclatasvir 60 mg/day was started after additional testing,
which included assessing HCV RNA, viremia level, activity of
chronic hepatitis C, and fibrosis stage. At the time of writing
the article, the athletes had been followed up for 1.5-2 years
after the antiviral therapy completion and achieving sustained
virologic response.

Anti-HCV in combination with anti-HBcore were found in
one female tennis player (aged 14). Biochemical indicators
characterizing liver function (particularly, aminotransferases,
bilirubin) did not exceed the upper limit of normal range.
Abdominal ultrasound showed no abnormalities. Markers of
viral replication, HBV DNA and HCV DNA, were assayed in

order to exclude latent viral infection, the negative test result
was obtained. The athlete was further followed-up.

Markers of TTV, TTMDV, TTMV infection

According to the study, TTV was detected in 89.1% of athletes
(842/384), TTMDV in 83.1% (319/384), and TTMV in 85.4% of
athletes (328/384) (Table 3). The combination TTV + TTMDV +
TTMV was detected in 69% of athletes (265/384). Biochemical
indicators were within normal range.

DISCUSSION

The article presents the results of a study of 384 blood serum
samples obtained from 384 highly trained atheletes engaged
in different sports. The detection rate of the hepatitis virus
markers was high: 89.1% for TTV, 83.1% for TTMDV, 85.4%
for TTMV, 7% for HBV, 1% for HCV.

It must be pointed out that the diagnosis of the hepatitis
etiology limited to testing for HbsAg is ineffective, which allows
patients with anti-HBcore to join the group of individuals
with hepatitis of unknown etiology [4, 11]. Furthermore, such
patients are most likely to infect other people.

Previously, only the presence of the stably detectable anti-
HBcore was considered the sign of the past infection followed
by the virus elimination and the disease remission [2]. However,
anti-HBcore-positive patients generally have minimum serum
levels of HBV DNA or HBV DNA that could be detected only
in liver tissue. Today, the presence of anti-HBcore and the
absence of HBsAg are considered the surrogate marker of
latent HBV infection, and the lack of detectable HBV DNA in
blood serum is not considered the fact precluding the infection.

Thus, the final judgement on the status of athletes with
HbsAg is established through identification of the broader
range of the HBV serological markers (anti-HBs, anti-HBe),
confirmatory test for HbsAg and HBV DNA, and transient
elastography aimed at detecting liver fibrosis and/or assessing
the stage of fibrosis.

Along with HBV infection, hepatitis C virus (HCV) remains
highly relevant. It is the major health and social issue in many of
the world's countries, including the Russian Federation, owing
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Athletic discipline Males Females
Tennis 15 5
Universal martial arts 8 4
Biathlon 4 4
Bobsleigh 9 -
Volleyball - 3
Canoe slalom 15 1
Golf 1 6
Judo 1
Luge 1 -
Track and field 12 10
Swimming 4
Jumping 1
Pentathlon - 3
Artistic swimming - 12
Ski cross 1 1
Slopestyle 1 -
Snowboard 1 -
Artistic gymnastics 15 6
Gun shooting sports 17 13
Sumo 5 10
Short-track speed skating 10 6
Football - 12
Triathlon - 1
Fencing 24 11
Freestyle skiing 19 8
Hockey 27
Field hockey 47 18
Chess - 1
Total 240 144

to significant social and economic harm, global incidence,
disease severity, and active involvement of people of working
and childbearing age in the epidemic process [12].

According to the World Health Organization, the estimated
number of people infected with HCV all over the world is
71 million [3]. However, the reported incidence rates for acute
and chronic HCV do not fully reflect the population infection
rate. HCV could remain asymptomatic for decades.

In our study, the detection rate of the most commonly
identified HCV marker, anti-HCV, in athletes (1%) does
not exceed the conditional average detection rate (3.5%)

Table 3. Markers of hepatitis virus infection in athletes

obtained for this antibody in Eastern Europe [3] and, therefore,
suggests low prevalence of HCV in the country. However, HCV
co-infection with different hepatotropic and non-hepatotropic
viruses could become the major underlying cause of the
chronic hepatitis latency [4].

A decade after 1997, Japanese virologists H. Okamoto,
T. Nishizawa, M. Ninomiya, et al, discovered viruses with
genomes composed of one circilar single-stranded DNA
molecule [13, 14]. In 2009, the viruses were classified as a
new family Anelloviridae. Already then we knew about the
extremely high prevalence of viruses, which reached 100%

Infection markers

Males, n (%)

Females, n (%)

anti-HBcore IgG
Of those: anti -HBcore IgG + TTV
anti -HBcore IgG + anti-HCV

9/240 (3,8%)
9/9 (100%)
0/9 (0%)

18/144 (12,5%)
14/18 (77%)
1/18 (5,5%)

mono anti-HCV

3/240 (0,8%)

1/144 (1,44%)

mono V

214/240 (89,2%,

128/144 (88,9%

mono TTMDV

199/240 (82,9%

120/144 (83,3%

mono TTMV

TTV + TTMDV

184/240 (76,7%

109/144 (75,7%

TTMDV + TTMV

(: )
(: )
206/240 (85,8%)
( )
( )

178/240 (74,2%

(: )
(: )
122/144 (84,7%)
( )
( )

106/144 (73,6%

TTV + TTMDV + TTMV

168/240 (70%)

97/144 (67,4%)
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not only in humans, but also in chimpanzee and African green
monkeys. Such prevalence of viruses of the family Anelloviridae
results from the properties of the parenterally transmitted and
enteric viruses. It is believed that infection with these viruses
is asymptomatic. The viruses are represented by numerous
genera and genotypes (particularly, there are 29 genotypes
of TTV (genus Alphatorquevirus), 12 genotypes of TTMV
(genus Betatorquevirus), 15 genotypes of TTMDV (genus
Gammatorquevirus)) [15]. Several viruses can coexist in the
human body. Viruses are capable of affecting various organs
and systems, but not all of them are related to liver disorders.

Over the past decade, the researchers observed not only
the extremely high prevalence of these viruses in the populations
of many countries, but also confirmed hepatotropism of some
genotypes and their pathogenicity in the liver [15, 16].

The nature of chronic liver disease caused by viruses of
this group has been described, the electron micrographs of
TTV, TTMDV, TTMV have been obtained [17]. However, some
researchers still believe in the non-pathogenic persistence of
Anelloviridae family in humans assuming that their presence in
human body results from centuries of the virus—host coevolution.

Unfortunately, English medical literature provides no data on the
athletes' infection, which makes it impossible to perform analysis
and compare the results with the data of similar foreign studies.

Analysis of personal data of the surveyed elite athletes, in
who's serum samples anti-HBcore, anti-HCV and TTV/TTMD/
TTMV had been detected, showed that the athletes were
unaware of their positive status.

All the above points to the need for asessment of the wider
range of viral infection markers in athletes without being limited
to testing for HBsAg and anti-HCV. Co-infection with different
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FOCAL LASER PHOTOCOAGULATION OF THE OPTIC DISC PERIPAPILLARY NEOVASCULARIZATION
IN PATIENT WITH PROLIFERATIVE DIABETIC RETINOPATHY
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Diabetic retinopathy (DR) is one of the most common complications of diabetes mellitus and one of the major causes of blindness in the developed world. Retinal
laser photocoagulation is a gold standard for the treatment of DR. Despite its high efficiency, laser therapy has a number of limitations. The emergence of drugs,
designed to inhibit the growth of the newly formed blood vessels, in ophthalmic practice made it possible to change treatment strategy in patients with retinal
neovascularization. However, this method also has some adverse effects. Given the limitations on the repeated sessions of laser photocoagulation and the risks of
ophtalmic complications after the intravitreal injection of the angiogenesis inhibitors, extraordinary situations, when there are negative results of treatment with the
use of the described above techniques in one eye and disease progression in the single eye with preserved vision, become a serious problem when performing
treatment. The clinical case reported has shown the feasibility of staged laser treatment in patient with the optic disc peripapillary neovascularization. Therapy has
resulted in the regression of the newly formed blood vessels and visual function preservation.
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®OKAJIbHASA NASEPHASA KOATYNALUUA NEPUNAMUIIIIAPHON HEOBACKYNAPU3ALIMA
AVUCKA 3PUTEJNIbHOIO HEPBA MPU NPOMM®EPATUBHOWN AUABETUYECKOW PETUHOMNATUN

X. T Taxumam, H. X. Taxumau, T. A. KacMblHWHa, E. 1. TebrHa =
Poccuirickmin HaumoHanbHbIN MCCNeA0BaTENBCKNIA MEQULIMHCKUI YH1BEPCUTET uMeHn H. U. Tporoea, Mocksa, Poccus

[unabeTnyeckas petuHonatvs ([P) sBnseTcs ogHM 13 Hanbonee YacTbiX OCNOXKHEHUI CaxapHOro AnabeTta v OfHON 13 BefyLLUVX MPUYMH PasBUTVSA CRenoTsl B
pasBUTbIX CTpaHax. 3010ToM CTaHaapT NedeHna [P — nasepHas koarynaumsa cetHaTky. HecMoTps Ha BbICOKYHO 3PEKTVBHOCTb NIa3ePHOIO NEYeHNs, AaHHbIN
METOZ, MEeeT OrpaHNYeHnst B MCMoNb30BaHWW. osSBAEHVE B KIMHWUYECKOW MpaKTuke odTanbMonora npenaparos, HanpasneHHbIX Ha MHMMO1poBaHve pocTa
HOBOOOPAa30BaHHbIX COCYAOB, MO3BOMMIIO M3MEHUTE TaKTVKY JIe4eHNst MaLMEHTOB C HeoBackynspuaaumen cet4atki. OfHaKo v aToT MeTod 0bnafaeT psaoM
HexxenaTesnbHbIX MOBOUHbIX ABNEHWUA. YUnTbIBas OrpaHNYeHnst B MPOBEAEHNN NMOBTOPHbIX 3TaroB Sla3epHO KoarymsLmm, a Takke PUCKOB O(hTaNbMONOrMHECKINX
OCNOXHEHUIN NOCNe VHTPaBUTPEaIbHOIO BBEAEHVS MHMVOUTOPOB aHroreHesa, cepbesHoi Npobnemon B eHeHUn SBASIOTCA HeCTaHAaPTHbIE CUTYaLm, Korga
VIMEETCH OTPULATENbHbIN PE3ynbTaT fIeHeHNs BbILLEONMMCAHHBIMU TEXHOMOMMSAMN Ha OAHOM [1ady M MPOrpeccrpoBaHMe npouecca Ha edMHCTBEHHO 3psyeM
apyroMm rmagdy. MpeacTasfeHHbln KIMHUHECKWIA Cly4dali MPOAEMOHCTPMPOBaST BO3MOXKHOCTbL MO3TArNHOro fla3epHOro fleHeHUs nauvieHTa ¢ nepunanmiispHon
HeoBackynsipudauven [A3H. Peaynstatom neveHrst SBUCS perpecc HoBOOOPa3oBaHHbIX COCYA0B C COXPaHEHNEM 3pUTeNbHbIX (YHKUMIA.
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Currently, diabetes mellitus (DM) is a global issue. Microvascular
complications of DM, such as diabetic retinopathy, nephropathy,
neuropathy, are becoming the increasingly important disease
manifestations and mortality causes [1].

Diabetic retinopathy (DR) is one of the most common
complications of DM and one of the major causes of blindness
in the developed world [2]. The prevalence of DR in the
developed countries is about 3-4%; the percentage of affected
individuals is higher in the older age groups. According to IDF
(International Diabetes Federation), in 2017 there were 425
million people with DM all over the world. This indicator is
expected to increase to 629 million people by 2040. A total of
3,029,397 patients with DM were registered in Russia in 2019,

among them about 294,000 people had type 1 DM (T1D), and
2,736,000 had type 2 DM (T2D) [3, 4].

Regardless of the type of DM, it is an undeniable fact that
the longer is the age of DM, the higher is the risk of developing
DR. DR is diagnosed in almost all patients with T1D and in
more that 60% of patients with T2D within two decades after
the disease onset. In the Wisconsin Epidemiologic Study of
Diabetic Retinopathy (WESDR), blindness was diagnosed in
3.6% of patients with early-onset T1D and 1.6% of patients
with adult-onset T2D. In 86% of cases, blidness in people with
early-onset DM resulted from DR [5].

The DR triggers are as follows: chronic hyperglycemia,
protein glycation, glucose oxidation through activation of
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the polyol pathway, protein kinase activation, elevated levels
of free radicals, impaired retinal microcirculation, endothelial
dysfunction, hypoxia, increased production of the retinal
pro-inflammatory cytokines and production of the vascular
endothelial growth factor (VEGF), which result in edema and
proliferation [6]. According to foreign and domestic literature, the
efficiency of panretinal photocoagulation in patients with DR is
assessed based on the degree of the retinal neovascularization
suppression, regression of macular edema, visual function
improvement or stabilization. According to the listed above
criteria, the laser therapy efficacy varies between 60-99%
[7, 8]. Despite its high efficiency, laser therapy has a number
of limitations: severe diabetic macular edema [9], prominent
fibrotic changes in the vitreoretinal interface, restrictions on the
repeated sessions of laser photocoagulation.

The emergence of drugs designed to inhibit VEGF in
ophthalmic practice made it possible to change the treatment
strategy in patients with retinal neovascularization. This
treatment type is focused directly on the pathophysiological
target in DR. However, despite high efficiency of using the
angiogenesis inhibitors, a number of case studies revealed
some non-inflammatory adverse events (cataract, elevated
intraocular pressure, retinal artery occlusion, vitreous
hemorrhage, rhegmatogenous retinal detachment) and
inflammatory complications (sterile intravitreal inflammation,
brolucizumab-associated retinal vasculitis, post-injection
endophthalmitis) [10]. Short duration of therapeutic effect (to
an average of three months), the need for repeated injections,
and all the listed above risks are considered the disadvantages
of this treatment method.

The literature indicates that new foci of neovascularization
and proliferation often emerge in various terms after the
panretinal laser photocoagulation. Given the limitations on the
repeated sessions of laser photocoagulation and the risks of
ophtalmic complications after the intravitreal injection of the
angiogenesis inhibitors, extraordinary situations, when there
are negative results of treatment with the use of the described
above technologies in one eye and disease progression in the
single eye with preserved vision, become a serious problem
when performing treatment. The study was aimed to assess
the efficiency and safety of laser photocoagulation of the optic
disc peripapillary neovascularization in patient with proliferative
diabetic retinopathy.

Clinical case

Patient M. aged 30 contacted the Research Center of
Ophthalmology, Pirogov Russian National Research Medical
University, in April 2017 for routine funduscopy. It was known
from the case history that the patient had type 1 diabeted mellitus
since he was nine; no cardiovascular disorder was revealed.
In 2007, the patient was diagnosed with bilateral proliferative
diabetic retinopathy and therefore subjected to panretinal
laser photocoagulation. Intravitreal angiogenesis inhibitor
administration was performed in 2008 due to proliferative
retinal changes in the right eye, and was complicated by the
central retinal artery occlusion with sudden loss of vision.

After admission to the Research Center of Ophthalmology,
Pirogov Russian National Research Medical University, the
patient underwent a comprehensive ophthalmic examination,
which included standard diagnostic tests (visometry for
uncorrected visual acuity (UCVA) and best corrected visual
acuity (BCVA), indirect ophthalmoscopy with the MaxField
indirect lens (Ocular Inc.; USA)) and specific assessment
methods (multispectral imaging with various filters (Blue-,
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Green-, Infrared Reflectance, MultiColor) performed with the
Spectralis HRA+OCT, OCT2 module at 85,000 Hz (Spectralis
HRA+OCT, Heidelberg Engineering, Inc.; Germany). The
maximum follow-up period was 4 years.

Laser photocoagulation was performed with the VISULAS
Trion ophthalmic laser system, 532 nm (Carl Zeiss; Germany).

During the initial patient assessment the following was
revealed: visual acuity of the right eye (OD) — hand motion close
to the face (eccentric); UCVA of the left eye (OS) 0.03, BCVA
0.7, incorrigible. Ophthalmoscopy OS revealed pale-pink
optic disc with well-defined margins; the lace-like pattern of
the newly formed vessels, running from the optic disc to the
periphery and spreading in a fan-like manner, was observed
predominantly in certain quadrants of the peripapillary region
(upper nasal, lower nasal, lower temporal). Retinal vasculature:
the artery to vein (A/V) ratio was 2/3, the vessel course remained
unchanged, perivascular pigmented coagula were observed
along the superior and inferior vascular arcades. Cellophane
macular reflex, and weakly pigmented coagula (except for the
avascular zone) were revealed. Pigmented coagula, reaching
almost the optic disc to a distance of 1800 ym were found in
the mid-periphery and far-periphery (Fig. 1A, B).

The following diagnosis was established based on the
patient's medical history and the comprehensive ophthalmic
examination: proliferative diabetic retinopathy OS, the condition
after panretinal laser photocoagulation. Epiretinal fibrosis.
Peripapillary neovascularization of the optic disc.

Taking into account the history of complication in the
right eye, which developed after the intravitreal injection of
the angiogenesis inhibitor and resulted in vision loss (the
complication made it impossible to use the anti-VEGF drugs),
a decision was made to perform custom laser treatment,
which included staged laser photocoagulation: coagulation
of the remaining intact peripapillary retinal area between the
boundary of the old laser coagula and the zone within 500 pm
from the optic disc edge at the beginning, assessing the effect
of retinal photocoagulation and the visual function indicators
a week later, with subsequent decision on the need for the
next stage of focal laser photocoagulation of the newly formed
blood vessels.

At the first stage, almost circumferential (except for the zone
of papillomacular bundle) focal retinal laser photocoagulation
was performed in the peripapillary region between old coagula
and the zone within 500 ym from the optic disc edge. The
chequerwise laser spots were applied using the following energy
parameters: wavelength of 532 nm, power of 60-80 mW (until
obtaining the first degree laser burn with the minimum possible
parameters), exposure time of 0.08-0.1 s, and spot size of
100 pm. Visual acuity remained stable a week after the first-stage
retinal laser photocoagulation. Ophthalmoscopy OS revealed
the following: pigmented laser coagula were observed in the
peripapillary region (up to 500 um from the optic disc edge), the
lace-like pattern of the newly formed vessels remained active
(Fig. 2A, B).

After assessing the left eye (in a week) and detecting the visual
function stability, the second-stage focal laser photocoagulation
of the newly formed blood vessels (primarily the medium-sized
vessels) was performed using the following energy parameters:
power of 50-80 mW, exposure time of 0.06-0.1 s, spot size of
100 um. The second stage was prolonged selectively and involved
minimizing bleeding risks and assessing the effectiveness in four
sessions performed with an interval of 3—-4 weeks.

Examination performed 4 months after the second-stage
focal laser photocoagulation of the newly formed blood vessels
(four sessions) showed that visual acuity OS was stable: UCVA
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Fig. 1. Prior to laser therapy. A. Multispectral image; B. Infrared scanning laser ophthalmoscopy: network of the newly formed blood vessels is visible primarily in the
upper nasal, lower nasal, and lower temporal sectors of the peripapillary region (white arrows)

was 0.03, and BCVA was 0.7. Ophthalmoscopy OS revealed
the emptied newly formed vessels in the peripapillary region
(Fig. 3A, B).

The follow-up examination performed four years later
showed the unchanged visual acuity. Ophthalmoscopy OS
revealed a complete regression of the optic disc network of
the newly formed vessels in the peripapillary region (Fig. 4A, B).

Clinical case discussion

Diabetic retinopathy remains the leading cause of visual
impairment and blidness in the world. More than one third of
285 million people all over the world, who suffer from diabetes
mellitus, have DR, and one third of them (approximately

31.7 million) have a vision-threatening proliferative diabetic
retinopathy [11]. Currently, the main treatment methods for
proliferative diabetic retinopathy are as follows: retinal laser
photocoagulation, intravitreal administration of angiogenesis
inhibitors, treatment with corticosteroids, and vitreoretinal
surgery. All the listed above treatment methods can be used in
clinical practice as monotherapy or combination therapy.

The clinical case reported demonstrates the resource
capabilities of the proposed peripapillary zone laser
photocoagulation technique in the context of inability to use
angiogenesis inhibitors due to the complication of the use of
those, which have resulted in vision loss in the other eye.

The number of coagula, spot size and energy of the laser
beam irradiating the retina should be selected individually

Fig. 2. A week after the first stage of laser photocoagulation. A. Multispectral image: network of the newly formed blood vessels in the peripapillary region is
still active (white arrows). B. Infrared scanning laser ophthalmoscopy: network of the newly formed blood vessels in the peripapillary region is still active (white
arrows), fresh coagula are observed in the peripapillary region (yellow square)
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Fig. 3. Four months after the second-stage laser photocoagulation of the newly formed blood vessels. A. Multispectral image. B. Infrared scanning laser ophthalmoscopy:

emptied newly formed vessels are visible in the peripapillary region (white arrows)

for a particular patient and oriented towards the lowest
possible energy level. Laser exposure of the retinal areas,
located most close to the optic disc, reduces “hypoxia” in
these zones and, therefore, the new blood vessel formation
intensity in the most reactive zone of proliferation, the optic
disc. Thus, such preconditioning (performed at the first stage
of treatment) of the peripapillary retinal area, with which the
lace-like pattern of the new vessels is formed, results in
reduced blood flow in these vessels, allowing for the more
efficient second-stage treatment, the focal photocoagulation
of the newly formed blood vessels. To minimize bleeding
risks, one should start with blood vessels not exceeding
the medium size, step-by-step in multiple sessions. Such
approach allows the older coagula to contribute to blood
vessel emptying, reduced blood flow and, therefore,
the decreased risk of complications during subsequent
photocoagulation.

The proposed laser treatment technique involves the use
of the minimum possible energy parameters, allowing for the
good morphofunctional outcome that consists in the complete
optic disc peripapillary neovascularization regression and
baseline visual function preservation.

CONCLUSION

Thus, the findings suggest that the use of the proposed focal
laser photocoagulation technique for treatment of the optic
disc peripapillary neovascularization ensure the regression
of the newly formed blood vessels and preserve the baseline
visual functions. The use of focal laser photocoagulation in
the proposed peripapillary region expands the possibilities of
treating the optic disc neovascularization. The practical effect
demonstrates the results of using laser microsurgery in the
adjacent areas of the optic disc with visual function preservation.

Fig. 4. Four years after the second-stage laser photocoagulation of the newly formed blood vessels. A. Multispectral image. B. Infrared scanning laser ophthalmoscopy:
complete regression of the optic disc network of the newly formed vessels is observed in the peripapillary region
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