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PHOTOPOLYMERIZABLE MATERIALS FOR BIOCOMPATIBLE IMPLANTABLE MATRICES
Rudik IST™™ Mironov AV'2, Kuznetsova VS', Vasiliev AV'2

" Central Research Institute of Dentistry and Maxillofacial Surgery, Moscow, Russia

2 Federal Scientific Research Center “Crystallography and Photonics”, Russian Academy of Sciences, Moscow, Russia

3 Sechenov First Moscow State Medical University, Moscow, Russia
The review considers photopolymerizable compositions based on biocompatible polymers for regenerative medicine. Assessment of the physical-mechanical and
biological properties of photopolymerizable polymeric matrices, polyethyleneglycol, lactic acid, collagen, and hyaluronic acid, as well as of the effectiveness and
toxicity of various photoinitiator supplements has been performed. Mechanical properties and degradation rate of the photopolymerizable matrices are ensured by
selection of proportions of methacrylated mono-, oligo-, and polymers these consist of, while their toxicity largely depends on the photoinitiator systems used. It
has been concluded that it is necessary to search for and develop the methods to obtain photopolymerizable polymeric matrices by using the compounds capable
of initiating radical polymerization with lower toxic effect.

Keywords: biocompatible polymers, photoinitiators, matrices

Author contribution: Rudik IS — literature data acquisition, analysis, systematization, review planning and writing; Mironov AV — literature data acquisition,
editing, writing the conclusion; Kuznetsova VS — peer review; Vasiliev AV — review planning, structurization, peer review.
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The set of unique properties, specifically moisture resistance
and resistance to biological media, fast transition between
liquid and solid states, the possibility of adjusting physical and
mechanical properties without altering chemical composition
allow biocompatible photopolymerizable compositions to
become popular materials not only in dentistry and orthopedics,
but also in regenerative medicine and tissue engineering
[1]. Thus, with development of additive manufacturing,
biocompatible photopolymerizable compositions have
become widely used as the stereolithography materials
when manufacturing implantable devices [2, 3]. According
to the Google Scholar statistics, more than 10,000 research
papers focused on photopolymerizable polymer matrices for
biomedical applications have been published since 2020, and
the number of such paper increases by an average of 15%
every year (Fig. 1).

Despite the large number of new studies, modification
of polymers with acrylate groups is still the main method to
produce biocompatible photocurable materials. Today, the

number of photopolymerizable systems suitable for biomedical
applications is limited, since ions or radicals formed when
photopolymerization is initiated make a considerable number of
such materials toxic [4, 5]. Furthermore, the living tissues can
be exposed to toxic effects of the components that have not
fully reacted during the polymerization process (6, 7].

In terms of effects on the living tissues, radical transfer and
intermolecular crosslinking at the functional acrylate groups
represent the most secure photopolymerization method.
Furthermore, it is important to select appropriate initiator or
initiator—co-initiator pair, the main requirement for which is
low toxicity in both inactive and radical form. Currently, no
more than 10 various biocompatible photoinitiators are used in
practice, among which camphorquinone (CQ) and diphenyl(2,4,6-
trimethylbenzoyl)phosphine oxide (TPO) are the most common [8].

The review was aimed to systematize the literature
data describing the types of photopolymerizable materials
and certain components of such materials for biomedical
applications. Keyword search in the PubMed, Google Scholar,

BECTHUK PrMY | 4, 2024 | VESTNIKRGMU.RU
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Fig. 1. Number of papers focused on photopolymerizable compositions in biomedical research published between 2020 and 2024 according to Google Scholar

and Elibrary databases was performed. The number of studies
published in 2020-2024 was assessed based on the following
requests: photopolymerization, photocurable biomaterials,
photo-crosslinkable hydrogels, tissue engineering, degradable
biomaterials, 3D-printing, photoinitiator.

PHOTOCURABLE MATERIALS FOR
PRODUCTION OF MATRICES

Polymer matrices are produced by crosslinking of modified
oligomeric or polymeric chains containing two or more active
groups. Each active group can be chemically integrated either
in the growing polymer chain, or in the crosslink between
two chains due to radical formation. Transfer of radicals from
initiators to the polymerized compound results in macroradical
formation. Further attachment of the parent substance
molecules to the growing macroradical ensures molecular
weight increase, while interaction of two macroradicals results
in the polymerization reaction termination (Fig. 2) [9]. The
presence of competing mechanisms makes it possible to
control supramolecular structure and molecular weight of the
compound produced, which, in turn, helps control its physical
and mechanical properties [10].

The use of photocurable materials as polymer matrices is
of great interest in terms of solving the problems of biomedical
materials science due to their capability of crosslinking at
physiological temperatures in the absence of aggressive
chemicals and good biocompatibility [3].

Photocurable polymer systems can be conditionally
divided into synthetic and natural (biopolymers) based on their
components. Among synthetic systems, polymer matrices
based on polyethylene glycol, polylactide and their derivatives
are actively studied, while the actively studied natural polymers
are collagen and hyaluronic acid.

hv .
z + =z !
Pl 4 ,(_> RK R(_, R(\R(
Initiation

Fig. 2. Free radical polymerization reaction mechanism
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Polyethylene glycol

Polyethylene glycol is a water-soluble, biocompatible ether
that is widely used in tissue engineering and for drug delivery
[11]. Polyethylene glycol-acetal-dimethylacrylate was used to
produce biodegradable polymers potentially applicable for bone
tissue regeneration. Nanoparticles made of calcium carbonate
possessing enough reactivity for conversion to hydroxyapatite
were used as an additive [12]. The resulting matrices were
implanted in the subcutaneous pockets of mice for 15 and 30
days. Histological examination showed comparable moderate
tissue response involving primarily macrophages, which
showed biocompatibility of the photocurable polymer system.
To solve the problem of infections following prosthetics, a
specific technology of covering implants with a photocurable
polymer based on polyethylene glycol and polyallyl-mercaptan
was developed [13]. The technology demonstrates the
possibility of mixing various antibiotics with the photopolymer
solutions ensuring the necessary antimicrobial compatibility.

Polyester-based polymers

Such polymers are widely used in medicine as surgical threads,
orthopedic implants, as well as for production of personalized
scaffolds in tissue engineering. The personalized tissue
scaffolds, 3D printed of the polycaprolactone-polyurethane
photopolymers, are characterized by high cytocompatibility
and survival rate of murine fibroblasts (above 85%), as well as
by rapid biodegradation (2—6 h) [14]. Of interest is the example
of producing the polylactide and polyethylene glycol-based
polymer matrices for cartilage tissue restoration. Thus, the
poly-D,L-lactic acid—poly(ethylene glycol)-poly-D,L-lactic acid
co-polymer was developed [15]. The chondrocyte culture-based
in vivo tests showed that the composition showed the capability

+/—> Y +R—>(\(
R R R R

Propagation

Termination
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Table 1. Photocurable polymer matrix composition and production conditions

Composition Photoinitiator Photocuring conditions Area of application Literature
Lithium phenyl(2,4,6-trimethylbenzoyl) UV radiation ) .
l\/lle(t:lgicaré/::;eld polyethylene phosphinate (LAP) 365 nm Conne(igvi::r(;tis:: tissue [11]
ay 0.1% w/v 30s 9
2-hydroxy-4'-(2-hydroxyethoxy)-2- UV radiation
l\/lle(t:r;i(;rg(l;;?d polyethylene methylpropiophenone 365 nm Injectable bone substitutes [12]
gy 0.2% w/v 15 min
UV radiation
Acrylated derivatives of polyethylene 4 o 365 nm Antimicrobial coating for
glycol and polyallyl mercaptan 2,2-dimethoxy-2-phenylacetophenone 20 mW/cm? implants (18]
5 min
Acrylated polycaprolactone TPO L‘:EODShght 3D printing for personalized
. 0 nm ; e 4]
Polyethylene glycol diacrylate 3% w/v 30's tissue engineering
Acrylated derivatives of poly-D,L-lactic UV radiation N
acid and polyethylene glycol LAP 395 nm Implant fixation [15]
UV radiation
- VA-086 365 nm 3D printing of tissue
Methacrylated type | collagen Genipin 1% wiv 17 mW/em? scaffolds [17]
1 min
UV radiation
Methacrylated type | collagen LAP 365 nm Circulatory system repair [18]
ry! yp g 5 mW/cm? ry sy P
30 min
UV radiation
. . . 365 nm Connective and soft tissue
Chitosan-azide Keratin - 100 mW/cm? regeneration [20]
15 min
UV radiation
Methacrylated chitosan LAP 405 nm Drug delive 21]
Oxidized hyaluronic acid 0.1% w/v 10 mW/cm? 9 ry
120 s
. UV radiation
Methacrylated chitosan )
Methacrylated gelatin 2-hydroxy-2-methylpropiophenone 320nm Drug delivery 22]
; 0.5% w/v 180 mW/cm
Polyethylene glycol diacrylate 120's
UV radiation
Methacrylated hyaluronic acid LAP 405 nm Tissue engineerin 23]
Methacrylated gelatin 0.1% w/v 25 mW/cm? 9 9
60 s
Oxolated hyaluronic acid UV radiation Injectable cartilage
Polyethylene glycol dimaleimide LAP 365 nm substitutes [24]
30 mW/cm?
LAP UV radiation Extracellular matrix for
Hyaluronic acid Methacrylated chitosan 385 nm tissue regeneration or drug [25]
0.01-0.05% w/v ) :
19 mW/cm delivery
of forming high-strength bonds with the host cartilage tissue  Chitosan

under conditions of photopolymerization without affecting cell
viability and tissue phenotype.

Collagen

This is one of the basic biopolymers used in tissue engineering
and regenerative medicine, since it accounts for about 33%
of all body’s proteins and forms the skin, tendons, cartilage
and bone tissues, blood vessel walls [16]. Low mechanical
resistance represents one collagen’s disadvantage, however,
polymer constructs with improved properties can be produced
due to dual crosslinking. The study results have shown that
dual crosslinking positively affects the elastic modulus and
degradation degree, increasing them 2-fold relative to the
non-crosslinked hydrogels [17]. The methacrylamide-modified
collagen hydrogel developed for vascular tissue engineering
compared to modified gelatin was characterized by high degree
of polymerization (83-88% vs. 74-84%), adjustable mechanical
properties (elastic modulus 4.8-9.4 kPa vs. 3.9-8.4 kPa), and
higher cytocompatibility [18].

Chitosan is a linear aminopolysaccharide consisting of
glicosamine elements with free amino groups ensuring high
reactivity and solubility. It differs from other biopolymers with
good cell adhesion [19]. The process of chitosan chemical
modification by the photopolymerizable 4-azidobenzoic acid
groups is described in detail [20]. The study was aimed to
produce a photocurable polymer membrane based on chitosan-
azide and keratin. It is noteworthy that photopolymerization
of the keratin-chitosan membranes occurred without adding
a photoinitiator. The results of in vitro tests have shown that
the keratin concentration increase positively affects the cell
survival rate and adhesion. In the similar study, methacrylic
anhydride-modified chitosan was used to produce a novel
photopolymerizable composition characterized by rapid
polymerization and high injectability [21]. It was reported
that survival rate of mesenchymal stem cells exceeded 92%.
The method to produce the chitosan and gelatin-based
photopolymerizable hydrogel containing the albumin particles
was reported [22]. Incubation tests in the model physiological
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Fig. 3. Free radical production by type | and Il photoinitiators under exposure of radiation on the example of TPO and CQ

fluids showed stability and no degradation of hydrogel. The
murine fibroblast viability was 92.73%.

Hyaluronic acid

This natural polysaccharide contained primarily in the animal
tissue extracellular matrix is highly hydrophilic and biodegradable
[23]. The possibility of producing photocurable matrices based
on hyaluronic acid and polyethylene glycol through dual
crosslinking has been reported [24]. The cell survival rate and
strength characteristics of the resulting polymer suggested
the prospects of its use for the connective tissue repair. The
combination of chitosan and hyaluronic acid is of special interest.
Polymerization degree and rate, mechanical and rheological
properties of the photo-crosslinkable polymers based on
methacrylated chitosan and hyaluronic acid depending on their
ratio were studied [25]. When the photoinitiator content was
0.04% w/v, the polymerization degree exceeded 90% within
3 s. All the polymer compositions were completely degraded
within the first 20-24 days in hydrolytic environment and 5-10
days in enzymatic environment, which makes the use of such
compositions for prolonged drug delivery or tissue engineering
promising. The decrease in cell viability with increasing
concentrations of photoinitiator and hyaluronic acid in the
original mixture were demonstrated in the embryonic fibroblast
culture. The cell survival rate reported for all the studied
compositions was within the range of 85-96%.

The photocurable polymer matrix composition and production
conditions are provided in Table 1.

The data provided suggest that synthesis of the biocompatible
polymer methacrylated derivatives represents the main
approach to production of biomedical photopolymerizable
compositions.

PHOTOINITIATORS

Photoinitiators are essential to initiate the free radical
polymerization reaction. These are divided into two types. Type
| photoinitiators undergo their own breakdown vyielding free
radicals after the light excitation. Type Il photoinitiators produce
radicals through hydrogen atom abstraction or electron/proton
transfer from the co-initiator (Fig. 3) [26].
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Camphorquinone is one of the first and still most commonly
used photoinitiators. It belongs to the group of type Il
photoinitiators being less toxic compared to type I. However,
the CQ lower chemical activity demands involvement of the
tertiary amine as a photopolymerization reaction co-initiator.
Polymerization rate is the main factor limiting the use of
camphorquinone [7]. Special additives, representing the pyrrole
derivatives that competitively absorb the initiating radiation,
thereby preventing undesired formation of the initiator active
form, have been proposed in order to increase resistance of
the camphorquinone-based photocurable materials to sunlight
[27]. Special attention is also paid to the camphorquinone
toxicity. By the example of fibroblast lines it has been shown
that the camphorquinone concentration increase from 50 mg/L
to 100 mg/L in the photoinitiator system results in the cell
viability decrease from 80% to 60% [28]. It has been proposed
to use the compounds increasing the content of active groups
(tetramethacrylate and tetraacrylate monomers) as co-initiators
in photopolymerizable materials in order to ensure effective
polymerization at the biologically acceptable camphorquinone
concentrations [29].

Camphorquinone is poorly soluble in water, which
considerably limits its use. In a number of studies, riboflavin
and eosin were suggested as alternative water-soluble
photoinitiators ensuring comparable photo-crosslinking
characteristics. Eosin is non-toxic, cell viability exceeds 96%
even when its concentration in the photopolymerizable material
is 69 mg/L, and the survival rate exceeded 90% at the riboflavin
concentration of 188 mg/L [30-32].

Type | photoinitiators include the aromatic ketone
compounds, along with the phosphine and phosphine oxide
derivatives (Table 2). TPO is one of the best studied and most
commonly used in practice photoinitiators. The study focused
on comparing the efficacy of type | and Il photoinitiators
showed that the monomer polymerization degree observed
when using TPO was 13% higher, than that observed when
using the camphorquinone-amine system. Furthermore, the
radiation dose necessary for polymerization of the composition
with CQ 4-fold exceeded the dose necessary for the same
composition with TPO [33]. However, according to the TPO
cytotoxicity assessment results, viability of various cell lines
did not exceed 75% at the photoinitiator concentration of
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Table 2. Photoinitiator efficacy and toxicity

Photointatorname | Type lctl fC:3. Polymeriztion el viabity Lierature
Camphorquinone ! o 1. 0.8 SA0AdIID & & SAGke 7, 28]
Eosin Y I 3 ok kA | kok kokok 30
Riboflavin I 1. 8.0.0 SAAID & & & GA¢ 81, 32)
0 ! Yk ok ke ve | Yeokk deve 126, 33)

Lap | y C{O 1. 8.0.0. SAdIN & & & & ¢ /34, 35)

Note: * Y& Yk Y — no more than 70%; Yk Y Y Y — 70%-90%; Y Y Yk Y Y& — more than 90%.

17.4 mg/L [26]. Significantly lower toxicity was demonstrated
by the water-soluble lithium ion-modified LAP photoinitiator:
the murine renal collecting duct cell viability was 95%. Thus,
despite the fact that lithium is nephrotoxic, the lithium ions have
not been identified as an important cytotoxic component [34].

The literature data analysis suggests that photoinitiators
have a significant impact on cytotoxicity of the material
produced. That is why photoinitiator selection becomes one of
the defining challenges when designing the photopolymerizable
composition. In terms of biocompatibility, it is preferable to use
type Il photoinitiators. Assessment of the efficacy and toxicity of
the discussed photoinitiators is provided in Table 2.

CONCLUSION

The growing body of research on photopolymerizable
compositions that are promising for tissue engineering
suggests the increased need for such materials. The
approaches to production of novel photopolymerizable
materials are conservative, and there is still a trend towards
predominant use of the method to produce such materials by
methacrylation of various biocompatible oligo- and polymers.

Thus, the main areas of material development are selecting
and combining the proportions of methacrylated mono-,
oligo- and polymers aimed to obtain the required physical
and mechanical properties of the material with preserved
biocompatibility.

In recent years, water-insoluble camphorquinone and
diphenyl(2,4,6-trimethylbenzoyl)phosphine oxide showing
considerable cytotoxicity are still most commonly used as
photoinitiator additives for radical polymerization. Currently,
the compounds retaining the ability to effectively initiate radical
polymerization with the relatively lower toxic effects, such as
endogenic photoinitiator riboflavin, synthetic photoinitiators
eosin and lithium phenyl(2,4,6-trimethylbenzoyl)phosphinate,
have been found and tested.

The vast majority of the studies of photopolymerizable
compositions for biomedical applications reported in modern
scientific papers are not complex; these describe a limited
range of properties of the material produced and involve a small
number of cell types (usually only one type). That is why the
studies focused on the development, assessment of physical
and mechanical properties, biological and clinical testing of
such materials are relevant.
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PROSPECTS FOR THE USE OF LONG-LIVING PRINTED TEMPORARY ORTHOPEDIC STRUCTURES
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The non-removable temporary structures are used in orthopedic dentistry to provide high-quality treatment. The approaches in prosthetics are conditionally divided
into conventional and digital. These approaches imply the use of both common materials for prosthetics and unique options. When the conventional approach
is used, the quality of orthopedic dental treatment depends on the manual skill of the provider (dental technician). Unlike the conventional approach, the digital
one uses a wide range of libraries with ready-made templates for various options for the dentoalveolar system aesthetic and functional characteristics. This fact
allows the attending physician to do without any intermediary for the manufacture of dental prostheses, if the material and technical resources permit. The use
of 3D printing in dentistry has only recently begun. From our point of view, the active use of photopolymer 3D resins can become a promising option in terms of
economic and strength characteristics.
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NEPCMNEKTUBbI NMPUMEHEHWUS NMPUHTOBAHHbIX BPEMEHHbIX OPTONEANYECKUX KOHCTPYKLWI
MPU OJIUTENBHOW 3KCIMIYATALUN

C. B. Mpockokosa, A. M. EHvkees =, A. E. Muporos, P. M. Kynnes
VIHCTUTYT cTOMaTonornm, POCCUCKMIA HALMOHANbHBIN NCCNER0BAaTENLCKUA MeONLIMHCKUI YHBEpcuTeT nMenn H. W. TMnporosa, Mocksa, Poccus

N5 OCyLLIEeCTBNEHMSI Ka4eCTBEHHOIO NIeYeHVIsi B OPTOMNEANHECKOV CTOMATONOMM MPUMEHSIIOT HECHEMHbIE BPEMEHHbIe KOHCTPYKLUMKM. CyLLEeCTBYeT yCnoBHOe
pasfeneHvie NoaxoAoB B NPOTE3NPOBaHWM Ha TPAAMLMOHHBI 1 LMchpoBOM. DTN NOAXOMs! NOAPA3YMEBatOT UCTIONL30BaHVe Kak OBLLMX MaTtepuanos ans
NPOTE3NPOBAHNS, TaK 1 YHUKASTbHbIX BAPUAHTOB. [1p1 TPaAMLIMOHHOM MOAXOAE KA4eCTBO UCTIONHEHNS OPTONEAMHECKOrO CTOMATOIOMMHYECKOrO IEHEHVIS 3aBUCUT
OT MaHyasbHOrO HaBblka UCMONHWTENS (3yOHOrO TeXHMKA). B oTnmn4dre oT TpagnLMoHHOMO NOAXOAa, LIchpOBOI MCMIONB3YET LUMPOKMA HaGop BUBAMOTEK C rOTOBbLIMY
LuaboHaMm1 NOL, PasNNHHbIE BapuaHTbl ACTETUHECKUX U (YHKLIMOHAIBHBIX XaPaKTEPUCTUK 3yGOHEMOCTHOM CUCTEMbI. JaHHbIli (hakT No3BOMSET fevallemy Bpady
obxoanTbes 6e3 nocpeaHka s U3roToBeHNs 3yGOTEXHNHECKNX NPOTE30B, CNM MO3BONSET MaTepuabHO-TexHnYecKkas 6asa. Vicnonb3osarne 3D-neqat 8
CTOMATONOMMM MOSIBUIOCH OTHOCHTENBHO HefasHO. C HalLel TOYKN 3PEHs, aKTVBHOE NpUMeHeHVe hoTononMMepHbIX 3D-CMO MOXET CTaTb NepCreKTUBHBLIM

BapraHTOM MO SKOHOMUYECKM U MPOYHOCTHBIM XapaKTepUCTNKaM.
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Treatment of partially edentulous patients is a pressing issue of
prosthetic dentistry [1, 2]. The use of non-removable temporary
structures in prosthetics proved to be not only important, but
also uncontested stage of the effective high-quality treatment.
During the period between the start of tooth preparation and
permanent fixation of non-removable structures it is necessary
to manufacture and use the temporary prostheses showing
high mechanical stability and protecting the prepared teeth
against bacterial infection and irritants of various types: thermal
and chemical. The temporary prostheses ensure safety of the
pulp, protection of the marginal periodontium, predictable
shaping of the marginal gingiva, lack of negative effects on
the components of the temporomandibular joint (TMJ) and the
mastication muscles. Furthermore, temporary structures make
it possible to preserve or reconstruct the lost occlusion and
aesthetics. Currently, the arsenal of prosthetic dentists includes
a large number of materials used for temporary structures.
The study was aimed to present the main temporary
prosthetics methods and the advantages of 3D-printed structures.

The search for scientific papers on the issue was conducted in
the catalogues of scientific electronic libraries (https:/Avww.elibrary.ru,
https://pubmed.ncbi.nim.nih.gov) for the years 2017-2024.

The search in Elibrary involving the use of the “3D-ne4vats’
word phrase and the dentistry filter yielded 205 results (among
them 195 for the years 2017-2024), the search performed
using the “BpemeHHble kKopoHkn” word phrase yielded 310
results (among them 150 for the years 2017-2024), the search
in Pubmed involving the use of the “3d printed crowns” word
phrase yielded 389 results (among them 362 for the years
2017-2024), and the search performed using the “Temporary
crowns” word phrase yielded 1716 results (among them 344
for the years 2017-2024) (Fig. 1).

A total of 1563 papers were selected by manual sorting.

When performing advanced search in the set prepared,
we managed to obtain the following information about
the paper types: dissertations — 2 (1.3%); books —
15 (9.8%); conference papers — 29 (18.9%); patents —
11 (7.1%) (Fig. 2).
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Conventional approach

Conventional approach involves the use of the acrylic-based
plastics and composites with various types of polymerization.

The methyl methacrylate-based acrylic plastics are
most often used in the laboratory manufacture of temporary
structures. The crowns and dental bridges made of plastics of
this type are characterized by high strength and color stability
and can be also used over a long recovery period.

Ethyl methacrylate is used in temporary prosthetics for
short-term application in the oral cavity. Lower heat emission
and the decreased shrinkage rate represent the advantages of
this material.

The Bis-acrylate-based materials for temporary prosthetics
are very popular. This two-component material is based on
the methyl methacrylate-derived multifunctional acrylic esters.
The Bis-acrylate-based materials are produced primarily in
the form of cartridges for the 4 : 1 or 1 : 1 dispensing and
mixing systems, which enables quick and easy manufacture
of temporary systems when there is silicone index. Lower
strength characteristics and the need to manufacture a silicone
index represent disadvantages of such materials.

Composite materials with low-temperature polymerization
are also produced in the form of cartridges for the 4 : 1
dispensing and mixing systems or in the form of syringes as
fluid variants of dental filling composites. These materials are
characterized by positive effects peculiar to modern dental
meterials: are easy to administer to the cavity due to their
texture [3].

Digital approach

As for digital approach, the structures manufactured by CAD/CAM
milling represent one option for temporary prosthetics.

CAD is the Computer Aided Design, i.e. creation of a virtual
structure. CAM is the Computer Aided Manufacturing. CAD/
CAM represents the advanced technology for production of
scaffolds or complete dentures by computer aided design and
milling on the numerically controlled machines (CNC).

The polymethyl methacrylate (PMMA) plastic is the main
material for the temporary structure milling. PMMA is used for
both short-term restorative care and the long-living structures.
This material is flexible and very strong. Difficulty to achieve
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enough strength of adhesion with the prepared tooth stump is
a disadvantage.

The emergence of the 3D printing technology represents
the next stage of development of the digital temporary
prosthetic approach. Today, the technology makes it
possible to manufacture full removable prostheses, crowns,
suprastructures for implants, and navigation templates. The
prototyping results obtained are superior to the equivalent use
of conventional materials [4].

The photopolymer resin 3D printing belongs to the broad
category of light polymerization in baths. The concept is based
on the photosensitive resin capability of solidifying under
exposure to light energy.

Currently, there are several 3D printing options: SLA, DLP,
LCD. The SLA (laser stereolithography, stereolithography
apparatus) technology is based on directing the UV laser
beam onto the bath with polymer resin, which leads to
polymerization at a certain point. Then the working surface is
shifted downward by 0.025-0.300 mm, and the laser ensures
polymerization of the next layer. The process continues until the
model construction is over [5].

DLP is the Digital Light Processing. Radiation emitted by
the digital projector selectively affects the liquid photopolymer
resin contained in the special container through the print area.
The resin is solidified layer-by-layer at the exposure sites, and
the 3D model is steadily constructed. The distinctions of the
technology are the relatively small working area, high printing
speed, wide range of compatible expendables.

LCD technology is the youngest among photopolymer
printers. Initially, LCD emerged as a more affordable analogue
of the DLP technology, since the operation principles are
similar. In LCD, the UV LEDs are used that light through the
LCD screen to solidify the photopolymer resin. Despite the
fact that the LCD screen also constructs the entire layers over
the same time, as the DLP 3D printers, the quality of layers
depends on the screen resolution. The higher is LCD screen
resolution, the higher is printing quality.

Polymer materials are widely used for medical applications.
Along with the common technical requirements (melting point,
strength, wear resistance, etc.) for medical polymer materials,
especially dental materials, there are additional sanitary and hygienic
requirements: minimal interaction with bioactive environments,
no toxic effects, low solubility, minimal sorption properties.
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Fig. 1. Results for searchable word phrases
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Papers

Fig. 2. Paper types

The following components are usually contained in
photopolymer resins for temporary prostheses:

Monomeric base. Methacrylate-based monomers are
commonly used, such as Bis-GMA (bisphenol A-glycidyl
methacrylate) or UDMA (urethane dimethacrylate). These
monomers ensure high strength and stability of the resin.

Photoinitiators are substances triggering the polymerization
reaction due to light. Camphorquinone (CQ), benzophenone
(BP) and 4-methylaminobenzoic acid phenylpropionate
(MABBP) are the most common photoinitiators. These absorb
light of a particular wavelength and generate free radicals that
initiate the polymerization process.

Fillers are represented by particles added to the resin in
order to improve its properties. These can be mineral (for
example, silicon dioxide), organic (for example, barium sulfate)
or synthetic (for example, microglass).

Curative is a substance that accelerates the polymerization
process. Benzoyl peroxide or other organic peroxides are
commonly used.

Pigments are substances that give the resin a certain color.
These can be organic or inorganic.

Additives are supplementary substances that can be added
to the resin in order to improve its properties. For example,
antioxidants are added to prevent oxidation, plasticizers to
improve flexibility, and moisturizing agents are added to prevent
dehydration.

Dentistry is widely accepted as the field that can greatly
benefit from the 3D printing technologies. In domestic
literature, there are many review papers focused on the use
of 3D printing. However, there are few papers considering
parameters, characteristics, and properties of such materials
in detail [6, 7].

The review of foreign literature has yielded much more
data. Some studies claim that 3D-printed interim polymer
materials show lower flexural strength (FS) compared to the
milled interim restoration [8, 9]. However, the 3D-printed interim
polymer materials show higher flexural strength compared to
the temporary structures made of conventional materials [10, 11].
Multiple studies focused on comparing wear resistance of
materials showed lower loss of volume associated with wear
and smoother surfaces in the 3D-printed samples [12]. When

B Articles

B Conference papers
Books
Patents

. Dissertations

printing, printers are able to apply layers sized up to a tenth of
a micromillimeter to yield a product with a smoother surface,
and the time of polishing is reduced compared to milling [13].

Moreover, the 3D-printed materials usually have higher
elastic modulus (EM) compared to conventional materials, but
the EM does not exceed that of milled materials. As for surface
roughness, the 3D-printed materials have a smoother surface
compared to the milled and conventional interim materials.

Thus, the data of assessing physical and mechanical
properties suggest that 3D resins show better results, than
conventional materials. Milled structures are the favorites,
except for the prosthesis smoothness.

However, we must not forget about the economic aspect. A
number of papers consider the feasibility of photopolymer resin
printing [14, 15]. The 3D printing method is cost-effective, and
the possibility of manufacturing the necessary structure only
without using the plaster model reduces the production time.
The amount of photopolymer necessary to manufacture the
structure is spent during printing, while about 30% of the block
volume constitutes the cost when using milling. Digital approach
and the 3D printer availability allow the attending physician
to perform all the procedures necessary for treatment in the
same clinic without involving third-party dental laboratories and
dental technicians.

In our country, the domestically produced photopolymer
resins that are cheaper compared to foreign analogues are
mainly used. It should be noted that resins produced in Russia
are not inferior in their properties to imported materials and are
exported to other countries for dental applications. By contrast,
manufacturers from China dominate almost completely in the
market of the CAD/CAM preforms for temporary prosthetics,
due to which the final product becomes more expensive.

The process of improving the printed polymer flexural
strength still continues. There are polymer resin modifications,
in which the zirconium oxide (ZrO2) nanoparticles are added
to various concentrations. Mechanical properties superior
to that of conventional printing resin have been revealed,
which increase possible lifespan of such structures. These
modifications are already available on the market, including
modifications produced by the domestic 3D printing resin
manufacturers.
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CONCLUSION

The use of dental 3D resins is a promising avenue for temporary
prosthetics, including that for continuous exploitation. These
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EFFECTS OF BIOCOMPATIBLE PIEZOELECTRIC MEMBRANES ON THE DEVELOPMENT OF FIBROSIS
ASSOCIATED WITH THE ORAL MUCOSAL WOUND REGENERATION

Koniaeva AD'®S Varakuta EYu', Leiman AE', Kormashov GM', Fedosova MV', Bolbasov EN?, Stankevich KS?

' Siberian State Medical University, Tomsk, Russia
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Prevention of fibrosis during the oral mucosal wound regeneration is a pressing issue of today’s surgical dentistry. The study was aimed to perform morphological
assessment of the effects of biocompatible piezoelectric membranes on fibrous tissue formation during regeneration of the oral mucosal wounds. We assessed
cell-cell interactions of macrophages and fibroblasts, along with changes in the CD68 and TGFB1 marker expression and their effects on the development of fibrosis
under conditions of using biocompatible polymeric membranes with piezoelectric properties at various stages of the oral mucosal wound defect regeneration.
Comparative morphological assessment of the oral mucosal structures was conducted in animals having intact mucosa (n = 15), having open wound defects (n = 15),
and having wounds covered with biocompatible piezoelectric membranes (n = 15). Biomaterial was collected from the wound defect site on days 3, 7, and 12 of
the experiment; collection of biomaterial from intact animals was performed on the same days. In the group, where biocompatible membranes were used, signs of
proliferation phase at the defect site were detected as early as on day 3 of the study; the faster shift from macrophage infiltration to fibroblast infiltration, the decline
in inflammatory response were detected on day 7; restoration of the numerical density of macrophages and fibroblasts to the intact values was detected on day 12.
The expression of CD68 and TGFB1, the prognostic markers of fibrosis, was lower in the group, where no membranes were used. Reduction of the dense fibrous
connective tissue specific area was observed at the microscopic level, severe soft tissue deformation was reported at the macroscopic level. In the group with no
wound covering, extensive cell infiltration and increased CD68 and TGFB1 expression persisted throughout the experiment, which resulted in the fact that specific
area of dense fibrous connective tissue was larger, than that of loose connective tissue, on day 12 of the study, as well as in the cicatricial soft tissue deformities.
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BNNAHNE BUOCOBMECTUMBbIX MbE3O3JIEKTPUHECKUX MEMBPAH HA PASBUTUE ®PUBEPO3A
MPU PEFEHEPALIW PAH CJTUSUCTON OBOJTIOYKU MNONIOCTU PTA

A. [. KoHsiesa' = E. 1O. BapakyTa', A. E. Jleiman’, I. M. Kopmatos', M. B. ®epocoga’, E. H. Bonbbacos?, K. C. CtaHkesu+®

T CUBMPCKIIA roCYLapCTBEHHBIA MEAVLIMHCKIMIA yHMBEPCUTET, TOMCK, Poccus
2 TOMCKWMiN NONUTEXHUYECKUIA YHBEPCUTET, ToMcK, Poccus
3 TocylapCTBEHHbIN YHVBEPCUTET LWTaTta MoHTaHa, Bo3meH, MoHTaHa, CLLIA

[MpournakTvika pas3snTis rbposa Npu pereHepaLmin paHeBbIx AePEKTOB CAM3NCTOM 0BO0HKM MONOCTU pTa SBNSIETCS akTyanbHOM NPobremMoit B COBPEMEHHOM
XUPYPrn4eckon ctomaronornu. Liensto nccnenosanns 6b110 NMPoBECTU MOPAOIOrNHECKYHO OLEHKY BIMAHNS OVOCOBMECTUMBIX MbE303NEKTPUHECKIX MEMOPaH Ha
hopmMmpoBaHme hrbpo3HON TKaHK B MPOLIECCE PereHepauy paH CimaucTolr 060104KI1 MofoCTH pTa. Bbinn NpoaHaManpoBaHbl MEXXKIETOHHOE B3aMMOLENCTBIE
MakpoaroB 1 hrbPOBACcTOB, a TakKe M3MEHEHIS YPOBHS aKkcrpeccun Mapkepos CDB8 1 TGFB 1 1 nx BNvsiHYE Ha passiTe dhrnbposa B YCNIoBUSX MCMONb30BaHYIS
O1OCOBMECTUMBIX MOIMMEPHBIX MEMOPaH C MbE30ANEKTPUHECKVMN CBOVNCTBAMI Ha Pa3NYHbIX dTanax pereHepaLyn paHeBoro AeexTra Cn3nCTon 060M04KN
rnonoct pra. MNpoBeaeHa cpaBHUTENbHAS MOPCONOrMYeckasi OLeHKa CTPYKTYP CAM3UCTON 0BOM0YKI POTOBOW MOMOCTA Y XKUBOTHBIX C UHTAKTHOW CRM3MCTON
0601104KOM (N = 15), C OTKPbITLIM paHeBbIM AedeKToM (N = 15) 1 paHOW, NepeKpPbITON BUOCOBMECTVIMON NbE303NEKTPUHECKO MeMbpaHoi (n = 15). 3abop mMaTteprana
13 06nacTn paHeBoro AeeKTa OCYLLECTBASM Ha 3-1, 7-€ 1 12- CyTKI SKCNEPUMEHTA, B aHaUTOMH4HbIE CPOKM OTOMPaNM MaTepuaU y MHTaKTHbIX XXUBOTHbIX. B rpynne
C 1CMONb30BaHNEM B1OCOBMECTUMOM MeMOPaHbl B 061acTy AedheKTa BbIsiBNEHbI MPU3HaKV CTaaumn NponmdepaLin yxxe Ha 3-1 CTyku 1ccnenoBaHis, 6onee ObicTpas
CcMeHa MakpodaranbHoM MHUABTPaLMN Ha rbpPOBNaCTUHECKYIO, CHIDKEHME BOCMANTENBHOM peakLmin — Ha 7-e CYTK U BOCCTAHOBMEHWE YMCIIEHHON MAOTHOCTH
Makpoharos 1 PropoOAaCcToB [0 UHTAKTHbIX 3Ha4YeHUn — Ha 12-e CyTKW. BbIpakKeHHOCTb SKCMPEeccu MapkepoB, MPOrHO3MPYIOLLWX passiTne dnbposa, CDB8 n
TGFB1, 6bina HKe, YeM B rpynne 6e3 1crnonb3oBaHms MemopaHbl. Habnopamm yMeHbLLEHVE YAENBHON MoLLaamn rioTHOM BONOKHUCTON COEAVHUTENBHOM TKaHW Ha
MMKPOCKOMMHECKOM YPOBHE Y BbIPaXKEHHOCTb AecpopMaLiiv MArKVIX TKaHel Ha MakpOCKOMMHECKOM YpOoBHe. B rpynne 6e3 paHeBOro MOKPbITUS Ha BCEM MPOTSHKEHMM
AKCMEPUMEHTA COXPAHANMMCH OOLUMPHAA KIIETOHYHAA MHPMALTPALMA 1 yeuneHHas akcnpeccuns CDB8 1 TGFB1, YTo nprBoamno K npeotnafaHnio YAEsHOM nnoLLaan
MAOTHON BONOKHUCTOM COEONHUTENBHOM TKaHW Haf, PbIXJIOV COEAVMHUTENBHON TKaHbO Ha 12-e CyTKW UCCNeaoBaHvs 1 pybLoBol AedhopMaLn MArkinx TKaHei.
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Fibrosis is one option for the oral mucosal wound defect
repair [1]. However, the presence of fibrosis results in the soft
tissue volume reduction, adversely affects the damaged area
architectonics and further dental treatment [2].

A number of predictors, the analysis of the severity of
which can predict the risk of fibrosis, can be distinguished
at the early stages of wound defect regeneration. It is noted
that the fibroblast-macrophage reciprocal interactions change
depending on the wound healing stage and probability of the
risk of fibrosis [3].

The transforming growth factor — (TGFB) release by
cell populations at the wound defect site also indicates the
development of fibrosis. TGFB is released by fibroblasts,
macrophages, and other cells of the wound bed; granulation
tissue formation, collagen synthesis, and angiogenesis are
stimulated against the background of the TGFB expression
increase [4]. However, the TGFB expression levels and effects
on the development of dense fibrous connective tissue
depend heavily on microenvironment and cellular context.
TGFB either stimulates, or inhibits cell proliferation. It acts as
a chemoattractant for monocytes and fibroblasts; high TGFf
expression levels during the first phase of wound regeneration
contribute to granulation tissue development. However, the
increased TGFB expression is accompanied by severe cell
infiltration and reduced collagenolysis in the final phase of
repair [5]. CD68, the macrophage activity marker, can be also
assessed in order to predict the wound healing variant [6].

Efficacy of the use of various biocompatible materials for
wound defect closure can be assessed based on the analysis
of the above indicators.

There are no data on assessment of the efficacy of using
wound coverings with similar physical and chemical properties
for oral mucosal wound defect regeneration in the literature.

The study was aimed to perform morphological assessment
of the effects of biocompatible piezoelectric membranes on the
fibrous tissue formation during regeneration of the oral mucosal
wounds.

METHODS

The experiment represented a simple comparative study of
two approaches to treatment of the oral mucosal wound
defects (involving/not involving closure of the defect with a
biocompatible covering).

A polymeric piezoelectric membrane assessed in our
study represents the nonwoven fabric made of vinylidene
fluoride/tetrafluoroethylene copolymer by electrospinning. The
membrane consists of two layers: hydrophilic one facing the
wound defect and hydrophobic external one. The membrane
is not biodegradable: it is removed from the surface of the
healed wound defect after the end of repair. The earlier studies
have shown that the fact of piezoelectric properties in the
membranes compared to dielectric membranes contributes
to the accelerated formation of loose fibrous connective tissue
with the smaller specific area of dense fibrous connective tissue.
Coverings were also tested for biocompatibility and cytotoxicity
using the 3T3L1 fibroblasts at the laboratory of biopolymers
and biotechnology of the Tomsk State University [7].

The study involved 45 Wistar rats (4-month-old males with
the body weight of 350 + 30 g), 15 animals per group. Group 1
(n = 15) included animals with open wound defects, group 2
(n = 15) included animals with the wound defects closed with
polymeric piezoelectric membranes, group 3 (n = 15) included
animals with intact mucosa. Animals were divided into groups
by block randomization. Rats were provided by the Goldberg

Research Institute of Pharmacology and Regenerative
Medicine (Tomsk, Russia). The experiment was conducted
after the two-week acclimatization of animals. All rats were kept
under standard conditions: in the separate labeled cages, five
animals per cage, with ad libitum access to food and water
starting from day 2 of the study, at the temperature of +12 °C to
+18 °C [8].

This animal species was selected as a research object due to
a number of factors: high degree of the experimental modeling
data translation relative to humans, genetic homogeneity
(homozygosity) determining consistency of response to
the exposure to physical and chemical, physiological,
biopathogenic, and stress factors, well-known level of sensitivity
to stimuli; specificity and levels of biochemical, immunological,
functional, and morphological indicators [9].

The mucosal flap sized 7 x 4 mm was excised from the
animal’s buccal area in order to simulate the oral mucosal
wound defect. After that the membrane was secured to the
wound edges with the loop sutures in animals of group 2. All
surgical procedures were conducted after putting the animals
under anesthesia using Zoletil 100 in a dose of 10 mg/kg
(Virbac, Carros; France). The criteria for exclusion of animals
from the study with subsequent euthanasia were as follows:
general deterioration characterized by lethargy, apathy, refusal
to eat, sleep disorder or the animal’s premature death. None of
the animals was excluded from the study.

The animals were withdrawn from the study on days 3, 7,
and 12 (five animals per group) by inducing hypoxia in the CO,
chamber.

Tissue specimens for histological assessment were
collected from the wound defect site by seizing 1 mm of the
tissue from the margins. The tissues collected during autopsy
were fixed in the 10% neutral formalin solution (Biovitrum;
Russia), washed with running water, dehydrated with
ascending alcohol concentrations and isopropanol (Biovitrum;
Russia), and embedded in paraffin (Biovitrum; Russia). The
5 pm histological sections were cut using the MS-1 sliding
microtome (Orion-Medic; Russia). Sections were stained with
hematoxylin and eosin (ABRIS+; Russia) and van Gieson's
picrofuchsin (Biovitrum; Russia). Semithin sections were
toluidine blue stained.

We performed qualitative and quantitative histological
assessment of the fibrous connective tissue specific area,
macrophage and fibroblast numerical density in 1 mm? of
the section. Histological sections were examined using the
Axioskop 40 light microscope (Carl Zeiss AG; Germany) with
the 40x and 90x lenses, 10x eye lenses). A total of 50 fields
of view from the wound defect site per group were examined.

Immunohistochemical staining involved the use of the
recombinant rabbit polyclonal antibody CD68 and isotype |
IgG TGFB (Abcam; USA). The McCarthy immunohistochemical
staining intensity was graded [10]: 0 — no detectable staining,
1 — weak staining, 2 — moderate staining, 3 — strong staining,
4 — very strong staining.

Formula:

Histochemical scores = Y, P(i) x i,

where i — staining intensity graded on a scale of 0-4,

P(i) — percentage of cells stained with different intensity.

Enumeration was performed in three cohorts of 100 cells in
various fields of view (40x, 90x lens).

Images were process using the Axio Vision 4.8.2 (Carl
Zeiss AG; Germany) and ImagedJ v.1.54u (National Institutes of
Health, Maryland) tools.
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To assess the macrophage and fibroblast fine structure,
we prepared samples for electron microscopy by standard
method: fixed tissues in the 2.5% glutaraldehyde solution and
cacodylate buffer (0.2 M; 1 : 9), applied postfixation with 1%
osmium tetroxide, dehydrated and embedded in the araldite
M and epon mixture. Sections were cut with the LKB-5
ultramicrotome (BROMMA; Sweden); the uranyl acetate and
lead citrate contrast enhancement was applied to the slides.
Fine structure was assessed using the JEOL JEM -1400 CX
electron microscope (Jeol; Japan).

Statistical processing

The Statistica v. 10.0 software (StatSoft Inc.; USA) was used for
in vivo analysis. The hypothesis of trait distribution was tested
for normality using the Kolmogorov-Smirnov test. All the results
were presented as the median and quartiles, M (Q,; Q,). The
nonparametric Kruskal-Wallis test with the median test was
used to compare independent samples; the Wilcoxon test was
used for pairwise comparison. The differences were considered
significant at p < 0.05.

RESULTS

On day 3 of the study, there was granulation tissue at the wound
defect site in the experimental groups; sporadic bundles of
connective tissue fibers were found in the group with covering.
Cell infiltration represented mainly by neutrophils was visible
at the wound defect site. Furthermore, macrophages and
fibroblasts were detected, which were more often visualized in
the group with covering (Fig. 1A). Thus, the fibroblast numerical
density was significantly (1.4 times) higher in the group with
the wound covering (p = 0.035), than in the group with no
covering, and significantly (14 times) higher (p = 0.012), than
in the intact mucosa (see Table). We can say that mostly small
immature fibroblasts with the moderately developed organelles
involved in synthesis were visualized during ultra-microscopic
examination. Macrophage infiltration was also more prominent
in the group with membranes, the numerical density of this cell
population was significantly (2.3 and 10.7 times) higher, than
in the group with open wound defects and the control group,
respectively (o = 0.034, p = 0.018). At the ultra-microscopic
level, macrophages showed signs of high phagocytic and
synthetic activity, which affected the CD68 marker expression
that was significantly (2.6- and 4.2-fold) increased in the group
with no covering and the group with membranes, respectively,
compared to the values for the intact mucosa (p = 0.022,
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p =0.031). Higher expression of the TGFB1 marker was observed
in the group with open wound defects: H-score of the group was
significantly (1.4 times) higher (o = 0.045), than that of the group
with membranes, and significantly (6.3 times) higher, than that of
intact mucosa (p = 0.022) (see Table) (Fig. 1B).

On day 7 of the study, the newly-formed loose fibrous
connective tissue, between the fibers of which clusters of
macrophages and fibroblasts were found, was visualized
in the experimental groups (Fig. 1C). In this phase of wound
regeneration, macrophages and fibroblasts were most often
found in all fields of view. The macrophage numerical density
reached its maximum in the group with no covering and was
significantly (1.6 and 11.3 times) higher compared to appropriate
values reported for the group with polymeric membranes and
the control group (p = 0.019, p = 0.011) (see Table). This
correlated with the CD68 marker expression, the H-score of
which in the group with no covering was significantly (1.2 and
6.5 times) higher, than in the group with covering and the group
with intact mucosa (p = 0.048, p = 0.024). Furthermore, the
fibroblast numerical density, in contrast, reached its maximum
in the group with membranes and was significantly (1.35) higher
compared to the group with no membranes (p = 0.041) (see
Table). Immature fibroblasts still prevailed in the group with no
covering, while in the group, where membranes were used,
the differentiated mature fibroblasts showing ultrastructural
signs of increased synthetic activity were most often visualized
(Fig. 1D). No foreign body reaction at the membrane implantation
site was observed in any phase of the experiment. The TGFB1
marker expression was significantly (2.8 times) higher in
the group with open wound defects, than in the group with
membranes (p = 0.036), and 8 times higher, than in the control
group (p = 0.013).

On day 12 of the study, large foci of dense fibrous connective
tissue were found in the group with no wound covering (Fig. 1E).
Its specific area was significantly (3.9 times) higher, than in
the group with covering (p = 0.036). At the macroscopic level,
this was reflected in the buccal area deformities with soft tissue
loss; the scar, 4.5 mm in length, was determined at the wound
defect site (Fig. 1F). In the group with polymeric membranes,
the scar length reached 1.5 mm, and soft tissue deformation
was slight. In the group with membranes, the macrophage and
fibroblast numerical density reached the control values. In the
group with no wound covering, these values were significantly
(6 and 7.2 times) higher compared to the values of the intact
group (p = 0.032, p = 0.021). In the group with no wound
covering, fibroblasts still showed ultrastructural signs of high
synthetic activity, while functionally inactive fibrocytes prevailed

Table 1. Morphological indicators characterizing the degree of fibrosis in the oral mucosa during regeneration of a wound defect, M(Q1:Q3)

Numerical density of Numerical density of ) Specific area Qf dgnse
TGFg CcDe8 fibroblasts. c.u. macrophages. c.u. fibrous conrlzctwe tissue.

Control 45.0 (40.0; 48.75) 50.0 (45.0; 55.0) 380.0 (376.0; 391.7) 163.0 (158.0; 165.0) -

Day 3
Group 1 285.0 (276.25; 290.0)* 140.0 (135.0; 145.0)* 3782.0* (3721.0; 3849.5) 772.5* (750.2; 788.0) -
Group 2 200.0 (190.0; 205.0)# | 210.0 (205.0; 215.0)# | 5378.5"# (5346.2; 5465.7) 1750.0 *# (1735.2; 1785.5) -

Day 7
Group 1 367.5 (351.25; 375.0)" 325.0 (320.0; 330.0)* 4530.5" (4472.5; 4579.7) 1846.0* (1831.2; 1869.0) -
Group 2 130.0 (125.0; 135.0)"# | 280.0 (275.0; 285.0)"# | 6136.0"# (6126.0; 6145.0) 1128.0"# (1118.5; 1145.7) -

Day 12
Group 1 230.0 (225.0; 235.0)* 170.0 (165.0; 175.0)* 2746.5" (2639.0; 2906.0) 971.0* (947.0; 1138.2) 23.0 (14.3; 27.98)"
Group 2 85.0 (80.0; 90.0)"# 85.0 (80.0; 90.0)# 397.5# (395.0; 402.0) 147.54# (143.0; 149.7) 5.9 (5.5; 6.3)#

Note: * — significant differences compared to the control group (o < 0.05); # — significant differences compared to group 1 (p < 0.05).
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Fig. 1. Phases of the oral mucosal wound defect regeneration. A. Granulation tissue containing macrophages and fibroblasts at the wound defect site (day 3, group 2;
x900; stain: toluidine blue). B. TGFB1 expression by the granulation tissue cells at the wound defect site, hematoxylin staining of nuclei (day 3, group 1; 900x). C. Loose
fibrous connective tissue at the wound defect site showing extensive cell infiltration (day 7, group 1; stain: hematoxylin and eosin; x400). D. Differentiated fibroblast (day 7,
group 2; TEM, 5000x). E. Dense fibrous connective tissue showing cell infiltration (day 12, group 1; stain: hematoxylin and eosin; 400x). F. Macroscopic features after
the wound defect regeneration. Soft tissue loss. Scar, 4.5 mm in length. G. Fibrocyte showing no synthetic activity (day 12, group 2; TEM, 5000x). H. CD68 expression

by the connective tissue cells, hematoxylin staining of nuclei (day 12, group 2; 400x). FT — dense fibrous connective tissue, | — cell infiltration, EU — euchromatin,
HH — heterochromatin, RER — rough endoplasmic reticulum, M — mitochondrion, V — vesicles, MP — macrophage, FB — fibroblast; ++++ — very strong staining;
+++ — strong staining; ++ — moderate staining; + — weak staining; - — no detectable staining

in the group with covering (Fig. 1G). At the ultrastructural
level, the well-developed rough endoplasmic reticulum, Golgi
apparatus, and mitochondria were visible in macrophages,
which indicated high synthetic activity. The CD68 and
TGFB1 expression was significantly higher in the group with
open wound defects, than in the groups with coverings and
intact mucosa: 2 and 3 times higher, respectively (o = 0.019,
p = 0.025) (see Table) (Fig. 1H).

DISCUSSION

During this study we assessed the major predictors of fibrous
tissue development at the oral mucosal wound defect site. The
following scheme of pathomorphogenesis can be drawn based
on the study results and the literature review (Fig. 2).

According to the scheme, extensive cell infiltration in the
healing area was observed at the first stage of wound defect
regeneration, in the inflammatory phase. A large cluster of
macrophages, the numerical density of which was significantly
higher, than in the group with open wound defects, was revealed
in the group, where biocompatible membranes were used.
This indicator correlated with the increased macrophage CD68
marker expression in the group with polymeric membranes.
At the ultra-microscopic level, the signs of increased synthetic
activity could be noted in the group with covering. The well-
developed synthetic apparatus was essential for the release of
bioactive substances, which were also attractants for migration
of fibroblasts to the wounded area [11]. We interpreted the data
obtained as the fact of the inflammatory phase transition to the
proliferative phase, since it is macrophages that are responsible
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Fig. 2. Scheme of the oral mucosal wound defect regeneration pathomorphogenesis in cases of using/not using a polymeric piezoelectric membrane. T — slightly
increased expression; 1T — moderately increased expression; 11T — markedly increased expression; | — decreased expression. 1 — according to Morikawa M,
Derynck R, et al. [5]; 2 — according to Xu X, Gu SY, et al. [11]; 3 — according to Zhang T, Wang XF, et al. [12]

for targeted migration of fibroblasts due to the release of
vascular endothelial growth factor (VEGF), platelet-derived
growth factor (PDGF), and TGFB, contributing to angiogenesis,
collagen production, and re-epithelization [12].

Furthermore, the numerical density of fibroblast type cells
was significantly increased in the group with covering. This also
suggested that the major processes observed in the wound
shifted from inflammatory response to connective tissue
formation in the group with wound covering.

However, to properly interpret these indicators, it was
necessary to analyze their dynamic changes, since preservation
of extensive infiltration, especially with macrophages, at the
later stages of wound regeneration could be a prerequisite for
the development of fibrosis. That is exactly what we saw
in the group with no wound covering, where the macrophage
numerical density was significantly higher, than in the group with
wound covering, on day 7 of the study and did not reach the
control values on day 12 of the study. The fibroblast numerical
density, on the contrary, was significantly lower in the group
with no covering on day 7. On day 12, the fibroblast numerical
density increased relative to the intact mucosa and the group
with covering. Such a relationship between macrophages
and fibroblasts in the group with open wounds indicated a
prolonged inflammation that contributed to further development
of fibrosis [11]. In the group, where biocompatible piezoelectric
membranes was used, the numerical density of the studied cell
populations recovered to the control values on day 12 of the
study, which was considered a positive prognostic sign.

The TGFB1 release by the cells is a primary trigger for the
wound regeneration initiation. In this regard, we observed
increased TGFB1 expression on day 3 of the study in both
experimental groups [12]. However, TGFB1 expression was
significantly higher in the group with no wound covering, than
in the group with biocompatible membranes; the expression
reached its maximum on day 7 of the study and did not return
to the control values on day 12 of the study. This marker
is released by a number of cells at the wound defect site:
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platelets, macrophages, fibroblasts, keratinocytes, etc. [4]. And
this specific marker plays a critically important role in the shift
of regeneration stages, since it has an effect on cooperation of
macrophages and fibroblasts at the wound site [5]. Furthermore,
it is reported that not only different cell types respond differently
to TGFB1, but also the same cells can show contradictory
responses depending on the experimental conditions [5].

The TGFB1 expression increase reported on day 7 of
the study mediated preservation of extensive infiltration with
the synthetically active fibroblasts and macrophages at the
wound site on day 12 of the study in the group with open
wound defects. At the same time, their numerical density in
the group with covering returned to the control values in the
final phase of wound regeneration against the background of
lower H-score values for TGFB1. Moreover, the fibroblast type
cells were represented mainly by the synthetically inactive
fibrocytes, which indicated termination of connective tissue
development at the wound defect site in the group with
polymeric membranes. In the group with open wound defects,
the synthetically active fibroblasts were mostly found at the
wound site on day 12 of the study. Proliferation, migration, and
differentiation of fibroblasts were observed under exposure
to TGFB1, while aberrant signal transmission from TGFf1
was associated with activation of the mechanism underlying
the scar tissue formation [12]. The scar tissue formation
was related to the abnormal, disturbed wound healing
process associated with chronic inflammation [13] occurring
against the background of increased TGFB1 expression,
which represented an important phase of chronic wound
regeneration [14]. Thus, the TGFB1 expression increase can
be considered an important pro-fibrotic marker [15].

That is why dense fibrous connective tissue constituting
the basis for fibrotic changes was formed in the group with
open wound defects during interaction between fibroblasts and
macrophages under exposure to TGFf1, which was indicated
by the presence of the scar, 4.5 mm in length, and soft tissue
loss at the macroscopic level.
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The polymeric piezoelectric membranes made of vinylidene
fluoride/tetrafluoroethylene copolymer by electrospinning
represent the most recent creation of the laboratory of hybrid
biomaterials of the Tomsk Polytechnic University. There are no
earlier studies focused on assessing the effectiveness of using
the analogues with similar physical and chemical properties for
the oral mucosal wound defect regeneration in global practice.
Based on this study we assume that piezoelectric properties
of biocompatible polymeric membranes contributed to the
TGFB1 expression decrease, which resulted in inhibition of
TGFB1 effects on the activity of fibroblasts and macrophages.
Consequently, loose fibrous connective tissue was formed,
while dense fibrous tissue formation and, as a result, scarring
was reported in the group with open wounds. This hypothesis is
confirmed by the data of the comparative study of piezoelectric
and dielectric coverings in regeneration of oral mucosal
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DISCLOSING ADOLESCENTS' GYNECOLOGICAL CONCERNS: EXPLORING TRENDS
IN ADOLESCENT GYNECOLOGY VISITS AND COMPLAINTS

Uyaniklar OO B2, Rahimli Ocakoglu S, Atak Z, Suer E
Department of Obstetrics and Gynecology, Bursa City Hospital, Bursa, Turkey

Adolescence represents a pivotal phase in the transition from childhood to adulthood. Adolescent gynecology is the clinical specialty that focuses on the
management of gynecologic problems during this period. This study's primary objective is to emphasize the importance of adolescent gynecology by examining
the gynecological causes of adolescent presentations and highlighting the differences that warrant consideration in the clinical approach to adolescent patients.
The study was designed as a retrospective cohort study in an academic tertiary hospital and included adolescent individuals presenting to the obstetrics and
gynecology emergency department or outpatient clinic. The analysis encompassed a range of factors, including age, presenting symptoms, examination findings,
ultrasound results, laboratory data, and the necessity for hospital admission. The study cohort comprised 750 adolescent patients, 71.3% seeking gynecological
care. Adolescents most frequently presented for menstrual irregularities (57.6%) and secondly for dysmenorrhea. The results of the gynecological clinical evaluations
indicated that 62.9% of the patients had menstrual disorders. Of these, 53.4% had irregular menstrual cycles, 4.5% had prolonged and/or heavy bleeding, and
3% had amenorrhea. Ultrasound imaging revealed the presence of pathological findings in 25.8% of the patients. In conclusion, this study's findings indicate that
irregular menstrual cycles are the most common gynecological condition in the adolescent population. The physiological characteristics of adolescents require a
distinct approach to diagnosis and treatment compared to adult women, which can significantly impact future fertility and overall reproductive health.

Keywords: adolescent pathologies, menstrual irregularity, adolescent gynecology, dysmenorrhea, vaginitis
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MHEKOJTOMMYECKUE NPOBJIEMbI Y MOAPOCTKOB: TEHAEHLIMW OBPALLIEHUI
K T’MHEKOJIOITAM 1 XKAJ10B6

0. O. YiaHbiknap =, C. Paxumnbl O4akorny, 3. Atak, 9. Cyap
OTpeneHve akyliepcTBa 1 riuHekonorn, fopoackas 6onbHuLa bypcesl, Bypca, Typuus

[oApPOCTKOBbLIN NEPUOA NPEACTaBNSeT COOOM KMOHYEBOM aTan nepexoda oT AeTCTBa K B3POCAOCTU. MoapocTkoBas MHEKONOrMs 3aHUMAaETCs eHeHnem
TMHEKONOrMYECKNX MPOBIEM, BO3HUKAIOLLMX B 3TOT nepurog. OCHOBHOM Lienbto paboTbl 6bI10 NOAYEPKHYTb BaXKHOCTb NMOAPOCTKOBOW MHEKONOMW, CCNEA0BaB
MMHEKOMOrMYeCKMe MPUYMHBI OBpaLLeHns NOAPOCTKOB 3a MEAVLMHCKON MOMOLLBIO U 0COB0 OTMETUB Pasnnyns, KoTopble HeobXoAMMO y4uTbiBaTb Mpu
obpaLLeHnn 3a KIMHUHYECKOW MOMOLLIBIO Y TakMx NauneHToB. B peTpocnekTMBHOE KOrOPTHOE MCCNeAOoBaHre, NPOBEAEHHOe Ha 6ase cneumanvavpoBaHHOM
YHUBEPCUTETCKOM 60MbHNLIbI, OblNn BKIIKOYEHb! NLa NOAPOCTKOBOro BO3pacTa, obpallaBluMecs 3a SKCTPEHHOW MOMOLLBIO B OTAENeHVe akyllepctsa 1
TYHEKONOTUN AW B MOMMKIMHUKY. Bbin npoaHanvanposaH Lenbiil psj, (hakTopos, B TOM 4VCAe BO3PACT, UMEIOLLMECS CUMMTOMbI, pe3ynstaTbl obcnenoBaHns,
pesynsTaThl yNsTPasByKOBOro UCCIEA0BaHS, 1abopaTopHble AaHHbIe 1 HEOOXOAMMOCTb rOCMUTaIM3aLVK. ViccnegoBaHHyto KOropTy coctasmm 750 naumeHToB
noapOCTKOBOro Bo3pacTta, 71,3% 13 H1ux obpallanich 3a MHEKONOrM4eCcKom MOMOLLIbHO. MogpOCTKM Halle BCero 0bpallanmcs K Bpady no noBoay HapyLLeHnn
MeHCTpyasnbHOro unkna (57,6%), BTOPOV MO 3HAYMMOCTV MPUHMHOM Bbina AucMeHopes. PeaynstaTthl MHeKonormieckoro obcneaoBaHns nokasanu, Y1o
HapyLUEHMS MEHCTPYaIbHOrO LMKa uMenn Mecto y 62,9% naumeHToB. M3 Hux y 53,4% 6binn HeperynspHble MeHcTpyaumn, y 4,5% — npoposmkuTensHble 1/
N 0BWNbHBIE KPOBOTEYEHNS, Y 3% — ameHOpes. YNbTPa3BykoBOE WCCNEOOBaHNe BbISBUIO MAaTONOrM4ecKme nameHeHns y 25,8% nauneHTos. Pesynstartsl
1ccnefoBaHns NoKasanm, YTo HapyLIeHUs MEHCTPYaNbHOro Livikna MpeacTaBnsioT coboi Hambonee WMPOKO PacnpoCTpaHeHHyo B MOAPOCTKOBOW NOMyALMm
TYIHEKOMOMNHECKYHO MPobnemMy. Pr3MONorn4eckre 0COBEHHOCTY MOAPOCTKOB TPEOYIOT 0COB0ro MOAXOAA K AVArHOCTUKE W IEHEHMIO MO CPaBHEHWIO CO B3POCbIMN
SKEHLLIMHAMM, YTO MOXKET HEraTvBHO MOBNATL Ha ByayLLyto PepTUbHOCTL 1 0bLLIEe PENPOLYKTVBHOE 300POBbLE.

KnioueBble cnoBa: NoAPOCTKOBasA NaToNOrus, HapyLLEHVSt MEHCTPYaSIbHOrO LMK, MoAPOCTKOBAs MMHEKONOrs, ANCMEHOPES, BarvHUT
CobniofieHNe aTUHECKNX CTaHAAPTOB: 1CCefoBaHNe OJ0OPEHO 3TUHECKUM KOMUTETOM TOpOLCKOM 6onbHNLBI Bypckl (MpoTokona Ne 2022-4/5).
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Adolescence is a period of change between childhood and
adulthood, typically between the ages of 10 and 19 [1]. The
gynecological problems experienced by adolescent girls differ
from those of adult women. The fundamental differences in
gynecological changes during adolescence typically begin with
the production of steroid hormones, which facilitate breast
development, uterine growth, and the development of pubic
hair. Menarche, on the other hand, refers to the onset of cyclic
ovarian hormone production, leading to menstrual bleeding [2].

Adolescent gynecology is a specialized field of medicine that
focuses on adolescents' reproductive health and gynecological
issues. It addresses young girls' unique needs and concerns
during the transitional period from childhood to adulthood.

In this field, healthcare providers are trained to provide
comprehensive care for adolescents, including preventive care,
diagnosis, and treatment of gynecological conditions. They
address a wide range of issues such as menstrual problems,
contraception, sexually transmitted infections (STls), pelvic
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pain, abnormal bleeding, polycystic ovary syndrome (PCOS),
and concerns related to sexual development [3].

Adolescent gynecology also encompasses the management
of reproductive health concerns specific to teenagers, including
education about healthy sexual practices, Human papillomavirus
(HPV) vaccination, counseling on contraception and family
planning, and addressing the emotional and psychological
aspects of sexual development [4]. The American College of
Obstetricians and Gynecologists (ACOG) recommends the
initial reproductive health visit between 13 and 15 years [5].
Gaining proficiency in the appropriate methods for the initial
examination plays a crucial role in forming a lasting connection
with individuals within this age group [4].

Adolescent gynecology is a subspecialty within the field of
obstetrics and gynecology.

This study aims to emphasize the significance of adolescent
gynecology by analyzing the gynecological reasons for which
the adolescent population seeks medical care. Additionally,
it aims to highlight the distinctions between adolescent
gynecology and adult gynecological approaches.

METHODS

This is a retrospective cohort study, conducted in a high-volume
tertiary hospital. Electronic file records for patients who
applied to the Gynecology and Obstetrics clinic between
June 2021 and January 2022 were analyzed retrospectively.
Patients aged between 10 and 18 years who presented to
the Obstetrics and Gynecology Emergency Department or
outpatient clinic were included in the study. Patients with
missing data in the electronic medical records were excluded
from the study. The reason at patient admission was evaluated,
whether due to pregnancy or gynecological complaints.
Patients presenting due to pregnancy were not included in
the analysis. The patient's age, complaints at admission,
findings from the gynecological examination if performed,
ultrasound findings, laboratory results, and the need for
hospitalization were also analyzed.

Age values are expressed as mean + standard deviation.
Categorical variables are expressed with n (%). SPSS (IBM
Corp. Released 2012. IBM SPSS Statistics for Windows.
Version 21.0. Armonk. NY: IBM Corp.) program was used for
statistical analysis.

RESULTS
In total, 750 adolescent girls were included in this study

(Figure). Of the adolescents included in the study, 215 (28.7%)
presented to the hospital due to pregnancy, while 535 (71.3%)
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sought medical care for gynecological reasons. The complaints
reported by the patients at admission are presented in Table 1.
The majority of adolescents sought care with complaints
of menstrual irregularities (n = 309; 57.6%), followed by
dysmenorrhea (12.7%), vulvar itching/vaginal discharge (9.5%),
pelvic pain (5.6%), and hirsutism (5.6%). Patients presenting with
complaints of an adnexal mass (5.2%) consisted of individuals
who had previously detected adnexal masses through imaging
studies. In addition to the mentioned complaints, acne vulgaris
(2.2%), contraception counseling (1%), and galactorrhea (3%)
were among the other presenting complaints.

The results of the patient's clinical evaluations are presented
in Table 2. When questioning the patients about their menstrual
history, it was determined that a total of 337 (62.9%) adolescent
girls had menstrual irregularities. Among the patients with
menstrual irregularity, 16 patients presented with amenorrhea.
While 15 adolescents were describing secondary amenorrhea,
one patient had primary amenorrhea. When the patient's
hospital records were checked, secondary sex characters
at the age of 16 showed normal development. As a result of
ultrasonography and MR, the uterus was not observed, and
genetic consultation was requested.

Of the girls who underwent ultrasonography, PCO
morphology was detected in 89 cases (16.6%), while normal
sonographic findings were observed in 385 cases (71.8%).
Unilateral unilocular anechoic cysts larger than 4 cm were
found in 35 girls. Among the girls with unilocular anechoic
cysts, 4 had cyst sizes ranging from 6 to 8 cm. No cases
showed evidence of torsion, and all were followed up in the
outpatient clinic. A total of 5 girls (0.9%) were diagnosed with
corpus hemorrhagicum or corpus luteum. Among the girls
with corpus hemorrhagicum, 3 reported pelvic pain and 2 had
irregular bleeding as their presenting complaints. Four girls
were diagnosed with mature cystic teratomas, and only 1 girl
with a 6.5 cm endometrioma presented with dysmenorrhea.

The laboratory results are also presented in Table 2.
Hyperprolactinemia was detected in 31 (5.8%) adolescents in
two separate measurements. Patients with elevated CA-125
levels were called for outpatient follow-up due to the presence
of accompanying ovarian cysts. None of the patients were
suspected of malignancy based on sonographic findings,
and among these five cases, the highest CA-125 value was
determined to be 166 U/mL.

A total of 4 patients (0.7%) were hospitalized. Two of the
hospitalized patients were admitted due to heavy menstrual
bleeding. Treatment involved the administration of intravenous
tranexamic acid and an estrogen-progesterone combination
regimen. In a patient who presented with dysmenorrhea and
chronic pelvic pain, an ultrasound evaluation revealed a 5.5 cm

Enrolliment

Assessed for eligibility
(n=772)

Excluded (n = 22)
Insufficient data available in
electronic files

Included (n = 750)

!

Admission due to pregnancy
(n=215)

Fig. Flow diagram of patients included in the study
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Table 1. Complaints at the time of admission

Frequency (percent)

Admission Pregnancy 215 (28.7)

Gynecologic complaints 535 (71.3)
Total 750 (100)
Gynecologic Complaints of Adolescents
Menstrual irregularity 309 (57.6)
Dysmenorrhea 68 (12.7)
Vulvar pruritus/ vaginal discharge 51 (9.5)
Pelvic pain 30 (5.6)
Hirsutism 30 (5.6)
Adnexal mass 28 (5.2)
Acne vulgaris 12 (2.2)
Contraception counseling 5(1)
Galactorrhea 3(0.6)

Note: Data are presented as n (%) for nominal variables.

septated cyst in the right ovary and a 3 cm unilocular anechoic
cyst in the left ovary. No signs of the acute abdomen were
observed during the abdominal examination. The patient's
medical history indicated a previous benign ovarian cyst
excision surgery performed 5 years ago. Due to the presence of
elevated CA-125 levels (594 U/mL) three months ago and the
persistence of elevated levels in the current presentation (166 U/mL),
a consultation with gynecologic oncology was requested. The
patient's Lactate dehydrogenase level was determined to be
110 U/L, and the Alpha-fetoprotein (AFP) level was found to
be 3.8 IU/L. The Human epididymis protein 4 (HE4) level was
found to be normal three months ago. Considering the newly
detected 5.5 cm septated cyst in comparison to previous
imaging, it was presumed to be a corpus hemorrhagicum, and
analgesics were administered. The fourth hospitalized patient
presented to the emergency department with abdominal pain
and was admitted following an ultrasound examination that
revealed a 4 cm unilocular anechoic cyst and a 3 cm fluid
collection in the abdomen. The patient was discharged on
the third day of admission with no decrease in hemoglobin/
hematocrit values during the hospital follow-up.

DISCUSSION

In our study, menstrual irregularities were the most frequent
reason for adolescents seeking gynecological care (57.6%).
Abnormal bleeding is a common complaint in adolescent
gynecology [6]. Young girls and their parents may not have
enough information about normal bleeding periods, so the age
of menarche and the order and duration of menstrual periods
should be questioned [2]. Menarche usually occurs within 2-3
years after thelarche (breast budding) [7]. Although there can be
variations, the average age of menarche is 12—-13[8]. However,
due to immaturity in the hypothalamic-pituitary-ovarian axis
and anovulation, menstrual cycles can be irregular, but they
usually occur every 21-45 days and last for 7 days or less [2,9].

The assessment of heavy menstrual bleeding in adolescents
is crucial for the diagnosis of an underlying bleeding disorder
[10]. The PALM-COEIN system should be utilized for the
classification of heavy menstrual bleeding: Polyp, Adenomyosis,
Leiomyoma, Malignancy and hyperplasia, Coagulopathy,
Ovulatory dysfunction, Endometrial, latrogenic, and Not
otherwise classified [11]. However, structural causes are not a
very common cause of heavy menstrual bleeding in adolescents
[10]. While bleeding disorders occur in approximately 1-2% of

the general population, the prevalence of bleeding disorders
is 20% among adolescents experiencing heavy menstrual
bleeding [12, 13]. In our study, 24 adolescents (4.5%) were
admitted to the hospital due to heavy menstrual bleeding. A
total of two adolescents were hospitalized and treated due to
heavy menstrual bleeding in our study. Adolescents who are
hemodynamically unstable and have heavy bleeding should be
hospitalized as in these cases [10]. The monophasic combined
oral contraceptive and tranexamic acid combination was
administered to both patients by the guidelines [10,14].

The initial management of acute bleeding is medical
treatment, which is determined based on the patient's
hemodynamic status and the potential etiology of the bleeding.
In our study, medical treatment, as applied to the two patients
admitted internally, can be implemented as hormonal, non-
hormonal, or combination therapy [13]. The primary treatment
for acute bleeding is intravenous conjugated estrogen therapy
administered every 4-6 hours. Alternatively, monophasic
combined oral contraceptives should be administered every
6-8 hours until the bleeding stops. For adolescents who cannot
tolerate estrogen, a progestin-only regimen can be applied,
such as oral medroxyprogesterone 10-20 mg every 6-12
hours or norethindrone acetate 5-10 mg every 6 hours [15].

Adolescents who have not reached the menarche by 15
years of age or have not menstruated within 3 years of the
thelarche should be evaluated for primary amenorrhea. The
absence of breast development until 13 years of age should
also be evaluated for delayed puberty [16]. Adolescents with
more than 3 months between menstrual cycles who were
menstruating regularly or absence of menses for more than six
months should be evaluated for secondary amenorrhea [17].
In our study, one patient presented with primary amenorrhea.
The uterus was not observed as a result of ultrasonography,
and Mullerian agenesis was considered as a result of pelvic
MRI. Androgen insensitivity syndrome, distal vaginal agenesis,
transverse vaginal septum, imperforate hymen, and cervical
agenesis should be included in the differential diagnosis of the
patient presenting with primary amenorrhea [18]. Additionally,
evaluation for renal anomalies is necessary for these patients [18].

Dysmenorrhea is the most common menstrual symptom in
the literature among adolescent girls, with a prevalence ranging
from 50% to 90% [19]. Furthermore, our study revealed that
dysmenorrhea was the most frequent reason for adolescents
seeking gynecological care after menstrual irregularities
(12.7%). Dysmenorrhea, or painful periods, can significantly
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Table 2. Menstrual History, Examination, Ultrasonography, and Laboratory Findings
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Patients presenting with gynecological complaints

Age 16.42 +1.73
Menstrual Irregularity (Total) 337 (62.9)
Menses at irregular intervals (>45 or <21 days) 286 (53.4)
Prolonged and/or heavy bleeding 24 (4.5)
Intermenstrual or breakthrough bleeding 11 (2.1)
Amenorrhea (primary or secondary) 16 (3)
Sonographic Pathology (Total) 138 (25.8)
Normal sonographic findings 385 (71.8)
PCO morphology 89 (16.6)
Unilateral >4 cm anechoic cyst 35 (6.5)
Corpus hemorrhagicum/ corpus luteum 5(0.9)
Mature cystic teratoma 4(0.7)
Bilateral ovarian cyst 3(0.6)
Endometrioma 1(0.2)
Intraperitoneal fluid 1(0.2)
No ultrasonography performed 13 (2.4)
Hyperthyroidism 14 (2.6)
Hypothyroidism 4(0.7)
Hyperprolactinemia 31 (5.8)
Elevated CA-125 level (35 units/mL) 5(0.9)
Hospitalization 4(0.7)
Outpatient management 531(99.3)

Note: Data are presented as mean — SD; and n (%) for nominal variables. Primary amenorrhea: failure to reach menarche by age 15 years in adolescent girls with
otherwise normal secondary sexual development Secondary amenorrhea: cessation of previously regular menses for 3 months or longer and cessation of previously
irregular menses for 6 months or longer. Polycystic ovarian morphology(PCOM):Ovarian volume 10 ml on either ovary (guideline 2018) Hypothyroidism: Elevated TSH
with low free T4 or with normal T4 Hyperthyroidism: Suppressed TSH with freeT4 and or T3 elevated

impact the daily activities and quality of life of adolescent girls
and it is a common cause of school absenteeism [20]. Primary
dysmenorrhea involves painful menstruation without any pelvic
pathology. Prostaglandins play a role in the etiology. Secondary
dysmenorrhea, on the other hand, refers to painful menstrual
periods attributed to pelvic pathology or a medical condition.
In adolescents, the most common cause of secondary
dysmenorrhea is endometriosis [21]. In our study, however, an
endometrioma was detected sonographically in one patient.
Within the study population, there are likely more cases of
endometriosis; the diagnosis of peritoneal endometriotic lesions
can only be established through a laparoscopic intervention.
The etiology of secondary dysmenorrhea includes other
factors such as adenomyosis, infections, Mullerian anomalies,
obstructive tract abnormalities, fibroids, and ovarian cysts [20].

Polycystic ovary syndrome (PCOS) frequently manifests
with symptoms during adolescence, primarily characterized by
ovulation dysfunction and androgen excess (hyperandrogenism)
[22]. Adolescents with the presence of hirsutism or treatment-
resistant inflammatory acne, accompanied by menstrual
abnormalities (amenorrhea, oligomenorrhea, or excessive
menstrual bleeding), acanthosis nigricans, and/or obesity,
should be evaluated with consideration of a PCOS diagnosis
[22]. Ultrasonographically, the finding of polycystic ovary
morphology (PCOM) can also be commonly observed in
normal adolescents; therefore, it is not included in the 2015
PCOS diagnostic criteria for adolescents [23]. In our study, a
total of 89 adolescents were found to have sonographically
detected PCOM; however, it is important to emphasize that
this is not a diagnostic criterion for PCOS during adolescence.

Vulvovaginitis is a common gynecologic concern among
adolescents and is characterized by discharge, pain, swelling,
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itching, and discomfort [24]. The etiology of adolescent
vulvovaginitis can be multifactorial, encompassing poor hygiene
practices, chemical irritants, infectious agents, and hormonal
changes associated with puberty. In adolescents, the most
prevalent causes of vaginitis encompass bacterial vaginosis,
vulvovaginal candidiasis, and Trichomonas vaginalis infection
[24]. Within our study cohort, 51 adolescents (9.5%) presented
with complaints of vaginal discharge or vulvar itching. Apart
from infectious agents, etiological factors include poor hygiene
practices, chemical irritants, and feminine hygiene products.
In adolescents, obtaining a comprehensive medical history
and inquiring about sexual activity is imperative for accurate
diagnosis and effective management.

In adolescents, ovarian masses can be incidentally identified
during imaging or may give rise to symptoms such as pelvic
pain, menstrual irregularities, or findings suggestive of precocious
puberty [25]. The majority of ovarian masses encountered in
adolescent girls are either physiological ovarian cysts or of a benign
nature. In our study, an adolescent presenting with abdominal pain
was found to have a 5,5 cm septated cyst and an accompanying
3 cm unilocular anechoic cyst on ultrasonography. The patient
was admitted to the hospital, received medical treatment, and
underwent evaluation for malignancy.

In the treatment of adnexal masses in adolescents, priority
should be given to preserving the ovaries to maintain fertility
[26]. Surgical indications include suspicion of malignancy,
ovarian torsion, persistent mass, and acute abdominal pain [26].
According to a meta-analysis published in 2020, the reported
rate of malignancy is approximately 10-20% of patients who
underwent surgical intervention due to ovarian cysts [27].
Germ cell tumors are the most common malignancies of the
ovaries in children and adolescents, and AFP, B-hCG, and
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lactate dehydrogenase should be tested for the assessment
of suspected germ cell tumors [28,29]. The reason for the
absence of surgical cases in the patient group included in the
study is that patients presenting with abdominal pain or an
acute abdominal condition tend to seek treatment in the field of
Pediatric Surgery or have their treatment directly coordinated
with Pediatric Surgery by the Pediatrics department.

QOur study has some strengths and limitations. The retrospective
design and single center nature of our study may limit the power
of our study. Strengths of the study include conducting it in a high-
volume tertiary hospital and enrolling a large number of patients.

CONCLUSIONS

Adolescent gynecology differs from adult gynecology due to the
physiological and psychological specificities of the adolescent
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ASSESSMENT OF BLOOD AMINO ACID AND POLYAMINE LEVELS

IN PLACENTA-ASSOCIATED PREGNANCY COMPLICATIONS

Gasanbekova AP!, Frankevich NA'™, Chagovets VV', Dolgopolova EL', Novoselova AV', Karapetyan TE', Mamedova GE?, Frankevich VE'?

' Kulakov National Medical Research Center for Obstetrics, Gynecology and Perinatology, Moscow, Russia

2 Peoples' Friendship University of Russia, Moscow, Russia

8 Siberian State Medical University, Tomsk, Russia

The features of polyamine and amino acid metabolism play a key role in the cellular processes, and the search for their role as prognostic and diagnostic (assessment
of fetal condition severity) markers in obstetrics can contribute to improvement of perinatal outcomes in fetal growth restriction (FGR) syndrome, both isolated
and combined with early onset preeclampsia (PE). The study was aimed to determine the features of polyamine and amino acid levels associated with placenta-
associated pregnancy complications. Liquid chromatography coupled with mass spectrometry was used to determine blood levels of polyamines and amino
acids in 156 pregnant women divided into the following groups: with FGR — 48 pregnant women, with early onset PE — 56 pregnant women, control group —
52 somatically healthy women having no pregnancy complications. As a result, we managed to distinguish significant differences in these metabolites, depending
on the obstetric complication (PE or FGR), and to determine correlations of those with a number of clinical data. We revealed a strong negative correlation between
the increasing fetal condition decompensation in FGR and the length of the newborn’s hospital stay for the PE and FGR groups, as well as between the levels
of 1,7-diaminoheptane polyamine (r = -0.78, Cl = -0.92 — -0.37, p = 0.002; r = -0.76, Cl = -0.95 — 0.23, p = 0.003) and proline amino acid and the increasing
fetal condition decompensation in FGR (r = -0.56, Cl = -0.86 —-0.034, p = 0.03). Considering the diversity and complexity of metabolic pathways responsible for
adaptation in the context of hypoxic damage, the results obtained suggest that regulation of amino acids and polyamines is coordinated. Metabolic pathways of
low molecular weight antioxidants, proline and polyamines, are associated with clinical pregnancy outcomes in FGR and early-onset PE.
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N3YYEHUE YPOBHA AMUHOKWNCIOT N NMOJIMAMNHOB KPOBUW NMPU ACCOLUMNNPOBAHHDbIX

C MJALLEHTOW OCNO>XHEHUAX BEPEMEHHOCTU

A. . TacaH6exoga', H. A. ®paHkesn4™ B. B. Harosewl!, E. J1. JepGeHuera’, A. B. Hosocenosa', T. 3. KapanetsH!, . 9. Mamenosa?, B. E. ®paHkeBn4'?
" HauvoHanbHbIn MEQULIMHCKUIA MCCRefoBaTeNbCKI LIEHTP akyLIepCcTBa, MHEKoNormn 1 nepuHatonorin nmenn B. . Kynakosa, Mocksa, Poccuisi

2 POCCUINCKIMIA yHMBEPCUTET APY>KObl HApoAoB UMeHM Matpuca Jlymym6bl, Mocksa, Poccus

3 CMOMPCKMIA roCy0apCTBEHHbIN MEAULMHCKUIA yHBEpCKTET, Tomck, Poccus

OcobeHHOCTN MeTabonm3Ma MOAMaMHOB 1 aMUHOKKMCIIOT MMPatoT KITIOYEBYIO POSib B KIIETOHHbIX MPOLECccax, a MovcK UX POSM B KA4ECTBE MPOrHOCTUHECKUX 1
LVArHOCTUYECKIX (OLIEHKa TSXKECTU COCTOSIHMS MIOLA) MapKePOB B aKyLLEPCTBE MOXET CrIOCOOCTBOBATL Y/yHLLEHNIO NepUHaTabHbIX MCXOAO0B NPV CUHOPOME
3a0epkku pocTa nnopa (3PM), Kak 130MPOBaHHOM, Tak 1 COYETaHHOM C paHHen npeaknamncueit (M3). Lienbto nccnepgoBaHns 6bi1o onpenenMTs 0CO6EeHHOCTN
YPOBHEN MOAMAaMUHOB 1 aMUHOKICIIOT, COMPSKEHHBIX C MiaLEeHTa-aCCOLMMPOBaHHBIMA OCIOKHEHUSIMI 6epeMEHHOCTU. C MOMOLLIBIO XKAKOCTHOM Xpomartorpacnm
C Macc-CrneKTPOMETPUHECKVIM LETEKTUPOBAHNEM Oblnn OMnpefeneHbl YPOBHN NOMMaMUHOB 1 aMVHOKUCTOT B KPOBU 156 6epeMeHHbIX XEHLLWH, pas3faeneHHbIX
Ha rpynnbl: ¢ 3PN — 48 6epeMeHHbIX, C paHHen 13 — 56 6epeMeHHbIX, B KOHTPOSbHOM rpynne — 52 coMaTn4ecK 3A0P0BbIX XKEHLLIMHbI C 6epeMeHHOCTbLIO 6e3
OCIIOXHEHW. B pesynsTaTte yaanoch BeiAenm1Th 3Ha4MMble OTANHMS faHHbIX METAGONMTOB, B 3a@BICMMOCTY OT akyLLEPCKOrO OCHOKHeHVS (M3 um 3PM) 1 ycTaHoBUTb 1X
KOPPENALMOHHYIO 3aBVICUMOCTb C PAAOM KIMHUHECKIX AaHHbIX. OBHapy»xeHa curbHas obpaTHas KOpPEesLMOHHas CBA3b C HapacTaHeM AEKOMMEHCALWIM COCTOSAHYIS
nnopa npwn 3P 1 YUCNIOM KOMKO-OHEN, NMPOBEAEHHbIX B CTaLWIOHApe HOBOPOXAEHHbIM Ans rpynn M3 1 3P 1 ypoBHeM nonvamuHa 1,7-anammHorenTaH (= 0,78,
Cl=-0,92 --0,37, p = 0,002; r =-0,76, Cl = -0,95 - 0,23, p = 0,003) 1 aM1HOKWCIOTO MPOSIMH 1 HapaCTaHNEM AeKOMMeHcaLy COCTosIHWSA noaa npu 3PT (= —0,56,
Cl =-0,86 —-0,034, p = 0,08). YauTbiBasi MHOroobpasue ¥ CoXXHOCTb METADOMMHECKUX MyTel, OTBETCTBEHHbIX 32 afanTaLio B YCIOBMSIX MUMOKCUHECKOTO MOPadKEHNS,
Ha OCHOBAHUN MOMyHEHHbIX PE3YNBTATOB, MOXHO MPEAMONOXUTL, YTO PEryNALMS aMUHOKUCIIOT 1 MOSMaMVHOB SIBASIETCS KOOPAVHUPOBaHHONW. [yTi meTabonvamva
HN3KOMONEKYNSPHbIX @HTUOKCUAAHTOB — MPONHA ¥ MOAMaMUHOB aCCOLMMPOBaHbI C KIMHUHECKVMI 1exopamy GepemeHHocTy npy 3PI v paHHei 13,

KrntoueBble crnoBa: 3afep»ka BHyTPUYTPOOHOrO pasBUTUSA, OrpaHnyeHne pocTa nnoaa, NPeaknamncus, MeTabonomrka, HOBOPOXKAEHHbIA, MaCcC-CreKTPOMETPUS,
OromapKepbl, NoNMaMmUHbl, aMUHOKUCOTbI
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Polyamines are polymeric molecules containing several amino
groups. These are involved in the broad spectrum of biochemical
processes, such as generation of membrane potential, DNA
and RNA stabilization, enzyme activation, and ion transport,
as well as in regulation of gene expression, protein synthesis;
polyamines exert antitoxic activity, have an effect on the body’s
immune system [1-2].

Since polyamines are derived from amino acids [3], these
can be considered an essential component of amino acid
metabolism and cell regulation [4]. Polyamine levels can be
regulated by changing bioavailability and the concentrations
of amino acids essential for synthesis of polyamines [5]. For
polyamines to perform their functions in various cells and tissues,
these must penetrate cell membranes. This process involves the
transport systems, in which amino acids ensure transfer of those
through the membrane. Therefore, the link between polyamines
and amino acids covers not only polyamine synthesis, but also
the effects of polyamines on the cellular processes, including
protein regulation and interaction with cell membranes. This
is a complex area of research that is of great importance for
understanding the cell physiology and biochemistry.

Medical use of polyamines is still evolving, however, there
are already several fields, in which these molecules can be
used as biomarkers for diagnosis of various disorders: cancer
[6, 7], neurodegenerative disorders [8], infectious diseases, and
autoimmune disorders [9].

In obstetrics, polyamines are associated with various
aspects of pregnancy and childbirth [10], including cell growth
and differentiation associated with the development of fetal
organs and systems [11-13]. The link between amino acids
and polyamines is of high clinical significance. Such an essential
amino acid, as arginine, is a precursor of polyamines. Arginine
is converted to spermidine polyamine and spermine through
the series of biochemical reactions. Cadaverine also can be
synthesized from arginine and can take part in regulation of a
number of cellular processes. Low levels of arginine, lysine,
and aspartic acid can play an important role in the processes
resulting in fetal growth restriction (FGR). Arginine, lysine, and
aspartic acid are not only involved in protein synthesis, but are
important for many biochemical pathways and body functions
[14]. Arginine is a precursor of nitric oxide (NO) playing an
important role in regulation of vascular function. NO dilates
blood vessels and improves blood flow, and this is the key factor
ensuring normal growth and development of the fetus. Low
arginine levels can decrease NO production and compromise
vascular response, thereby limiting fetal nutrient supply [15].
Lysine deficiency can result in the decreased synthesis of certain
proteins and affect fetal growth. Furthermore, lysine is involved
in the fat and carbohydrate metabolism, and low levels of these
amino acids can compromise fetal energy supply. Aspartic acid
can affect metabolic pathways of other amino acids, including
those associated with fetal growth and development.

Amino acids play a role in regulation of blood pressure and
vascular function. The research shows that alterations of maternal
amino acid profile can be associated with the development of
preeclampsia (PE). For example, high levels of glutamic and
aspartic acids are associated with the risk of PE [16] .

Determination of amino acid and polyamine levels in
mother’s body and the fetus can provide important information
about the risk of FGR and PE. The research continues, and
better understanding of the relationships between amino
acids, polyamines, and these obstetric conditions can lead
to the development of more effective methods for diagnosis
and monitoring of pregnancy, as well as to improvement of
treatment and prevention strategies.
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The study was aimed to determine the features of polyamine
and amino acid levels associated with the placenta-associated
pregnancy complications, including FGR (both isolated and
combined with early-onset PE), as well as to reveal clinical and
laboratory parallels in FGR and PE based on the correlation
analysis of the relationship between the levels of important
polyamines and amino acids and such clinical parameters, as
FGR and PE severity, length of hospital stay in the newborns
born to mothers of the FGR and PE groups.

METHODS

A total of 156 pregnant women, who were admitted to and
gave birth in the Kulakov National Medical Research Center for
Obstetrics, Gynecology and Perinatology, were included in the
study: PE and FGR groups consisted of 56 and 48 patients
with the confirmed appropriate diagnoses; the control group
included 52 somatically healthy women with no pregnancy
complications. Inclusion criteria: pregnant women’s age
18-35 years, 24-40 weeks of singleton pregnancy, early-onset
preeclampsia and fetal growth restriction. Exclusion criteria:
Rh isoimmunization and ABO incompatibility, chromosomal
abnormalities, genetic mutations and congenital malformations
in the fetus, severe extragenital disorder, chronic kidney
disease, large uterine fibroid, acute infectious disease in the
mother. Venous blood was collected for analysis.

Polyamine analysis method

The optimized procedure of blood sample preparation for
assessment of polyamine levels includes the following phases:
add 1200 pL of methanol to 400 pL of blood plasma, stir for
5 min, centrifuge for 10 min at 13,000 g (Eppendorf MiniSpin
centrifuge, Germany), collect 1000 pL of supernatant, dry in
nitrogen flow at the temperature of 50 °C, add 600 pL of the
10 mg/mL dansyl chloride solution in the acetonitrile/carbonate
buffer with pH = 9.7 (50/50 v/v), stir for 1 min, centrifuge for 1
min at 13,000 g, incubate at 60 °C for 90 min, centrifuge for 1
min at 13,000 g, add 1000 pL of ethyl acetate, stir for 10 min,
centrifuge for 10 min at 13,000 g, collect 1000 L of the top
layer, add 1000 pL of ethyl acetate, stir for 10 min, centrifuge
for 10 min at 13,000 g; collect 1000 pL of the top layer and
combine with the previously collected portion, dry in nitrogen
flow at the temperature of 50 °C, add 200 pL of acetonitrile, stir
for 5 min, centrifuge for 10 min at 13,000 g; take 170 pL for
further analysis.

The analysis of polyamines and amino acids was
conducted by liquid chromatography—-mass spectrometry
(LC-MS) in the system consisting of the ABSciex QTrap 5500
triple quadrupole mass spectrometer (ABSciex; Canada)
coupled to electrospray ionization and the Agilent 1260 Infinity
liquid chromatography system (Agilent; USA). The Agilent
Zorbax Eclipse Plus C18 column (50 — 3 mm, 1.8 pm; Agilent,
USA) was used for separation of the sample. To analyze organic
acids, we introduced 20 pL of the sample and used the 0.1%
aqueous formic acid solution as eluent A; eluent B was the
0.1% acetonitrile formic acid solution. The flow rate was 650 pL/min,
and the column temperature of 30 °C was maintained. The
mobile phase composition changed during the analysis in the
following way: 0-0.3 min — 20% of eluent B, by 5.3 min the
volume fraction of eluent B increased to 95%, remained the
same by 8.3 min, and returned to the value of 20% within 0.1
min. The mass spectrometer settings were as follows: peripheral
gas pressure — 1.4 bar, nebulizer gas pressure — 3.4 bar,
source temperature — 500 °C, capillary voltage — 4500 V.



Table 1. Clinical characteristics of the studied groups
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Descriptive statistics if the parameter Significanci(o)rfn(:)i;fﬁ;ir;csfstretz?ozira(p_ms;elzsz)for pairwise
Parameter
PE (n = 56) FGR (n = 48) Normal (n = 52) PE - Normal FGR - Normal PE - FGR
Age 32+5 32+3 31+4 0.654 0.212 0.146
BMI (pregravid) 27+5 20+5 25+3 0.745 0.005 0.003
Gestational age at delivery 35+3 37+2 40 +1 < 0.001 < 0.001 0.435
Birth length 458 +4.5 451 21 52.1+2.2 0.001 < 0.001 0.378
Birth weight 2132 + 846.6 1969.7 + 501.0 3403.7 + 395.7 < 0.001 <0.001 0.401
Apgar score 1 7(7;8) 8(8;8) 8(8;8) < 0.001 0.357 0.06
Apgar score 5 8(8;9) 9(8;9) 9(9;9 0.02 0.033 0.031

In this study, the following nine polyamines were analyzed:
putrescine, ethylenediamine, 1,3-diaminopropane, cadaverine,
1,7-diaminoheptane, cadaverine, N-acetylputrescine, N1-
acetylspermine, spermidine; along with 43 amino acids:
1-methylhistidine, 3-aminoisobutyric acid, 3-methylhistidine,
argininosuccinic acid, beta-alanine, creatinine, 5-hydroxylysine,
homocystine, ethanolamine, gamma-aminobutyric acid,
2-aminoadipic acid, 2-aminobutyric acid, alanine, anserine,
arginine, asparagine, aspartic acid, carnosine, citrulline,
cystathionine, cystine, glutamic acid, glutamine, glycine,
histidine, homocitrulline, isoleucine, leucine, lysine, methionine,
norvaline, ornithine, phenylalanine, proline, serine, threonine,
tryptophan, tyrosine, valine, O-phosphorylethanolamine,
sarcosine, taurine, trans-4-hydroxyproline.

Statistical analysis

Statistical processing of the experimental data obtained was
performed using the R scripts.

Statistical analysis involved the use of the nonparametric
Mann-Whitney U test. Quantitative data were described using
the median (Me) and Q, and Q, quartiles in the Me (Q,; Q)
format, along with the mean (M) and standard deviation (SD)
in the M + SD format. The threshold significance level p was
considered to be equal to 0.05. When p-value was below
0.001, it was provided in the p < 0.001 format.

The search for clinical and laboratory parallels in FGR and
PE was performed using the Spearman rank correlation test for
the polyamine and amino acid levels and clinical indicators. The
correlation was considered significant at p < 0.05.

The logistic regression models were constructed to assess
the possibility of classifying patients into groups based on the
studied parameters. From all the models constructed we chose
four with the largest area under the ROC curve (AUC). Quality
of the models constructed was determined by plotting the ROC
curve and calculating sensitivity and specificity.

RESULTS

Pregnant patients were included in the case-control study, as
they contacted the Center after being diagnosed with FGR or
PE. At the time of inclusion in the study and blood collection,
patients of the PE group had moderate PE with stable blood
pressure, negligible proteinuria with normal 24-hour diuresis,
no fetal disorder based on the Doppler data (fetoplacental
blood flow and fetal distress); patients of the FGR group (3rd
percentile and below based on fetometry data) showed no
Doppler signs of fetal distress. All the patients had no regular
labor contractions or threatened preterm labor. At the time
of delivery, which happened on average three weeks after

blood collection, one-third of the patients had the diagnosis of
severe preeclampsia, and critical disturbances of fetoplacental
circulation were found in more than a half of the patients,
which was the indication for surgical delivery through cesarean
section. In patients of the control group, blood collection was
performed at the gestational age similar to that of patients with
PE and FGR. Later their course of pregnancy and delivery were
monitored and considered to be uncomplicated.

Given the fact, that advanced reproductive age and obesity
could become serious confounding factors when assessing
blood levels of amino acids and polyamines, the groups were
formed so that the age and body weight of patients with PE
were matched to that of the control group. Body mass index
(BMI) of pregnant women of the FGR group was significantly
lower, that that of women of the Normal and Preeclampsia
groups (p = 0.005 and p = 0.003, respectively).

The results of assessing clinical parameters of the studied
groups are provided in Table 1.

Due to the need for accelerated delivery for obstetric
reasons resulting from the increasing PE severity and
progressive intrauterine fetal hypoxia in FGR, the gestational
age at delivery in these groups was significantly different from
that in the control group (p < 0.001). In cases of PE and FGR,
the average weight of newborns was 2132.0 g and 1969.7 g.

It should be noted, that the newborns’ Apgar scores in
the group with PE were significantly lower in the first minute of
life (o < 0.001), while in the fifth minute there were significant
differences in Apgar scores between all groups, which was
likely to be associated with impaired adaptation in the early
neonatal period in the newborns from the PE and FGR groups,
who experienced chronic hypoxia for a long time.

Due to the important role of amino acid in polyamine
synthesis and their function in cell metabolism, assessment
of amino acid levels in patients of the studied groups was
conducted in the first phase of laboratory analysis.

Data analysis made it possible to reveal the decrease in the
levels of a number of amino acids relative to the control group in
cases of PE and FGR: patients with FGR showed a significant
decrease in the levels of alanine (p = 0.0136), ornithine
(o =0.045), proline (p = 0.0044) , while patients with PE showed
a significant decrease in aspartic acid levels (p = 0.0422) (Fig. 1).
Low levels (relative units) of arginine, 0.0163 (0.0139, 0.0182),
and lysine, 0.0524 (0.0492, 0.056), associated with FGR, can
play an important role in FGR syndrome.

Then we determined serum polyamine levels in patients of
the studied groups. In the group of patients with PE, we revealed
significant differences from the control group for putrescine
(o = 0.0423) and spermidine (p = 0.022); in the FGR group
significant differences from the control group were reported for
cadaverine (p = 0.0282). When comparing the data of the PE
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Fig. 1. Comparison of plasma amino acid profiles in patients of the groups Normal, PE, and FGR. The first and third quartiles are the margins of the box, while the line
in the middle of the box is the median; the ends of whiskers are the difference between the first quartile and the 1.5 interquartile range, the sum of the third quartile

and the 1.5 interquartile range

and FGR groups, significant differences were reported for two
polyamines: putrescine (p = 0.0039) and 1,7-diaminoheptane
(o = 0.0091) (Fig. 2).

In human body, putrescine is derived from L-ornithine,
which involves the ornithine decarboxylase (ODC) enzyme.
Spermidine is synthesized from putrescine, which involves
two enzymes: spermidine synthase and spermine synthase.
These enzymes are the most short-living human enzymes
(half-life 5-10 min), which indicates that these are directly
involved in protein biosynthesis. Activity of these enzymes can
be indirectly estimated based on the spermidine to putrescine
ratio (spermidine synthase activity) and spermine to spermidine
ratio (spermine synthase activity) (Fig. 3).

The spermidine to putrescine ratio was -0.33 (-0.43;
0.05) in the Normal group of patients, —0.21 (-0.29; 0.25) in
the group of patients with PE, and —-0.34 (-0.44; -0.13) in the
group of patients with FGR; the spermine to spermidine ratios
of these groups were 0.07 (-0.38; 0.57); -0.48 (-0.64; -0.08);
—0.33 (-0.65; 0.52), respectively.

Polyamines are deeply involved in the cellular mechanisms
underlying nonspecific stress responses (polyamine stress
response). In case of damaging effect on the body, for example
when there is nervous tissue ischemia/hypoxia, ODC is
activated in the brain, with subsequent increase in polyamine
content and triggering of activation of the early response genes
(c-myc, c-fos, etc.) [17].

Considering biological significance of the findings, the
search for clinical and laboratory parallels in FGR and PE was
of particular interest. For that we performed correlation analysis
of the relationship between the levels of important polyamines
and amino acids and such clinical indicators, as FGR and PE
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course severity, length of hospital stay in the newborns born to
mothers of the FGR and PE groups (Table 2).

Table 2 provides a significant correlation between clinical
parameters and plasma levels of amino acids. Plasma levels
of trans-4-hydroxyproline showed a significant negative
correlation with the fetal condition decompensation in FGR,
along with the significant positive correlation with the child’s
birth weight. Similarly, proline levels showed a significant
positive correlation with the child’s weight and a significant
negative correlation with the fetal condition decompensation
in FGR. We also determined that glutamine levels showed a
positive correlation with PE severity and a negative correlation
with the aspartic acid levels and the length of hospital stay.

Similar analysis was performed for polyamines (Table 2).
As for FGR, we revealed a correlation between the severity of
this complication and the levels of 1,7-diaminoheptane and
cadaverine. Putrescine levels were correlated to PE severity.
The length of the newborn’s hospital stay in the PE and FGR
groups was correlated to the 1,7-diaminoheptane levels.

Of interest are the correlations with proline and
1,7-diaminoheptane revealed. These metabolites show
moderate and strong correlations with the clinical data that
characterize obstetric outcomes: the child’s birth weight and the
length of hospital stay, respectively, which makes it possible to
consider these as prognostic markers for dynamic assessment
of the increasing severity of FGR and early-onset PE.

The mathematical models were constructed in order to
ensure primary assessment of the prognostic and diagnostic
(assessment of fetal condition severity) capabilities of the
above metabolites in terms of assessing the severity of the
PE and FGR course and optimization of obstetric tactics for
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Fig. 2. Comparison of plasma polyamine profiles in patients of the groups Normal, PE, and FGR. The first and third quartiles are the margins of the box, while the line
in the middle of the box is the median; the ends of whiskers are the difference between the first quartile and the 1.5 interquartile range, the sum of the third quartile

and the 1.5 interquartile range

management of this cohort of pregnant women. Four models
including polyamines assessed during the study showed high
sensitivity and specificity (Fig. 4).

In the logistic regression model, plasma polyamine levels
were independent variables, while the fact that the sample
belonged to the PE or FGR group was a dependent variable.
The area under the ROC curve for the model was 0.865;
sensitivity and specificity were 0.95 and 0.76, respectively. The
threshold values for the models constructed were 0.45, 0.3,
0.24, and 0.26.

DISCUSSION
Amino acids are the main building blocks for proteins playing an
important role in fetal growth and development. Arginine, lysine,

and aspartic acid not only take part in protein synthesis, but are

1.54

1.0

0.5

Level (relative units)

0.0 1

-0.51

also important for many biochemical pathways and body functions.
Proline has an important function as a component of collagen, the
main connective tissue protein. Its effects on the development of
placenta and the fetus associated with the enhanced placental
transport, angiogenesis, and protein synthesis are well known
[18]. The decrease in blood levels of proline observed in pregnant
women with FGR and early-onset PE that is directly correlated
to the newborn’s weight suggests that it can play a role in the
pathogenesis of these pregnancy complications. Collagen is
an important tissue component of the placental complex, and
disruption of its structure in the phase of biosynthesis, secretion or
assembly, caused by the proline level decrease, is likely to be one
of the existing pathological mechanisms underlying realization of
placental insufficiency. There is a report that cervical hydroxyproline
concentration decreases in non-pregnant women having a history
of cervical incompetence [19].

spd/put
Ratio

spm/spd

Fig. 3. Comparison of physiologically significant ratios of plasma polyamine levels. The first and third quartiles are the margins of the box, while the line in the middle
of the box is the median; the ends of whiskers are the difference between the first quartile and the 1.5 interquartile range, the sum of the third quartile and the 1.5
interquartile range. spd/put — spermidine to putrescine ratio (spermidine synthase activity); spm/spd — spermine to spermidine ratio (spermine synthase activity)
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Table 2. Significant correlation between clinical parameters and the levels of amino acids and polyamines (correlation coefficient, its confidence interval and significance (p))

Parameter R CIR p
Amino acids
Fetal condition decompensation Proline —0.56 ~0.86 10 -0.034 0.03
in FGR Trans-4-hydroxyproline -0.39 -0.59 to -0.066 0.01
Birth weight Proline 0.67 0.041 to 0.87 0.02
Trans-4-hydroxyproline 0.36 0.14 to0 0.54 0.002
PE, severity Glutamine 0.38 0.058 t0 0.48 0.01
Length of hospital stay Aspartic acid -0.36 —0.5t0 -0.088 0.007
Polyamines
Fetal condition decompensation 1,7-diaminoheptane -0.78 -0.92 to -0.37 0.002
in FGR Cadaverine -0.25 -0.46 10 0.013 0.04
PE, severity Putrescine -0.32 -0.52 t0 0.083 0.009
Length of newborn’s hospital stay 1,7-diaminoheptane -0.76 -0.9510 0.23 0.003

Along with the amino acids comprised in proteins, the body
has a constant reserve of free amino acids contained in the
tissues and various body fluids that are in dynamic equilibrium.
During pregnancy free amino acids can serve as inducers of
the synthesis of steroid hormones, take part in biosynthesis of
glycoproteins, porphyrins, neurotransmitters, polyamines, and
nitric oxide.

Metabolism of a number of amino acids results in the
synthesis of regulatory polyamines. Polyamines are also found
in various body fluids: blood, urine, cerebrospinal fluid, etc. The
levels of free polyamines in blood are lower, than in the tissues
and urine. However, it is determination of polyamines in blood of
pregnant women as a marker of severity of such complications,
as PE and FGR, that is of interest for practical medicine.

Assessment of the levels of free amino acids and polyamines
can be important for understanding of molecular processes in
pregnancy [20].

Our data demonstrate a significant correlation between
alteration of blood polyamine levels and placenta-associated

complications of pregnancy. Significant alterations were
reported for such polyamines, as spermidine, putrescine,
cadaverine, and 1,7-diaminoheptane, in the groups represented
by pregnant women with placenta-associated complications.
In FGR, the concentration of 1,7-diaminoheptane was
significantly increased, against the background of the decrease
in individuals with PE. Of particular interest is the fact that this
feature observed in patients with FGR was previously reported
in our paper on the diagnostic potential of urinary polyamines
[21]. The results of our studies resonate with the study of the
Chinese researchers, who have considered the effects of N1-
guanyl-1,7-diaminoheptane (GC7), the potent deoxyhypusin
synthase inhibitor, on proliferation, differentiation, and
apoptosis of certain cells [22]. Involvement of diaminoheptanes
in expression of cell proliferation proteins and apoptosis
of endothelial cells suggests the possibility of using this
biomarker for diagnosis of placenta-associated pregnancy
complications and prediction of their severity. The increase in
blood 1,7-diaminoheptane levels associated with FGR can be
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Fig. 4. ROC curves of the logistic regression models, in which plasma polyamine levels were independent variables, and the fact that the sample belonged to the PE
or FGR group was a dependent variable. The insert shows amino acids, the levels of which a used as independent variables, along with the area under the ROC curve
for appropriate logistic regression model
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an indirect indicator of the dose-dependent inhibition of cell
proliferation and a FGR biomarker, and change depending on
the fetal condition severity increase.

Given the diversity and complexity of metabolic pathways
responsible for adaptation under conditions of hypoxic damage,
it should be expected that their regulation is coordinated.
Metabolic pathways of low molecular weight oxidants, proline
and polyamines, can be of particular interest in terms of
studying regulation of such type.

Normally, homeostasis of proline and polyamines is
maintained by the balanced system of their biosynthesis and
degradation. The most common precursor in their biosynthesis
is glutamate that is a more distant precursor first converted
to ornithine or arginine. The resulting amino acids are the
direct substrates of two enzymes (ornithine decarboxylase and
arginine decarboxylase) catalyzing biosynthesis of putrescine,
the precursor of longer polyamines (spermidine and spermine).
Despite the determined link between the proline and polyamine
synthesis pathways, the question about the possibility of
coordinated regulation of metabolism of these low molecular
weight compounds, especially in stressful conditions, remains
debatable.

Analysis of the blood profile of free amino acids in placenta-
associated pregnancy complications was of interest. According
to some data, the levels of L-arginine, L-proline, and L-ornithine
can reflect perinatal damage to the central nervous system in
newborns with intrauterine growth restriction [23]. Significant
correlations reported for a number of clinical parameters (fetal
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The diagnosis of mycobacterial co-infection is one of the pressing public health issues. The study was aimed to determine discriminatory power of multiplex PCR
used for species identification when detecting mixed mycobacterial populations. The study involved model samples representing the mixtures of DNA of two
mycobacterial species with the ratios of 1:1,1:9,1:99, and 1 : 999 and different total DNA concentrations (10° gEg/mL to 10° gEg/mL). The model samples
were assessed using the multiplex PCR-based AmpliTube-RV-Differentiation kit (Syntol LLC; Russia). It has been shown that the kit is capable of detecting the
mixtures of mycobacterial species with high discriminatory power. The discriminatory power of real-time PCR used for analysis of the mixture of DNA of two
mycobacterial species depended on the total DNA content in the sample and varied between 0.1% for high-rate samples (total DNA concentration 10° gEg/mL)
and 50% for low-rate samples (total DNA concentration 10° gEg/mL) and corresponded to the amount of DNA of the species in the sample of at least 5 x 10? gEg/mL.
When the amount of DNA of each species in the mixture was at least 5 x 10 gEg/mL, the results of PCR test for detection of co-infection did not depend on the
mucobacterial species contained in the mixture, which should be taken into account when analyzing PCR results.
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OUCKPUMMHUPYIOLLAA CMTOCOBHOCTb METOAA MY/TIbTUMJIEKCHOW MNLP
MPU BbIABNEHUN MUKOBAKTEPUANTBHOW KOUH®EKLIUN

T. . Cmuprosa'™, C. H. AHgpeesckas', B. B. YcTtuHoBa', E. E. NapuoHosa', E. A. Kucenesa', J1. H. YepHoycosa', A. SpreLuos’?

" LleHTpanbHbI Hay4YHO-UccneaoBaTensCKuin MHCTUTYT Tybepkynesa, Mocksa, Poccust
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The diseases of mycobacterial etiology, including tuberculosis,
constitute a significant challenge to public health. Tuberculosis
is the second most common cause of death from infectious
diseases [1]. The incidence of tuberculosis in the RF decreases,
while the diseases caused by nontuberculous mycobacteria
(NTM) become more and more common. The same trend is
observed all over the world [2-6]. The researchers believe that

the growing rate of mycobacteriosis is associated with ageing
of the global population and increasing rate of congenital and
acquired immunodeficiency [4, 7-9].

In some cases, more often in old age and in cases of
immunosuppression, the patient can be infected by both
Mycobacterium tuberculosis complex (MTBC) and NTM or by
several species of nontuberculous mycobacteria [2, 10-12]. The
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prevalence of mycobacterial co-infection in Russia is 1.16%
of all sputum smear-positive patients. The most common
combinations of species in the mixed mycobacterial populations
are as follows: M. tuberculosis + M. avium, M. tuberculosis +
M. abscessus, M. avium + M. intracellulare, M. avium +
M. kansasii, M. avium + M. abscessus [2].

In is important to diagnose the cases of mixed mycobacterial
infection in time, since undetected co-infection by several
mycobacterial species inevitably results in treatment failure. The
treatment failure results from the fact, that NTM are resistant
to the majority of anti-tuberculosis drugs and have species-
specific profiles of antibiotic sensitivity [13-15].

Since tuberculosis and mycobacteriosis have similar
clinical and radiographic features, these can be differentiated
by identification of species in mycobacterial culture by HPLC,
mass spectrometry or molecular genetic methods [16-19].
The advantage of molecular genetic diagnosis of tuberculosis
and mycobacteriosis is that these methods ensure analysis
of both cultures and clinical diagnostic material. In 2021, the
Central Tuberculosis Research Institute together with Syntol
LLC developed the multiplex PCR-based AmpliTube-NTM-
Differentiation test system ensuring differentiation between
MTBC and NTM and detection of 12 NTM species (M. avium,
M. intracellulare, M. xenopi, M. chimaera, M. kansasii, M. gordonae,
M. lentiflavum, M. paragordonae, M. abscessus, M. chelonae,
M. fortuitum, M. malmoense) [20].

Accoding to the purpose, the test system must have a good
potential for detection of mycobacterial co-infection, including
that caused by several NTM species. Therefore, it seems to
be relevant to determine the ability of this kit to detect mixed
populations of mycobacteria, depending on the mixture species
composition.

The study was aimed to determine discriminatory power of
multiplex PCR used for species identification when detecting
mixed mycobacterial populations.

METHODS
Research object

The model samples represented DNA of mycobacteria most
often identified in the mixed populations mixed at various ratios.
The model samples were prepared using DNA extracted from
the cultures of the following mycobacterial strains from the
mycobacterial culture collection of the microbiology department
of the Central Tuberculosis Research Institute: M. tuberculosis
H37Rv (TMC 102), M. avium. (ATCC-35719), M. intracellulare.
(ATCC-25120), M. kansasii (ATCC-12478), M. abscessus
(ATCC-19977).

Study design

DNA was extracted from the mycobacterial species cultures
using the AmpliTube-RV kit (Syntol LLC; Russia). The
concentration of DNA of each mycobacterial species

Table 1. The layout of the PCR strip and fluorescence detection channels
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was determined by spectrophotometry (Picopet “Picodrop”
spectrophotometer; UK) and adjusted for the number of
genomic equivalents. Then we prepared serial dilutions
of DNA of each mycobacterial species, which were mixed
at the ratios of 1 : 1,1 :9,1:99, and 1 : 999; the total
DNA concentration of the mixtures was 10° geg/mL, 10° gEg/mL,
10* gEg/mL, and 10° gEg/mL. The model samples were
assessed using the AmpliTube-NTM-Differentiation kit (Syntol
LLC; Russia). Amplification was performed in the CFX96Touch
thermal cycler with the optic module (Bio-Rad; USA). Species
were identified in accordance with the instructions to the kit
based on the presence of fluorescence-enhancement kinetic
curves for appropriate signals: kinetic curves in the tube of
strip No. 1 reflected accumulation of the amplification products
corresponding to specific genome regions of MTBC and/or
or genome regions specific for all NTM species, while in the
tubes No. 2-4 the fluorescence-enhancement kinetic curves
corresponded to the presence of the NTM species the kit was
targeted at in the DNA sample (Table 1).

Thus, we assessed samples with various DNA load, each
of which contained DNA of two mycobacterial species mixed
at different ratios (Table 2). Each model sample variant was
assessed in 10 replicates.

Discriminatory power of the method was determined
based on its detectability limit for two mycobacterial species
expressed as the smallest proportion of DNA content of one of
the mycobacterial species in a sample found in the mixture in
all 10 replicates.

RESULTS

The results of model DNA sample assessment by multiplex PCR
for identification of mycobacterial species are provided in Table 3.
Discriminatory power of multiplex PCR used for identification
of species depended on the total DNA concentration in the
sample. When the total DNA concentration was high (10° geg/mL),
the discriminatory power was 0.1; it was 1% at the
concentration of 10° gEg/mL, 10% at the concentration of
10* gEg/mL, and 50% at the concentration of 10° gEg/mL.
Such pattern was typical for all the studied mycobacterial
species and was discernible when differentiating between
MTBC and NTM. In model samples of all kinds this smallest
proportion of the species corresponded to the mycobacterial
species DNA concentration of at least 5 x 102 gEg/mL.

The probability of finding each species in the proportion
one notch below discriminated (hereinafter, pre-discriminated
share) varied between various mycobacterial species contained
in the mixture (Table 3). MTBC was most likely to be found in
the mixture in the pre-discriminated share (1 x 10? gEg/mL),
along with M. avium and M. intracellulare detected as the
second species in 7/10-9/10 replicates, depending on the total
DNA content. The probability of finding M. kansasii in the pre-
discriminated share was slightly lower (5/10-6/10), while the
lowest probability was reported for M. abscessus (2/10-4/10).
The same pattern of the probability of finding mycobacteria in

Detection channel
Ne tube strip
FAM ROX HEX Cy5
1 MTBC NTM MTBC -
2 M. avium M. xenopi M. intracellulare M. chimaera
3 M. kansasii M. gordonae M. lentiflavum M. paragordonae
4 M. abscessus M. chelonae M. fortuitum M. malmoense
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Table 2. Characteristics of model DNA samples
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Concentration of DNA of mycobacterial species in the mixture (QEq/mL) with the total DNA load of the sample:

10° gEg/mL

10* gEg/mL

10% gEg/mL

5.00 x 10*/5.00 x 10*

5.00 x 10°/5.00 x 10°

5.00 x 102/ 5.00 x 102

1.00 x 10*/9.00 x 10*

1.00 x 10°/9.00 x 10°

1.00 x 102/9.00 x 10?

1.00 x 10°/9.90 x 10*

1.00 x 102/9.90 x 10°

1.00 x 10"/ 9.90 x 10?

1.00 x 10%/9.99 x 10*

1.00 x 10"/ 9.99 x 10°

1.00 x 10°/9.99 x 10?

9.00 x 10*/1.00 x 10*

9.00 x 10%/1.00 x 10°

9.00 x 102/ 1.00 x 102

9.90 x 10*/1.00 x 10°

9.90 x 10°/1.00 x 10?

9.90 x 102/1.00 x 10'

Ratio
(species 1: species 2) 10° gEg/mL

1:1 5.00 x 10°/5.00 x 10°
1:9 1.00 x 10°/9.00 x 10°
1:99 1.00 x 10*/9.90 x 10°
1:999 1.00 x 10%/9.99 x 10°
9:1 9.00 x 105/ 1.00 x 10°
99 :1 9.90 x 105/ 1.00 x 10*
999 : 1 9.99 x 105/ 1.00 x 10°

9.99 x 104/ 1.00 x 102

9.99 x 103/ 1.00 x 10°

9.99 x 102/ 1.00 x 10°

the mixture in the pre-discriminated share was reported when
analyzing the results of differentiating between MTBC and NTM:
M. avium as NTM in the pre-discriminated share were found in
the mixture with M. tuberculosis in 8/10-9/10 replicates, with
M. abscessus in 4/10-5/10 replicates. When the proportion of
mycobacterial species was two notches below discriminated
(which corresponded to 1.00 x 10" gEg/mL), the results of
PCR test for this species were negative, and only one dominant
species was reported for the mixture.

Thus, it can be concluded that multiplex PCR allows one to
detect the mixture of mycobacterial species, if the concentration
of DNA of each species is at least 5 x 10> gEg/mL. When
mycobacterial DNA concentration is lower (1 x 10> gEg/mL),
sensitivity of the kit used for detection of mixed mycobacterial
populations depends on the species composition: the
probability of finding MTBC, M. avium, and M. intracellulare in
the mixture is higher, than the probability of finding M. kansasii
and especially M. abscessus.

DISCUSSION

MTBC and NTM cause human diseases characterized by almost
the same clinical and radiographic features [21]. However, the
treatment regimens for patients differ radically depending on the
causative agent. That is why the need for differential diagnosis
of the diseases caused by MTBC and NTM is enshrined in
legislation [22, 23]. However, the existing legislation does not
take into account the fact that the same patient can be infected
with several mycobacterial species and does not define the
value of the methods for etiological diagnosis of mycobacterial
co-infection.

The molecular genetic methods allowing one to determine
the pathogen within 24 h are especially useful for diagnosis
of the diseases caused by mycobacteria, in contrast to the
culture-based tests, the results of which can be obtained no
earlier than in three weeks [24]. There is quite a lot of domestic
PCR tests allowing one to detect MTBC and/or differentiate
between species of M. tuberculosis complex [25]. There are
only two kits for detection of NTM registered in the RF: the
MTB-Test produced by TestGen (Russia) for detection of MTBC
or NTM and the AmpliTube-NTM-Differentiation kit produced
by Syntol LLC (Russia) used in our study, which enables both
differentiation between MTBC and NTM and identification of
NTM species. Therefore, AmpliTube-NTM-Differentiation is the
only domestic kit registered in the RF that enables express
identification of the species of pathogens causing mycobacterial
infections. That is why our study was aimed to estimate the
ability of this test to detect mycobacterial co-infection. For that,
the model samples representing DNA of various mycobacterial
species mixed at various ratios were prepared. It has been

shown that the AmpliTube-NTM-Differentiation kit allows one to
detect mycobacterial co-infection, if the concentration of DNA
of NTM species in the mixture is at least 5 x 10? gEg/mL, of
between 0.1 and 50% of species in the mixture depending on
the total DNA concentration in the sample.

There is a lack of studies assessing the diagnostic value
of molecular genetic methods for detection of mixed infection.
Only one study was focused on assessing the GeneXpert
methods (Cepheid; USA) and multilocus sequence analysis
used for detection of mixed mycobacterial cultures [26]. The
authors have shown that GeneXpert can identify MTBC mixed
with various NTM species in the proportion of 1% (in the
reported study, the detection limit for the species in the mixture
is 3000 CFU/mL).

Comparison of discriminatory power of the GeneXpert
method and the real-time PCR used in our study has shown
that discriminatory power of multiplex PCR used to detect
MTBC in the mixed populations is higher that that reported for
GeneXpert (5 x 102 gEg/mL vs. 3 x 10° CFU/mL, respectively).
Furthermore, the GeneXpert system detects MTBC only and
is unable to detect mixtures of various mycobacteria. In cases
of MTBC and NTM co-infection, the GeneXpert test results
demonstrate the presence of MTBC only, while in cases
when there is a mixture of NTM, the GeneXpert test result
is negative.

The earlier reported discriminatory power of the sequencing
method [26] depended on the mycobacterial species contained
in the mixture. The mixture of MTBC with M. intracellulare,
M. kansasii, M. abscessus, and M. fortuitum was determined
as two species by the sequencing method, when the share of
one of two species was at least 1% (3 x 10° CFU/mL). When
the mixture of MTBC and M. avium was assessed by the
sequencing method, the presence of M. avium in the mixture
was determined, if its proportion was at least 10% (3 x 10* CFU/mL);
when the proportion of M. avium was lower than 10%, MTBC
only was determined [26]. Therefore, discriminatory power of
multiplex PCR is higher, than that of the sequencing method,
for the species M. avium, M. intracellulare, M. kansasii,
M. abscessus. We have not determined discriminatory power
of multiplex PCR for the mixture of MTBC + M. fortuitum,
since, according to our data, the M. fortuitum species is not
a common cause of mycobacterial diseases and is extremely
rare in the mixed populations isolated from patients [2]. The
advantage of multiplex PCR over sequencing when used for
detection of mycobacterial co-infection is that DNA isolated
from mycobacterial cultures is used for sequencing, while DNA
isolated directly from the diagnostic material is used for multiplex
PCR, which speeds up data acquisition and makes the results
independent from the species-specific mycobacterial culture
features.
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Table 3. Results of testing of model samples of the DNA mixture of two mycobacterial species by multiplex PCR

Combination of Number of positive PCR results among the tested DNA samples by target detection channels
species (species Ratio with the total DNA concentration
1: species 2) 10° gEq/mL 10° gEq/mL 10¢ gEq/mL 10° gEq/mL
1:1 MIX -10/10 MIX -10/10 MIX -10/10 MIX -10/10
1:9 MIX -10/10 MIX -10/10 MIX -10/10 MIX - 9/10; M. avi. - 1/10
1:99 MIX -10/10 MIX -10/10 MIX - 8/10; M. avi. — 2/10 M. avi.—10/10
M. tub. : M. avi. 1:999 MIX -10/10 MIX - 9/10; M. avi.—1/10 M. avi.-10/10 M. avi.—10/10
9:1 MIX -10/10 MIX -10/10 MIX - 10/10 MIX - 7/10; MBTK - 3/10
99:1 MIX -10/10 MIX -10/10 MIX - 7/10; MBTK - 3/10 MBTK - 10/10
999: 1 MIX -10/10 MIX - 8/10; MBTK - 2/10 MBTK - 10/10 MBTK - 10/10
1:1 MIX -10/10 MIX -10/10 MIX -10/10 MIX -10/10
1:9 MIX -10/10 MIX -10/10 MIX -10/10 MIX - 8/10; M. abs. - 2/10
1:99 MIX - 10/10 MIX - 10/10 MIX - 9/10; M. abs. —1/10 M. abs. - 10/10
M. tub. : M. abs. 1:999 MIX - 10/10 MIX - 8/10; M. abs. - 2/10 M. abs. - 10/10 M. abs. - 10/10
9:1 MIX - 10/10 MIX -10/10 MIX - 10/10 MIX - 3/10 MBTK - 7/10
99 :1 MIX -10/10 MIX -10/10 MIX - 3/10; MBTK - 7/10 MBTK - 10/10
999: 1 MIX -10/10 MIX - 4/10; MBTK - 6/10 MBTK - 10/10 MBTK - 10/10
1:1 MIX -10/10 MIX -10/10 MIX -10/10 MIX -10/10
1:9 MIX -10/10 MIX - 10/10 MIX -10/10 MIX - 7/10; M. int. - 3/10
1:99 MIX -10/10 MIX - 10/10 MIX - 8/10; M. int. - 2/10 M.int. - 100%
M. avi. : M. int. 1:999 MIX -10/10 MIX - 9/10; M. int. - 1/10 M. int. - 10/10 M.int. - 100%
9:01 MIX -10/10 MIX -10/10 MIX -10/10 MIX - 9/10; M. avi.— 1/10
99 :1 MIX -10/10 MIX -10/10 MIX - 8/10; M. avi. - 2/10 M. avi.-10/10
999 :1 MIX -10/10 MIX - 8/10; M. avi.—2/10 M. avi.-10/10 M. avi.-—10/10
1:1 MIX -10/10 MIX -10/10 MIX -10/10 MIX - 10/10
1:9 MIX -10/10 MIX - 10/10 MIX -10/10 MIX - 8/10; M. kans. — 2/10
1:99 MIX -10/10 MIX - 10/10 MIX - 9/10; M. kans. - 1/10 M. kans. - 10/10
M. avi. : M. kans. 1:999 MIX -10/10 MIX - 8/10; M. kans. - 2/10 M. kans. - 10/10 M. kans. - 10/10
9:1 MIX -10/10 MIX -10/10 MIX -10/10 MIX - 5/10; M. avi. - 5/10
99 :1 MIX -10/10 MIX -10/10 MIX - 5/10; M. avi. - 5/10 M. avi.—10/10
999 : 1 MIX -10/10 MIX - 6/10; M. avi.— 4/10 M. avi.—10/10 M. avi.—10/10
1:1 MIX -10/10 MIX - 10/10 MIX -10/10 MIX - 10/10
1:9 MIX -10/10 MIX - 10/10 MIX -10/10 MIX - 9/10; M. abs. - 1/10
1:99 MIX -10/10 MIX - 10/10 MIX - 8/10; M. abs. — 2/10 M. abs. — 100%
M. avi. : M. abs. 1:999 MIX -10/10 MIX - 9/10; M. abs. - 1/10 M. abs.-10/10 M. abs. - 100%
9:1 MIX -10/10 MIX -10/10 MIX -10/10 MIX - 2/10; M. avi. - 8/10
99:1 MIX -10/10 MIX -10/10 MIX - 4/10; M. avi. - 6/10 M. avi.—10/10
999 :1 MIX -10/10 MIX -3/10; M. avi.—7/10 M. avi.—10/10 M. avi.—10/10

Note: NTM — nontuberculous mycobacteria; MTBC — Mycobacterium tuberculosis complex; M. tub. — M. tuberculosis; M. avi. — M. avium; M. int. — M. intracellulare;
M. kans. — M. kansasii; M. abs. — M. abscessus; MIX — model sample is recognized as the mixture of mycobacterial species; cells with the rate of detecting mycobacterial

species in the pre-discriminated share are highlighted in gray.

CONCLUSIONS

The diagnostic value of multiplex PCR used for detection of
mixed mycobacterial populations was studied. It was shown
that the multiplex PCR-based AmpliTube-NTM-Differentiation
kit was capable of detecting mycobacterial mixtures with high
discriminatory power. The discriminatory power of real-time PCR
used for analysis of the mixture of DNA of two mycobacterial
species depended on the total DNA content in the sample
and varied between 0.1% for high-rate samples (total DNA
concentration 108 gEg/mL) and 50% for low-rate samples (total
DNA concentration 10° gEg/mL), it corresponded to the amount
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of DNA of species in the mixture of at least 5 x 102 gEg/mL.
When the amount of DNA of each species in the mixture was
at least 5 x 102 gEg/mL, the results of PCR test for co-infection
did not depend on the species of mycobacteria contained in
the mixture. When the amount of DNA of mycbacterial species
in the mixture was below 5 x 102 gEg/mL, the PCR results
depended on the mycobacterial species: the probability of
detecting M. avium and M. abscessus in the MTBC mixture was
higher, than the probability of detecting M. kansasii; the lowest
probability of being detected in the pre-discriminated share is
reported for M. abscessus, which should be considered when
performing the analysis of PCR results.
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EFFECTIVENESS OF ENRICHING DRUG TREATMENT WITH SYSTEMIC OZONE THERAPY
IN PATIENTS WITH POST-COVID ASTHENIC SYNDROME
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Post-COVID asthenic syndrome (PCAS) is still the subject of active study. The study was aimed to assess the effects of systemic ozone therapy used to complement
drug therapy on plasma levels of TNFa, IL18, IL6 and parameters of mental status in patients with PCAS. Two randomized groups of patients with PCAS (n = 140,
age 18-45) were assessed and treated: patients of the index group (n = 70) received systemic ozone therapy in addition to drug therapy; patients of the comparison
group (n = 70) received drug therapy without systemic ozone therapy. Plasma levels of TNFa, IL1, IL6 were measured and the patients’ mental status was assessed
using the MFI-20, MoCa, ISI, HARS, and CGI-S scores before and after treatment. After the end of therapy (on day 30) the TNFa, IL1, IL6 levels reported for the
index group showed no significant differences from the values reported for the control group (o > 0.05) and were lover, than the values of the comparison group by
39% (p = 0.003), 33.3% (p = 0.022), and 36.1% (p = 0.012), respectively. The changes in mental status were also more pronounced in the index group, than in the
comparison group: the average final MFI-20 score was lower by 36.7% (p = 0.001), ISI by 50.5% (p < 0.001), HARS score by 45.8% (p = 0.001), while MoCa score
was higher by 10.9% (p = 0.046), respectively. In the index group, the number of patients with “no disease” based on CGI-S was 94.2%, while in the comparison
group it was 62.9% (p = 0.001). In our study adding systemic ozone therapy to drug therapy in patients with PCAS allowed us to achieve normalization of the TNFa,
IL1B, IL6 levels and complete reduction of PCAS clinical manifestations in 94.2% of cases. Thus, the use of systemic ozone therapy can be considered as one of
the effective and pathogenetically substantiated strategies for combination treatment of patients with PCAS in outpatient settings.
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3OOEKTUBHOCTb JOBABJIEHUA CUCTEMHOWN O30HOTEPAMUN K ®APMAKOJIOITMYECKOMY
JIEMEHUIO Y MALUMEHTOB C NOCTKOBUAHbIM ACTEHUYECKUM CUHOPOMOM

A. A. Conpaterko', J1. H. Tymeriok? = [1. M. Bepanesa?, 3. V. MNMoHoMapyyk?

1 «O00 PenH-TTO» KnuHrka AsumueHHa, Cumdeponons, Poccurst
2 MeOuumMHCKMIA MHCTUTYT umeHn C. V. FeoprneBckoro (CTpyKTypHoe noppasneneHne KpbiMckoro defepanbHoro yHusepcuteta umenn B. V1. BepHaackoro),
Cumdeponons, Poccus

[MocTkoBMAHBI acTeHn4eckunii cuHapom (MKAC) ocTaeTcs NpeaMeTOM aKTUBHOIO M3y4eHns. Lienbio ncecnenosanns 66110 OLeHUTb BAUSHUE NPUMEHEHUS
CVICTEMHO 030HOTEPanun B AOMOHEHWE K thapMakoTepanuin Ha nokasartenu B nnasme kposu TNFa, IL1B, IL6 1 napameTpbl NCMXMHYECKOro cTaTtyca y NauneHToB
¢ NKAC. O6cnepoBaHo 1 NPOeYeHo ABe PaHOOMU3NPOBaHHbIX rpynnbl nauneHTos ¢ MKAC (n = 140, BospacT 18-45): naumeHTam ocHoBHOM rpynnbl (1 = 70)
[OMNOAHUTENBHO K (hapMakoTepanun NPoBOAMIM CUCTEMHYIO O30HOTEPaNMIO; NaumeHTam rpynbl cpaBHerrs (N = 70) NPoBOAMAN TOMBKO hapmakoTepanuio.
[o v nocne neveHns B nnasme Kposu namepsiin yposHn TNFa, IL1B, IL6 1 oueHvBann ncuxmndeckuin ctatyc naumeHTos no wkanam MFI-20, MoCa, ISI, HARS
n CGI-S. Mo 3asepLueHnn Tepanun (Ha 30-11 feHb) B ocHoBHOM rpynne yposHM TNFa, IL1B, IL6 He nmenn CTaTUCTUHECKN 3Ha4YMMbIX Pa3INHUIA C MoKa3aTenamm
B KOHTPOMbHOW rpynne (o > 0,05) 1 Bblnn HKe 3Ha4YeHUIA rpynnbl cpaBHeHust Ha 39% (p = 0,003), 33,3% (p = 0,022) 1 36,1% (p = 0,012) cooTBETCTBEHHO.
VI3mMeHeHVs mokasaTenen ncuUxXMYecKoro ctatyca Takke 6ofiee BbipaXkeHbl B OCHOBHOW rpynne, YemM B rpynne CpaBHeHUs: cpefHune utorosble H6anisl MFI-20
Hxe Ha 36,7% (p = 0,001), ISI — Ha 50,5% (p < 0,001), HARS — Ha 45,8% (p = 0,001), MoCa — Bbiwe Ha 10,9% (p = 0,046) cooTBeTCTBEHHO. B OCHOBHOW
rpynne Y1Cno NaLneHToB C «OTCYTCTBMEM 3aboneBaHust» No CGI-S — 94,2%, B rpynne cpasHeHust — 62,9% (o = 0,001). B BbINONMHEHHOM Ham1 UCCNefOBaHM
[obaBneHre CUCTEMHON 030HOTepanun K dapmMakoTepanun y naumeHtos ¢ NMKAC no3sonmno fobutscs Hopmanudauum yposHet TNFa, IL1B, IL6 1 nonHomn
penyKumn knnHndeckmx nposeneHnin NMKAC B 94,2% cnyyaes. TakiM 06pasoM, MPUMEHEHME CUCTEMHOM 030HOTEPaMM MOXHO pacCcMaTprBaTb B Ka4eCcTse
ofHoM 13 aPEKTMBHBIX 1 NATOreHETUHECK 0OOCHOBAaHHbIX CTPaTEeriA KOMMIEKCHOro nedeHns nauveHTos ¢ NKAC B ambynaTopHbIX YCIOBYSIX.

Knio4yeBble cnoBa: NOCTKOBUAHbIA aCTEHNHECKUI CUHAPOM, cUcTemMHas o3oHoTepanus, TNFa, IL1B, IL6
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Post-COVID asthenic syndrome (PCAS), the leading positions
in the structure of which are occupied by chronic fatigue,
cognitive dysfunction, sleep disorders, and anxiety [1], is still
the subject of active study.

According to the literature data, 40-70% of patients,
regardless of their age and past COVID-19 severity, suffer from
PCAS [2, 3], which is strongly associated with the significant
decline in daily functioning (by 64%), professional and social
activity (by 70%) [4], and quality of life (by 92.4%) [5]; up to
20% of patients are unable to return to work a year after the
acute phase of the infection [6]. Such statistics show high social
significance of PCAS.

[t has been proven that PCAS is a multifactorial disorder
with the complex and poorly understood pathogenesis. In the
light of current knowledge, systemic inflammation, the key role
in the development of which is played by aberrant cytokine
expression, is one of the major links of the disease process
associated with PCAS [7]. Tumor necrosis factor (TNFa) and
pro-inflammatory interleukins IL1B, IL6 are considered to be
the most important. Plasma levels of these mediators that
are increased in patients with PCAS are associated with the
severity of clinical manifestations [8, 9]. These data make it
possible to consider TNFaq, IL1B, and IL6 as potential targets for
PCAS therapy and the dynamic changes in these indicators as
markers of treatment efficacy [10, 11].

Drug therapy involving the use of drugs of various
classes (including antidepressants, tranquilizers, nootropic,
neurovascular, and neurometabolic agents, vitamin and
mineral supplements, adaptogens) is considered to be a
decisive treatment strategy in patients with PCAS [12-14].
Unfortunately, it is currently obvious that these are not always
effective both against PCAS symptoms and for the control
over the patient’s condition and quality of life when used
as monotherapy [15]. That is why combinations of several
drug classes are often used [16]. It should be emphasized
that combination therapy shows higher clinical efficacy [15],
however, the use of combination therapy is limited due to
potential risk of multiple organ dysfunction and other severe
adverse events (such as vertigo, nausea, sleep disorders) and
the decrease in patient’s adherence to treatment. That is why
the use of physical treatment methods capable of enriching
monopharmacotherapy of PCAS, increasing treatment efficacy,
and preventing polypharmacy becomes relevant [17].

Considering the main mechanisms and clinical
manifestations of PCAS, the use of systemic ozone therapy
having a potent, broad spectrum of anti-inflammatory effects
can be of great interest [18-20]. Furthermore, systemic ozone
therapy has multimodal immunomodulatory, antioxidant,
metabolic, neuroprotective, and anxiolytic effects [21-24],
which is also important for treatment of patients with PCAS.
Systemic ozone therapy is well tolerated; there is credible
evidence of its efficacy in patients with COVID-19 [25-27].
Thus, in elderly patients (over 60) admitted to the intensive
care using due to severe COVID-19, the decrease in C-reactive
protein (CRP) levels by 48.2% and IL6 levels by 86.2% was
revealed as early as after nine days of using systemic ozone
therapy involving five procedures performed daily as part of
standard treatment [25]. Some small-scale studies conducted
in the specialized hospital settings or under conditions of
health resort treatment report the efficacy of ozone therapy
as part of the combination treatment regimen for such post-
COVID syndrome manifestations, as bilateral polysegmental
pneumonia [28], decreased exercise tolerance, sleep disorder,
and chronic fatigue [29]. Important results of the studies were
are as follows: significantly decreased C-reactive protein
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(CRP) levels [28, 29], IL6 levels back to normal, restoration of
functional status and quality of life (QOL) in 94.6% of patients
[29]. These data suggest potential efficacy of systemic ozone
therapy as part of PCAS combination treatment. However,
to date there is no evidence obtained in randomized controlled
trials that would show the effectiveness of complementing drug
treatment of PCAS, associated with chronic fatigue, cognitive
dysfunction, sleep disorders, and anxiety, with systemic ozone
therapy, in outpatient settings.

The study was aimed to assess the effects of systemic
ozone therapy used to complement drug therapy on plasma
levels of TNFa, IL1B, IL6 and parameters of mental status in
patients with PCAS.

METHODS

Assessment and outpatient treatment of 140 patients (77 females
and 63 males) aged 18-45 years (average age 34.2 [32.3; 36.2]
years) with asthenic syndrome within the framework of the
condition meeting the criteria for U 09.9 Post COVID-19
condition, unspecified (ICD-10) was performed at the Simferopol
City Clinical Hospital No. 7 in 2022-2023.

Inclusion criteria: age 18-45 years; body mass index
18.5-24.9 kg/m?; history of serologically verified COVID-19;
emergence or noticeable progression of the asthenic syndrome
symptoms (chronic fatigue, cognitive dysfunction, sleep
disorders, anxiety) persisting for 3-12 months after having
COVID-19, which cannot be explained by the fact of having
another disorder (other than past coronavirus infection); final
MFI-20 score > 30, MoCa score < 26, IS > 8, ESS score > 11,
HARS score = 8; no contraindications to systemic ozone therapy.

Exclusion criteria: body mass index < 18.5 and = 25 kg/m?;
history of mental disorders, including cognitive dysfunction,
sleep disorders, mood disorders, and taking psychotropic
drugs; history of disorders associated with the use of alcohol or
other psychoactive substances; focal neurologic signs (based
on the neurological assessment data); structural disorders
of the brain (based on magnetic resonance imaging data);
increased intracranial pressure; chronic infectious, inflammatory,
endocrine, autoimmune, thrombophilic disorders, cancer;
taking antibiotics, antiviral, vascular, metabolic, nootropic,
anabolic, diuretic, or antioxidant agents, oral contraceptives
within 3 months before the beginning of the study; previous
drug therapy, psychotherapy or rehabilitation due to PCAS;
smoking; refusal to take part in the study.

Patients were randomized into two groups based on the
treatment method. The index group consisted of 70 patients
(43 females and 27 males, average age 34.3 [32.5; 36.3]
years), who received systemic ozone therapy in addition to
drug therapy. The comparison group included 70 patients (44
females and 26 males, average age 33.7 [31.9; 35.9] years),
who received drug therapy without systemic ozone therapy.

The drug based on the succinic acid complex with
trimethylhydrazinium  (Biokhimik  JSC; Russia) was
recommended to patients of both groups as a model of
monopharmacotherapy to be used in accordance with the
scheme proposed by the manufacturer: orally, 2 capsules
twice a day (daily dose 2000 mg) for 30 days. The drug was
selected based on the officially approved indications for use in
PCAS associated with the increased fatigue, sleep disorders,
emotional lability, and cognitive dysfunction [30], as well as
on the fact that the drug was effective against PCAS [31]. Al
patients agreed to pay for the prescribed drug. Patients of the
index group received extra systemic ozone therapy in the form
of intravenous administration of 200 mL of the ozonized 0.9%



Table 1. Characteristics of patients with PCAS
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Index group Comparison group
(n=170) (n=70) Pre
1 2

Average age, years (median [25%; 75%]) 34.3 [32.5; 36.3] 33.7 [31.9; 35.9] 0.781
Females/males 43 (61.4) / 27 (38.6) 44 (62.9) / 26 (37.1) 0.771
Body mass index, kg/m? (median [25%; 75%]) 20.3[18.3; 22.6] 21.0 [18.6; 22.7] 0.874
Mild COVID-19 (n, %) 43 (61.4) 44 (62.9) 0.884
Moderate COVID-19 (n, %) 20 (28.5) 20 (28.5) 1

Severe COVID-19 (n, %) 7 (10.0) 6 (8.6) 0.075
e IR S s40351
MFI-20 AFS (median [25%; 75%)]) 81.9[77.7; 84.9] 81.3[78.1; 83.9] 0.801
MoCa AFS (median [25%; 75%]) 24.2 [24.0; 25.7] 24.1 [24.0; 25.4] 0.881
ISI AFS (median [25%; 75%]) 18.2[16.3; 19.2] 17.7 [16.0; 18.8] 0.867
HARS AFS (median [25%; 75%)) 21.3[19.2; 22.9] 20.9[18.7; 22.7] 0.891
CGI-S severe disorder (n, %) 41 (58.6) 39 (65.7) 0.072
CGI-S moderate disorder (n, %) 29 (41.4) 31(44.3) 0.07

Note: AFS — average final score.

sodium chloride solution (daily, course of 10 procedures, the
first three procedures involving the ozone concentration of
2.0 mg/L, with subsequent ozone concentration increase to
3.0-4.0 mg/L) since the first day of prescribed drug therapy. Al
patients of the index group and comparison group successfully
completed the trial.

A total of 50 generally healthy volunteers, unvaccinated and
having no history of COVID-19, were assessed as controls. This
group included both females and males aged 18-45 years with
the body mass index of 18.5-24.9 kg/m?, final MFI-20 scores
<30, MoCa scores >26, ISI <8, and HARS scores <8. The non-
inclusion criteria for the control group were identical to that
for the group of patients with PCAS. The control group was
matched by gender (32 females and 18 males), age (33.9 [32.3;
36.6] years, and body mass index (19.3 [18.8; 23.4] kg/m?) to
the group of patients with PCAS.

All the patients underwent clinical and psychopathological
assessment that included collecting patient complaints,
assessment of life history and history of the disorder, and
assessment of mental status, including using the following
methods: Multidimensional Fatigue Inventory (MFI-20) [32],
Montreal Cognitive Assessment (MoCa) [33], Insomnia Severity
Index (ISI) [34], Hamilton Anxiety Rating Scale (HARS) [35],
Clinical Global Impression Scale (CGl), specifically the CGI-S
Improvement subscale [36] (before treatment and after 30 days
of treatment). Furthermore, any possible adverse event (AE)
was recorded.

Assessment of plasma TNFa, IL1B, and IL6 levels by
enzyme-linked immunoassay (ELISA) using the tests systems
by Vector-Best (Russia) was performed in all healthy volunteers
in the control group (once) and patients with PCAS (before
treatment and after 30 days of treatment). Blood was collected
from the cubital vein in the morning (7.00-9.00) in the fasting
state (after the 8-12 h fasting).

Statistical processing of the results was performed using
the STATISTICA 8.0 software package (StatSoft.Inc.; USA).
Quantitative parameters were presented as the median (Me)
with the interquartile range [25th; 75th percentiles (%)], while
qualitative parameters were presented as the share and
absolute number of values. The Mann-Whitney U test was
used for comparative analysis of quantitative parameters, while
comparative analysis of qualitative parameters involved the use

of the chi-squared test (x?). Spearman’s rank correlation was
used for correlation analysis. The differences were considered
significant at p < 0.05.

RESULTS

The main characteristics of patients with PCAS are provided in
Table 1. The groups of patients were matched by all parameters.

Initially, patients of the index group and comparison group
showed a comparable significant increase in plasma levels of
TNFa, IL1B, and IL6 relative to the control group. After the end
of therapy (on day 30) the TNFa, IL13, and IL6 levels significantly
decreased (p < 0.05) in both groups, however, the differences
in the decrease were very large. In the index group, the TNFa,
IL1B, and IL6 levels showed no significant differences from the
values of the control group (p > 0.05) and were lower, than the
values of the comparison group, by 39% (p = 0.003), 33.3%
(o = 0.022), and 36.1% (p = 0.012), respectively (Table 2).

The dynamic changes in the mental status parameters
associated with treatment of patients with PCAS are provided
in Table 3. The findings suggest that after the end of therapy
(on day 30) the changes were significant (o < 0.05) and more
pronounced in the index group. The average difference in the
changes between the index group and the comparison group
based on the average final MFI-20 score was 36.7% (p = 0.001),
MoCa — 10.9% (p = 0.046), IS — 50.5% (p < 0.001), HARS —
45.8% (p = 0.001). In the index group, the number of patients
with “no disease” based on CGI-S subscale was 66 (94.2%),
while in the comparison group it was 44 (62.9%) (p = 0.001).

No adverse events were reported for patients of the index
group and comparison group during the study.

DISCUSSION

As noted above, the levels of pro-inflammatory cytokines TNFa,
IL1B, and IL6 in blood plasma are significantly increased in
PCAS [37]; these cytokines cause activation of macrophages
and microglial cells after crossing the blood-brain barrier at the
damaged sites or sites with increased permeability [38]. This
causes cell morphology transformation and initiation of the IBA1
antigen expression. The result is secretion of de novo cytokines
(especially IL13 and TNFa) in the brain and neuroinflammation
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Table 2. Dynamic changes in the plasma TNFa, IL1B, IL6 levels during treatment of patients with PCAS (median [25%; 75%])

Control Index group (n = 70) Comparison group (n = 70)
Indicator Before treatment After treatment Before treatment After treatment D,/ Py
1 2 3 4 5
14.9[9.1;15.2] 6.1 [3.6; 8.2] 15.2 [8.8; 15.7] 10.0 [7.4; 12.3]
TNFo, pg/mL 5.2[2.8;7.6] A, ,-59.1%, p, , < 0.001 A, ,-34.2%, p,_, = 0.002 39.0% /0.003
p,., <0.001, p, =0.074 p,., <0.001, p_, =0.001
8.1[6.6; 10.3] | 3.6 [2.5; 4.8] 8.0 [6.4; 10.1] | 5.4 [4.7;7.3]
IL1B, pg/mL 2.9[1.5;4.1] A, ,-55.6%, p,, = 0.001 A, =325, p, , = 0.021 33.3% /0.022
P, <0.001, p, , =0.079 P, <0.001, p,_, =0.033
99[6.7:12.4] | 39[27:62) 96[64,130] | 615593
IL6, pg/mL 3.8[2.0;5.6] A, ,-60.6%, p,, < 0.001 A, ,-36.5%, p, , = 0.016 36.1% /0.012
p,., <0.001, p, , =0.082 p,., <0.001, p_, =0.026

Note: p — significance of differences between the groups compared, A — difference of changes.

[39]. At the same time, neuroinflammation is recognized as
the most important mechanism, through which cytokines
that change molecular and epigeneric processes eventually
cause cell plasticity disturbances, nervous tissue dysfunction
[40], and clinical manifestations of PCAS [41, 42]. The broad
spectrum of the systemic ozone therapy anti-inflammatory
effects is well understood and rather complex. Systemic ozone
therapy inhibits transcription activity of the intracellular NF-kB
signaling pathway, which results in suppression of the release
of a number of inflammatory mediators involved in inflammatory
response, such as IL1B, IL6, and TNFa [18]. Furthermore,
the activity of the nuclear factor-erythroid-2-related factor 2
(Nrf2) is intensively suppressed [43], which is manifested in
the increased activity of the antioxidant enzymes (superoxide
dismutase, glutathione peroxidase, catalase) [44, 45] involved in
inhibition of inflammation through their influence on the cytokine
expression [46]. Moreover, systemic ozone therapy inhibits the
pP38MAPK and ERK1/ERK2 signaling, thereby reducing TNFa
and IL1B production by monocytes [47]. Multiple studies have
proven that the systemic ozone therapy effects are consistent,
safe, and show high therapeutic potential in many disorders, the
common pathogenetic link of which is inflammation, including
CQOVID-19 [25-27]. To date, only three studies have been
published (one observational and two randomized controlled
trials (RCT)), the authors of which assessed efficacy and safety
of systemic ozone therapy used as monotherapy or as part of
combination treatment in patients with post-COVID syndrome.

Thus, in one observational study 100 patients (average age
55.2 + 12.72 years) with PCAS symptoms received systemic
ozone therapy: 2-3 procedures per week (course of 6-9
procedure) [48]. Complete reduction of asthenic symptoms
and significant (60%) decrease in the symptom severity (based
on the Fatigue Severity Scale scores) was reported in 40% of
patients by the end of the follow-up period.

In another study, efficacy and safety of the systemic ozone
therapy inclusion in the combination treatment (rehabilitation
exercises, physical therapy: low-frequency magnetic therapy
and iontophoresis with KI, CaCl2) of the hospitalized patients
aged 29-78 years with post-COVID bilateral polysegmental
pneumonia in the second phase of rehabilitation were assessed
in the RCT [28]. Significantly better results based on CRP,
D-dimer, overall assessment of clinical status, and achieved
improvement of the quality of life were reported for the group of
patients, who received systemic ozone therapy.

Efficacy of systemic ozone therapy added to the standard
resort treatment complex was also assessed in the RCT
involving examination of 140 patients (males — 44.3%,
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females — 55.7%, average age 49.2 [46.5; 52.3] years) with
post-COVID syndrome, who still experienced chronic fatigue,
depressed mood, shortness of breath, exercise intolerance
7 months after having the novel coronavirus infection [29].
Patients were randomized into two groups: group 1 (n = 70)
underwent systemic ozone therapy in the form of intravenous
drop infusions of the ozonized saline solution with the ozone
concentration of 2.0 mg/L, course of 10 procedures, one
procedure per day + resort treatment complex (climate therapy,
rehabilitation exercises, full body massage with the focus on
the chest, pelotherapy with the Saki Lake mud, hyaluronic acid
inhalations); patients of group 2 (n = 70) received the same
resort treatment complex without systemic ozone therapy.
The resort treatment duration was 14 days. The study showed
that inclusion of systemic ozone therapy ensured a significant
decrease in the malondialdehyde levels (3.3-fold, p < 0.001),
increase in the glutathione peroxidase activity (1.7-fold, p = 0.003),
normalization of the IL6 levels, which were accompanied by
significant improvement of the clinical status and quality of life
in 94.6% of patients (vs. 62.3% in group 2). It is important to
note that the results of the above studies show both efficacy
and good safety profile of systemic ozone therapy in patients
with post-COVID syndrome [29, 49].

In this study, the results of using systemic ozone therapy to
complement drug therapy in patients with PCAS, associated
with chronic fatigue, cognitive dysfunction, sleep disorders, and
anxiety, in outpatient settings are presented.

Reliance on the systemic ozone therapy efficacy was
considered to be associated with the broad spectrum of its
anti-inflammatory effects, which was fully confirmed in our
study. After the end of therapy (on day 30) the levels of TNFa
decreased by 59.1% — from 14.9 [9.1; 15.2] pg/mL to 6.1
[3.6; 8.2] pg/mL, IL1B by 55.6% — from 8.1 [6.6; 10.3] pg/mL
to 3.6 [2.5; 4.8] pg/mL, i.e. were completely back to normal
and more than 30% lower compared to the comparison group
(o = 0.008 and p = 0.022, respectively). The IL6 levels were
also significantly lower (by 36.5%), than in the comparison
group (o = 0.012). Apparently, this can be considered as one
manifestation of the systemic ozone therapy anti-inflammatory
effect in patients with PCAS. Our findings demonstrate the
anti-inflammatory effect and benefits of adding systemic ozone
therapy to drug therapy for adjustment of the TNFa, IL18, and
IL6 level changes in patients with PCAS. Since elevated levels of
these cytokines are strongly associated with the PCAS clinical
manifestation severity and outcome [8, 9], the above data make
it possible to consider adding systemic ozone therapy not only
effective, but also maximally pathogenetically substantiated.
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Table 3. Dynamic changes in the mental status parameters during treatment of patients with PCAS

Index group (n=70)

Comparison group (n = 70)

Indicator Before treatment | After treatment | Before treatment | After treatment AL/ P,,
1 2 3 4
81.9[77.7:84;9] | 20.5[18.1:22.3] | 81.6[78.3; 84: 6] | 32.4[29.0; 34.2]
MFI-20 AFS (median [25%; 75%]) 36.7% / 0.001
A, ,<74.7%, p,., < 0.001 A, ,-60.3%, p, , < 0.001
24.2[24.0,25.7) | 285[27.3,20.5] | 24.5[24.2,25.6] | 25.7[25.1;26.2]
MoCa AFS (median [25%; 75%]) 10.9% / 0.046

A,,+17.1%, p,, = 0.041

A4-3 +4.9%, p, , = 0.072

18.2 [16.3; 19.2] | 5.0 [3.7; 7.5]

17.7[16.0,18.5] | 10.1[9.3;11.7]

ISI AFS (median [25%; 75%])

A, ,-81.3%, p, , <0.001

50.5% / <0.001
A, —42.9%, p, , = 0.001

21.3[19.2,22.9] | 58[4.3,68]

20.7 [18.8; 23.1] | 10.7 [9.5; 12.1]

HARS AFS (median [25%; 75%)) 45.8/0.001
A, ~72.8%, p, , < 0.001 A, ,-48.3%, p, , < 0.001
0 66 (94.2) 0 | 44629
CGI-S no disease (n, %) 49.8% / 0.001
p,., <0.001 P, , < 0.001
0 4(5.8) 0 | 19e7)
CGI-S mild disorder (n, %) 78.6% / 0.001
p,., =0.072 P, , <0.001
41 (58.6) 0 39(55.7) | 0
CGI-S severe disorder (n, %) 5.0% / 0.893
p,., =0.001 P, , = 0.001
29 (41.4) 0 31443 | 0
CGI-S moderate disorder (n, %) 7.0% /0.887
p,., =0.001 p,, =0.001

Note: AFS — average final score, A — difference of changes.

As a result, after the end of therapy (on day 30) we managed
to achieve significant clinical status improvement in the form of
significant steady decrease in the severity of all PCAS symptoms
in patients with PCAS from the ozone therapy group, which was
confirmed by the dynamic changes in the MFI-20, MoCa, IS,
and HARS scores. In particular, after the end of therapy (on day
30) the total MFI-20 chronic fatigue severity score significantly
decreased (by 74.7%) from the median score of 81.9 “severe”
to 20.5 “no symptoms of chronic fatigue”; ISI — from the
median score of 18.2 “moderate insomnia” to 5.0 “normal” (the
average decrease in the indicator was 81.3%); HARS — from
the median score of 21.3 “moderate anxiety severity” to 5.8
“no anxiety” (the average decrease in the indicator was 72.8%).
The total MoCa cognitive status score increased by 17.1%
from the median score of 24.2 “cognitive impairment” to 28.5
“normal cognition”. All the indicators achieved were significantly
superior to the indicators of the comparison group (o = 0.001).

Finally, after the end of therapy (on day 30) the number of
patients with “no disease”, i.e. complete reduction of PCAS
clinical manifestations based on CGl, in the systemic ozone
therapy group was 94.2%, and there were much more such
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ASSOCIATION OF LOCAL BIOIMPEDANCE ANALYSIS OF THE ABDOMINAL REGION WITH
MORPHOLOGICAL AND BIOCHEMICAL TRAITS

Bondareva EA'™™, Leonov GE', Parfenteva Ol, Arutiunian AA?, Bevziuk NA?, Kovaleva ON?, Gadzhiakhmedova AN', Shemyakov SE?, Kulemin NA!

" Lopukhin Federal Research and Clinical Center of Physical-Chemical Medicine of the Federal Medical Biological Agency, Moscow, Russia
2 Pirogov Russian National Research Medical University, Moscow, Russia

Quantification of the subcutaneous and visceral fat depot in the abdominal region is a promising method to assess individual risk of cardiometabolic disorders
and estimate the efficacy of certain drugs. The local bioimpedance analysis (BIA) represent a new promising method for separate quantification of two fat depots
in the abdominal region. The method combines high accuracy, low cost, and noninvasiveness. The study was aimed to analyze the relationships between the
impedance estimates obtained in the local BIA lead and the complex of anthropometric and biochemical characteristics in males and females. A total of 147
females and 42 males aged 18-73 years were assessed. To estimate subcutaneous fat, we used the local BIA lead (ABC-02 Medass) in accordance with the
earlier proposed electode placement scheme. Local impedance (Z50,,, Ohm) was recorded using the ABC-02 Medass software. The correlation analysis revealed
significant correlations of Z50_ with the walist-to-height ratio, insulin concentration, body fat percentage, and HOMA-IR. Markers of the risk of cardiometabolic
diseases (abdominal obesity, insulin resistance, and body fat percentage) are associated with the increased Z50_ values. The results of ROC analysis with the insulin
resistance index (AUC 0.79 [0.72; 0.84], p < 0.000) make it possible to consider Z50_ a promising marker of the risk of cardiometabolic diseases. The differences
between subgroups are confirmed by both statistical significance and large effect size.
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CBA13b JIOKAJITbHOW BUOUMMNEJAHCOMETPUN B ABOOMUHAJIbHOW OBJIACTU
C EE MOP®OJIOTMHECKUMU N BUOXUMUHECKUMU NMPU3HAKAMU

3. A. Borpapesa' = T E. Jleoros', O. W. MapeHTbesa’, A. A. ApyTioHsaH?, H. A. Bessiok?, O. H. Kosanesa?, A. H. lamxumaxmvenosa’,
C. E. Wemsikor?, H. A. KynemuH'

T denepanbHbIi HayHHO-KIIMHUYECKUA LEHTP (hU3MKO-XUMNHYECKO MeamuyvHbl veHn KO. M. JlonyxvHa ®defepanbHoro Meamko-6ruonorndeckoro areHtcTea, Mockea,
Poccus

2 Poccuicknin HaumoHasbHbI CCnefoBaTensCKUin MEAMUMHCKIIA yHMBepCUTET MmeHn H. . Muporosa, Mockea, Poccus

KonnyecTBeHHOe onpeneneHvie NOAKOXHOMO 1 BUCLEPaSTbHOMO AEMO Xpa B abAOMUHAIIBHOM 0611acTy SIBNSIETCS MEPCNEKTUBHBIM METOLOM OLEHKM MHABMOYaIbHbIX
PUCKOB PasBUTUS KapaMoMeTabonnyecknx 3aboneBaHnin N oLeHKM 3PMEKTUBHOCTN HEKOTOPbIX NEKAPCTBEHHbIX NpenapaTtoB. JlokanbHble 0TBEeAeHNS
6ronmnenaHcomeTpun (BVIA) — HOBbI NEPCNEKTVBHBIA METOA, Pa3aebHOM KONMYECTBEHHOM OLEHKM ABYX Aerno »uvpa B 06nacTv »xxmBoTa. OH CoYeTaeT BbICOKYHO
TOYHOCTb, HEBBICOKYKD CEOECTOMMOCTb 1 HEMHBa3MBHOCTb. Llenbio paboThl GbI10 MPOBECTV aHanM3 CBs3el MMNEAaHCHBIX OLEHOK, MOJyYEHHbIX B JIOKAIbHOM
oTBefeHn BVA ¢ KOMMIEKCOM aHTPOMOMETPUHECKMX 1 OUOXUMUHECKNX XapaKTEPUCTUK Y MyXUMH 1 XKeHLH. O6cnenoBaHbl 147 >XeHWWH 1 42 My>XHYiHbI B
BogpacTe 18-73 net. [1nst OLeHKI NOAKOXXHOIO »KMPOOTIOKEHMS MCMONb30Banu nokaneHoe otBefeHne BIA (ABC-02 «Mepacc») Mo npeanokeHHON paHee cxeme
pacrnonoXxeHns aNeKTPoaoB. [Mpur nomMoLLm nporpaMmHoro obecnedeHns ABC-02 «Mepacc» hrkenpoBany nokaneHbi uMvnegaHe — Z50_, Om. KoppenauvoHHbI
aHanmMa BbIABAN 3Ha4MMble CBA3W Z50_ C MHOEKCOM Tass/pOCT, KOHUEHTPAUME NHCYNMHA, MPOLEHTOM X1poBoi Macchl Tena 1 HOMA-IR. Mapkepb! pricka
KapAVMOMETaboNMHECKNX 3ab0NeBaHNI (A0AOMMHABHOE OXKVPEHE, MHCYMMHOPE3UCTEHTHOCTL M [ONSA XUPOBOM MacChbl) CBA3aHb! C MOBbILLEHHBIMY 3HAYEHUSMMN
Z50, . Pesynbratsl ROC-aHammaa ¢ MHOEKCOM MHCynmMHopesncTeHTHocTn (AUC 0,79 [0,72; 0,84], p < 0,000) nossonstoT paccMarpusats Z50, B kadecTse
MepCneKTVIBHOrO Mapkepa prcka KapamomeTabonmyeckux 3abonesanHnin. Pasnmums mexxay NoarpynnamMy NoATBEPXKAAOTCS He TOMBKO YPOBHEM CTATUCTUHECKON
3HAYMMOCTH, HO 1 3HAYMTENBHBIM PasMepoM ahdeKTa.

s¢’

KnioyeBble cnoBa: NOAKOXHOE »KNPOOTIIOXKEHME, NIOKaNbHbIM BUIA, abooMrHanbHOE OXXMpeHne, 0O6XBaT Taiin, CKPbITOE OXUPEHVE
®duHaHCcupoBaHue: Hay4HOe VCcneoBaHrie MPoBeAeHO Npu noaaepkke Poccuinckoro HayydHoro dhoHaa (rpaHt PH® Ne 22-75-10122).

Bknap aBTopoB: 3. A. BoHaapeBa — [v3aiiH NCCNefoBaHns, CTaTUCTUHECKUN aHanma, Hanmcanve crateu; I E. JleoHoB — nposeneqvie BAA; O. . MapceHTsesa,
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It is well known that the pattern of fat depot distribution (body
fat topography) is an independent factor associated with
the severity of cardiovascular disorders, risk of metabolic
diseases, and overall mortality [1]. Timely assessment of body
fat topography will make it possible to determine the groups
at risk of metabolic and cardiovascular disorders associated
with abdominal (central) obesity, regardless of body mass index
(BMI) and body fat percentage (PBF) [1]. In turn, abdominal
fat is formed from the depot of subcutaneous and visceral
fat. Simple anthropometric traits and indices, such as waist
circumference (WC), waist-to-hip ratio (WHR), and waist-to-
height ratio (WHtR), are used to estimate the abdominal fat
quantity. However, these estimates showed low sensitivity at
the individual level and turned out to be ineffective for separate
quantitative assessment of subcutaneous and visceral fat
[2]. Computed tomography (CT) and magnetic resonance
imaging (MRI) are the reference methods for assessment of
these components. However, these methods cannot be used
for the large-scale screening of the population due to high
cost, radiation exposure, and high demands on the personnel
quallification. Moreover, the methods cannot be used outside
the specialized medical institutions and/or research centers
[3]. The method for quantitative assessment of abdominal
fat, devoid of the shortcomings of CT and MRI and ensuring
comparable accuracy and sensitivity, is in demand in medicine,
in prediction of the risk associated with the specific features of
fat accumulation in the abdominal region.

Bioimpedance analysis (BIA) of body composition is
widely used in the world’s medical practice to assess body fat
mass and lean body mass, as well as to assess body’s water
compartments [4]. However, conventional (hand—leg) schemes
allow one to obtain the integrated body composition estimates
only and do not allow to judge on the fat depot distribution
or to assess subcutaneous and visceral fat in the abdominal
region separately. Furthermore, the contribution of the trunk to
the impedance estimate does not exceed 5-10%, when the
conventional electrode placement scheme is used. This means
that the integrated body composition indicators are calculated
based mainly on the limb impedance estimates [4, 5].

[t has been shown that quantitative assessment of
subcutaneous fat thickness can be performed by transimpedance
measurement between two pairs of electrodes mounted directly
above the region, the researcher is interested in [5]. Several
electrode placement schemes for the abdominal region have
been also presented. The analysis of consistency between the
subcutaneous fat thickness quantitative assessment by MRI
and the local impedance value in the broad morphological
range has shown strong correlation between these two values
(r* =0.984) [6].

Two studies focused on assessing local BIA leads have
been published in Russia [7, 8]. Our study was aimed to analyze
the relationships between the impedance characteristics
obtained from the local leads in the abdominal region and
the complex of morphological and biochemical traits of adult
males and females. We study the relationships between
local BIA leads and the complex of anthropometric traits and
indices characterizing the amount of fat and its topography
and complement the estimates obtained by the data on the
carbohydrate metabolism markers and sonographic estimates
of subcutaneous fat thickness in the abdominal region.

METHODS

A total of 189 conditionally healthy volunteers (147 females
aged 18-67 years and 42 males aged 20-73 years) were
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assessed. Examination was performed in the outpatient
clinic of the Lopukhin Federal Research and Clinical Center
of Physical-Chemical Medicine of FMBA of Russia between
January 2022 and April 2023. Ethnicity, physical activity level,
and the number of the diseases diagnosed were determined
during the questionnaire survey. The vast majority of the assessed
individuals specified their ethnicity as Russian (at least one
parent was Russian). Inclusion criteria: the legal age males and
females diagnosed with no chronic or acute disorders at the time
of examination, who had passed all the stages of examination
(questionnaire survey, anthropometric measurements, blood
biochemistry test), were included in the study. Exclusion criteria:
age under 18 years, pregnancy and lactation, pacemaker
installed, metal implants in the trunk and/or limbs.

The assessment program included measuring standing
height (SH) with the laser anthropometer (KAFA; Russia),
body weight (BW) (Seca; Germany), waist (WC) and hip (HC)
circumference with the non-elastic measuring tape. BIA was
performed using the ABC-02 Medas system (Medas; Russia)
with the probing current frequency of 50 kHz in two leads

1. Using the standard tetrapolar scheme “wrist — ankle
joint” on the right side of the body with the F3001 placement
(FIAB; Italy) and the subject in supine position.

2. To estimate subcutaneous fat in the abdominal region,
the source electrodes were placed at a distance of 12 cm, and
the measurement electrodes were placed at a distance of 7
cm to the left and right of the umbilicus when the subject was
standing [6] (Fig. 1A).

The ABCO01-0362 software was used to determine active
and reactive resistance (R, Ohm — for the integrated scheme;
Rsc, Ohm — for the local scheme) and appropriate impedance
values (Z50 and 750, ). The integrated lead values were used
to determine absolute and relative body fat mass (FM and PBF,
respectively) and lean body mass (LM).

The BodyMetrix BX2000 ultrasound scanner (IntelaMetrix;
USA) was used to determine subcutaneous fat thickness (mm)
in two points of the abdominal region of each subject: near
the umbilicus (SFL1) and above the iliac crest (SFL2), which
corresponded to the suprailiac skinfold (Fig. 1B) [9]. The
Mediagel medium viscosity ultrasound gel (Geltek; Russia) was
used as the contact medium.

Anthropometric traits were used to calculate the following
indices: BMI — body mass index, WHR — waist-to-hip
ratio, WHtR — waist-to-height ratio [10]. Nutritional status
(underweight, normal weight, overweight or obesity) was
determined based on BMI in accordance with the WHQO criteria.
Furthermore, obesity was diagnosed based on the PBF > 30%
for females and > 25% for males. Central obesity was assessed
based on WHIR = 0.5 [10].

Blood biochemistry test was performed to estimate the
carbohydrate metabolism parameters (insulin, fasting glucose,
and glycated hemoglobin levels). These data were used to
calculate the HOMA (Homeostasis model assessment) indices:
HOMA-IR, HOMA-%B, HOMA-%S. Furthermore, HOMA2-IR,
HOMA2-%B, and HOMA2-%S values were calculated using the
online calculator (https://www2.dtu.ox.ac.uk/homacalculator/).
HOMA-IR > 2.7 was considered to indicate insulin resistance.

Statistical analysis

Parameters of the studied traits’ distribution position, variation,
and shape were assessed using the PAST tool (https://www.
nhm.uio.no/english/research/resources/past/). The Shapiro—
Wilk, Anderson-Darling, Lilliefors, and Jarque—Bera tests were
used to test consistency of the data with normal distribution.
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Fig. 1. A. Electode placement scheme in the local BIA lead (ABC-02 Medas) for assessment of subcutaneous fat in the abdominal region. B. Measuring the subcutaneous

fat thickness near the umbilicus with the BodyMetrix BX2000 ultrasound scanner

The Monte Carlo algorithm was implemented in the calculation
procedures for all tests, except the Shapiro-Wilk test. When
performing statistical comparison, we did not limit ourselves to
calculating p-values, but assessed the Cohen's standardized
effect size (d,) for pairwise comparison and the € measurement
for the Kruskal-Wallis test. The effect sizes, the lower limits of
95% confidence intervals (Cl) of which exceeded d,, = 1, were
accepted as noteworthy [11].

The Welch's t-test, Mann-Whitney U test, and Kruskal—-
Wallis test were used to assess the differences between
groups. The Benjamini-Hochberg procedure was applied when
performing multiple comparisons. The analysis of differences
between groups and the correlation analysis were performed
using Past and JASP (JASP Team (2024). JASP (Version
0.18.3) [Computer software]), as well as the following software
packages: “ggpubr” (Kassambara A (2023). _ggpubr: 'ggplot2!
Based Publication Ready Plots_. R package version 0.6.0,
<https://CRAN.R-project.org/package=ggpubr>) and “rstatix”
(Kassambara A (2023). _rstatix: Pipe-Friendly Framework for
Basic Statistical Tests_. R package version 0.7.2, <https://
CRAN.R-project.org/package=rstatix>) in R (R Core Team (2023).
_R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria. <https://
www.R-project.org/>). The 95% CI was calculated for all the
assessed statistics. The ROC analysis was performed using
EasyROC (http://biosoft.erciyes.edu.tr/app/easyROC).

RESULTS

The subgroups of males and females did not differ in age,
BMI, WHtR, absolute body fat mass, Z50_, subcutaneous fat

sc’

thickness in the abdominal region, biochemical parameters,
and HOMAZ indices. The traits, for which significant differences
(o < 0.001) between the subgroups of males and females have
been reported, are provided in Table 1.

According to the data provided (Table 1), no sexual
dimorphism is reported for the values of subcutaneous fat
thickness in the abdominal region and local impedance of the
abdominal region. In the context of sex-related differences in
WC and WHR, the lack of sexual dimorphism in the SFL1,
SFL2, and Z50,, values can indicate differences in the amount
of visceral fat and the possibility of visceral fat quantification
by local BIA methods. That is why the examination should
be complemented by the local lead in the sagittal area of the
abdomen. The correlation analysis of the complex of studied
traits (Fig. 2) revealed significant correlations of 250, with WHtR
(0.739[0.667; 0.797]), body weight (0.609 [0.510; 0.691]), waist
circumference (0.700[0.510; 0.766]), BMI (0.731 [0.657; 0.791]),
FM and body fat percentage (0.724 [0.648; 0.786] and 0.662
[0.573; 0.735]), subcutaneous fat thickness in the abdominal
region (0.692 [0.608; 0.761] and 0.743 [0.671; 0.802]), insulin
concentration (0.541 [0.428; 0.637]), HOMA2-IR (0.539 [0.425;
0.636]), and HOMA2-%S (-0.539 [-0.636; -0.425)).

A broad spectrum of morphological traits represented in
the studied sample makes it possible to conduct comparative
analysis of Z50_, values in various subgroups: by the nutritional
status determined based on BMI, by the fact of having obesity
determined based on the PBF value, as well as by the fact
of having abdominal obesity determined based on the WHIR
value (Table 2).

The increased values of the traits associated with the
risk of cardiometabolic disorders (abdominal obesity, insulin
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Trait Sex Mean (SD) Effect size [95% Cl]
F 0.764 (0.091)
WHR -1.221 [-1.602; -0.834]
M 0.860 (0.063)
F 167.1 (7.6)
Height, cm -1.871 [-2.302; -1.433]
M 179.4 (5.3)
F 69.7 (15.6)
Body weight, kg -1.023 [-1.407; -0.632]
M 86.6 (17.4)
F 77.8 (13.2)
Waist circumference, cm -0.823 [-1.190; -0.450]
M 88.6 (13.1)
F 30.6 (8.7)
Body fat percentage (%) 0.910 [0.533; 1.282]
M 22.9(8.2)
F 47.3 (6.1)
Lean body mass, kg -2.719 [-3.315; -2.114]
M 65.6 (7.3)

resistance, and body fat percentage) are correlated to the
higher local impedance values. The differences between
subgroups are confirmed not only by the significance level, but
also by the large effect size (Table 2).

Then ROC analysis was performed for these traits in order to
assess the possibility of using Z50__ as a diagnostic criterion for
abdominal obesity, bidy fat percentage, and insulin resistance
(Fig. 3). The highest AUC values are reported for the WHtR
index. The AUC value reported for HOMA-IR is lower, however,
it is significantly different from the “don’t care” value (AUC = 0.5),
which suggests the need for further study of Z50_ involving the
groups diagnosed with prediabetes and type 2 diabetes mellitus.

Age

WHR

WHtR

SH

B

wC

H

Z50,,

BMI
M

Thus, higher values of the traits associated with the
increased fat accumulation and the risk of comorbidities
correspond to the high local impedance values (Fig. 3). The
AUC values suggest that Z50_, can be potentially used as
a diagnostic test, while certain Z50_, threshold values can
constitute an additional noninvasive express method for
assessment of cardiometabolic risk in the future.

The combination of BMI and PBF can confirm the diagnosis
of obesity and select individuals with normal-weight obesity
[12] and individuals with the increased BMI (excess body
weight), but normal fat percentage. Fig. 4 presents Z50_
values in the subgroups with increasing body weight and body

PBF

LM

SFL1

SFL2
Glucose
Insulin
HBA1C
HOMA2%B
HOMA2%S
HOMA2IR

Age
WHR

@
®

WHtR

SH

&
@
®
5

BW

WC

HC

Z50,,

BMI

FM

PBF

LM

SFL1

SFL2
Glucose
Insulin
HBA1C
HOMA2%B
HOMA2%$S
HOMA2IR

.. o0 @

@

0000
® 0000000

o000 ® 0 0

Fig. 2. Correlations of the complex of studied traits. SH — standing height, BW — body weight, WC — waist circumference, HC — hip circumference, SFL1 —
subcutaneous fat thickness near the umbilicus, SFL2 — subcutaneous fat thickness in the suprailiac skinfold region. The statistically significant correlations only are

shown
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Table 2. Comparative analysis of Z50__ in various subgroups of the assessed sample

Trait Subgroup Z50,, Effect size [95% Cl] p-value
F 51.6 (23.1)

Sex -0.112 [-0.455; 0.232] 0.525
M 54.2 (25.8)
<0.5 41.1 (14.1)

WHtR 2.252 [1.77; 2.73] < 0.001
>0.5 79.9 (19.9)
Normal 44.7 (19.1)

HOMA-IR —-1.718 [-2.007; —-1.521] < 0.001
IR 69.6 (24.7)
Normal 38.6 (13.6)

PBF —-1.654 [-1.984; -1.320] < 0.001
Obesity 68.8 (22.8)
Normal 39.6 (13.1)

BMI Overweight 59.0 (18.8) 0.533 [0.44; 0.62] < 0.001
Obesity 82.2 (20.3)

Note: the € measure was used as the effect size for BMI, d,, was used as the effect size for other parameters; IR — insulin resistance (HOMA-IR > 2.7)

fat percentage: underweight (UW) — BMI < 18.5 kg/m?;
normal body weight and PBF (NWNQO) — BMI within the range
of 18.5-24.9 kg/m? and PBF < 25% for males and < 30%
for females; normal-weight obesity (NW_O) — BMI within
the range of 18.5-24.9 kg/m? and PBF > 25% for males and
> 30% for females; excess body weight based on BMI and
normal PBF (OWNQO) — BMI within the range of 25.0-29.9
and PBF < 25% for males and < 30% for females; excess
body weight based on BMI and obesity based on PBF
(OWO) — BMI within the range of 25.0-29.9 and PBF = 25%
for males and = 30% for females; obesity based on BMI and
PBF (OB) — BMI > 29.9 and PBF > 25% for males and = 30%
for females.
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The findings suggest that local impedance estimates in
the abdominal region increase with increasing BMI and PBF.
We revealed significant differences between subgroups with
normal body weight and the subgroup with normal-weight
obesity (NWNO vs. NW_O; p = 0.029), along with the lack of
significant differences between the subgroups with normal-weight
obesity and excess body weight and obesity (NW_O vs. OWO;
p =0.097), as well as between the NWNO and OWNO subgroups
(o = 0.118). The subgroup with obesity (OB) significantly differs
from other groups (p < 0.005). There are no differences in the waist
circumference, subcutaneous fat thickness near the umbilicus, and
WHIR between NWNO and NW_O, however, there are significant
differences in SFL2 between these subgroups (p = 0.015).
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Fig. 3. ROC analysis of the values of local impedance in the abdominal region (Z50_) in the subgroups by sex, fact of having abdominal obesity, fact of having obesity
based on body fat percentage, and the fact of having insulin resistance based on the HOMA-IR index
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DISCUSSION

The search for the best characteristics describing individual
obesity phenotype has shifted from anthropometric
measurements to separate assessment of body fat mass and
lean body mass and nowadays to quantitative assessment of
various fat depots and the features of fat distribution [13, 14].
There are incomparably more studies focused on assessing the
possibility of visceral fat quantification by BIA, than that focused
on subcutaneous fat in the abdominal region [15].

In our study we conducted analysis of the correlation
of impedance in the abdominal region determined using
the Russian bioimpedance analyzer (ABC-02 Medas) with
subcutaneous fat thickness in the abdominal region and the
biochemical carbohydrate metabolism markers. The results
obtained confirm a close relationship between the estimates
obtained in the local BIA lead and the complex of morphological
and metabolic traits characterizing subcutaneous fat
accumulation in the abdominal region. It should be noted that
foreign manufacturers of bioimpedance equipment produce
serial products (Y-scope InBody, Korea and Maltron BioScan
920-Il, UK) allowing one to quantify subcutaneous and visceral
fat in the local leads. However, manufacturers have not
published the estimation equations. That is why, in our opinion,
investigation of the capabilities of domestic BIA, widely used in
the medical and research institutions of the RF, for estimation
of subcutaneous and visceral fat using local schemes, is
particularly relevant.

No sexual dimorphism is reported for Z50_, in contrast
to WC and PBF. Coefficients of Z50_ correlation with WHtR,
BW, WC, BMI, SFL1, and SFL2 are higher, than that for PBF
determined using the integrated BIA scheme. However, it
should be noted that the 95% CI of the correlation coefficients
of Z50_, PBF and WC for almost all pairs of traits overlap,
which suggests that there are no significant differences
between these correlational pairs in the studied sample (Fig. 5).
The correlations of 250, and PBF with insulin levels were
stronger, than the correlation of insulin with WC, however, local
assessment has no advantage over the PBF calculated using
the conventional scheme.

The correlation estimates obtained in the study for the pairs
Z50_~PBF and Z50_~WC are close to the estimates obtained
in the earlier study [7]. While the estimates obtained for the
group of Altai people turned out to be lower for the pair Z50_-WC
and similar for the pairs Z50_~WHIR and Z50_~PBF [8].

The ROC analysis results (Fig. 3; HOMA-IR) suggest that
Z50_, can be used as the additional criterion for assessment
of insulin resistance in adults, however, it is necessary to
increase the sample size and include individuals with confirmed
cardiometabolic disorders in the group. It is also necessary
to assess the Z50_, diagnostic value in the groups formed
based on sex. Quantitative assessment of abdominal fat is
also important in terms of studying the white adipose tissue
remodeling, for both assessment of the development of metabolic
disorders associated with obesity and estimation of the efficacy
of a number of drugs [13, 16]. The relationship between two
quantitative characteristics of subcutaneous fat (local BIA and
subcutaneous fat thickness determined by ultrasonography)
makes it possible to develop the equation for calculation of
subcutaneous fat thickness or cross-sectional area based on
the ABC-02 Medass local lead indicators. With appropriate
verification by reference methods, such equations can replace
CT and MRI in the large-scale screening studies [6, 16].

The estimates obtained in local BIA leads (impedance,
active and reactive resistance) can be used to develop various
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Fig. 4. Distribution of Z50sc values in subgroups of the surveyed sample formed
in ascending order of BMI and PBF. UW — underweight; NWNO — normal body
weight and PBF; NW_O — obesity with normal body weight; OWNO — excess
body weight based on BMI and normal PBF value; OWO — excess body weight
based on BMI and obesity based on PBF; OB — obesity based on BMI and
PBF. Dashed horizontal line — average Z50sc value for the surveyed sample.
*—p<0.05; * —p<0.01; ** —p<0.0001; ns — p > 0.05

indices, such as indices derived from active resistance [8, 17].
We have also analyzed the subcutaneous fat index (Rsc*WGC, m?).
SFI was proposed earlier [7] by analogy with the visceral fat
index reported in the earlier study [17]. To date, these indices
have not been validated as the criteria for assessment of the
risk of comorbidities in obesity. The correlations of SFI with
WHtR (0.87 [0.71; 0.90]), WC (0.87 [0.81; 0.91]) and WHR
(0.66 [0.59; 0.73]) are higher, than the correlation of Z50_ with
these indices (0.74 [0.67; 0.80], 0.70 [0.62; 0.77], and 0.49
[0.38; 0.59], respectively). The correlation of 250, with SFI is
0.95 [0.92; 0.97]. In general, SFI has shown no fundamental
differences from Z50_, except for significant differences
between subgroups of females and males (36.2 (29.5) vs.
47.9 (85.3) Ohm/m?; p = 0.021). The SFI correlation etimates
are consistent with the earlier reported data [7], however, the
median values and SFI correlations with morphological traits
turned out to be significantly lower in the group of ethnic
Altaians [8].

It is interesting that among all stidied traits only Z50_ and
SFL2 make it possible to distinguish people with normal-
weight obesity from the group with the same BMI having
normal body fat percentage. Furthermore, groups with high
body fat percentage and different BMI show no differences in
Z50,,, while significant differences in WC, WHIR, and SFL1 are
reported for these groups. Similarly, the subgroups having no
obesity based on PBF, but different BMI, show no differences
in Z50_. This is due to the fact that Z50_, to the greater extent
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Pair Correlation coefficient (95% CI) p-value
Age_PBF 0,23 (0,09-0,36) —_— 0,001
Age_WC  0.41(0.28-0.52) . <,001
Age_Z50sc 0,24 (0,10-0,37) . <,001
BMI_PBF 0,69 (0.61-0.76) — <,001
BMI_WC 091 (0.88-0,93) —.— <,001
BMI_Z50,c 0,73 (0.66-0.79) — <,001
Ins_PBF 0,55 (0,44-0,64) —. <,001
Ins_WC 0,43 (0,30-0,54) — <,001
Ins_z50sc 0,54 (0,43-0,64) —a <,001
PBF_Z50sc 0,66 (0.57-0.74) —a <,001
SFL1_PBF 0,63 (0,54-0.71) — <,001
SFL1_WC 0,58 (0.48-067) — <,001
SFL1_Z50sc 0,69 (0,61-0.76) —a <,001
SFL2_PBF 0,67 (0.58-0.74) — <,001
SFL2_WC  0.72 (0,64-0.78) — <,001
SFL2_Z50sc 0,74 (0,67-0,80) — <,001
WC_PBF 0,58 (0,47-0,67) —_— <,001
WC_2z50sc 070 (0.62-0.77) - <,001
WHR_PBF 0,62 (0,52-0.70) e <,001
WHIR_WC 0,94 (0,91-0.95) - <,001
WHIR_Z50sc 0.74 (0,67-0,80) — <,001
0.00 0.25 0.50 0.75 1.00

Spearman's rank correlation coefficient

Fig. 5. Spearman’s rank correlation coefficients and their 95% Cl for the pairs of studied traits. PBF — body fat percentage, WC — waist circumference, Z50,, —
impedance in the local lead, BMI — body mass index, Ins — insulin (ulU/mL), SFL1 — subcutaneous fat thickness near the umbilicus, SFL2 — subcutaneous fat

thickness above the iliac crest, WHtR — waist-to-height ratio

reflects the fat component, while WC and WHtR serve as
the surrogate estimates of abdominal fat, and high values of
these traits can be associated with the development of skeletal
muscles in physically active people. Or, alternatively, normal WC
and WHIR values result from the muscle tissue replacement
with fat together with the preserved low waist circumference,
as in normal-weight obesity. In general, the pattern of local
impedance assessment in the abdominal region in these groups
corresponds to PBF determined in the integrated scheme, but
the correlation of Z50_, with PBF in the combined sample of
males and females is 0.662 [0.573; 0.735], i.e. it is not high.

The study limitations include small size of the group of
underweight adults (BMI < 18.5 kg/m?), as well as the group of
individuals with low fat percentage and well developed skeletal
muscles.

CONCLUSIONS

The study has shown the correlation of the Z50_ trait obtained
in the local BIA lead using domestic bioimpedance equipment
with the complex of anthropometric and biochemical traits in
males and females. In general, high Z50_, values correspond
to the more pronounced fat deposition and its abdominal
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STRUCTURE OF TIME PERSPECTIVE IN COMBATANTS WITH AMPUTATED LIMBS
Nikishina VB, Petrash EA = Yunina-Pakulova NYu, Lukyanov ES
Pirogov Russian National Research Medical University, Moscow, Russia

The relevance of the reported study results from the need to clearly define the target of psychological impact in combatants with amputated limbs. The time
perspective being an integral characteristic ensures the life experience integrity: all life events are intertwined within the boundaries of the past, present and future.
The study was aimed to assess the time perspective structure in combatants with amputated limbs. The sample consisted of 78 males aged 20-53 years, who had
combat experience and underwent treatment or rehabilitation after getting injured. The study involved the use of the Mississippi Scale for Combat-Related Post-
Traumatic Stress Disorder, Zimbardo Time Perspective Inventory, method for event-based reconstruction of a person’s time perspective by V.B. Nikishina and E.A.
Petrash, SR-45 method by P.I. Yunatskevich, infantilism inventory by A.A. Seregin. The factor structure of time perspective in combatants with amputated upper
limbs includes the factor of non-reflexive future, factor of limited time perspective, and the situational and behavioral risk factor. In cases of amputated lower limbs,
the situational future factor, past orientation factor, and situational and behavioral risk factor are represented. In cases of no amputated limbs, the combatants’ time
perspective structure includes the factor of reflexive future perspective, factor of limited present fatalistic, and past orientation factor.
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CTPYKTYPA BPEMEHHOW NEPCMNEKTUBbI YYACTHUKOB BOEBbIX JENCTBUN
C AMMYTALMEN KOHEYHOCTEN

B. B. HukumwnHa, E. A. Metpaw B, H. HO. KOHWHa-Makynoea, E. C. JlykesHoB
Poccuinckinii HaumoHanbHbI CCNeaoBaTeNbCKA MeanUMHCKNIA yHUBepcuTeT nvenn H. W. Muporosa, Mockea, Poccus

AKTyanbHOCTb MpefiaraeMoro UCCNefoBaHnst 00yCoBeHa HEOOXOAMMOCTBIO HYETKOrO ONPeeNeHNs MULLEHN NMCUXONOrMHECKOro BO3AENCTBISA Y YHaCTHIKOB
60€eBbIX AENCTBUI C amnyTaLmeln KOHeHYHOCTEN. BpemeHHasi nepcneKkTuBa, SBASsSCh UHTErPaslbHON XapakTepyCTVKONM, 0becrnevmBaeT LeNoCTHOCTb XU3HEHHOMO
onMbiTa: BCe COObITVS »M3HWM B rpaHumLiax MPOLLIOro, HACTOSLLEro 1 ByayLlero B3anMocssdaHsl. Liensto nccnenosaHns 6bino OLEHWUTb CTPYKTYPY BPEMEHHOM
MEePCNEKTVBbI Y4aCTHNKOB BOEBbIX AENCTBUIM C aMmyTaumen KoHeqHocTen. O6beM BbIBOPKM COCTaBM 78 MyxduH 20-53 neT, UMetoLLX OMbIT y4acTus B 60eBbIX
LeVICTBUSAX V1 HAXOAALLMXCS Ha NedYeHnn nbo peabunmuraumm nocne paHeHuin. B pabote ncnonb3osan MUCCUCUMNCKYIO LWKaUTy A5 OLEHKN NOCTTPaBMaTUHECKIX
peakLmin, ONPOCHNK BpemMeHHoM nepcnektvebl @. 3mMO6apao, METOANKY COBbITUIHON PEKOHCTPYKLMM BPEMEHHOW NepCneKTVBbl MMYHOCTU HukmwmHon B. B. n
Metpaw E. A., metognky CP-45 T1. W. FOHaukeBm4a, OMPOCHUK yPOBHSA nHMaHTuamama A. A. CepervHa. PakTopHast CTPYKTypa BPEMEHHOW NepCneKTnBbI
YHaCTHMKOB 60EBbIX AENCTBIIA C amnyTaLmen BEpXHX KOHEYHOCTEN BKITKOHaET B cebst (hakTop HepedneKkcMBHOro byayLuero, hakTop orpaHnYeHHOCTY BPEMEHHOM
NepCneKTVBbl U (HaKTop CUTYaTUBHO-MOBEAEHHYECKNX PUCKOB. 1py amnyTaummn HXKHUX KOHEYHOCTEN NPeACcTaBneHbl (hakTop CUTyaTUBHOMO ByayLuero, (hakTop
OPVEHTVPOBAHHOCTL Ha MPOLLIIOE, a Takxe (PakTop CUTYyaTUBHO-NOBEAEHYECKNX PUCKOB. [pK OTCYTCTBUM amnyTaLum KOHEHHOCTER B CTPYKTYPE BPEMEHHOM
NepCcneKTVBbl yHaCTHUKOB 60EBbIX AeCTBUIA NPeAcTaBneHbl (hakTop NepcrnekTuBbl pednekcupytoLLero 6yayliero, hakTop orpaHnYeHHo-(paTaMcTUYecKoro
HaCTOsILLErO, a Takke hakTop HanNpPaBNEeHHOCTN B MPOLLISIOE.

KnioyeBble cnoBa: BDEMEHHast MepCneKTvBa, amryTaLmsi KOHEHHOCTEN, MOCTTPaBMaTUHECKOE CTPECCOBOE PACCTPOMCTBO, OMbIT y4acTus B 60eBbIX AENCTBUSX
®duHaHcupoBaHue: paboTa BbINosHeHa B paMKax rocyfapCTBeHHOro 3aganns MuHucTepcTea 3apaBooxpaHeHnst Poccuiickor ®epepaumm Ne122051700017-2.
Bknap aBTOpOB: BCemr aBTopamu Oblil BHECEH PaBHO3HAYHbIA BKIA B MOATOTOBKY PYKOMMUCK CTaTbu.

CobniofieHne aTM4eCKNX CTaH[AapTOB: VCcnefoBaHe OfobpeHo aTndeckM kommtetoMm PHIMY nm. H. . Muporosa (npotokon Ne 57 oT 21 ceHtsbps 2023 r);
BCE Y4aCTHVKV nognuncany 4o6poBobHOE HOPMUMPOBaHHOE cornacue Ha obenefoBaHue.

><] Ansa koppecnoHgeHuum: EkateprHa AHatonbesHa MeTpatu
yn. OctpoBuTAHOBa, 4. 1, . Mocksa, 117997, Poccus; petrash@mail.ru
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The relevance of assessing the structure of time perspective
in combatants with amputated limbs results from the need
to search for targets of psychological impact. Chronological
narrowing of the time perspective and event (substantial)
scantiness characterize manifestations of post-traumatic stress
disorder [1-3]. The study of the time perspective structural
organization transformation as a target for psychological impact
will make it possible to change the combatants’ emotional
and behavioral status, thereby decreasing the intensity of the
traumatic event flashbacks.

In combatants, stressful influences include both combat
experience itself and acquisition of various physical injuries and

disabilities. A number of authors report that the person’s time
perspective changes under the long-term exposure to stressful
factors, including those leading to post-traumatic stress
disorder (PTSD): chronological boundaries change, along with
the correlation between the past—present—future parameters and
emotional assessment of the time perspective content [4-10].
When constructing the sequence of ideas, we proceeded
from the assumption that the time perspective that is
substantially characterized by assessing events as traumatic is
implemented considering the emotional and behavioral status
manifesting in the PTSD severity, degree of personal maturity or
infantilism (considered to be the opposite of personal maturity),
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and suicidal tendencies at the level of behavior. Therefore,
different people can assess the same events differently: what
for one is a stressful factor, for another is a usual, ordinary event
(one of many other events).

The study was aimed to assess the structure of time
perspective in combatants with amputated limbs.

METHODS

The study involved 78 male subjects aged 20-53 years
(81.16 = 4.28 years), who underwent treatment and rehabilitation
(early stage — preparation for prosthetics) after the mine blast
injuries and gunshot wounds resulting from participation in
hostilities. Inclusion criteria: wounds resulting from participation
in hostilities (mine blast injuries and gunshot wounds without
any severe damage to the internal organs); normative cognitive
status assessed using the Mini-Mental State Examination
(MMSE) scale [11]. The subjects, whose scores corresponded
to 28-30 points, were included in the study. Exclusion criteria:
female gender, impaired cognitive status (MMSE score below 28),
severe damage to the internal organs due to injuries. The
experimental group included 42 individuals with traumatic
amputation (26 individuals with the lower limb amputated
at the level of the foot/lower leg and 16 individuals with the
upper limb amputated at the level of the hand/forearm), who
had not proceeded to the prosthetics stage. The control group
consisted of 36 combatants with the mine blast and gunshot
soft tissue injuries and no amputated limbs.

The study was conducted using the following methods:
Mississippi Scale for Combat-Related Post-Traumatic Stress
Disorder (Mississippi Scale — MS, Keane et al., adapted by
N. V. Tarabrina) — military version; Zimbardo Time Perspective
Inventory; method for event-based reconstruction of a person’s
time perspective by V. B. Nikishina and E. A. Petrash; method
to reveal suicidal tendencies (SR-45) by P. I. Yunatskevich;
infantilism inventory by A. A. Seregin [7, 12-17].

The study consisted of three sequential phases. In the first
phase, we assessed significance of differences in the time
perspective and event space parameters of combatants by
groups considering the fact of amputation. The objective of
the second phase was to assess the combatants’ emotional
and behavioral status considering the fact of limb amputation.

4.5
4

3.5

3

2.5

2

1.5

1

0.5

Present
hedonistic

Past negative

=@=_ Combatants with amputated limbs

Future

OPUTMHAJIbHOE NCCJIEOOBAHWME | NMCUXOJ10INA

Emotional and behavioral status was studied in terms of the
PTSD manifestation severity parameters, degree of infantilism,
and suicidal tendencies. These parameters were assessed
in the groups of combatants having/not having amputated
limbs considering the type of amputation (upper or lower
limb amputation). In the third phase, we assessed the time
perspective factor structure with the emotional and behavioral
status indicators by groups of subjects.

Statistical processing was performed by statistical methods
for comparison (nonparametric Mann-Whitney U was test used
in accordance with the limitations). Multivariate statistics were
also calculated: factor analysis with varimax rotation (o < 0.05)
was performed for the studied parameters.

The study was aimed to assess the structure of time
perspective in combatants with amputated limbs.

RESULTS

In the first phase, we assessed significance of differences in
the time perspective parameters of combatants in the groups
having/not having amputated limbs. It was found that the time
perspective was characterized by predominance of future and
past positive orientation (Fig. 1).

Considering the general future orientation, we can conclude
that the combatants’ behavior is determined by aspirations for
the future goals and rewards, regardless of the fact of having/
not having amputated limbs. However, the chronological
boundaries of that future are determined by the current period of
hospitalization and subsequent rehabilitation that is also carried
out at the specialized institution (period of up to 1-3 months).
Past positive is characterized by positive reconstruction of the
past, but only before the beginning of participation in hostilities.
Furthermore, combatants having the history of amputation
report lower past positive values compared to combatants
with no amputated limbs (p = 0.026%). Significant differences
are also reported for such parameters, as past negative
(o = 0.024*) and present fatalistic (p = 0.023*). These indicators
are significantly higher in the group of combatants having no
history of amputation, which suggests higher degree of the
time perspective differentiation and structuredness.

Assessment of the time perspective indicators in
combatants considering the type of amputation (upper/lower

Present
fatalistic

Past positive

=@=_Combatants without amputated limbs

Fig. 1. Profiles of the combatants’ time perspective parameter average values considering the fact of imb amputation
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Fig. 2. Profiles of the combatants’ time perspective parameter average values in the groups with the upper and lower limb amputation

limb amputation) has revealed significant predominance of
such indicators, as past negative, future, and present fatalistic
in combatants with amputated lower limbs compared to
combatants with amputated upper limbs. In cases of upper
limb amputation, the time perspective is characterized by lower
scores of indicators with their good balance, while in cases
of lower limb amputation the patients are future-oriented (the
future is rather short-term, not extending beyond the phase
of treatment and rehabilitation), they show predominance
of negative assessment of the past (related not only to the
traumatic event, but also to negative perception of neutral
events) and present fatalistic (Fig. 2).

Assessment of the time perspective event fullness via
the event space size has shown that the number of the past
(o =0.031%) and future (p = 0,033%) events is significantly higher
in combatants with the mine blast and gunshot soft tissue
injuries and no amputated limbs, than in combatants with
amputated limbs. There are no significant differences in the
number of present-day events.

Regardless of the presence of the fact of having/not having
amputated limbs in the event space structure, the maximum
number of events belongs to the past, with the minimum

Event space size

Number of future
events

Number of present-
day events

Number of past
events

[l Combatants without amputated limbs

Il Combatants with amputated limbs

Number of relationships

Number of relationships
between present-day events
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number of events belonging to the present. Assessing the total
number of events, we can conclude that the total number of
events (belonging to the past, present and future) is lower in
combatants with amputated limbs. This suggests significant
narrowing of the event space surrounding the events with post-
traumatic effects that accumulate the system of relationships
between the events and disrupt personal time perspective in
combatants (Fig. 3).

Assessment of the event space integration in combatants
considering the fact of amputation has revealed a significant
excess of the number of relationships between events in
the group of combatants with amputated limbs within the
coordinates of the past (p = 0.034%), present (p = 0,031%),
and future (p = 0.027%). The findings suggest the combatants’
fixation on the obviously traumatic event. Furthermore, the
entire time perspective flows through the system of relationships
of the traumatic event (designated as the fact of participating
in hostilities, getting wounded, amputation and all the things
related to this situation by the subjects) in both groups.

Assessment of the time perspective event fullness
in combatants with amputated upper and lower limbs
has revealed that in cases of lower limb amputation the
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Fig. 3. Event space size and integration in combatants considering the fact of limb amputation
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Fig. 4. Event space size and integration in combatants with amputated upper and lower limbs

number of the past (p = 0.022%), present-day (p = 0.023%),
and future (p = 0.022%) events is significantly higher than that
in combatants with amputated upper limbs. Assessment of the
number of relationships within the boundaries of the present
(o = 0.026%) and future (p = 0.024*) has revealed a larger
number of relationships in combatants with amputated lower
limbs compared to combatants with amputated upper limbs.
Furthermore, in combatants with amputated lower limbs, the
larger number of past events is involved in the smaller number
of relationships (p = 0.046%) relative to combatants with
amputated upper limbs (Fig. 4).

When solving the problem of assessing severity of PTSD
manifestations in combatants, it has been revealed that severity
of PTSD manifestations in significantly higher in combatants with
amputated limbs, than in combatants with no amputated limbs,
however, it is within the medium range with the trend toward
high severity (98.4 + 2.86) in both groups, which characterizes
the adjustment disorder. Furthermore, assessment of the
significance of differences in the group of combatants with
amputated upper and lower limbs has revealed that in cases
of upper limb amputation the severity of PTSD manifestations
(92.2 + 2.31) manifesting in the adjustment disorder is
significantly higher than in cases of lower limb amputation
(88.3 = 2.57). The findings result from the fact that self-care
skills are significantly impaired after amputation of the upper
limbs, the feeling of helplessness and hopelessness increases
(according to the subjects). The adjustment disorder is less
severe in cases of lower limb amputation, since limitations are
related mainly to movement in space that can be compensated
using mobility aids.

80
78
76
74

72

62
Combatants with amputated limbs

Considering infantilism as a complex personality trait
manifested in immaturity of the emotional and volitional sphere,
low achievement motivation, lack of independence in decision-
making and actions, subjugate, disorganized behavior,
orientation towards hedonic values, as well as low ability to
reflect and undeveloped coping behavior, the medium degree
of total infantilism has been revealed in both groups, regardless
of the fact of having/not having amputated limbs. Assessment
of the significance of differences has shown that the total
infantilism level is higher in combatants with amputated limbs
(p = 0.021%), than in combatants with no amputated
limbs (Fig. 5). Assessment of the significance of differences
in the total infantilism level in the groups of combatants with
amputated upper and lower limbs has revealed no significant
differences (p = 0.129).

The total infantilism level being an integrative indicator
includes a number of indicators allowing one to determine,
which personal manifestations are characterized by immaturity
(what level of personal manifestations produces the signs of
infantilism: emotional and volitional, axiological, motivational or
behavioral).

Consideration of infantilism parameters in combatants
has revealed that personal immaturity manifests itself at the
axiological and motivational-behavioral levels in both groups of
subjects (Fig. 6).

Combatants with no amputated limbs having the medium
infantilism level characterized by situational emotional control
experience difficulties with planning ways to achieve their
goals, when they have life goals; they are characterized by
the pronounced parasitic attitude and shifting responsibility to

Combatants without amputated limbs

Fig. 5. Average values of total infantilism level in combatants considering the fact of limb amputation
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Fig. 6. Average severity of infantilism manifestations in combatants considering the fact of limb amputation

others. Such attitude corresponds to avoidance behavior in
difficult and uncertain situations. In combatants with amputated
limbs (both upper and lower) with medium total infantilism level,
value orientation (p = 0.022%), work motivation (p = 0.021%),
parasitic attitude (p = 0.019%), and chaotic behavior (o = 0.043%)
are significantly higher, than in combatants with no amputated
limbs. The findings are natural, since traumatic amputation is
an objective factor that disturbs behavior.

No statistically significant differences in infantilism indicator
scores have been revealed in the experimental group (when
comparing infantilism indicators in combatants with amputated
lower and upper limbs).

In the next phase, we assessed the combatants’ suicidal
tendencies. As a result, significant differences in the strength of
suicidal tendencies between the experimental and control groups
(o = 0.024%), as well as in the experimental group (p = 0.038%)
have been revealed. It has been found, that combatants with
the suicidal tendency levels below average are characterized
by the probability of situational emergence of the risk of suicide,
regardless of the fact of having/not having amputated limbs:
suicide can happen only in the context of long-term stressful
impact or in case of reactive mental disorder (Fig. 7).

Combatants with amputated limbs are characterized by
the stronger situational suicidal tendencies compared to
combatants without limb amputation. Situational suicidal
tendencies are stronger in combatants with amputated upper
limbs, than in combatants with amputated lower limbs.

During the next phase we implemented the procedure of
the studied parameter factorization by groups of subjects.

The time perspective factor structure of combatants with
amputated upper limbs includes three factors with the highest
factor loadings: factor of future non-reflexive (including future
orientation — 0.736 in terms of shifting responsibility — 0.729),

4.5
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4.3
4.2
4.1

4
3.9

3.8
3.7

3.6

3.5
Combatants without
amputated limbs

Combatants with
amputated limbs

factor of time perspective limitation (characterized by past
negative — 0.691, the content of which includes stressful
experience — 0.704), and the situational behavioral risk factor
(including situational suicidal tendencies — 0.726 with fatalistic
assessment of the present — 0.808) (Fig. 8).

The time perspective factor structure of combatants with
amputated lower limbs consists of three factors, including the
factor of situational future (characterizing the limited nature of
the future events — 0.709 with the situational emotional control —
0.806), past orientation factor (including event fullness of the
past — 0.725 realized through avoidance behavior — 0.748),
and the situational behavioral risk factor (including situational
suicidal tendencies — 0.734; present fatalistic — 0.731; PTSD
manifestations — 0.764).

The time perspective factor structure of combatants with
no amputated limbs also includes three factors with the highest
factor loadings: factor of future reflexive perspective (future
orientation — 0.752 with negative assessment of the past —
0.702 and shifting responsibility attitude — 0.729), factor of
limited present fatalistic (with fatalistic present-day events —
0.801 that are considered stressful), and the past orientation
factor (with positive assessment of the past — 0.736 in terms
of shifting responsibility — 0.705).

DISCUSSION

The features of the combatants’ time perspective factor
structure identified during the study are consistent with the
data acquired in the earlier studies [4, 5, 9, 12], according
to which the authors clearly see the time perspective
inconsistency, orientation towards past events, and narrowing
of chronological boundaries of the past, present, and future. The
factors determining the time perspective structural organization

6

Combatants with
amputated lower limbs

Combatants with
amputated upper limbs

Fig. 7. Bar charts of the average values of suicidal tendency strength in combatants considering the fact of limb amputation
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Fig. 8. Time perspective factor structure in combatants considering the fact of limb amputation

in combatants are, on the one hand, traumatic events (either
combat experience, or combat experience combined with the
acquired physical defect in the form of limb amputation), and on
the other hand, the level of personal maturity (or rather, on the
contrary, the degree of infantilism), as well as suicidal tendencies.
According to the findings, a pattern has been identified confirming
our hypothesis that the more severe the PTSD manifestations,
the higher the degree of infantilism (which is observed in the
group of combatants with traumatic amputation of the limbs),
the more inconsistent the time perspective is.

Inconsistency of the time perspective structural organization
in combatants with amputated upper limbs seems to be the most
challenging, since it is this group, where manifestations of destructive
emotional and behavioral status are more severe (more severe
PTSD manifestations and stronger suicidal tendencies), which
significantly limits the future perspective and future planning. They
tend to shift responsibility for future events while the present, which,
in turn, results from the past (stressful) events, is fatalistic. In
cases of lower limb amputation, the combatants’ time perspective
structural organization is similar to the earlier reported, however, it
has some specific features. The event-related limitation of the future
with selective situational emotional control is ensured mainly by the
past events (each event of the future results from the past events
with traumatic content). Furthermore, event fullness of the past
is realized through avoidance behavior: traumatic events are not
designated as traumatic; these are more often assessed as negative.

The time perspective structural organization of combatants
with no amputated limbs is also characterized by chronological
and event (substantial) limitation of the future, along with
fatalistic nature of the present and positively assessed past.
In this case, traumatic events represent the content of present
fatalistic: these events have not yet been transferred to the
chronological past. This fact significantly limits the possibilities
of forward planning and prediction of the future perspective.
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CONCLUSIONS

The study of the time perspective structural organization in
combatants has revealed fatalistic nature of the present along
with future orientation in the group of males having a history
of limb amputation and in the group of males with the mine
blast and gunshot soft tissue injuries and no amputated
limbs. Furthermore, the future chronologically reduced to 1-3
months is characterized by the lack of life goals, imprecise and
chaotic ways to achieve the goals, as well as by developing the
attitude with the lack of responsibility and avoidance behavior
in the situations, when coping is required. Inconsistency of the
combatants’ time perspective structural organization is more
pronounced in the groups with amputated limbs (both upper
and lower), than in the group of combatants with no amputated
limbs. The time perspective inconsistency associated with
amputation of the limbs (both lower and upper) results from
more severe PTSD manifestations. Dissociation being one of
the key PTSD manifestations also manifests itself at the level of
time perspective, clearly delimiting events of the past, present,
and future. The medium degree of infantilism reported for this
group of subjects manifests itself in developing a pronounced
parasitic attitude in the context of the future, as well as in the
chaotic behavior and situational suicidal tendencies (as one of
manifestations of coping behavior in the form of avoidance).
Combatants with no amputated limbs assess their past as
negative, limiting it to the events related to their combat
experience and subsequent injury. The present limited by the
duration of current moment (not exceeding 24 h) is characterized
by avoidance behavior based on the hedonic values. No suicidal
tendencies are reported. Retrospective assessment of the past
disordered in terms of motivation represents an obstacle on the
way to shaping the promising future involving sorting the goals,
as well as methods and means to achieve the goals.
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ESTIMATION OF DIFFUSION CHAMBER BIOCOMPATIBILITY IN THE EXPERIMENTAL MODEL
OF IMPLANTATION IN THE NEUROVASCULAR BUNDLE

Marzol EA® Dvornichenko MV, Mitryaikin NS, Aparshev NA
Siberian State Medical University, Tomsk, Russia

Polycaprolactone as a material used when constructing nanocomposite structures is sufficiently studied in terms of therapeutic effect and safety of use. However,
its biocompatibility in the form of three-dimensional carrier macrochambers is still a matter of debate due to changes in the way the 3D printing is done. The
study was aimed to determine biocompatibility of the diffusion chamber made of polycaprolactone after implantation in the rat femoral neurovascular bundle. The
study involved mature male Wistar rats. Animals of group 1 (experimental, n = 4) underwent implantation of the polycaprolactone diffusion chamber in the femoral
neurovascular bundle. Group 2 (control, n = 3) included intact rats. Macroscopic assessment revealed no abnormalities at the site of implantation and in the target
organs. Tissue microscopy revealed no systemic response; the number of binucleated hepatocytes was 1.05%. The stromal-parenchymal relationship values were
as follows: liver — 1/33.20, adrenal glands — 1/19.53, kidney — 1/23.65, spleen — 1/26.52. On day 40, hemogram showed the increase in lymphocyte counts
by 4%, the decrease in segmented neutrophil counts by 17% and monocyte counts by 17%. These findings confirm safety of using the polycaprolactone diffusion
chamber and its biocompatibility when installed in the large neurovascular bundle. However, the effects of polycaprolactone degradation products require more
extensive study over the longer periods of biointegration.
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OLIEHKA BUOCOBMECTUMOCTU ANDDYINOHHBIX KAMEP B 9KCNEPUMEHTAJIbHOW
MOOENN UMMNAHTALMN HA COCYANCTO-HEPBHOM MYYKE

E. A. Mapaons=, M. B. [IBopHu4eHko, H. C. MutpsinkuH, H. A. AnapLues
CurbMpCKMiA rocyaapCTBEHHbIN MeaVULMHCKI yHUBEpCUTET, ToMcK, Poccus

[MoNMKanpoNakToH kKak MaTtepuan npu Co3aaHnM HaHOKOMMO3UTHBIX CTPYKTYP AOCTATOYHO M3Yy4YeH C MO3ULMKM TepaneBTUHeCcKoro addekTa 1 6e30nacHOCTH
npuMeHeHs. OfiHako ero GIOCOBMECTVMOCTb B BUAE 0O bEMHbIX Makpokamep-HOCKTeNel 0CcTaeTCs MPEeAMETOM AMCKYCCUM BBULY M3MeHeHVst cnocoba 3D-nevatu.
Llensto paboTbl 66110 onpenenuTs G1OCOBMECTUMOCTb ANDY3VOHHON KaMepb! M3 NOANKaNPONaKToHa NpK ee UMMNAaHTauum Ha 6epeHHbI COCYaANCTO-HEPBHbI
ny40K KpbICbI. ViccnegoBaHve NpoBOANAM Ha MONOBO3PESbIX Kpbicax-camuax nvHum Wistar. 2KuBoTHbIM rpynnbl 1 (akcnepumeHTaneHas, n = 4) NpoBoguam
MMNNaHTaumo Anhdy3noHHON Kamepbl U3 NosvkanpoiakToHa Ha 6efpeHHbI COCYaMCTO-HEPBHBIN My4oK. B rpynny 2 (KOHTponbHast, n = 3) BOLIN UHTaKTHble
KpbiCbl. B X0[e MakpOCKOMMYECKOW OLEHKN HE BbIO BbISBIEHO MATONOMHECKUX U3MEHEHUIA Ha MECTe UMMIaHTaLmMmn 1 B opraHax-muLeHsix. Mpy MYKpocKonum
TKaHEN He BbISIBIEHO CUCTEMHOW PeakLnm, KONMHECTBO ABYSAEPHbIX renatoLmToB coctasunio 1,05%. MNokasaTteny cTpoMasnibHO-MapeHXMMaTO3HOrO OTHOLLIEHNS!
cocTaBun: nedeHb — 1/33,20, HagnoyedHykn — 1/19,53, noykn — 1/23,65, ceneseHka — 1/26,52. Ha 40-e cyTki KapTHa KPOoBM BKIkoYana B cebs MoBbILLEHVE
ymcna MMMQOLMTOB Ha 4%, YMeHbLUEHME CerMeHTOSAePHbIX HEMTPOMUIOB Ha 17% 1 MOHOLIMTOB Ha Te »e 17%. OTv pedynsTaTtbl NOATBEPKAAOT 6630MacHOCTb
1Cronb3oBaHnst AU dy3VMOHHOM KaMepbl U3 NOMMKAaNPOSIakToHa 1 ee BUOCOBMECTUMOCTbL MPU MOCTAHOBKE Ha KPYMHbIE COCYANCTHO-HEPBHbBIE MyYKW, OAHAKO
BAMSIHVE NPOLYKTOB B1oferpasalmy NonmkanponakToHa TpebyeT 6oee LLMPOKOro NCCNEA0BaHUS Npu 6onee AnMTenNbHbIX CpoKax BUonHTerpaLmm.

KnioyeBble cnosa: anddysrioHHast kamepa, NonvKanponakToH, B1IOCOBMECTUMOCTb, KNETOUHbIE TEXHONOMM, CUCTEMHAS PeaKLVISt, MKPOMIIIOVAHBIE TEXHOMOM N
®duHaHCUpOBaHMe: VICCefoBaHVe BbINOMHEHO Npy uHaHCOBOM nopaepkke PHP B pamkax Hay4Horo npoekta Ne23-25-00346.

Bknap aBTopoB: E. A. Map3orsb, M. B. [IBOpH/HeHKO — paspaboTka KOHLENLN 1 ausaiiHa; E. A. Map3sons, H. A. AnapLues, H. C. MUTPSIIKH — aHanna 1 HTeprpeTaums
naHHbIX; E. A. Map3onb, H. C. MuTpsiikiH, M. B. [JBOpHUYEHKO — 060CHOBaHE PYKOMCH N MPOBEPKA KPUTUHECKIM BAXKHOIO UHTENNEKTYaIbHOro CoaepKaHus;
M. B. [IBOpHNHYEHKO — yTBEPXKAEHVE PYKOMUCH.

CobniofeHne aTM4eCKNX CTaHAAPTOB: CCNefoBaHMEe OL0OPEHO STUHECKM KOMUTETOM CHBUPCKOro rocyAapCTBEHHOrO MEAVLIMHCKOMO YHBEpPCHUTETa (MPOTO-
kon Ne LI[IN-005 ot 5 chespans 2022 r.). Bce MaHUMynaLmm C XXMBOTHbIMN MPOBOAMIIN B COOTBETCTBUM C ANPeKT1BOM EBponerickoro MapnamenTta Ne 2010/63EU
0T 22.09.2010 «O 3aLpTe »KMBOTHbIX, MCMOMb3YyeMbIX A Hay4HbIX Lienei», ¢ cobnofeHrem npasun 1 HopM EBponeiickoro obiecTsa (86/609EEC), XenbCuHK-
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Materials showing maximum biocompatibility after implantation,
including polycaprolactone, polyvinylpyrrolidone, polyglycolic
acid, etc., are currently used in tissue modeling [1-2]. In this
row polycaprolactone (PCL), a synthetic polymer belonging
to the class of aliphatic polyesters that was synthesized
in early 1930s, is the most promising for bioengineered
constructs [3]. Its specific physical-chemical and mechanic
properties, viscoelasticity, and ease of molding resulted in
production of products of various shapes for biomedical
sphere: from suturing to replacement of organs and tissues
using 3D printing, particularly, 3D printing of isolation
(diffusion) chambers for implantation of cellular material.
To date, the nanocomposite modifications and additive
technologies to fabricate polycaprolactone scaffolds for
regenerative medicine have been studied in terms of both
therapeutic efficacy and safety of use [4]. However, forming
three-dimensional hollow carrier macrochambers for cellular
material (diffusion chambers), allowing one to some extent
isolate the chamber content from the recipient organism
environment and not losing sufficient adhesion properties,
from polycaprolactone requires modification of 3D printing
conditions, which results in alteration of the material fibers’
density and architecture and, therefore, changes its physical-
chemical properties and biocompatibility degree [5-6]. It has
been proven that PCL shows low bioresorption counter to
moderate biodegradation, which can be adjusted by changing
the volume of the structure formed, polarization, or additional
administration of anti-inflammatory cytokines [7-8]. The
PCL degradation parameters depend on molecular weight,
polymer shape, and implantation localization, specifically on
the degree of vascularization. According to this, both complete
elimination of products yielding carbon dioxide, caproic acid,
and water and breakdown to intermediate polymer crystals,
6-hydroxycarboxylic acid, amorphous colloids being the
components of macrophage endosomes are possible [9].
The studies of such constructs are most often conducted
at the level of foreign body reaction (FBR) considering local
tissue alterations, immune response morphology in situ, and
resorptive potential within a short period of time, which makes
it possible to partially exponentially estimate the terms of
possible implantation, half-life, and possible consequences
for the host [1, 10-11]. However, this approach does not
allow us to claim with confidence that morphofunctional
alterations, including the increase in osmotic pressure relative
to the surrounding tissues, pH shift to the acidic side, low-
grade productive inflammation and undulating oxidative stress
associated with uneven autocatalytic cleavage of the low
molecular weight fragments, are just local [12-14].

Under conditions of the diffusion chamber installation in the
neurovascular bundle (NVB) the direct transfer of PCL crystals
and breakdown products into bloodstream by macrophages
is the bioresorption criterion [15-16], which in combination
with the material physical-chemical properties can change
both qualitative characteristics of the blood vessel and cellular
makeup of the capsule, possibly leading to the more acute
oxidative stress in the host at both local (at the construct
installation site) [17] and systemic [18] levels.

Thus, there is a need to study the effects of polycaprolactone
biodegradation products and general significance of
implantation at the local and systemic morphofunctional levels,
which can be achieved under conditions of using a diffusion
chamber in the rat femoral NVB in vivo [19].

The study was aimed to determine biocompatibility of the
polycaprolactone diffusion chamber, when implanted in the rat
femoral neurovascular bundle.

METHODS

A diffusion chamber (DC) was designed using the Blender
open-source software and made of polycaprolactone (Natural
works Ingeo 40-43d NatureWorks LLC) by Fused Filament
Fabrication involving filaments obtained by electrospinning
using the CreatBot Duo 3D printer (CreatBot 3D Printer; China).
The chamber consisted of two parts connected with the latches
to form a hollow capsule with grooves in the end walls (Fig. 1),
which made it possible to fix the chamber on the NVB. The
chamber material represented a biodegradable polyester (PCL
100%) that was allowed for medical use and had low melting
point (59-64 °C).

The DC was sterilized with the 100% ethylene oxide vapor
at 37 °C for 9 hin the 3M Steri-Vac Sterilizer/Aerator (3M; USA)
in accordance with the guidelines (GOST ISO 11135-2017).

Wistar rats with the body weight of 280-300 g kept under
standard vivarium conditions without antibiotic therapy at the
laboratory of biological models of the Siberian State Medical
University (Tomsk) were used as experimental models. The
animals were divided into two groups for the experiment:
the experimental group 1 (n = 4) included animals with the
DC implanted in the femoral NVB; the control group 2 (n = 3)
included intact rats. DCs were implanted to experimental
animals under isoflurane anesthesia. Atropine in a dose of
0.2 mg/kg was administered intramuscularly 15 min before
surgery in order to prevent intraoperative complications.
Surgical approach began from the 2-3 cm incision, deep in
the inguinal fold, in the inward direction from the femoral artery
pulsation (Fig. 1).

The animals were euthanized through CO, inhalation 40 days
after the end of the experiment. Macroscopic (visual) assessment
of the implantation site was performed on days 3, 7, 12, as
well as 40 days after the beginning of the experiment during
necropsy; assessment was performed based on blood filling of
blood vessels, incapsulation, and visual signs of inflammation
(presence of hyperemia, edema, infiltration) in points, where
score 0 meant no sign, score 1 meant mild degree, score
2 meant moderate degree.

To assess the recipient’s reactive response, we collected
the tail vein blood smears before implantation and on day 40
after implantation. Blood smears were Romanovsky-Giemsa
stained. Histological specimens of the target organs (liver,

X

Fig. 1. A-1, A-2. Parameters of the experimental of the PCL DC (length — 9 mm,
width — 4 mm, thickness — 1 mm). B. Surgical site of the DC (PCL) implantation

BECTHUK PIMY | 4, 2024 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | TRANSPLANTOLOGY

Table 1. Macroscopic parameters of polycaprolactone diffusion chambers implanted in the femoral neurovascular bundles of the Wistar rats

Study groups Inflammation Hyperemic implantation site Chamber incapsulation
Experimental group 0 1 1,5
n=4 (0-0) (1-1.5) (1-1.5)
Control group 0 0 -
n=3 (0-0) 0-1)

spleen, kidney, adrenal glands) were prepared after necropsy
by the standard method involving hematoxylin and eosin
staining [20]. Miscroscopy was performed using the Karl Zeiss
Observer D1 light microscope (Carl Zeiss; Germany).

Morphometry aimed to estimate possible reactive
changes of the organs was performed based on the images
acquired with the Zeiss AxioCam ICc5 digital camera for light
microscopy (Carl Zeiss; Germany). It was based on the stromal—
parenchymal relationship: stromal components (blood vessels,
interstitial tissue, septal areas, capsule)/parenchyma, as well as
on determination of the percentage of binucleated hepatocytes
per 100 cells. Hematogram was assessed based on the white
blood cell differential. A total of 10 fields of view per group were
assessed to calculate the parameters. Statistical processing
was performed using the Statistica 10.0, IBM software (TIBCO
Software; USA). Statistical hypotheses were tested for the trait
distribution normality using the Shapiro-Wilk test for small (n
< 30) samples. Descriptive and nonparametric statistics were
used to process the results obtained. The studied parameters
were described as the median (Me), 25% (Q,) and 75% (Q,)
quartiles. The Mann-Whitney U test and the median test were
used when comparing independent samples; the Friedman
test was used for pairwise comparison. The differences were
considered significant at p < 0.05.

RESULTS

Behavior, appearance, and haircoat of rats in the experimental
group were the same as that of control animals throughout
the period of experimental modeling of the DC implantation in
the NVB. No local postoperative complications were revealed;
the operated limb mobility was preserved and remained
unchanged.

The studied biocompatibility parameters are provided in
Table 1.

The anatomic and topographic state of the studied internal
organs (kidney, adrenal glands, spleen, liver) of animals in the
experimental group showed no differences from the control
group.

Macroscopic assessment of the organs of animals in the
experimental group revealed no typical lesions or alterations
(normally colored organs with the even surface, intact, not
enlarged, showing no signs of atrophy, fibrosis, scarring, the
capsule was preserved, not thickened) compared with the
organs of control animals.

Microscopic examination of the liver in rats of the control
group (Fig. 2) showed the following: the non-thickened
Glisson's fibrous capsule, lobules of irregular hexagonal shape
were visible at low magnification, the boundaries between the
lobules were unclear due to underdeveloped connective tissue,
the triad structure was preserved. No lesions or alterations
were revealed.

At high magnification, the lobules consisted of the radially
arranged hepatic cords representing the anastomosing strands
of hepatocytes. The liver sinusoids lined with endothelial cells
were located between the cords. The portal tract consisting of
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the interlobular artery, the vein (the vein was 3-4 times larger
in diameter, than the artery), bile duct duct lined with a single
layer of cuboidal epithelium with the large, dark, round nuclei
and surrounded by the connective tissue envelope, and the
interlobular lymphatic vessel was visible in close vicinity to the
lobule. Hepatocytes were mostly mononuclear, with the clearly
visible basophilic nuclei and homogeneous dark red cytoplasm.
The relative binucleated hepatocyte counts per 100 cells in the
fields of view were 1.05% (1.02%; 1.11%), i.e. less than 10%.

Interstitial tissue was visible showing no infiltration,
proliferation or signs of fibrosis. Blood vessels were represented
by the central veins located in the center of the hepatic lobules,
sublobular veins having a significantly larger lumen, gathering
veins located between the lobules, portal tract (sporadic
lymphocytes, monocytes, and histiocytes were found),
sinusoids. The lumen was the same in the visible field, the
walls were unchanged, there were no cell infiltration or signs
of extravasation.

Microscopic examination of the adrenal glands in rats of
the experimental group (Fig. 3) showed the following: the non-
thickened fibrous capsule, and the boundary between the
cortex and medulla were visible at low magnification. The cortex
consisted of the zona glomerulosa, zona fasciculata, and zona
reticularis. The medulla contained the darker and larger cells.
No lesions or alterations were revealed.

At high magnification, the zona glomerulosa was represented
by small monomorphic cells with the evenly stained oxyphilic
cytoplasm and the eccentrically located nuclei, forming the
racemose patterns. Sporadic larger cells with polymorphic
nuclei were visible. The zona fasciculata was larger, the cortical
plateau consisted of branching divergent sinusoids, between
which the cords of oxyphilic, vacuolated, mostly large cells with
hyperchromatic nuclei were located. The boundary between
the zona fasciculata and zona reticularis was determined by the
connective tissue layer. The zona reticularis was represented by
small blood vessels, intensely colored round and angulate cells
with small hyperchromatic nuclei.

Fig. 2. Microscopic slices of the liver of Wistar rats of the experimental group (with
the implanted PCL DC). Hematoxylin and eosin; 10x magnification
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The medulla was visible as the vascular network, large
parenchymal cells forming dense cords, large light nucleus,
vacuolated cytoplasm; punctate granulation was revealed.
Wide efferent gathering veins and sinusoid capillaries
surrounded by the chromaffin cells with basophilic cytoplasm
were determined.

Interstitial tissue was visible showing no infiltration or
proliferation. The lumen was the same in the visible field, the
walls were unchanged, there were no cell infiltration or signs of
extravasation.

Microscopic examination of the spleen in rats of the
experimental group (Fig. 4) showed the following: the non-
thickened fibrous capsule, from which the ill-defined trabeculae
anastomosing with each other radiated, was visible at low
magnification. The boundary between the white and red pulp
was preserved. The white pulp constituted 1/5 of the organ, it
was diffusely distributed, mainly subcapsularly. The red pulp
constituted the remaining part of the organ (without the capsule
and trabeculae), it consisted of the splenic capillaries and
splenic cords. No lesions or alterations were revealed.

At high magnification, the oxiphilic capsule composition
was as follows: mesothelium, dense fibrous tissue, and smooth
muscle cells. The oxiphilic trabeculae consisted of collagen
fibers and smooth muscle cells. There was the splenic pulp
with the reticular tissue framework between the trabeculae. The
splenic white pulp was represented by the lymphoid tissue of
the lymphoid nodules (lymphocyte clusters) and periarteriolar
lymphoid sheaths (composition: reticular cells, lymphocytes,
macrophages, plasma cells), surrounding the arteries at the exit
from the trabeculae. Lymphocytes, macrophages, reticular cells
were visible in the lymphoid nodule crowns, while lymphocytes
at various stages of proliferation and differentiation, plasma
cells, macrophages were visible in the germinal center. The
mantle zone (cluster of memory B cells and proplasmocytes)
surrounded the periarteriolar and reactive areas. The nodule
marginal zone was surrounded by the sinusoid capillaries. The
main components of the red pulp were reticular tissue with
blood cells (erythrocytes, granular and non-granular leukocytes)
and sinusoids anastomosing with each other.

Interstitial tissue was visible showing no infiltration or
proliferation. Blood vessels were represented by the trabecular
veins, trabecular arteries, pulp arteries (around which T cells
accumulated), central arteries located eccentrically on the
periphery of the follicle, venous sinuses and capillaries. The lumen
was the same in the visible field, the walls were unchanged, there
were no cell infiltration or signs of extravasation.

Microscopic examination of the rat kidney in the experimental
group also showed that the organ had a typical structure: the
non-thickened fibrous capsule was visible at low magnification,
the boundary between the renal cortex and medulla was
preserved. The renal cortex included the renal corpuscles, the
system of convoluted tubules radially converging to the medulla
consisting of the straight tubules. No lesions or alterations were
revealed.

At high magnification, the renal corpuscle was represented
by the glomerule of capillaries, non-thickened external capsule,
the parietal and visceral layers of which fitted tightly together;
the Bowman's space was almost invisible. The histological
slice showed proximal convoluted tubules, the single-layer
cubic epithelium of which showed oxiphilic staining, basophilic
nuclei. The lumens of these tubules were narrow and free.
Distal tubules with the wide lumen were lined with the columnar
epithelium having opalescent cytoplasm, no rim was visible, a
dense spot was visible in the surroundings. The medulla was
represented by the straight tubules and the collecting ducts.

Fig. 3. Microscopic slices of the adrenal glands of Wistar rats of the experimental
group (with the implanted PCL DC). Hematoxylin and eosin; 10x magnification

Fig. 4. Microscopic slices of the spleen of Wistar rats of the experimental group
(with the implanted PCL DC). Hematoxylin and eosin; 10x magnification

The straight tubules with the narrow lumen were represented
by the single-layer cuboidal brush border epithelium. The
collecting ducts with the free lumen consisted of the single-layer
cuboidal epithelium showing paler oxiphilic staining, the nuclei
were located closer to the lumen. No lesions or alterations were
revealed.

Interstitial tissue was visible showing no infiltration, it
occupied an interstitial position relative to the parenchyma,
there was no proliferation. Blood vessels were represented by
the subcapsular veins, afferent arteries, interlobular arteries
and veins in the cortex and arcuate arteries and veins in the
medulla. The lumen was the same in the visible field, the
walls were unchanged, there were no cell infiltration or signs
of extravasation.

Descriptive assessment of the morphometric parameter,
the stromal-parenchymal relationship, in the control group of
animals showed no significant differences from the experimental
group. The following values of the studied parameter were
obtained when assessing the adrenal gland histological
specimen: control — 1/21.21 (1/21.27; 1/23.13), experiment —
1/19.53 (1/17.85; 1/20.56); calculation for the microscopic
slices of rat liver showed that the value of the parameter reported
for the control group was 1/33.85 (1/31.69; 1/39.05), while in
the experimental group it was 1/33.20 (1/33.14; 1/34.67); the
value of the studied ratio for the histological specimens of the
spleen in the control group was 1/24.36 (1/20.58; 1/25.61),

BECTHUK PIMY | 4, 2024 | VESTNIKRGMU.RU



ORIGINAL RESEARCH | TRANSPLANTOLOGY

Table 2. White blood cell differential before implantation of the polycaprolactone diffusion chambers in the femoral neurovascular bundles of the Wistar rats and on day

40 after implantation

nIQth]:g:)ut: i‘les neifg;;jhils izg{::;;ﬁg Eosinophils Basophils Monocytes Lymphocytes
Before implantation of DC (PCL) 0% 3% 5% 0% 1% 9% 82%
0 4% 1% 1% 0 6% 78%
0 7% 5% 0 0 4% 84%
0 5% 10% 0 0 8% 77%
0 9% 14% 0 1% 8% 68%
0 1% 14% 0 0 7% 78%
0 3% 13% 0 1% 4% 79%
0 1% 8% 1% 2% 6% 82%
0 5% 18% 0 2% 6% 69%
0 5% 12% 0 0 7% 76%
0 5% 12% 1% 1% 6% 75%
On day 40 0 3% 5% 0 0 6% 86%
0 1% 7% 0 2% 5% 85%
0 8% 8% 0 0 4% 80%
0 4% 10% 0 1% 3% 82%
0 5% 9% 1% 1% 7% 77%
0 4% 12% 0 0 6% 78%
0 5% 13% 1% 0 5% 76%
0 6% 9% 0 1% 3% 81%
0 4% 12% 1% 0 6% 77%
0 3% 1% 0 0 3% 83%
0 2% 10% 0 1% 4% 83%

while in the experimental group it was 1/26.52 (1/24.39;
1/28.86); in turn, the morphometric indicator for histological
specimens of the kidney was as follows: control — 1/21.87
(1/17.33; 1/28.50), experiment — 1/23.65 (1/21.78; 1/26.93).

Calculation of the white blood cell differential revealed the
following characteristics: prior to implantation, lymphocyte
counts were 78.00 (75.50; 80.50); monocyte counts were 6.00
(6.00; 7.50); segmented neutrophil counts were 12.00 (9.00;
13.50), which exceeded the stab form counts — 5.00 (3.00;
5.00); eosinophil counts — 0.00 (0.00; 0.50) and basophil
counts — 1.00 (0.00; 1.00) were relatively low.

On day 40 after implantation the rat white blood cell
differential showed a slight increase in lymphocyte counts to
81.00 (77.50; 83.00), a non-significant decrease in segmented
neutrophil counts — 10.00 (8.50; 11.50), a decrease in the
percentage of monocytes — 5.00 (3.50; 6.00) (o < 0.05).

The granulocyte and agranulocyte counts of the laboratory
animals reported before and after the experiment are provided
in Table 2.

DISCUSSION

Detection of macroscopic changes is possible, when the
effects of the chamber and the products of its degradation
are large, which indicates a rapidly developing adaptation to
the foreign body [21]. The results of macroscopic assessment
(appearance, slice, and capsule) of the white rat target
organs, in which polycaprolactone degradation products can
accumulate, reported for the experimental group have revealed
no visible alterations, which suggests no effect of the PCL DC
on the gross specimen structure.

The miscroscopic assessment data (structure and staining
of the major histological structures, the lack of abnormal
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regenerative and degenerative cell forms) have not allowed
us to identify alterations of the organ histoarchitectonics.
Histological specimens obtained from laboratory animals of the
experimental group are characterized by the typical structure
without any alternative, dystrophic or necrotic changes.

The schemes of possible pathogenic changes of the
studied organs (kidney, liver, spleen) resulting from the DC
(PCL) implantation in the rat femoral NVB are provided in Fig. 5
[21-24], 6 [21, 25].

Thus, the alleged adrenal gland tissue pathogenesis is
characterized by the septic or toxic (PCL biogedradation)
damage to the tissue of the gland, abnormal increase in
cortisol production, increased release of aldosterone into
the bloodstream independently of the renin-angiotensin-
aldosterone system, which occurs due to adrenal hyperplasia
and eventually leads to hypernatremia, hypokalemia, hypertension,
and metabolic acidosis [21, 26-27].

Calculation of the stromal-parenchymal relationship for
the studied Wistar rat organs performed when comparing
the control group and the experimental group verified no
enlargement of the connective tissue component and hypo-
or hyperplasia of the cellular structure of the histological
specimens’ parenchymal tissue. This criterion is promising for
assessment of the dynamic changes in the organ morphological
structure. Furthermore, its convenience lies in the universal
characteristics of the tissue pool condition, which is important
in cirrhotic changes of the liver, hyper- and hypofunction of
both adrenal glands and the spleen, as well as for assessment
of dystrophic and atrophic changes of the renal tubules and
corpuscles [28].

The increase in the binucleated hepatocyte counts
verifies damage to the liver parenchyma, which suggests the
association of the material toxicity degree and the possibility
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Fig. 5. Possible pathogenic changes of the liver and spleen following implantation of the PCL DC to Wistar rats [21-24]

of hepatocyte self-renewal under conditions of further longer
implantation [28]. The findings also suggest that there is no
active regenerative cell proliferation in the organ parenchyma.

Systemic inflammation is assessed by determining the
cytokime levels [29] and peripheral blod leukogram pattern.
The hemogram acquired before implantation and on day 40
after implantation is characterized by redistribution of the
functionally unequal cells within the limits of physiological
norm [30].

Thus, there is no chance of systemic low-grade chronic
inflammation after the PCL DC implantation in the femoral
NVB, which is confirmed by the use of such constructs in
reconstructive surgery (arteriovenous shunts, flaps) [16],
oncology (neoplastic process modeling) [19], and endocrinology
(model of the pancreas).

Furthermore, it should be noted that PCL needs to
be further studied at the molecular level, and the PCL
study should be focused on assessing the impact of
the chamber physical parameters (pore size, elasticity
(including longitudinal)) on communication with the chamber
microenvironment (proliferation of fibroblasts, endothelial cell
growth, possible arterial hialinosis or calcification both inside
the chamber and throughout the blood vessel length) and the
material degradation process: rate, nature of the products
obtained, main ways to neutralize and eliminate from the
body. For reasons of clarity, further experiments should
involve SPF animals and longer terms of implantation in order

to clarify possible vascular remodeling considering the blood
flow dynamics, determination of the most functional vasa
vasorum, and the development of delayed post-implantation
complications (thrombogenesis).

CONCLUSIONS

According to the findings, the polycaprolactone diffusion
chamber installed in the femoral NVB had no adverse effect on
both implantation site and the target organs. The macro- and
microscopic structure of the organs of laboratory animals in the
esperimental group was determined as normal structure with
no alterations: no atypia, signs of inflammation or progressive
degeneration of the tissues were found. Calculation of the
stromal-parenchymal relationship showed that there were no
abnormalities of regenerative nature: signs of fibrosis, excess
angiogenesis or parenchymal expansion.

The white blood cell differential indicators determined
before the experiment and on day 40 after it suggest no
abnormal systemic changes in the laboratory animal body
following the diffusion chamber implantation in the femoral
NVB. With such a time frame, fluctuations have shown no
significant differences from the pre-implantation period, which
indicates sufficient isolation of the material from the body’s
internal environment.

The DC (PCL) used can be considered a safe engineered
construct when implanted in large blood vessels,
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specifically femoral NVB, in terms of its biocompatibility. It
is important to note that assessment of the effects of the
polycaprolactone biodegradation products is still relevant
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